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Abstract

Background: Schizophrenia is a disease associated with high burden, and improvement in care is necessary. Artificial intelligence
(AI) has been used to diagnose several medical conditions as well as psychiatric disorders. However, this technology requires
large amounts of data to be efficient. Social media data could be used to improve diagnostic capabilities.

Objective: The objective of our study is to analyze the current capabilities of AI to use social media data as a diagnostic tool
for psychotic disorders.

Methods: A systematic review of the literature was conducted using several databases (PubMed, Embase, Cochrane, PsycInfo,
and IEEE Xplore) using relevant keywords to search for articles published as of November 12, 2021. We used the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) criteria to identify, select, and critically assess the quality
of the relevant studies while minimizing bias. We critically analyzed the methodology of the studies to detect any bias and
presented the results.

Results: Among the 93 studies identified, 7 studies were included for analyses. The included studies presented encouraging
results. Social media data could be used in several ways to care for patients with schizophrenia, including the monitoring of
patients after the first episode of psychosis. We identified several limitations in the included studies, mainly lack of access to
clinical diagnostic data, small sample size, and heterogeneity in study quality. We recommend using state-of-the-art natural
language processing neural networks, called language models, to model social media activity. Combined with the synthetic
minority oversampling technique, language models can tackle the imbalanced data set limitation, which is a necessary constraint
to train unbiased classifiers. Furthermore, language models can be easily adapted to the classification task with a procedure called
“fine-tuning.”

Conclusions: The use of social media data for the diagnosis of psychotic disorders is promising. However, most of the included
studies had significant biases; we therefore could not draw conclusions about accuracy in clinical situations. Future studies need
to use more accurate methodologies to obtain unbiased results.

(J Med Internet Res 2022;24(9):e36986)   doi:10.2196/36986
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Introduction

Background
Schizophrenia is a chronic mental disease affecting 20 million
people worldwide [1]. Although treatment with medicine and
psychosocial support is effective, people with schizophrenia
are less likely to seek treatment. According to the World Health
Organization, efforts to transfer care from mental health
institutions to the community need to be accelerated [2].
Currently, schizophrenia is a disease associated with high burden
[3,4], and efforts should be taken to reduce this burden.

Artificial intelligence (AI) has emerged as a way to improve
several medical tasks [5,6]. AI algorithms can identify patterns
in a data set to generate diagnostic tools. In other medical
disciplines, AI has already shown good accuracy for diagnostic
purposes. It can match current diagnostic capabilities in some
specific fields. In psychiatry, AI could be used for diagnostic
purposes to support daily patient assessment or drug prescription
[7]. AI has also been studied to improve diagnostic and
classification capabilities [8]. Additionally, it has been used in
suicide risk detection [9] and mood disorder diagnoses [10,11].

Despite encouraging results, it is still unclear how AI should
be implemented in clinical practice. The potential of this
technology is not yet fully understood. AI could be used to bring
completely new tools into health care. We believe that social
media might be used to create new diagnostic or monitoring
tools. Indeed, AI requires a large database to extract a patient’s
profile [12], and social media platforms provide very broad
sources of information. People can disclose personal information
on social media, including health-related information. Studies
have used these data to identify broad human traits (such as
intelligence or personality traits) [13]. Subtle features of
everyday language could be analyzed to predict mental diseases
[14-16]. Prior works showed that social media data can be used
for risk classification associated with mental health diseases,
such as suicide risk [17]. AI can be used to detect posts
associated with mental illness [18]. Therefore, we chose to study
the use of AI applied to social media because we believe it could
become a brand-new tool in the care of patients with psychotic
disorders.

Focus on AI Technologies
AI can be used to perform several different tasks. Machine
learning algorithms are generally classified as supervised or
unsupervised learning. The main type of machine learning
algorithms used in the included studies was supervised learning.
Supervised learning algorithms allow patterns correlated to a
result to be determined in a data set [12]. The supervised
algorithms are separated into two categories: regression and
classification. Classification algorithms allow data to be
classified into separate categories. Patterns can be used to
classify patients in a given group. Decision tree, support vector
machine (SVM), and random forest can perform classification

tasks. Regression algorithms are used to predict quantitative
data. Logistic regression and LASSO (least absolute shrinkage
and selection operator) regression are part of this class [6].

Artificial neural networks (NNs) are powerful AI tools built in
reference to the cortical neural structure. They can perform
supervised or unsupervised tasks. NNs are organized in a
succession of layers, with each layer having its input on the
output of the previous one. Information travels from the input
neurons to the hidden layers before arriving at the outcome layer
where the final decision is made [5]. In an NN, each layer
functions differently. This type of AI requires significant
computing power and large databases [19].

The most used machine learning algorithm in our study is the
SVM [20]. The idea of this algorithm is to learn a linear
separation (a hyperplane) of the data points to classify them.
As there are infinite hyperplanes satisfying this condition, the
SVM algorithm learns a hyperplane with the maximum margin,
the maximum distance between the classes. However, as most
real-life data sets cannot be linearly separated, the SVM uses
what is called the “kernel trick.” This transformation projects
the initial data points in a higher dimensional feature space
where the new is linearly separable. However, there are many
limitations to consider when using the SVM: (1) finding a good
kernel function is difficult in practice, (2) training is
time-consuming on large data sets, and (3) the model is very
sensitive to the hyperparameters.

Overfitting means fitting an AI model on data noise or error
instead of the actual relationship. It represents one of the
limitations of AI. Overfitting is either due to having a small
data sample or too many parameters compared to the data [12].
Cross-validation is one of the techniques used to reduce
overfitting. With this technique, the data set is split into several
groups that are themselves divided into training data and
validation data. Therefore, for each group, the statistical model
is trained and then validated by a different data set. This
technique reduces the risk of having an overoptimistic estimate
[21]. Other techniques such as the dropout rate are also used to
reduce overfitting. Dropout is a regularization technique for
NNs to reduce overfitting and improve generalization [22]. The
idea is to randomly ignore neurons (and their connections) from
the NN during training. Thus, as the NN architecture is changing
at every inference, the same input data can produce a different
output. The intuition is that it forces the units to be less
codependent and more robust. The main difference between
cross-validation and dropout lies in the source of randomness;
in cross-validation, the data are randomly split into training and
validation sets whereas in dropout, the neural units are randomly
discarded.

We have explained the machine learning parameters used in
this paper in Multimedia Appendix 1 [23-25].
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Prior Work and Goal of This Study
Currently, the diagnosis of psychotic disorders can be subjected
to delay. These delays can vary depending on where the patient
lives. When the patient remains untreated with psychotic
symptoms, there can be important social consequences,
including a risk of violence in some cases [26]. The duration
of untreated psychosis could have a significant impact on the
patient’s psychosocial condition. Early detection and treatment
could help improve the care of patients with psychotic disorders
[27]. Later, during the evolution of the disease, being able to
diagnose a relapse sooner could have significant impact on the
patient’s quality of life and reduce caregiver burden.

AI has been studied for the diagnosis of several psychiatric
conditions, including schizophrenia. A Korean team used
machine learning to identify patterns on CT (computed
tomography) scans and classify patients [28]. One of the most
robust studies on the classification of psychotic disorders using
machine learning comes from an American team [8] that used
a clustering algorithm to build 3 biotypes using clinical data
and laboratory measures. Neuroimaging and social functioning
measures were used for validation. Beyond the main initial goal,
this study showed that several new sources of data can be used
to improve diagnostic capabilities. In our study, we examined
social media data as a new source of data. The symptoms of
schizophrenia are very broad, and some of these symptoms
could impact patients’ social media activities. For example, we
can hypothesize that delusion and disorganized speech or
behavior could be seen on social media posts. Alterations in
language are being increasingly studied in schizophrenia [15,29]
and could be used for the detection of psychotic disorders on
social media.

Several studies have shown the capabilities of AI in identifying
mental health diseases on social media, with most of them
published in the last few years. One brief report [30] reviewed
the literature available until December 2020. We hypothesize
that social media data could be used to follow patients with
schizophrenia or patients at risk of psychosis to identify the first
psychotic episode or a relapse of psychotic disorders sooner.
Patients could have access to care before psychotic symptoms
overtake their social functioning capabilities. Thus, we could
reduce the burden of schizophrenia.

Objective of This Review
The objective of our study is to analyze prior works on the use
of social media data with machine learning to diagnose a
psychotic episode. The diagnostic capabilities would be studied
in a broad sense, including the diagnosis of relapse. Therefore,
we performed a systematic review of the literature and critically
evaluated the included articles and their methodology.

Methods

Search Strategy
We used the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) criteria to identify, select, and

critically assess relevant studies while minimizing bias. We
searched the bibliographic databases PubMed, Embase,
Cochrane, PsycInfo, and IEEE Xplore for studies published
until November 12, 2021. We based the keywords list on 3
fields: schizophrenia, AI, and social networks. The search
strategy is described in Multimedia Appendix 2. To limit the
selection bias, we did not apply any restriction in terms of
population. Papers found by any other means were included if
they met the inclusion criteria. Studies that were not published
in English were excluded.

Study Selection
We included clinical trials and observational studies. The
primary objective was to include studies using AI to identify
users with a psychotic disorder on social media. Given the low
number of published studies on this subject, studies related to
any psychotic disorder were included. Studies were selected by
2 independent authors. We excluded studies using social media
posts as control data to study language alterations in
schizophrenia.

Data Collection Process
Data were extracted from each paper independently using a
standard form by 1 reviewer. The following information was
collected: the main author’s name and country of origin, year
of publication, population, social media and technology used,
features, inclusion and exclusion criteria, main objective,
method, main endpoint, results, and main limitations.

Synthesis Method
The results of the selected studies will be presented as graphs
and tables. Machine learning studies often use different
parameters. The graphs will group studies using similar
parameters. No secondary analysis of statistical data will be
performed. The results presented will comprise only those
presented by the authors of the included studies. The results
will be presented with the parameters used in the articles. The
machine learning parameters used in this paper are explained
in Multimedia Appendix 1.

Risk of Bias and Quality Assessment
The quality of the included studies will be assessed using the
PRISMA certainty tool. This research will be conducted using
the PRISMA checklist (Multimedia Appendix 3). The machine
learning methodology of the articles will be evaluated by an
author experienced in AI. Risk of bias will be critically assessed
by all the authors.

Results

Flowchart
We developed a PRISMA flowchart summarizing the steps of
the review (Figure 1). The initial search yielded 93 studies.
Based on the titles and abstracts, we excluded 78 studies. We
downloaded the remaining studies for full-text review and
included the 7 studies that matched the inclusion criteria.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart outlining the study selection process.

Authors, Year of Publication, and Country of Origin
The included studies were conducted in the United States (5/7)
and Korea (2/7) and were published between 2015 and 2021.
Birnbaum and colleagues conducted 3 of the 7 included studies.

Study Design, PRISMA Quality Assessment, and
Sample Size
The included studies had a retrospective design. The quality of
the studies was assessed using the PRISMA criteria (Table 1

and Multimedia Appendix 4). The quality of the 7 studies was
heterogeneous, with a mean PRISMA score of 32.3. Risk of
bias varied across the studies. The main bias was a classification
bias in 5 of the 7 studies not using a clinical diagnosis. The
sample sizes were mostly small, with 6 of the 7 studies having
a sample size smaller than 5392 participants. The samples size
varied between 51 and 265,396 participants.

Table 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) quality scores of the included studies.

PRISMA quality scoreaStudy

31Birnbaum et al [31], 2017, United States

31Kim et al [32], 2020, Korea

37Birnbaum et al [33], 2019, United States

36Birnbaum et al [34], 2020, United States

29McManus et al [35], 2015, United States

36Bae et al [36], 2021, Korea

29Mitchell et al [37], 2015, United States

aThe higher the score, the better the overall quality.

Social Media and Technologies Used
Several AI technologies have been used (Table 2). The 2 most
commonly used algorithms were SVM and random forest. None

of the included studies used data augmentation. Cross-validation
techniques to prevent overfitting were used in 5 studies. One
study used a dropout rate of 0.25 to prevent overfitting. The
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social media platforms the studies used were Facebook, Twitter,
and Reddit. The studies used mainly linguistic features, as well

as some activity-related features (Table 3).
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Table 2. Information extracted from the included studies.

Main limitationsOutcomeSocial media and

AIa technology

MethodObjectiveOverview and inclu-
sion criteria

Authors, year,
and country

The research
team only had ac-

RF yielded an area
under the curve
(AUC) of 0.88.

Twitter. Several algo-
rithms including the
Gaussian naïve
Bayes (NB), random

Twitter profiles from
the training data set
were reviewed by 2
physicians to deter-

To explore the
utility of social
media as a vi-
able diagnostic

Users with a self-dis-
closed diagnosis of
schizophrenia on
Twitter between 2012

Birnbaum et al
[31], 2017, Unit-
ed States cess to publicly

available Twitter
profiles. The clin-forest (RF), logisticmine the probabilitytool in identify-and 2016. Authors
ical diagnosis ofregression (LR), andof belonging to a pa-ing individualsrandomly selected 671
the includedsupport vector ma-tient withwith

schizophrenia
users diagnosed with
schizophrenia from
the primary data set.

users was un-
known.

chine (SVM) were
trained. The best
performing algo-

schizophrenia. The
users were then clas-
sified into 3 groups:The control group

rithm on cross-vali-“yes,” “maybe,” orcomprised a random
dation was selected“no.” The machinesample of Twitter
(RF) using 10-fold-
cross-validation.

learning model was
then tested on un-
seen data of 100

users collected from
individuals without
any mentions of

users and its results“schizophrenia” or
were compared to“psychosis” in their

timeline. those of the 2 physi-
cians.

The clinical diag-
nosis of included

In the schizophrenia
subreddit

Reddit. Extreme
gradient boosting

Collection of post
data on mental

Aimed to an-
swer the follow-

Data from 228,060
users with 488,472

Kim et al [32],
2020, Korea

subjects was un-
known.

(r/schizophrenia), ac-
curacies of XGBoost
and CNN were

(XGBoost) and con-
volutional neural
network (CNN)

health–related sub-
reddit groups. The
study collected infor-

ing question:
Can we identify
whether a user's

posts from January
2017 to December
2018 were employed
for the analysis. 86.75% and 94.33%,

respectively.
were employed. A
dropout rate of 0.25
was used to prevent
overfitting issues.

mation from
248,537 users, who
wrote 633,385 posts
in the 7 subreddits.
After removal of

social media
post can be asso-
ciated with a
mental illness?

deleted users and
posts, 488,472 posts
were analyzed. Au-
thors created 6 mod-
els for each mental
disorder. Each mod-
el was created with
the posts of the asso-
ciated subreddit
group.

Monthly periods
of relative health

The ensemble model
had the highest speci-

Facebook. Three 1-
class SVM models

The authors collect-
ed 52,815 Facebook

To identify and
predict early re-

Participants aged 15
to 35 years diagnosed

Birnbaum et al
[33], 2019, Unit-
ed States and relative ill-

ness were charac-
ficity (0.71) but low
sensitivity (0.38). The

for 3 different data
configurations (3

posts across 51 par-
ticipants with a re-

lapse warning
signs in social

with a primary psy-
chotic disorder were

terized. The ill-3-month model haddifferent time peri-cent onset of psy-media activityscreened for eligibili-
ness trajectory ofgood sensitivity (0.9)ods: 1 month, 2chosis and appliedcollected fromty. Recruitment oc-
psychotic disor-but low specificity

(0.04).
months, and 3
months). The 1-
month period

anomaly detection to
explore linguistic
and behavioral

a cohort of indi-
viduals receiv-
ing psychiatric

curred between March
2016 and December
2018, and 51 of the

der does not fall
only into 2 dis-

showed the highestchanges associatedcare forincluded participants tinct categories,
specificity, whichwith psychotic re-

lapse.
schizophrenia
and other prima-
ry psychotic
disorders

had a recent onset of
psychosis.

as the symptoms
can fluctuate over
time.

led to an ensemble
1-class SVM algo-
rithm.
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Main limitationsOutcomeSocial media and

AIa technology

MethodObjectiveOverview and inclu-
sion criteria

Authors, year,
and country

Data from Face-
book were retro-
spectively collect-
ed.

Classification
achieved AUC values
of 0.77 (HV vs MD),
0.76 (HV vs SSD),
and 0.72 (SSD vs
MD).

Facebook. RF and 5-
fold cross-validation
were used.

The authors ana-
lyzed features up-
loaded up to 18
months before the
first hospitalization
using machine learn-
ing and built classi-
fiers that distin-
guished SSD and
MD from HV as
well as SSD from
MD.

To evaluate
whether it was
possible to dis-
tinguish among
SSD, MD, and
HV based on
Facebook data
alone.

A total of 3,404,959
Facebook messages
and 142,390 images
across 223 partici-
pants with
schizophrenia spec-
trum disorders (SSD),
mood disorders (MD),
and healthy volunteers
(HV) were collected.
Participants aged be-
tween 15 and 35 years
were recruited from
Northwell Health’s
psychiatry depart-
ment.

Birnbaum et al
[34], 2020, Unit-
ed States

Users self-identi-
fied as patients
with schizophre-
nia.

The best performing
model was an SVM
with PCA-trans-
formed features (accu-
racy of 0.893). The 2
best performing mod-
els based on the F1
score involved PCA-
transformed features.

Twitter. Several
models: NB, artifi-
cial neural networks
(ANNs), and SVMs.
5-fold cross valida-
tion on the training
data. In addition to
the raw feature vec-
tors, the authors test-
ed 2 transformations
of the feature vec-
tors for each of the
models: log scaling
of the delay between
tweets and principal
component analysis
(PCA).

To distinguish Twit-
ter users with
schizophrenia from
controls, the authors
extracted a set of
features from each
user's profile and
posting history (28
numerical features).

To distinguish
individuals with
schizophrenia
from control in-
dividuals using
Twitter data

The cohort contained
Twitter users who
self-identified as hav-
ing schizophrenia
(cases) and users who
did not self-identify as
having any mental
disorder (controls),
with 96 cases and 200
controls. A user was
defined as a case if 2
or more of the follow-
ing held true: The user
self-identifies in the
user description; the
user self-identifies in
their status updates;
the user follows
@schizotribe, a
known Twitter com-
munity of users with
schizophrenia.

McManus et al
[35], 2015, Unit-
ed States

The authors do
not have evi-
dence that users
of r/schizophre-
nia are clinically
diagnosed.

AUC values were as
follows: RF 0.97,
SVM 0.91, LR 0.9,
and NB 0.87

Reddit. Posts from
the control group
were randomly
downsampled to cre-
ate a balanced data
set (n= 13,156 posts
for each group). The
authors evaluated 4
different algorithms,
namely SVM, LR,
NB, and RF, with
10-fold cross-valida-
tion.

Authors collected
posts from subred-
dit. They only includ-
ed original posts and
excluded the com-
ments. They collect-
ed titles and bodies
of posts along with
user IDs. This result-
ed in 60,009 original
schizophrenia posts
from 16,462 users as
well as 425,341
posts of the control
group from 248,934
users.

To determine
whether ma-
chine learning
could be effec-
tively used to
detect signs of
schizophrenia
in social media
users by analyz-
ing their social
media texts

A large corpus of so-
cial media posts was
collected from web-
based Reddit subcom-
munities for
schizophrenia (n=
13,156) and control
groups (n=247,569)
comprising non-men-
tal health–related sub-
reddits (fitness, jokes,
meditation, parenting,
relationships, and
teaching).

Bae et al [36],
Korea, 2021
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Main limitationsOutcomeSocial media and

AIa technology

MethodObjectiveOverview and inclu-
sion criteria

Authors, year,
and country

Clinical diagnosis
was unknown.

The SVM model
reached an 82.3% ac-
curacy.

Twitter. The authors
used 10-fold cross-
validation and 2 ma-
chine learning meth-
ods, namely SVM
and maximum en-
tropy.

Each self-stated diag-
nosis included in
this study was exam-
ined by an author to
verify that it ap-
peared to be a real
statement of a
schizophrenia diag-
nosis, excluding
jokes, quotes, or
disingenuous state-
ments. For each us-
er, the authors ob-
tained a set of their
public Twitter posts
via the Twitter appli-
cation programming
interface, collecting
up to 3200 tweets.

To examine
how linguistic
signals may aid
in identifying
and getting help
to people with
schizophrenia

A corpus of users diag-
nosed with
schizophrenia was
collected from pub-
licly available Twitter
data, including 174
users with an apparent-
ly genuine self-stated
diagnosis of a
schizophrenia-related
condition. Random
Twitter users were in-
cluded as the control,
and there were equal
numbers of users with
schizophrenia and
community controls.

Mitchell et al
[37], United
States, 2015

aAI: artificial intelligence.
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Table 3. Features used in the included studies.

FeaturesAuthors, year, and country

The authors employed feature scaling to standardize the range of features. The LIWCa features were within a
normalized range of 0 to 1. The n-gram features represented frequency counts that required standardization.
The min-max rescaling technique was used to scale the n-gram features to the range of 0 to 1. They employed
feature selection methods to eliminate noisy features. The filter method was used where features are selected
on the basis of their scores in various statistical tests for their correlation with the outcome variable. Adopting
the ANOVA F test reduced the feature space from 550 features to k – best features (where k=350) by removing
noisy and redundant features.

Birnbaum et al [31], 2017, United
States

The natural language toolkit was implemented in Python (Python Software Foundation) to tokenize users’ posts
and filter frequently employed words (stop words). Porter stemmer (a tool used to explore word meaning and
source) was employed on the tokenized words to convert a word to its root meaning and to decrease the number
of word corpora.

Kim et al [32], 2020, Korea

Facebook timeline data grounded in the symptomatic and functional impairments associated with psychotic
disorders were used. These include 3 types of features. The first was word usage and psycholinguistic attributes
related to affective, social, and personal experiences. The second included linguistic structural attributes, such
as complexity, readability, and repeatability related to thought organization and cognitive abilities. The third
comprised web-based activities relating to social functioning and diurnal patterns (friending, posting, and check-
ins).

Birnbaum et al [33], 2019, United
States

Image and linguistic features were used.Birnbaum et al [34], 2020, United
States

Features for describing emoticon use and schizophrenia-related words were used. The authors used the natural
language toolkit in Python to perform tokenization and lemmatization, before extracting textual features and
NumPy for generating the final numeric feature vectors. The final 28 numerical features included the number
of Twitter followers, number of followed users, proportion of tweets using schizophrenia-related words,
emoticon usage, posting time of day, and posting rate. Two transformations of the feature vectors for each of
the models were used: log scaling of the delay between tweets and principal component analysis.

McManus et al [35], 2015, United
States

The linguistic features were extracted using the LIWC package and the liwcalike function from the quanteda
package. Structural and psychological components of the text based on psychometrically validated dictionary,
word stems, and emotions assigned to a range of categories were assessed. There were 22 LIWC features for
each post: linguistic processes (word count and words more than 6 letters), function words (personal pronouns,
first-person singular, first-person plural, second person, third-person singular, third-person plural, and impersonal
pronouns), time orientations (past focus, present focus, and future focus), and psychological processes (positive
emotion, negative emotion, anger, fear, joy, disgust, sadness, anticipation, trust, and surprise). Linguistic features
between the schizophrenia and the control (nonschizophrenia) groups were compared. The D’Agostino and
Pearson’s test (α=.05) were conducted to test whether each of the linguistic features was normally distributed.
As data followed a normal distribution, a 2-tailed t test was performed to determine whether the linguistic features
differed between groups. The threshold of statistical significance was adjusted using the false discovery rate
method to correct for multiple comparisons, with P<.05 in all cases.

Bae et al [36], Korea, 2021

All natural language processing features were either automatically constructed or unsupervised, meaning that
no manual annotation is required to create them. It is important to note that although these features were inspired
by the literature on schizophrenia, they were not direct correlates of standard schizophrenia markers. The authors

used the following methods to extract features: perplexity (ppl), Brown-Cluster Dist, LIWC, CLMb, LIWC+CLM,

LDAc Topic Dist (TDist), CLM+TDist+BDist+ppl, CLM+TDist, and LIWC+TDist. The authors used the LIWC
approach to map the words to psychological concepts as well as open-vocabulary approaches such as LDA,
Brown clustering, CLM, or perplexity in order to extract features from the corpus in an unsupervised manner.
In particular, the LDA algorithm learns a probability distribution over topics for each document. The Brown
clustering is a hierarchical clustering algorithm that groups words that occur in similar contexts. Regarding the
CLM method, the idea is to assign a probability to a sequence of words (n-grams). In the paper, the authors used
a sequence of 5 characters (5-grams). Finally, perplexity is a measurement of how predictable the language is.
We expect a high perplexity score for a user using a noncoherent language.

Mitchell et al [37], United States,
2015

aLIWC: linguistic inquiry and word count.
bCLM: character language model.
cLDA: latent Dirichlet allocation.

Study Objectives and Algorithm Performance

Main Results
Most studies aimed to identify users with schizophrenia on
social media. One study aimed to identify and predict early
relapse after hospitalization for schizophrenia [33].

The results were informed by multiple parameters, including
the area under the curve (AUC), accuracy, as well as sensitivity
and specificity. The AUC of the included studies ranged from
0.76 to 0.97 (Table 4), which is considered to be good to
excellent. However, only 1 of these studies [34] used data from
clinically diagnosed patients, obtaining an AUC of 0.76. The
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studies whose results were informed by the accuracy parameter
obtained an accuracy ranging from 81% to 96%. One study [33]
reported results obtained using predictive models with a
sensitivity/specificity couple (Table 5). This study sought to
identify and predict relapse of schizophrenia. The authors
collected Facebook data from a small sample of patients
diagnosed with schizophrenia who had a relapse in the following
months. They used these data to build a machine learning model

that could be used to analyze the patients’ data in real time.
They obtained several sensitivity/specificity couples. The
3-month ensemble model showed good sensitivity (90%)
although the specificity was low (40%). This is an example of
the unique tools that could be developed using AI. A
high-sensitivity tool could allow physicians to detect a relapse
earlier and offer timely care to their patients. The 1-month model
had a high specificity (0.71) but low sensitivity (0.38).

Table 4. Performance of the different algorithms in terms of the area under the curve.

Naïve BayesLogistic regressionRandom forestSupport vector machine Study

 — —0.88 —aBirnbaum et al [31], 2017, United States

 — —0.76 —Birnbaum et al [34], 2020, United States

0.870.900.970.91Bae et al [36], Korea, 2021

aNot applicable.

Table 5. Performance of the different algorithms in terms of accuracy and sensitivity/specificity.

Sensitivity/specificity (%)Accuracy (%) Study

—b81 (RFa)Birnbaum et al [31], 2017, United States

—86.75 (XGBc), 94.33 (CNNd)Kim et al [32], 2020, Korea

38/71, 90/40 (SVMe)—Birnbaum et al [33], 2019, United States

—89.3 (SVM)McManus et al [35], 2015, United States

—86 (NBf), 89 (LRg), 91 (SVM), 96 (RF)Bae et al [36], Korea, 2021

—82.3 (SVM)Mitchell et al [37], 2015, United States

aRF: random forest.
bNot applicable.
cXGB: extreme gradient boosting.
dCNN: convolutional neural network.
eSVM: support vector machine.
fNB: naïve Bayes.
gLR: logistic regression.

Data Used
Most of the studies did not have access to clinical diagnostic or
health data. Instead, they used evaluations of users’ profiles by
psychiatrists to access which user could be classified as having
schizophrenia. The included studies used the content of the
posts to train and test the models. They also used
activity-derived markers such as friending, check-ins, and the
number of followers. Used features were chosen to represent
the symptoms of schizophrenia described in the literature and
were focused on identifying disorganized symptoms and
cognitive abilities (Table 2).

Discussion

Principal Results
On a statistical basis, the included studies reported good to
excellent performance. Indeed, many of the metrics they
reported on are at the top of their respective ranges (AUC,
accuracy, sensitivity, and specificity). However, accuracy has
high chances of being biased, as most studies did not have access

to clinical diagnostic data to train the models. Most studies used
the evaluations of social media profiles by trained physicians
to classify patients into different groups. Thus, we cannot reach
any conclusions regarding the performance of AI in detecting
patients with schizophrenia on social media. Moreover, 2 of the
included studies that did have access to clinical diagnostic data
[33,34] showed the most conservative results (Tables 3 and 4).
The included studies were heterogeneous, and some of them
introduced interesting new perspectives. After the first psychotic
episode, AI and social media could be used to monitor the
clinical state of the patients and detect a relapse sooner. This
strategy has been studied by Birnbaum et al [33]. We also
hypothesize that it could be useful with cohorts of ultra-high-risk
patients. Social media provides a constant flow of data, which
could in theory allow for the monitoring of large patient cohorts
and detect early signs of a psychotic episode. This tool could
be integrated in the care of these patients with their consent.
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Critical Assessment of the Machine Learning
Methodology in the Included Studies
The problem we are considering in this review is a binary
classification problem (whether a user profile on social media
indicates schizophrenia) mainly based on textual data (the user’s
posts). In this section, we introduce the key challenges that we
need to tackle given the collected data, analyze the methodology
used in the literature, and present our machine learning
methodology to solve this problem.

Key Challenges in Performing Statistical Studies
The first major obstacle statisticians need to tackle is the
imbalanced data set [38]. Indeed, in the included studies, the
number of included controls is several times higher than the
included cases. Thus, a “naïve” binary classifier (random forest,
SVM, logistic regression, etc) should not be used. It would tend
to overestimate the dominant class over the minor one.
Moreover, the small sample size in the included studies suggests
that there is a chance that the probability distribution in clinical
practice is different than the one in the training set used for the
experiments.

The second challenge imposed by the data structure is the textual
data. Indeed, unlike most problems, we must deal with
unstructured data, as opposed to structured data where the
features are well organized in a table. Here, the data we consider
include text (posts of the users), and it is unstructured. Therefore,
natural language processing (NLP) techniques are called for to
extract relevant features to run a machine learning classifier.
This is often a delicate stage, as researchers often introduce an
inductive bias when they decide which features to extract from
the data. State-of-the art NN algorithms like the BERT
(Bidirectional Encoder Representations from Transformers)
algorithm [39] can automatically extract features from textual
data in a “pretrained stage.” The algorithm is then trained to
perform the desired classification task during the “fine-tuned
stage.”

Analysis of the Methodology Used in Previous Works
Most previous works introduced in the last section extract their
features using NLP modules such as the natural language toolkit
[32,35], the linguistic inquiry and word count package [36], or
even older methods like the n-gram [31]. The major drawback
of these “bag-of-words” techniques [40] or term
frequency–inverse document frequency methodologies [41] is
that they often vectorize the textual data only based on the words
(and their statistics in the sentences) without accounting for
grammar and semantic relations between them and their context.
Thus, these feature extraction methods fall short when capturing
semantic or syntactic information or the sentiments of words
[42].

Perspectives for Future Studies: Our
Recommendations for Machine Learning Methodology
Based on the aforementioned challenges and the limitations of
previous works, we present in this section our approach to
identify patients with schizophrenia based on social media
activity.

First, we need to address the imbalanced data set problem.
Among the numerous approaches, we selected one of the most
used methods in practice called SMOTE (Synthetic Minority
Oversampling Technique) [43]. The idea is to balance the data
set by creating synthetic samples from the minority class so that
both classes become more balanced. Specifically, SMOTE
selects an example from the minority class and its k neighbors
(typically k=5) and creates a synthetic example as the convex
combination of these 2 data points. This procedure can produce
as many synthetic samples for the minority class as needed, and
it guarantees that these created examples are realistic, as they
are close to the existing ones in the feature space.

However, for this data augmentation technique to work, the
feature space needs to be continuous, which is not the case in
textual data. To alleviate this issue, we need to use word
embeddings. In NLP, word embedding is a continuous
representation of a word that encodes the meaning of the word
in a feature space, and it is usually a real-valued vector [44].
Thus, 2 words with close meanings like “ill” and “disease” will
be closer in the feature space than 2 words like “ill” and “car.”
Nevertheless, the remaining challenge is to create a relevant
embedding space. A popular method in NLP is to use a
pretrained language model like BERT [39]. This algorithm has
been pretrained by Google on the concatenation of the two
largest data sets: BookCorpus [45], gathering 11,038
unpublished books, and English Wikipedia, gathering 6,427,217
articles. These high-quality embeddings not only allow us to
use the SMOTE method to augment the minority class, but they
also allow us to represent the textual data in an informative
feature space. The latter will be used as the input to our
classification algorithm.

Finally, we need to define the binary classifier for our problem.
As we have already used the BERT algorithm to create the word
embeddings of the posts, the natural approach would be to use
it as a binary classifier as well. To do so, we need to “fine-tune”
it using our own data set by adding a linear layer to the existing
NN architecture. This approach to text classification has
demonstrated state-of-the-art results on 8 widely studied text
classification data sets [46].

Limitations of This Study
We performed a systematic review of studies using machine
learning to identify schizophrenia on social media. Based on
our hypothesis, the main limitation of our review is the small
number of included studies. When submitting this paper for
publication, the published studies on this subject were limited
and we were not aware of any new study that met the inclusion
criteria. Our review aimed to evaluate the potential of this
technology as a new tool for the care of patients with
schizophrenia. Therefore, we used broad inclusion criteria to
include more papers. The included studies do not have the same
objective and thus, their results cannot be compared. However,
they describe the various uses of this technology.

Most of the studies (5/7) did not use clinical diagnostic data.
Instead, they used evaluations of the mental states of the
included subjects based on their public profile history and the
contents of their posts. It is unlikely that this method is efficient
in accurately identifying patients with schizophrenia. Future
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studies should use health data including medical diagnostic data
to develop an accurate model.

Furthermore, some of the included studies showed limitations
in their methodology and choice of machine learning algorithms.
We analyzed these limitations and used them to propose
recommendations for future projects.

Ethical Reflection and Privacy
Machine learning tools could be useful in several ways to
improve the care of patients. We could monitor the social media
activity of patients to detect psychotic relapses sooner. These
tools could also be used to detect the first psychotic episode
sooner in patients monitored for high risk of psychosis.

The use of machine learning to predict mental health disease
raises ethical questions. In what context should we use such
tools? Patients would need to comply with the use of these tools
and their data in their care. The use of machine learning would
be appropriate only if patients consent to it. Furthermore, many

countries are establishing a regulatory framework on AI usage
[47,48]. AI tools will have to comply with regulation laws to
be used in a clinical setting.

In particular, machine learning algorithms need to be trained
on massive amounts of unbiased data. To prevent third parties
from using these technologies for other purposes, ensuring the
safety of medical data is essential.

Conclusions
AI brings new perspectives in research on schizophrenia. It
could be used to monitor the clinical condition of patients at
risk of psychosis or to detect relapses of schizophrenia by
observing patients on social media. There are currently only a
few studies published on this subject, and most of them do not
accurately estimate the potential of this technology. However,
this technology could become a new tool in the care for patients
with schizophrenia, ultimately reducing the burden on
caregivers. It should be developed and used in accordance with
ethical and legal frameworks.
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Abstract

Background: Depression is a severe psychological concern that negatively affects health in older adults. Serious games applied
in various fields are considered appropriate interventions, especially in mental health care. However, there is a lack of evidence
regarding the effects of serious games on depression in older adults.

Objective: This study aimed to investigate the characteristics and effectiveness of serious games for depression in older adults.

Methods: A systematic review and meta-analysis of randomized controlled trials were conducted. In total, 5 electronic databases
(PubMed, CINAHL, Embase, PsycINFO, and Cochrane Library) were searched to identify relevant studies published until July
6, 2021. A total of 2 reviewers independently conducted study selection, data extraction, and quality appraisals. The risk of bias
in the included studies was assessed using the JBI Critical Appraisal Checklist. For the meta-analysis, the effect size was calculated
as the standardized mean difference (SMD) by using a random effects model.

Results: A total of 17 studies with 1280 older adults were included in the systematic review, and 15 studies were included in
the meta-analysis. Serious game interventions were classified into 3 types: physical activity (PA), cognitive function, and both
PA and cognitive function. The meta-analysis demonstrated that serious games reduced depression in older adults (SMD −0.54,
95% CI −0.79 to −0.29; P<.001). Serious games had a more significant effect size in community or home settings (SMD −0.61,
95% CI −0.95 to −0.26; P<.001) than in hospital settings (SMD −0.46, 95% CI −0.85 to −0.08; P=.02); however, the difference
between groups was not significant. Among the types of games, games for PA (SMD −0.60, 95% CI −0.95 to −0.25; P<.001)
and games for both (SMD −0.73, 95% CI −1.29 to −0.17; P=.01) had a significant effect on reducing depression in older adults.
However, no significant correlations were observed between the duration or number of serious games and depression.

Conclusions: Serious games were beneficial in reducing depression in older adults. Regardless of the study setting, serious
games appeared to reduce depression. Particularly, serious games including PA had a significant impact on reducing depression.
Furthermore, high-quality randomized controlled trials are needed to establish substantial evidence for the effectiveness of serious
games on depression in older adults.

Trial Registration: PROSPERO CRD42021242573; https://tinyurl.com/26xf7ym5

(J Med Internet Res 2022;24(9):e37753)   doi:10.2196/37753
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Introduction

Background
The aging population is increasing worldwide. The average life
span has increased, and health-related concerns in older adults
require attention [1], highlighting their physical and mental
health concerns [2]. Researchers have examined the
psychosocial aspects of older adults, including anxiety,
depression, sleep disorders, loneliness, and social functional
impairment [3-5]. Specifically, depression is a severe and typical
mental health concern characterized by sadness and hopelessness
[6]. Older adults are more vulnerable to depression owing to
their psychosocial concerns. During the COVID-19 pandemic,
older adults had a high risk of depression owing to a decrease
in social relations, regardless of their environment or context
[7,8].

The clinical conditions of older adults also make them likely to
develop depression. Physical and cognitive problems and
functional loss are the primary causes of depression in older
adults [2]. Older adults experience ambiguous symptom profiles
of depression, and atypical symptoms make early detection
challenging [9]. In addition, insufficient psychosocial
relationships and decreased economic status after retirement
lead to depression in older adults [10,11].

The prevention, early detection, and treatment of depression in
older adults are crucial. However, older adults tend to avoid
using mental health services because of poor physical function,
psychological barriers, and reduced mobility [12]. To improve
the mental health of older adults, specific methods are required
that consider their characteristics and attributes. Moreover,
detailed and personalized interventions are required to manage
depression in older adults. For instance, physical function,
cognitive function (CF), sensory function impairment,
comorbidities, medication, and environmental factors should
be considered [13-16].

Digital interventions for mental health care are considered
promising [17,18] and have become indispensable since the
COVID-19 pandemic. Digital interventions have been found to
be effective in reducing the symptoms of depression [19],
loneliness [5], and social isolation [20] in older adults. There
has been a gradual increase in the use of digital interventions
for older adults in clinics and research, although digital
interventions may pose certain challenges to older adults [21,22].
A mixed methods study has identified that although older adults
may wish to make use of digital interventions to alleviate
depression, they might also initially face certain obstacles to
participation [23]. Digital interventions that consider the daily
lives of older adults, ease of use, and low cost may help reduce
depression [23]. In light of their perspectives, circumstances,
and contexts, it is necessary to develop and implement effective
interventions for older adults.

Serious games, a type of digital intervention, refer to a series
of activities performed by combining the aspects of video games
for specific purposes, such as education or rehabilitation [24].
Initially, they were developed for military purposes in the 1970s
and recently appeared in more advanced forms with the
development of computers and mobile devices [25]. In addition,
they are now widely used in education and health care [26],
such as physical rehabilitation [27], cognitive training [28,29],
and health promotion [30]. Interest in serious games which
allow participants to voluntarily achieve their goals has
increased.

Various interventions of serious games have been conducted
not only for adolescents [31] and younger adults [32] but also
for older adults [33-35]. They were applied to older adults in
different ways, including video games, using devices such as
Nintendo [36,37], and virtual reality serious games [38]. When
developing serious game interventions to improve the health of
older adults, there are a variety of goals, such as strengthening
physical function or CF. In addition, the composition or content
of serious games was altered to fit the purpose of the
intervention. For instance, if a serious game is designed to
improve physical function, older adults require to move their
bodies during the game [39]. In a previous study, a serious game
was used and evaluated to enhance spatial memory in older
adults by implementing the appearance of a real-world city and
systematically applying a virtual environment [40].

Serious games are considered appropriate interventions in mental
health care, including for the general population and patients
with or without psychiatric concerns [41-43]. Studies have
reported that serious games influence depression [44,45];
however, a systematic review and meta-analysis focusing on
the effect size of a serious game on depression in older adults
is rare. In addition, the intervention effects differed in studies
on serious games for older adults [33,46-48]. Therefore, further
analysis of serious games for depression in older adults is
required.

Aims
This systematic review and meta-analysis aimed to analyze the
effects of various types of serious games on depression in older
adults. The detailed research questions leading to this study are
as follows: (1) What are the characteristics of serious games
used to intervene in depression among older adults? (2) How
effective are serious games to intervene in depression among
older adults? (3) Which aspects of serious games affect
depression in older adults?

Methods

Design
This systematic review and meta-analysis of randomized
controlled trials were reported following the guidelines of
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) [49] and the JBI manual [50]. The study
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protocol was registered with PROSPERO (registration number
CRD42021242573).

Search Strategy
We conducted a systematic search by using electronic databases
(PubMed, CINAHL, Embase, PsycINFO, and the Cochrane
Library) on July 6, 2021. To organize the search terms, free text
and Medical Subject Headings terms were combined according
to the participants, interventions, comparisons, and outcomes.
Key search terms were as follows: (“aged” or “older” or “elder*”
or “senior”) and (“game” or “gaming” or “exergame” or “serious
game” or “serious gaming”) and (“depression” or “depressive
disorder”). A summary of search strategies is presented in
Multimedia Appendix 1.

Eligibility Criteria
Eligibility criteria were determined according to the participants,
interventions, comparisons, outcomes, and study design. The
inclusion criteria were as follows: (1) participants—studies that
included older adults with a mean age of ≥65 years; (2)
interventions—studies that applied serious games comprising
exergames, virtual reality games, or digital games; (3)
comparisons—studies that applied usual care or nonserious
games for the control group; (4) outcomes—studies measuring
depression; and (5) study design—randomized controlled trials
only. The exclusion criteria were as follows: (1) studies that
applied different doses or intensities of the serious game for the
control group; (2) studies published in a language other than
English; and (3) gray literature such as theses, dissertations, or
conference abstracts.

Study Selection
After searching for studies in electronic databases, one
researcher (YK) exported all the studies to the reference
management software EndNote X9 (Clarivate Analytics), and
the other researchers (SH and MC) rechecked the extracted
studies. The titles and abstracts of the extracted studies were
independently screened according to the inclusion criteria by 2
researchers (YK and SH). Subsequently, they reviewed the full
texts separately to select the final studies to be included. If the
screening results did not match, a consensus was reached
through discussion. The other researcher (MC) supervised the
screening process.

Data Extraction
Two researchers (YK and SH) independently extracted the data.
The data extraction of the selected studies was performed using
a structured form that included study, participant, intervention,
and outcome characteristics. First, the study characteristics
included authors, publication year, country, and setting. Second,
the participant characteristics included health status, age (mean
and SD), and sample size. Intervention characteristics consisted
of type, the device used, content, duration, frequency, time,
dose of serious games, type of control group, and the
interventionist. Finally, outcome characteristics comprised the

measurement of depression, the main result, mean, and SD for
the experimental and control groups. If data required for analysis
could not be found in the article, researchers requested data
from the respective authors via email.

Risk-of-Bias Assessment
Two researchers (YK and SH) independently evaluated the
methodological quality of the included studies according to the
JBI Critical Appraisal Checklist for randomized controlled trials
[50]. The checklist has 13 items to assess the risk of bias,
including participants, assignments, measurement, and analysis
domains, and 1 overall appraisal item. After each included study
was assessed using a 13-item checklist as “yes,” “no,” and
“unclear,” the final quality judgment was drawn according to
the “yes” ratio. The risk of bias was evaluated as follows: (1)
≥75% was ranked as high quality, (2) the range between 50%
and 74% was ranked as medium quality, and (3) <50% was
considered poor quality [51].

Data Analysis
We calculated effect sizes as the standardized mean difference
(SMD) with a 95% CI by using the mean and SD to synthesize
the pooled effect of serious games on depression in older adults.
When depression values were not presented as mean and SD in
original studies, SMD was calculated through the conversion
process by using SE, median, range, or IQR [52,53]. On the
basis of the study by Cohen [54], the effect sizes were
considered small (0.2≤SMD<0.5), medium (0.5≤SMD<0.8),
and large (SMD≥0.8). To identify the effects of heterogeneity

in the meta-analysis, I2 was used. Heterogeneity was classified

as low (25%), moderate (50%), or high (75%) according to I2

values [55]. Because the characteristics of the participants and
interventions included in the meta-analysis were heterogeneous,
we conducted a meta-analysis by using a random effects model.
According to the heterogeneity results, a subgroup analysis was
conducted on the setting, participant characteristics, type of
serious game, and the control group. In addition, we performed
a meta-regression to explore the causes of heterogeneity
regarding the duration and dose of serious games. Publication
bias was assessed using funnel plots and Egger test. Statistical
significance was set at P<.05. Statistical analysis was performed
using the Comprehensive Meta-analysis software (version 3.0)
and Review Manager software (version 5.4).

Results

Study Selection
Figure 1 shows a PRISMA 2020 flow diagram for screening
and selection. A total of 2301 studies were extracted from 5
databases. After removing duplicate records (n=620, 26.94%),
1681 (73.06%) studies were screened using the inclusion and
exclusion criteria based on title, abstract, and full text. Finally,
0.74% (17/2301) of studies were included in this study.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram for study screening and selection.

Risk of Bias of the Studies
The results for the risk of bias in this study are presented in
Multimedia Appendix 2 [50-66]. As confirmed by the number
that met the criteria “yes,” the distribution of satisfying the
risk-of-bias evaluation items ranged from 4 (31%) to 10 (77%)
out of 13 items. Only 1 study [56] was evaluated as high quality,
which indicated a low risk of bias. In total, 5 studies were ranked
as poor quality (<50%) [57-61]. The remaining 11 studies were
categorized as medium quality, with a distribution of 54% to
69%.

Study Characteristics
The characteristics of the selected studies are summarized in
Table 1. A total of 17 studies were published between 2012 and
2021 and conducted in 10 countries. The United States had the
most research conducted [57,58,60,62], followed by Brazil
[61,63,64], Korea [59,65], and Hungary [66,67]. More than half
of the studies were conducted in community settings such as
retirement villages, nursing homes, long-term care facilities,
and assisted living facilities [56,60-63,68-71]. In total, 5 studies

were conducted in hospitals [59,64-67] and 3 in homes
[57,58,72].

A total of 1280 older adults were included in this review. Among
the 17 studies, 7 (41%) mentioned health problems as the criteria
for participant selection. The health status characteristics of the
participants included neurocognitive problems, such as
Parkinson disease and predementia [64-66,71], depression [57],
limited mobility [67], and stroke [59]. For the 3-arm study,
control groups were indicated by “control group a” and “control
group b” [58,64,66,67]. The mean age of the participants ranged
from 66.4 (SD 0.8) [63] to 85.0 (SD 6.1) [71], and the sample
size varied between 16 [69] and 351 [62].

Various measurements of depression in older adults were
described in the included studies. In 35% (6/17) of the studies,
the Geriatric Depression Scale, including 5, 15, and 30 items,
was used to measure depression [58,60,64,65,68,70]. In 29%
(5/17) of the studies, depression was measured using the Beck
Depression Inventory [59,61,66,67,69]. Other studies (6/17,
35%) used the Patient Health Questionnaire-9 [56,62], Profile
of Mood States [63,72], Cornell Scale for Depression in
Dementia [71], and Hamilton Depression Rating Scale [57].
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Table 1. Characteristics of the included studies (N=17).

Effect sizea (95% CI)MeasureSample size,
n

Age (years),
mean (SD)

Characteristics of participantsCountry, settingAuthors, year

−0.72 (−1.41 to
−0.03)

GDSd-30E: 20; C: 20Eb: 85.7 (4.3);

Cc: 83.3 (6.2)

Community-dwelling older adultsUnited States, communi-
ty

Rendon et al
[60], 2012

−0.29 (−0.72 to 0.14)PHQ-9eE: 47; C: 4381.5 (7.0)Community-dwelling older adultsAustralia, communitySchoene et al
[56], 2015

−0.11 (−0.91 to 0.69)BDIfE: 12; C: 12E: 61.0 (15.2);
C: 72.1 (9.9)

Hospitalized patients with is-
chemic stroke

Korea, hospitalChoi et al [59],
2016

−0.75 (−1.77 to 0.27)BDIE: 9; C: 7E: 72.4 (12.3);
C: 68.7 (19.1)

Community-dwelling older adults
with the fear of falling

France, communityLevy et al [69],
2016

NChPOMSg2E: 36; C: 3668.9 (3.7)Community-dwelling older adultsJapan, homeNouchi et al
[72], 2016

−0.13 (−0.97 to 0.71)HAM-DiE: 12; C: 1068.0 (6.3)Major depressionUnited States, homeAnguera et al
[57], 2017

a: −0.10 (−0.71 to
0.51); b: −0.11 (−0.74
to 0.52)

GDS-15E: 22; C-aj:

25; C-bk: 25

69.0 (5.0)Parkinson diseaseBrazil, hospitalFerraz et al
[64], 2018

NCGDS-30E: 26; C-a:
20; C-b: 25

73.2 (5.5)Community-dwelling older adultsUnited States, homeBelchior et al
[58], 2019

−0.10 (−0.34 to 0.14)PHQ-9E: 173; C:
178

80.6 (9.1)Lived in supported senior living
settings

United States, communi-
ty

Smith et al [62],
2019

−0.17 (−0.58 to 0.24)GDS-5E: 56; C: 50E: 77.9 (8.9); C:
77.8 (10.2)

Lived in assisted living facilitiesUnited Kingdom, com-
munity

Stanmore et al
[70], 2019

a: −0.17 (−0.72 to
0.38); b: −1.22 (−1.83
to −0.61)

BDIE: 25; C-a:
25; C-b: 24

E: 70.0 (4.7);
C-a: 70.6 (4.1);
C-b: 67.5 (4.3)

Parkinson diseaseHungary, hospitalTollár et al [66],
2019

a: −0.28 (−0.81 to
0.25); b: −1.46 (−2.05
to −0.87)

BDIE: 28; C-a:
27; C-b: 28

69.6 (3.5)Mobility-limited older adultsHungary, hospitalTollár et al [67],
2019

−0.29 (−0.80 to 0.22)POMSE: 29; C: 2966.4 (0.8)Older adultsBrazil, communityde Morais et al
[63], 2020

−2.08 (−2.81 to
−1.35)

BDIE: 16; C: 34Not reportedInstitutionalized older women aged
>60 years

Brazil, communityRica et al [61],
2020

−0.65 (−1.10 to
−0.20)

GDS-15E: 40; C: 40E: 85.1 (8.6); C:
83.3 (8.8)

Institutionalized in nursing home
or attending day center

Spain, communityJahouh et al
[68], 2021

−0.19 (−0.82 to 0.44)GDS-30E: 25; C: 2074.5 (5.8)Predementia stateKorea, hospitalKang et al [65],
2021

−1.38 (−2.03 to
−0.73)

CSDDlE: 28; C: 27E: 84.7 (5.6); C:
85.3 (6.5)

Older adults with neurocognitive
disorder residing in long-term care
facilities

Belgium, communitySwinnen et al
[71], 2021

aEffect size was calculated as the standardized mean difference with a 95% CI.
bE: experimental group.
cC: control group.
dGDS: Geriatric Depression Scale.
ePHQ-9: Patient Health Questionnaire-9.
fBDI: Beck Depression Inventory.
gPOMS: Profile of Mood State.
hNC: not calculated because required data were not provided.
iHAM-D: Hamilton Depression Rating Scale.
jC-a: a control group of the 3-arm study.
kC-b: the other control group of the 3-arm study.
lCSDD: Cornell Scale for Depression in Dementia.
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Characteristics of the Serious Game Intervention
The characteristics of the serious game intervention are
presented in Tables 2 and 3. Serious game interventions were
classified into 3 types: games for physical activity (PA; 9/17,
53%), games for CF (5/17, 29%), and games for both PA and
CF (3/17, 18%).

Regarding games for PA, the devices used in the intervention
were Microsoft Xbox 360 [61,63,64,66,67]; Nintendo [60];
Microsoft Kinect [70]; tablet computers and smartphones with
a Bluetooth connection [59]; and V8 Head Mount Display, 3D
electromagnetic sensor, and PlayStation 2 [69]. Studies using
the Xbox 360 primarily provided various commercial games
that involved the movement of the participant’s body. Studies
using Nintendo had applied strength training, aerobics, and
balance games of Wii Fit. A study applying Kinect provided
16 exergames targeting the lower or upper limbs by using the
Medical Interactive Recovery Assistant digital platform [70].
Choi et al [59] reported that a game improved the mobility of
the upper extremity through a mobile app and Bluetooth
connection to smart devices. A study using the V8 Head Mount
Display, part of a virtual reality game, provided video games
that required movements of the participants’ bodies [69].

Regarding games for CF, devices included tablet computers
[57,72], controllers [58], CDs or computers [62], and Oculus
Lift CV1 and touch controllers [65]. Studies using tablet
computers applied the developed cognitive training game to
participants. Commercial games that can improve CF were
provided based on controllers, CDs, or websites. As part of a

virtual reality game, a study using the Oculus Lift CV1 and
touch controllers applied games that consisted of multidomain
cognitive tasks.

Regarding games for both PA and CF, the devices used were
electronic step pads [56,71] and Nintendo [68]. Studies applying
electronic step pads provided step training that promoted both
PA and CF, wherein participants moved in various directions.
Another study provided various games that involved PA and
CF using Nintendo (Table 2).

Among the 17 studies, 1 (6%) study [63] did not report the
duration of intervention, whereas 16 (94%) studies reported the
duration of intervention to be between 2 weeks [59] and 12
months [62]. Among the studies, the most frequent durations
of intervention were reported as 8 weeks [57,64,68,71] and 12
weeks [58,61,69,70]. The prescribed serious game intervention
was conducted for 1 to 5 sessions per week and 15 to 60 minutes
per session. The total dose provided to the participants ranged
from 2 sessions [63] to 60 sessions [58].

Of the included studies, the control groups consisted of usual
care [58,60,65-70], exercise [59,64,66,67], nonserious games
[61,62,72], watching a film or music videos [63,71], or other
programs such as providing a brochure [56], cognitive training
[58], and problem-solving therapy [57].

Of the 17 studies, 9 (53%) reported interventionists. Physical
or occupational therapists [59,60,64,66,67,70,71], a
neuropsychologist [65], and an interprofessional team [57]
provided interventions to the participants (Table 3).
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Table 2. Summary of serious game interventions of the included studies (N=17).

ContentsType of serious game;
device

Authors, year

PAa; NintendoRendon et al
[60], 2012

• Wii fit using the Wii Balance Board
• Balance games (lunges, single leg extensions, and twists)

Both; electronic step padSchoene et al
[56], 2015

• The interactive training system used stepping onto an electronic step pad to interact with a computer
interface, and videogame technology was used to deliver the training tasks on standard home tele-
vision screens

• Videogames (Stepper, StepMania, Trail-Stepping, and Tetris)

PA; tablet computer and
smartphone with Blue-
tooth connection

Choi et al [59],
2016

• The MoU-Rehab consisted of 4 mobile game apps
• All game apps were designed to improve strength, endurance, range of motion, control, speed, and

accuracy of movement in the upper extremity

PA; V8 Head Mount
Display, 3D electromag-

Levy et al [69],
2016

• Participants played video games that required moving their bodies
• Games (wash a window and kung fu)

netic sensor, and EyeToy
interface for PlayStation
2

CFb; tablet computerNouchi et al
[72], 2016

• In total, 12 processing speed training games to function on the tablet computer
• All games required participants to detect, identify, discriminate, and localize targets as quickly as

possible

CF; tablet computerAnguera et al
[57], 2017

• Mobile iPad intervention called Project: EVO based on the video game called NeuroRacer
• This game involves guiding a character through an immersive environment while responding to

select targets, with the design format being ideally entertaining

PA; Xbox 360Ferraz et al
[64], 2018

• Exergames use full-body motion to allow the player to engage in a variety of mini games, all of
which feature jump-in, jump-out multiplayer play

• Physical components involved in those games included strength and muscular endurance, cardiores-
piratory fitness, postural balance, and executive function

CF; videogame and con-
troller

Belchior et al
[58], 2019

• Crazy taxi is a driving game with key features that include rapid navigation through an urban envi-
ronment, attending to speed, and roadway features

• Characteristics of this game were speed; elevated perceptual, cognitive, and motor loads; and having
items of interest often presented at the periphery of the visual field and under divided attention
conditions

CF; CDs or web using
computer

Smith et al [62],
2019

• Road Tour on CDs and Double Decision, a web-based version, were used
• Road Tour and Double Decision performed the same way
• Speed of processing training participants saw an object (either a car or truck) in the center of the

monitor and a target (route 66 road sign) along with 7 rabbit distractor signs in a near-periphery
orbit. Participants viewed the monitor image as quickly as they could while still correctly identifying
the object and the target location

PA; Microsoft KinectStanmore et al
[70], 2019

• Kinect tracks the user’s performance and records parameters
• Each participant was given a prescribed program of standardized exergames that suited the partici-

pant’s starting level of ability with tailored progression
• Individual exercise programs can be tailored using a choice of games for lower or upper limb exer-

cises using 16 of Medical Interactive Recovery Assistant’s exergames (strength, balance, coordina-
tion, and flexibility exercises)

PA; Xbox 360Tollár et al [66],
2019

• Exergame was designed to improve postural control, gait mobility, gait stability, turning, and dy-
namic and static

• Exergame used the 3 visual feedback modules of the Xbox 360 core system, Kinect Adventures
video game (Reflex Ridge, Space Pop, and Just Dance)

PA; Xbox 360Tollár et al [67],
2019

• Exergame was designed to improve postural control, gait mobility, gait stability, turning, and balance
• Exergame used 3 Xbox 360 modules (Reflex Ridge, Space Pop, and Just Dance)

PA; Xbox 360de Morais et al
[63], 2020

• Xbox Kinect—“Your Shape Fitness evolved” (Zen-Develop it, Pump it, Wall Breacker, Kick it,
Hurricane, and Stack in Up)

• The games are classified as easy, medium, or hard levels, and only the easy level was used
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ContentsType of serious game;
device

Authors, year

• For Kinect-based exercise protocol, balance games were included
• Kinect Sports Ultimate Collection, Your Shape Fitness Evolved, Dance Central, and Nike + Kinect

Training

PA; Xbox 360Rica et al [61],
2020

• The intervention made up of different activities with the Nintendo Wii Fit video game console
• An aerobic-type game was used as a warm-up exercise
• The next game was played specifically to work on attention, concentration, and memory. In this

game, a goalkeeper throws balls or bears from both the left and right sides. The participant was re-
quired to lean to either side to avoid all possible bears and head all possible balls; in other words,
the participants had to swing on the same side of the ball or on the opposite side of the bear

• To end the session, the participants had to choose a game that they wanted to try or play

Both; NintendoJahouh et al
[68], 2021

• Training was accompanied by game elements to increase the interest and motivation of the partici-
pants

• Games involving multidomain cognitive tasks to assess

CF; Oculus Rift CV1 and
Oculus touch controllers

Kang et al [65],
2021

• Dividat Senso consisted of a step training platform that was sensitive to pressure changes
• The sensors detected steps in 4 directions: left, right, top, and bottom
• The platform was connected via a USB cable to a computer and a frontal television screen on which

the exergames were displayed
• Participants interacted with the game interface by pushing foot on 1 of the 4 different arrows
• The games trained cognitive abilities
• The device provided real-time visual, auditory, and somatosensory (vibrating platform) cues and

feedback to enrich the game experience

Both; Dividat SensoSwinnen et al
[71], 2021

aPA: physical activity.
bCF: cognitive function.
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Table 3. Characteristics of serious game interventions of the included studies (N=17).

InterventionistControl groupDuration, frequency, time per session, doseType of se-
rious game

Authors,
year

Physical therapistUsual care6 weeks, 3 sessions per week, 35-45 minutes,
18 sessions

PAaRendon et al
[60], 2012

NRbBrochure16 weeks, 3 sessions per week, 20 minutes, 48
sessions

BothSchoene et
al [56], 2015

Occupational therapistExercise (conventional occupation-
al therapy)

2 weeks, 5 sessions per week, 60 minutes, 10
sessions

PAChoi et al
[59], 2016

NRUsual care12 weeks, 1 session per week, <40 minutes, 12
sessions

PALevy et al
[69], 2016

NRNonserious game (knowledge
quiz)

4 weeks, 5 sessions per week, 15 minutes, 20
sessions

CFcNouchi et al
[72], 2016

Interprofessional team (clinicians,
care managers, and therapists)

Problem-solving therapy8 weeks, 5 sessions per week (biweekly), <20
minutes, 20 sessions

CFAnguera et
al [57], 2017

Physical therapistExercise (functional training); ex-
ercise (bicycle)

8 weeks, 3 sessions per week, 50 minutes, 24
sessions

PAFerraz et al
[64], 2018

NRCognitive training; usual care12 weeks, 5 sessions per week, 60 minutes, 60
sessions

CFBelchior et
al [58], 2019

NRNonserious game (computerized
crossword puzzles)

12 months, NR, NR (600 minutes per 5-6
weeks), NR

CFSmith et al
[62], 2019

Physical therapistUsual care12 weeks, 3 sessions per week, NR, 36 sessionsPAStanmore et
al [70], 2019

Physical therapistExercise (stationary cycling); usual
care

5 weeks, 5 sessions per week, 60 minutes, 25
sessions

PATollár et al
[66], 2019

Physical therapistExercise (stationary cycling); usual
care

5 weeks, 5 sessions per week, 60 minutes, 25
sessions

PATollár et al
[67], 2019

NRWatching a filmNR, NR, 30 minutes, 2 sessionsPAde Morais et
al [63], 2020

NRNonserious game (board games)12 weeks, 3 sessions per week, 60 minutes, 36
sessions

PARica et al
[61], 2020

NRUsual care8 weeks, 2-3 sessions per week, 40-45 minutes,
20 sessions

BothJahouh et al
[68], 2021

NeuropsychologistUsual care4 weeks, 2 sessions per week, 20-30 minutes, 8
sessions

CFKang et al
[65], 2021

Physical therapistWatching music videos8 weeks, 3 sessions per week, 15 minutes, 24
sessions

BothSwinnen et
al [71], 2021

aPA: physical activity.
bNR: not reported.
cCF: cognitive function.

Effects of Serious Games on Depression
Among the 17 studies included in the review, a meta-analysis
was conducted on 15 (88%) studies, excluding 2 (12%) studies
that did not provide raw data [58,72]. As 3 studies had 2 control
groups each [64,66,67], we included 18 results in this

meta-analysis. The pooled SMD between groups was −0.54
(95% CI −0.79 to −0.29; P<.001) with a medium effect size.
These results indicate that serious games reduce depression in
older adults. The heterogeneity of the meta-analysis was

moderate to high across the studies (I2=73%; P<.001; Figure
2).
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Figure 2. Forest plot for the effect of a serious game on depression.

Subgroup Analysis
The results of the subgroup analysis of serious games for
depression are shown in Figures 3-6. Regarding the setting,
serious games had a more significant effect size in communities

or homes (SMD −0.61, 95% CI −0.95 to −0.26; P<.001) than
in hospitals (SMD −0.46, 95% CI −0.85 to −0.08; P=.02).
However, the difference in the effect size between the groups

was not statistically significant (χ2
1=0.3; P=.59; Figure 3).

Figure 3. Forest plot for the effect of a serious game on depression according to setting.

Regarding the characteristics of participants, the effect sizes of
participants without health problems and with neurocognitive
problems were −0.55 (95% CI −0.91 to −0.20; P=.002) and

−0.52 (95% CI −0.99 to −0.05; P=.03), respectively, which
significantly reduced depression (Figure 4).
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A subgroup analysis of the type of serious game revealed that
games for both had a significant effect on reducing depression
in older adults (SMD −0.73, 95% CI −1.29 to −0.17; P=.01).
In addition, games for PA significantly reduced depression
(SMD −0.60, 95% CI −0.95 to −0.25; P<.001), whereas there
was no significant effect of games on CF (Figure 5).

In the control group, serious games versus usual care had a
significant effect on reducing depression (SMD −0.72, 95% CI

−1.10 to −0.33; P<.001). However, subgroups of serious games
versus other active comparators such as exercise, nonserious
games, watching a film or music videos, and other programs
presented no significant effect (Figure 6).

The results of the meta-regression indicated that no significant
correlation existed between depression and the duration (P=.40)
or dose of serious games (P=.43; Multimedia Appendix 3).

Figure 4. Forest plot for the effect of a serious game on depression according to the characteristics of participants.
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Figure 5. Forest plot for the effect of a serious game on depression according to the type of serious games. CF: cognitive function; PA: physical activity.
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Figure 6. Forest plot for the effect of a serious game on depression according to the type of control group.

Publication Bias
In this study, the publication bias was considered low. The
funnel plot revealed a fairly symmetrical pattern (Multimedia
Appendix 4). In addition, Egger test demonstrated that no
publication bias was present in this meta-analysis (P=.27).

Discussion

Principal Findings
This study aimed to investigate the characteristics of serious
games and their effects on depression in older adults. A total
of 17 studies included in the systematic review have been
conducted since 2012, and the number of studies has been
steadily increasing. This study identified 3 types of serious
games: games for PA, games for CF, and games for both PA
and CF. Furthermore, it was demonstrated that the equipment
and components of the game varied for each type of serious

game. In addition, this study could provide substantial scientific
evidence and produce high-quality findings as it included
randomized controlled trials.

Older adults may face certain barriers to the use of digital
interventions, such as physical changes because of aging and a
lack of knowledge about technology [73]. In addition, studies
included in this review reported that older adults who
participated in serious games might experience difficulties with
costs related to devices or programs [58], use of technology
[70], and physical symptoms such as nausea, oculomotor
dysfunction, and disorientation [65]. Despite these obstacles,
the results of our meta-analysis indicate that serious games
significantly reduce depression in older adults to a moderate
effect size (SMD=−0.54). This aligns with the meta-analysis
findings that showed reduced depression in young people [45].
In addition, the effect size of our findings was larger than that
of studies targeting the general population [44,74]. Compared
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with the young or general population, serious games may
effectively reduce depression in older adults, who face barriers
in the application of digital interventions. As overcoming
obstacles related to digital intervention may increase the interest
and confidence of older adults [75], a serious game is considered
effective and acceptable for them.

In this study, interventions of serious games were primarily
conducted in places where older adults lived their daily lives,
such as communities and homes, rather than in hospitals. Our
findings showed that serious games played in communities or
homes significantly reduced depression. Even without a
supervised environment, such as a hospital, we found that the
settings did not significantly affect older adults in applying
serious games. This can be particularly convenient when
applying the intervention to older adults with poor mobility or
other accompanying diseases [47]. Therefore, a serious game
can be applied regardless of the location once the appropriate
environment or equipment is prepared.

In a subgroup analysis, serious games reduced depression in
older adults without health problems or with neurocognitive
problems. Appropriate physical abilities are required to perform
serious games [76]; the intervention was effectively provided
to older adults without health problems. Moreover, depression
is considered an important health issue in older adults with
neurocognitive problems such as Parkinson disease [77] and
the predementia stage [78]. Accordingly, the findings of this
study might be promising, as serious games may help reduce
depression. However, the evidence may be relatively weak
owing to the small number of studies. Further intervention
studies are needed to confirm the relationship between the
characteristics of older adults and the effectiveness of games.

Among the types of games, those that applied PA, including
games for both accounted for approximately 70%. Our findings
indicated that helping body movements directly by using various
devices had a significant effect on reducing depression compared
with games for CF. PA has been found to reduce depression
through biological and psychosocial mechanisms [79]. In
addition, a previous meta-analysis illustrated that exercise can
significantly reduce depression in older adults [80]. Games
promoting PA suggest the possibility of improving the quality
of life and reducing depressive symptoms in older adults [61].
Therefore, PA should be considered as an essential component
in the application of serious games to manage depression in
older adults.

In the meta-analysis, we included studies that provided a control
group with usual care as well as studies that provided other
interventions considered active comparators. For studies
comparing usual care groups, participation in serious games
was found to have a significant impact on reducing depression.
However, studies comparing active comparators, such as
exercise, nonserious games, and watching videos, showed a
reduction in depression, but this was not statistically significant.
These findings are consistent with those of a meta-analysis that
included active comparators [81]. The absolute and relative
effects of the intervention can be interpreted according to the
type of control group [82]. When the control group received
usual care, the results indicated an absolute effect of the

intervention. However, when the control group had active
comparators, the results demonstrated a relative effect of the
intervention. In this study, the absolute effect of participation
in serious games was confirmed, but the relative effect was not.
These findings indicate that participation in serious games has
a unique and significant effect on older adults. Among the
advantages of serious games, older adults can participate in such
games regardless of the location [59], and it is generally easy
to participate in such games [57]. In addition, participation in
serious games motivates older adults and improves engagement
[58,61], which has been found to increase adherence to
interventions [57,63]. Participation in serious games for older
adults may be viewed as an acceptable strategy to reduce
depressive symptoms, as it has been confirmed that they have
relatively high interest, satisfaction, and usability in serious
games [59,65,70]. Therefore, we suggest that it is necessary to
develop serious games that reflect helpful characteristics so that
the relative effect as well as the absolute effect of interventions
can be confirmed.

Limitations
This study systematically reviewed the literature and analyzed
the effectiveness of an overall serious game conducted to
manage depression, without limiting the health characteristics
of older adults. However, this study has a few limitations. First,
some studies in which depression was not the primary outcome
of the intervention were also selected because depression itself
was of interest in this study. Generally, this selection may have
a weak causal relationship between serious games and
depression. In this review of 17 studies, 9 (53%) and 8 (47%)
studies measured depression as a primary and secondary
outcome, respectively. Depression had a significant reduction
effect in 5 out of 9 (56%) studies measured as a primary
outcome and 38% (3/8) of studies measured as a secondary
outcome. The effects are greater when the intervention is
performed for the main purpose of reducing depression.
Therefore, further research is needed to clarify the relationship
between depression as an outcome of intervention and its
effectiveness. Second, methodological quality appraisals were
performed using the JBI Critical Appraisal Checklist for the 17
studies included in this review. Only 6% (1/17) of high-quality
studies had a low risk of bias, and approximately one-third (n=5,
29%) of the studies had a high risk of bias. Therefore, it can be
considered that the evidence of the synthesized results is
relatively low. Finally, this study included a variety of health
characteristics, devices, and contents of serious games, which

might lead to moderate to high heterogeneity (I2=73%). Thus,
it is necessary to pay attention to the interpretation of the results.

Implications
Our findings may contribute to the understanding of the effects
of serious games on reducing depression in older adults. The
findings of this study also provide researchers and health care
providers with several implications for managing depression in
older adults. First, there is a need to apply serious games
involving PA to manage depression in older adults. It may be
beneficial to add various types of serious games to increase their
effectiveness. Second, serious games should be developed and
adapted to suit the various characteristics and needs of older
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adults. In addition, it is necessary to further explore devices,
content, and duration that will be effective for older adults.
Finally, a large-scale and more rigorously designed randomized
controlled trial of serious games should be conducted to provide
scientific evidence.

Conclusions
The findings of this review and meta-analysis demonstrate that
serious games are beneficial for reducing depression in older
adults. Among the types of serious games, those that include

PA significantly reduce depression. Regarding the setting,
interventions conducted in the community, including homes,
can alleviate depression in older adults. We also found that
studies provided by nurses or multidisciplinary teams were
limited; therefore, nurse researchers should conduct serious
game interventions further. In addition, more high-quality
randomized controlled trials are needed to establish substantial
evidence of the effectiveness of serious games on depression
in older adults.
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Abstract

Background: Digital health solutions can provide populations with musculoskeletal pain with high-reach, low-cost, easily
accessible, and scalable patient education and self-management interventions that meet the time and resource restrictions.

Objective: The main objective of this study was to determine the effectiveness of digital health interventions for people with
musculoskeletal pain conditions (ie, low back pain, neck pain, shoulder pain, knee pain, elbow pain, ankle pain, and whiplash).

Methods: A systematic review and meta-analysis was conducted. We searched PubMed and Cochrane Central Register of
Controlled Trials (from 1974 to August 2021) and selected randomized controlled trials of digital health interventions in the target
population of patients with musculoskeletal pain with a minimum follow-up of 1 month. A total of 2 researchers independently
screened and extracted the data.

Results: A total of 56 eligible studies were included covering 9359 participants, with a mean follow-up of 25 (SD 15.48) weeks.
In moderate-quality evidence, digital health interventions had a small effect on pain (standardized mean difference [SMD] 0.19,
95% CI 0.06-0.32), disability (SMD 0.14, 95% CI 0.03-0.25), quality of life (SMD 0.22, 95% CI 0.07-0.36), emotional functioning
(SMD 0.24, 95% CI 0.12-0.35), and self-management (SMD 0.14, 95% CI 0.05-0.24).

Conclusions: Moderate-quality evidence supports the conclusion that digital health interventions are effective in reducing pain
and improving functioning and self-management of musculoskeletal pain conditions. Low-quality evidence indicates that digital
health interventions can improve the quality of life and global treatment. Little research has been conducted on the influence of
digital health on expenses, knowledge, overall improvement, range of motion, muscle strength, and implementation fidelity.

Trial Registration: PROSPERO CRD42022307504; https://tinyurl.com/2cd25hus

(J Med Internet Res 2022;24(9):e37869)   doi:10.2196/37869

KEYWORDS

eHealth; models of care; mobile health; mHealth; digital health; pain; telehealth; telemedicine; disability; function; quality of
life; mobile phone
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Introduction

Musculoskeletal conditions are considered the leading cause of
global morbidity and have substantial individual, societal, and
economic implications [1]. Musculoskeletal conditions account
for one-fifth of the world’s total number of years lived with
disability [1]. The burden of musculoskeletal conditions is
predicted to increase dramatically in the coming years because
of the aging population in Western countries. Musculoskeletal
conditions include a broad range of health conditions affecting
the bones, joints, muscles, and spine, as well as rare autoimmune
conditions. Common symptoms include pain, stiffness, and loss
of mobility and dexterity, which often interfere with people’s
ability to perform daily activities. In the global research on the
burden of disease, low back and neck pain were responsible for
70% of impairments [2]. The management of musculoskeletal
pain conditions requires an evidence-informed innovative care
model that stimulates self-management, including daily
activities, self-care, patient-professional collaboration, and a
collaborative practice model [3].

For musculoskeletal pain conditions, there has been increasing
interest in integrating digital health interventions to accomplish
the triple aim of better health outcomes, better patient
experiences, and smarter use of health service resources. Various
studies have found moderate-quality evidence that digital health
interventions have a positive clinical benefit in the management
of musculoskeletal conditions leading to pain and functional
disability [4-7]. However, owing to differences in content,

duration, and delivery, it is difficult to draw strong conclusions
about the effectiveness of digital health interventions. Hence,
little is known about which type or combination of digital health
solutions is superior [5,8-10]. This lack of information serves
as a barrier to identifying key characteristics aligned with
effective and ineffective digital health solutions and their wider
implementation. Recently, the World Health Organization
(WHO) published a taxonomy for the standardization of various
digital health interventions and vocabulary [11]. Although
taxonomy is a useful tool to differentiate between the different
types of digital interventions, it cannot distinguish between the
micro, meso, and macro factors that influence digital health
innovation and implementation [12]. This calls for a broad
overview of the evidence by outlining digital health solutions
at the patient, professional, provider, and system levels, as
described by the Rainbow Model (Figure 1) [13]. It is important
to identify the most effective type of digital health intervention
and, in turn, the most efficacious combination of components
(eg, patient, provider, organizational, and system level) for
clinical and managerial responses to the evidence, as well as
for policy decision-making.

Following the Rainbow Model of Integrated Care (RMIC) and
WHO digital health taxonomy, we comprehensively analyzed
the effectiveness of digital health interventions for
musculoskeletal pain conditions in published randomized
controlled trials (RCTs) and assessed the extent to which
differences in outcomes may be explained by the different types
of interventions.

Figure 1. Rainbow model for digital health interventions [14].
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Methods

A systematic review was conducted according to a protocol
registered on PROSPERO (International Prospective Register
of Systematic Reviews; registration number 307504) and the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines [15].

Literature Search
We searched the electronic databases PubMed and the Cochrane
Library using musculoskeletal pain condition–specific and
digital health–specific text words and Medical Subject Headings
(Tables S1 and S2 in Multimedia Appendix 1 [16-71]) from
their inception to August 2021.

Study Selection

Overview
A total of 2 researchers (LT and MAA) worked separately on
study selection, eligibility criteria evaluation, risk-of-bias
assessment, and data extraction, and disagreements were
resolved through iteration and discussion. If this failed, a third
arbitrary resolution was performed by a third author (PPV).
Studies were considered eligible if they were RCTs with a
follow-up of ≥1 month; included participants aged >18 years
with a musculoskeletal (chronic) pain condition (ie, low back
pain, neck pain, shoulder pain, knee pain, elbow pain, ankle
pain, or whiplash); and comprised an evaluation of a digital
health intervention in the clinical, professional, organizational,
or system domains of the RMIC [13]. Each intervention had to
describe ≥1 digital health service according to the description
of the WHO digital health taxonomy [11] (Table S3 in
Multimedia Appendix 1 [16-71]). Non-English studies were
excluded from this review.

Data Extraction and Risk-of-Bias Assessment
For each included study, 2 researchers (LT and MAA)
independently extracted the data using a standardized data
extraction form. Any inconsistency was resolved through
iteration and discussion. When the required data were not
reported in the article, the researchers contacted the authors for
the missing information. If the required data could not be
provided, the study was included only for qualitative review.
The following methodological risks of bias were assessed for
each selected study: sequence generation; allocation
concealment; blinding of outcome assessors, care providers,
and participants; completeness of outcome data;
intention-to-treat analysis; and sponsor involvement in
authorship [72]. The Covidence software was used to manage
data extraction and risk-of-bias assessments [73].

Data Synthesis and Analysis
The primary outcomes included pain, functioning, and quality
of life, as assessed using recognized and validated measures
[74]. Cost, emotional functioning, overall progress, range of
motion, muscle strength, knowledge, self-management, and
process-related outcomes were all secondary outcomes of
interest.

A 3-step method was used to identify distinct subgroups of
digital health interventions according to the domains of the
RMIC. First, the appropriate number of clusters was determined
through a hierarchical agglomerative clustering analysis using
the Euclidean distance and average silhouette methods, which
measures the quality of a cluster. We tested for outliers by using
the cluster membership of the distance method, which indicates
how well an observation fits into the cluster that it has been
assigned to [75]. No outliers were identified based on the results
of this analysis. Second, a nonhierarchical cluster analysis based
on the k-means algorithm was performed to validate the results
of the hierarchical procedure by using the initial cluster centroid
number from hierarchical clustering as a starting point [76,77].
This method establishes the presence of clusters by determining
the average of all the data points in a cluster.

The grouping of the clusters was evaluated by performing a
principal component analysis (PCA), which required data
normalization, and the eigenvalues were calculated and analyzed
in a biplot graph [78,79]. Assumptions of the PCA were tested
following the procedure described by Kassambara [80] (ie,
linearity of the data, level of measurement, and outliers). Finally,
the clusters were visually evaluated using cluster plots and PCA.
To provide an interpretation of the cluster, the cluster means of
the digital health interventions were applied.

We used DerSimonian and Laird random-effects models to
summarize the treatment effects and expressed the results as
standardized mean differences (SMDs) for continuous outcomes
using different scales together with 95% CIs. The SMD
calculations were based on the effect differences between the
baseline and last follow-up assessment [81]. In the systematic
review, we included relevant studies; for the meta- and subgroup
analyses, at least three independent studies were required to
justify the meta-analysis [82].

Heterogeneity in treatment effects between studies was assessed

using the restricted maximum likelihood method (I2) statistics,

with I2 values of 25%, 50%, and 75% corresponding to low,
moderate, and high levels of heterogeneity, respectively [83].
Potential sources of statistical heterogeneity were explored using
a priori subgroup analysis to determine whether the intervention
duration (1-12 months or >12 months) or setting (clinic or
home-based) affected heterogeneity. Evidence of small study
effects was assessed through visual examination of funnel plots
[84]. We conducted a sensitivity analysis of primary outcomes
by excluding studies according to the following criteria: (1)
high risk of bias, (2) long follow-up (≥12 months), and (3) large
sample size (>200 participants). We used a minimum of 10
independent studies [81].

Descriptive statistics were used to summarize the data, where
mean and SD were reported for continuous data and frequencies
and percentages for categorical data. The distribution of all
continuous variables was checked. The statistical significance
for subgroup and sensitivity analysis was calculated using the
test for subgroup differences provided in the R Studio (version
2021.09.01) package meta. All analyses were performed using
the statistical software R Studio (Build 372), and libraries
dmetar, esc, tidyverse, meta, grid, robvis, pvclust, and
factorextra were used [85].
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Quality of Evidence
The quality of evidence was rated for each pooled analysis by
using the Grades of Recommendation, Assessment,
Development, and Evaluation approach [86]. The quality of
evidence was not downgraded for performance or detection bias
as perfect blinding is considered problematic for complex digital
health interventions [82]. For each comparison, 2 researchers
(LT and MAA) independently rated the quality of evidence for
each outcome as “high,” “moderate,” “low,” or “very low.”
Discrepancies were resolved through iteration and discussion.

Results

Search Results and Study Characteristics
A total of 983 publications of potential interest were identified.
Of the 983 publications, after removing 18 (1.83%) duplicates,
965 (98.17%) publications were selected for title and abstract
screening. Subsequently, of the 965 publications, 64 (6.63%)
were selected for full-text screening, and 56 (5.8%) RCTs were
considered eligible for inclusion, assessing 9359 participants.
Approximately 6% (4/64) of studies reported incomplete
outcomes; therefore, they were excluded from the effect analysis
(Figure 2).

Figure 2. Flowchart of search strategy and study selection process.

Intervention Characteristics
The characteristics of the interventions in the included studies
are summarized in Tables S4 and S5 in Multimedia Appendix
1. All studies performed interventions in the home base of the
participants, and in some cases, the setting of the study was a
combination of the home base of the participants and the primary
care clinic (26/56, 46%). In addition, of the 56 studies, we
included 30 (54%) studies targeting musculoskeletal pain
conditions, 10 (18%) studies targeting chronic pain conditions,
9 (16%) studies targeting postsurgery rehabilitation participants,
and 7 (13%) studies focusing on patients with arthritis. Most of
the interventions focused on patient conditions, such as target
client communication (42/56, 75% studies; 6806/9359, 72.72%
participants) and personal health tracking (38/56, 68% studies;
5881/9359, 62.84% participants). Digital health interventions
at the professional level included telemedicine (55/56, 98%
studies; 9331/9359, 99.7% participants), client information and
registration (47/56, 84% studies; 8041/9359, 85.92%
participants), health care provider decision support (23/56, 41%
studies; 4520/9359, 48.3% participants), health care training
(23/56, 41% studies; 4569/9359, 48.82% participants), health

care provider communication (12/56, 21% studies; 2901/9359,
31% participants), and referral coordination (4/56, 7% studies;
527/9359, 5.63% participants). None of the studies incorporated
health care providers in a scheduled activity planning
intervention. Only 9% (5/56) of studies were targeted at the
organizational level. All of these studies included health
financing interventions (2363/9359, 25.25% participants).
Furthermore, some studies were targeted at the system level
and included data collection, management, and use interventions
(23/56, 41% studies; 4648/9359, 49.66% participants). The
duration of the interventions ranged from 2 weeks to 12 months
(median 12 weeks). Two distinctive subgroups of digital health
interventions were identified in the 56 articles.

The first cluster (32/56, 57% studies; 4565/9359, 48.78%
participants) included interventions mainly in professional and
client domains, mostly performed (23/32, 72%) in the home
base of the participant. The second cluster (24/56, 43% studies;
4794/9359, 51.22% participants) comprised interventions in the
organizational, professional, and client domains, mostly
performed (17/24, 71%) in the home base and clinic settings.
Four statistically significant differences across the subgroups
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for digital health interventions were identified through the
cluster differences analysis: targeted health care provider
decision assistance; referral coordination; health finance; and

data collection, management, and use. The 2 clusters were
named based on the characteristics of their digital health
interventions (Table 1).

Table 1. Clusters of digital health interventions (N=56).

Cluster differ-
ences (P value)

Cluster 2: patient-provider-orga-
nizational–level digital health
interventions (n=24), n (%)

Cluster 1: patient-
provider–level digital health
interventions (n=32), n (%)

Total studies, n
(%)

Rainbow model intervention characterization

Organizational domain

.006a5 (21)0 (0)5 (9)Health financing

<.001b20 (83)3 (9)23 (41)Data collection, management, and use

Professional domain

.1822 (92)25 (78)47 (84)Client identification and registration

<.001c16 (67)7 (22)23 (41)Health care provider decision support

.2523 (96)32 (100)55 (98)Telemedicine

.464 (17)8 (25)12 (21)Health care provider communication

.02b4 (17)0 (0)4 (7)Referral coordination

.9410 (42)13 (41)23 (41)Health care provider training

Client domain

.2216 (67)26 (81)42 (75)Targeted client communication

.6917 (71)21 (66)38 (68)Personal health tracking

aSignificant at level .01.
bSignificant at level .001.
cSignificant at level .05.

Quality of Included Studies
The risk of bias in the included studies is summarized in Figure
3. Overall, there was a low risk of bias for 80.6% (316/392) of

the items, an unclear risk for 8.7% (34/392), and a high risk for
10.7% (42/392).

Figure 3. Summary of the risks of bias in included studies. For each quality item, low risk means that sufficient data were reported in the study to allow
the assessment of quality, and the study fulfilled the criteria for the quality item; high risk means that sufficient data were reported in the study to assess
quality, but the study did not fulfill the criteria for the quality item; and unclear risk means that incomplete data for the quality item were reported. N/A:
not applicable.

Effect of Digital Health Interventions

Pain
Of the 56 studies, 37 (66%; 5323/9359, 56.88% participants)
reported the treatment effects on pain. Digital health
interventions had a small effect on pain compared with standard

care management (SMD 0.19, 95% CI 0.06-0.31; Figure 4).
However, there was evidence of high heterogeneity between

studies (I2=81%). There was evidence of different effects on
pain based on different types of digital health interventions
(patient-provider: SMD 0.07, 95% CI −0.04 to 0.19;
patient-provider-organization: SMD 0.34, 95% CI 0.08-0.60;
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P value for subgroup difference=.05). The quality of the evidence for pain was rated as moderate (Table 2).

Figure 4. Effect of digital health on pain. SMD: standardized mean difference.
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Table 2. Summary of findings and assessment of the quality of evidence for outcomes (N=56).

CertaintyEffectCertainty assessmentStudies,
n (%)

Outcomes

SMDa rate
(95% CI)

Individuals
(n=9359), n
(%)

Other
consider-
ations

Impreci-
sion

Indirect-
ness

InconsistencyRisk of
bias

Study design

Moderate0.19 (0.06 to
0.31)

5323 (56.9)NoneNot seriousNot seriousNot seriousSeriousbRandomized
trials

37
(66.1)

Pain (follow-
up: mean 25
weeks)

Moderate0.14 (0.03 to
0.25)

4849 (51.8)NoneNot seriousNot seriousNot seriousSeriousbRandomized
trials

30
(53.6)

Disability and
function (fol-
low-up: mean
27 weeks)

High0.22 (0.07 to
0.36)

3995 (42.5)NoneNot seriousNot seriousNot seriousNot seri-
ous

Randomized
trials

24
(42.9)

Quality of life
(follow-up:
mean 25 weeks)

Low0.24 (0.12 to
0.35)

3814 (40.8)NoneNot seriousNot seriousSeriouscSeriousbRandomized
trials

24
(42.9)

Emotional func-
tioning (follow-
up: mean 29
weeks)

Moderate0.14 (0.05 to
0.24)

2857 (30.5)NoneNot seriousNot seriousNot seriousSeriousbRandomized
trials

21
(37.5)

Self-manage-
ment (follow-
up: mean 26
weeks)

Low0.25 (−0.44
to 0.93)

795 (5.5)NoneSeriousdNot seriousNot seriousSeriousbRandomized
trials

4 (7.1)Global improve-
ment (follow-
up: mean 42
weeks)

aSMD: standardized mean difference.
bMost of the studies had a high frequency of other bias.
cLarge heterogeneity between studies (I2>50%).
d95% CI includes the possible benefits from both control and digital health interventions.

Disability and Function
Of the 56 studies, data on disability and function were reported
in 30 (54%) studies (4849/9359, 51.8% participants). Digital
health interventions slightly improved the functioning of people
with musculoskeletal conditions (SMD 0.14, 95% CI 0.03-0.25);
however, there was considerable heterogeneity among studies

(I2=66%; Figure 5). There was little evidence that different types
of digital health interventions affected treatment effectiveness
(patient-provider: SMD 0.11, 95% CI −0.06 to 0.28;
patient-provider-organization: SMD 0.17, 95% CI 0.02-0.32;
P value for subgroup difference=.58). The quality of the
evidence for disability and functional outcomes was moderate.
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Figure 5. Effect of digital health on disability and function. SMD: standardized mean difference.

Quality of Life
Digital health interventions had a slightly positive effect on
health-related quality of life (24/56, 43% studies; 3995/9359,
42.69% participants; SMD 0.22, 95% CI 0.07-1.36). There was

evidence of high-level heterogeneity between studies (I2=63%;

Figure 6). There was little evidence that different types of digital
health interventions had differing effects on quality of life
(patient-provider: SMD 0.16, 95% CI 0.02-0.30;
patient-provider-organization: SMD 0.35, 95% CI −0.04 to 0.75;
P value for subgroup difference=.30). The quality of evidence
for the quality of life was graded as high.
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Figure 6. Effect of digital health on quality of life. SMD: standardized mean difference.

Emotional Functioning
Of the 56 studies, 24 (43%; 3814/9359, 40.75% participants)
reported data on emotional functioning. Digital health
interventions had a positive effect on emotional functioning
compared with usual care (SMD 0.24, 95% CI 0.12-0.35);
however, there was evidence of heterogeneity between studies

(I2=71%; Figure 7). There was little evidence of different
treatment effects for different types of interventions
(patient-provider: SMD 0.21, 95% CI 0.12-0.30;
patient-provider-organization: SMD 0.32, 95% CI −0.27 to 0.92;
P value for subgroup difference=.60). The quality of evidence
for emotional functioning was low.
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Figure 7. Effect of digital health on emotional functioning. SMD: standardized mean difference.

Self-management
Of the 56 studies, 21 (38%) reported treatment effects on
self-management behavior (2857/9359, 30.5% participants).
Evidence suggests that digital health interventions have a small
positive effect on self-management behaviors compared with

usual care (SMD 0.14, 95% CI 0.05-0.24; Figure 8) with
moderate quality of evidence. There was little evidence that
different types of interventions affected treatment effectiveness
(patient-provider: SMD 0.19, 95% CI 0.07-0.30;
patient-provider-organization: SMD 0.14, 95% CI −0.13 to 0.26;
P value for subgroup difference=.19).
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Figure 8. Effect of digital health on self-management. SMD: standardized mean difference.

Qualitative Synthesis
The qualitative analysis showed that digital health interventions
have little or no effect on global improvement compared with
standard care management (4/56, 7% studies, 795/9359, 8.49%
participants; SMD 0.25, 95% CI −0.44 to 1.93). There was

evidence of heterogeneity between studies (I2=87%), with a low
quality of evidence. In addition, data on the range of motion
were provided from 4% (2/56) of investigations involving 2.24%
(210/9359) of participants; however, the treatment effects were
highly ambiguous (Table S6 in Multimedia Appendix 1 [16-71]).
Furthermore, 4% (2/56) of studies reported no effect of digital
health on muscle strength (Table S6 in Multimedia Appendix
1 [16-71]). Of the 56 studies, the effects of digital health
interventions on knowledge were reported in 2 (4%) studies
(774/9359, 8.27% participants), and 1 (2%) study reported a
significant effect (Table S6 in Multimedia Appendix 1 [16-71]).
One of the studies reported an effect on satisfaction scores
among participants, and another reported recovery expectation
rates during the intervention (Table S6 in Multimedia Appendix
1 [16-71]). A cost analysis of digital health interventions for
individuals with musculoskeletal pain conditions was presented
in 4% (2/56) of studies (349/9359, 3.73% participants). In both
investigations, digital health interventions were cost-effective
and efficient (Table S6 in Multimedia Appendix 1 [16-71]).

Publication Bias, Subgroup, and Sensitivity Analyses
There was little evidence of funnel plot asymmetry in treatment
effects for pain, disability and function, quality of life, and

emotional functioning (Figures S1-S5 in Multimedia Appendix
1 [16-71]). In addition, there was little evidence that digital
health interventions had different effects on pain, disability and
function, quality of life, emotional functioning, and
self-management based on the duration of intervention (pain
P=.66; disability and function P=.94; quality of life P=.45;
emotional functioning P=.42; and self-management P=.66) or
study setting (pain P=.80; disability and function P=.05; quality
of life P=.63; emotional functioning P=.06; and
self-management P=.06). The sensitivity analysis showed that
restricting analyses to studies with lower risks of bias (pain
P=.15; disability and function P=.58; quality of life P=.26; and
self-management P=.39), follow-up <12 months (pain P=.22;
disability and function P=.66; quality of life P=.31; emotional
functioning P=.85; and self-management P=.48), or a small
sample size (pain P=.88; disability and function P=.74; quality
of life P=.62; emotional functioning, P=.19; and
self-management P=.85) provided no different treatment effects
for pain, disability and function, quality of life, and
self-management (Table S7 in Multimedia Appendix 1 [16-71]).
However, the risk of bias resulted in different results for
emotional functioning (P=.01).

Discussion

Principal Findings
To the best of our knowledge, this meta-analytic review is the
first to systematically assess the effectiveness of digital health
interventions among people with musculoskeletal pain
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conditions. Pain, functioning, quality of life, emotional
functioning, and self-management were all found to have small
positive effects on a diverse set of digital health interventions.
There was evidence that multicomponent interventions targeted
at the client, provider, and organization levels had greater effects
on pain than interventions targeted only at the client and
provider levels. There was little evidence that different types
of digital health interventions had different effects on other
outcomes. The lack of high-quality evidence on global
improvement, range of motion, muscle strength, and knowledge
reinforces the need for further research on digital health for
musculoskeletal pain conditions.

Comparison With Existing Evidence
Previous reviews have also reported evidence on the effects of
digital health interventions for reducing pain in musculoskeletal
conditions [4,5,87-89]. However, most of these studies focused
solely on chronic pain [87,88] or generic musculoskeletal
conditions [5,7]. Further research is needed to corroborate our
findings linking compound digital health treatments at the
patient, provider, and organizational levels to reduced pain
symptoms.

Our findings highlighting that digital health interventions
improve function are consistent with earlier reviews of studies
involving patients with generic musculoskeletal conditions [5,7].
Reviews focusing on chronic and nonspecific low back pain
populations have reported limited evidence on the effects of
digital health interventions on improving function [4,88]. The
complexity of (chronic) pain management and the small number
of RCTs included in earlier evaluations could explain the
disparity in results.

This review indicates that digital health interventions have little
effect on health-related quality of life. Previous systematic
reviews have been inconsistent in this regard. For instance, 2
reviews suggested nonsignificant quality of life effects on
musculoskeletal and chronic pain conditions [7,87], whereas 1
review reported a significant improvement in quality of life
among people with nonspecific low back pain [4]. The
variability of results may be explained by the differences in
target populations, quality of the study design, and number of
RCTs included in previous studies.

Similarly, this study has shown favorable outcomes for the
emotional functioning of digital health interventions for people
with musculoskeletal pain [87,88]. However, the sensitivity
analysis provides evidence of the risk of bias confounding the
effects, which requires further investigation. In line with other
studies, this review found that digital health interventions may
increase self-management behavior [88].

In all the reviewed studies, there was only a minimal reference
to the cost-effectiveness of digital health interventions for
musculoskeletal pain conditions. We could only include 2
studies reporting a significant cost reduction of digital health
interventions compared with usual care [16,17]. Future trials
should further explore whether digital health interventions can
improve health outcomes related to musculoskeletal pain at
lower costs than usual care. Data reporting for global
improvement, range of motion, muscle strength, knowledge,

and the delivery process of digital health were notably
underreported, as has been observed in other reviews
[4,5,87-89].

Strengths and Limitations
This is the first review to synthesize the types of digital health
interventions reported in the literature and quantify their
effectiveness and confidence in treatment effects across a broad
range of outcome measures. The strength of this review is that
it was theoretically grounded in the WHO taxonomy [11] and
the RMIC [13] to classify ambiguous digital health interventions
reported in the literature. However, some limitations of this
study must be acknowledged. First, it must be noted that
confounding factors carry an inherent risk of bias, as evidenced
by the large statistical heterogeneity across the pooled results
for pain, function, quality of life, and self-management. In
addition, the effects found in this study could have been
influenced by differences in measurement scales and not by real
differences in variability among study populations [90,91]. This
should be further investigated in future studies. Moreover, the
content of digital health interventions, diagnostic groups, and
control conditions varied considerably, potentially biasing the
results. Therefore, generalizing the overall findings to the
management of musculoskeletal pain conditions should be
treated with caution. Second, although we used a broad search
technique, this evaluation could have been hindered by language
bias, as we only included English-language literature. This
means that our search may not reflect all available digital health
interventions for musculoskeletal pain conditions. Third, we
did not find any evidence of publication bias. It should be noted
that the Egger test could potentially be misleading when used
with continuous outcome measures [92]. Finally, although we
abstracted and summarized the essential components of the
interventions, there was minimal information on the type and
intensity of digital health interventions offered.

Relevance for Clinical Practice and Research
A major finding was that digital health interventions targeted
at the clinical, provider, and organizational levels were effective
in reducing pain for musculoskeletal conditions. To date, most
studies have focused on isolated digital interventions targeted
at the patient-provider level, such as telemedicine or targeted
client communication. Future research should focus on
improving the longitudinal design and on different types of
interventions, drawing on the recent WHO taxonomy and the
RMIC. Our findings should encourage interest in implementing
real-world evaluation designs of digital health models to
improve health care delivery as digital health interventions
become more prevalent. Moreover, none of the studies included
in this review covered the full breadth of the triple aim of
assessing health, quality of care, and cost outcomes in
conjunction. This emphasizes the importance of creating a core
triple-aim result set for digital health interventions, which
includes a defined set of outcomes that measure user experience,
intervention quality, and costs.

Conclusions
This review provides moderate-quality evidence that digital
health interventions are effective in reducing pain and improving
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functioning and self-management of musculoskeletal pain
conditions. Low-quality evidence indicates that digital health
can improve the quality of life and global treatment. Although
evaluations of the effects of digital health on costs, knowledge,
global improvement, range of motion, muscle strength, and

implementation fidelity are limited, these findings point to the
need for more primary research into the particular combination
of digital interventions that health care providers could use
effectively.
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Abstract

Background: United States data protection laws vary depending on the data type and its context. Data projects involving social
determinants of health often concern different data protection laws, making them difficult to navigate.

Objective: We systematically aggregated and assessed useful online resources to help navigate the data-sharing landscape.

Methods: We included publicly available resources that discussed legal data-sharing issues with some health relevance and
published between 2010 and 2019. We conducted an iterative search with a common string pattern using a general-purpose search
engine that targeted 24 different sectors identified by Data Across Sectors for Health. We scored each online resource for its
depth of legal and data-sharing discussions and value for addressing legal barriers.

Results: Out of 3710 total search hits, 2721 unique URLs were reviewed for scope, 322 received full-text review, and 154 were
selected for final coding. Legal agreements, consent, and agency guidance were the most widely covered legal topics, with HIPAA
(The Health Insurance Portability and Accountability Act), Family Educational Rights and Privacy Act (FERPA), Title 42 of the
Code of Federal Regulations Part 2 being the top 3 federal laws discussed. Clinical health care was the most prominent sector
with a mention in 73 resources.

Conclusions: This is the first systematic study of publicly available resources on legal data-sharing issues. We found existing
gaps where resources covering certain laws or applications may be needed. The volume of resources we found is an indicator
that real and perceived legal issues are a substantial barrier to efforts in leveraging data from different sectors to promote health.

(J Med Internet Res 2022;24(9):e39333)   doi:10.2196/39333

KEYWORDS

privacy; confidentiality; public health informatics; data sharing

Introduction

Increasingly, data are leveraged to promote health outcomes,
and practitioners are increasingly using data from different
sectors to address social determinants of health. Unfortunately,
the United States does not have a comprehensive data protection
law; instead, there is a patchwork of laws that vary depending
on the data type, who has it, and what they want to do with it

[1-3]. Consequently, federal data protection laws vary
considerably, and these differences are magnified by differences
between state and local governments within the United States.
The variation in data protection laws is particularly vexing for
efforts in promoting data sharing to promote population health
[4]. For example, the absence of a public health exception in
the Title 45 of the Code of Federal Regulations (CFR) Part 2
protections for substance abuse treatment data has posed a major
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challenge to leveraging data to combat the opioid epidemic [5].
Commonly, practitioners are confronted with legal barriers to
data use; some are real barriers (eg, legal language prohibiting
data use), but many are perceived legal barriers (eg, perceptions
that laws restrict data use) [2,6]. For example, the HIPAA
(Health Insurance Portability and Accountability Act) rule has
a robust public health data use exception [7], but it has been
frequently cited as a (perceived) barrier to sharing data for public
health purposes (eg, the 2013 fungal meningitis outbreak) [6].
Practitioners pursuing multisectoral data projects are forced to
navigate the real and perceived legal barriers from the patchwork
of US data protection laws [1,2,8].

Public health practitioners are specially affected because a
combination of data on different aspects of a person’s life and
health may prove necessary to make the best-informed decisions.
For example, education is a potent social determinant of health
[9]. Consequently, there is substantial interest in determining
whether laws (eg, the Family Educational Rights and Privacy
Act [FERPA] and HIPAA) permit linking education attainment
data with health outcomes data to further understand this social
determinant of health [10-12]. Importantly, while leveraging
data for public health has support among the US public, many
data silos are often reinforced by legal restrictions. This
sometimes leads to suboptimal cross-sector collaboration,
ultimately resulting in less-than-ideal population health efforts.
Nevertheless, navigating these different legal data protection
frameworks is essential to achieving the goal of implementing
precision public health because data on social determinants of
health (eg, education, crime, and housing) will implicate several
different data protection laws [8].

For example, previous studies have indicated the value of data
linkage in identifying the association between health and health
determining factors, such as income and crime [13,14]. Among
recent initiatives, the efforts to link National Center for Health
Statistics (NCHS) data and US Department of Housing and
Urban Development (HUD) administrative records is an example
of collaboration between 2 federal agencies that enabled linkage
of housing and health data where the agencies used a
memorandum of understanding to comply with relevant
regulations [15]. Detailed guidance on addressing the legal
challenges involved in these types of data sharing and linking
efforts can provide useful reference points for practitioners at
the state and local levels.

Publicly available online resources can help practitioners
navigate these issues and inform conversations with legal
counsel. Publicly available resources can help practitioners to
understand whether laws exist that might protect certain data
(eg, education, substance abuse treatment, juvenile justice, and
government nutrition program data) [16]. However, without
more detailed discussion, general descriptions of laws could
beget perceived data-sharing barriers that could discourage
pursuit of a proposed data-sharing project. However, laws that
protect data often permit data to be used for secondary purposes
[8,17]. Consequently, the most valuable and helpful publicly
available resources on legal data-sharing issues contain detailed
discussion of data protection laws, including both restrictions
and permissions [18]. Detailed publicly available resources are
becoming increasingly important as health informatics projects

begin to span data sources in the effort to understand the social
determinants of health.

In the field, publicly available resources are often the first resort
(ie, Google searches). The presence or absence of quality
resources describing legal mechanisms for data sharing can
impact decisions to pursue data-sharing projects for public health
purposes. Ideally, a resource goes beyond identifying legal
issues and actually applies the law to specific use cases [18].
This type of use-case analysis can help public health
professionals understand what is legally possible and help
professionals identify relevant legal issues to discuss with their
legal counsel. Although following professional legal advice is
imperative for any data-sharing project, the existence of publicly
available legal resources can be highly influential in the earliest
planning stages and can sway leadership decisions on whether
to pursue official legal counsel or abandon a project idea at
inception.

However, finding quality resources discussing legal data-sharing
issues can be challenging. For example, many documents
discussing data sharing may make a passing reference to
challenges posed by privacy laws and may even name a law
(eg, HIPAA) [19-21]. However, quality (and helpful) legal
analysis usually requires applying laws to facts using case
studies or examples to show how the law operates in given
situations [22,23]. Documents that only superficially reference
privacy or legal data-sharing barriers are not helpful to
practitioners and may even bury quality resources in search
results.

There have been efforts by different organizations to facilitate
data sharing across sectors, and many approaches have been
documented. For example, in 2017, Data Across Sectors for
Health (DASH) and the Network for Public Health Law
developed the Legal Bibliography and more recently the DASH
Knowledge Base, an online database of publicly available
data-sharing resources to help public health practitioners
navigate these complex legal issues [24]. This review is an
extension of this work. However, these resources have not been
systematically studied. Understanding this landscape is critical
to understanding practitioners’ current focus areas, specific
challenges and needs, and what gaps exist in the existing
literature.

This review focuses entirely on public resources (eg, white
papers, reports, toolkits, and open-access academic articles) that
are freely available to laypersons and practitioners. Prior reviews
have explored data-sharing issues, but these are mostly
academically focused (ie, sharing research data between
academics) [25]. Reviews of resources concerned with
combating legal barriers of data sharing in nonresearch settings
are nonexistent in academic literature.

In this review, we have aggregated and screened through those
publicly available resources that may help public health officials
and practitioners navigate the data-sharing landscape. In
recognition that health is affected by a tremendous number of
factors (eg, social determinants of health) and assuming that
future public health informatics application (eg, precision public
health) can leverage these data for public health purposes, we
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were inclusive to the broadest extent in identifying resources
that cover sectors affecting an individual’s health.

Methods

Scope
We collected publicly available internet resources discussing
data-sharing legal issues relevant to health. We used a broad
interpretation of factors affecting health, considering any factor
directly or indirectly affecting the well-being of an individual
as a potential determinant of health. We only included resources
if they were free to access and publicly available (including
open-access academic articles). Academic articles were only
included if they met our inclusion criteria and were freely
accessible. We omitted results published prior to 2010 to ensure
that the resources were reasonably current; laws change, and at
least one major health-related data-sharing law, the Health
Information Technology for Economic and Clinical Health Act,
was enacted in 2009. We also excluded resources where the law
or legal issue was not discussed with particularity; that is,
resources that merely referenced a law or legal issue without
some discussion were omitted. Some documents—like news
articles, unannotated legislative text, and organizational policy
statements—were excluded because they were not developed
as “resources.”

Collection
We used a general-purpose search engine (Google) to identify
the resources because a consumer-focused search engine is
likely to be a common (if not default) search tool used by
practitioners to learn about data-sharing issues.

To ensure a comprehensive search scope, we developed a
complex search pattern yielding 75 individual searches, rather
than using a single search term. Each search included a common
string pattern: (common search stem) + (sector) + (data
protection term). The common search stem applicable to each
search was as follows: (“data sharing” OR “data use” OR
“information sharing” OR “information use”) + (“law” OR
“regulation” OR “legal” OR “statute”). We identified search
terms to target a total of 24 different sectors (sectors were
identified in collaboration with the Data Across Sectors for
Health and the Network for Public Health Law) [26], and an
additional set of searches was executed without a specified
sector (24 sectors and 1 overall). The common search stem and
the sector search terms were executed a total of 3 times, each
with a different data protection term: “privacy,”
“confidentiality,” or “consent” (in that order). This search
pattern yielded a total of 75 individual searches (ie, 25×3=75),
and the first 50 hits for each search were saved. We justified
capping our individual search results at 50 on the basis that
individuals do not often view more than 5 pages of Google
search results. The initial search was completed in September
2019.

Coding
Two researchers (CS and MK) coded each resource
independently. One researcher (CS) had a legal background and
expertise in legal data-sharing issues, and the other researcher
(MK) had a health services research background with expertise

in data analysis. We used coding meetings to resolve
discrepancies.

We scored each online resource on a scale of 1 to 4 (lowest 1,
highest 4) in terms of their depth of legal issues discussed, depth
of data-sharing discussion, and value for addressing legal
barriers. We calculated interrater reliability scores for these 3
measures using Gwet’s AC2 for ordinal data [27]. We used the
objective benchmarking standards proposed by Altman [27] to
interpret the AC2 coefficients (where a score of <0.20
represented “Poor”, 0.21 to 0.40 represented “Fair”, 0.41 to
0.60 represented “Moderate”, 0.61 to 0.80 represented “Good”,
and 0.81 to 1.00 represented a “Very Good” strength of
agreement) [27]. The calculated Gwet’s AC2 scores for depth
of legal discussion and overall value of resource were 0.59,
indicating that agreement on these 2 measures approached the
“Good” strength of agreement benchmark. The AC2 score for
depth of data-sharing discussion was lower at 0.40, indicating
that agreement on this measure approached the “Moderate”
strength of agreement benchmark. The following section
contains brief descriptions of our coding criteria for these 3
items. However, Multimedia Appendix 1 describes the coding
criteria in greater detail.

Codes for the depth of legal discussion were primarily
determined by the presence and extent of 2 factors: (1)
discussion or description of the law or legal issues and (2)
application of the law or legal issue on a specific set of facts
(eg, à la tradition legal analysis). For example, a resource that
contained both a detailed description of the law and applied the
law to a specific use case would earn the highest score of 4 for
legal depth. However, if a resource either described the law in
detail or provided an extended discussion of how the law was
applied in specific use cases, but did not do both, the score the
resource received was lowered to 3 instead of 4. In contrast, a
resource that identified the law or legal issue related to specific
use cases and provided only basic information about the law
earned a score of 2, whereas a resource that contained only a
superficial description of the law or legal issue earned the lowest
score of 1. In addition to these criteria, we had another criterion
for template legal agreements. Template agreements with
extensive annotations (ie, explaining the purpose or function of
contractual terms) were coded with the highest legal depth (score
of 4), and template agreements with moderate or without
annotations were scored lower (score of 3 or 2, respectively).
Importantly, the coding of the depth of legal discussion did not
consider the quality or legal accuracy of the discussion nor
whether the discussion appears consistent with the referenced
statutes, regulations, or related judicial interpretations.

The coding on the depth of data-sharing discussion evaluated
the extent the resource covers strategies to initiate or maintain
at least 1 type of data-sharing activity. Codes for the depth of
data-sharing discussion were primarily determined by the
presence and extent of 2 factors: (1) discussion or description
of a data-sharing issue and (2) discussion or description of a
data-sharing strategy or process. Two additional factors
separated the highest-scoring resources on data sharing: (1) use
cases explaining data-sharing issues and strategies in specific
contexts and (2) links to recommended additional data-sharing
resources.
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Finally, we assessed the value of each resource for addressing
legal barriers to nonexpert users. The codes on the overall value
of the resource for addressing legal barriers were based on the
presence of several factors. Some factors weighed in favor of
higher scores, including if the resource was highly scored for
legal or data-sharing discussion, user-friendly, or from an
official governmental source. Other factors weighed against a
higher score, including if the resource contained only limited
context (eg, PowerPoint slides) or if the relevant discussion was
only tangential to the focus of the resource (eg, a resource that
includes an overview of legal or data-sharing issues as an
appendix to the main document).

Results

Overview
Our sector-specific searches provided a total of 3710 hits, out
of which 989 were duplicates. After removing the duplicates,

the remaining 2721 unique URLs were subjected to scoping
screening. The full text of 322 in-scope resources were reviewed,
out of which 154 were selected for final coding (Figure 1). Table
S1 in Multimedia Appendix 2 includes a list of all included
resources, their sectors covered, and their scores for legal depth,
data-sharing depth, and value.

Common resources excluded were company privacy statements,
commentaries or analysis [28], slideshow documents with
superficial information [29], and sources that have no discussion
of US law [30,31]. Among the resources selected for coding,
an upward trend in number between the years 2010 and 2018
was observed (Figure 2).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) chart showing the scoping process for collected records
and publicly available resources. doc: document; Wiki: Wikipedia.
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Figure 2. Number of publicly available resources identified per year and significant legal developments in privacy. Note that the 2019 data represent
a partial year (January to September) with average monthly resources dropping from 2.75 in 2018 to 1.67 in 2019. Four resources identified in our 2019
search were subsequently updated in 2020 prior to coding completion. HITECH: Health Information Technology for Economic and Clinical Health
Act. HIPAA: The Health Insurance Portability and Accountability Act.

Legal Topics and Resources Covered in Resources
Legal agreements for data sharing (n=63) were the most
commonly available resource, followed by consent (n=57) and
agency guidance (n=57; Table 1). Among those legal topics

covered in at least 10 resources, legal case studies had the
highest mean scores in terms of legal depth (mean score 3.38,
SD 0.75), data-sharing depth (mean score 3.12, SD 1.11), and
resource value (mean score 3.31, SD 0.79).
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Table 1. Legal subject or topic covered by publicly available resources, mean depth of legal discussion and data-sharing discussion, and mean resource
value (N= 154).

Resource value score,
mean (SD)

Data-sharing depth score,
mean (SD)

Legal depth score, mean
(SD)

Resources
present in, n

Legal resource

2.94 (0.86)2.57 (1.10)2.90 (0.91)63Legal agreements for data sharing

3.05 (0.89)2.68 (1.07)3.12 (0.85)57Consent (obtaining consent, waiving require-
ments, models)

2.81 (0.93)2.12 (1.13)3.00 (0.85)57Agency resource or guidance

3.00 (0.97)2.86 (1.09)3.14 (0.90)50Interagency data sharing

2.51 (0.98)1.98 (1.06)2.88 (0.93)41General legal overview (ie, no specific appli-
cation indicated)

3.06 (0.81)2.79 (1.12)3.09 (0.83)34Resource links

3.31 (0.79)3.12 (1.11)3.38 (0.75)26Case studies applying law

2.91 (1.02)2.82 (1.01)3.00 (0.87)22Provider sharing

3.09 (1.06)2.82 (0.96)3.18 (0.85)22Health authority use

2.84 (1.01)2.63 (1.07)3.00 (0.94)19Health information exchange

2.93 (1.00)2.71 (1.27)3.21 (0.70)14Frequently asked questions about law

2.85 (1.34)2.69 (1.18)2.92 (1.04)13Other legal resource

3.00 (0.93)3.50 (0.53)2.75 (0.71)8Data system governance

3.71 (0.49)3.57 (0.79)3.57 (0.53)7Data sharing for program evaluation

3.50 (0.58)3.25 (0.96)3.25 (0.50)4Court orders/subpoenas

3.00 (0.82)3.25 (0.96)2.25 (0.96)4Working with legal counsel

3.50 (0.71)3.50 (0.71)3.50 (0.71)2Medical-legal partnerships

1.50 (0.71)1.50 (0.71)2.00 (0.00)2Model legislation

3 (N/A)4 (N/A)2 (N/Aa)1Statistical methods for protecting privacy and
confidentiality

aN/A: not applicable.

Laws Discussed in Resources
The reviewed resources covered a total of 96 laws or legal issues
to different degrees, but the plurality of them focused on only
a handful of laws. Out of the 97 laws discussed in total, only
16 were discussed in at least 4 resources (Table 2). HIPAA
(n=74), FERPA (n=41), and 42 CFR Part 2 (n=35) were the top
3 federal laws discussed in the resources [32,33]. See Table S2

Multimedia Appendix 2 for laws discussed in fewer than 4
resources. Among the laws discussed in at least 10 resources,
the Privacy Act of 1974 scored the highest mean scores in terms
of legal depth (mean score 3.45, SD 0.69), and FERPA scored
the highest on data-sharing depth (mean score 2.95, SD 1.09)
and resource value (mean score 3.22, SD 0.88). Among the 154
full-text resources coded, 68.8% (n=106) discussed more than
1 law (Supplemental Figure S1, Multimedia Appendix 2).
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Table 2. Laws discussed in publicly available resources, mean depth of legal discussion and data-sharing discussion, and mean resource value (N=154).

Resource value score,
mean (SD)

Data-sharing depth score,
mean (SD)

Legal depth score, mean
(SD)

Resources
present in, n

Law

2.93 (0.94)2.65 (1.13)3.01 (0.88)74Health Insurance Portability and Accountability
Act

2.79 (0.94)2.37 (1.09)2.91 (0.92)43Other state or local law(s)

3.22 (0.88)2.95 (1.09)3.24 (0.83)41Family Educational Rights and Privacy Act

3.09 (0.95)2.91 (1.07)3.26 (0.82)3542 CFRa Part 2

2.45 (1.06)2.18 (1.10)2.27 (1.03)22General legal concepts

3.18 (0.98)2.64 (1.43)3.45 (0.69)11The Privacy Act of 1974

2.80 (0.92)2.80 (1.03)3.10 (0.99)10Health Information Technology for Economic
and Clinical Health Act

3.00 (1.12)2.56 (1.33)3.44 (0.53)9Freedom of Information Act (or similar state
laws)

2.75 (1.04)2.38 (0.92)2.62 (0.92)8Medicaid privacy requirements

2.25 (0.89)2.12 (1.13)2.38 (0.92)8Federal Policy for the Protection of Human
Subjects (Common Rule)

3.43 (0.79)2.71 (1.11)3.71 (0.49)7Workforce Innovation and Opportunity Act

3.40 (0.89)2.80 (1.30)3.40 (0.55)5Confidentiality protections governing unem-
ployment compensation wage records

2.80 (0.84)2.80 (1.10)2.60 (0.89)5The McKinney-Vento Homeless Assistance
Act of 1987

3.25 (0.96)3.25 (0.96)3.25 (0.96)4Individuals with Disabilities Education Im-
provement Act

3.50 (0.58)3.25 (0.96)3.50 (0.58)4Confidential Information Protection and Statis-
tical Efficiency Act of 2002

2.75 (0.50)2.50 (1.00)2.75 (0.50)4Food Stamp Act of 1964

aCFR: Code of Federal Regulations.

Data Use Cases Covered in Resources
The most frequently addressed use case was record matching
across systems with 113 resources discussing this (Table 3).
Statistical analysis was the second most discussed use case
(n=58). This was followed by reporting function, a use case that

was discussed in 44 resources. Among the data use cases
referenced in at least 10 resources, calculating and reporting
metrics scored the highest for legal depth (mean score 3.40, SD
0.71) and resource value (mean score 3.36, SD 0.70), while
generating predictive scores scored the highest on data-sharing
depth (mean score 3.00, SD 1.20).
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Table 3. Data use case discussed in publicly available resource, mean depth of legal discussion and data-sharing discussion, and mean resource value
(N=154).

Resource value score,
mean (SD)

Data-sharing depth score,
mean (SD)

Legal depth score, mean
(SD)

Resources
present in, n

Use case

2.85 (0.99)2.62 (1.12)2.90 (0.97)113Using identifying information to match records
across systems to create a more encompassing
view of a person or case

3.09 (0.88)2.79 (1.10)3.12 (0.86)58Statistical analysis to look for useful patterns
and relationships in the data set

3.05 (0.86)2.45 (1.21)3.11 (0.84)44Reporting functions that allow users to specify
and generate reports using items from a menu

3.36 (0.70)2.68 (1.31)3.40 (0.71)25Calculating and reporting of metrics, indica-
tors, and dashboards enabling group compari-
son and tracking of progress over time

3.23 (0.87)3.00 (1.20)3.14 (0.77)22Generating scores that predict/identify likeli-
hood or risk of future events

2.95 (0.92)2.38 (1.28)3.14 (0.91)21Automating decision support and generating
recommendations or alerts

2.50 (0.94)1.79 (0.97)2.64 (0.93)14Not expressly discussed in resource

2.60 (0.97)2.00 (1.25)2.70 (0.82)10Presentation and visualization of data such that
the viewer grasps the relevance of the informa-
tion

2.88 (0.83)1.88 (1.36)2.88 (0.99)8Other use case

3.50 (1.00)2.75 (1.50)3.25 (0.96)4Mapping/geographic information sys-
tems—analysis of data by geographic location
and presentation as maps

Sectors Covered in Resources
A total of 20 sectors were covered as the primary focus of the
included resources, among which education (n=22), public
health (n=16), and academia (n=13) were most common. Among
these 3, education was the highest-scoring sector in terms of
legal depth (mean score 3.09, SD 0.92), data-sharing depth
(mean score 2.82, SD 1.22), and resource value (mean score
3.05, SD 0.95). The 4 sectors that were initially searched but
not considered as a representative sector for any of the resources
in the final data set were “elected or appointed official,” “faith
or faith based,” “parks and recreation,” and “philanthropy.”
Among the sectors, clinical health care was the most prominent
sector with a mention in 73 websites or files (Table 4). Among

the 154 resources, around 86.4% (n=133) discussed more than
1 sector (Figure S1, Multimedia Appendix 2).

A relatively small proportion of our 2721 unique search results
were scored as having the greatest depth of legal discussion
(n=48, 1.76% among unique search results) [32,33] and depth
of data-sharing discussion (n=36, 1.32% among unique search
result). Instead, most search results were either international
(eg, did not address US laws) [30], out-of-date, provided only
legislative updates [34], had a specific focus unrelated to health,
or only contained passing or superficial discussion of legal
data-sharing issues. Additionally, we found resources that were
blog posts [35], PowerPoint slides with very limited information,
privacy statements on commercial sites [36], policy memoranda
[37], or organization-specific policies [38], or that only defined
a law without providing any further discussion [39].
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Table 4. Sectors addressed as the main or primary focus of a resource, number of resources addressing the sector as a secondary focus, mean depth of
legal discussion and data-sharing discussion, and mean resource value (N=154).

Secondary focusPrimary focusSector

Resources present
in, n

Resource value
score, mean (SD)

Data-sharing depth
score, mean (SD)

Legal depth score,
mean (SD)

Resources
present in, n

453.05 (0.95)2.82 (1.22)3.09 (0.92)22Education/schools

302.88 (1.15)2.62 (1.09)2.94 (1.06)16Public health (government)

232.54 (1.05)2.08 (1.04)2.38 (1.04)13Academia/research

732.64 (0.92)1.82 (0.87)2.91 (0.94)11Clinical health care

273.09 (0.83)2.64 (1.03)3.27 (0.79)11Social and human services

N/Aa3.00 (1.00)2.55 (1.04)2.91 (0.94)11Multiple sectors

333.00 (1.05)2.70 (1.25)2.90 (1.20)10Organized government (tribal/lo-
cal/state/federal) not included in others

332.70 (1.06)2.50 (1.18)3.00 (0.94)10Mental/behavioral health care

222.78 (1.09)3.11 (1.05)2.78 (1.20)9Information management infrastructure

222.43 (1.13)1.71 (1.11)3.43 (0.53)7Public safety/law enforcement

112.50 (0.55)1.83 (0.98)2.33 (0.52)6Housing and homelessness

173.40 (0.55)2.20 (1.30)3.20 (0.45)5Business

481.75 (0.96)1.75 (0.96)2.00 (0.82)4Health care payers

103.00 (0.82)2.75 (1.26)3.00 (0.82)4Criminal justice/correctional facilities

172.50 (0.58)2.25 (0.50)2.50 (0.58)4Justice system/courts

53.00 (1.00)2.67 (1.53)3.33 (0.58)3Food and nutrition

72.00 (0.00)2.33 (1.53)2.00 (0.00)3Banking/financial

34 (N/A)4 (N/A)4 (N/A)1Legal/law firms

13 (N/A)4 (N/A)2 (N/A)1Not expressly discussed in resource

23 (N/A)3 (N/A)4 (N/A)1Other community-based, community ac-
tion group

12 (N/A)4 (N/A)2 (N/A)1Planning, economic, or community devel-
opment

34 (N/A)4 (N/A)3 (N/A)1Transportation/infrastructure

11N/AN/AN/AN/AOther

aN/A: not applicable.

Discussion

This is the first systematic study of publicly available resources
on legal data-sharing issues. Publicly available resources are
often the resources of first resort for practitioners, and the
presence or absence of resources may factor in decisions to
pursue a data-sharing project or engage with legal counsel.
Consequently, it is important to understand what resources exist
and what gaps are present. This paper helps map the existing
landscape and can inform future work. For example, a number
of quality resources exist for laws that govern health data, but
fewer resources exist that discuss legal data-sharing issues
pertaining to other social determinants of health, such as housing
and homelessness.

It is possible that high numbers of resources addressing the
same law might be an indicator of legal complexity or perceived
legal barriers associated with that law. For example, HIPAA

was one of the laws that was discussed in the most resources;
however, HIPAA has generous exceptions that permit using
data for public health and research purposes [6]. The fact that
so many resources address HIPAA as a legal issue facing data
sharing could be an indicator that the law is overly complex,
misunderstood, or conservatively applied by organizations.
Alternatively, the presence of a large number of publicly
available resources addressing a law could indicate the law’s
importance or significance to the activities of data custodians
or simply a greater demand for knowledge and awareness of
the law or legal issue.

Our findings suggest that good resources are difficult to find.
Practitioners trying to find pertinent resources will have to sift
through voluminous search results that are not useful to identify,
understand, and address legal barriers to data sharing.
Consequently, the difficulty of finding quality resources likely
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amplifies the perception of legal data-sharing barriers among
practitioners.

To our surprise, the resources we identified cite nearly 100
different federal data-sharing laws or legal issues. The number
of laws and legal issues was far higher than we expected. It
suggests data-sharing challenges extend far beyond HIPAA,
FERPA, and 42 CFR Part 2. Moreover, we also identified a
large number of resources addressing multiple data protection
laws or multiple sectors. These findings suggest that
practitioners are working to address cross-sectoral legal
data-sharing challenges. Given the patchwork legal data
protection framework that exists in the United States,
data-sharing projects designed to address the social determinants
of health will likely cross multiple sectors and implicate the
different data protection laws associated with those different
sectors. The data silos—reinforced by these different data
protection laws—have been cited as a barrier to the study of
social determinants of health [2,4]. Our findings suggest that
addressing these cross-sectoral challenges could be driving the
development of publicly available legal resources. These
challenges could be addressed with a comprehensive
data-sharing framework [2,8]. For example, the European
General Data Protection Regulation provides a straightforward
legal analysis for cross-sectoral data sharing because it provides
a common set of legal definitions, rules, and exceptions for all
data controllers and custodians; in contrast, the United States
has up to 6 different privacy laws that could apply to veterans’
health information [8,40]. Although privacy scholars have long
cited the need for a comprehensive privacy law in the United
States, Congress has struggled to appease the broad and diverse
stakeholders for a national privacy law [8,41].

Our findings also suggest that many publicly available
documents focus on legal agreements and consent documents
that enable data sharing. Developing legal agreements from
scratch can be incredibly expensive given the cost of legal
services. Good template agreements can reduce costs
tremendously and can be valuable starting points for legal
counsel. Given these considerations, it is understandable that
so many publicly available resources would address legal
data-sharing agreements and consent documents. However, the
template agreements we found varied in quality and utility. For
example, some template agreements contained annotations that
explained the purpose or function of specific terms and
provisions [42,43], while some did not [44-46]. These
annotations are useful to ensuring that agreements are well
tailored to the needs of the data project. Without these
annotations, there is a risk of contracting parties relying on a
sample agreement that can inadvertently include
counterproductive terms as boilerplate language.

We also note that we identified an interesting trend in
publications over time. Our data show an increase in the number
of publicly available resources relating to legal data-sharing
issues from 2010 (ie, the earliest date within our scope) to 2018
but then a sudden decrease in 2019. It is possible that the
increase in publications could be driven by the implementation
of new data-sharing legislation and related regulations—like
the federal Health Information Technology for Economic and
Clinical Health Act (HITECH) Act (2009) and the 21st Century

Cures Act (2016)—which created new data-sharing legal tools
and opportunities. Some of the observed decrease after 2018
could be because our September 2019 search did not include
October, November, and December 2019 publications; however,
this likely does not explain the drop in the publication rate
between 2018 and 2019 (from 2.75 publications per month to
1.67 publications per month). The decrease could be explained
by an increase in interest in the newly implemented General
Data Protection Regulation (GDPR) in the European Union,
which affected many privacy policies of domestic entities and
organizations due to its broad scope. Any resources that solely
addressed GDPR legal issues would have been excluded from
this research as an international law. If organizations that create
publicly available resources on privacy shifted focus—and their
finite resources—to the GDPR after its implementation, this
could explain the sudden drop in publications that we observed.

Although publicly available resources can be very useful to
practitioners in overcoming data-sharing barriers, there are
several limitations associated with these resources. A Google
search of “privacy” yields several trillion results, but only the
top 400 or so are viewable under Google’s propriety platform.
This is one example of the limitations inherent to systematically
searching for publicly available resources using a propriety—and
nontransparent—system. We took efforts to ensure that we
sampled a broad range of this space, but these finding cannot
be considered comprehensive. Moreover, publicly available
resources are not necessarily permanent. Some highly rated
resources identified in our search were later found to be
unavailable in their original online locations [47], and quality
resources, previously known to the authors, were not identified
in this search [18]. A small number of our identified resources
were updated prior to our completion of coding (ie, in 2020).
Additionally, organizations may move or remove online
resources, and we found this to be a common issue during our
study. Thus, it can be difficult for practitioners to maintain an
existing list of online resources. This highlights the need to
develop a comprehensive and dynamic knowledge base that
will compile and maintain publicly available data-sharing
resources. For example, the resources identified in this study
are now incorporated into the DASH Knowledge Base, an
online, practitioner-focused database of data-sharing resources
that includes tools to search for relevant and useful resources
[24].

Additionally, our efforts to broadly sample this space (ie,
through 75 separate searches) might have introduced some bias.
For example, one of our search terms was “consent,” which
might have inflated the number of template data-sharing forms
that we found.

Finally, we note that this search does not include resources
published in 2020, 2021 or 2022, so our results do not include
the temporary emergency actions impelled by the COVID-19
response. Although this is a limitation, we note that the pace of
federal legislation in data protection is glacial [8]. To our
knowledge, no federal data protection act has been passed by
Congress since the 21st Century Cures Act in 2016 (although
the 2020 Coronavirus Aid, Relief, and Economic Security
[CARES] Act included funding for loosely defined data
modernization efforts).
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This is the first systematic study of publicly available resources
on legal data-sharing issues. Our findings describe the existing
landscape of publicly available resources addressing legal
data-sharing issues and can help identify future needs. We found
existing gaps—like the Juvenile Justice and Delinquency
Prevention Act which was discussed in only 1 resource or
medical-legal partnerships, which was discussed in only 2
resources—where a lack of existing resources covering certain
laws or applications allows existing data-sharing uncertainties
to persist. We also found existing areas of saturation where
certain laws and applications are covered extensively (eg,

HIPAA and FERPA), such that new resource development
might prove wasteful or perhaps even bury high quality
resources deeper in search results. Moreover, many resources
that we identified addressed multiple sectors or data protection
laws, possibly indicating that cross-sectoral data sharing is a
current priority in health informatics. Nevertheless, the volume
of resources we found is an indicator that real and perceived
legal issues are a substantial barrier to efforts to leverage data
from different sectors to promote health. Although many
resources exist to help practitioners navigate these legal issues,
good resources may be hard to find.

 

Acknowledgments
This work was supported by Data Across Sectors for Health and the Network for Public Health Law. The study funders provided
limited input on study design (ie, sector categories) but otherwise had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, and approval of the manuscript; or decision to submit
the manuscript for publication. No other financial disclosures were reported by authors.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Protocol.
[DOCX File , 32 KB - jmir_v24i9e39333_app1.docx ]

Multimedia Appendix 2
Supplementary tables.
[DOCX File , 85 KB - jmir_v24i9e39333_app2.docx ]

References
1. Hulkower R, Penn M, Schmit C. Privacy and confidentiality of public health information. In: Magnuson J, Dixon B, editors.

Public Health Informatics and Information Systems. Cham, Switzerland: Springer; 2020:147-166.
2. Schmit C, Kelly K, Bernstein J. Cross sector data sharing: necessity, challenge, and hope. J Law Med Ethics 2019

Jun;47(2_suppl):83-86. [doi: 10.1177/1073110519857325] [Medline: 31298141]
3. Schmit C, Sunshine G, Pepin D, Ramanathan T, Menon A, Penn M. Transitioning from paper to digital: state statutory and

regulatory frameworks for health information technology. Public Health Rep 2017;132(5):585-592 [FREE Full text] [doi:
10.1177/0033354917722994] [Medline: 28813620]

4. Braveman P, Gottlieb L. The social determinants of health: it's time to consider the causes of the causes. Public Health Rep
2014;129 Suppl 2:19-31 [FREE Full text] [doi: 10.1177/00333549141291S206] [Medline: 24385661]

5. The President’s commission on combating drug addiction and the opioid crisis October 20, 2017 meeting minutes. 2017.
The Trump Whitehouse Archive - National Archives. 2017. URL: https://trumpwhitehouse.archives.gov/sites/whitehouse.gov/
files/images/Minutes%20from%2010-20-17%20meeting.pdf [accessed 2022-01-19]

6. Improving your access to electronic health records during outbreaks of healthcare-associated infections. Association for
State and Territorial Health Officials. 2016. URL: https://web.archive.org/web/20201027191124/https://www.astho.org/
Toolkit/Improving-Access-to-EHRs-During-Outbreaks/Address-Patient-Privacy-Concerns/ [accessed 2022-07-15]

7. 45 CFR § 164.512. Cornell Law School. URL: https://www.law.cornell.edu/cfr/text/45/164.512 [accessed 2021-12-20]
8. Schmit C, Larson B, Kum HC. Data Privacy in the time of plague. SSRN Journal 2022;21(1):152-227. [doi:

10.2139/ssrn.3968130]
9. Galea S, Tracy M, Hoggatt KJ, Dimaggio C, Karpati A. Estimated deaths attributable to social factors in the United States.

Am J Public Health 2011 Aug;101(8):1456-1465. [doi: 10.2105/AJPH.2010.300086] [Medline: 21680937]
10. Comparison of FERPA and HIPAA privacy rule for accessing student health data. Association of State Territorial Health

Officials. 2011. URL: https://www.astho.org/programs/preparedness/public-health-emergency-law/
public-health-and-schools-toolkit/comparison-of-ferpa-and-hipaa-privacy-rule/ [accessed 2021-12-20]

11. Information sharing: case examples. Education Development Center. 2013. URL: http://informationsharing.
promoteprevent.org/ [accessed 2021-12-20]

J Med Internet Res 2022 | vol. 24 | iss. 9 | e39333 | p.69https://www.jmir.org/2022/9/e39333
(page number not for citation purposes)

Karim et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

jmir_v24i9e39333_app1.docx
jmir_v24i9e39333_app1.docx
jmir_v24i9e39333_app2.docx
jmir_v24i9e39333_app2.docx
http://dx.doi.org/10.1177/1073110519857325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31298141&dopt=Abstract
https://europepmc.org/abstract/MED/28813620
http://dx.doi.org/10.1177/0033354917722994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28813620&dopt=Abstract
http://europepmc.org/abstract/MED/24385661
http://dx.doi.org/10.1177/00333549141291S206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24385661&dopt=Abstract
https://trumpwhitehouse.archives.gov/sites/whitehouse.gov/files/images/Minutes%20from%2010-20-17%20meeting.pdf
https://trumpwhitehouse.archives.gov/sites/whitehouse.gov/files/images/Minutes%20from%2010-20-17%20meeting.pdf
https://web.archive.org/web/20201027191124/https://www.astho.org/Toolkit/Improving-Access-to-EHRs-During-Outbreaks/Address-Patient-Privacy-Concerns/
https://web.archive.org/web/20201027191124/https://www.astho.org/Toolkit/Improving-Access-to-EHRs-During-Outbreaks/Address-Patient-Privacy-Concerns/
https://www.law.cornell.edu/cfr/text/45/164.512
http://dx.doi.org/10.2139/ssrn.3968130
http://dx.doi.org/10.2105/AJPH.2010.300086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21680937&dopt=Abstract
https://www.astho.org/programs/preparedness/public-health-emergency-law/public-health-and-schools-toolkit/comparison-of-ferpa-and-hipaa-privacy-rule/
https://www.astho.org/programs/preparedness/public-health-emergency-law/public-health-and-schools-toolkit/comparison-of-ferpa-and-hipaa-privacy-rule/
http://informationsharing.promoteprevent.org/
http://informationsharing.promoteprevent.org/
http://www.w3.org/Style/XSL
http://www.renderx.com/


12. Ohio Department of Education. Data sharing for program evaluation. 2018. URL: https://education.ohio.gov/getattachment/
Topics/Research-Evaluation-and-Advanced-Analytics/Sections/Our-Work-Includes/Data_Sharing_Guidance_for_Districts.
pdf.aspx?lang=en-US [accessed 2021-12-20]

13. Larney S, Burns L. Evaluating health outcomes of criminal justice populations using record linkage: the importance of
aliases. Eval Rev 2011 Apr;35(2):118-128. [doi: 10.1177/0193841X11401695] [Medline: 21398273]

14. Chetty R, Stepner M, Abraham S, Lin S, Scuderi B, Turner N, et al. The association between income and life expectancy
in the United States, 2001-2014. JAMA 2016 Apr 26;315(16):1750-1766 [FREE Full text] [doi: 10.1001/jama.2016.4226]
[Medline: 27063997]

15. Sperling J, Lloyd P, Helms V, Brittain J. Administrative, legal, and organizational hurdles in data linkage: experiences and
lessons from the recent National Center for Health Statistics (NCHS) - U.S. Department of Housing and Urban Development
(HUD) data linkage project. Int J Popul Data Sci 2017 Apr 19;1(1):1. [doi: 10.23889/ijpds.v1i1.351]

16. Summary of selected federal laws and regulations addressing confidentiality, privacy and security. Office of the National
Coordinator for Health Information Technology. 2010. URL: https://www.healthit.gov/sites/default/files/privacy-security/
federal-privacy-laws-table2-26-10-final.pdf [accessed 2021-12-17]

17. Ramanathan T, Schmit C, Menon A, Fox C. The role of law in supporting secondary uses of electronic health information.
J Law Med Ethics 2015;43 Suppl 1:48-51 [FREE Full text] [doi: 10.1111/jlme.12215] [Medline: 25846164]

18. Sharfstein JM, Chrysler D, Bernstein J, Armijos L, Tolosa-Leiva L, Taylor H, et al. Using electronic health data for
community health: example cases and legal analysis. deBeaumont Foundation. 2017. URL: https://debeaumont.org/
wp-content/uploads/2019/04/Electronic-Health-Data-Report-1.pdf [accessed 2022-08-20]

19. Health information exchange policy issues. Agency for Healthcare Research and Quality. 2021. URL: https://digital.ahrq.gov/
key-topics/health-information-exchange-policy-issues [accessed 2021-10-26]

20. Data sharing, care coordination, and population health: a learning guide. AcademyHealth. 2017. URL: https://academyhealth.
org/publications/2017-06/data-sharing-care-coordination-and-population-health-learning-guide [accessed 2021-12-03]

21. Negotiating one of the largest HIE agreements in history. Healthcare Information and Management Systems Society. 2016.
URL: https://www.himssconference.org/sites/himssconference/files/pdf/173.pdf [accessed 2021-10-26]

22. Authorities and limitations in sharing information between public health agencies and law enforcement. Association of
State and Territorial Health Officials. 2012. URL: https://www.astho.org/programs/preparedness/public-health-emergency-law/
public-health-and-information-sharing-toolkit/authorities-and-limitations/ [accessed 2021-12-03]

23. Data-sharing tool kit for communities: how to leverage community relationships while protecting student privacy. US
Department of Education. 2016. URL: https://www2.ed.gov/programs/promiseneighborhoods/datasharingtool.pdf [accessed
2021-12-03]

24. DASH Knowledgebase. Data Across Sectors for Health. 2021. URL: https://dash.asemiocamp.com/ [accessed 2022-08-15]
25. Rowhani-Farid A, Allen M, Barnett AG. What incentives increase data sharing in health and medical research? A systematic

review. Res Integr Peer Rev 2017;2:4 [FREE Full text] [doi: 10.1186/s41073-017-0028-9] [Medline: 29451561]
26. Common data model. Data Across Sectors for Health. 2017. URL: https://dashconnect.org/allin [accessed 2018-03-07]
27. Gwet KL. Handbook of Inter-rater Reliability: The Definitive Guide To Measuring the Extent of Agreement Among Raters.

Gaithersburg, MD, USA: Advanced Analytics, LLC; 2014.
28. Weiss NE. Legislation to facilitate cybersecurity information sharingconomic analysis. Congressional Research Service.

2015. URL: https://sgp.fas.org/crs/misc/R43821.pdf [accessed 2021-12-20]
29. North Carolina State University Center for Geospatial Analysis. Powering Energy Efficiency & Impacts Framework Project.

2018. URL: https://www.energy.gov/sites/prod/files/2018/08/f54/PEEIF-webinar.pdf [accessed 2021-12-20]
30. Telematics data sharing, competition law and privacy rights. Pinsent Masons. 2014. URL: https://www.pinsentmasons.com/

out-law/analysis/telematics-data-sharing-competition-law-and-privacy-rights [accessed 2021-12-10]
31. Fukushima M, Austin C, Sato N, Maruyama T, Navarro E, Rocca M, et al. The Global academic research organization

network: Data sharing to cure diseases and enable learning health systems. Learn Health Syst 2019 Jan;3(1):e10073 [FREE
Full text] [doi: 10.1002/lrh2.10073] [Medline: 31245596]

32. Overview of the Privacy Act of 1974. US Department of Justice. 2015. URL: https://www.justice.gov/archives/opcl/
conditions-disclosure-third-parties [accessed 2021-12-03]

33. Dear colleague letter: foster youth information-sharing. California Department of Education, California Department of
Social Services, California Department of Justice. 2016. URL: https://oag.ca.gov/sites/all/files/agweb/pdfs/bcj/fy-info.pdf
[accessed 2021-12-03]

34. Legislative update: revenue cap bill passes Senate at 3.5 percent, House Committee follows suit. Texas Municipal League.
2019. URL: https://www.tml.org/DocumentCenter/View/1151/LU2019-17 [accessed 2021-12-03]

35. Meadows A. To share or not to share? That is the (research data) question. Scholarly Kitchen. 2014. URL: https:/
/scholarlykitchen.sspnet.org/2014/11/11/to-share-or-not-to-share-that-is-the-research-data-question/ [accessed 2021-12-03]

36. Uber privacy notice. Uber Technologies Inc. 2021. URL: https://www.uber.com/legal/en/document/ [accessed 2021-12-03]
37. Policy memo: nuclear security and information sharing. The Stanley Foundation. 2015. URL: https://stanleycenter.org/

publications/policy_memo/SPCPMNuclearSecurity1115.pdf [accessed 2021-12-03]

J Med Internet Res 2022 | vol. 24 | iss. 9 | e39333 | p.70https://www.jmir.org/2022/9/e39333
(page number not for citation purposes)

Karim et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://education.ohio.gov/getattachment/Topics/Research-Evaluation-and-Advanced-Analytics/Sections/Our-Work-Includes/Data_Sharing_Guidance_for_Districts.pdf.aspx?lang=en-US
https://education.ohio.gov/getattachment/Topics/Research-Evaluation-and-Advanced-Analytics/Sections/Our-Work-Includes/Data_Sharing_Guidance_for_Districts.pdf.aspx?lang=en-US
https://education.ohio.gov/getattachment/Topics/Research-Evaluation-and-Advanced-Analytics/Sections/Our-Work-Includes/Data_Sharing_Guidance_for_Districts.pdf.aspx?lang=en-US
http://dx.doi.org/10.1177/0193841X11401695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21398273&dopt=Abstract
https://europepmc.org/abstract/MED/27063997
http://dx.doi.org/10.1001/jama.2016.4226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27063997&dopt=Abstract
http://dx.doi.org/10.23889/ijpds.v1i1.351
https://www.healthit.gov/sites/default/files/privacy-security/federal-privacy-laws-table2-26-10-final.pdf
https://www.healthit.gov/sites/default/files/privacy-security/federal-privacy-laws-table2-26-10-final.pdf
https://europepmc.org/abstract/MED/25846164
http://dx.doi.org/10.1111/jlme.12215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25846164&dopt=Abstract
https://debeaumont.org/wp-content/uploads/2019/04/Electronic-Health-Data-Report-1.pdf
https://debeaumont.org/wp-content/uploads/2019/04/Electronic-Health-Data-Report-1.pdf
https://digital.ahrq.gov/key-topics/health-information-exchange-policy-issues
https://digital.ahrq.gov/key-topics/health-information-exchange-policy-issues
https://academyhealth.org/publications/2017-06/data-sharing-care-coordination-and-population-health-learning-guide
https://academyhealth.org/publications/2017-06/data-sharing-care-coordination-and-population-health-learning-guide
https://www.himssconference.org/sites/himssconference/files/pdf/173.pdf
https://www.astho.org/programs/preparedness/public-health-emergency-law/public-health-and-information-sharing-toolkit/authorities-and-limitations/
https://www.astho.org/programs/preparedness/public-health-emergency-law/public-health-and-information-sharing-toolkit/authorities-and-limitations/
https://www2.ed.gov/programs/promiseneighborhoods/datasharingtool.pdf
https://dash.asemiocamp.com/
https://researchintegrityjournal.biomedcentral.com/articles/10.1186/s41073-017-0028-9
http://dx.doi.org/10.1186/s41073-017-0028-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29451561&dopt=Abstract
https://dashconnect.org/allin
https://sgp.fas.org/crs/misc/R43821.pdf
https://www.energy.gov/sites/prod/files/2018/08/f54/PEEIF-webinar.pdf
https://www.pinsentmasons.com/out-law/analysis/telematics-data-sharing-competition-law-and-privacy-rights
https://www.pinsentmasons.com/out-law/analysis/telematics-data-sharing-competition-law-and-privacy-rights
https://doi.org/10.1002/lrh2.10073
https://doi.org/10.1002/lrh2.10073
http://dx.doi.org/10.1002/lrh2.10073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31245596&dopt=Abstract
https://www.justice.gov/archives/opcl/conditions-disclosure-third-parties
https://www.justice.gov/archives/opcl/conditions-disclosure-third-parties
https://oag.ca.gov/sites/all/files/agweb/pdfs/bcj/fy-info.pdf
https://www.tml.org/DocumentCenter/View/1151/LU2019-17
https://scholarlykitchen.sspnet.org/2014/11/11/to-share-or-not-to-share-that-is-the-research-data-question/
https://scholarlykitchen.sspnet.org/2014/11/11/to-share-or-not-to-share-that-is-the-research-data-question/
https://www.uber.com/legal/en/document/
https://stanleycenter.org/publications/policy_memo/SPCPMNuclearSecurity1115.pdf
https://stanleycenter.org/publications/policy_memo/SPCPMNuclearSecurity1115.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


38. Geospatial data access, distribution and use. Oakland county - Michigan. 2014. URL: https://www.oakgov.com/it/gis/
Documents/GISDataPolicies.pdf [accessed 2021-12-03]

39. Information sharing. Office of Tribal Justice - Department of Justice. 2014. URL: https://www.justice.gov/otj/
information-sharing [accessed 2021-12-03]

40. VHA Directive 1605.01: privacy and release of information. Department of Veteran Affairs. 2016. URL: https://dash.
asemiocamp.com/ [accessed 2022-07-13]

41. Lima C. Top Senate Democrat casts doubt on prospect of major data privacy bill. The Washington Post. 2022 Jun 22. URL:
https://www.washingtonpost.com/technology/2022/06/22/privacy-bill-maria-cantwell-congress/ [accessed 2022-07-13]

42. Instructions for completing the data use agreement (DUA) form CMS-R-0235. Centers for Medicare and Medicaid Services.
2010. URL: https://www.cms.gov/medicare/cms-forms/cms-forms/downloads/cms-r-0235.pdf [accessed 2021-12-03]

43. Submit a data sharing application. Military Health System. 2019. URL: https://www.health.mil/Military-Health-Topics/
Privacy-and-Civil-Liberties/Submit-a-Data-Sharing-Application [accessed 2021-12-03]

44. P1 LERMS agency agreement. North Dakota Criminal Justice Information Sharing Division. 2019. URL: https:/
/attorneygeneral.nd.gov/sites/ag/files/documents/CJISLERMSAgreement.pdf [accessed 2021-12-03]

45. Interagency HMIS Data Sharing Agreement. Homeless Poverty Action Coalition. URL: https://www.yolocounty.org/home/
showdocument?id=55476 [accessed 2021-12-03]

46. Health home consent enrollment. New York State Department of Health. Health home consent. 2016. URL: http://www.
cbcare.org/wp-content/uploads/2017/04/
HHSC-CONSENT-ENROLLMENT-FOR-USE-WITH-CHILDREN-UNDER-18-DOH-5200.pdf [accessed 2021-12-03]

47. Cybersecurity and information sharing: legal challenges and solutions. Congressional Research Service. 2015. URL: https:/
/fas.org/sgp/crs/intel/r43941.pdf [accessed 2021-12-03]

Abbreviations
CARES: Coronavirus Aid, Relief, and Economic Security
CFR: Code of Federal Regulations
DASH: Data Across Sectors for Health
FERPA: Family Educational Rights and Privacy Act
HIPAA: Health Insurance Portability and Accountability Act
HITECH: Health Information Technology for Economic and Clinical Health Act
HUD: US Department of Housing and Urban Development
GDPR: General Data Protection Regulation
NCHS: National Center for Health Statistics

Edited by R Kukafka; submitted 06.05.22; peer-reviewed by R Brown, M Doerr; comments to author 07.06.22; revised version received
17.07.22; accepted 18.07.22; published 06.09.22.

Please cite as:
Karim MA, Kum HC, Schmit CD
A Study of Publicly Available Resources Addressing Legal Data-Sharing Barriers: Systematic Assessment
J Med Internet Res 2022;24(9):e39333
URL: https://www.jmir.org/2022/9/e39333 
doi:10.2196/39333
PMID:36066929

©Mohammad A Karim, Hye-Chung Kum, Cason D Schmit. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 06.09.2022. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and license
information must be included.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e39333 | p.71https://www.jmir.org/2022/9/e39333
(page number not for citation purposes)

Karim et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.oakgov.com/it/gis/Documents/GISDataPolicies.pdf
https://www.oakgov.com/it/gis/Documents/GISDataPolicies.pdf
https://www.justice.gov/otj/information-sharing
https://www.justice.gov/otj/information-sharing
https://dash.asemiocamp.com/
https://dash.asemiocamp.com/
https://www.washingtonpost.com/technology/2022/06/22/privacy-bill-maria-cantwell-congress/
https://www.cms.gov/medicare/cms-forms/cms-forms/downloads/cms-r-0235.pdf
https://www.health.mil/Military-Health-Topics/Privacy-and-Civil-Liberties/Submit-a-Data-Sharing-Application
https://www.health.mil/Military-Health-Topics/Privacy-and-Civil-Liberties/Submit-a-Data-Sharing-Application
https://attorneygeneral.nd.gov/sites/ag/files/documents/CJISLERMSAgreement.pdf
https://attorneygeneral.nd.gov/sites/ag/files/documents/CJISLERMSAgreement.pdf
https://www.yolocounty.org/home/showdocument?id=55476
https://www.yolocounty.org/home/showdocument?id=55476
http://www.cbcare.org/wp-content/uploads/2017/04/HHSC-CONSENT-ENROLLMENT-FOR-USE-WITH-CHILDREN-UNDER-18-DOH-5200.pdf
http://www.cbcare.org/wp-content/uploads/2017/04/HHSC-CONSENT-ENROLLMENT-FOR-USE-WITH-CHILDREN-UNDER-18-DOH-5200.pdf
http://www.cbcare.org/wp-content/uploads/2017/04/HHSC-CONSENT-ENROLLMENT-FOR-USE-WITH-CHILDREN-UNDER-18-DOH-5200.pdf
https://fas.org/sgp/crs/intel/r43941.pdf
https://fas.org/sgp/crs/intel/r43941.pdf
https://www.jmir.org/2022/9/e39333
http://dx.doi.org/10.2196/39333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36066929&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Review

Decision Support Tools in Adult Long-term Care Facilities: Scoping
Review

Linda Lapp1, MPhil; Kieren Egan1, PhD; Lisa McCann1, PhD; Moira Mackenzie2, MA; Ann Wales2, PhD; Roma

Maguire1, PhD
1Department of Computer and Information Sciences, University of Strathclyde, Glasgow, United Kingdom
2Digital Health & Care Innovation Centre, Glasgow, United Kingdom

Corresponding Author:
Roma Maguire, PhD
Department of Computer and Information Sciences
University of Strathclyde
26 Richmond Street
Glasgow, G1 1XH
United Kingdom
Phone: 44 141 548 3189
Email: roma.maguire@strath.ac.uk

Abstract

Background: Digital innovations are yet to make real impacts in the care home sector despite the considerable potential of
digital health approaches to help with continued staff shortages and to improve quality of care. To understand the current landscape
of digital innovation in long-term care facilities such as nursing and care homes, it is important to find out which clinical decision
support tools are currently used in long-term care facilities, what their purpose is, how they were developed, and what types of
data they use.

Objective: The aim of this review was to analyze studies that evaluated clinical decision support tools in long-term care facilities
based on the purpose and intended users of the tools, the evidence base used to develop the tools, how the tools are used and their
effectiveness, and the types of data the tools use to contribute to the existing scientific evidence to inform a roadmap for digital
innovation, specifically for clinical decision support tools, in long-term care facilities.

Methods: A review of the literature published between January 1, 2010, and July 21, 2021, was conducted, using key search
terms in 3 scientific journal databases: PubMed, Cochrane Library, and the British Nursing Index. Only studies evaluating clinical
decision support tools in long-term care facilities were included in the review.

Results: In total, 17 papers were included in the final review. The clinical decision support tools described in these papers were
evaluated for medication management, pressure ulcer prevention, dementia management, falls prevention, hospitalization,
malnutrition prevention, urinary tract infection, and COVID-19 infection. In general, the included studies show that decision
support tools can show improvements in delivery of care and in health outcomes.

Conclusions: Although the studies demonstrate the potential of positive impact of clinical decision support tools, there is
variability in results, in part because of the diversity of types of decision support tools, users, and contexts as well as limited
validation of the tools in use and in part because of the lack of clarity in defining the whole intervention.

(J Med Internet Res 2022;24(9):e39681)   doi:10.2196/39681

KEYWORDS

decision support; care home; nursing home; digital health

Introduction

Background
The COVID-19 pandemic has exerted unprecedented pressure
on our health and social care infrastructures. It has shown the

value of rapid clinical decision-making for improving health
and wellness outcomes, particularly for people in vulnerable
groups (eg, older adults in care home settings). Despite the
considerable potential of digital health approaches to help with
continued staff shortages and improve quality of care, digital
innovations are yet to make real impacts in the care home sector.
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There are many barriers to implementation of clinical decision
support tools in this sector, including insufficient staff and
resources in care facilities, lack of carer time and knowledge
[1], and limited use of electronic health records [2].

A number of reviews have been published recently regarding
clinical decision support systems in long-term care facilities
[2-5]. A scoping review by Abtellatif et al [2] analyzed clinical
decision support systems used for pressure ulcer and
malnutrition prevention, drug prescription support, and disease
management, and they found 10 systems: 3 (30%) used for
pressure ulcer and malnutrition prevention, 2 (20%) for
medication review, 3 (30%) for daily drug prescription support,
and 2 (20%) for disease management (real-time management
of heart failure and management of urinary tract infection).
Another systematic review by Marasinghe [5] investigated
computerized clinical decision support systems used for
improving medication safety. Two other systematic reviews
investigated clinical decision support systems for pressure ulcer
prevention and management [3,4], with the review by Araujo
et al [3] assessing the effects on nurses’ clinical
decision-making. In addition, they investigated the factors that
influence the use and successful implementation of decision
support systems in clinical practice. A review by
Mäki-Turja-Rostedt et al [4] explored the effectiveness of the
interventions.

However, these reviews either focused only on 1 purpose of the
decision support tool (eg, medication management or pressure
ulcer prevention) or on a certain aspect of the support tool (eg,
effectiveness only or implementation only). Hence, there is a
need to better understand current evidence for the use of clinical
decision support tools in long-term care facilities such as nursing
and care homes. More specifically, a deeper understanding of
the purpose of such tools, how these tools have been developed,
and what types of data these tools use would be considerably
advantageous. Therefore, the aim of this review was to analyze
studies that evaluated clinical decision support tools in long-term
care facilities based on (1) the purpose and intended users of
the tools, (2) the evidence base used to develop the tools, (3)
how the tools are used and their effectiveness, and (4) the types
of data the tools use. It is anticipated that this review will
contribute to existing scientific evidence to inform a roadmap
for digital innovation, specifically for clinical decision support
tools, in long-term care facilities.

In this review, we define clinical decision support as described
by Greenes [6]: “Clinical decision support tools are aids for
making decisions using information and communication

technologies that bring relevant knowledge regarding the health
and wellbeing of a patient.”

Objectives
The objective of this review was to seek answers to the
following research questions (RQs):

• RQ1: What has been the purpose of clinical decision support
tools? Which professionals are the intended users?

• RQ2: What evidence base was used to develop the clinical
decision support tools?

• RQ3: How are clinical decision support tools used in adult
long-term care facilities? What is the effectiveness of these
tools?

• RQ4: What types of data do clinical decision support tools
use?

To address the aforementioned questions, we undertook a
scoping review [7] by reviewing recent literature (from 2010
onward), using several key search terms across 3 electronic
databases.

Methods

Data Sources and Search Strategy
We conducted our search using a number of key search terms
((“Decision Support”[tiab]) OR (“Clinical
Decision-Making”[Medical Subject Headings term])) AND
((“Care Home”[tiab]) OR (“Nursing Home”[tiab])) AND
(2010:2021[pdat]) that were applied across 3 electronic
databases: PubMed, Cochrane Library, and the British Nursing
Index. Articles were included during the search if they were
published between January 1, 2010, and July 31, 2021. In
addition, references from included papers were screened for
potential additional articles.

Exclusion and Inclusion Criteria
As decision support tools are an emerging area of published
literature, we developed inclusion criteria (Table 1) across the
parameters of setting, study design, type of decision support,
user, and comparator. In terms of study design, only studies that
tested or evaluated the decision support tool, as opposed to only
developing the tools, were included in the review. In addition,
we only included studies in English.

The exact process we used to exclude studies is further explained
in the Results section and shown in the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
diagram (Figure 1).
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Table 1. Inclusion and exclusion criteria for papers based on setting, study design, and type of decision support.

Exclusion criteriaInclusion criteriaVariable

Nonadult long-term care facilities (eg, nonadult care homes,
hospitals, and short-term care facilities)

Adult long-term care facilities (eg, adult care homes and
adult nursing homes)

Setting

The study is developing a decision support tool without
testing the tool (ie, primary study)

The study is about testing of the decision support tool (eg,
feasibility study, evaluation study, randomized controlled
trial, or implementation study)

Study design

The decision support tool is for management purposes (staff
planning, bed planning, etc)

The decision support tool is for patients’ health conditions
(both mental and physical health)

Type of decision support

Patient or family memberHealth or social care professionalUser

Other than EnglishEnglishStudy language

Figure 1. Flowchart of inclusion and exclusion of reviewed papers.

Screening and Description of Included Studies
We screened all articles identified from the search in terms of
title and abstract for potential eligibility. Where identified
publications potentially met the inclusion criteria, a full text of
the article was obtained for further examination. Data were
collated and coded using NVivo 12 (QSR International) and
Mendeley reference management software (Mendeley Ltd).

Microsoft Excel was used to manage extracted data. A
description of the process flow and decisions made was collated
through the use of a PRISMA flow diagram [8]. Details
extracted from the included publications included the following:

1. Publication details: first author of the study, year of
publication, country in which the study was conducted, and
scale of intervention
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2. Decision support tool details: first author and year of
developer publication, condition or purpose for which the
tool was developed and tested, intended users of the tool,
format of the tool (how it operates; eg, real-time,
retrospective, or triaging system), whether it is reported to
be linked to the electronic health records, whether it is
reported to use a validated clinical decision support tool,
and what evidence base was reported to be used to develop
the tool

3. Study details: type of study (feasibility study, evaluation
study, randomized controlled trial, implementation study,
reflective or opinion piece, or case study), study setting,
study population, study outcome, and whether there was a
significant impact on the outcome from using the tool

These details of the studies have been presented in the data
extraction table in Multimedia Appendix 1.

Results

Overview
In total, 165 papers were identified for potential inclusion; as
shown in Figure 1, the search produced 97 (58.8%) papers from
PubMed, 59 (35.8%) from Cochrane Library, and 9 (5.4%) from
the British Nursing Index. Of these 165 papers, 11 (6.7%) were
duplicates and were removed. Of the remaining 154 papers,
based on title and abstract screening, 23 (14.9%) were retrieved
for full-text review. Of these 23 papers, 6 (26%) were excluded
for the following reasons: not studying a decision support tool
(n=3, 50%), not being a study evaluating the tool (n=1, 17%),
and the user of the tool not being a health or social care
professional but a nursing home resident or a family member
(n=2, 33%). Thus, of the 165 papers initially identified for
potential inclusion, 17 (10.3%) were included in the final review
[9-25].

Setting and Study Population
All research was undertaken in high-income–country settings,
including the United States (5/17, 29%), the United Kingdom
(3/17, 18%), Canada (3/17, 18%), Sweden (2/17, 12%), Belgium
(1/17, 6%), France (1/17, 6%), Norway (1/17, 6%), and the
Netherlands (1/17, 6%).

The study population varied greatly from study to study. In
studies involving care or nursing homes residents, the largest
study population was 6161 residents [21], and the smallest study
population was 52 residents in the study by Walker et al [24].
In studies involving health care professionals, the largest number
of participants was 27 staff members in the study by Coulongeat
et al [10], and the smallest number of participants was 14
registered nurses in the study by Johansson-Pajala et al [16].

RQ1: What Has Been the Purpose of Clinical Decision
Support Tools? Which Professionals Are the Intended
Users?
There were 8 different conditions or purposes supported through
the use of clinical decision support tools. They included
medication management (5/17, 29%) [12,13,15-17], pressure
ulcer prevention (4/17, 24%) [9,11,14,21], dementia
management (3/17, 18%) [18-20], falls prevention (3/17, 18%)

[21,23,24], hospitalization (2/17, 12%) [21,22], malnutrition
prevention (1/17, 6%) [14], urinary tract infection (1/17, 6%)
[25], and COVID-19 infection (1/17, 6%) [10].

In total, 65% (11/17) of the studies defined the professional
user group using the decision support tool, whereas 35% (6/17)
did not indicate who the intended users of the tools were
[11,13,17,21,24,25]. Where stated (5/11, 45%), the most
commonly specified professionals were either care home staff
or nursing home staff [10,14,18,22,23]. Of these 5 studies, 4
(80%) specified that the clinical decision support tool that was
evaluated was used by nurses; 50% (2/4) of these studies
provided further detail on the types of nursing staff, including
registered nurses, special needs educator, and nurse aides [14]
or directors, physicians, and nurses [10]. Of the 11 studies that
defined the professional user group using the decision support
tool, 1 (9%) specified that the users of the decision support tool
were pharmacists [12], and 1 (9%) stated that the tool was used
by health professionals [16].

RQ2: What Evidence Base Was Used to Develop the
Clinical Decision Support Tools?
Overall, 88% (15/17) of the studies provided further information
on how the support tools were developed. Among these 15
studies, 9 (60%) stated that the tools were developed using
clinical guidelines [13,15,17,20,25-29], 11 (73%) stated that
the decision support tools were developed through users’
opinions [13,17,20,27-33] (eg, through the Delphi method [9,28]
or other ways of stakeholder involvement [17,20,27,29,33]), 2
(13%) stated that the support tools were developed using
systematic reviews of scientific evidence [34,35], and 2 (13%)
used data analysis to understand the factors associated with the
investigated outcome [30,32].

Of the 17 included studies, 11 (65%) evaluated the effectiveness
of the decision support interventions, but no clear consensus
could be arrived at on the association between the effectiveness
and involvement of stakeholders or use of clinical guidelines
in their development and effectiveness. Of these 11 studies, 2
(18%) evaluating tools that involved stakeholders in their
development achieved significantly positive results [9,21],
whereas 4 (36%) achieved mixed results [16,17,23,24], and 3
(27%) obtained nonsignificant results if the tools involved
stakeholders in the development [11,20,22]. When it came to
using clinical guidelines for developing decision support tools,
none of the 5 studies concerned reported significant results: 4
(80%) demonstrated mixed results [16,17,23,25], and 1 (20%)
obtained nonsignificant results [20].

RQ3: How Are Clinical Decision Support Tools Used
in Adult Long-term Care Facilities? What Is the
Effectiveness of These Tools?

Medication Management
Of the 17 included studies, 5 (29%) focused on medication
management (12,13,15-17).

De Wit et al [12] evaluated a clinical decision support system
that was designed for medication management. The system
operates by extracting medication data of residents and 2 weeks’
worth of historical laboratory data from electronic health records
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for all residents. Since 2008, a total of 39 clinical rules have
been created in the system. If a laboratory value is deemed to
be abnormal, in combination with the appropriate drug, the
system generates an alert. The system then helps with dosage
adjustments in accordance with various conditions, such as
decreased renal function or electrolyte dysfunction [12].

The study showed that only 3 clinical rules had an efficiency
of >10% (phenytoin with hypoalbuminemia, bisphosphonates
dosage regime, and ceftazidime with decreased renal function).
Most of the clinical rules demonstrated efficiencies of <10%,
and the efficiency of 2 rules was 0% (oral oncolytics and stop
dates and methotrexate dosage regime). The efficiency was
calculated by dividing the number of actions for both new alerts
and repeat alerts by the total number of new and repeat alerts
[12]. As this was a retrospective analysis of a database, there
was no control group. This means that it is difficult to evaluate
whether the system had a significant effect on improved
medication management.

Dorfman et al [13] investigated the potential benefits of a
clinical decision support system identifying drug-gene
interactions in nursing home residents who were being treated
with multiple medications. They tested the system on 987
residents at 4 nursing homes. The pharmacogenetic (PGx)
system uses residents’ medication data and electronic health
record information, together with genetic information stored in
the electronic health records, to produce information regarding
drug-drug interactions and other potentially dangerous drug
therapy problems. On the basis of the information in the health
record systems and algorithms built into the PGx system, the
PGx system offers guidance to nurses and pharmacists. The
study concluded that the intervention has the potential to be
useful for nurses when obtaining a profile of patients’
medication regarding drug-drug interactions, therapeutic
duplications, and warnings for unsuitable drugs [13]. However,
this is a qualitative study; therefore, no statistical significance
was explored.

Johansson et al [15] evaluated the LIFe-reader, which is a PDA
with a mobile medical decision support system, that was
developed for safer medication management in nursing homes.
The tool is used to scan the European Article Number codes on
drug packages, through which the LIFe-reader generates alerts
for inappropriate drugs and drug combinations: drug-drug
interactions, therapeutic duplications, and warnings for drugs
unsuitable for older adults. In addition to the aforementioned
features, the tool includes Microsoft Word, Microsoft Excel,
email, calendar, calculator, and phone. Through interviewing
22 registered nurses at various care homes, the evaluation study
found that the scanning function was easy and time saving, and
the LIFe-reader was useful and user friendly. However, the
users requested more content and functions on the device [15].

Johansson-Pajala et al [16] studied the use of a web-based
computerized decision support system that was designed for
drug prescribing and medication reviews. The system is linked
to electronic medical records and evaluates the quality of drug
treatments based on national indicators and potential adverse
drug reactions based on the residents’ symptoms. The system
produces warnings and explanations about inappropriate drugs,

drug-drug interactions, drug use in decreased renal function,
and possible adverse drug reactions. The evaluated system
includes 2 widely used criteria: screening tool of older people’s
prescriptions, screening tool to alert to right treatment, and Beers
criteria.

Kane-Gill et al [17] evaluated a clinical decision support system
called TheraDoc, a clinical surveillance system containing
predeveloped alerts and customizable alerts to detect potentially
inappropriate prescribing, which is integrated into electronic
health records. More information can be found on the TheraDoc
website [36]. Alerts were created for high-risk medications,
laboratory monitoring alerts, and antibiotic-stewardship–related
alerts, all developed with the purpose of preventing adverse
drug events. The alerts are delivered in real time [17].

The tool is reported to have been developed using medical
guidelines and users’ opinions; however, the study does not
state exactly who the intended users of the system are. The
evaluation was undertaken at 4 nursing homes, with 2127
nursing home residents as participants [17].

Of the aforementioned 5 studies focusing on medication
management, only 2 (40%) were comparative studies. The study
by Johansson-Pajala et al [16] showed the intervention to report
significantly more adverse drug reactions and more drug-drug
interactions than registered nurses. There was no significant
difference between reports of inappropriate drugs and drug
duplications when comparing the intervention with the actions
of registered nurses. The study also investigated the nurses’
views on drug management; however, the results were
nonconclusive. More specifically, the registered nurses did not
find that the decision support system significantly affected their
drug management methods; however, many saw potential
benefits of using the system [16].

The study by Kane-Gill et al [17] showed that the intervention
group had significantly lower incidence of alert-specific adverse
drug events than usual care. There was no statistically significant
difference between the groups for all-cause hospitalizations and
30-day readmissions [17].

Pressure Ulcer Management and Nutrition
Overall, 24% (4/17) of the papers focused on pressure ulcer
management and nutrition [9,11,14,21].

Beeckman at al [9] evaluated an electronic clinical decision
support system called PrevPlan that generates a resident-tailored
protocol for pressure ulcer prevention. After data entry to the
system regarding the availability of preventive materials and
residents’ characteristics (manual entry), the protocol included
recommendations regarding skin observation, the use of support
surfaces, repositioning, and heel elevation. The evaluation,
which involved 464 nursing home residents and 118 health care
professionals, reported that the participants had more positive
than negative attitudes regarding the decision support tool, with
the difference being statistically significant. It was also found
that nurses with specific training regarding pressure ulcer
management and higher education levels had more positive
attitudes than nurses who were not experts in pressure ulcer
management or were in the early years of studying to become
nurses. The study found that the experimental group had
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significantly lower pressure ulcer incidence than the control
group [9]. Further information regarding the support system
can be found on the PrevPlan website [37]; however, the website
was last updated in 2011 and is not available in English.

Fossum et al [14] investigated the Risk Assessment Pressure
Sore (RAPS) scale for pressure ulcer risk screening and the
Mini Nutritional Assessment (MNA) tool for screening
nutritional status.

Both Olsho et al [21] and Davidson et al [11] evaluated On-Time
Pressure Ulcer Prevention, which uses risk reports embedded
in electronic health records to identify recent changes in risks
for developing pressure ulcers. Although both studies evaluated
the same decision support system, it can be assumed that these
studies are not related. The system gathers information on
residents’ nutritional status, incontinence issues, and recent
pressure ulcer history. The documentation is then used to
produce 4 weekly core reports, identifying residents at high risk
for pressure ulcer formation, enabling monitoring of weekly
changes in risk. On-Time relies on staff communication across
disciplines and documentation by certified nursing assistants.
A certified nursing assistant is a person who helps patients with
activities of daily living and other health care needs under the
direct supervision of a registered nurse. A change team
incorporates the reports from On-Time into clinical workflow
and identifies which changes in care are required to manage the
risk of developing pressure ulcers [11,21].

Olsho et al [21] carried out the evaluation, which used
interrupted time-series design, at 25 nursing homes with 6161
nursing home residents as participants. The study found that
the intervention components reduced pressure ulcer incidence
individually and in combination [21].

Davidson et al [11] evaluated the system at 47 nursing homes;
however, the study did not specify the number of participants.
For their evaluation method, Davidson et al [11] used
difference-in-differences design and investigated the scalability
of the intervention. In spite of the large number of nursing
homes involved in the study, the authors did not find whether
the tool played a significant role in improving pressure ulcer
prevention [11].

Of the 4 studies that investigated clinical decision support
systems that aimed to help prevent pressure ulcer formation, 2
(50%) found that the incidence of pressure ulcers significantly
decreased in the intervention group [9,21]; however, the
remaining 2 (50%) studies found no statistically significant
differences in terms of pressure ulcer incidence [11,14]. Only
the study by Fossum et al [14] used a validated tool (RAPS) for
pressure ulcer management. In their study, Fossum et al [14]
did not find significant differences in nutritional status of
residents between the intervention and control groups when
using the MNA.

Dementia Management
In total, 18% (3/17) of the studies focused on evaluating decision
support tools developed for dementia management. Keenan et
al [18] and Moniz-Cook et al [20] evaluated 2 different decision
support systems that aimed to help care home staff support
residents with commonly occurring challenging behaviors. The

system included assessment tools that collected relevant
information regarding the residents and then applied logic-based
algorithms that generated biopsychosocial action plans that the
staff could implement [18,20].

The study by Keenan et al [18] was a qualitative study looking
at the contextual and organizational mechanisms of, as well as
barriers and facilitators for, the intervention. Four mechanisms
of implementation of the intervention were identified: (1) access
to, and use of, care homes; (2) resources in terms of IT for
e-learning activity; (3) demonstrating capacity to apply action
care planning in care practice; and (4) receptivity of care home
staff to e-learning and the individually tailored action care
planning that followed [18].

The study by Moniz-Cook et al [20] was a cluster randomized
trial undertaken at 63 care homes. In total, 658 nursing home
residents and 436 care home staff members took part in the
study. It was found that there was no statistically significant
difference in the number of incidents of challenging behavior
between the intervention and control groups. The intervention
did not significantly affect the experience of staff members with
regard to the prescription of psychotropic medication. The
quality of life of residents was not measured because of the
large amount of missing data [20].

Kovach et al [19] evaluated a decision support tool called the
Serial Trial Intervention, which aimed to help with assessment
and treatment of pain and other physical problems of residents
with advanced dementia who are unable to report symptoms
clearly or consistently. The tool is a 9-step assessment and
treatment process, previously evaluated as a 5-step tool. If an
assessment is negative, or if interventions fail to decrease
symptoms, the nurse moves to the next step. The study,
undertaken at 12 nursing homes with 125 nursing home
residents, compared the effectiveness of the 2 versions of the
protocol. It found that the residents being treated using the 9-step
intervention received more assessment-driven treatment and
evaluation-driven follow-up. It was also found that these
residents had less static and dismissive care than those treated
using the 5-step intervention [19].

Falls Prevention
Of the 17 included studies, 2 (12%) focused on evaluations of
interventions that aimed to support the management or
prevention of falls. Tzeng et al [23] carried out a quality
improvement project to evaluate the impact of the Fall Tailoring
Interventions for Patient Safety program on preventing falls and
fall-related injuries among residents. This program was
developed to help staff modify falls prevention interventions
based on daily assessments, and it can be used as a personalized
falls prevention plan displayed on screens placed at residents’
bedsides. The program was developed to help nursing staff
identify evidence-based interventions for each area of risk. In
the paper, Tzeng et al [23] report that after implementing the
intervention the reduction in the average monthly fall rate was
clinically significant: the average monthly fall rate reduced from
10.07 falls to 7.95 falls. However, no statistical significance
was reported [23].
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Walker et al [24] evaluated the Guide to Action Care Home
falls prevention program, which consists of posters and
paper-based decision support tools in the form of a checklist
that helps to identify risk factors associated with falls and
suggests actions to reverse or modify these falls risk factors.
Walker et al [24] found that the fall rates were lower, and there
were nearly twice as many general practitioner visits at control
homes than at intervention homes over 6 months of follow-up.
That being said, no statistical significance was reported because
of the small number of falls [24].

Other Purposes: Hospitalization, Urinary Tract
Infection, and COVID-19 Infection
Pasay et al [25] evaluated a decision support tool based on the
principles of building a culture of safe, effective, and sustainable
antimicrobial use for urinary tract infection. The intervention
consisted of 4 parts: education of physicians, nursing staff,
families, and caregivers; posters with myths and facts regarding
the diagnosis and treatment of urinary tract infection; a pamphlet
for family and caregivers; and a clinical tool to help with
behavioral changes in residents (drugs, eyes and ears, low
oxygen states, infection, retention of urine or stool, ictal,
underhydration or undernutrition, metabolic, and subdural
[DELIRIUMS] tool). The evaluated decision support tool is a
checklist that guides staff to identify urinary tract infections
based on clinical symptoms, to collect a urine culture only when
indicated, and to review antimicrobial therapy if prescribed.
The checklist also acted as an interprofessional communication
tool [25].

Pasay et al [25] found that there was a statistically significant
reduction in urine testing in the intervention group compared
with the control group. There was also a statistically significant
reduction in the rates of antimicrobial prescribing in the
intervention group compared with the control group. There were
no differences in admissions to acute care or the emergency
department between the 2 groups [25].

Tena-Nelson et al [22] evaluated a program called Interventions
to Reduce Acute Care Transfers New York, which consisted of
six parts: (1) the Situation, Background, Assessment,
Recommendation (SBAR) tool, which was designed to help
with communication among medical professionals; (2) the Early
Warning Tool (Stop and Watch), which was designed to help
in recognizing significant change in residents early; (3) a
hospital transfer review tool to guide retrospective review of
hospitalizations; (4) a standardized patient transfer form and a
checklist; (5) care paths to guide treatment options for common
conditions; and (6) advance care planning tools to guide
decision-making and communication about end-of-life care.

SBAR is a structured communication format that enables health
information to be transferred between individuals and
institutions. It aims to convey critical information
understandably, clearly, and succinctly [38].

Stop and Watch is a tool to help spot the signs warning that a
person’s condition is deteriorating. The poster helps staff to
recognize signs and take steps to reduce a person’s risk of
morbidity, further disability, organ failure, and mortality [39].

According to the study by Tena-Nelson et al [22], there were
no statistically significant changes in hospitalization rates
between before and after the intervention. No statistically
significant factors were found to be associated with the changes
in hospitalization rate. The authors stipulated that the program’s
effectiveness could be improved by including participant
recommendations on planning, staff and stakeholder
engagement, implementation, training, and sustainability [22].

Coulongeat et al [10] investigated a local support platform that
aimed to help nursing homes manage their cases of COVID-19
infection. Although the other decision support tools included
in the review consisted mostly of 2 actors (a human and a
computer [or paper in some cases]), the COVID-19–infection
management tool used multiple human actors as the decision
support. The reason for this might be that because COVID-19,
at the time of tool development, was a very new disease, there
was very little evidence available to support the development
of a computer program that could help manage the condition.
The decision support aspect consisted of a multidisciplinary
team, a specialist phone hotline, and mobile geriatric medicine
teams, all reachable through information and communication
technologies. The intervention helped to satisfactorily address
some issues that were revealed by the COVID-19 pandemic.
These issues were as follows: limiting the feeling of isolation,
getting the health professionals’ questions answered, providing
solutions to individual problems, and reassurance of the nursing
home staff regarding the optimal treatments for residents. The
intervention was less effective in improving the quality of life
for residents or staff at nursing homes with a COVID-19 cluster
[10]; however, why this was the case is not explained in the
paper.

RQ4: What Types of Data Do Clinical Decision
Support Tools Use?

Integration With Electronic Health Records
Of the 17 included studies, only 4 (24%) described decision
support tools that were integrated with an electronic health
record, all of which were developed for medication management
[12,13,16,17]. However, it is not known what these electronic
health records consist of, whether these are stand-alone systems
for the care facilities, or whether these records are linked with
general practices. On the basis of the information presented, it
is known that in 12% (2/17) of the included papers, the decision
support tools were not linked to any electronic health records
because they were paper-based posters [23,24]. For the
remaining 65% (11/17) of the studies, it is unknown whether
the decision support tools were stand-alone systems or linked
to electronic health records.

Data Used by Clinical Decision Support Tools
Overall, based on their original studies, it was unclear what kind
of information the decision support tools required. In total, 29%
(5/17) of the studies were clear about the data being collected
to aid decision-making. Of these 5 studies, 2 (40%) described
decision support tools used for dementia management (Serial
Trial Intervention [19] and DemCare [20]), 3 (60%) described
decision support tools used for pressure ulcer prevention and
management (On-Time [11,21] and RAPS [14]) as well as
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malnutrition prevention (MNA [14]), and 1 (20%) described a
decision support tool used for urinary tract infection prevention
and management (multimodal antimicrobial stewardship
intervention [25]).

Discussion

Overview
In this review we set out to collate current knowledge within
the academic literature focused on decision support tools in
long-term care settings. Decision support tools are an emerging
area of research and practice spanning a range of different
conditions, health, and social care professions. However, many
studies to date have focused on small-scale, localized efforts;
only 17 studies conducted in only 8 high-income–country
settings were found to have evaluated decision support tools
developed for use in long-term care facilities. Furthermore,
although a small number (3/17, 18%) of the identified studies
present favorable outcomes, this was not universally true, and
there is often a reliance on early evidence such as short-term
evaluation studies and analysis of qualitative data. Thus,
although this area of research holds significant potential, our
findings suggest that review of the published literature is timely
to inform future innovation.

We are now moving to a data-driven health and social care
model; therefore, the concept of siloed data needs to be a thing
of the past, and available data must be used for the benefit of
residents of nursing and care homes and to provide added value.

Principal Findings
In terms of setting and study sample, the majority (13/17, 76%)
of the included studies were local, with only 24% (4/17) being
carried out on a national scale. That being said, the majority
(15/17, 88%) of the studies were multicenter studies, with only
12% (2/17) [23,40] being single-center studies. In terms of the
clinical populations who were using the decision support
systems at adult long-term care facilities, the most common
were staff members, nurses, pharmacists, and health
professionals in general. However, the studies in general did
not explicitly specify who the intended users were. In addition,
35% (6/17) of the studies did not indicate who the intended
users of the tools were.

It should be noted that it is uncommon for long-term care
facilities, such as care homes and nursing homes, for example,
in the United Kingdom, to have a physician or pharmacist
present. Instead, care facilities have partnerships with local
general practitioner practices. Hence, it is unlikely that staff
within care or nursing homes will be making decisions about
medications [41].

Although there is potential for clinical decision support tools
to streamline care services by making them more efficient, the
systems have been developed to address issues that often fall
under the clinical responsibility of nursing staff; therefore, as
expected, most users fall within this profession. However, lack
of detail regarding users does limit insights into the
implementation of the system and therefore may be deemed to
inhibit the transferability and scaling up of these systems to
other sites and domains [42].

Considering the average age of long-term care residents, the
conditions of focus for the clinical decision support tools are
not surprising. There were 8 different conditions or purposes
supported using clinical decision support tools: medication
management, pressure ulcer prevention, dementia management,
falls prevention, hospitalization, malnutrition prevention, urinary
tract infection, and COVID-19 infection. It is noteworthy that
all tools seem to focus on domains of physical health; none
focused on mental health, despite it being widely recognized
that rates of anxiety and depression are high in this population
[43].

Looking at studies demonstrating evidence of whether there
was a significant improvement through using the clinical
decision support tools, 71% (12/17) of the studies carried out
comparative analyses. Of these 12 studies, only 3 (25%) reported
clear significance in the results, showing that the evaluated
decision support tools made a difference in either preventing
negative outcomes or improving care in general [9,19,21].

Of these 3 studies, 2 (67%) evaluated clinical decision support
tools developed for pressure ulcer management [9,21]. Olsho
et al [21] and Davidson et al [11] evaluated the same tool for
pressure ulcer management; however, Davidson et al [11]
reported no statistically significant change in the incidence of
pressure ulcers when the intervention was used. According to
a systematic review by Mäki-Turja-Rostedt et al [4], there are
many ways to prevent pressure ulcer formation in residents of
long-term care facilities; however, there is a lack of systematic
evidence of the most effective way to do this. In their systematic
review, Araujo et al [3] agree and add that clinical effects, such
as outcomes in the incidence and prevalence of pressure ulcers,
remain limited, and most investigated studies found clinically
but nonstatistically significant results in decreasing pressure
ulcer incidence. The results from this review are in concordance
with the comments made in these systematic reviews [3,4].

Of the 17 studies, 5 (29%) found mixed results, meaning that
the intervention improved some outcomes but reported no
statistically significant difference in other outcomes
[16,17,23-25]. However, it is important to note that 40% (2/5)
of these studies mentioned “clinical significance” but did not
define how this clinical significance was measured and did not
report on statistical significance [23,24]. In total, 24% (4/17)
of the studies included in the review showed no statistically
significant difference when using the intervention [11,14,20,22].
This lack of definitive evidence underpinning digital health
solutions is widely recognized; often, tools are implemented
within large organizations with very little evidence underpinning
them [2,5]. This lack of evidence underscores the need for robust
evaluation of solutions used to identify benefits of, and value
of investment in, decision support tools [44].

It is important to note that, as explained previously and shown
in the data extraction table (Multimedia Appendix 1), there is
a noticeable degree of heterogeneity among the decision support
tools described in the included studies in terms of their purposes
and intended users. However, even among decision support
tools with similar purposes, the study designs and measured
outcomes in the included evaluation studies varied substantially.
Hence, these studies should be compared with one another with
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extreme caution. Because of this variability, further studies,
using standardized methods to evaluate the decision support
tools included in this review, are needed.

Evidence Base of the Development of Clinical Decision
Support Tools
An important question that this review aimed to answer concerns
the evidence base underpinning the development of decision
support tools. Our findings demonstrate that there is a lack of
coherent information about what evidence base was used to
develop the clinical decision support tools. Most tools were
developed based on current guidelines and stakeholders’
opinions. Some studies used systematic reviews of scientific
evidence or data analysis to understand the factors associated
with the outcome of the tool. In 12% (2/17) of the studies, there
is no information regarding the evidence base of the
development of the tools. The lack of transparency in
underpinning evidence of development of the tools can affect
users’ trust in the tools, ultimately affecting their wider uptake
[42].

Adoption and Implementation of Clinical Decision
Support Tools
For successful implementation of clinical decision support tools,
educational training and culture change are required to sustain
their clinical use. Clinical decision support tools, especially
those helping to manage medications, need to be regularly
updated with regard to changing guidelines and newly available
drugs. Ease of updating is an important factor for being
considered a successful decision support tool [2,5,38].

A key consideration in terms of the mechanisms and actions of
the clinical decision support tools is the data that they use.
Overall, in the included studies, all tools, apart from the
paper-based decision support tools (n=2), are computer
programs. However, most (11/17, 65%) of the studies were not
explicit about whether the computer programs were linked to
electronic health records, and if they were linked (4/17, 24%),
then what kind of electronic health records they were linked to.

Of the 17 included studies, only 3 (18%) described decision
support tools that used validated clinical tools. These validated
clinical tools are RAPS and MNA used in the evaluation study
by Fossum et al [14]; screening tool of older people’s
prescriptions, screening tool to alert to right treatment, and Beers
criteria used in the evaluation study by Johansson-Pajala et al
[16]; and SBAR and Stop and Watch used in the evaluation
study by Tena-Nelson et al [22]. When considering the studies
(4/17, 24%) that evaluated clinical decision support tools helping
to prevent pressure ulcer formation, the study by Fossum et al
[14] was the only one to use validated clinical tools.

Considering how long electronic health records have existed
and how long researchers have been working on predictive
modeling in health, it is surprising that more widely validated
decision support tools were not included in the evaluation
studies.

It can be assumed that the evaluated tools were developed
keeping in mind that electronic health records are not widely
used in long-term care facilities such as care and nursing homes.

Most of the tools presented in this review, except for medication
management tools, do not necessarily require data that are
normally stored in electronic health records (eg, temporary
symptoms such as meal intake and urinary frequency). Hence,
these tools require manual data input from staff, which requires
developing suitable infrastructure for tool use (eg, the
availability of computers or tablets) at the facilities and training
of, and time from, staff. It has been found that these can affect
methodological challenges when validating clinical tools, such
as gaining acceptance from stakeholders who have limited time
in addition to having to deal with work pressure, such as
registered nurses, care home managers, and general practitioners
[45].

If long-term care facilities would adopt electronic health records
specific to these facilities, the burden of having to manually
input data for each different decision support tool would be
removed, and the tools can be integrated into the practice
automatically. This has been successfully implemented in
various hospital settings. The systematic review by Varghese
et al [46] provides examples of such systems successfully
implemented in hospitals.

It is important to understand, however, that hospitals are
data-rich environments with often automated data collection
(eg, intensive care units), and the purpose of the constant data
collection is due to having to always monitor patients. In
addition, it is worth noting that having a multiplicity of
duplicative patient records is not the aim; rather, the goal is to
create a shared patient record using approved data sources that
all services can access. Long-term care facilities such as care
and nursing homes are essentially the residents’homes, meaning
that to be able to provide a homely and comfortable setting, a
balanced approach regarding data collection needs to be
achieved. On the one hand, having electronic health records as
in a hospital setting would open up opportunities for more
decision support tools that could potentially reduce the workload
of staff and help to improve care quality. On the other hand, to
offer as comfortable a living environment as possible to
residents, data collection should be limited to only those
occasions when residents are ill or are at risk of an illness.

To strike a balance, minimum data sets could be the answer. A
review of uptake of minimum data sets by Musa et al [47]
evaluated different contexts, mechanisms, and outcomes to
describe why minimum data sets were used in care homes,
including system-level, care home–level, and individual-level
barriers and facilitators. Some of the barriers mentioned include
frequent staff turnover, training issues, and lack of computer
skills. Facilitators include clinical staff presence, inclusive and
understanding care home culture, and clarity of roles in data
collection. These are very similar to barriers and facilitators for
the implementation of clinical decision support tools that were
identified in the studies in this review. The factors associated
with successful system implementation in clinical practice were
as follows: involving the administrator or head of nursing in
the process; engaging the leadership in the project; presence of
an internal champion; and participation of an interdisciplinary
team, facilitators, and quality improvement team. In addition,
it was deemed necessary to consider clinical workflow and
training needs. It was also recommended to have a longer
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evaluation period to assess the effect of clinical decision support
systems [3].

Conclusions
Overall, the studies demonstrate that decision support tools can
show improvements in delivery of care and in health outcomes,
specifically in relation to medication management, falls
prevention, management of dementia, pressure ulcer prevention
and management, and nutritional assessment and management.
However, there is variability in results, in part because of the

diversity of types of decision support tools, users, and contexts
as well as limited validation of the tools in use and in part
because of the lack of clarity in defining the whole intervention.
An important aspect that the studies seem to highlight is that
decision-making to support care home residents is not just about
providing technology within care homes; it also requires an
effective multiagency approach with interaction with the wider
multidisciplinary team outside the care home and supportive
organization and culture to embed the use of the decision support
tools.
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Abstract

Background: Pressure injury is a common complication after a spinal cord injury. Long-term multidisciplinary follow-up is
difficult after such patients have been discharged. Telemedicine promises to provide convenient and effective support for the
prevention and treatment of pressure injury, but previous attempts to demonstrate that have produced inconsistent results.

Objective: The aim of this study is to evaluate the effectiveness of telemedicine in preventing and treating pressure injury
among community-dwelling patients with spinal cord injury, and determine which telemedicine form is more effective.

Methods: This systematic review was performed according to the PRISMA-NMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Network Meta-Analysis) standards. Ten databases were searched to identify randomized
controlled trials and quasi-experimental studies related to the effectiveness of telemedicine intervention in patients with spinal
cord injury. Two researchers worked independently and blindly selected studies, extracted data, and assessed the risk of bias.
The results were described as relative risk (RR) and weighted mean difference and 95% CI.

Results: The 35 studies comprised 25 randomized controlled trials and 10 quasi-experimental studies involving 3131 patients.
The results showed that telemedicine can significantly (P<.05) reduce the incidence of pressure injury (RR 0.24, 95% CI 0.14-0.41;

P<.05; I2=0%), promote faster healing (RR 0.73, 95% CI 0.62-0.85; P<.05; I2=0%), and yield lower scores on the pressure ulcer

scale of healing (weighted mean difference=–1.98, 95% CI –3.51 to –0.46; P<.05; I2=0%). Cumulative ranking estimates showed
that combining telemedicine with conventional intervention (93.5%) was the most effective approach.

Conclusions: Telemedicine is a feasible way to prevent pressure injury among patients with spinal cord injuries. It can decrease
the incidence and severity of pressure injury and accelerate patients’ healing without imposing economic burden. It is best used
in tandem with other, more conventional interventions. Due to the limited quality and quantity of included studies, large-scale
and well-designed randomized controlled trials are warranted.

(J Med Internet Res 2022;24(9):e37618)   doi:10.2196/37618

KEYWORDS

spinal cord injury; pressure injury, telemedicine; systematic reviews; meta-analyses; network meta-analyses; review; spinal injury;
spinal cord; pressure injury; injury
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Introduction

Spinal cord injury (SCI) is a disabling and costly disease, the
incidence of which is increasing year by year. The incidence of
SCI is estimated to be between 12 and 65 cases per million
globally [1] and between 13 and 60 cases per million in China
[2]. More than 20% of patients with SCI develop pressure injury
as a result of motor and sensory dysfunction, limited body
movement, or the long period of time spent in a bed or
wheelchair [3]. The daily cost of pressure injury treatment per
adult patient ranges from €1.71 (US $1.70) to as much as €470
(US $468.31), and the cost of treating severe pressure injury is
even higher [4]. In addition, 7%-8% of deaths among patients
with SCI are directly attributable to pressure injury [5]. Pressure
injury seriously affects the quality of life of patients with SCI
and places a heavy care burden and economic burden on their
families and society [6].

There are well-understood measures that can reduce the
incidence of pressure injury, and prevention is more
cost-effective than treatment [7]. However, most countries have
insufficient medical resources, and particularly insufficient
professional expertise in the community [8], to provide the
necessary long-term and multidisciplinary follow-up of
community-dwelling patients with SCI. That results in many
obstacles to preventing and treating pressure injury. Today,
however, it is becoming more feasible to provide medical
services including diagnosis and information about self-care
remotely through a variety of communication technologies,
including video consultation via mobile apps [9,10]. This has
been applied to the prevention and treatment of pressure injury
among community-dwelling patients with SCI, but its
effectiveness and safety remains inadequately confirmed because
systematic studies vary in their sample sizes and conclusions.

Until now, there has been no systematic review of the
applicability of telemedicine in preventing and treating pressure
injury among community-dwelling patients with SCI. That
motivated this systematic review and network meta-analysis.
Network meta-analysis can assess both direct and indirect
evidence [11]. The biggest advantage is allowing for the
simultaneous inclusion of multiple pairwise comparisons in a
series of different interventions and ranking the interventions.
Therefore, systematic review and network meta-analysis was
used to evaluated the effectiveness of telemedicine on the
prevention and treatment of pressure injury among
community-dwelling patients with SCI, and determine which
telemedicine form is more effective, to provided evidence useful
for clinical practice.

Methods

Study Design and Search Strategy
This systematic review and network meta-analysis was
performed according to the PRISMA-NMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses extension for
Network Meta-Analysis) standards [12]. It was registered in the
PROSPERO database (International Prospective Register of
Systematic Reviews; ID: CRD42020194061).

The databases searched were the China National Key
Information corpus, Wanfang, CBM, VIP, Embase, PubMed,
Cochrane Library, Web of Science, Scopus, and ProQuest. The
dates searched were from establishment of each database to
September 30, 2021. Multimedia Appendix 1 shows the
keywords used to search each corpus. Keywords and search
strategy were designed by the first author, then reviewed by a
librarian. Other clinical trial registration websites (Science-paper
Online, Open Grey, ClinicalTrials.gov, and China’s Clinical
Trial Registry) were searched manually, and references to related
papers and reviews were followed up.

Only randomized controlled trials (RCTs) and
quasi-experimental studies were included in the systematic
review, and only RCTs were included in the network
meta-analysis. Beyond that, 4 other criteria were applied.

1. Participants: community-dwelling persons with an SCI.
2. Interventions: complete or partial telemedicine intervention.

In complete telemedicine intervention, there was no
face-to-face contact during the trial, only telemedicine
intervention by telephone, video, or mobile app. Treatment
involving only one form of telemedicine intervention was
designated as a single complete telemedicine intervention,
while therapy combining two or more forms of telemedicine
intervention was called a mixed complete telemedicine
intervention. Partial telemedicine intervention designated
treatment combining telemedicine with a nontelemedicine
intervention (such as an outpatient follow-up visit or a home
visit).

3. Controls: The “no telemedicine” cases included
nontelemedicine intervention and also health guidance only
before discharge treated as a blank control. A second type
of control was where there was another group treated
differently from the experimental group, such as when the
experimental group used video and the control group used
the telephone. A third case was self-control studies with no
control group.

4. Outcomes: Primary and secondary outcomes were
considered. The primary outcomes were the incidence of
pressure injury, the rate of healing of the pressure injury,
and pressure injury severity (size, depth, and Pressure Ulcer
Scale for Healing [PUSH]). Any economic data reported
were treated as a secondary outcome.

Certain reports had to be excluded, for example, academic
meeting abstracts or papers without full text; papers published
repeatedly; and papers for which adequate data could not be
obtained even after contacting the authors.

Data Extraction
Two authors (the first and the second author) worked
independently and blindly to screen titles, abstracts, and full
texts, and select studies applying the inclusion and exclusion
criteria. Any disagreements were resolved by discussion or by
consulting the corresponding author. EndNote X9 software
(Clarivate) was first used to exclude duplicates. Then, reading
the title and abstract was enough to exclude clearly irrelevant
papers. Finally, reading the full text allowed us to determine
whether or not a study should be included. If necessary, authors
were contacted by email or telephone for further information.
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The first and second authors also worked independently and
blindly to extract data and assess the risk of bias, again
consulting the corresponding author if necessary. The data
extracted included each study’s characteristics, participant
characteristics, intervention and control treatments, and
outcomes. The Cochrane risk of bias tool [13] was used to assess
the RCTs, and the Joanna Briggs Institute critical appraisal tool
[14] was used with the quasi-experimental studies.

Statistical Analysis

I2 statistic was used to evaluate the consistency of the results
of included studies, with 25%, 50%, and 75% representing low,
moderate, and high heterogeneity, respectively [15]. The
fixed-effect model was used when the heterogeneity was

acceptable (I2 ≤50%, P>.10), otherwise the random effect model
was used. If the heterogeneity was still too large after subgroup
analysis or sensitivity analysis, if the number of studies was too
small, or if the data could not be synthesized, only descriptive
analysis was performed. Dichotomous data were analyzed using
relative risk (RR) and 95% CIs. Continuous data were analyzed
using weighted mean difference (WMD) where the same tools
were used, and standardized mean difference where different
studies used different tools. When P<.05, the difference between
the two groups was statistically significant.

Song [16] has proposed that network meta-analysis should
satisfy hypotheses about homogeneity, similarity, and
consistency. Otherwise, the nonconformity needs to be
explained, or network meta-analysis should not be performed.
The evaluation and treatment of the homogeneity requirement
is the same as with the heterogeneity of traditional direct
comparison meta-analysis. There is no recognized statistical
test for verifying the similarity hypothesis, so it must be
evaluated based on the characteristics of the included studies.
The inconsistency model, node splitting, and inconsistency
factors are commonly used to evaluate consistency, with P>.05
indicating good consistency in a closed loop if the 95% CI
starting point of the inconsistency factor was 0, indicating that
the direct and indirect evidence was consistent. RR, WMD, and
standardized mean difference were also computed with their
95% CIs. The surface under the cumulative ranking (SUCRA)
curve was used to calculate the ranking probabilities of the

treatments. The SUCRA values range from 0% to 100%, and
the higher the value, the better the result. Comparison-adjusted
funnel plots were also used to assess the potential for small
study effects.

Results

Study Selection
The search found 3152 studies. Of those, 948 duplicates were
excluded through EndNote. Reading the titles and abstracts of
2204 reports led to 2148 being excluded as irrelevant. Finally,
56 studies were screened in full text, of which 21 were excluded
and 35 were finally included (Figure 1).

The 35 studies included 25 RCTs [7,17-40] and 10
quasi-experimental studies [41-50] (Multimedia Appendix 2).
The 3131 subjects were community-dwelling patients with SCI,
aged 18-96 years old. Of 3131 patients, 2226 (71.1%) were
male. Trauma was the most common cause of injury. The top
specific causes were traffic accidents, fall from height, fall with
heavy objects, and other fall. The study durations ranged from
1 week to 2 years. In most of the studies, nurses served as the
main researcher managing diet and nutrition, elimination, and
pressure injury, and preventing other complications. They also
provided related education and guidance.

Mixed complete telemedicine interventions mainly used the
WeChat app and telephone. The average utilization was about
1 hour every day to answer questions, once weekly to convey
relevant knowledge, and perhaps a weekly face-to-face video
chat if necessary. Telephone calls were made on average once
per month, when needed. Single complete telemedicine
interventions were mainly delivered via telephone. The average
frequency was about once per week. Partial telemedicine
intervention was usually a combination of telephone or video
telemedicine with outpatient follow-up or home visits. The
frequency was about once per week by telephone or face-to-face
video, and once per month for outpatient follow-up or home
visit. The main form of nontelemedicine intervention was
outpatient follow-up or home visit. The frequency was about
once per month. The blank control group only received health
education before discharge, but the patients could call a medical
professional when they needed help.
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Figure 1. Flowchart for search and selection of the included studies.

Bias Assessment
The overall quality of the studies included was categorized as
acceptable. Approximately half of the studies reported
randomization, but some reports lacked details about any
allocation blinding, which could cause potential selection bias.
No study was judged as “low risk” in terms of performance bias
because it is very difficult to blind patients in telemedicine
intervention trials. About one-quarter of the studies blinded the
outcome assessors. There was no evidence of attrition bias,
selective reporting bias, and other bias in any of the included
studies (Multimedia Appendix 3). In the quasi-experimental
studies, item 3 was judged to be “not applicable” to 4 studies
[41,46,47,50] because they were self-controlled. Item 7 was
judged as “unclear” in 4 studies [44,45,48,49]. The other items
all received a “yes” (see Multimedia Appendix 4 for details).

Meta-analysis and Descriptive Analysis Results
Overall, 27 studies [17-21,23-29,31-35,37-40,42-45,48,49]
reported the incidence of pressure injury among their
community-dwelling subjects. Among the studies, 18 were
RCTs [17-21,24-29,31-35,37,38] analyzed by network
meta-analysis, 5 were quasi-experimental studies [42-44,48,49]
analyzed by meta-analysis, and 4 [23,39,40,45] could not be
combined for descriptive analysis.

The meta-analysis showed that the incidence of pressure injury
was significantly lower in the telemedicine intervention group

(n=468; RR 0.24, 95% CI 0.14-0.41; P<.05; I2=0%, fixed-effects
model; Multimedia Appendix 5). The other 4 studies which
could not be combined also found that the incidence of pressure
injury in the intervention group was lower than in the control
group (P<.05).

A total of 9 studies [17,21,22,41,44,46,47,49,50] reported the
rate of pressure injury healing. There were 3 RCTs [17,21,22]
and 6 quasi-experimental studies [41,44,46,47,49,50]. Due to
the limited sample size, 4 studies [41,46,47,50] (self-controlled)
were classified as the telemedicine intervention group. The other
5 [17,21,22,44,49] were descriptive because the data could not
be combined. The meta-analysis showed that the rate of pressure
injury healing was significantly faster in the telemedicine
intervention group (n=55; RR 0.73, 95% CI 0.62-0.85; P<.05;

I2=0%, fixed-effects model; Figure 2). In the other 5 studies
without meta-analysis, 14 patients in the telemedicine
intervention group healed, along with 9 patients in the control
group.

A total of 4 RCTs [7,19,27,36] reported on the severity of the
pressure injury studied. The meta-analysis showed that patients
in a telemedicine intervention group tended to have lower PUSH
scores (n=162; WMD=–1.98, 95% CI –3.51 to –0.46; P=.01;
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I2=0%, fixed-effects model; Figure 3). Although one study [7]
found no significant difference in the improvement of pressure
injury area and depth, the improvement in the other telemedicine
groups was significantly better than in the corresponding control
group.

Only one study (an RCT) [7] reported economic data. The
incremental cost-effectiveness ratio was 2306 Indian rupees

(approximately US $130) per 1 cm2 reduction in pressure injury
area and 44,915 Indian rupees (US $2523) per additional
quality-adjusted life year. This result shows that the telemedicine
intervention was cost-effective, at least in India.

Figure 2. The effectiveness of telemedicine on the healing rate of pressure injury. ES: effect size.

Figure 3. Comparison of the effectiveness of telemedicine and control on PUSH scores. PUSH: Pressure Ulcer Scale for Healing.

Network Meta-analysis Results
A total of 18 RCTs [17-21,24-26,28,29,31-35,37,38,45]
involving 5 forms of intervention were included in the network
meta-analysis. A network plot for the incidence of pressure
injury was produced using the STATA software package
(version 14.0; StataCorp LLC). Nodes indicated treatments,
with the size of each node proportional to the number of
observations in the sample. The thickness of the lines was
proportional to the number of studies directly comparing a pair
of treatments. Two triangles were formed with the interventions
in this study: triangle 134 and triangle 135. The most numerous
comparable studies involved partial telemedicine intervention
with a blank control (Figure 4).

A consistency test did not identify statistically significant

inconsistency (X2=3.76，P=.15). The loops were consistent,

since their 95% CI included 0. Node splitting showed no
statistically significant difference between the direct and indirect
estimate of the summary effect (see Multimedia Appendix 6
for details).

The SUCRA estimates (Figure 5) and the SUCRA value
(Multimedia Appendix 7) show that mixed complete
telemedicine intervention was the best form of intervention for
reducing the incidence of pressure injury. Mixed complete
telemedicine intervention (93.5%) was better than partial
telemedicine intervention (80.5%), which was better than
nontelemedicine intervention (32.7%), single complete
telemedicine intervention (31.7%), and blank control (11.7%)
(see Table 1 for details). The comparison-adjusted funnel plot
was basically symmetrical, indicating that the possibility of
publication bias was small (Multimedia Appendix 8).
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Figure 4. Network meta-analysis of eligible comparisons for incidence. 1: blank control; 2: nontelemedicine intervention; 3: single complete telemedicine
intervention; 4: mixed complete telemedicine intervention; 5: partial telemedicine intervention.

Figure 5. The surface under the cumulative ranking estimate. 1: blank control; 2: nontelemedicine intervention; 3: single complete telemedicine
intervention; 4: mixed complete telemedicine intervention; 5: partial telemedicine intervention.
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Table 1. The effectiveness of telemedicine in preventing pressure injury according to the network meta-analysis.

Blank controlNTIdSCTIcPTIbMCTIa

4.63 (2.16-9.93)3.35 (1.07-10.48)3.52 (1.95-6.36)1.34 (0.59-3.06)MCTI

3.45 (2.09-5.71)2.50 (1.13-5.49)2.62 (1.29-5.36)PTI0.75 (0.33-1.70)

1.31 (0.67-2.59)0.95 (0.33-2.75)SCTI0.38 (0.19-0.78)0.28 (0.16-0.51)

1.38 (0.54-3.52)NTI1.05 (0.36-3.04)0.40 (0.18-0.88)0.30 (0.10-0.93)

Blank control0.72 (0.28-1.84)0.76 (0.39-1.50)0.29 (0.18-0.48)0.22 (0.10-0.46)

aMCTI: mixed complete telemedicine intervention.
bPTI: partial telemedicine intervention.
cSCTI: single complete telemedicine intervention.
dNTI: nontelemedicine intervention.

Discussion

Principal Findings
This systematic review and network meta-analysis results show
that telemedicine intervention can reduce the incidence and
severity of pressure injury and improve the rate of healing of
such injuries without increasing the medical economic burden
on community-dwelling patients with SCI. In addition, the
results indicate that combining telemedicine with conventional
interventions is the most effective form of intervention for
preventing pressure injury.

Although the overall quality of the studies was regarded as
acceptable, none were able to blind the participants and
personnel. Some reports mentioned random sequence generation,
allocation concealment, and blinding, but without specifics.
That may relate to the space limitations of journal publications
or the design of the experiments. This review included only
studies published in Chinese or English, of which many were
Chinese. This may be related to the Quality Nursing Service
demonstration project launched by China’s National Health
Commission in early 2010 [51] and to its “Internet+” policy
implemented in 2016 [52]. More than 10 studies in this
systematic review were conducted using QQ and WeChat, which
are Chinese social media platforms that support sending text,
pictures, and videos, and support multiperson group chats via
the internet. Such social media software, which have a high
penetration rate, broad mass base, rich features, and no extra
charge, are likely to be central to the future development of
telemedicine.

The results show that telemedicine intervention can reduce the
incidence and severity of pressure injury. As part of
rehabilitation, patients with SCI were usually educated in
preventive skin care techniques, but they are often not continued
after discharge [53,54]. Contacting former patients in the
community through telemedicine can improve compliance [36],
but the prevention and treatment of pressure injury after an SCI
involves several medical disciplines. In addition, it is also
necessary to pay attention to any motor or sensory dysfunction,
self-care ability limitations, and nutritional status after discharge
[55,56]. Carlson’s study [23] has shown that telemedical support
from a multidisciplinary team can provide rehabilitation,
nutrition suggestions, and psychological guidance as well as
how to deal with the threat of pressure injury. When a

discharged patient has health-related problems, they can get
appropriate help in time. Effort should be devoted in clinical
practice to promoting multidisciplinary team cooperation and
comprehensively promoting the physical and mental recovery
of patients with SCI.

The hospital stays of patients with SCI are shorter now than in
the past [57,58]. That allows less time for patients to receive
education, rehabilitation, and adjustment, making them more
likely to benefit from subsequent telemedicine. In
Vesmarovich’s study [50], the patients and their families were
given guidance on dressing techniques before discharge, and
video was used to give continued medical care after discharge.
That improved the rate of pressure injury healing. Many primary
care doctors lack the expertise and skills to deal with the
complex needs of patients with SCI [59], but access to
specialized rehabilitation institutions is costly and might be
difficult to arrange. When patients have insufficient resources
to cope with the disease, they are more likely to aggravate
pressure injury [60]. Huang [46] reports using a combination
of telemedicine and nontelemedicine techniques to help medical
staff change pressure injury dressings during home visits.
Families were trained by telephone. Home visits allow for
face-to-face treatment of pressure injury and providing
professional guidance. They can to some extent compensate for
the reductions in education time caused by shorter hospital stays.

The results show that using telemedicine did not increase the
economic burden of SCI. Most developed countries provide
patients with SCI with any equipment they may need to cope
with their injury. They receive training before discharge and
then remote written or oral guidance without the need for
professionals to enter the patient’s home. That helps to minimize
the cost of an SCI [40]. A study by Xu [61] showed that
telemedicine can save money without reducing efficacy. The
studies included in this systematic review rarely discuss cost
considerations. In most of them, the patients received any
necessary equipment for free or at low cost. Future research
should conduct a rigorous cost-benefit analysis to demonstrate
not only the impact on patient health, but also the value of
investing in telemedicine intervention.

The network meta-analysis showed that the best intervention
for preventing pressure injury combined two or more forms of
telemedicine. The most common combination was internet chat
(usually WeChat) with telephone conversations. Patients and
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their carers cannot be assumed able to identify pressure injury
early and take countermeasures soon enough of their own accord
[40]. Professionals, though, can observe patients’ skin using
pictures or video and provide timely medical advice, thereby
reducing the incidence of pressure injury. At present, the
diagnostic accuracy from using images compared with that
achieved through face-to-face evaluation remains unclear. That
needs further documentation in well-designed studies with large
samples. Of course, even if patients and carers receive the
knowledge they need, over time, that knowledge may well be
gradually forgotten. In China, the typical caregiver is older than
their patient. More than 30% of caregivers are over 60 years
old [62]. Moreover, even some middle-aged persons cannot
effectively use a smartphone and a networking platform. They
prefer telephoning or outpatient follow-up [63]. Nevertheless,
repeated instruction, whether by telephone or internet messaging,
and regular push messages to remind caregivers, can effectively
reduce the incidence of pressure injury [64]. Any telemedicine
intervention should of course suit the individual patient’s needs,
condition, home situation, and level of medical understanding.

Limitations
This study was to some unknown extent restricted by being
limited to reports in either Chinese or English. Beyond that,

some experimental studies were not included because they were
unfinished or the relevant data could not be extracted. That may
induce a certain degree of publication bias. There were also
reports that did not describe the intervention frequency in detail,
and some in which the accuracy of individual outcomes was
relatively low due to the small number of related studies. More
high-quality RCTs with large samples are need for further
demonstration.

Conclusions
Current evidence shows that telemedicine is an economical and
feasible form of intervention. It can reduce the incidence of
pressure injury in community-dwelling patients with SCI.
Combining telemedicine with other sorts of intervention is better
than using telemedicine alone. Telemedicine can improve the
rate of pressure injury healing and reduce the severity of the
injury without increasing the medical economic burden on
patients with SCI. These above conclusions need to be further
verified by additional high-quality RCTs using large samples.
Future studies could explore the research on telemedicine in
languages other than Chinese and English.
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Abstract

Background: Digital technologies are increasingly used in health research to collect real-world data from wider populations.
A new wave of digital health studies relies primarily on digital technologies to conduct research entirely remotely. Remote digital
health studies hold promise to significant cost and time advantages over traditional, in-person studies. However, such studies
have been reported to typically suffer from participant attrition, the sources for which are still largely understudied.

Objective: To contribute to future remote digital health study planning, we present a conceptual framework and hypotheses for
study enrollment and completion. The framework introduces 3 participation criteria that impact remote digital health study
outcomes: (1) participant motivation profile and incentives or nudges, (2) participant task complexity, and (3) scientific requirements.
The goal of this study is to inform the planning and implementation of remote digital health studies from a person-centered
perspective.

Methods: We conducted a scoping review to collect information on participation in remote digital health studies, focusing on
methodological aspects that impact participant enrollment and retention. Comprehensive searches were conducted on the PubMed,
CINAHL, and Web of Science databases, and additional sources were included in our study from citation searching. We included
digital health studies that were fully conducted remotely, included information on at least one of the framework criteria during
recruitment, onboarding or retention phases of the studies, and included study enrollment or completion outcomes. Qualitative
analyses were performed to synthesize the findings from the included studies.

Results: We report qualitative findings from 37 included studies that reveal high values of achieved median participant enrollment
based on target sample size calculations, 128% (IQR 100%-234%), and median study completion, 48% (IQR 35%-76%). Increased
median study completion is observed for studies that provided incentives or nudges to extrinsically motivated participants (62%,
IQR 43%-78%). Reducing task complexity for participants in the absence of incentives or nudges did not improve median study
enrollment (103%, IQR 102%-370%) or completion (43%, IQR 22%-60%) in observational studies, in comparison to interventional
studies that provided more incentives or nudges (median study completion rate of 55%, IQR 38%-79%). Furthermore, there were
inconsistencies in measures of completion across the assessed remote digital health studies, where only around half of the studies
with completion measures (14/27, 52%) were based on participant retention throughout the study period.

Conclusions: Few studies reported on participatory factors and study outcomes in a consistent manner, which may have limited
the evidence base for our study. Our assessment may also have suffered from publication bias or unrepresentative study samples
due to an observed preference for participants with digital literacy skills in digital health studies. Nevertheless, we find that future
remote digital health study planning can benefit from targeting specific participant profiles, providing incentives and nudges, and
reducing study complexity to improve study outcomes.

(J Med Internet Res 2022;24(9):e39910)   doi:10.2196/39910
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Introduction

Background
The widespread availability of smartphones (estimated to be
3.6 billion users worldwide [1]) presents the opportunity to
involve diverse population groups in health research. Mobile
technologies, such as smartphones and wearables, have come
to play a central role in health research, giving rise to digital
health studies that are conducted partly or entirely remotely.
Although there is no unified definition, we define remote digital
health studies as longitudinal studies that use mobile
technologies to conduct all key steps of a study completely
online [2]. Remote digital health studies promise significant
cost, time, and scalability advantages when compared with
traditional studies, by allowing key steps of the study
investigations to be conducted in real-time and without in-person
presence [3,4]. Overcoming the barriers of time and physical
presence, remote digital health studies allow for the long-term
monitoring of larger populations and thus promise to advance
health research and patient care delivery [5-7].

Despite these opportunities, recent studies report high participant
attrition rates, likely partially attributable to the lack of in-person
interactions between researchers and study participants. Other
studies highlight the risk of recruitment bias, especially with
younger, more affluent, and often healthier populations being
overrepresented in studies with digital technologies [8-10].
These concerns point toward a possible imbalance between
participants who typically join remote digital health studies and
participants who are often underrepresented, but may benefit
the most from remote digital health research and monitoring.
This may be a result from a lack of understanding of the
motivators, facilitators, and barriers that enable participation in
remote digital health studies [11,12].

Trends of participant enrollment and retention have been widely
investigated in traditional research settings [13-15] and with
digital health studies following Eysenbach’s Law of Attrition
[16]. However, there is a paucity of evidence that supports study
planning in remote digital health research. Furthermore, most
study planning recommendations for remote digital health
studies are based on qualitative methods and focus on scientific,

rather than participant-specific requirements [17,18]. This
presents an unmet need for quantitative, evidence-based
guidance that informs remote digital health study planning to
enable high enrollment and retention through a person-centered
lens.

Aims
This review aims to explore participant enrollment and retention
for remote digital health studies. We introduce a framework on
the interplay between 3 criteria explored and validated in
previous digital health studies: (1) participant motivation profile
and incentives or nudges, (2) participant task complexity, and
(3) scientific requirements. We propose hypotheses and explore
them with a scoping review of remote digital health studies
specifically, focusing on methodological aspects that affect
participant enrollment and retention. The goal of this scoping
review is to inform the planning and implementation of remote
digital health studies from a person-centered perspective.

Conceptual Framework and Hypotheses
We introduce a conceptual framework that encompasses the
main factors that affect digital health study enrollment and
retention from a person-centered lens, to guide the extraction
of relevant information. The framework is based on the notion
that enrollment and retention in remote digital health studies
are influenced by 3 elements: (1) participant motivation profile
and incentives or nudges, (2) participant task complexity, and
(3) scientific requirements (Figure 1). Our conceptual framework
and hypotheses were informed by Eysenbach [16], previous
large-scale remote digital health studies [5,19], as well as by
our personal experiences in planning and conducting 2
longitudinal remote digital health studies [20,21]. A more
detailed description of the framework development process can
be found in Multimedia Appendix 1 [2,5,14,16,19-28].

We define hypotheses to explore in this study. Specifically, we
expect that incentives and nudges increase participant motivation
to enroll in and complete a study (Hypothesis 1). On the
contrary, we expect a decrease in enrollment and study
completion with increased complexity of study tasks (Hypothesis
2a). Finally, we also expect that participants in interventional
studies may be willing to endure higher task complexity than
participants enrolled in observational studies (Hypothesis 2b).
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Figure 1. Guiding framework for remote digital health studies.

Conceptual Framework Definitions

Motivation Profile of Participants and Offered Incentives
Participants’ motivation to enroll and complete remote digital
health studies can be intrinsic or extrinsic. Intrinsic participation
may be motivated by altruistic motives or by hopes for medical
advances, especially among individuals with chronic diseases.
Extrinsic participation can be motivated, among others, by
investigators in the form of monetary incentives or clinical
referrals [29,30]. The provision of incentives or nudges may
help extrinsically motivated participants to enroll and participate
in a study. Incentives are predominantly offered in the form of
monetary compensation, while nudges mainly come in the form
of reminders or personal contact [31-34]. Intrinsically motivated
participants do not necessarily require incentives or nudges to
enroll or participate in a study. It is to be noted, however, that
intrinsic and extrinsic motivations are not necessarily mutually
exclusive from one another and may coincide in a study. In this
review, we conduct an exploratory assessment based on the
aforesaid definitions. Different approaches to assessing
participant motivations may exist.

Complexity of Tasks Required From Participants
The frequency and complexity of tasks required from the
participants, along with the expected duration of the study, can
impact study completion. Tasks can be categorized as physical
and mental tasks. Typical physical tasks required of participants
include physical activity tasks, such as walking a certain number
of steps every day, as well as other essential tasks to fulfill the
study’s requirements, such as signing an informed consent form,
filling out questionnaires at baseline or at follow-up, or logging
of health-related outcomes [27,35,36]. Mental tasks, such as
the measure of cognitive burden of a participant, are harder to
quantify as they typically rely on patient-reported outcome
measures [37,38]. In digital heath studies, task complexity is
compounded by electronic measurements and device handling,
which may require high digital literacy skills [39-41]. Task
complexity can be reduced by accompanying measures, such

as passive data collection, or technical support. Applied to
remote digital health studies, high-complexity tasks come in
the form of many required tasks over long study periods.
Provision of assistance during participant onboarding may
improve digital literacy skills of participants, while also instilling
a sense of trust between the participant and the researcher
through personal interactions [42,43].

Scientific Requirements of the Study
Scientific requirements define the study design and expected
target sample size. Therefore, scientific requirements set the
goal of the study, while task complexity or incentives or nudges
enable study goal achievement. Target sample sizes are generally
estimated through statistical power analyses for enrollment
goals [27,44]. Consideration of participant requirements may
help increase the statistical power and reduce selection bias of
the study. However, sample size calculation methods often may
not anticipate participant losses to follow-up and failure to
complete tasks [45]. Sensitivity analyses may be conducted
after the study to assess the impact of deviations in participant
enrollment or retention.

Methods

Study Outcome Definitions
In our study we refer to 3 phases of participants’ involvement
in remote digital health studies: recruitment, onboarding, and
retention (Tables 1 and 2). We summarize the outcomes of the
3 phases of participant involvement in remote digital health
studies as study enrollment and completion. A detailed approach
for defining each phase of the study and the outcomes can be
found in Multimedia Appendix 1.

The 3 criteria in our proposed framework can affect all phases
of remote digital health studies. In the next sections, we will
explore our hypotheses by assessing the outcomes of interest
for each framework criteria across all 3 phases of remote digital
health studies.
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Table 1. Phases of digital health studies.

DefinitionPhases

Fulfillment of requirements for study enrollmentRecruitment

Provision of (technical) assistance to start study tasksOnboarding

Fulfillment of requirements for study completionRetention

Table 2. Outcomes of digital health studies.

MeasureOutcomes

(Achieved enrollment/target enrollment) × 100%Study enrollment target

Percentage of enrolled participants who completed the studyStudy completion

Search Strategy and Study Selection
To explore our hypotheses, we conducted a scoping review
according to the PRISMA-ScR (Preferred Reporting Items for
Systematic reviews and Meta-analyses Extension for Scoping
Reviews) checklist [46] (Multimedia Appendix 2). Our search
was performed on the PubMed, CINAHL, and Web of Science
databases for primary research articles published between
January 1, 2016, and June 31, 2021. We limited our search to
this period based on the results of a preliminary search revealing
a paucity of remote digital health studies published before 2016
[19,47]. We also assessed reviews and included relevant primary
studies for a full-text review based on citation searches. The

complete search strategy for each database can be found in
Multimedia Appendix 3.

Our selection was guided by the criteria outlined in Textbox 1.
Screening was conducted in 2 phases. Initially, we screened
titles and abstracts and then the full texts. For both phases, the
entire screening was conducted by one investigator (PD), while
a second investigator (VN) performed checks on a randomly
selected sample of studies in the title and abstract screening
(80/662 articles, 12.1%) and in the full-text screening (50/150,
33.3%). Any disagreements were discussed and, if required,
consensus was achieved through the third investigator (VvW).
Agreement was 75/80 articles (94%) for title and abstract
screening and 45/50 articles (90%) for full-text screening.

Textbox 1. Literature inclusion criteria.

• Studies that match the definition of a remote digital health study (ie, digital health study where all steps are conducted online and without in-person
interactions between participants and study investigators).

• Studies that mention their approach to recruit, onboard, or retain participants.

• Studies that mention approaches to at least one of the proposed framework criteria.

• Studies that provide evidence on study enrollment or study completion.

Data Extraction and Synthesis
Data extraction was standardized yet developed iteratively. In
cases where research articles referenced to the original protocol
for the same study, the additional protocols were assessed to
collect missing information of interest. The initial data extraction
was based on standard study characteristics (eg, study design,
participant characteristics) and guided by the conceptual
framework (Figure 1). During the full-text screening, other
criteria of interest (eg, measure of study completion) were
identified as relevant and retrospectively included.

We conducted qualitative analyses to explore our hypotheses.
Qualitative analyses are presented for the entire study sample,
as well as for samples stratified based on the median study
duration. Descriptions of qualitative data were provided to
summarize key findings from the included studies within the
structure of the conceptual framework. We also conducted an
exploratory quantitative assessment of the framework criteria
with the study enrollment and completion outcomes. The
correlations between measures relevant to our study’s framework
criteria and the study enrollment and completion outcomes
retrieved from the included studies were assessed using

Spearman rank correlation for continuous variables and the
Kruskal-Wallis rank-sum test for categorical variables.

All screening and extraction procedures were completed in MS
Excel (Microsoft, Inc.). All statistical analyses were completed
in R, version 4.0.0 (R Foundation for Statistical Computing)
using ggplot2, version 3.3.3, for plots. The threshold for
statistical significance was set at P<.05 (2-tailed testing).

Data Availability
The data from the papers that support the findings of this study
are publicly available. All data used in this review can be found
in Multimedia Appendices 4-6 [6,7,43,48-81].

Results

Data Search and Identification of Articles
Our database searches yielded 662 references (Figure 2). Twenty
studies fulfilled all inclusion criteria and were finally included.
An additional 38 studies were identified through citation
searches in relevant systematic reviews, of which 17 met all
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inclusion criteria. Overall, 37 studies were included for assessment in this review.

Figure 2. Flowchart for study identification, screening, and inclusion.

General Description of Included Studies
The study characteristics, study requirements, and framework
criteria outcomes of the final study sample are presented in
Multimedia Appendix 1 and summarized in Multimedia
Appendices 4-6 [6,7,43,48-81], respectively. Of the 37 included
studies, 19/37 (51%) were randomized control trials, 11/37
(30%) nonexperimental studies, and 7/37 (19%)
quasi-experimental studies. All studies were longitudinal, 28/37
(76%) of which were interventional and 9/37 (24%)
observational studies.

The most prevalent therapeutic areas in our study sample were
psychiatry (11/37 studies, 30%), neurology (4/37 studies, 11%),
and addiction (4/37 studies, 11%). Most studies (12/37, 32%)
measured physical activity levels, 3/37 (8%) measured smoking
cessation, 3/37 (8%) measured depression management, 2/37
(5%) measured stress management, 2/37 (5%) measured pain
management, and the rest of the studies (15/37, 41%) measured
other outcomes. Most studies relied on smartphones for the
study procedure (23/37, 62%) and predominantly measured step
counts (7/37, 19%). Most studies (34/37, 92%) collected
patient-reported outcomes.

Most studies (25/37, 68%) targeted participants with an existing
health condition, mainly enrolled females (median female
enrollment of 77%, IQR 52%-88%) and participants with a
median age of 39 years (IQR 35-47 years). A median of 43%
(IQR 32-49%) of enrolled participants had a lower educational
background, while information on enrolled participant income

(27/37, 73%) and employment status (25/37, 68%) was largely
missing from the studies.

Description of Included Studies According to
Framework
A description of the included studies based on our framework’s
criteria is found in Table 3. The table summarizes the
participants’ motivation profiles, the most prevalent incentives
and nudges provided at each stage of the study (more
information is available in Multimedia Appendix 6), the
frequencies of the tasks for the studies and measures provided
to reduce participant burden, the target sample size of the
studies, and the study outcomes. Given the scarcity of mental
task measures in the assessed studies, our review only included
measures of physical tasks. The table is stratified by the median
duration of the included studies (12 weeks, IQR 12-26 weeks).

A total of 27 studies reported on study completion (Multimedia
Appendix 5); 14/27 (52%) studies assessed for completion based
on participant retention throughout the study period, 10/27
(37%) studies assessed for completion based on
researcher-defined metrics (eg, completion of 1 task within a
30-day period) and 3/27 (11%) studies assessed for completion
based on the fulfillment of all study tasks.

In the next sections, study enrollment and completion are
assessed based on our study’s hypotheses. An assessment of
the task frequencies and study durations is made against
measures provided to reduce participant burden, as well as
incentives or nudges provided to participants. Further
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descriptions and correlations between the studies’ framework criteria and outcomes are reported in Multimedia Appendix 7.

Table 3. Summary statistics of included studies based on framework criteria.

Overall (n=37)Study duration: unknown
duration (n=3)

Study duration: >12
weeks (n=15)

Study durationa: ≤12
weeks (n=19)

Profile

Motivation profile of participants and offered incentives or nudges

Motivation profiles, n (%)

22 (59)0 (0)8 (53)14 (74)Extrinsic

15 (41)3 (100)7 (47)5 (26)Intrinsic

Incentives/nudges: recruitmentb, n (%)

9 (24)2 (67)3 (20)4 (21)Monetary

4 (11)0 (0)1 (7)3 (16)Referral source

3 (8)1 (33)2 (13)0 (0)Vested interest

Incentives/nudges: onboarding, n (%)

6 (16)0 (0)5 (33)1 (5)Personal assistance

1 (3)0 (0)1 (7)0 (0)Peer support

Incentives/nudges: retention, n (%)

15 (41)1 (33)6 (40)10 (53)Monetary

15 (41)0 (0)5 (33)10 (53)Reminders

12 (32)0 (0)3 (20)9 (47)Personal contact

33 (89)2 (67)13 (87)18 (95)Incentives/nudges: minimum one phasec, n (%)

Complexity of tasks required from participants

Task complexity: study tasks

28 (8-31)—e30 (29-36)16 (5-30)Monthly steps, median (IQR)d

58 (10-120)3.00 (3.0-3.0)99 (14-180)35 (12-93)Total steps, median (IQR)f

Task complexity: reduction of burden, n (%)

16 (43)0 (0)9 (60)7 (37)Passive monitoring

14 (38)0 (0)8 (53)6 (32)Short, repetitive daily tasks

21 (57)0 (0)12 (80)9 (47)At least one burden reductiong

Scientific requirements of the study

200 (50-350)473 (336-609)313 (238-838)72 (50-120)Target sample size, median (IQR)

Study outcomes

300 (89-950)100 (55-200)560 (150-2800)281 (89-450)Enrolled participants, median (IQR)

180 (70-690)—800 (190-1700)110 (45-240)Retained participants, median (IQR)

128 (100-234)82 (48-116)101 (96-125)150 (124-302)Enrollment target (%), median (IQR)

48 (35-76)—55 (32-79)48 (38-73)Study completion (%), median (IQR)

aThe duration of the study as defined in the study protocol.
bThe top 3 recruitment and retention incentives and nudges are reported; more information is available in Multimedia Appendix 6.
cIncentive or nudge provided in at least one of the study phases: recruitment, onboarding, or retention.
dThe number of physical tasks investigators required participants to do on a monthly basis throughout the study duration as defined in the study protocol.
eNot available.
fThe total number of physical tasks investigators required participants to do throughout the study duration as defined in the study protocol.
gBurden reduction for participants either through 1 of the 2 approaches, passive monitoring or short, repetitive daily tasks, provided in a study.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e39910 | p.102https://www.jmir.org/2022/9/e39910
(page number not for citation purposes)

Daniore et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Evidence for Hypotheses

Hypothesis 1: Study Outcomes Based on Motivation
Profiles and Incentives or Nudges
In this section we link evidence from the studies’ task complexity
with the participant motivation profile and incentives or nudges
criteria of our framework to assess study enrollment and
completion outcomes. The 15 studies that enrolled intrinsically
motivated participants reached a median enrollment target of
137% (IQR 98%-226%), and the 22 studies that enrolled
extrinsically motivated participants reached a median enrollment
target of 126% (IQR 102%-213%). The median completion rate
of studies that focused on intrinsically motivated participants
was 41% (IQR 20%-49%), whereas those that included
extrinsically motivated participants had a median study
completion of 62% (IQR 43%-78%; Figure 3).

Studies that enrolled intrinsically motivated participants had a
median duration of 14 weeks (IQR 12-26) and had participants
complete a median of 30 (IQR 12-36) tasks per month.
Approximately half of these studies (7/15, 47%) offered passive

monitoring of health data or had participants complete lower
complexity, repetitive daily tasks (7/15, 47%).

Studies that enrolled extrinsically motivated participants had a
median duration of 12 weeks (IQR 12-14) and had participants
complete a median of 26 (IQR 7-30) tasks per month. Some of
the studies (9/22, 41%) offered passive monitoring of health
data and fewer offered participants lower complexity, repetitive
daily tasks (7/22, 32%).

Incentives or nudges for recruitment of intrinsically motivated
participants were offered only in 4/15 (27%) studies and
incentives or nudges for retention were offered in 9/15 (60%)
studies. For studies that targeted extrinsically motivated
participants, incentives or nudges for recruitment were offered
in 12/22 (55%) studies and incentives or nudges for retention
were offered in all (22/22, 100%) studies.

Statistical significance testing did not reveal evidence for an
effect of intrinsic or extrinsic study motivations or the provision
of incentives and nudges on study enrollment or completion
outcomes (Multimedia Appendix 7).

Figure 3. Study completion based on participant motivations and study requirements.

Hypothesis 2: Study Outcomes Based on Task
Complexity and Study Design
In this section we link evidence from the study task complexity
with the scientific requirements criteria of our framework to
assess study enrollment and completion outcomes.

Interventional studies achieved a median enrollment target of
128% (IQR 100%-150%) and observational studies a median
enrollment target of 103% (IQR 102%-370%). Interventional
studies achieved a median study completion of 55% (IQR
38%-79%) and observational studies achieved a median study
completion of 43% (IQR 22%-60%; Figure 4).
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A total of 28 interventional studies had a median duration of
12 weeks (IQR 12-14) and had participants complete a median
of 16 (IQR 4-30) tasks per month. Few interventional studies
(8/28, 29%) offered passive monitoring of health data and had
participants complete lower complexity, repetitive daily tasks
(8/28, 29%).

Nine observational studies had a median duration of 26 weeks
(IQR 12-26 weeks) and required participants to complete a
median of 30 (IQR 29-35) tasks per month. Most observational
studies (7/9, 78%) offered passive monitoring of health data
and had participants complete lower complexity, repetitive daily
tasks (6/9, 67%).

Approximately half of the interventional studies (15/28, 54%)
provided incentives or nudges for recruitment, and 26
interventional studies (26/28, 93%) provided incentives or
nudges for retention. Only 1 observational study (1/9, 11%)
provided an incentive for recruitment, while 5 (5/9, 56%) of the
observational studies provided incentives or nudges for
participant retention.

Statistical analyses did not reveal evidence for an effect of task
complexity or study design on study enrollment or completion
outcomes (Multimedia Appendix 7). The observed coefficients
only suggest weak or no correlations, which were not
statistically significant (Multimedia Appendix 7).

Figure 4. Study completion based on study design and requirements.

Discussion

Principal Findings
The studies from our sample were primarily interventional.
Most studies targeted extrinsically motivated participants for
shorter-length studies and provided incentives or nudges to
recruit or retain participants. Around half of the studies provided
measures to reduce participant burden through passive data
collection or by requiring participants to complete frequent,
shorter tasks. The study sample revealed high values of achieved
target participant enrollment and retention. These findings
suggest that the criteria defined in our framework may have an
impact on the studies’ enrollment and completion outcomes.

Exploring our first hypothesis, high study enrollment is observed
in studies that targeted intrinsically motivated participants. Study
completion in these studies was lower than in those that targeted
extrinsically motivated participants. This may be due to
researchers requiring intrinsically motivated participants to
complete more tasks per month in comparison to studies with
extrinsically motivated participants or due the provision of
additional incentives in studies with extrinsically motivated
participants. Furthermore, the provision of lower complexity,
daily repetitive tasks was similar between studies with
intrinsically or extrinsically motivated participants. Our study’s
preliminary qualitative analyses, although the results did not
reach statistical significance, indicate that the provision of
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incentives or nudges as well as the reduction of required tasks
from participants may contribute to higher study completion.

Exploring our second hypothesis, differences in study enrollment
and completion outcomes are also observed between
interventional and observational study designs. Here, higher
enrollment is observed in interventional studies, despite higher
efforts from most of the observational studies in our sample to
achieve wider reach study recruitment and simplify enrollment
procedures. Interventional studies revealed a higher study
completion, although fewer measures to reduce participant
burden were provided. We find that our framework provides
preliminary relevant criteria and findings relevant to remote
digital health study participation to guide researchers in study
planning.

Comparison With Prior Work

Descriptive Assessment of Participation Strategies in
Remote Digital Health Studies
Descriptive results from our study sample reveal a preference
for investigators to provide incentives and nudges to retain
rather than recruit participants. Researchers’ choice to focus on
retaining participants could be in response to reported high
attrition rates in digital health studies [15,83-85]. If participants
are not retained, the quality of the evidence base of a study is
decreased. From our study sample, the lower provision of
incentives or nudges at recruitment could have likely been
motivated by higher participant reach through open social
networks, multimodal recruitment strategies, and user-friendly
interfaces [48-64,80,81]. The replacement of in-person
enrollment procedures with mobile-forward procedures that are
easy to use, specifically, enables easier study enrollment, as
mentioned in 8 of our studies [6,50,53,55-57,65,66]. However,
it is important to consider that successful recruitment strategies
do not necessarily translate into high participant retention. This
could be due, in part, to unrepresentative samples that enroll in
a study to collect financial incentives and then dropout [86,87].
Studies may be highly effective if they place equal importance
on their recruitment and retention strategies, while applying
sample validation approaches to ensure the representativeness
of their study sample.

Studies of shorter durations reported lower study completion
than those of longer durations. This is inconsistent with the
observation that studies that ran for 12 weeks or less required
less tasks to be completed by participants than in studies’ that
ran for over 12 weeks. However, half of the longer duration
studies reduced participant burden by asking them to complete
repetitive, short-length tasks once a day [52,54,56,62,67-69,80].
For most of these studies, these tasks could be completed at any
point in time during the day and the completion of all tasks was
made optional. The majority of longer duration studies also
collected data passively through smartphones or wearable
sensors [7,48,51,54,60,61,67,70,71]. These findings are in line
with recent literature on best practices to maximize participation
in longitudinal digital health studies [88,89]. Specifically,
evidence aligns with our observations that the integration of
short, repetitive tasks that align with participants’ daily lives is

more likely to achieve higher participation in comparison to
longer, infrequent tasks with higher cognitive burden [49,72,90].

Few studies in our sample involved onboarding procedures for
participants. This may be due to investigators’ possible
preference for in-person interactions during study enrollment.
Previous literature on this topic suggests that interacting with
participants virtually, rather than in person, may contribute to
higher study attrition [16,83,91]. However, a growing body of
recent literature points to the potential of leveraging a
combination of user-centered methodologies and easier user
interfaces to personalize study designs and maintain high
engagement through personal (remote) contact by allowing
participants to build trust with researchers [92-95]. Furthermore,
survey responses from 2 studies in our cohort that compared
in-person and remote procedures reported high participant
satisfaction with the remote interactions with investigators
[43,51]. Nevertheless, a more thorough investigation on the role
of in-person versus remote onboarding procedures is missing
in the literature. This calls attention to a potentially essential
step in remote digital health research that is understudied yet
could significantly impact study participation.

Exploration of Hypotheses From Relationships Between
Framework Criteria and Outcomes
On average, the studies in our sample enrolled more participants
than their target sample size calculations, with studies that ran
for 12 weeks or less achieving higher enrollment targets than
studies that ran for longer than 12 weeks. The median study
completion rate was approximately 50%, which is relatively
high when considering that retention rates as low as 10% are
common in digital health research [7,28,96].

A description of our study sample provides indications of a
possible higher study completion for studies that provide
incentives or nudges. This was observed with interventional
studies that, despite providing fewer lower complexity tasks
from participants than the observational studies in our sample,
managed to achieve higher study completion. The higher study
completion could be due to interventional studies providing
more incentives or nudges to participants than observational
studies. The provision of incentives in studies is consistent with
recent approaches that use willingness to accept estimations or
incentive matching with local wages to enable higher study
enrollment and completion [97-101]. Furthermore, the choice
of offering nudges to study participants is supported by recent
adaptations to the nudge theory, which claims that providing
motivational elements in digital health research may affect
decision making in study participants [102]. In recent studies,
different forms of nudges, or motivational strategies, such as
gamification, personalization of the digital solution, and peer
support (eg, through citizen science methodologies [2]), have
been reported as successful in maintaining high user retention
[103-105]. The creation of online communities and support
groups was also mentioned in 9 of our studies as a key
c o n t r i bu t o r  f o r  p a r t i c i p a n t  r e t e n t i o n
[49,51,60,62,65,70,73,74,81].

Enrollment for interventional studies was higher than for
observational studies. This was observed despite wider reach
study recruitment and easier enrollment procedures efforts
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through digital recruitment channels and mobile technologies
observed in most observational studies from our sample
[49,54,61,75,76]. Observational studies also achieved lower
completion outcomes despite providing tasks that reduce
participant burden, which points to a possible lack of appropriate
nudges to avoid participants dropping out after enrollment. It
was also observed that studies focused on intrinsically motivated
participants enrolled participants for longer studies and required
them to complete more tasks, while providing less incentives
or nudges than in studies focused on extrinsically motivated
participants. This may have contributed to selection of specific
participant profiles and higher loss to follow up, as evidenced
by lower completion of studies with intrinsically motivated
participants. Conversely, the studies with intrinsically motivated
participants that achieved study completion values higher than
the median of this group of studies predominantly focused on
participants at risk or with chronic conditions in an observational
study format [54,67,69,71,75]. This observation aligns with
recent literature on the prominent role of disease status in
enabling higher study retention in digital health studies through
intrinsic motivations [19,106,107].

Our analyses yielded no statistical evidence to support our
hypothesis of an interaction between factors that affect
participation in remote digital health studies and the study
outcomes. However, the lack of statistical support for the other
criteria does not invalidate our hypotheses. First, only few
remote digital health studies were identified that provided
detailed information on approaches used to enhance study
enrollment and retention in their methodologies. This warrants
more systematic reporting of remote digital health study
operations. Second, publication bias may have influenced our
statistical calculations. For example, studies that failed to reach
the target sample size may not have gotten published in
peer-reviewed journals. This may have biased our correlations
toward the null hypothesis. Third, there were observed
preferences for the target participant profiles (eg, levels of digital
literacy) and the study procedure that likely had an impact on
the studies’ outcomes. To enable future assessments that
evaluate whether specific participation factors, such as mental
tasks that impact cognitive burden, have an impact on study
outcomes, it is recommended to report these factors individually
in remote digital health studies. The availability of these data
could enable more comprehensive reviews that can thoroughly
investigate these interactions through statistical analyses, as
well as more in-depth explorations of participation enablers and
inhibitors through digital survey studies.

Inconsistencies of Study Completion Measures
Heterogeneity in researchers’ choices to measure study
completion was observed in our sample. Although all the studies
we assessed outlined the expected tasks for the study participants
to complete in their methodologies (or in referenced larger
studies or protocols [55,108-115]), only 3 measured study
completion based on the achievement of all tasks defined in the
study [64,77,81]. Interestingly, 9 studies measured study
completion based on researcher-defined criteria for task
completion (eg, completion of 1 task within a 30-day period)
specific to their study design [49,53-55,60,61,73,75,80]. Given
the novelty of digital health research, the choice of different

study completion metrics by researchers is not surprising.
However, this poses difficulties in allowing for direct
comparisons between studies, as the former approach can be
regarded as more conservative, while the latter more lenient. It
is, therefore, important that study completion metrics are studied
in more detail to determine whether a one-size-fits-all approach
should be taken for all studies, or if bespoke approaches to
measure completion are more suitable.

Future Directions for Remote Digital Health Study
Planning
Although our statistical analyses were inconclusive, we
conducted an initial exploratory assessment of the study’s
qualitative data. We adapted the conceptual framework based
on best practices found from an assessment of our study
sample’s descriptive results that can inform future planning of
remote digital health studies:

• Adapt incentives and nudges provided to participants based
on their motivation profile: offer different incentives or
nudges at each key step of the study procedure. Monetary
incentives may contribute to higher study enrollment
[48,53,55-57,70,78], after sample validation [86,87],
whereas nudges in the form of assistance during onboarding
[48,55] and the provision of reminders [50,53,55,60,64,73]
or a participant community (eg, through citizen science [2])
could contribute to higher retention. As technology replaces
in-person interactions, the procedures set in place should
be user-friendly [50,53,55-57,65,66] and enable participants
to build personal relationships, with either study participants
or study investigators [116]. An adequate assessment of
participant profiles and their motivations to join the study
can help adapt the provision of incentives or nudges. It is
recommended that study investigators do not underestimate
the requirement for additional incentives or nudges with
intrinsically motivated participants in their study planning.

• Reduce and simplify the study’s tasks: reducing the number
of tasks required from participants in combination with
providing incentives may achieve higher enrollment and
completion in studies with intrinsically motivated
participants, especially if they align with participants’daily
lives [53-55,60,78,79]. The use of digital tools with simpler
user interfaces and passive monitoring can also facilitate
task completion by reducing participants’ cognitive burden
[49,54,60,73,78,79]. The implementation of onboarding
procedures may also increase participants’ trust,
understanding of, and confidence in the study [43,51]. Based
on our preliminary assessment of the upper quantile of our
results, the required number of physical tasks in studies
with intrinsically motivated participants should ideally not
exceed 36 steps per month.

• Broaden the scientific requirements: adjust the design of
the investigation and target sample size by simplifying the
study’s research question. Broader research questions that
affect larger population groups may help with achieving a
representative study sample, which can be generalized to
wider populations [49,54,61,67,75]. Study designs that
consider participant motivations, the provision of incentives
or nudges, and task complexities can contribute to higher
study enrollment and completion outcomes.
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We also suggest more systematic reporting on these criteria for
study enrollment and completion to facilitate further quantitative
assessments and knowledge exchange. This is particularly
relevant because, compared with traditional health studies,
remote digital health studies bring upon additional, less
well-studied challenges. To facilitate the development of remote
digital health study methodologies, revised study planning
approaches, as voiced previously by others [16], are necessary.
This is also of relevance for hybrid or fully decentralized trials,
where their reliance on remote procedures also affects
participation [117,118]. There is also a need for systematic
reporting of additional procedural aspects of study execution
with remote digital health studies. Specifically, different
reporting requirements are encouraged, such as adapted sample
size calculations, approaches to remote recruitment, and
onboarding of participants in the “Methods” sections of studies,
as well as detailed participant descriptions and aligned reporting
of study completion measures in the “Results” sections of
studies. The formulation of reporting guidelines, similar to
STROBE (STrengthening the Reporting of OBservational
studies in Epidemiology) [119], mERA (mobile health
[mHealth] evidence reporting and assessment) guidelines [120],
and CONSORT-EHEALTH standards [27], as well as further
refining our conceptual framework with more evidence as it is
made available, could be a first step in this direction.

Strengths and Limitations
To our knowledge, our study is the first in the field that provides
a comprehensive overview of the facilitators and barriers to
participation in remote digital health studies. Our study is also
the first to provide evidence-based guidelines to inform future
remote digital health study planning. However, our study has
limitations. First, there is no unified definition of a remote digital
health study. As such, a broader definition could have yielded

more studies of interest from our search strategy. Second, the
analysis is reliant on inconsistent criteria for the outcomes of
interest defined by the investigators of our study sample, such
as approaches to calculate study completion. In this study, we
grouped these criteria into 3 categories of outcome measures,
however, a comparison of study outcomes with full accuracy
was not possible. Third, the studies are classified based on
criteria and assumptions defined by the investigators (eg,
definition of task complexity), which we attempted to keep as
broad as possible based on available literature in the field.
Nevertheless, other variables as well as measures for the
classifications and definitions could be possible. Fourth, the
analyses were conducted based on a limited set of hypotheses
defined in this study; more hypotheses could also be possible.
Lastly, our study’s dual review approach, based on random
screenings, instead of a complete dual screening, may have led
to missing studies in our final study sample.

Conclusion
In this study, we describe a conceptual framework to introduce
criteria that affect remote digital health study participation from
a person-centered lens. We apply this framework to remote
digital health studies to explore hypotheses on the factors that
affect participation outcomes. The compiled data from our
scoping review reveal that targeting specific participant profiles,
the provision of incentives and nudges, or the reduction of study
complexity at any stage of the study may improve study
outcomes. Future remote digital health study planning requires
a focus on participant requirements, as well as broadening
scientific requirements to increase participation in studies. Our
proposed framework provides an initial structure to facilitate
remote digital health study planning, but we highlight the need
for systematic reporting guidelines to enable further assessments
and knowledge exchange.
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Abstract

Background: Communicating strategically is a key issue for health organizations. Over the past decade, health care communication
via social media and websites has generated a great deal of studies examining different realities of communication strategies.
However, when it comes to systematic reviews, there is fragmentary evidence on this type of communication.

Objective: The aim of this systematic review was to summarize the evidence on web institutional health communication for
public health authorities to evaluate possible aim-specific key points based on these existing studies.

Methods: Guided by the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement, we
conducted a comprehensive review across 2 electronic databases (PubMed and Web of Science) from January 1, 2011, to October
7, 2021, searching for studies investigating institutional health communication. In total, 2 independent researchers (AN and SS)
reviewed the articles for inclusion, and the assessment of methodological quality was based on the Kmet appraisal checklist.

Results: A total of 78 articles were selected. Most studies (35/78, 45%) targeted health promotion and disease prevention,
followed by crisis communication (24/78, 31%), general health (13/78, 17%), and misinformation correction and health promotion
(6/78, 8%). Engagement and message framing were the most analyzed aspects. Few studies (14/78, 18%) focused on campaign
effectiveness. Only 23% (18/78) of the studies had an experimental design. The Kmet evaluation was used to distinguish studies
presenting a solid structure from lacking studies. In particular, considering the 0.75-point threshold, 36% (28/78) of the studies
were excluded. Studies above this threshold were used to identify a series of aim-specific and medium-specific suggestions as
the communication strategies used differed greatly.

Conclusions: Overall, the findings suggest that no single strategy works best in the case of web-based health care communication.
The extreme variability of outcomes and the lack of a unitary measure for assessing the end points of a specific campaign or study
lead us to reconsider the tools we use to evaluate the efficacy of web-based health communication.

(J Med Internet Res 2022;24(9):e38541)   doi:10.2196/38541

KEYWORDS

internet-based communication; websites; social media; public health; efficacy; systematic review; communication; internet-based;
health information; exchange; health care; web-based; campaigns
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Introduction

Background
Communicating strategically requires a clearly defined strategy
with specific goals established in advance. The core agenda of
strategic communication is the analysis and explanation of
intentional and purposeful communicative relationships between
organizations and the public [1]. That being said, it is important
to point out that organizations make strategic decisions about
the level and nature of resources they devote to such efforts,
modulating their tone and tenor of communication depending
on the audience they want to appeal to [2]. In the field of
institutional health care communication, this theme is especially
relevant, as illustrated by the WHO fact sheet on the Strategic
Communications Framework for Effective Communications [3].
In this document, the World Health Organization wanted to
establish a framework to describe a strategic approach for
effectively communicating health care–related information,
advice, and guidance across a broad range of health issues. This
resulted in the identification of 6 key principles: accessibility,
actionability, credibility and trustworthiness, relevancy,
timeliness, and understandability. However, we can observe
that these guidelines are not specific enough and, on the
contrary, appear to be too broad. Looking at the existing
literature, it is also possible to observe a lack of specific
evidence regarding the effectiveness of those studies on
institutional health care communication. Therefore, it is
important to be able to effectively communicate with the public
at large. This would allow public health officials to minimize
damage and possibly prevent widespread illness and diseases.
Providing accurate and verifiable information is also paramount
to keep the public informed and allow them to take the
appropriate action. One of the main aims of this systematic
review was to analyze a corpus of studies on institutional health
care communication to see whether it is possible to extrapolate
aim-specific key points based on these existing studies.

As of January 2021, there were 4.66 billion active internet users
on the web; 59.5% of the entire population [4]. With the
dramatic increase in internet access, there has been a parallel
increase in the use of the internet as a platform for the delivery
of public health interventions across a wide range of conditions
and population segments [5]. Over the past decade, health care
communication via social media and websites has generated a
great deal of studies examining different realities of
communication strategies [6-8]. However, this vast diffusion
of internet health care communication is a double-edged sword,
as demonstrated by the infodemic [9] occurring during the
ongoing COVID-19 pandemic. In this context, along with the
diffusion of trustworthy information and guidelines from
governments and health care organizations, a massive wave of
false information has also spread. Although misinformation has
spread throughout history, social media and technological
advances in communication have amplified its impact, making
it difficult for information from official sources to spread
effectively without being drowned by this false information
[10]. Thus, the absence of specific guidelines to effectively
communicate via social media or websites has posed a problem
that is yet to be addressed properly, as public health institutions

have struggled to find their footing in this area, as well as a
unified communication strategy for the diffusion of official
messages [11].

The current evidence on internet-based health care
communication appears to be rather fragmentary and localized
according to topic- and platform-specific criteria. A number of
other systematic reviews were published over the past 10 years
[12-18]. In particular, the systematic review by Moorhead et al
[18] claims that there is a lack of communication about the uses,
beliefs, and limitations of social media for health
communication. In total, 2 other systematic reviews [14,17]
deal with providing evidence of effectiveness for studies on
web-based communication, concluding that effectiveness was
only sparsely reported and reach was only being assessed among
those involved in the research process. Going into even more
specific accounts as related to web-based health communication,
the studies by Alamoodi et al [12], Kim [15], and Lehto and
Oinas-Kukkonen [16] deal with the public’s perception of this
type of communication in 3 different instances: trust in websites,
persuasive features of web-based interventions, and application
of sentiment analysis. Even in this case, the conclusions leave
a substantial gap to be filled with future research. One last study
[13] focuses on a completely different aspect of social media
communication by basing its text collection on studies on
specific social media platforms rather than on specific
interventions made on the web at large. More specifically,
picture-based social media such as Instagram, Pinterest, Tumblr,
and Flickr are the platforms taken into account. In this case, the
focus is on images used as vehicles for health care
communication. However, most of these studies appear to be
observational, and only few provide more specific intervention
tools.

Objectives
The objective of this systematic review was to form a more
comprehensive and extensive account on the matter of
web-based health communication (especially making reference
to national health care institutions and nongovernmental
organizations) than the aforementioned studies through a
comprehensive bibliographic search of articles dealing with this
topic over multiple platforms. In addition to identifying the
most relevant articles on this matter, this review tried to define
a series of key points as comprehensively as possible that can
be applied to health campaigns spread through websites or
different social media by health organizations.

Methods

This systematic review was carried out according to the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines [19].

Information Sources
The literature search covered the period from January 1, 2011,
to October 7, 2021—as web-based communication has
undergone a rapid and drastic change over the past decade and
research published before this date can appear to be rather
obsolete and misleading for the scope of this study—and was
carried out using electronic databases. The research process was
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separated into 2 parts: (1) research via electronic databases
(PubMed and Web of Science) and (2) research through analysis
of relevant systematic reviews (bibliographies were analyzed,
and suitable articles were assessed for eligibility).

Search Strategies and Study Selection
A bibliographic search was conducted on PubMed and Web of
Science using the following search string: (Social Media OR
Twitter OR Facebook OR Instagram OR Website) AND
(communication strategy*) AND (health OR public health OR
organization* OR agenc* OR risk) NOT (hospital* OR
practitioner*).

Duplicates were identified via Zotero (Corporation for Digital
Scholarship) [20,21] and eliminated.

Search results were initially evaluated based on the title and
abstract by 2 independent reviewers (AN and SS), which
resulted in the exclusion of all clearly irrelevant articles. In case
of disagreement between the 2 parties, a third member of the
team (FC) was included to resolve all conflicts.

All studies identified in this preliminary evaluation phase were
considered eligible for assessment based on the exclusion and
inclusion criteria stated in the following section.

Inclusion and Exclusion Criteria
We included articles according to the following criteria:
peer-reviewed or book section; published between January 1,
2011 and October 7, 2021; and written in English.

As for the research topic, we included research papers focused
on social media– or website-based institutional communication
strategies for health care promotion and health care promotion
campaigns organized by public authorities or health care–related
nongovernmental organizations spread via social media or
websites and that illustrated their communication strategies.

We excluded all publications related to communication strategies
applied to physician-patient communication, telemedicine, and
hospital portals addressing patients; articles related to marketing
communication and private institutions were also left out. The
exclusion criteria also comprised qualitative studies and
preliminary and exploratory articles.

Quality Assessment
The methodological quality of each study was assessed by 2 of
the authors (FC and AB) using the Kmet tool for evaluating
quantitative and qualitative research [22]. A score between 0
and 1 was assigned to each paper based on a series of questions
related to the type of study. Examples of items include the
following: description of the research objective, appropriateness
of the study design, description of participant characteristics,
blinding, sample size, analytic methods, estimates of variance,
control of confounding factors, and reporting of results and
conclusions. A score of >0.75% was considered good quality,
0.55% to 0.75% was considered adequate quality, and <0.55%
was considered poor quality. Any disagreements were resolved
through discussion among the authors until a consensus was
reached. Interrater reliability for the Kmet ratings was
established based on κ calculations.

To further analyze the difference in the distribution of studies
according to their quality, chi-square or Fischer exact tests were
carried out analyzing the differences between the number of
studies above and below the 0.75-point threshold.

Data Collection and Analysis
We categorized the studies into 4 groups according to the topic
addressed: crisis communication, health promotion and disease
prevention, general health, and misinformation correction and
health literacy. For public health emergencies, risk
communication includes a range of communication capacities
with the aim of encouraging positive decision-making, positive
behavior change, and the maintenance of trust. This definition
seems to be applicable to both the crisis communication and
health promotion and disease prevention categories [23].
However, there is an important difference in the aims of these
2 types of communication: in the case of health promotion and
disease prevention, health messaging advocates for an ongoing
behavior change (ie, a behavior that requires an individual to
keep up with a habitual activity); differently, in the case of crisis
communication, the behavior change that is promoted is episodic
and valid only in the case of a specific emergency [24]. Finally,
those studies not dealing with any of the aforementioned
categories were classified under general health. This was the
case for studies analyzing the impact of a certain communication
theory on communication or studies that globally analyzed a
certain communication medium.

We further categorized articles according to their primary
evaluation aspects. These are engagement, message framing,
and campaign effectiveness. First, engagement is defined as a
psychological and behavioral attribute of connection, interaction,
participation, and involvement designed to elicit an outcome at
the individual or social level [25]. In particular, in the case of
social media, it is closely related to the concept of interaction
with posts, where engagement is measured as the sum of the
number of likes, comments, and shares [26]. Second, campaign
effectiveness is closely related to the change in one’s attitudes
and behaviors regarding a certain issue [27]. Finally, message
framing constitutes the way in which a certain message is
expressed and carried out (eg, gain- or loss-framed messages),
and its content and connotative structure can prove effective in
motivating individuals to engage in health-related behaviors
[28].

Regarding study design, we categorized as experimental those
studies where a specific intervention was recorded. More
specifically, this can mean subjecting a group of individuals to
different iterations of a post to see how its framing affects them.
In the observational category, we included cross-sectional
studies aimed at analyzing how a population sample reacted to
a specific intervention (eg, the implementation of a certain
campaign). Finally, content analysis refers to the analysis of a
specific collection of posts with regard to their characteristics
and the engagement generated.

To further analyze the effects of the threshold applied to the
studies in this systematic review, the Fischer exact test was
carried out analyzing the differences between the number of
studies above and below the 0.75-point cutoff for all
communication media.
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Reported in Figure 1 is the PRISMA flow diagram for this specific systematic review.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart for this systematic review.

Results

Overview
Of the 288 relevant articles selected, 78 (27.1%) met the
inclusion criteria and were considered for this systematic review.
These articles were divided into 4 categories according to the
primary evaluated aspect of the study: (1) studies on crisis
communication, (2) studies on health promotion and disease
prevention, (3) studies on general health, and (4) studies on
health literacy and misinformation correction. In particular, the
latter category comprised studies on topics that appeared only
a few times throughout the corpus, making it difficult to group
them by themselves. Overall, the Kmet score of the evidence
reviewed ranged from 0.40 to 0.93, with an average score of
0.75 (SD 0.10) and a correlation coefficient of 0.80 between
the 2 reviewers.

Studies on Crisis Communication

Overview
We selected 24 studies dealing with health care institution
interventions on crisis communication (Table 1), of which 12

(50%) were carried out in the United States, 3 (13%) were
carried out in China, and 3 (13%) were carried out in Canada.
Engagement was the most represented primary evaluated aspect
(17/24, 71%), followed by message framing (4/24, 17%) and
campaign effectiveness (3/24, 13%). In this category, the Kmet
evaluation score resulted in an average of 0.73 points, with a
correlation coefficient of 0.85.

Overall, in this group, studies focused for the most part on the
analysis of collections of posts and inquiries (21/24, 88%),
whereas the rest (3/24, 13%) focused on the analysis of people
as participants. Consequently, the design of these studies
included a high percentage of content analyses (14/24, 58%),
observational studies (5/24, 21%), and network analyses (4/24,
17%). As for the media channels analyzed in this group, 83%
(20/24) of the studies focused on only 1 communication
medium, whereas 17% (4/24) dealt with multiple media. Finally,
half of the studies (12/24, 50%) referred to a specific
communication theory.
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Table 1. List of studies on crisis communication (see Multimedia Appendix 1 [24-101] for more details; N=24).

Studies, n (%)ReferencePrimary evaluated aspect and communication medium

Engagement

2 (8)Facebook • Dimanlig-Cruz et al [31]
• Lwin et al [37]

12 (50)Twitter • Kim et al [25]
• Dimanlig-Cruz et al [31]
• Hagen et al [32]
• Lauran et al [33]
• Slavik et al [34]
• McInnes and Hornmoen [35]
• Vos et al [36]
• Sutton et al [38]
• Young et al [40]
• Guidry et al [42]
• Renshaw et al [43]
• Vos et al [44]

2 (8)Instagram • Dimanlig-Cruz et al [31]
• Guidry et al [42]

3 (13)Other social media (Sina Weibo, TikTok, and YouTube) • Chen et al [26,30]
• Dimanlig-Cruz et al [31]

Message framing

1 (4)Facebook • Jang and Baek [47]

2 (8)Twitter • Sutton et al [38]
• Pascual-Ferrá et al [45]

1 (4)Website • Ort and Fahr [46]

1 (4)Other social media (Kakao Talk) • Jang and Baek [47]

Campaign effectiveness

2 (8)Facebook • MacKay et al [29]
• Duong et al [49]

1 (4)Website • Harris-Sagaribay et al [50]

1 (4)Other social media (YouTube and Zalo) • Duong et al [49]

Engagement
In 71% (17/24) of the studies, the primary aim was to assess
the success of engagement techniques in web-based
communication both on websites and social media.

First, what emerged in the study by MacKay et al [29] was that
public health agencies and news media should use guiding
principles consistently to increase positive sentiment and build
trust among followers.

Another study by Alamoodi et al [12] was focused on TikTok
with the aim of determining the factors and influencing
mechanisms related to citizen engagement with the TikTok
account of the National Health Commission of China during
the COVID-19 pandemic. The result of this was that shorter
videos are preferred to longer ones, and a positive emotion is
better suited than a negative one. Similarly, a study carried out
in China [30], this time on the platform Sina Weibo, concluded

that posts displaying positive emotions can include more videos
or pictures, whereas plain text is more suitable for posts with
negative emotions.

The studies by Dimanlig-Cruz et al [31], Hagen et al [32],
Lauran et al [33], and Slavik et al [34] dealt with targeting
specific population groups. The first and most generalizable
study is the one by Lauran et al [33], who stated that deciding
on 1 actor and 1 (homogeneous) stakeholder group is not the
right strategy. What is advisable is to take the perspectives of
the multiple stakeholders into account (and find opinion leaders
within those groups) when deciding on the communication
strategies to use and to refrain from introducing a new, unrelated
issue into the discussion before the original issue is handled.
Similarly, according to Hagen et al [32], public health
organizations can benefit from understanding the types of
content that are transmitted through specific social media
platforms and identifying key participants who are authoritative,
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popular, and connected with disparate communities to efficiently
communicate with the public. As for the study by Dimanlig-Cruz
et al [31], given the high number of youths on Instagram and
YouTube, public health officials may want to consider targeting
youths on these sites; similarly, Slavik et al [34] tried to assess
tweeting practices during public health crises to improve risk
communication and maximize engagement. What emerged was
the need for public health agencies to monitor Twitter analytics
to understand their audience and leverage whatever Twitter
engagement strategies help maximize the shares of their
communications.

Creating a community was also a very important point in these
studies as coordinating communication efforts by frequently
interacting with other organizations to boost one’s network
position can facilitate further communication efforts [25]. In
particular, what emerged is that organizations should consider
retweeting content from health information sources with a high
number of Twitter followers if they want to build up their own
follower base and that health agencies should coordinate their
communication efforts by frequently interacting with each other.
This will boost their network position and facilitate further
communication efforts. Another key strategy for public health
agencies might be to develop a community of trusted users with
their own significant base of followers who will pass on tweets
from health authorities [35]. In the event of an outbreak, prompt
responses from the authorities can be vital in crisis management,
as explained by Vos et al [36], who stated that public health
officials may want to emphasize the severity of an emerging
infectious disease. Efficacy information is an important message
element in encouraging an effective response. Precise guidelines
have also been proposed in the event of a specific outbreak
(COVID-19) or with regard to specific communication channels
(Twitter). In the case of COVID-19, Lwin et al [37] focused on
the dissemination of posts regarding the COVID-19 pandemic,
and their findings showed that the public liked and shared the
most in the preoutbreak phase and engaged with posts much
less during the outbreak, as well as the fact that the public liked
the most the posts that encouraged self-efficacy. Furthermore,
in an uncertain environment, public agencies can reach the
public—and increase message sharing—with a wide range of
practical information regarding the health impacts of COVID-19,
protective action measures, and the progress of the pandemic
itself. At the same time, some tactics useful in other disasters
(such as sentence styles that use exclamatory and interrogative
punctuation) were counterproductive during the COVID-19
pandemic [38]. As for studies on Twitter, according to Tang et
al [39], the main takeaway was that public health agencies
should continue to use Twitter to disseminate information,
promote action, and build communities, especially by targeting
specific population groups. Similarly, Young et al [40] focused
on chats, concluding that this means of communication was
effective at answering questions about disease, creating a forum
for targeted criticism, and promoting conversation among
participants. Government accounts could also take full advantage
of social media functions, especially mentions, hashtags, and
the number of original posts, and add pictures and text length
appropriately to increase interactions with the public and
improve the level of engagement [41].

As for the strategies that proposed taking more technical aspects
into account, the studies by Guidry et al [42], Renshaw et al
[43], and Vos et al [44] offered interesting insights. First,
according to Renshaw et al [43], focusing on useful content
rather than gimmicks to go viral would be helpful in the long
run. Having meaningful content such as relevant images
embedded in posts might be crucial for success and, according
to Guidry et al [42] and Vos et al [44], organizations should
create messages that illustrate information visually and try to
include threat and efficacy information in messages. They should
also engage social media audiences before public health crises
emerge.

Message Framing
This group comprises 17% (4/24) of the studies, all aimed at
assessing the way in which a certain message is framed to make
communication as effective as possible. To begin with,
Pascual-Ferrá et al [45] concluded that the integration of social
network analysis is recommended as a best practice in crisis
communication on social media. Ort and Fahr [46] conducted
a study focused on the interaction between perception of threat
and self-efficacy in a crisis situation. Even in this case, health
messages promoting people’s self-efficacy perceptions may be
preferable to threatening messages. Another study aimed at a
specific part of the population—public health officials—carried
out by Jang and Baek [47] in South Korea concluded that lower
perceived credibility of information from public health officials
was associated with a greater tendency to use web-based news,
interpersonal networks, and social media. The last study [48]
focused on how message construction, style, content, and the
textual content of tweets and embedded images affected message
retransmission over the course of the pandemic. In particular,
the focus was on tweet effectiveness, this time studying hashtags
and concluding that public health–oriented hashtag campaigns
may help engage individuals to help them feel part of a larger
collective body and participate locally by contributing
information about their local context.

Campaign Effectiveness
The last group in this category comprised 8% (2/24) of the
studies, aimed at assessing the success of certain campaigns.
First, Duong et al [49] investigated the content and format of
physical distancing messages directed at Vietnamese youths
during the COVID-19 pandemic, concluding that perceived
norms and self-efficacy did not fully account for the association
between interpersonal communication and behavioral intentions.
Second, Harris-Sagaribay et al [50] summarized the lessons
learned through an observational retrospective study when it
comes to improving information dissemination during a health
care crisis. Other than content, the effectiveness of
website-based communication was measured through ease of
navigation and trust in the information provided by the website.

Studies on Disease Prevention and Health Promotion

Overview
This section comprises 45% (35/78) of the articles, all
concerning studies that deal with the themes of health promotion
and disease prevention (Table 2). Of these 35 studies, 19 (54%)
were carried out in the United States, 5 (14%) were carried out
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in Australia, and 4 (11%) were carried out in the United
Kingdom. Most studies had to do with engagement (19/35,
54%), 23% (8/35) had to do with campaign effectiveness
strategies and, finally, 23% (8/35) had to do with message
framing. The Kmet evaluation resulted in an average of 0.77
points, with a correlation coefficient of 0.78.

Studies on these 2 topics were mostly based on the analysis of
collections of posts (21/35, 60%) rather than being studies on

groups of people (14/35, 40%). The study designs were also
diversified in this group, with the most represented being content
analyses (16/35, 46%) and observational studies (9/35, 26%).
In this group, most studies (27/35, 77%) were conducted on
only 1 communication medium, whereas the remaining 23%
(8/35) dealt with multiple platforms. As for communication
theories, 71% (25/35) of the studies referred to one or more
specific communication theories, and 29% (10/35) did not.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e38541 | p.121https://www.jmir.org/2022/9/e38541
(page number not for citation purposes)

Ceretti et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. List of studies on disease prevention and health promotion (see Multimedia Appendix 1 for more details; N=35).

Studies, n (%)ReferencePrimary evaluated aspect and communication medium

Engagement

13 (37)Facebook • Alonso-Cañadas et al [51]
• Loft et al [52]
• Syred et al [53]
• Zhang and Zhou [54]
• Kite et al [56]
• Lister et al [57]
• Parackal et al [58]
• Reuter et al [60]
• Barklamb et al [61]
• Klassen et al [63]
• Rus and Cameron [66]
• Strekalova and Krieger [67]
• Theiss et al [68]

7 (20)Twitter • Zhang et al [55]
• Lister et al [57]
• Rabarison et al [59]
• Reuter et al [60]
• Kim et al [62]
• Guidry et al [64]
• Chung [65]

4 (11)Instagram • Reuter et al [60]
• Barklamb et al [61]
• Klassen et al [63]
• Alkazemi et al [69]

1 (3)Website • Lister et al [57]

1 (3)Other social media (anonymous discussion platform) • Zhang et al [55]

Message framing

4 (11)Facebook • Dockter et al [24]
• Borah and Xiao [28]
• Yoo et al [70]
• Parackal et al [72]

2 (6)Twitter • Yoo et al [70]
• Cho et al [71]
• Chung and Lim [74]

2 (6)Instagram • Yoo et al [70]
• Nobles et al [73]

3 (9)Website • Chung and Lim [74]
• Whitten et al [75]

1 (3)Other social media (YouTube, Flickr, Kakao Story, and Naver
Band)

• Yoo et al [70]

Campaign effectiveness

1 (3)Facebook • Potente et al [27]

2 (6)Twitter • Allen et al [77]
• Yoo et al [79]

5 (14)Website • Harris et al [76]
• Frisch et al [78]
• Nguyen et al [80]
• Perrault and Silk [81]

1 (3)Other social media (YouTube and Myspace) • Potente et al [27]
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Engagement
In this group, 54% (19/35) of the studies analyzed the
engagement of campaigns or interventions aimed at promoting
disease prevention or health promotion measures.

One of the main takeaways from these studies is that the
message format affects the level of users’ web-based
commitment to health organizations via social media [51]. Other
studies (2/35, 6%) were tied to the assessment of the
effectiveness of different types of posts on Facebook. A study
analyzed the extent to which a post can resonate with an
indecisive parent when it comes to the human papillomavirus
vaccine [52], concluding that designing factual posts so that
they include an emotional dimension increased the engagement
with these posts, sponsored content can generate more negative
comments than organic content, and all people should be
addressed in an accommodating manner regardless of their tone.
Although Syred et al [53] stated that moderation can help
maintain the discussion quality and generate new interest and
discussion on a certain topic, Loft et al [52], by contrast, focused
more on the technical aspects of Facebook posts by stating that
photos with short comments were the most effective in engaging
information consumers and greater use of this post type could
encourage greater audience engagement. At the same time,
professional videos may not be as effective as a mechanism for
active audience engagement on social media platforms. Zhang
and Zhou [54] analyzed message efficacy, this time with
particular attention to fear, and proposed a strategy where the
inclusion of more emotional cues such as pictures is emphasized
to arouse fear to motivate information dissemination on social
media. In the social media context (in this case, Twitter and
anonymous web-based discussion platforms), the relative
importance of having clear informational content sent from
organizations would be much greater for generating highly
viewed and shared cancer prevention messages [55].

The studies by Kite et al [56], Lister et al [57], Parackal et al
[58], Rabarison et al [59], and Reuter et al [60] measured
engagement in and of itself. In particular, the study by Rabarison
et al [59] focused on a specific aspect of the social media in
question: Twitter chats. Specifically, chats of this kind should
be used as an engagement tool with the audience by sharing
messages and responding to questions from the public. Focusing
on Twitter, Instagram, and Facebook, Reuter et al [60]
concluded that engagement with a health message on social
media does not indicate user engagement on a website and,
therefore, it is recommended that both metrics be taken into
account when designing health promotion strategies. It was also
suggested to combine organic and advertising messages in health
promotion campaigns. More specifically, with regard to
Facebook, communication effectiveness could be enhanced
using a two-way communication format, which enables the
promoter to respond to negative comments [58]. Finally,
according to the studies by Kite et al [56] and Lister et al [57],
effective engagement through Facebook requires both
maximizing the reach of posts through paid boosts and
delivering content that users want to engage with and share to
capitalize on word-of-mouth marketing.

In total, 6% (2/35) of the studies suggested social media
strategies with the aim of improving engagement by comparing
the work of institutional social media with that of lifestyle
influencers [61] or by investigating the way in which network
structures explain retweeting behaviors [62]. More specifically,
Klassen et al [63] and Kim et al [62] stated, respectively, that
health promotion organizations should try to build relationships
with their users in a similar fashion to lifestyle brands and that
influential people should be identified and targeted as their
messages are more likely to be disseminated.

Regarding more technical aspects, the study by Guidry et al
[64] states that, in the case of crisis communication, public
health organizations should be present on all major social media
platforms, but Instagram may yield the greatest return and user
engagement. The study by Chung [65] was aimed at examining
whether dialogic messages induced greater risk-preventive
behavioral intentions than monologic messages, reaching the
conclusion that frequent posting of tweets with images and
graphs instead of videos and hyperlinks is beneficial. Similarly,
according to Barklamb et al [61], strategies that were associated
with higher engagement included the use of hashtags and
announcements compared with not prompting engagement
strategies. However, imagery should be carefully used as it
appeared to be a powerful tool for attracting attention and briefly
engaging users (ie, increasing likes) as well as increasing
message transmission (ie, increasing shares). However, the use
of images with information about illness consequences and
control or with messages conveying negative affect could mute
responses [66]. In particular, communication effectiveness could
also be enhanced by designing factual posts so that they include
an emotional dimension that could increase engagement [67].
Moreover, according to Strekalova and Krieger [67], sponsored
content can generate more negative comments than organic
content, and all people should be addressed in an
accommodating manner regardless of their tone. Finally, users
were more likely to click, share, comment, or like the content
of posts that had photos. Branded, visual content was more
effective in facilitating engagement [68].

Finally, 3% (1/35) of the studies focused on the effectiveness
of communication theories, in particular that of the health belief
model. Analyzing the Instagram accounts of the health
departments of the Gulf Cooperation Council, it was found that
the health belief model should be included more in
internet-based communication [69].

Message Framing
Considerably less studies (8/35, 23%) dealt with the topic of
message framing in this category. The first study in this category
was by Dockter et al [24], stating that content should be
transmitted or retransmitted by well-known, credible sources.
On a more specific note relating to content engagement, Yoo
et al [70] recommended the use of content-oriented social media
when trying to influence risk perception during campaigns, with
particular attention to posts with photos as users were more
likely to click, share, comment, or like this type of content.
Borah and Xiao [28] and Cho et al [71] investigated the effect
of health message framing and the moderating effects of social
endorsement and source type on credibility perceptions of posts,
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resulting in a superiority of gain-framed messages to reach a
positive campaign outcome. Other studies (4/35, 11%) were
tied to the assessment of the effectiveness of different types of
posts on Facebook when it comes to engagement [72]. In
particular, communication effectiveness could be enhanced
using a two-way communication format, which enables the
promoter to respond to negative comments. Nobles et al [73]
examined the demographic profile in photos concerning HIV
prevention and diagnosis, underlining a disparity in the
representation of minorities and marginalized communities.
Another study by Chung and Lim [74] focused on a
long-running campaign on National Breast Cancer Awareness
Month and concluded with 2 observations regarding the efficacy
of frequent posting and the positive impact of photos and images
instead of videos and hyperlinks. Finally, Whitten et al [75]
addressed the presence of information targeting low-literacy,
racially diverse, non–English-speaking, and age-diverse
audiences on breast cancer websites. The results were three-fold:
if content were tagged according to ethnicity or language, then
this would allow users to browse websites according to the
information that is most personally relevant; it would be
beneficial for websites containing lower-literacy material to
avoid statistical data; and storytelling evidence has demonstrated
the ability to serve as a greater motivator for healthy behaviors.

Campaign Effectiveness
This last group included 23% (8/35) of the studies, which
focused on the assessment of the success of a particular
campaign. Starting again from a more general framework, the
study by Harris et al [76] stated that there are 4 qualities that
are key to influencing trust and the subsequent decision to act
on the advice given. These are information quality,
personalization, perceived impartiality, and design credibility.
Delving deeply into the issue of trust, the studies described in
this section proposed different strategies to maximize trust from
the web users. Social media can also be used effectively in social
marketing campaigns and is an essential tool in the promotional
mix when targeting young people. According to Potente et al
[27], entertaining peer-to-peer messages can be used to engage
youths with an important health message for skin cancer
prevention. By contrast, Allen et al [77], on the promotion of
the human papillomavirus vaccine, recorded no statistically
significant change in the intent to be vaccinated in the next 6
or 12 months after the campaign among those who had not yet

started or completed vaccination. Focusing on more technical
aspects, Frisch et al [78] stated that websites designed for health
education should include visual presentations of information
such as pictures, charts, or graphs. Similarly, Yoo et al [79]
were concerned with more technical aspects of Twitter
communication, especially when developing a Twitter campaign.
The results included the need to consider incorporating features
such as hyperlinks to related websites or live chats with health
care providers as well as the creation of tailored messages or
edutainment, which may also be considered to engage people
in the process of information selection and transmission. Moving
forward from just design structure, the way content is presented
is also a great source of studies. In this case, Nguyen et al [80]
offered useful insights, concluding that mode tailoring may be
a tool to reduce or prevent the information overload that may
occur when too much information is placed on a nontailored
web page at one time. Other than content, the effectiveness of
website-based communication is measured through ease of
navigation and trust in the information provided by the website.
Perrault and Silk [81] used social cognitive theory and media
richness theory to prove that the exposure to videos was
responsible for the increased engagement in risk-reduction
behaviors. Another communication theory is the transtheoretical
model. This was used in the study by Pirzadeh et al [82], who
stated that the transtheoretical model was the most effective
education strategy when it comes to prompting behavior change.

Studies on General Health

Overview
In the category of general health (Table 3), 17% (13/78) of the
studies were included. Of these 13 studies, 9 (69%) were carried
out in the United States, whereas 3 (23%) were carried out in
the United Kingdom. Engagement was, once again, the most
represented topic (9/13, 69%), followed by message framing
(4/13, 31%). The same proportion holds true when it comes to
studies on collections of posts (9/13, 69%) versus studies on
human samples (4/13, 31%). The study designs were not overly
diversified in this group as 46% (6/13) were observational
studies and 38% (5/13) were content analyses. In this group, all
studies (13/13, 100%) were conducted on a single
communication medium, but only 31% (4/13) were connected
with a specific communication theory (the remaining 9/13, 69%
were not). The Kmet evaluation resulted in an average of 0.76
points, with a correlation coefficient of 0.82.
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Table 3. List of studies on general health (see Multimedia Appendix 1 for more details; N=13).

Studies, n (%)ReferencePrimary evaluated aspect and communication medium

Engagement

3 (23)Facebook • Bhattacharya et al [86]
• Kite et al [87]
• Campbell and Rudan [88]

4 (31)Twitter • Bhattacharya et al [83]
• Fung et al [84]
• Meng et al [85]
• Park et al [90]

1 (8)Instagram • Kim and Kim [89]

5 (38)Website • Pang et al [91]
• Hung and Stones [92]
• Lazard and Mackert [93]
• Shim and Jo [94]
• Sillence et al [95]

Engagement
In this group, 15% (2/13) of the studies [83,84] focused on the
content of health organizations’ Twitter profiles, concluding
that the use of hashtags, URLs, visual cues, and user mentions
was positively associated with retweets. Another study focusing
on retweets and on the type of message brought on by health
organizations is the one by Meng et al [85]. They defined a
series of recommendations on the matter (ie, designing
efficacious information is the key to increasing the aggregated
number of retweets, crafting information that can raise risk
perception is important to increase the diffusion chain through
person-to-person transmission, and tweets that induce negative
emotions could be more effective in catching users’ attention
and expanding sharing of the information). A similar study by
Bhattacharya et al [86], this time on Facebook, also stated that
posts containing media or links and expressing positive
sentiments correlated with higher or longer engagement.
Facebook was also the topic of research of Kite et al [87], who
concluded that content providers must encourage engagement
and adapt to the Facebook algorithm to maximize message
exposure while also ensuring that the content is of high quality.
Language also plays an important role in the effectiveness of a
post, as explained by Campbell and Rudan [88], who claimed
that adjusting the language and presentation can be of more
appeal to popular culture. Kim and Kim [89], by contrast,
centered their study on the Instagram presence of the Centers
for Disease Control and Prevention (CDC), stating that the
message design should be different depending on whether the
aim is to increase the number of likes and comments or induce
a more positive response from the public. The dissemination of
health information is also a topical area of research, in particular
by Park et al [90], who provided guidelines such as retweeting
content from health information sources with a high number of
Twitter followers to build up an organization’s follower base.
The study by Pang et al [91] was aimed at creating a design for
a consumer health website by supporting different health-seeking
behaviors. In particular, different types of information-seeking

behavior should be supported as access to a dynamic information
scope is critical for health information seeking.

Message Framing
This group comprised 4 studies: the studies by Hung and Stones
[92], Lazard and Mackert [93], Shim and Jo [94], and Sillence
et al [95].

Concerning design and website presentation, Lazard and
Mackert [93] stated that high design complexity is often
associated with a better perceived comprehensibility, a greater
perceived usefulness, a greater message quality, and higher
perceptions of visual informativeness. Other than content, the
effectiveness of website-based communication is measured
through ease of navigation and trust in the information provided
by the website. Sillence et al [95] identified the key factors
influencing UK and US citizens’ trust and intention to act on
advice found on health websites (ie, credibility and impartiality).
Moving forward from just design structure, the way content is
presented is also a great source of studies. In this case, Hung
and Stones [92] offered useful insights, stating that, among other
guidelines, to appeal to the public, general terms should
substitute professional terms and simplified text-based content
should be used. Delving deeply into the issue of trust, Shim and
Jo [94] applied the information systems success model, assessing
that service quality had a significant association with user
satisfaction and that its impact on perceived benefits occurred
indirectly to user satisfaction and intention, thus maximizing
trust from the web users.

Health Literacy and Misinformation Correction
This is the smallest group in this corpus (Table 4), with only
8% (6/78) of the studies. They are divided into 2 categories:
misinformation correction (4/6, 67%) and health literacy (2/6,
33%). Given the scarcity of examples of these types of
interventions, they were grouped together. Of these 6 studies,
4 (67%) were carried out in the United States. Contrary to the
other groups, studies focused on the analysis of engagement
were not present in this group, and only message framing and
campaign effectiveness were represented. All the studies (6/6,
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100%) had groups of participants as their main sample. All the
studies in this group (6/6, 100%) referred to a single
communication medium. Of the 6 studies, 1 (17%) did not
present a reference to a specific communication theory. The
Kmet evaluation resulted in an average of 0.80 points, with a
correlation coefficient of 0.59.

The misinformation correction studies were those by Bode and
Vraga [96], Gesser-Edelsburg et al [97], and Vraga and Bode
[98,99]. First, Bode and Vraga [96] stated that corrective
information provided via an algorithm or social connections
reduces misinformation and is effective as they are considered
credible, whereas Gesser-Edelsburg et al [97] stated that it is
important for organizations to correct misinformation
transparently while at the same time addressing the emotional
aspects that may come into play in case of conflicts of opinion.
The study by Vraga and Bode [99] was carried out to test the
efficacy of shareable infographics to debunk COVID-19 myths.
In particular, one of the solutions found by the authors was that
organizations can debunk misinformation circulating in society
by sharing high-quality information on social media,
emphasizing the facts without waiting to see them shared

directly in their feeds, which expands the opportunities for
observational correction to occur. Information correction is an
area of interest that is also reported in this group, with the study
by Vraga and Bode [98] testing whether the number and source
(user vs the CDC) of corrective responses affect the successful
reduction of misperceptions. Thus, this study suggests that
organizations should speak up when they see misinformation
on social media and reputable organizations such as the CDC
should monitor social media feeds and immediately attempt to
rebut misinformation when it arises.

The last 33% (2/6) of the studies dealt with health literacy and
were all designed to develop different approaches aimed at
different categories. The first of these studies is the one by Chin
et al [100], which focused on older adults and proposed a
multifaceted approach guided by theories of text comprehension
and document design to improve readability for websites, in
particular claiming that increasing document readability alone
is insufficient for improving text comprehension in older adults.
Meppelink et al [101] added to this statement by suggesting the
use of a visual representation of information to improve the
retention of information.

Table 4. List of studies on misinformation correction and health literacy (see Multimedia Appendix 1 for more details; N=6).

Studies, n (%)ReferencePrimary evaluated aspect and communication medium

Message framing

2 (33)Facebook • Gesser-Edelsburg et al [97]
• Vraga and Bode [99]

1 (17)Website • Chin et al [100]

Campaign effectiveness

1 (17)Facebook • Bode and Vraga [96]

1 (17)Twitter • Vraga and Bode [98]

1 (17)Website • Meppelink et al [101]

Quality Assessment
The Kmet evaluation was used to distinguish between studies
presenting a solid structure and studies lacking those factors,
as made explicit by the low score obtained for the Kmet
evaluation. In particular, considering the 0.75-point threshold,
36% (28/78) of the studies were excluded. To be more specific,
of the 78 studies, 3 (4%) had <0.55 points, 25 (32%) were

between the 0.55- and the 0.75-point mark, and 50 (64%) were
above the 0.75-point threshold.

Table 5 shows the distribution of the studies’ quality for each
research category using the 0.75-point mark as a threshold. The
health promotion and disease prevention category had a higher
percentage of good-quality studies than the other categories
(P=.02).

Table 5. Research categories and distribution of quality studies according to the 0.75-point Kmet score threshold (N=78).

Studies above cutoff, n (%)Studies below cutoff, n (%)

11 (46)13 (54)Crisis communication (n=24)

25 (71)10 (29)Health promotion and disease prevention (n=35)

4 (31)9 (69)General health (n=13)

5 (83)1 (17)Misinformation correction and health literacy (n=6)
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Discussion

Principal Findings
Our review provides insights into topics regarding the different
modes of communication used by health care authorities to
engage with the public in different situations, namely, crisis
communication and health promotion and disease prevention.
Previous systematic reviews have dealt with this topic by
focusing on certain specific aspects such as communication
effectiveness for specific channels and situations. This
systematic review aimed to provide a more comprehensive view
of internet-based health communication. The amount of works
included in this study also suggests a high interest in this
particular topic. It is also worth mentioning that health
communication represents a vital point for public health as the
rapid diffusion of information to the largest possible number of
users is key when trying to effectively communicate important
information, as also recently seen during the COVID-19
pandemic.

The results of this systematic review raise an important question:
is it possible to define a series of key points to address the basics
of internet-based communication for public health?

To do so, a flowchart (Figure 2) was created, starting from the
basic distinction between the 2 main themes that are addressed
by the selected studies: crisis communication and health
promotion and disease prevention. The other 2 categories
identified in this review (general health and health literacy and
misinformation correction) were not considered as they were
of too general or too narrow scope to constitute a relevant
sample. This distinction was made necessary as these 2 types
of communication account for 2 almost opposite situations and
purposes.

Going further into this analysis, it was vital to make a distinction
between the different primary evaluated aspects (ie, engagement,
message framing, and campaign effectiveness). This was done
because the conventions and communication strategies used
differed greatly, especially given the different nature of
communication for those purposes. An important point to be

made regards the criteria according to which the key points were
chosen to be included in this flowchart. A first measure is
represented by the Kmet score of the study. As this score is used
to address the overall soundness of the research process, only
the studies that recorded a score ≥0.75 points were taken into
account. Another measure included was the repetition of certain
suggested recommendations or conclusions throughout the group
in question. What this entails is that a certain specific proposed
strategy that was repeated at least two times was included in
the final flowchart as it can be assumed that it was more easily
applicable in a more general context. Figure 2 offers a more
thorough rundown of the included key points identified in this
systematic review. As we can see, not all the primary evaluated
aspects are paired with one or more key points as, in some cases,
the studies in question did not meet the selected criteria. As for
crisis communication, only the engagement category presented
2 key points: one regarding the need to create messages that
visually convey information and the other addressing the need
for health agencies to place themselves in advantageous
positions when it comes to relationship building on social media.
As for health promotion and disease prevention, engagement
recorded 4 key points having to do with creating effective visual
information, promoting the use of a positive tone in messages,
combining organic and advertising messages, and implementing
a two-way communication. One last indication was made for
message framing, underlying the greater effectiveness of
gain-framed communication.

To be noted is also the fact that the key points proposed are not
universally applicable to all communication channels but, rather,
to specific ones. The proposed flowchart includes indications
as to which communication channel the proposed key points
are applicable to (ie, websites, Facebook, Twitter, Instagram,
and Sina Weibo).

This systematic review met the criteria of Assessing the
Methodological Quality of Systematic Reviews [102], a
measurement tool to assess the methodological quality of
systematic reviews, thus ensuring the accuracy of the reviewed
data. However, some limitations should be addressed.
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Figure 2. Flowchart of key points.

Limitations
Through a systematic approach, we aimed to provide a
comprehensive look at health care communication via different
media and with different purposes. Although the number of
articles retrieved was relatively large, some limitations related
to the study design must be underlined. As already mentioned,
the large number of studies not meeting the threshold (28/78,
36%) suggests a lack of soundness of the selected studies, thus
calling attention to a need for more in-depth research on the
topic of internet-based communication as well as measures for
campaign and intervention effectiveness.

This need is also tied to another limitation of this study, posed
this time by the lack of appropriate measures to evaluate the
quality of the studies of this sort. In this case, the Kmet
evaluation tool, albeit flawed, represented the best possible
measure to evaluate studies on health communication. However,
this tool is directed at the assessment of primary research reports
in the field of medical experimental research, and a number of
the areas of evaluation were impossible to relate to these studies
(ie, randomization, double-blind, sample size appropriateness,
and control for confounding). As the scale for evaluation appears
to be rather limited, the scores attributed to the studies in this
systematic review were based on an average of circa 18
maximum points against an actual maximum of 24 points.
Therefore, this raises the need for a more precise tool to evaluate
this type of studies.

Another issue lies in the fact that the studies taken into account
for this systematic review do not have a uniform end point as,
for example, some focus on the reach of a campaign or on user

behaviors on social media. This results in a multitude of different
measures of success that make it difficult to properly understand
and evaluate the reach and success of a campaign or of certain
web-based behaviors. This variety in end points is also reflected
in the variety—or lack thereof—of measures of success of a
certain campaign or policy. Thus, it is difficult to assess a
baseline measure of effectiveness for each of the communication
channels described in this review, which points to the necessity
of forming a medium-specific criterion for this kind of
evaluation.

A final limitation is related to the extreme specificity of
web-based communication based on geographical as well as
cultural differences that make it difficult to form a
comprehensive list of guidelines for this type of discourse. The
use of the internet and social media and the strategies and
practices adopted by single countries or even smaller cultural
groups is an issue so big that it is impossible to look away from
it when considering this type of studies, which makes it difficult
to redact a list of guidelines to adopt when trying to manage
internet-based health communication. Thus, this creates the
need to always address the country of origin of a study as well
as its specific target audience.

Conclusions
The evidence gathered in this study suggests that no single
strategy works best in the case of health care communication.
Although there is evidence supporting multiple communication
approaches across different media, how the interaction unfolds
must be resolved according to a number of variables:
communication medium (website or social media), country of
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intervention, organization type (health organization or health
ministry), and aim of the intervention.

This extreme variability of outcomes and the lack of a unitary
measure for assessing the end points of a specific campaign or
study on individuals lies in the inherently fluid and
ever-changing essence of communication practices, which makes
it difficult to define this concept altogether as well as grasp a
precise definition of what evidence entails in this field compared,
for example, with the evidence gathered through randomized
controlled trials and cohort studies in the medical field.

In practice, this review tried to provide a baseline for
practitioners and researchers as to how to conduct a campaign
on the web on different web-based communication channels.
However, as stated before, this is not enough to provide a
comprehensive set of guidelines on the matter; rather, as a matter
of fact, it raises more questions that need to be addressed in
future research, in particular on the matter of forming a unified
measure of effectiveness for campaigns and policies and on the
scales used to evaluate the soundness of a certain study.
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Abstract

Background: Despite the great potential of eHealth, substantial costs are involved in its implementation, and it is essential to
know whether these costs can be justified by its benefits. Such needs have led to an increased interest in measuring the benefits
of eHealth, especially using the willingness to pay (WTP) metric as an accurate proxy for consumers’ perceived benefits of
eHealth. This offered us an opportunity to systematically review and synthesize evidence from the literature to better understand
WTP for eHealth and its influencing factors.

Objective: This study aimed to provide a systematic review of WTP for eHealth and its influencing factors.

Methods: This study was performed and reported as per the Cochrane Collaboration and PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines. PubMed, CINAHL Plus, Cochrane Library, EconLit, and PsycINFO
databases were searched from their inception to April 19, 2022. We conducted random-effects meta-analyses to calculate WTP
values for eHealth (at 2021 US dollar rates) and meta-regression analyses to examine the factors affecting WTP.

Results: A total of 30 articles representing 35 studies were included in the review. We found that WTP for eHealth varied across
studies; when expressed as a 1-time payment, it ranged from US $0.88 to US $191.84, and when expressed as a monthly payment,
it ranged from US $5.25 to US $45.64. Meta-regression analyses showed that WTP for eHealth was negatively associated with
the percentages of women (β=−.76; P<.001) and positively associated with the percentages of college-educated respondents
(β=.63; P<.001) and a country’s gross domestic product per capita (multiples of US $1000; β=.03; P<.001). Compared with
eHealth provided through websites, people reported a lower WTP for eHealth provided through asynchronous communication
(β=−1.43; P<.001) and a higher WTP for eHealth provided through medical devices (β=.66; P<.001), health apps (β=.25; P=.01),
and synchronous communication (β=.58; P<.001). As for the methods used to measure WTP, single-bounded dichotomous choice
(β=2.13; P<.001), double-bounded dichotomous choice (β=2.20; P<.001), and payment scale (β=1.11; P<.001) were shown to
obtain higher WTP values than the open-ended format. Compared with ex ante evaluations, ex post evaluations were shown to
obtain lower WTP values (β=−.37; P<.001).

Conclusions: WTP for eHealth varied significantly depending on the study population, modality used to provide eHealth, and
methods used to measure it. WTP for eHealth was lower among certain population segments, suggesting that these segments may
be at a disadvantage in terms of accessing and benefiting from eHealth. We also identified the modalities of eHealth that were
highly valued by consumers and offered suggestions for the design of eHealth interventions. In addition, we found that different
methods of measuring WTP led to significantly different WTP estimates, highlighting the need to undertake further methodological
explorations of approaches to elicit WTP values.

(J Med Internet Res 2022;24(9):e25959)   doi:10.2196/25959
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Introduction

Advances in broadband technology and the Internet of Things
have enabled the broad implementation of eHealth—the
provision or acquisition of health information or services
through electronic processes [1-7]. In recent years, a broad
spectrum of eHealth interventions using various modalities has
been developed and examined in health care research. Examples
include websites, diagnostic and monitoring devices, smartphone
apps, virtual reality systems, telephone and video calls, and
electronic messages that provide health information or services
[8-10]. Researchers have implemented these eHealth
interventions into a range of health care activities, including
teleconsultation [11,12], remote patient monitoring [13],
self-management of diseases [14-16], disease rehabilitation
[17], and disease prevention [18]. Promising results have
emerged from these studies, which showed that eHealth
interventions could facilitate the delivery of health care and
improve patient outcomes [9-17]. It has also been shown that
eHealth enables consumers to easily obtain information about
health issues for decision-making, which could lead to more
effective care, patient empowerment, and time savings [8,18-22].

Although eHealth is considered a promising complement to
conventional health care systems, there are significant costs
involved in its implementation arising from the purchase,
development, and maintenance of hardware and software [23].
Therefore, when deciding to implement eHealth for personal
use or public health, decision-makers need solid evidence that
the costs of eHealth can be justified by its benefits [24]. This
requires the quantification and measurement of the benefits of
eHealth, which can then be aggregated with the costs of eHealth
to understand its cost-effectiveness [25].

To measure the benefits of eHealth, willingness to pay (WTP)
is a commonly used metric [26,27]. Welfare economics defines
WTP as the maximum amount of money an individual is willing
to pay for 1 unit of a good or service; it is an accurate proxy for
the welfare (benefits) derived from that good or service [28-30].
A major advantage of the WTP approach is that it summarizes
the benefits in monetary terms, making it comparable with the
costs for use in cost-benefit analyses [26,31]. Another advantage
is that WTP illustrates the perceived benefits from the
perspective of consumers, which can be further analyzed to
represent consumer preferences [32,33]. Therefore, the WTP
approach is suitable for measuring the benefits of eHealth, as
it can generate findings for the effective implementation of
eHealth and provide insights into designing better eHealth
technology and services.

Many studies [34-36] have examined consumers’ WTP for
eHealth using either of the 2 mainstream methods. The first is
contingent valuation, a survey-based method in which people
are asked to indicate the maximum price they are willing to pay
for eHealth (eg, services) or associated eHealth technology. The
second is the discrete choice experiment, sometimes referred
to as conjoint analysis, which involves asking people to state
their preference for hypothetical alternatives that describe
eHealth or eHealth technology. Regardless of the methods used,
these studies have provided insights into consumers’ perceived

eHealth benefits and the factors affecting these perceptions. If
we synthesize and analyze these studies, we can obtain practical
implications for the design, development, and implementation
of eHealth and suggestions for future research. Thus, we
systematically reviewed previous studies on consumers’ WTP
for eHealth and synthesized their findings through a
meta-analysis to understand consumers’ WTP for eHealth and
examine its influencing factors. To the best of our knowledge,
this is the first study of its kind.

Methods

Overview
This review was performed and reported according to the
Cochrane Collaboration [37] and PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines
(Multimedia Appendix 1 provides the checklist) [38]. A total
of 2 researchers (ZX and JC) independently screened the titles
and abstracts of the articles identified in the literature search
for eligibility, reviewed the full texts of potentially eligible
articles for final inclusion in the review, extracted data from the
final sample, critically appraised their methodological quality,
and assessed the quality of the evidence. All disagreements
between them were resolved through a consensus-based
discussion.

Search Strategy
We searched PubMed, CINAHL Plus, Cochrane Library,
EconLit, and PsycINFO databases from their inception to April
19, 2022, to obtain a preliminary list of relevant studies. A
search strategy was developed based on the following concepts
combined using “AND”: WTP, money, and eHealth. For each
concept, a set of keywords and their synonyms and variations
were developed and combined in the search strategy using “OR.”
The following search terms were developed: (“willingness to
pay” OR “WTP” OR “valuation” OR “preference”) AND (“cost”
OR “price” OR “expense” OR “money”) AND (“eHealth” OR
“electronic health” OR “digital health” OR “mHealth” OR
“mobile” OR “web” OR “Internet” OR “online” OR “tele*” OR
“medical informatics” OR “medical information systems”).
These search terms were used to search for titles and abstracts
in all the selected databases, with no filters or limits placed on
the search.

Eligibility Criteria and Study Selection
We included all studies that (1) recruited participants who were
consumers of eHealth, (2) measured and reported participants’
WTP for eHealth or eHealth technology, and (3) were published
in a peer-reviewed English-language journal. Studies were
excluded if they examined WTP from a public payer’s
perspective (eg, WTP for public health programs through
taxation) or a caregiver’s perspective (eg, parents’ WTP for
their children). We also excluded reviews, case studies, poster
presentations, and conference presentations but examined their
references to identify additional relevant articles for inclusion.
We also manually searched the reference lists of studies in the
final sample for additional relevant articles.
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Data Extraction and Management
We extracted the following data from each study: country where
the study was conducted, year in which it was conducted, sample
size, sample characteristics, modality used to provide eHealth,
details of the eHealth examined, WTP, method used to measure
WTP, and WTP factors examined. Regarding the methods used
to measure WTP, the extracted information included the formats
of the questions posed to the study participants (eg, open-ended
questions, dichotomous choice, and bidding games), whether
the participants had used eHealth at the time of evaluation (ex
post or ex ante), and how zero responses were dealt with (all
zero responses excluded, all zero responses included, or protest
zero responses excluded). We contacted the authors for
clarification and verification of cases where relevant data were
missing or incomplete.

Critical Appraisal of Methodological Quality
The included studies were critically appraised for
methodological quality using 17 criteria based on the Hoy risk
of bias assessment tool [39] and a set of criteria specific for
assessing WTP studies (Multimedia Appendix 2) [29,40].

Data Analysis

Descriptive Statistics and Narrative Synthesis of the
Studies in the Final Sample
Descriptive statistics were used to summarize the characteristics
of the included studies. Narrative synthesis was used to
synthesize the WTP findings for eHealth in the studies, for
which the means, SDs, 95% CIs, medians, IQRs, and ranges
were reported. All WTP values were calculated at 2021 US
dollar rates to facilitate quantitative synthesis and comparison.
First, the WTP values in other currencies were converted to US
dollars based on the purchasing power parity (PPP) exchange
rate of the year in which the study was conducted, and then they
were converted to 2021 US dollar values using gross domestic
product (GDP) deflators. The PPP exchange rate and GDP
deflator data were obtained from the International Monetary
Fund’s World Economic Outlook database [41]. For studies
that did not report the year in which they were conducted, we
used the year preceding the publication year of the articles for
currency conversion.

Random-Effects Meta-analyses to Measure WTP
We performed random-effects meta-analyses to estimate the
overall WTP value for eHealth and the WTP value for eHealth
by different subgroups (ie, modalities used to provide eHealth
and the region where the study was conducted) [42]. The WTP
values were log-transformed to reduce skewness [43]. In the
meta-analysis, the weight of each study was the inverse of the
WTP variance. For studies that did not report variance (or SD),
we obtained an estimate using (1) SE and sample size, (2) 95%
CIs and sample size, (3) IQRs, or (4) range and sample size

[37,44]. The I2 test was used to measure heterogeneity in the
synthesized studies [45], and the Egger test was used to assess
the possibility of publication bias [46].

Meta-regression Analyses to Examine the Factors
Affecting WTP
Univariate meta-regressions were conducted to examine whether
WTP for eHealth was influenced by explanatory variables,
including gender, age, and education level of the study sample;
per capita GDP of the country where the study was conducted
and the year in which it was conducted; the modality used to
provide eHealth (ie, websites, medical devices, health apps,
asynchronous communication, and synchronous
communication); the format of the WTP questions (ie,
open-ended, single-bounded dichotomous choice,
double-bounded dichotomous choice, or payment scale); whether
the participants of the study had used eHealth at the time of
evaluation (ex post vs ex ante); and whether zero responses
were excluded from the analysis of WTP values. A
mixed-effects log-linear regression model was used, where the
payment horizon (1-time or monthly payment) was modeled as
a random effect and the explanatory variable was modeled as
a fixed effect. We also narratively synthesized the WTP factors
for eHealth examined in the included studies. All statistical
analyses were performed in R (version 4.0.2, R Foundation for
Statistical Computing) software using the metafor package.

Assessment of the Quality of Evidence
The quality of evidence of the meta-analysis results was assessed
using the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) framework [47]. We
adopted the framework for rating the relative importance of
outcomes (eg, values, preferences, and outcome importance)
[48,49], which was more suitable for rating cross-sectional WTP
surveys and discrete choice experiments than previous GRADE
guidelines that focused on the effects of interventions. For each
WTP outcome, the quality of evidence started from “high” and
was downgraded by 1 level for every serious issue identified in
the domains of risk of bias, inconsistency, indirectness,
imprecision, and publication bias. The risk of bias domain was
assessed by inspecting the potential bias in participant selection,
measurement instruments, data collection, and data analysis.

The inconsistency domain was assessed using I2 values, and the

GRADE quality was downgraded when I2≥50%. The
indirectness domain was assessed using the indirectness of the
population, outcomes, options, and methodologies used to elicit
the values of the outcomes. The imprecision domain was
assessed using the width of the CIs of the estimates and sample
size. The publication bias domain was assessed using the Egger
test, and GRADE quality was downgraded for statistically
significant findings (P<.05) on this test.

Results

Literature Search and Selection Process
Figure 1 shows the literature search and selection process. The
search yielded 6140 articles, of which 30 (0.49%) articles
representing 35 WTP studies were identified as eligible and
included in the final review.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the study selection process. WTP:
willingness to pay.

Study Characteristics
The characteristics of the studies included in this review are
presented in Table 1. Appraisals of the methodological quality
are presented in Multimedia Appendix 2.
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Table 1. Summary of the characteristics of the final studies (N=35).

Values, n (%)Characteristics

Study location

2 (6)Africa

8 (23)Asia

13 (37)Europe

9 (26)North America

3 (9)Oceania

Year of publication

8 (23)2003-2010

8 (23)2011-2015

19 (54)2016-2021

Modality used to provide eHealth

5 (14)Websites

8 (23)Medical devices

5 (14)Health apps

8 (23)Asynchronous communication (eg, SMS text messaging or email)

7 (20)Synchronous communication (eg, telephone call or video call)

2 (6)Not specified

Method used to measure willingness to pay

26 (74)Contingent valuation

13 (37)Open-ended questions

1 (3)Single-bounded dichotomous choice questions

4 (11)Double-bounded dichotomous choice questions

2 (6)Payment scale questions

2 (6)Bidding games

1 (3)Single-bounded dichotomous choice+payment scale questions

3 (9)Not reported

9 (26)Discrete choice experiment

WTP for eHealth: Narrative Synthesis
Table 2-Table 4 present the details of 74% (26/35) of studies
that used contingent valuations and 26% (9/35) of studies that
used discrete choice experiments.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e25959 | p.139https://www.jmir.org/2022/9/e25959
(page number not for citation purposes)

Xie et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Details of the 26 contingent valuation studies included in the final sample.

WTP

(PPPb, and
2021 US
dollar val-
ue)

Measurement of

WTPa (format, ex ante
or ex post, and zeros)

eHealth detailsWomen
(%)

Age
(years)

Population and
sample size (N)

Country (year
of study)

Study

Contingent valuation studies that reported WTP as a 1-time payment (n=17)

Mean 2.81
(SD 3.88),

Open-ended; ex ante;
all zeros excluded

An SMS text messag-
ing–based appointment
scheduling service: pa-

54Mean 42.1Patients at a
family medicine
unit (389)

Nigeria (2011)Adedokun et al
[50]

range 0.06-
38.26tients sent an SMS text

message to book a clinic
appointment and received
a confirmation SMS text
message and another
SMS text message re-
minding them of the ap-
pointment

Mean
191.84 (SD
242.91)

Double-bounded di-
chotomous choice; ex
post; all zeros includ-
ed

A telephone consultation
planning service: before
a clinical visit, a commu-
nity health worker called
the patient to check if

100Mean 59Patients with
breast cancer
(34)

United States
(2007-2010)

Belkora et al
[51]

they had any medical
questions and then sent
the list of questions to the
patient’s physician

Mean
10.94 (95%

Open-ended; ex ante;
protest zeros excluded

An internet-based messag-
ing system that enabled
patients to communicate

70Mean 38Patients at a pri-
mary clinic (52)

Norway (2003)Bergmo and
Wangberg (1)
[52] CI 8.91-

13.17); me-with their health care
dian 10.14providers by sending
(IQR 5.07-
20.26)

messages using a web
browser

Mean 7.30
(95% CI

Open-ended; ex post;
protest zeros excluded

Same as Bergmo and
Wangberg (1) [52]

61Mean 37Patients at a pri-
mary clinic (38)

Norway (2003)Bergmo and
Wangberg (2)
[52] 5.47-8.91);

median
7.09 (IQR
2.03-10.14)

Median
0.90, range
0-72.53

Not reported; ex post;
all zeros excluded

A telemedicine service:
local nurses recorded the
medical history and con-
ducted physical examina-

61Mean 39Patients at a
clinic (49)

Cambodia
(2003)

Brandling-Ben-
net et al [53]

tions of patients and sent
this information to physi-
cians at a remote place
via email; the physicians
would then reply with the
treatment or referral deci-
sions; the local nurses
would execute the recom-
mendations
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WTP

(PPPb, and
2021 US
dollar val-
ue)

Measurement of

WTPa (format, ex ante
or ex post, and zeros)

eHealth detailsWomen
(%)

Age
(years)

Population and
sample size (N)

Country (year
of study)

Study

Mean
30.96 (SD
58.28); me-
dian 13.98

Open-ended; ex ante;
all zeros included

A mobile app that provid-
ed information about ce-
sarean section and surgi-
cal site infections: users
recorded symptoms, tem-
perature, heart rate, and
pain level based on
which the app would
provide health advice
(eg, check body tempera-
ture or contact a general
practitioner)

100Mean and
median not
reported

Women in ante-
natal clinics
(20)

Ireland (2015)Fawsitt et al (1)
[54]

Mean
36.38 (SD
51.46); me-
dian 13.98

Open-ended; ex ante;
all zeros included

A mobile app that provid-
ed information about ce-
sarean section and surgi-
cal site infections: users
recorded symptoms, tem-
perature, heart rate, and
pain level, which would
be checked daily by a
midwife in the maternity
hospital who would pro-
vide health advice to the
user

100Mean and
median not
reported

Women in ante-
natal clinics
(116)

Ireland (2015)Fawsitt et al (2)
[54]

Mean
32.76 (SD
47.73); me-
dian 13.98

Open-ended; ex ante;
all zeros included

A telephone call–based
helpline service: users
called a midwife in the
maternity hospital, who
would provide health ad-
vice and instructions

100Mean and
median not
reported

Women in ante-
natal clinics
(44)

Ireland (2015)Fawsitt et al (3)
[54]

Mean 8.58;
median
4.57

Double-bounded di-
chotomous choice; ex
ante; all zeros includ-
ed

An internet-based tele-
care service for older
adults, which connected
the television at users’
homes to the internet:
health care information
was displayed on the
television; if the televi-
sion was not used for 3
days, a telephone call
would be made to the us-
er, and if they did not an-
swer the call, neighbor-
hood associations and
civil servant committees
would visit them to en-
sure that they were fine

37Mean and
median not
reported

General popula-
tion (305)

Japan (2016)Kaga et al [55]

Mean
59.99 (95%
CI 46.92-
73.07)

Single-bounded di-
chotomous choice; ex
ante; all zeros includ-
ed

An SMS text messag-
ing–based smoking cessa-
tion service: SMS text
messages with relevant
health information, sug-
gestions for controlling
and preventing cravings,
and encouragement were
sent to users 2 to 4 times
a day for 6 weeks

0.8Mean 33Smokers who
intended to quit
(433)

Vietnam (2017)Ngan et al [56]
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WTP

(PPPb, and
2021 US
dollar val-
ue)

Measurement of

WTPa (format, ex ante
or ex post, and zeros)

eHealth detailsWomen
(%)

Age
(years)

Population and
sample size (N)

Country (year
of study)

Study

Mean
63.12 (SD
44.66); me-
dian 55.77

Double-bounded di-
chotomous choice; ex
ante; all zeros includ-
ed

A teledermoscopy ser-
vice: a clinician at a
health center used a
smartphone (with a Can-
field Dermscopefield) to
capture images of skin
lesions and send them to
a dermatologist, who
then wrote a medical note
and sent it to the clinician

Not report-
ed

Mean and
median not
reported

Patients waiting
for general con-
sultation (214)

United States
(2013-2014)

Raghu et al (1)
[57]

Mean
59.81 (SD
30.33); me-
dian 54.83

Double-bounded di-
chotomous choice; ex
ante; all zeros includ-
ed

Same as Raghu et al (1)
[57]

Not report-
ed

Mean and
median not
reported

Patients with
skin lesions
(41)

United States
(2013-2014)

Raghu et al (2)
[57]

Mean
29.96 (SD
8.53)

Payment scale; ex
ante; all zeros includ-
ed

A teleophthalmology
service: a technician or
nurse used a nonmydriat-
ic fundus camera to take
photos of the patient’s
eye and send them to an
ophthalmologist, who
then replied with a diag-
nosis and recommended
follow-up care

52Mean 56Patients with di-
abetes (23)

United States
(2017)

Ramchandran et
al [58]

Median
57.10 (IQR
34.26-
57.10)

Not reported; ex ante;
all zeros excluded

A telemedicine service
for travelers providing
pretravel information;
medical advice for up-
coming trips; and health
advice when the traveler
was abroad through tele-
phone calls, video calls,
or emails

53Mean and
median not
reported

People visiting
a travel clinic
(162)

Switzerland
(2014)

Rochat et al
[59]

Median
50.15 (IQR
19.59-
62.68);
range 0-
626.84

Not reported; ex post;
all zeros included

An internet-based depres-
sion prevention interven-
tion for adolescents: 14
modules for depression
prevention were provided
through a website

57Mean 17Adolescents
with persistent
subthreshold
depression (34)

United States
(2008)

Ruby et al [60]

Median
0.88 (IQR
1.99)

Open-ended; ex ante;
all zeros included

An SMS text mes-
sage–based health service
for patients with type 2
diabetes, which provided
medication reminders
and relevant health infor-
mation (eg, diabetes
complications and recom-
mended diet and physical
activities) through SMS
text messages

56Mean 50Patients with
type 2 diabetes
(352)

Bangladesh
(2013-2014)

Shariful Islam
et al [61]

Mean
25.71 (SD

15.88)c

Payment scale; ex
post; all zeros includ-
ed

An internet-based prima-
ry care service: a primary
care physician took the
patient’s medical history,
conducted a visual inspec-
tion, decided on treat-
ment, and arranged fol-
low-up care through
videoconferencing

60Mean 46Patients visiting
a primary care
physician (101)

United States
(2007-2008)

Stahl et al [62]
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WTP

(PPPb, and
2021 US
dollar val-
ue)

Measurement of

WTPa (format, ex ante
or ex post, and zeros)

eHealth detailsWomen
(%)

Age
(years)

Population and
sample size (N)

Country (year
of study)

Study

Contingent valuation studies that reported WTP as monthly payments: WTP per month (n=9)

Median
5.25; range
0.52-31.47

Open-ended; ex post;
no zero responses

An SMS text mes-
sage–based health re-
minder service: users re-
ceived SMS text mes-
sages reminding them to
take vitamin C pills

57Median 21General popula-
tion (51)

Canada (2006-
2007)

Cocosila et al
[63]

Median
14.64

Not reported; ex ante;
all zeros excluded

An internet-based infor-
mation and communica-
tion technology platform
(ehcoBUTLER system)
for older people: the
platform hosted several
social and health apps to
support the daily activi-
ties of older people and
improve their health,
quality of life, and inde-
pendence

60Mean 73.3Patients aged
>60 years with
mild cognitive
impairment (30)

Spain, Serbia,
Netherlands,
France, Israel,
Italy, or Slove-
nia (not report-
ed)

Contreras-So-
moza et al [64]

Mean
13.41 (SD
14.42); me-
dian 5.64

Single-bounded di-
chotomous
choice+payment
scale; ex post; all ze-
ros included

A cardiovascular disease
prevention program with
internet-based compo-
nents: the program com-
prised cardiovascular risk
assessment, communica-
tion, follow-up care, a
website providing health
information on cardiovas-
cular disease, advice on
physical activity and diet,
guidelines for behavioral
changes, and individual
coaching by a health
psychologist

34Mean 41General popula-
tion (135)

Belgium (2009)Jacobs et al [65]

Median
7.41 (IQR
14.83);
range 0-
118.61

Open-ended; ex ante;
all zeros included

A mobile app for fall
prevention: the app had
features such as detecting
the risk of falling, recom-
mendations for reducing
this risk, storing other
health-related data, and
providing advice on how
to prevent and respond to
a fall

51Mean 63.8General popula-
tion (96)

Germany
(2017)

Rasche et al
[66]

Mean
24.31; me-
dian 7.46;
range 0-
1344.36

Open-ended; ex ante;
all zeros included

A mobile app for improv-
ing well-being outcomes:
the app had features such
as calling and messaging
friends or families or lo-
cal health care providers,
setting health goals,
tracking health status,
sharing health data, and
receiving information
about the local communi-
ty

51Mean 47General popula-
tion (1697)

United King-
dom (2015)

Somers et al (1)
[34]
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WTP

(PPPb, and
2021 US
dollar val-
ue)

Measurement of

WTPa (format, ex ante
or ex post, and zeros)

eHealth detailsWomen
(%)

Age
(years)

Population and
sample size (N)

Country (year
of study)

Study

Mean
20.13; me-
dian 7.46;
range 0-
896.62

Open-ended; ex ante;
ell zeros included

Same as Somers et al (1)
[34].

72Mean 48General popula-
tion (305)

United King-
dom (2015)

Somers et al (2)
[34]

Mean 8.42Not reported; ex ante;
all zeros included

A mobile phone–based
medication reminder ser-
vice for patients with
HIV: SMS text messages,
telephone calls, or auto-
mated voice calls were
used to remind patients
to take their medication
on time

36Mean 35.4Patients with
HIV or AIDS
(1016)

Vietnam (2012)Tran et al [67]

Mean
45.64

Bidding game; ex
post; all zeros includ-
ed

A telehealth system for
older people: health-relat-
ed data such as blood
pressure, oxygen satura-
tion, heart rhythm, electri-
cal activity, and heart
rates were measured at
the user’s home and sent
to a remote clinic where
nurses studied them and
reported any unusual
symptoms to the user and
physicians; monthly
health reports were creat-
ed and sent to users

Not report-
ed

Mean and
median not
reported

General popula-
tion (291)

Japan (not re-
ported)

Tsuji et al [68]

Mean
29.68

Bidding game; ex
ante; all zeros includ-
ed

Same as Tsuji et al [68]74Mean 74General popula-
tion (145)

Japan (not re-
ported)

Tsuji et al [69]

aWTP: willingness to pay.
bPPP: purchasing power parity.
cThe WTP values were obtained by combining the WTP values for subgroups, as reported in the articles.
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Table 3. Demographic and eHealth details of the 9 discrete choice experiment studies included in the final sample.

eHealth detailsWomen (%)Age (years)Sample
size, N

PopulationCountry (year of study)Study

Discrete choice experiment studies that reported WTPa as a 1-time payment (n=6)

Web-based consultation with a
primary care physician

51Mean 47734General populationUnited Kingdom (2018)Buchanan et al
[35]

A telemedicine service for pa-
tients with diabetes

58Mean 57118Patients in en-
docrinology and
metabolism clinics

South Korea (2009-2010)Park et al [70]

A mobile teledermoscopy service
for skin cancer screening: users
used a dermoscopic smartphone
attachment and app to take pho-
tos and send them to a dermatol-
ogist, along with relevant clinical
information

74Mean 40113General populationAustralia (not reported)Snoswell et al
[71]

Web-based consultation with a
specialist physician through
videoconferencing

62.9Mean and
median not
reported

62Patients who had a
video consultation in
the previous year

Australia (2019)Snoswell et al
[36]

A teledermoscopy service for
skin cancer screening: using a
dermatoscope to take photos
which were sent to a dermatolo-
gist for diagnosis

54Mean and
median not
reported

35People aged 50 to 64
years at high risk of
melanoma

Australia (not reported)Spinks et al
[72]

A telemedicine service for ear,
nose, and throat examination:
patients sent endoscopic images
to and videoconferenced with a
specialist

62Mean and
median not
reported

90General populationUnited Kingdom (not re-
ported)

van der Pol and
McKenzie [73]

Discrete choice experiment studies that reported WTP as monthly payments (n=3)

A telemedicine service system
that measured vital signs of users
and transmitted patient data to
care providers

51Mean 44400General populationSouth Korea (2011)Ahn et al [74]

A web-based health service that
provided remote diagnosis,
treatment, monitoring, and con-
sultation

52Mean and
median not
reported

6271General populationUnited States (2009-
2010)

Chang et al [75]

A web-based system that tracked
and displayed patients’details on
15 outcomes related to cardiovas-
cular disease risk, the target val-
ue of these outcomes for better
control of their condition, the last
time the outcome was checked,
and brief advice for patients and
clinicians

50Mean 68.974Patients with cardio-
vascular disease

Canada (not reported)Deal et al [76]

aWTP: willingness to pay.
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Table 4. WTPa details of the 9 discrete choice experiment studies included in the final sample.

Marginal WTP (PPPb, 2021 US
dollar value)

Study, attribute (reference level), and desired level or levels of the attribute

Discrete choice experiment studies that reported WTP as a 1-time payment (n=6)

Buchanan et al [35]

How similar was your consultation to a traditional “face-to-face” appointment (the same)

–7.02Video consultation

–15.40Symptoms submitted via an electronic form

How long did you have to wait for a consultation

0.22Reduced by 1 hour

Reputation of the GPc (2 stars)

13.655 stars

Collecting antibiotics (taking a paper prescription to a pharmacy located in the same building as the local medical center)

–11.38Prescription emailed to a pharmacy in another building as the local medical center

Form of consultation (at local medical centers)

–17.09Via the internet (–10.83)

Park et al [70]

Service platform (the internet)

22.72Mobile phone

Service providers (small- and medium-sized hospitals and clinics)

21.64Large general hospitals

Service scope (glucose management only)

24.23Comprehensive diabetes care

Personalization of consultation (absent)

11.87Present

24-hour service accessibility (absent)

10.27Present

Reply time (within 3 days)

8.45Within 1 day

Assurance of service (low assurance)

18.61High assurance

System failure (system down 1%-5%)

12.68System down <1%

Confidentiality (1%-5% confidentiality breaches)

8.78<1% confidentiality breaches

Snoswell et al [71]

Method of screening (by a GP)

0.88Mobile teledermoscopy

Time away from usual activities (>4 hours)

6.113-4 hours

53.751-2 hours

Chances of detecting a melanoma if one is present (65%–75%)

54.3785%-95%

87.73≥95%
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Marginal WTP (PPPb, 2021 US
dollar value)

Study, attribute (reference level), and desired level or levels of the attribute

Wait time for results (3 days)

4.92<4 hours

Person reviewing the results (GP)

32.21Dermatologist

Number of moles removed to find 1 melanoma (5)

31.513

Snoswell et al [36]

Type and mode of consultation (local in-person consultation with a generalist physician at a GP clinic or small hospital)

9.88In-person consultation with a specialist physician at a large metropolitan hospital

91.33Videoconference with a specialist physician from a local GP clinic or small hospital

33.53Videoconference with a specialist from home

Time away from home, office, or usual activities, including travel (half a day)

–11.801 full day

–113.66≥2 full days

Perceived benefit from the consultation (limited)

53.86Partial benefit

111.28Benefit

Consulted or not (attending a consultation)

–175.14No consultation chosen

Spinks et al [72]

84.38WTP for teledermoscopy service, in addition to skin self-examination, GP screening, and clinic skin
cancer screening

van der Pol and McKenzie [73]

Type of clinic

773.31Telemedicine

873.45Face-to-face

Driving time (up to 30 minutes)

–57.4930-60 minutes

–74.1860-90 minutes

–155.772-4 hours

Wait time

–27.82Each additional week

Discrete choice experiment studies that reported WTP as a monthly payment: WTP per month (n=3)

Ahn et al [74]

Device type (smartphone)

138.29Smart home

632.49Wearable device

Service type (management of oxygen saturation level)

30.27Blood glucose

–56.35Blood pressure

Service tailoring (absent)

82.76Present
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Marginal WTP (PPPb, 2021 US
dollar value)

Study, attribute (reference level), and desired level or levels of the attribute

Reply time (usual)

3.571-hour reduction

Chang et al [75]

5.40dPer household

Deal et al [76]

Speed of adding new information to the system (2 weeks)

5.701 week

7.6048 hours

2.85Overnight

01 hour

Individual patient tracker values displayed (most recent values only)

8.552 most recent

13.3112-month history

8.555-year history

–5.70Complete history

Nurse coordinator tasks or duties (no nurse coordinator)

16.16Basic dutiese

20.91Basic duties and input data

17.11Basic duties and information sessions

33.27Basic duties, phone, and email

19.96Basic duties and reminders

Frequency of contacting nurse coordinator (no contact)

6.651 day per month

10.452 days per month

5.701 day per week

10.912 days per week

1.905 days per week

Number of visits to a physician per year (1)

19.012

25.663

27.564

7.606

aWTP: willingness to pay.
bPPP: purchasing power parity.
cGP: general practitioner.
d95% CI 3.79-7.02.
eBasic duties of the nurse coordinator: assist the physician in using the tracker, keep tracker information updated, and ensure action is taken to address
uncontrolled cardiovascular disease risks.

WTP for eHealth: Meta-analysis
Approximately 60% (21/35) of studies reported sufficient data
for inclusion in the meta-analysis. Among the 21 studies, 16

(76%) reported that WTP was measured as a 1-time payment,
whereas 5 (24%) reported that it was measured as monthly
payments. Table 5 presents the mean WTP for eHealth obtained
through the meta-analysis.
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Table 5. Overall WTPa for eHealth, WTP by the modality used to provide eHealth, and WTP by the region where the study was conducted (N=21).

GRADEc

quality of evi-
dence

Egger testI2 (%)WTP (PPPb, 2021 US dol-
lars), mean (95% CI)

Sample
size

Studies, n
(%)

Variables

P valuez score

Studies that measured WTP as a 1-time payment (n=16) [50-62]

Low.470.7299.6925.00 (12.79-48.87)210216 (76)Overall WTP

Modality used to provide eHealth

Very lowN/AN/AN/Ad111.46 (84.55-146.92)341 (5)Websites

Low.920.1097.8648.34 (30.17-77.44)2783 (14)Medical devices

LowN/AN/AN/A35.86 (28.05-45.85)1362 (10)Health apps

Low.101.6799.557.76 (2.39-25.21)13136 (28)Asynchronous communica-
tion (eg, SMS text mes-
sages and email)

Very low.460.7499.2352.59 (22.15-124.90)3414 (19)Synchronous communica-
tion (eg, telephone and
video call)

Region

Low.0013.3099.0161.92 (33.94-112.97)4476 (28)North America

Moderate.810.2498.1622.65 (12.05-42.60)4326 (28)Europe

Low.191.399.769.93 (0.84-117.06)8343 (14)Asia

LowN/AN/AN/A2.81 (2.45-3.22)3891 (5)Africa

Studies that measured WTP as monthly payments: WTP per month (n=5) [34,63,65,66]

Moderate.810.2494.7118.53 (11.81-29.08)22845 (24)Overall WTP

Modality used to provide eHealth

ModerateN/AN/AN/A13.41 (11.19-16.08)1351 (5)Websites

Moderate.08−1.7344.4928.89 (21.71-38.44)20983 (14)Health apps

LowN/AN/AN/A10.62 (8.89-12.68)511 (5)Asynchronous communica-
tion

Region

LowN/AN/AN/A10.62 (8.89-12.68)511 (5)North America

Moderate.91−0.1291.2721.81 (13.91-34.20)22334 (19)Europe

aWTP: willingness to pay.
bPPP: purchasing power parity.
cGRADE: Grading of Recommendations, Assessment, Development, and Evaluation.
dN/A: not applicable (as <3 experiments were analyzed).

Among the 16 studies that measured WTP as a 1-time payment,
the mean WTP was US $25.00 (95% CI 12.79-48.87). The
highest mean WTP was for eHealth provided through websites
(US $114.46, 95% CI 84.55-146.92), followed by synchronous
communication (US $52.59, 95% CI 22.15-124.90), medical
devices (US $48.34, 95% CI 30.17-77.44), health apps (US
$35.86, 95% CI 28.05-45.85), and asynchronous communication
(US $7.76, 95% CI 2.39-25.21). In terms of region, the WTP
value was the highest in North America (US $61.92, 95% CI
33.94-112.97), followed by Europe (US $22.65, 95% CI
12.05-42.60), Asia (US $9.93, 95% CI 0.84-117.06), and Africa
(US $2.81, 95% CI 2.45-3.22).

Among the 5 studies that measured WTP as monthly payments,
the mean WTP was US $18.53 (95% CI 11.81-29.08) per month.
The highest mean WTP per month was for eHealth provided
through health apps (US $28.89, 95% CI 21.71-38.44), followed
by websites (US $13.41, 95% CI 11.19-16.08), and
asynchronous communication (US $10.62, 95% CI 8.89-12.68).
In terms of region, the mean WTP per month was US $21.81
(95% CI 13.91-34.20) in Europe and US $10.62 (95% CI
8.89-12.68) in North America.

Factors Affecting WTP for eHealth: Meta-regression
and Narrative Synthesis
Table 6 presents the results of the univariate log-linear
meta-regression analyses of WTP-related factors for eHealth.
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The results showed that higher percentages of women (β=−.76;
P<.001) were associated with a lower mean WTP value for
eHealth, and more people with a college education (β=.63;
P<.001) were associated with a higher mean WTP value for
eHealth. No significant evidence was found to support the
association between age and WTP for eHealth (P=.57). A higher
GDP per capita was found to be related to a higher WTP value
for eHealth (β=.03; P<.001). Compared with eHealth provided
through websites, the respondents had a lower WTP value for
asynchronous communication (β=−1.43; P<.001) and a higher
WTP value for medical devices (β=.66; P<.001) and
synchronous communication (β=.58; P<.001). Studies eliciting
WTP values using the single-bounded dichotomous choice
format (β=2.13; P<.001), double-bounded dichotomous choice
format (β=2.20; P<.001), payment scale format (β=1.11;

P<.001), and unspecified formats (β=1.89; P<.001) had higher
mean WTP values than those using open-ended formats. Ex
post evaluations had lower WTP values (β=−.37; P<.001) than
ex ante evaluations. However, there was no significant
difference in WTP between studies that excluded protest zero
responses or all zero responses and studies that included all zero
responses in their analysis (P=.37).

Among the studies included in this review, 40% (14/35)
examined WTP-related factors for eHealth, and their findings
were narratively synthesized (Tables 7 and 8). The factors of
interest included the characteristics of the eHealth technology
or service and the study participants’ sociodemographic
characteristics, health conditions, current health care services,
psychosocial characteristics, familiarity with information
technology, and attitudes.

Table 6. Univariate log-linear meta-regression analyses of WTPa-related factors for eHealth.

Outcome variable (mean WTP)Explanatory variable

P valueβ (SE, 95% CI)

<.001−.76 (0.14, −1.03 to −0.49)Gender (women; %)

.57.002 (0.003, −0.004 to 0.01)Age (years)

<.001.63 (0.18, 0.29 to 0.98)Education (completed college; %)

<.001.03 (0.001, 0.025 to 0.027)GDPb per capita (US $)

Modality used to provide eHealth

——cWebsites

<.001.66 (0.08, 0.49 to 0.82)Medical devices

.01.25 (0.1, 0.06 to 0.44)Health apps

<.001−1.43 (0.09, −1.60 to −1.27)Asynchronous communication (eg, SMS text messages and email)

<.001.58 (0.08, 0.42 to 0.74)Synchronous communication (eg, telephone and video call)

WTP question format

——Open-ended

<.0012.13 (0.12, 1.90 to 2.36)Single-bounded dichotomous choice

<.0012.20 (0.06, 2.09 to 2.31)Double-bounded dichotomous choice

<.0011.11 (0.05, 1.01 to 1.21)Payment scale

<.0011.89 (0.05, 1.80 to 1.98)Not reported

<.001−.37 (0.04, −0.45 to −0.28)Ex post vs ex ante

.37.02 (0.02, −0.02 to 0.05)Protest zero or all zero responses excluded vs all zeros included

aWTP: willingness to pay.
bGDP: gross domestic product.
cNot available because it was the reference level.
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Table 7. WTPa-related factors for the examined eHealth in studies that reported WTP as a one-time payment.

Stahl et al
[62]

Shariful Is-
lam et al
[61]

Raghu et al
(2) [57]

Raghu et al
(1) [57]

Ngan et al
[56]

Kaga et al
[55]

Bergmo and
Wangberg
[52]

Adedokun
et al [50]

Factors

Characteristics of the eHealth or eHealth technology

Positivec———————bFavorable features

Not signifi-
cant

———————Technical quality

——PositivePositive————Service convenience

——Not signifi-
cant

Not signifi-
cant

————Satisfaction with the service

——PositivePositive————Brand reputation

Sociodemographic characteristics

Not signifi-
cant

Negative———NegativeNot signifi-
cant

Not signifi-
cant

Gender (women)

Not signifi-
cant

———PositiveNot signifi-
cant

PositiveNot signifi-
cant

Age

—PositiveNegativeNot signifi-
cant

Not signifi-
cant

—Not signifi-
cant

Not signifi-
cant

Education

—PositivePositiveNot signifi-
cant

PositiveNot signifi-
cant

Not signifi-
cant

—Income

——Not signifi-
cant

Not signifi-
cant

———Not signifi-
cant

Employment

————Not signifi-
cant

——Not signifi-
cant

Occupation

—————Not signifi-
cant

——Living alone

————Not signifi-
cant

———Residential area

——Not signifi-
cant

Negative————International student

Health conditions

—Not signifi-
cant

————Not signifi-
cant

—Chronic conditions

————Not signifi-
cant

———Smoking status

————Not signifi-
cant

———Attempts to quit smoking

Current health care services

—Not signifi-
cant

——————Number of visits to a physi-
cian

Not signifi-
cant

———————Time taken and cost of trav-
el to see a physician

Psychosocial characteristics

—————Not signifi-
cant

——Health anxiety

—————Positive——Health consciousness

—————Not signifi-
cant

——Having an acquaintance who
lives alone

—————Positive——Not having seen people for
over a week
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Stahl et al
[62]

Shariful Is-
lam et al
[61]

Raghu et al
(2) [57]

Raghu et al
(1) [57]

Ngan et al
[56]

Kaga et al
[55]

Bergmo and
Wangberg
[52]

Adedokun
et al [50]

Factors

Experience with information technology

——————Negative—Having used eHealth

——————Not signifi-
cant

—Internet use

Attitudes

—————Positive——Willingness to use

aWTP: willingness to pay.
bThe factor was not examined in the study.
cThe favorable feature examined in the study was to involve family and friends.
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Table 8. WTPa-related factors for the examined eHealth in studies that reported WTP in monthly payment.

Tran et al [67]Somers et al (2)
[34]

Somers et al (1)
[34]

Rasche et al
[66]

Jacobs et al [65]Cocosila et al
[63]

Factors

Characteristics of the eHealth or eHealth technology

Positived——Positivec——bFavorable features

Sociodemographic characteristics

—NegativeNot significantNot significant—Not significantGender (women)

—NegativeNegativeNot significant—NegativeAge

Positive——Not significant——Education

—Not significantPositive———Income

———Not significant——Health literacy

Health conditions

—PositivePositive———Perceived health status

—Not significantNot significantNot significant——Chronic conditions

———Not significant——Health risk

Not significantNot significantNot significant———Taking regular medication

————Positive—Dosage of medication

Current health care services

Negative—————Level of the health system

Psychosocial characteristics

————Positive—Perceived autonomy support

Experience with information technology

——————Having used eHealth

—Not significantPositive and

negativee
———Internet use

—————Not significantSMS text messaging use

—Not significantNegativef———Computer use

—Not significantNot significant———Smartphone use

Positive—————Times without a mobile phone

—Not significantNot significant———Mobile app use

PositivePositivePositive———Amount spent on the phone, the
internet, and additional features

—PositivePositive———Amount spent on health apps

Attitudes

———Not significant——Attitude toward intervention

———Not significant——Ready for technology innovation

Positive—————Willingness to use

aWTP: willingness to pay.
bThe factor was not examined in the study.
cFavorable features examined in the study included decisions regarding treatment, description of physical exercise to reduce the risk of falls, continuous
workout programs, and making new social contacts.
dFavorable features examined in the study included direct counseling with physicians and booking check-ups.
eIndividuals who had access to the internet at home but never used it showed higher WTP than those who did not have internet access at home; individuals
who had access to the internet at home and used it regularly showed lower WTP than those who did not have internet access at home.
fIndividuals who owned a computer but rarely used it showed a lower WTP than those who did not own a computer.
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Discussion

Principal Findings
To the best of our knowledge, this study is the first systematic
review and meta-analysis of WTP for eHealth and
meta-regression analysis of WTP-related factors for eHealth.
We summarized and analyzed the findings of relevant scientific
papers and found that the WTP value reported in each study
varied significantly depending on the study population, modality
used to provide eHealth, and methods used to measure WTP.

WTP for eHealth was higher in North America and Europe than
in Asia and Africa, which is in line with the positive association
between GDP per capita and WTP found in our meta-regression
analysis. These findings suggest that even after adjusting for
PPP, the overall economic condition of a country is related to
people’s WTP for eHealth. Furthermore, several studies have
shown that individual or household income was positively
associated with WTP for eHealth in their samples, suggesting
that the economic condition of an individual also predicts their
WTP for eHealth. A commonly cited reason for this finding is
that economic conditions affect individuals’ability to pay, which
in turn affects their WTP [77]. Another reason may be that
individuals with a higher income or those in more economically
developed countries have better access to and are more familiar
with eHealth and have a higher intention to use and pay for it
[78].

The demographic characteristics related to WTP for eHealth
were gender, age, and educational level. The meta-regression
analysis showed that women were associated with lower WTP
values, which is in line with the findings of some studies in
which women were willing to pay less than men for eHealth
[34,55,61]. A possible reason for this may be that men tend to
be more concerned about their health because of the higher risks
of life-threatening chronic diseases than women and are more
willing to pay for tools to help manage their health conditions
[79,80]. Another reason may be that men tend to have a more
favorable attitude toward technology than women [81] and may
be more likely to accept and favor eHealth. Regarding the
association between age and WTP for eHealth, there were mixed
results (ie, nonsignificant, significantly positive, and
significantly negative associations) among the included studies.
This suggests that the association may vary drastically,
depending on the context of each study (eg, population,
examined eHealth, clinical setting, and alternative health
services). Educational level was also related to WTP for eHealth;
studies with a higher percentage of college graduates reported
higher WTP values than those with a lower percentage of college
graduates. This could be explained by the fact that people with
higher education levels had higher eHealth literacy levels [82],
perceived fewer barriers to using eHealth, and were more willing
to pay for eHealth.

People were more willing to pay for eHealth provided through
a specific medical device (eg, dermatoscope, nonmydriatic
fundus camera, or vital sign measurement system) than for
eHealth provided through websites, probably because of the
advantage of obtaining accurate measurements for better clinical
diagnoses. The results also showed that people were more

willing to pay for eHealth provided through synchronous
communication (eg, telephone calls and videoconferencing)
than for health-related websites that allow for little to no
interaction between users and health care providers, probably
because synchronous communication enables real-time
communication between users and their health care providers.
Asynchronous eHealth also enables communication with health
care providers through store-and-forward methods, such as SMS
text messaging or email. However, the mean WTP for
asynchronous eHealth was much lower than that for synchronous
eHealth, probably because the timeliness of communication
cannot be guaranteed through asynchronous eHealth, and the
amount of health information delivered through SMS text
messages or emails is limited.

The methods used to measure WTP also influenced the WTP
values. Our meta-regression analysis showed that posing
open-ended questions to participants resulted in lower WTP
values than any other contingent valuation method. The reason
may be that open-ended questions yield more 0 responses
[83,84]; alternatively, answering “yes” and anchoring effects
can occur when the dichotomous choice or payment scale
approach is used [85]. The meta-regression analysis also
revealed that ex post evaluations led to lower WTP values than
ex ante evaluations, probably because individuals who had not
used eHealth tended to have higher expectations and value it
more. Another explanation may be that some eHealth
interventions were less user-friendly [52] or failed to meet user
needs in practice [86].

Implications for Practice, Policy, and Future Research
The results of this review reflect the value of eHealth from the
perspective of users, who are important sources of practical
implications for the development and implementation of eHealth
[87,88]. Our results showed that users place a high value on an
eHealth technology that offers accurate diagnoses of health
problems, has interactive features, and facilitates real-time
communication with health professionals [89-91]. They also
favor eHealth technology that enables shared decision-making,
physical exercise training, socializing, and booking health
examinations [62,66,67,92,93]. In addition, users find
convenient and easy-to-use eHealth to be more attractive,
suggesting that usability and technology acceptance should be
taken into consideration when designing and implementing
technology for eHealth, which is consistent with the literature
[86,94-103].

Our results revealed the gender, education, and economic
differences in the WTP for eHealth. Despite that eHealth has
great potential to improve the accessibility of care by delivering
health care and health information remotely and at a low cost;
it might be more accessible to and create more benefits for
individuals or populations that have more resources to use and
are more capable of using eHealth [104]. It is a challenge for
researchers, eHealth developers, and public health
decision-makers to ensure that eHealth helps resolve health
disparities instead of exacerbating them. We recommend
identifying and removing barriers to eHealth access among
disadvantaged populations [105] and keeping users’ needs and
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eHealth literacy levels in mind when developing eHealth
interventions [106].

Our review showed that the most common approach to elicit
WTP for eHealth was open-ended questions, as researchers do
not have to provide cues for a reasonable WTP value, and it is
easy to use. However, many participants may have never been
asked these types of questions in real life and may have found
it difficult to answer, leading to a low response rate and more
zero responses, especially “protest zeros” [83,84]. In
comparison, other formats that gave participants a starting value
to consider, such as single- and double-bounded dichotomous
choice models, payment scales, and bidding games, may have
made it easier for them to answer the questions but could have
led to anchoring bias by making the participants believe that
the starting value was an appropriate value, which could have
biased their responses toward that value [85]. Some studies used
discrete choice experiments, in which each attribute of the good
or service was valued separately instead of the full package.
Discrete choice experiments generally have higher internal and
external validity but require more time and effort for study
design and data collection than contingent valuation studies
[107]. The perfect approach for WTP evaluation remains
debatable, and it seems that the approaches cannot substitute
each other, which underscores the need to undertake further
methodological comparisons between different approaches and
explore other approaches to elicit WTP.

Limitations
This study had some limitations that should be acknowledged.
First, all the studies identified in this review were stated
preference studies that used hypothetical questions to measure
WTP values instead of observing actual purchases or choices
made by the respondents (ie, revealed preferences). This
inevitably led to a hypothetical bias, with participants reporting

higher WTP values than what they would pay in real life
[108-111]. The dearth of revealed preference studies in this field
calls for further investigation into how much people are willing
to pay for eHealth in real life and a comparison of WTP values
elicited through stated preference and revealed preference
methods. Second, articles written in languages other than
English were excluded from this review, which may have led
to language and publication bias. Third, there was great
heterogeneity in the meta-analysis results, which limited the
generalizability of the reported mean WTP values. Meta-analysis
and meta-regression results should be interpreted with caution.
Finally, we conducted a univariate meta-regression analysis as
the rule of thumb is that the number of studies to be used in an
analysis should be at least 10 times the number of explanatory
variables in the regression [37]. Hence, this review did not use
multivariate regression to control for all potential confounders
and covariates when examining the associations between
exploratory variables and WTP for eHealth.

Conclusions
We found that WTP for eHealth varies greatly depending on
the modality used to provide eHealth, study population, and
methods used to measure WTP. We found that consumers
favored and valued several eHealth modalities and features,
which should be considered for adoption in future eHealth
interventions. User-centered, convenient, and easy-to-use
eHealth interventions should be developed, keeping in mind
their usability and acceptance. Our results also showed that
different population segments have significantly different WTP
values for eHealth, which calls for further efforts to ensure the
effective implementation of eHealth among disadvantaged
populations and resolve health disparities. Thus far, there has
been no consensus on the optimal approach to elicit WTP values,
necessitating the exploration of other methods.
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Abstract

Background: Depressive disorders (DDs) are a public health problem. Face-to-face psychotherapeutic interventions are a
first-line option for their treatment in adults. There is a growing interest in eHealth interventions to maximize accessibility for
effective treatments. Thus, the number of randomized controlled trials (RCTs) of eHealth psychotherapeutic interventions has
increased, and these interventions are being offered to patients. However, it is unknown whether patients with DDs differ in
internet-based and face-to-face intervention trials. This information is essential to gain knowledge about eHealth trials’ external
validity.

Objective: We aimed to compare the baseline characteristics of patients with DDs included in the RCTs of eHealth and
face-to-face psychotherapeutic interventions with a cognitive component.

Methods: In this meta-epidemiological study, we searched 5 databases between 1990 and November 2017 (MEDLINE, Embase,
PsycINFO, Google Scholar, and the database of Cuijpers et al). We included RCTs of psychotherapeutic interventions with a
cognitive component (eg, cognitive therapy, cognitive behavioral therapy [CBT], or interpersonal therapy) delivered face-to-face
or via the internet to adults with DDs. Each included study had a matching study for predefined criteria to allow a valid comparison
of characteristics and was classified as a face-to-face (CBT) or eHealth (internet CBT) intervention trial. Two authors selected
the studies, extracted data, and resolved disagreements by discussion. We tested whether predefined baseline characteristics
differed in face-to-face and internet-based trials using a mixed-effects model and testing for differences with z tests (statistical
significance set at .05). For continuous outcomes, we also estimated the difference in means between subgroups with 95% CI.

Results: We included 58 RCTs (29 matching pairs) with 3846 participants (female: n=2803, 72.9%) and mean ages ranging
from 20-74 years. White participants were the most frequent (from 63.6% to 100%). Other socioeconomic characteristics were
poorly described. The participants presented DDs of different severity measured with heterogeneous instruments. Internet CBT
trials had a longer depression duration at baseline (7.19 years higher, CI 95% 2.53-11.84; 10.0 vs 2.8 years; P=.002), but the
proportion of patients with previous depression treatment was lower (24.8% vs 42%; P=.04). Subgroup analyses found no evidence
of differences for the remaining baseline characteristics: age, gender, education, living area, depression severity, history of
depression, actual antidepressant medication, actual physical comorbidity, actual mental comorbidity, study dropout, quality of
life, having children, family status, and employment. We could not compare proficiency with computers due to the insufficient
number of studies.

Conclusions: The baseline characteristics of patients with DDs included in the RCTs of eHealth and face-to-face psychotherapeutic
interventions are generally similar. However, patients in eHealth trials had a longer duration of depression, and a lower proportion
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had received previous depression treatment, which might indicate that eHealth trials attract patients who postpone earlier treatment
attempts.

Trial Registration: PROSPERO CRD42019085880; https://tinyurl.com/4xufwcyr

(J Med Internet Res 2022;24(9):e36978)   doi:10.2196/36978

KEYWORDS

depression; mental health; digital intervention; eHealth; web-based; randomized controlled trial; RCT; meta-analysis; epidemiology;
epidemiological; depressive disorder; mental illness; mental condition; mental disorder; psychotherapy; psychotherapeutic
intervention; CBT; iCBT; cognitive behavioral therapy; face-to-face; cognitive therapy; interpersonal therapy

Introduction

Depressive disorders (DDs) affect more than 300 million people
worldwide and have prevailed as a leading nonfatal health issue
for almost 3 decades [1,2]. Their incidence and burden are
expected to rise in the future. At present, DDs cause 15% of the
days lived with disability and is associated with suicide; a high
burden in personal, family, social, and work life; and elevated
health care costs [2,3]. Increasing the accessibility to effective
interventions for DDs is an international priority [4,5].

Psychotherapeutic interventions aim to improve depressive
symptoms by increasing self-efficacy, developing coping skills,
and changing cognitions, emotions, and behaviors with exercises
and sometimes homework between sessions. Examples include
cognitive therapy, cognitive behavioral therapy (CBT),
interpersonal therapy, and psychodynamic treatments.
Face-to-face psychotherapeutic interventions are accepted as a
first-line treatment for DDs [6-9], and the different approaches
have benefits from small to large magnitude compared to usual
care (standardized mean differences [SMDs] ranging from –0.32
to –0.92) [10,11].

Internet-based (also known as eHealth) psychotherapeutic
interventions, such as internet CBT (iCBT), treat psychological
problems via digital platforms [12]. The eHealth approach
involves adapting standard face-to-face protocols into
computerized self-help material delivered over a period either
as a self-help program alone or combined with brief therapist
support [4]. Similar to face-to-face interventions, most
randomized controlled trials (RCTs) in eHealth psychotherapy
have evaluated interventions with CBT components [6].

Available meta-analyses suggest that internet-based
psychotherapeutic interventions are effective for DDs compared
to a waiting list or attention control condition. Internet-based
interventions improved depression severity in adults with major
depression (SMD –0.90, 95% CI –1.07 to –0.73) [13].
Self-guided iCBT was effective on depressive symptom severity
(SMD 0.27) and treatment response (odds ratio 1.95, 95% CI
1.52-2.50) [14]. Internet-based interventions could also be
effective for treating subthreshold depression and preventing
major depression [15]. Recent meta-analyses of direct
comparisons suggest similar effectiveness between
internet-based and face-to-face psychotherapeutic interventions
for treating DDs [6,13,16-18], which was the starting point of
this project.

Although the previous data suggest that iCBT can be as effective
as face-to-face CBT for treating DDs, the evidence is not

conclusive. Other systematic reviews found that iCBT is more
effective than face-to-face CBT at reducing symptom severity
in depression (SMD –1.73, 95% CI –2.72 to –0.74) [19], but
there was no evidence of an effect of iCBT compared to active
treatments regarding depressive symptoms in adolescents and
young adults [20]. Conversely, heterogeneity between studies
was substantial in the published meta-analyses, with I-squared

(I2) up to 98%. In addition, no moderators of treatment effects
were identified [20] that explained this heterogeneity. Thus, the
comparative effectiveness of eHealth and face-to-face
interventions is unclear.

At present, using technology to maximize accessibility for
depression treatments is an important next step [6]. Digital
interventions can increase access to evidence-based
psychotherapeutic interventions, which explains the large-scale
investments to integrate eHealth into regular health care services
[4,6,21]. This context requires understanding under what
conditions eHealth interventions work, if they are effective for
everyone, and in which groups the interventions might be more
or less effective [22,23]. For example, there are barriers to using
iCBT for patients, such as computer literacy, language, and
disabilities, and patients’ attrition rates can differ between
face-to-face and digital interventions [24]. Additionally,
psychologists must be trained to deliver eHealth interventions
[6]. Finally, recommendations for using iCBT should be
underpinned by high-quality evidence from studies including
complex presentations of depression—that is, patients with
comorbidities, higher depression severity, or risk of suicide. In
summary, the evidence on digital psychotherapeutic
interventions should apply to everyday practice and all patient
groups [6].

The baseline characteristics of patients in the RCTs of eHealth
interventions for DDs have received little consideration.
Determining whether these characteristics differ among eHealth
and face-to-face intervention trials is essential to gain knowledge
about the external validity of eHealth trials. The aim of our
study was to compare the baseline characteristics of patients
with DDs included in the RCTs of eHealth and face-to-face
psychotherapeutic interventions with a cognitive component.

Methods

Registration
This meta-epidemiological study was prospectively registered
in PROSPERO (registration CRD42019085880).
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Inclusion Criteria

Date
We included RCTs published as an article in any language from
1990 to November 2017.

Participants
Participants included adults (aged ≥16 years) with a diagnosis
of DD according to an established diagnostic procedure.
Depression could be the only diagnosis or coexist with other
conditions, but DD should be the leading psychological
diagnosis. We excluded studies with patients who are
hospitalized.

Interventions
Psychotherapeutic interventions with at least 5 sessions and a
cognitive component—that is, cognitive therapy, CBT, and
interpersonal therapy—were eligible. We tried to reduce the
heterogeneity among the included psychotherapeutic
interventions by focusing on those with a cognitive component.
From now on, we will label these interventions as CBT, since
they share basic principles, such as that cognitions contribute
to the maintenance of depression via their association with
emotions and behaviors [25]. We excluded supportive therapy,
psychodynamic treatment, and interventions delivered at group
level (group, family, or couple therapies).

As a comparator, the studies should have another
psychotherapeutic intervention, a sham intervention, or an
inactive control (such as a waiting list). To reduce heterogeneity

among the included studies, we excluded pharmacological
treatment or bibliotherapy as comparators, since the motivation
to participate in these trials may differ. However, we admitted
antidepressants with stable dosage as cointervention, as the
combination of antidepressants and psychotherapeutic
interventions reflects routine practice in managing DDs. We
created 2 subgroups of studies based on the following criteria.

1. eHealth CBT interventions (iCBT): This group included
studies evaluating the effects of an eHealth CBT
intervention (internet- or device-based self-help program
delivered via computer or smartphone). The iCBT must be
provided by a health professional with minimum or absent
email support. We excluded studies with regular or direct
web-based contact (eg, web-based session or chat) or using
bibliotherapy on screen. We acknowledge that these can
also be eHealth interventions, but we focused on
interventions requiring patients working on their own.

2. Face-to-face CBT interventions (CBT): This group included
studies evaluating the effects of a CBT intervention
delivered face-to-face—that is, the sessions require the
patient and therapist being in the same room with direct
contact. We excluded interventions delivered without visual
contact—for example, communication via chat or phone
exclusively.

Outcomes
We compared the patients’ characteristics at baseline, as shown
in Textbox 1.

Textbox 1. Primary and secondary outcomes.

Primary outcomes

• Age (years; mean, SD)

• Gender (proportion of women)

• Education (proportion of patients with higher education; ie, at least a high school degree)

• Living area (proportion of patients living in a metropolitan area)

• Depression score (mean, SD)

• Depression duration (years; mean, SD)

• History of depression (proportion of patients with at least one previous episode of depression)

• Previous depression treatment (proportion of patients who had received any kind of treatment for depression; ie, psychotherapy, antidepressants,
or both)

• Actual antidepressant medication (proportion of patients receiving antidepressants at the start of [and during] the study)

• Actual physical comorbidity (proportion of patients having at least one physical comorbidity; eg, diabetes mellitus)

• Actual mental comorbidity (proportion of patients having at least one additional mental disorder; eg, Axis I diagnosis)

• Study dropout (proportion of patients who dropped out or did not finish the study)

Secondary outcomes

• Quality of life (measured with a validated scale; mean, SD)

• Proficiency with computers (measured with a validated scale; mean, SD)

• Having children (proportion of patients having children)

• Family status (proportion of patients living alone; ie, single, divorced, or widowed)

• Employment (proportion of patients being employed)
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Search Methods for the Identification of Studies
First, we searched the following sources for face-to-face CBT
intervention studies: (1) the database of Cuijpers et al [26] (date
consulted: November 11, 2017), which was created in 2009,
contains the RCTs of psychological treatments for depression,
and on the date of our search (November 11, 2017), consisted
of a total of 351 records; and (2) the collection of articles at the
Institute for Complementary and Integrative Medicine
(University Hospital Zurich and University of Zurich,
Switzerland).

Second, we searched the following electronic databases (from
October 16 to December 31, 2017) for iCBT studies: (1)
MEDLINE (via PubMed), (2) Embase, (3) PsycINFO, and (4)
Google Scholar. The search strategies combined relevant search
terms related to the main concepts of the search (depression,
eHealth, and RCTs). We also screened the bibliographies of
key publications (see Multimedia Appendix 1).

Selection of Studies
In the first stage, 1 author (VA) screened the records (titles and
abstracts) in the database of Cuijpers et al [26] to select
potentially eligible face-to-face CBT studies. VA also screened
the results of the electronic searches and the bibliographies of
key publications for iCBT studies that could possibly be matched
with the face-to-face CBT studies. If there was any uncertainty
based on the information given in the title or abstract, VA asked
another author (JB) for clarification. Subsequently, 2 authors
assessed the eligibility of the retrieved full texts: VA assessed
the eligibility of each full text, which was cross-checked by JB.
Disagreements were resolved by discussion. In the second stage,
2 researchers (VA and Lena Kümmel) independently checked
if the potentially eligible studies reported all the necessary data.
VA and Lena Kümmel resolved disagreements by discussion,
and if there was no consensus, JB reached a final decision.

To include a study in the analysis, it must have had a matching
study (being either iCBT or face-to face CBT) for all the
following factors (all of them predefined and implemented in
this order): (1) the same depression measurement or scale (eg,
Edinburgh Postnatal Depression Scale), (2) similar depression
treatment (eg, CBT), (3) similar diagnosis, (4) similar age range,
(5) similar recruitment timeframe (less than 5 years of
difference), (6) similar publication dates (less than 5 years of
difference), (7) similar country, and (8) similar race. VA
implemented the matching, and JB checked the decisions.

Data Extraction
Next, 2 researchers (Lena Kümmel and VA) independently used
a Microsoft Excel form to extract data on participants,
interventions, comparators, outcomes, and matching criteria.
JLA cross-checked the extracted numerical data. Discrepancies
were resolved by discussion. We did not assess the risk of bias
or contact the study authors to clarify unclear information.

For each outcome, we extracted the total number of randomized
participants, the number of participants with the characteristic
(dichotomous data), and the mean and SD (continuous data). If
different scales were used for the same construct, we
standardized each study’s mean and SD to a 100-point scale.

To standardize means, we applied the following formula: (mean
– lowest scale value)× 100/scale range. To standardize the SDs,
we multiplied the observed SD by 100 and divided it by the
scale range. As this standardization method does not correct for
differences in the direction of the scales, we checked that all
the scales pointed in the same direction; for example, if higher
values indicated a better health state. If different time units were
used, we converted the time unit to years.

For missing SDs, we first tried to calculate them from the report
using the Review Manager calculator (version 5.4.1; The
Cochrane Collaboration) [27]. We followed the method of Wan
et al [28] to estimate the mean and SD from the sample size,
median, range, and IQR. If these procedures were not possible,
we borrowed the SD from other studies in the same
meta-analysis [29]. If several candidate SDs were available, we
used the largest SD.

We attempted to perform an “available-case analysis” of the
randomized population: we took as denominators the
randomized participants with a complete baseline measurement
of the outcome. We considered the randomized population if
the population measured at baseline was unclear. When authors
presented the baseline information for those who completed the
intervention and those lost to follow-up separately, we pooled
the data with the Review Manager calculator (version 5.4.1;
The Cochrane Collaboration) [27].

Statistical Analysis
We used the Comprehensive Meta-Analysis software (version
3; Biostat) [30] to perform the analyses. We applied a
DerSimonian and Laird random-effects meta-analysis [31]. The
logit transformation was used for meta-analyses of prevalence.
We investigated statistical heterogeneity in the results by
considering the chi-square P value and the I² statistic [32]. When
the relevant levels of heterogeneity were found, we still
meta-analyzed the data.

To test whether each baseline characteristic differed in CBT
and iCBT trials, we used a mixed-effects model. This model
pools the studies within each subgroup using the random-effects
model and tests for differences between the subgroups using a
fixed-effects model [33]. Due to the low number of studies
(below 30 per subgroup), we used a common among-study

variance (τ2) for each subgroup, which was computed by pooling
the among-study variances of the 2 subgroups [33]. We ran a z
test to compare the 2 effect sizes directly. The threshold for
statistical significance was .05. For continuous outcomes, we
also estimated the difference in means between subgroups along
with its 95% CI [33]. We did not obtain a 95% CI for the
difference in prevalence as there is no meaningful way to
compute it [33].

Results

Search Result
The search for iCBT studies generated 123 records, and the
search for face-to-face studies found 351 records. Therefore,
we screened 474 titles and abstracts and excluded 290. We
examined 184 full-text reports, of which 68 were excluded. We
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further assessed 64 face-to-face and 52 internet-based full-text
RCTs, from which we finally included 29 matching pairs (with

a total of 58 included RCTs). More details are provided in Figure
1.

Figure 1. Flow chart. RCT: randomized controlled trial. Face-to-face studies screened from the database of Cuijpers et al [26].

Description of the Included Studies
Multimedia Appendices 2 and 3 detail the characteristics of the
58 included studies, which were published between 1990 and
2017 (n=52, 90% of them after 2000). All studies were carried
out in high-income countries: 50% (n=29) in Europe, 22%
(n=13) in the United States, 17% (n=10) in Australia, and 10%
(n=6) in other countries. There were no multinational studies.

The studies included a total of 3846 patients. The patients were
adults (mean ages ranging from 20 to 74 years in the 57 studies
reporting this information) and mostly female (n=2803, 72.9%).
In the 29 studies reporting the patients’ race, White patients
were the most frequently reported, representing from 63.6% to
100% of the samples. The participants’ socioeconomic status
was poorly described in the 58 studies: 39 (67%) studies
reported the participants’ education, ranging from college to
doctoral degrees. There were 27 (47%) studies that reported the
participants’ employment status: from 14% to 80% of the
patients were employed (full- or part-time). There were 4 (7%)
studies that reported the social class or income of the included

participants: from 16% to 36% of the participants had a social
class I/II or an income higher than US $30,000/year.

The included patients had different types of DDs: mild to
moderate, major depression, postnatal depression, and others.
Depression severity was measured with different tools, with the
Beck Depression Index being the most common (n=20, 34%).
The participants presented mental (eg, addictions) and physical
(eg, diabetes mellitus or cardiac surgery) comorbidities that
were matched in the study pairs.

All the included studies delivered psychotherapeutic
interventions with a cognitive component. The duration of the
interventions ranged from 6 to 20 weeks with daily, weekly, or
fortnightly sessions that lasted from 10 to 90 minutes each. The
cointerventions were poorly described.

Comparison of Baseline Characteristics of Participants
in the Included iCBT and Face-to-Face CBT RCTs
The results are provided in Table 1. Multimedia Appendix 4
also details the results of the meta-analyses, including the iCBT
and face-to-face CBT studies.
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Table 1. Comparison of eHealth and face-to-face psychotherapeutic studies according to baseline characteristics. No study provided data for the outcome
“proficiency with computers.”

Meta-analyses (random-effects model)Characteristic

Subgroup analysesaI2 (%)Participant, nStudy, nEstimate (95% CI)

P valueDifference (95% CI)b

.65–1.89 (–10.08 to 6.29)Age (years)

99.725742939.98 (35.22-44.74)iCBTc

99.510562841.81 (35.21-48.54)Face-to-face CBTd

.16—eGender, women, %

6625752972.9 (69.2-76.4)iCBT

71.112712968.2 (62.2-73.7)Face-to-face CBT

.38—Education, higher education, %

86.418012284.1 (77.8-88.8)iCBT

85.27891579.2 (67.4-87.5)Face-to-face CBT

.38—Living area, metropolitan area, %

36.9345299.5 (96.2-99.9)iCBT

<0.00152298.1 (88-99.7)Face-to-face CBT

.641.10 (–3.43 to 5.61)Depression scoref (standardized to a 0-100–point scale)

98.625812941.34 (37.37-45.31)iCBT

96.510202842.25 (38.09-42.41)Face-to-face CBT

.0027.19 (2.53-11.84)Depression duration (years)

036110.0 (5.6-14.4)iCBT

89.215552.8 (1.2-4.4)Face-to-face CBT

.42—History of depression, %

93.37741056.6 (39-72.7)iCBT

73.33421065.1 (53.1-75.5)Face-to-face CBT

.04—Previous depression treatmentg, %

75.2908824.8 (18-33.1)iCBT

80.9303742 (28.3-57.1)Face-to-face CBT

.11—Actual antidepressant medication, %

91.314191333.1 (23.6-44.2)iCBT

85.34231314.8 (5-36.6)Face-to-face CBT

.33—Actual physical comorbidity, %

0254299.6 (97.3-99.9)iCBT

066298.5 (90-99.8)Face-to-face CBT

.77—Actual mental comorbidity, %

84.6132573.8 (39.2-92.5)iCBT

89.7196566.9 (28.7-91.1)Face-to-face CBT

.36—Study dropout, %

89.518782419.5 (14.1-26.4)iCBT

83.49872415.4 (10.1-22.7)Face-to-face CBT

.2914.50 (–12.54 to 41.53)Quality of life (standardized to a 0-100–point scale)

99.3904948.11 (36.5-59.62)iCBT
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Meta-analyses (random-effects model)Characteristic

Subgroup analysesaI2 (%)Participant, nStudy, nEstimate (95% CI)

P valueDifference (95% CI)b

98.590233.61 (9.15-58.07)Face-to-face CBT

.55—Having children, %

0221399 (95.3-99.8)iCBT

079398.1 (91-99.6)Face-to-face CBT

.37—Family status, living alone, %

88.217952038.3 (30.8-46.5)iCBT

83.37682044.2 (34.5-54.4)Face-to-face CBT

.45—Employment, %

90.614131359.4 (47.9-69.9)iCBT

80.95191353 (40.9-64.8)Face-to-face CBT

aDegrees of freedom=1.
b95% CI for the difference in prevalence was not calculated, as there is no meaningful way to compute it.
ciCBT: internet cognitive behavioral therapy.
dCBT: cognitive behavioral therapy.
eNot available.
fSubgroup analyses for depression measured with individual scores: Beck Depression Inventory (P≥.99); Depression, Anxiety and Stress Scale-21
(P=.04); Center for Epidemiologic Studies-Depression Scale (6 studies; P=.87), Edinburgh Postnatal Depression Scale (4 studies; P=.34), and Hamilton
Depression Rating Scale (6 studies; P=.07).
gProportion of patients (%) having received any kind of treatment for depression (ie, psychotherapy, antidepressants, or both).

Primary Outcomes
The mean depression duration was 7.19 years higher (CI 95%
2.53-11.84) in iCBT trials than in face-to-face CBT trials (10.0
vs 2.8 years; P=.002). However, the mean proportion of patients
with previous depression treatment was lower in iCBT trials
(24.8% vs 42% in face-to-face trials; P=.04). The subgroup
analyses found no evidence of differences for the remaining
primary outcomes: age, gender, education, living area,
depression score, history of depression, actual antidepressant
medication, actual physical comorbidity, actual mental
comorbidity, and study dropout.

Secondary Outcomes
We found no evidence of differences between iCBT and
face-to-face CBT studies for quality of life, having children,
family status, and employment. Subgroup analysis for the
proficiency with computers could not be performed due to
insufficient studies.

Discussion

Principal Findings
To our knowledge, our study is the first to compare the baseline
characteristics of patients with DDs included in the RCTs of
eHealth and face-to-face CBT interventions. Overall, we found
that the patients’ characteristics between eHealth and
face-to-face RCTs were generally similar. This finding suggests
that patients in both types of trials are comparable rather than
different. However, patients in eHealth trials had a longer

depression duration, and a lower proportion had received
previous depression treatment.

eHealth psychological interventions have several advantages
compared to face-to-face interventions. First, iCBT creates the
opportunity to deliver psychological treatment to people without
access to face-to-face therapy [12]. Thus, iCBT can help patients
avoid traveling to physical consultations and can mitigate the
shortage of professionals [6,34-36]. Second, guided iCBT
probably represents the most economical option for the
short-term treatment of adults with mild-to-moderate major
depression [24]. Third, eHealth interventions have become
highly automated, which enhances fidelity with treatment
protocols [33,37]. Fourth, digital interventions are becoming
acceptable for patients and therapists, particularly since the
COVID-19 pandemic [6,24,38]. In fact, surveys suggest that
iCBT guided by therapists could become a preferred option for
patients over in-person CBT or medication [39].

We assumed that the baseline characteristics of patients in
eHealth and face-to-face psychotherapeutic intervention RCTs
would differ. For example, we hypothesized that patients in
eHealth RCTs would be younger due to their familiarity with
computers and frequent use of social media [40]. However, we
did not find differences regarding the patients’ age, which is
supported by recent literature that suggests that older adults are
becoming more computer literate and that iCBT could therefore
be a treatment opportunity [41]. Conversely, available research
suggests that younger people are more likely to drop out of
iCBT, but the reason for that result remains unknown [42]. Our
study was not able to confirm this finding.
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Our study found that patients in eHealth RCTs presented a
longer depression duration but had received previous depression
treatment in a lower number. The longer depression duration
in eHealth RCTs could be explained by the fact that patients in
eHealth trials perceive barriers concerning face-to-face
treatments, and therefore, eHealth treatment might be more
attractive to them. Conversely, we expected that patients in
eHealth RCTs would present more severe depression since a
lower proportion had received treatment for depression.
However, our analyses did not support this assumption. Finally,
our findings might indicate that eHealth trials attract patients
who postpone earlier treatment attempts, but future research
should be conducted to confirm this finding.

Our searches identified a high number of RCTs, which confirms
the recent expansion of research into digital interventions [6,43].
However, the baseline characteristics of the trial participants
were poorly and heterogeneously reported. This finding
represents a major limitation of the available research, as the
role of these characteristics is essential to understand under
what conditions eHealth psychotherapeutic interventions will
work. For example, few studies reported the patients’
proficiency with computers, which is critical to explain the lack
of effect of a digital intervention. Additionally, there is room
for improvement in the reporting of socioeconomic
characteristics, such as working conditions or family status,
which are essential features to understand which type of patients
benefit from eHealth interventions. Furthermore, it would be
of interest to know about the comorbidities directing a patient
to a certain treatment method as well as previous treatments
against DDs.

This incomplete reporting highlights the need to agree to a
consensus-based minimum set of baseline characteristics that
should be measured and reported in all RCTs of eHealth
psychotherapeutic interventions. Once the list is defined,
consensus should be achieved on how to measure these
characteristics, such as which measurement instruments should
be selected to measure proficiency with computers. Finally, the
reporting of these characteristics should be encouraged in future
RCTs to allow the assessment of the applicability of the study
findings.

Strengths and Limitations
Our study had several limitations, but we tried to overcome
them by following rigorous methods [44].

First, our searches may have missed eligible studies. Particularly,
we limited the searches from 1990 onward as no eligible study
would have been published before. The restriction until 2017
was because the searches were executed that year, and we did
not have the resources to update them. However, we did not
attempt to perform a systematic review and, thus, include all
the studies in this field. We consider that the 58 included RCTs
probably give an unbiased view of the situation in this research
field.

Second, our matching process by relevant characteristics may
have minimized differences between subgroups. Moreover,
otherwise eligible studies were excluded because we could not
find their matching pair. However, we consider that the matching
process minimized confounding in the subgroup analyses (see
below).

Third, subgroup analysis is a technique with considerable
pitfalls. Nevertheless, we followed established guidelines to
overcome the main limitations. (1) We prevented post hoc
analyses and undue emphasis on particular findings by choosing
the analyses in advance with clear rationale [45,46]. (2) We
found a high number of studies for most outcomes, which
increased the statistical power (which is usually low in subgroup
analyses). For example, 6 analyses presented at least 20 studies
per subgroup. (3) We did not simply compare the statistical
significance of the results in each subgroup and performed
formal significance tests [31,33]. Moreover, we estimated the
difference in means between subgroups and its 95% CI for
continuous outcomes, which allowed us to judge if the
differences were clinically relevant [33]. (4) We interpreted the
results cautiously. We acknowledge that subgroup comparisons
are exploratory analyses that are observational by nature [31,44].
As studies are not allocated randomly to each subgroup, we
cannot assume that the subgroup populations were identical
except for the intervention type (internet-based or face-to-face).
Thus, the results from a subgroup analysis are prone to
confounding by other study-level characteristics [31]. Similarly,
although we found differences in 2 characteristics between
subgroups (depression duration and previous treatment for
depression), we cannot conclude that they were due to the type
of intervention delivery (eHealth or face-to-face).

Fourth, there is an increasing risk of type 2 error concurrent
with the number of analyses, which was 16 in our case [31].
Although we did not adjust the significance level to account for
multiple analyses, we assessed the impact of this decision by
sensitivity analysis. After setting a new .006 threshold for
statistical significance according to the proposal by Jakobsen
et al [47], only the depression duration at baseline maintained
its statistical significance. Thus, our general conclusion did not
change; overall, patients in iCBT and face-to-face RCTs had
similar sociodemographic and depression characteristics.

Conclusions
This is the first study comparing the baseline characteristics of
patients with DDs included in the RCTs of eHealth and
face-to-face psychotherapeutic interventions. Overall, our study
did not find differences in the patients’ characteristics between
eHealth and face-to-face RCTs. However, patients in eHealth
trials had a longer depression duration, and a lower proportion
had received previous depression treatment. This finding might
indicate that eHealth trials attract patients who postpone earlier
treatment attempts. Our findings highlight a need to improve
the reporting of the baseline characteristics of patients included
in the RCTs of eHealth psychotherapeutic interventions.
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Abstract

Background: Electronic health records (EHRs) and poor system interoperability are well-known issues in the use of health
information technologies in most high-income countries worldwide. Despite the abundance of literature exploring their relationship,
their practical implications on patient safety and quality of care remain unclear.

Objective: This study aimed to examine how EHR interoperability affects patient safety, or other dimensions of care quality,
in high-income health care settings.

Methods: A systematic search was conducted using 4 web-based medical journal repositories and grey literature sources. The
publications included were published in English between 2010 and 2022, pertaining to EHR use, interoperability, and patient
safety or care quality in high-income settings. Screening was completed by 3 researchers in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. Risk of bias assessments were performed
using the Risk of Bias in Non-randomized Studies of Interventions and the Cochrane Risk of Bias 2 tools. The findings were
presented as a narrative synthesis and mapped based on the Institute of Medicine’s framework for health care quality.

Results: A total of 12 studies met the inclusion criteria to be included in our review. The findings were categorized into 6
common outcome measure categories: patient safety events, medication safety, data accuracy and errors, care effectiveness,
productivity, and cost savings. EHR interoperability positively influenced medication safety, reduced patient safety events, and
reduced costs. Improvements in time saving and clinical workflow are mixed. However, true measures of effect are difficult to
determine with certainty because of the heterogeneity in the outcome measures used and notable variation in study quality.

Conclusions: The benefits of EHR interoperability on the quality and safety of care remain unclear and reflect extensive
heterogeneity in the interventions, designs, and outcome measures used. The establishment of common health information
technology research outcome measures would support higher-quality research on the topic. Future research efforts should focus
on both the positive and negative impacts of interoperable EHR interventions and explore patient perspectives, given the growing
trend for patient involvement and stewardship over their own electronic clinical data.

Trial Registration: PROSPERO CRD42020209285; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=209285

International Registered Report Identifier (IRRID): RR2-10.1136/bmjopen-2020-044941

(J Med Internet Res 2022;24(9):e38144)   doi:10.2196/38144
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Introduction

Background
Electronic health records (EHRs) have become a mainstay
digital solution for high-income health systems globally [1-3].
Despite the growing integration of such technologies into the
routine workflows of health care providers, sizable challenges
remain that prevent EHRs from fulfilling their full potential.
One such hurdle is the lack of interoperability.

The Healthcare Information and Management Systems Society
defines interoperability as “the ability of different information
systems, devices and applications (systems) to access, exchange,
integrate and cooperatively use data in a coordinated manner,
within and across organizational, regional and national
boundaries, to provide timely and seamless portability of
information and optimize the health of individuals and
populations globally” [4]. However, this may have drastically
different implications depending on one’s role and perspective
in a health system.

From a technological standpoint, EHR interoperability can be
defined as “the ability of two or more applications to
communicate effectively without compromising the content of
the transmitted EHR” [5]. However, barriers such as hardware,
syntax, and system usability often hinder the implementation
of this vision [6-8]. The adoption of common standards in
terminology, content, and security has been proposed to facilitate
different levels of interoperability within or across health care
settings [4,9].

From a public health, administrative, or policy-making
perspective, EHR interoperability may entail “electronic health
information that is shared appropriately between healthcare and
public health partners in the right format, through the right
channel at the right time” [10]. For end users such as health
care providers and patients, the notion of interoperability often
focuses more on the practical functionalities of EHR
interoperability. For health care providers, this may include
being able to remotely access care records from another health
care setting, electronically correspond with other providers, and
coordinate complex care plans with external health care
organizations [2,3,11-13]. For patients, interoperability may
mean a more seamless experience when seeking care from
various health care providers or feeling an increased sense of
empowerment by having greater access to their health records
[14].

Lack of interoperability may negatively impact all 6 dimensions
of quality of care outlined by the Institute of Medicine (IoM)
framework: safety, effectiveness, patient-centeredness,
timeliness, efficiency, and equity [15-17]. These shortcomings
may range from inaccurate or fragmented patient health records
across multiple care providers and delayed communication
between care teams to increased costs resulting from duplicated
efforts by staff and health care resources used [7,18-20]. The
introduction of EHRs has been attributed to benefits such as
improving health care worker productivity, facilitating public
health disease surveillance and research, and even generating
cost savings [21]. While the implementation of EHR

interoperability was speculated to realize further benefits, such
as improved care coordination and additional potential savings,
current evidence remains mixed [3,8,22].

Although the issues associated with EHR interoperability are
well recognized in high-income health care settings [8], evidence
exploring its impact on the 6 dimensions of care quality remains
relatively scarce. Nearly 2 decades after the initial adoption of
EHR in high-income countries (HICs) such as the United States
and the United Kingdom [8,22-24], there is a need to revisit
and review the currently available literature to evaluate EHR
interoperability, its impact on quality of care, and particularly
in terms of patient safety.

Aims
This systematic review aims to evaluate the impact of EHR
interoperability on the IoM’s 6 domains of health care quality
in HICs [15].

Methods

Search Strategy
A literature search was conducted for publications published
between 2010 and 2020 on 4 databases (PubMed, MEDLINE,
Embase, and PsycINFO). Publications from grey literature
sources and relevant papers identified from the references of
the screened articles were also included. A more thorough
description of the search strategy and inclusion criteria was
previously published as a study protocol [25].

We performed an additional search for publications published
between March 2020 and June 2022. As the onset of COVID-19
has had profound implications on many aspects of health care
technologies and policies, this supplementary search was
conducted to account for any new studies published during that
period. Otherwise, there were no further deviations from the
methods described in the previously published protocol.

Study Selection Criteria
This systematic review included studies fulfilling the following
criteria: (1) studies took place in HICs as defined by the World
Bank where “the gross national income (GNI) per capita is
higher than $13,205 USD” [26,27], (2) investigated EHRs or
other health information technologies (HITs) that facilitate the
sharing of clinical information between health care providers,
and (3) contained outcomes concerning patient safety or quality
of care. Only the studies published in English were included.
No other filters, such as the study design, type, or publication
country of origin, were used. Screening and selection of
publications were performed by a total of 3 reviewers. Two
reviewers initially independently screened the body of articles
derived from the database searches to be considered for
inclusion. This was performed iteratively at the title, abstract,
and full-text levels in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
diagram [28]. Cohen κ statistic was used to measure interrater
reliability [29]. Discrepancies in article selection were arbitrated
by a third reviewer.
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Data Extraction
Data extraction was completed by the first reviewer using a
standardized Microsoft Excel spreadsheet. The content was then
reviewed by the other 2 reviewers to ensure data quality and
consistency. The characteristics and data extracted from each
study included the name of the authors, year of publication,
study design, study setting, study population and size, outcome
measures, and general findings.

Risk of Bias and Quality Assessment
The Cochrane Risk of Bias Tool was used to assess randomized
control trials for bias, whereas the “Risk of Bias in
Non-Randomized Studies—of Interventions” tool was used for
nonrandomized trials [30]. Risk of bias assessments were
conducted by 2 reviewers and any disagreements were resolved
by a third investigator.

Data Synthesis
A narrative synthesis of the findings was conducted. Relevant
findings and outcome measures were grouped into subcategories
and organized based on the 6 domains found in the IoM health

care quality framework. Given the variety of outcome measures
used in the included studies, a meta-analysis was not performed.

Results

Overview
The initial search using computerized databases yielded 299
publications (Figure 1). After screening the titles, 173
publications were excluded as they did not meet the inclusion
criteria. Upon further screening of the abstracts, 45 articles were
rejected because they were either not relevant or were not
studies, but rather commentaries or opinion pieces. Following
full-text screening and agreement among the 3 reviewers, 53
publications were excluded because they did not satisfy all the
requirements of the PICO (population, intervention, control,
and outcomes) inclusion criteria.

A final total of 12 papers were selected for this systematic
review.

κ statistic for full-text screening was 0.52, indicating fair
agreement [29].

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) systematic review search strategy and screening process
flow diagram. Search terms appear as used in Li et al [25].
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Description of Included Studies
The 12 selected studies were published between 2013 and 2020.
The included studies were predominantly nonrandomized trials,
including observational studies (n=5) [31-35], cross-sectional

studies (n=2) [36,37], retrospective analyses of patient safety
reports (n=2) [38,39], case studies (n=1) [40], and a simulation
study (n=1) [41]. Only one randomized controlled trial was
included [42]. Further details on the included studies have been
provided in Table 1.
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Table 1. Summary characteristics of included studies.

Study population or settingsDate or dura-
tion of inter-
vention

Stated aims or objectivesStudy typeJournalPublica-
tion year

Study

241,510 hospitalized patients
with diabetes discharged home

2005-2011Observational
study

American Jour-
nal of Managed
Care

2020Reed et al
[34]

• To examine whether providers’
timely access to clinical information
through shared inpatient-outpatient
EHRsa was associated with follow-

from 17 hospitals where a new
inpatient EHR system is being
gradually introduced which in-up visits, return emergency depart-
tegrates with an existing outpa-
tient EHR system.

ment visits, or readmissions after
hospital discharge in patients with
diabetes.

HOPEb SNFc Collaborative of
25 nursing facilities working

2020Observational
study

Journal of the
American Medi-
cal Directors
Association

2020Wong et
al [35]

• To assess the impact of implement-
ing a new electronic medical
records transfer mechanisms or
process to improve the transfer of
medical records when transitioning

with 3 hospitals in a local
health network.

patients between nursing facilities
and acute settings

Patient safety reports from the
Pennsylvania Patient Safety

2013-2016Retrospective
analysis of pa-

JAMA2018Howe et
al [38]

• To explore how EHR usability can
contribute to patient harm by re-
viewing patient safety reports fromtient safety re-

ports
Authority database derived
from 571 health care facilities.the Pennsylvania Patient Safety

Authority database.

Regional health system consist-
ing of 8 hospitals, excludes

NICUse

October
2013, lasting
for 7 months

Case studyAmerican Jour-
nal of Health-
System Pharma-
cy

2018Biltoft et
al [40]

• To improve IVd infusion:

• medication safety
• accuracy, timeliness, and efficiency

of IV medication documentation
• Free up pharmacist and nurse time

for direct patient care
• Increase revenue by improving re-

imbursement for IV medications in
outpatient areas

854 C-CDAg documents were
selected from the Office of the

January
2018

Cross-sectional
study

AMIAfsympo-
sium

2018D’Amore
et al [36]

• To examine testing artifacts from
recent certification through automat-
ed tooling and manual review to National Coordinator for Health
identify compatibility and usability Information Technology pub-
issues. licly available repository. After

screening for duplicates, invalid
XML, and documents not con-
firming to C-CDA 2.1 stan-
dards, 401 C-CDA documents
were examined

1.735 million PSEi reports from
the Pennsylvania Patient Safety

2009-2016Retrospective
analysis of pa-
tient safety re-
ports

Applied Clini-
cal Informatics

2017Adams et
al [39]

• Overall study was to understand
patient safety consequences resul-
tant from interoperability issues

between EHRs and HITh. Specific
Authority’s Pennsylvania Pa-
tient Safety Reporting System,

attained through the ISMPj, andobjectives were:
• To identify patient safety incident

reports that reflect EHR interoper-
a large health care system in the
Mid-Atlantic United States; 209

ability challenges with other health (8%) PSE reports of the 2625
IT. health IT reports were deter-

• To perform a detailed analysis of
these reports to understand the

mined to be related to interoper-
ability between the EHR and
another health IT system.health IT systems involved, the

clinical care processes impacted,
whether the incident occurred
within or between provider organi-
zations, and the reported severity
of the patient safety events.
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Study population or settingsDate or dura-
tion of inter-
vention

Stated aims or objectivesStudy typeJournalPublica-
tion year

Study

AHAl Annual IT Survey re-
sponses; 1330 hospitals were
included. 2013 AHA Annual
Survey IT Supplement database
to obtain a nationally represen-
tative sample of nonfederal
acute care hospitals that (1) in-
clude acute care general medi-
cal and surgical, general chil-
dren’s, and cancer hospitals (2)
use any type of electronic ex-
change or sharing of care sum-
maries with other providers

2013• To empirically examine how the 3

capabilities (HIEk, interoperability,
medication reconciliation) influence
one another so the appropriate poli-
cy can be applied where it can have
the greatest impact.

Observational
study

Medicine (Unit-
ed States)

2017Elysee et
al [31]

111 patients, average age of 76
years, 51% female, average of
11 medications. On the basis of
tertiary care center in Montreal,
Canada

June 2014 to
January
2015

• Evaluated the accuracy and usabili-
ty of SQIM software for document-
ing the list of current medications
for patients at admission to hospital
and comparing with medication lists
with pharmacies via fax.

Observational
study

Studies in
Health Technol-
ogy and Infor-
matics

2016Motulsky
et al [32]

52 general practices affiliated
with 205,519 patients in Sal-
ford, United Kingdom

April 2012• To investigate the feasibility of
linked primary and secondary care
EHR data for surveillance of medi-
cation safety. Objectives included
assessing the prevalence of 22
medication safety indicators, inves-
tigating associations with patient
and practice characteristics, and in-
vestigating variation between gener-
al practices.

Cross-sectional
study

Drug Safety2015Akbarov
et al [37]

Sixty-two patient consultations,
18 physicians participated from
the accident and emergency
department at Køge Hospi-
tal—a university-affiliated
hospital.

June 2010• Examines time expenditure and
impact on workflow the use of an
integrated shared medical record
has on medication reconciliation at
hospital admissions

Randomized
control tri-
al+Likert scale
questionnaire

Danish Medical
Journal

2014Munck et
al [42]

Three doctors (2 surgeons, one
pediatrician) and 3 medical
secretaries, Herlev Hospital in
Copenhagen, Denmark

N/Am• To evaluate how integration be-
tween digital dictation and EHRs
impacts workflow, and functionali-
ty, and identify areas requiring fur-
ther improvement.

Simulation
study

Studies in
Health Technol-
ogy and Infor-
matics

2013Koldby et
al [41]

40+ seed anchors were trained
on the use of the cross-disci-
plinary team hand-over informa-
tion system. They were respon-
sible for training nurses in their
respective wards; no further
detail on sample size

2 years, au-
diting was
completed
every 3
months

• To develop and implement a work-
flow-based multidisciplinary hand-
over information system, integrated
with medical record browsing,
multidisciplinary hand-over, and
event tracking to improve the cor-
rectness and effectiveness of com-
munication among the medical team
members.

Observational
study

Studies in
Health Technol-
ogy and Infor-
matics

2013Lee et al
[33]

aEHR: electronic health record.
bHOPE: Health Optimization for Elders.
cSNF: Skilled Nursing Facility.
dIV: intravenous.
eNICU: neonatal intensive care unit.
fAMIA: American Medical Informatics Association.
gC-CDA: consolidated clinical document architecture.
hHIT: health information technology.
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iPSE: patient safety event.
jISMP: Institute for Safe Medication Practices.
kHIE: health information exchange.
lAHA: American Hospital Association.
mN/A: not applicable.

Description of Interventions in Included Studies
The intervention of interest examined in this systematic review
is the implementation of interventions that intend to improve
EHR interoperability with other EHRs or health IT systems.
The review incorporated interventions that aimed to reduce
interoperability errors, inaccurate patient records with
inappropriate units of measurement, incorrect medication doses,
and omission of codes or units of measure in laboratory results
[36,43].

Other studies included in this review encompassed interventions
that enabled interoperability between hospital-based EHRs,
primary care databases, as well as medical devices such as
infusion pumps [40]. Across the reviewed studies,
interoperability ranged from bidirectional reading and writing
of data to unidirectional writing of clinical information to a
medical device or record.

Outcomes

Summary of Outcome Measures
The outcomes explored by the 12 studies varied considerably
and could be broadly grouped into 6 categories belonging to 3
main domains found in the IoM health care quality framework:
(1) patient safety events (PSEs); (2) medication safety; (3) data
sharing, accuracy, and errors; (4) care effectiveness; (5)
productivity; and (6) cost savings. As all outcome subtypes
could be categorized into 3 out of the 6 domains (ie, safety,
effectiveness, and efficiency), only these 3 domains are included
in our review for clarity. It should be noted that medication
safety typically would be classified as a part of patient safety.
However, as it is a common outcome specifically evaluated
across many of the included studies, it is considered an
independent outcome of interest in this review. Table 2 provides
an overview of the outcome measures featured in each study.
A detailed summary of the main findings is presented in
Multimedia Appendix 1 [31-42].

Table 2. Outcome measures explored by the included studies, mapped onto the Institute of Medicine health care quality framework [15].

EfficiencyEffectivenessSafety

Cost savingsProductivityCare effectivenessData sharing, accu-
racy, and errors

Medication safetyPatient safety
events

Study, year

✓✓aReed et al [34], 2020

✓Wong et al [35], 2020

✓✓Howe et al [38], 2018

✓✓✓✓Biltoft et al [40], 2018

✓✓D’Amore et al [36], 2018

✓✓Adams et al [39], 2017

✓Elysee et al [31], 2017

✓✓Motulsky et al [32], 2016

✓Akbarov et al [37], 2015

✓✓Munck et al [42], 2016

✓✓Koldby et al [41], 2013

✓✓Lee et al [33], 2013

a✓: denotes that the specified outcome measure was present and explored in the study.

Patient Safety Events
A total of 6 studies included PSEs as outcome measures
[33,38-41]. In 2 studies that reviewed patient records, EHR
interoperability was responsible for only a small minority of
safety events. Howe et al [38] found that 18.1% (102/557) of
EHR-related PSEs were specifically attributed to interoperability
issues. Similar results were reported by Adams et al [39], where
7.9% (209/2625) of patient safety incidents were related to
problems with EHR interoperability. Notably, however, most
of the problems that resulted in safety events that reached

patients did not cause any direct harm (111/209, 53.1%) [39].
EHR interoperability issues resulting in medication (42/209,
20%), laboratory (33/209, 15.7%), or radiology-related (22/209,
10.5%) events comprised the largest categories of safety
incidents identified [39]. These PSEs were more common when
sharing clinical information among different EHR systems
within a health care facility rather than when communicating
with other health care providers externally [39].

The study by Reed et al [34] also examined the rates of adverse
clinical events in patients with diabetes 30 days after discharge
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from the hospital using a new shared, integrated EHR. Adverse
clinical events were determined using emergency department
visits and hospital readmissions as proxy measures. However,
the study found no significant change in the rates of emergency
department visits (16.4% vs 16.7%) or readmissions (9.5% vs
9.4%) [34].

Medication Safety
Medication-related measures are some of the most used outcome
measures for assessing the impact of EHR interoperability on
patient safety.

For tasks such as medication reconciliation, Munck et al [42]
evaluated the impact of emergency department clinicians using
an EHR system interoperable with national shared medication
records, compared with a standalone EHR system. Participating
clinicians reported “unambiguous support” of shared medication
record integration due to their perceived utility and ease with
which it can be incorporated with little detriment to their
workflow [42]. The clinician workload was not perceived to be
different between interoperable EHRs and standalone systems
[42]. In contrast, improvements in the accuracy of medication
lists and communication between health care providers and
patients have not been observed [42].

An observational study by Motulsky et al [32] investigated the
accuracy of a new digital application introduced for
documenting medications when patients present to the hospital
by integrating data derived from various points along a patient’s
encounter with the health care system from prescription to
medication review. This was compared against a nonintegrated
list from a community pharmacy. Approximately 64% of
patients had discrepancies in their hospital’s medication lists,
which were categorized into 3 main types of errors: (1) false
positive, that is, medications listed that should not have been
present, (2) false negative, that is, medications not found on the
list but should have been present, and (3) duplication of
medications. Of the 111 participants, 442 discrepancies were
reported in their medication lists: (1) 44.6% had medications
on the hospital-based list that should not have been, (2) 43.9%
had current medications missing from hospital-based lists that
should have been present, and (3) 11.5% contained duplicates
[32].

Findings from Howe et al [38] highlighted that
medication-administration safety events accounted for 37%
(n=207) of the 557 EHR-related patient safety reports of events
that reached patients [38]. This categorization included adverse
drug events and incorrect medication dosing or route of
administration [38].

Interoperability between EHR systems and other medical
devices, such as infusion pumps, has also been found to be
beneficial for patient safety. In the study by Biltoft et al [40],
the authors noted that the implementation of an interoperable
smart pump-EHR program resulted in an average number of
alerts that reportedly decreased by 22% (n=1845 vs n=1447)
monthly. The corresponding number of infusions requiring
intervention by health care staff also dropped by nearly 20%
(n=119 vs n=96), in addition to an annual reduction of
staff-reported safety events from four to one [40]. By using

smart pumps to prepopulate infusion parameters based on
clinical data retrieved directly from interoperable EHRs,
approximately 3.5 million data entry keystrokes and
opportunities for errors across 8 participating hospitals were
avoided monthly [40]. Clinicians have also identified an
additional benefit of being able to adjust intravenous medication
administration in response to a patient’s changing clinical
parameters accessible directly from the EHR [40].

Finally, Elysee et al [31] examined the relationship between
hospitals implementing health information exchanges (HIEs),
interoperability, and medication reconciliation [31]. For
successful adoption and use of HIEs, clinical
information-sharing functionality is not only needed between
various secondary or community-based health care facilities
but also with patients. The authors concluded that these 3
capabilities are closely linked and that stalling the
implementation of one of these elements in hospitals would
have a detrimental impact on the adoption of the other two.

Data Sharing, Accuracy, and Errors
The relationship between EHR interoperability and its impact
on data accuracy, sharing, and errors was explored in 5 studies.

Taking a more longitudinal perspective, D’Amore et al [36]
investigated how data quality in EHRs changed in American
Veterans Affairs (VA) hospitals through the increasing use of
systems with greater interoperability. Using 3 independent
evaluation tools, the authors found a general increase in the
scope and accuracy of the clinical data being shared [36]. With
HL7 Schematron testing, 86.3% (346/401) of electronic health
documents contained 1695 errors, averaging 4.9 errors per
clinical document [36]. Finally, using a data quality algorithm,
21,304 alerts (indicating issues in either the completeness or
syntax of the record) were generated from the 401 documents
examined, averaging 53.1 alerts per document [36]. 57% of
these alerts were triggered due to issues surrounding data
completeness, and 43% from syntax [36].

Compared with prior research, D’Amore et al [44] highlighted
that the federal program for HIT certification has resulted in
notable developments in the scope of information included in
consolidated clinical document architecture documentation [44].
An example provided was that of implanted devices, a category
not previously included in prior consolidated clinical document
architecture versions [36,44].

Biltoft et al [40] reported that the rates of appropriate or correct
patient ID entries across 8 participating hospitals increased from
35.5% to 81% as a result of the information being automatically
filled in from interoperable EHRs when compared with the
clinicians manually entering patient details [40]. Similarly, the
authors also indicated a 22% (1845-1447) reduction in the
average monthly infusion pump alerts as well as a 19% (119-96)
reduction in the number of errors that necessitated
reprogramming of the infusion pump [40]. Finally, the authors
also observed a 33% (166-111) decline in the mean number of
cancelled infusions per month with the introduction of EHRs
interoperable with smart pumps for medication infusion [40].

A more recent study by Wong et al [35], performed during the
initial months of the COVID-19 pandemic, explored the
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introduction of a novel workflow process using software to
integrate outpatient e-fax data inputs to inpatient EHRs to
improve data sharing between transitions of care and limit
disease transmission. Nine weeks after debuting their new
process, the authors reported that it was utilized in 287 instances
across the three-hospital system, with uptake and use trending
positively [35]. Feedback from hospital staff was also largely
positive, with only minor instances of data entry errors such as
the system not handling double-sided documents properly and
delays taking more than the usual hour [35]. However, the
authors provided little detail as to why the number of e-faxes
received, and the timeframe of nine weeks post-implementation
was selected as the outcome measure for assessing the
effectiveness of their intervention. As such, their purported
findings must be interpreted with circumspection, given the
limitations of the study design and likely biases present.

Care Effectiveness
One study examined how the use of interoperable EHRs by
clinicians across inpatient and outpatient settings affected health
outcomes and the follow-up care that patients received. Reed
et al [34] explored how the rates and modes of follow-up for
patients with diabetes changed after the incremental introduction
of a new inpatient EHR system integrated with an existing
outpatient EHR. The authors found a statistically significant
reduction in the rates of in-person office visits (56%-50%) and
outpatient laboratory testing (32%-31%) [34]. However, secure
messaging and phone calls remain unchanged. Overall, the
follow-up rates decreased from 73% to 69%.

Productivity
Of the 12 studies, 3 investigated the impact of interoperability
on the efficiency of clinicians [33,41,42]. Of these, one study
quantified the exact time saved by the clinicians [42]. Munck
et al [15] primarily assessed the time spent by clinicians to
perform medication reconciliation. They found that the time
expended per patient using an EHR interoperable with patients’
historical medication records vs. a standalone EHR system was
not significantly lengthened or statistically significant (5 minutes
27 seconds vs 4 minutes 15 seconds) [15].

Two studies captured the perceived time savings from health
care providers [33,41]. Lee et al [33] described the introduction
of a multidisciplinary hand-over information system that is
interoperable with medical records and event tracking.
Compared with an existing paper-based Kardex system, nurses
reported a 50% time saving [33]. It should be noted, however,
that these findings should be interpreted with caution given the
limited details provided and the high risk of bias.

A simulation study conducted by Koldby et al [41] primarily
examined whether integrating a digital dictation system into an
EHR system would reduce unintended clinical incidents. While
the authors expected improvements in this domain, they also
hypothesized the simultaneous emergence of some unintended
consequences, such as clinical documentation storage errors
resulting from the novel intervention being introduced [41].
The participants reported notable improvements in their clinical
workflows and time savings, as access to dictation services,
transcripts, and medical records can be made via one click in
the EHR itself. However, this benefit is ultimately offset by the
limited functionality of the EHR system owing to the suboptimal
integration of the dictation system [41]. Frequent system
lockups, inability to open windows to other commonly used
applications when dictations were being performed, and poor
interoperability with other hospital systems (eg, retrieving data
from laboratory information systems) all contribute to curtailing
potential workflow benefits [41]. Furthermore, no
workflow-related benefits were observed for other supporting
clinical staff, such as medical secretaries [41].

Cost Savings
Of the 12 studies reviewed, only Biltoft et al [40] explored the
cost savings made possible by using interoperable EHR systems.
Their study attributed the introduction of smart pump-EHR
interoperability to a reduction in lost revenues (US $980,000
vs US $610,000) [40]. Other indirect cost benefits, such as
reducing documentation times by nurses resulting in annual
cost savings of US$ 2,452,800 were also hypothesized [40].

Risk of Bias Assessment
Upon assessing the overall risk of bias in the included studies
(n=12), 7 were determined to be of low risk, 1 of moderate risk,
3 of serious risk, and 1 of critical risk (Figures 2-4). A study
was considered “overall low risk” if at least 50% of the domains
were rated “low risk.” Studies that had 2 or more domains rated
“moderate risk” or higher were rated based on the most
numerous lowest-risk domain rating. Despite the heterogeneity
of previous studies, many of the studies’data were derived from
examining commonly available parameters in EHRs themselves
(eg, medication lists, PSEs, or alerts) or subjective surveys of
health care workers before and after changes to improve EHR
interoperability were made. No studies provided evidence of a
preceding registered study protocol being published. Incomplete
or missing data appeared to be the most common risk of bias;
many of these studies only presented their aggregated findings,
rather than sharing a more detailed quantitative breakdown of
their assembled data.
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Figure 2. Risk of Bias in Non-Randomized Studies—of Interventions traffic lights plot for domain-level risk of bias judgments for nonrandomized
studies.

Figure 3. Risk of Bias in Non-Randomized Studies—of Interventions summary plot of biases present in nonrandomized studies included in the review
[31-42].

Figure 4. Risk of Bias 2 traffic lights plot for domain-level risk of bias judgments in randomized studies.

Discussion

Summary of Principal Findings
Despite similar overall aims, study objectives, and outcome
measures, the studies included in this review varied widely

(Multimedia Appendix 1). Most of the studies explored more
than one outcome measure (n=9). The most frequently evaluated
outcome measure was medication safety or reconciliation (n=7)
[32,36-40,42], followed by reported PSEs (n=6)
[33,34,36,38,40,41], data sharing, accuracy, and errors (n=5)
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[31,32,35,36,40], productivity (n=3) [33,41,42], care
effectiveness (n=1) [34], and costs (n=1) [40].

Altogether, EHR interoperability appeared to have some
beneficial effects on both PSEs and medication safety or
reconciliation. Implementing interoperable EHRs was also
associated with reduced data entry errors and improved overall
data quality and scope [36,40]. However, the impact of EHR
interoperability on timeliness and improvements to clinical
workflow remains inconclusive; as described by Munck et al
[42], where the time expended to complete the clinical task
increased following EHR interoperability with a community
medication list.

The least used outcome measure in the reviewed studies was
efficiency, with only one study explicitly mentioning changes
to the cost of care associated with EHR interoperability [36].
Through the introduction of an EHR system interoperable with
smart infusion pumps, participating hospitals were reported to
theoretically benefit from cost savings derived from lost charges
for infusions in outpatient settings and lost revenue [40].

Strengths and Limitations
This systematic review has several strengths. It evaluated a
comprehensive body of evidence published between 2010 and
2022 and retrieved 12 studies. To ensure the transparency of
our search strategies, a preceding protocol paper was published,
and best practice guidelines were adhered to generate these
results [25]. Only studies that focused specifically on EHRs,
interoperability, quality of care, and patient safety were included.
Two researchers were involved in the screening and reviewing
processes, with a third senior researcher to arbitrate any
discrepancies that arose. The final list of included studies was
determined only after a consensus was reached by all 3
researchers upon iterative consultation. Our findings were
subsequently mapped onto a well-established framework for
care quality commonly used in health care research [15].

However, there are notable limitations to our systematic review.
The first is the decision to restrict the review to include only
publications completed in English and focused on HICs. This
limits the ability of this review to capture the experiences of
EHRs in non-English health care settings or low- and
middle-income countries. Although EHR systems are commonly
found in HICs, and thus would likely have more extensive
experience regarding the problem of interoperability, the authors
acknowledge that these inclusion criteria can introduce a risk
for bias.

Second, our study highlights the positive impact of interoperable
EHRs on various outcome measures; we did not identify many
negative findings. This relative lack of reported negative impact
can likely be attributable to publication bias, where studies with
negative findings are less likely to be published, and thus not
available to be included in our review. Health IT interventions
with positive outcomes also often garner more robust follow-up
research efforts and deflect resources away from exploring
interventions that demonstrate negative results, thus further
reducing the visibility of studies investigating the latter [45].

Third, the heterogeneity of study types, contextual parameters
regarding the EHR interventions examined, and study outcomes

made it difficult to draw any direct comparisons between the
findings of the studies. Considering this heterogeneity, we have
summarized these differences in detail in Tables 1 and 2 to
provide a transparent overview of the differences across studies.

Finally, the studies included in our review had an overall high
risk of bias. Even more robust studies that manage to provide
greater specificity in their methods and results are often limited
in scope or outcomes assessed. We examined these in detail
using recognized tools and provided a comprehensive summary,
so that the results can be interpreted despite these limitations.
Together, these limitations made it challenging to draw any
definitive conclusions regarding the overall magnitude of the
effect that EHR interoperability has on improving patient safety
or care quality, as well as its generalizability to other health
systems.

Comparison With Prior Work
Our review findings are generally in line with those of
previously published systematic reviews. These earlier reviews
tended to focus on the initial adoption of EHRs in acute health
care settings [46,47]. As EHR availability matured, more recent
reviews began to consider EHRs’ relationships with other topics
such as interoperability, examining how it affects outcome
measures in diverse settings [45]. No systematic review has
specifically investigated the relationship between interoperability
and patient safety or quality of care.

A systematic review by Chaudhry et al [46] explored the effects
of HIT adoption on quality of care and efficiency [46]. This
study concluded that the introduction of HITs resulted in greater
adherence to guidelines or protocols and had a positive effect
on improving medication safety (ie, higher rates of adverse drug
event identification and reduction in adverse drug events) [46].
Chaudhry et al [46] also described some negative consequences
of their adoption and use, including mixed effects on health
care provider time use and a general lack of reliable data to
determine financial costs. The authors emphasized the urgent
need for research into commercial EHR systems and the
adoption of common standards for use in HIT research [46].

A systematic review by Jones et al [47] examined how HIT
implementation affected the functionalities (ie, health care
quality, safety, and efficiency) described in the meaningful use
incentive program in the United States. Of the 236 articles
published between 2010 and 2012 included in the review, 170
investigated care quality outcomes, 46 explored the effects of
HIT on patient safety, and 62 pertained to efficiency outcomes
[47]. Most studies (78%) found that HITs had a positive impact
on improving patient safety; however, several papers highlighted
that some aspects, such as alert fatigue, could have a negative
impact on medication safety and clinical workflows [47].

Although the review by Jones et al [47] review covered HITs
instead of solely EHRs, the authors described a similar
impression of the HIT literature landscape as that observed in
our study: diverse outcome measures, unreliable reporting of
findings, and inconsistent study quality, resulting in an unclear
understanding of the impact on the quality of care that patients
received.
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Another noteworthy review was that by Rahurkar et al [48],
who examined how HIE use affected health care measures such
as costs, use of services, and care quality. The review included
27 articles, with the majority focusing on HIE use in the United
States (70%), emergency department settings (52%), and
hospitals (26%) [48]. The authors noted that many observational
studies reported HIEs as having a positive effect on their
outcome measure of interest, with a large proportion of those
reporting on quality of care (80%). However, when accounting
for study design, especially those using methods with higher
internal validity (eg, randomized control trials), the authors
found no strong evidence supporting HIE use being causally
related to any purported benefits [48].

The review by Reis et al [3] was perhaps the closest attempt to
examine how EHR interoperability may affect the 6 facets of
care quality. The authors found that eHealth systems with
information exchange capabilities could potentially help with
the automated detection of health care-acquired infections or
patient harm and work efficiency, although benefits such as
enhancing documentation accuracy and quality are less clear
[3]. The authors identified no studies that investigated the
potential cost benefits of interoperability [3]. Although only a
limited number of papers met the inclusion criteria and examined
an assortment of eHealth systems used, the authors concluded
that eHealth systems with interoperability have some positive
effects on patient care quality in certain clinical applications
(eg, disease, event surveillance) [3].

Implications for Policy and Further Research
Realizing the well-recognized benefits of interoperable EHRs
is often hampered by a multitude of contextual factors.
Contributing factors such as the considerable expense associated
with introducing new health IT systems and infrastructure,
differing procurement policies between health systems, lack of
business incentives, and fundamental technical challenges
impede the introduction of interventions aimed at addressing
interoperability between EHRs [23,49,50].

As demonstrated in the literature, piecemeal interventions aimed
at linking EHR systems at a technical level may alleviate
bottlenecks in one area of the clinical pathway but only to have
the gains undermined elsewhere and culminate in not
meaningfully improving the patient’s care during their clinical
encounter.

Given that interoperable EHR use by health care workers has
already been extensively researched, similar efforts must be
devoted to investigating the exact benefits to patient safety or
quality of care from the perspective of patients and caregivers.
In addition, further research efforts should be devoted to
exploring EHR interoperability interventions that do not yield
positive results. Understanding these failed interventions and
their underlying causes can help better inform our insight into
interventions that have shown greater promise.

The adoption of common technical standards and support for
regulatory and legislative alignment will prove valuable in
further ushering in greater interoperability in the coming years.
Likewise, unifying a common set of key performance indicators
is also needed to allow for more transparent and comparable
metrics for the continued monitoring and evaluation of new
policies. Outcomes such as PSEs, medication reconciliation,
and time savings may be obvious starting points, but a more
consolidated list of universal outcome measures is essential to
accurately quantify the effect of these complex interventions.

Conclusions
Our systematic review found that interoperable EHRs have had
a positive impact on certain aspects of patient safety, such as
medication reconciliation, reducing PSEs, lowering the risk of
data errors, and improving data quality. However, a reliable
determination of their true measure of effect with the available
assortment of evidence remains difficult. Current evidence
underscores the value and importance of continuing to
implement greater interoperability in the upgrading of existing
EHR systems and the procurement of new ones. In practice,
however, relying on present findings to inform exact outcome
measure improvements to expect, may prove challenging.

As clinical data increase both in volume and complexity, EHR
interoperability will become indispensable for realizing a more
streamlined and sustainable workflow for clinicians.
Standardizing outcome measures, examining EHR
interoperability through the lens of systems complexity, and
greater inclusivity of patient perspectives in EHR-related
research will be necessary to better evaluate the growing
importance of interoperable EHRs in high-income health care
settings in the foreseeable future.
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Abstract

Background: Lesbian, gay, bisexual, transgender, and queer (LGBTQ) individuals are at higher risk of poor mental health and
well-being. Social media platforms can provide LGBTQ youths with a space that counters heteronormative environments and
potentially supports mental health and well-being. Mental health includes an individual’s state of psychological and emotional
well-being and not merely the absence of mental disorders.

Objective: We sought to identify how LGBTQ youths and adolescents use social media for connection with other LGBTQ
peers and groups, identity development, and social support and how these affect mental health and well-being.

Methods: PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) procedures were used to guide
this review. Searches were conducted in ACM Digital Library, CINAHL, Ovid Embase, Ovid MEDLINE, and Web of Science
in March 2021. This review focused on LGBTQ youths aged 10 to 24 years. Included peer-reviewed studies must comprise social
media; explore peer connection, identity development, or social support; and be published from 2012 onward. In total, 2 researchers
extracted data and performed quality assessments independently using the Newcastle-Ottawa Scale for quantitative articles and
the Critical Appraisal Skills Programme for qualitative articles. Qualitative synthesis was performed on articles that satisfied the
eligibility criteria.

Results: A total of 26 studies (n=15, 58% qualitative; n=8, 31% quantitative; n=3, 12% mixed methods) met the inclusion
criteria. Of the 8 quantitative studies, 6 (75%) were cross-sectional, and 2 (25%) were cohort studies. All studies ranged from
moderate to high quality. Social media was a popular tool used by LGBTQ youths to connect with LGBTQ communities. In
qualitative data, we found that LGBTQ youths negotiated and explored identity and obtained support from peers on social media.
Instagram, Tumblr, and Twitter were commonly used to access LGBTQ content owing to ease of anonymity. Identity management
was the most studied social media affordance, important to LGBTQ youths for strategic disclosure. Key strategies for managing
identities included being anonymous, censoring locations or content, restricting audiences, and using multiple accounts. Quantitative
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studies (3/8, 38%) showed that social media was associated with reduced mental health concerns and increased well-being among
LGBTQ youths. Mental health concerns arising from social media use were attributed to discrimination, victimization, and policies
that did not accommodate changed identities.

Conclusions: We found that social media may support the mental health and well-being of LGBTQ youths through peer
connection, identity management, and social support, but findings were limited by weaknesses in the evidence. More robust and
longitudinal studies are needed to determine the relationship between social media use and LGBTQ mental health, particularly
among adolescents. The findings may inform interventions to promote social media health literacy and the mental health and
well-being of this vulnerable group.

Trial Registration: PROSPERO CRD42020222535; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=222535

(J Med Internet Res 2022;24(9):e38449)   doi:10.2196/38449

KEYWORDS

lesbian, gay, bisexual, transgender, and queer; LGBTQ; adolescence; youth; well-being; mental health; social media; identity;
support; mobile phone

Introduction

Background
Recent years have seen social media become a part of our daily
lives, especially for adolescents and young adults [1]. Facebook,
Instagram, Snapchat, TikTok, and YouTube are among the most
popular platforms used by adolescents [2,3]. Social media use
can be defined as web-based behaviors using platforms to like,
comment, message, or monitor other users [4]. Social media
can be used to overcome barriers of distance and expand or
consolidate web-based communities [5]. Several benefits to
well-being have been associated with social media, including
strengthened peer relationships, involvement in specific social
networks, and facilitation of identity expression [6,7]. Social
media platforms are constantly evolving and encourage a
plethora of activities ranging from communicating with family
and friends to sharing content and knowledge [8]. Motivations
for social media use include entertainment, relationships,
information, and identity development and management [9].
Lesbian, gay, bisexual, transgender, and queer (or questioning;
LGBTQ) people are heavier users of social media and are more
likely to have multiple accounts compared with their
non-LGBTQ counterparts [10].

LGBTQ people experience higher rates of mental health
concerns and behaviors, including suicidal ideation, self-harm,
anxiety, depression, and posttraumatic stress disorder [11].
LGBTQ populations are also at a higher risk of experiencing
violence, discrimination, and adversity [12-14]. LGBTQ youths
in particular have a higher prevalence of victimization than
non-LGBTQ youths because of increased exposure to prejudice
and violence at school [13]. Unsupportive family and peers
contribute significantly to an increased risk of mental health
disorders and substance use [15-17]. However, in some
situations, disclosure of sexual or gender identity, or “coming
out,” is associated with reduced mental health issues [15-17].
To counter the negative consequences of coming out, some
LGBTQ individuals use selective disclosure strategies,
particularly because of concerns about losing friends or family
[16]. Family, friend, and society acceptance are associated with
better mental health, well-being, and self-esteem in LGBTQ
individuals [18,19]. Other support networks such as involvement
in LGBTQ sporting clubs can also improve mental health and

well-being among LGBTQ people [20,21]. In addition, LGBTQ
people tend to rely on other LGBTQ individuals for support
[10,20,21], and not connecting with LGBTQ support networks
is associated with poorer mental health outcomes [20].

Many LGBTQ individuals live in environments where sexuality
and gender diversity are not accepted [11]. At least 69 countries
criminalize same-sex relationships, and 9 countries criminalize
gender nonconformity [22]. These environments make LGBTQ
identity development difficult and, in public, individuals are
forced to conform to heteronormativity to avoid persecution.
Even societies that are more accepting of LGBTQ people
maintain mainstream heteronormative environments [23]. For
example, school sex education focuses on heterosexual people
and is rarely inclusive of other sexualities [24,25]. Social media
can act as a safe environment to access information about
identity, express identity, or provide support among LGBTQ
people, thus supporting mental health and well-being [26-34].
Although individual studies have shown benefits, there has not
been a review of studies to synthesize the range of benefits. It
is important to understand how social media is used by LGBTQ
youths to explore their identities and connect with like-minded
people and how this affects mental health. Thus, this highlights
the important role that social media plays regarding LGBTQ
youth for policy makers, educators, and clinicians working in
this area. This population is an important focus for research
because of the increased risk of compromised mental health and
well-being [11].

Aims
In this systematic review, we sought to examine studies
exploring the relationship between social media use and mental
health and well-being among LGBTQ youths. Specifically, we
aimed to identify how LGBTQ youths and adolescents use social
media for (1) connection with other LGBTQ peers and groups,
(2) identity development, and (3) social support and how these
affect mental health and well-being. We also sought to identify
any impact of social media on the mental health of LGBTQ
youths. The World Health Organization classifies young people
as those aged between 10 and 24 years [35]. For the purpose of
this review, “youth” includes adolescent and youth ages.
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Methods

Registration and Search Strategy
This review was registered with PROSPERO before data
synthesis (CRD42020222535; Multimedia Appendix 1).
Electronic databases were searched for literature, including
CINAHL (1939; March 2021), Ovid Embase (1947; March
2021), Ovid MEDLINE (1946; March 2021), Web of Science
(1900; March 2021), and ACM Digital Library (1985; March
2021). Additional studies were found through Google Scholar
and PubMed and added to the screening process. A hand search
of the reference lists of the included papers was also conducted
to identify any studies missed in the search terms. Individual
database searches are listed in Multimedia Appendix 2. These
searches were conducted using a search strategy with the
following keywords: LGB* or GLB* or Sexual and Gender
Minorities or gay or lesbian or queer or transgender or sexually
and gender diverse or gender and sexually diverse or
homosexual* or bisexual* or sexual orientation AND identit*
or support* or help* or friend* or relationship* or partner* or
mental health or depression or anxiety or mood disorder or
posttraumatic stress disorder or PTSD or suicid* or self-harm
or wellbeing AND social media* or social networking site* or
Facebook or Instagram or Tumblr or Twitter* or YouTube or
LinkedIn or WeChat or Snapchat or TikTok AND adolescen*
or young adult* or teen* or youth*.

Inclusion and Exclusion Criteria
To be included, studies needed to (1) have a sample consisting
of at least 50% individuals aged 10 to 24 years to ensure that
the study focused on youths; (2) be specific to LGBTQ
populations or present LGBTQ findings separately from any
non-LGBTQ sample; (3) include social media use as a predictor;
(4) explore connecting with peers, identity development, or
social support; (5) be published from 2012 onward to capture
recent forms of social media platforms and use (including
smartphone apps); and (6) be available in full text and in
English. All study designs were eligible, including quantitative,
qualitative, and mixed methods research. Only peer-reviewed
articles of original research were eligible; case studies,
narratives, conference presentations, and other nonempirical
works were not included. Papers were first screened by title and
abstract (961/1234, 77.88%) and again by full text (101/961,
10.5%) by MNB and MT. A total of 26 papers were appraised
by MNB and MT. Disagreements during title and abstract
screening and full-text assessments were discussed between
MNB and MT, and any disagreements were resolved through
team discussion.

Quality Assessment
All the included studies were subject to quality appraisal to
assess the research design, ethics compliance, and risk of bias.
The Newcastle-Ottawa Quality Assessment Scale (NOS) was
used to assess the quality of quantitative studies [36], including
an adapted version for cross-sectional studies [37]. The NOS
assesses studies based on 3 domains: selection, comparability,
and outcome [36]. For qualitative studies, the Critical Appraisal

Skills Programme (CASP) was used to assess quality [38]. Both
the NOS and CASP were applied to mixed methods studies.
Mixed methods studies are discussed in the relevant qualitative
or quantitative sections.

Data Synthesis
The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) procedures were used to guide
the review (Multimedia Appendix 3) [39]. A quality assessment
table displaying CASP or NOS scores and a summary table of
the studies, including study characteristics, were produced. As
quantitative studies used different measures for outcomes and
took different statistical approaches, a meta-analysis was not
possible. For qualitative data, a predefined schema was
developed to assist with data collection based on the review’s
aims before conducting the search according to preliminary
literature searches. Included qualitative data were thematically
synthesized according to the 3 stages of Thomas and Harden
[40], namely, coding, developing and refining themes, and
generating analytical themes. The findings were divided into 3
themes and, within each theme, into qualitative and quantitative
findings. The three themes as developed by the schema were
(1) connecting with other LGBTQ youths on social media, (2)
LGBTQ identity development using social media, and (3) social
support on social media. For this review, “queer” represents
gender or sexualities otherwise not classified within lesbian,
gay, bisexual, and transgender. Identity development refers to
the exploration of a diverse sexuality or gender, which includes
discovery, awareness, appraisal, communication, and how
individuals manage their identity [41]. Social support via social
media among LGBTQ youths refers to receiving assistance and
feeling cared for [26]. These are important factors with the
potential to promote mental health and well-being when
individuals can explore and connect in safe spaces [42].

Results

Overview
This search resulted in a total of 961 papers retrieved from the
specified databases, with 273 (28.4%) duplicates removed
(Figure 1). Title and abstract screening excluded 89.5%
(860/961) of the papers, leaving 101 papers for full-text
screening, of which 26 (25.7%) met the aims and criteria of this
review. Of the 26 included papers, 15 (58%) were qualitative
studies, 8 (31%) were quantitative studies, and 3 (12%) were
mixed methods studies. The included studies were mostly
conducted in the United States (17/26, 65%), whereas others
were conducted in Australia (2/26, 8%), Canada (4/26, 15%),
China (1/26, 4%), Ukraine (1/26, 4%), and the United Kingdom
(3/26, 12%). The ages of the study participants ranged from 13
to 34 years, with a total of 14,112 participants across the 26
studies. One study appeared to meet the inclusion criteria, but
we were unable to confirm the age descriptions of their sample
through the full text or contacting the authors [23]. Summaries
of quality assessments are provided in Table 1, and summaries
of included qualitative and quantitative studies are provided in
Table 2 and Multimedia Appendix 4.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the selection process. LGBTQ: lesbian,
gay, bisexual, transgender, and queer.
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Table 1. Quality assessment summaries and limitations of the included studies (N=26).

Comments and limitationsNOSb

score
CASPa scoreStudy, year

N/Ac8/10 criteriaBates et al [27], 2020 • Generalizability:

Participants predominately White and openly LGBTQd•
• All recruited from 1 university

8/10 starsN/ABond and Figueroa-Ca-
ballero [43], 2016

• Cross-sectional study
• Generalizability:

• Data collected from gay-straight alliances

5/10 stars8/10 criteriaByron et al [31], 2019e • Generalizability:
Race and ethnicity not well described•

• Internal validity:
• Possible risk of interviewer bias not described

9/10 starsN/ACeglarek and Ward [44],
2016

• Cross-sectional study
• Internal validity:

• Data were self-reported, which may be prone to social desirability or recall bias
• Inadequately validated measures

7/10 starsN/AChong et al [45], 2015 • Cross-sectional study
• Generalizability:

• Small Hong Kong–based LGBf population

N/A9/10 criteriaCraig and McInroy [32],
2014

• Generalizability:
Most participants were from progressive, well-educated, and affluent backgrounds•

6/10 starsN/ACraig et al [46], 2021 • Cross-sectional study
• Internal validity:

• Inadequately validated measures
• Sample characteristics not described (covariates)

N/A8/10 criteriaDuguay [47], 2016 • Generalizability:
Small gender-diverse population within the sample•

• All participants were university students

N/A9/10 criteriaFox and Ralston [48], 2016 • Generalizability:
Participants predominately White•

• From 1 city in the United States, with most being college students

• Internal validity:
• Possible risk of interviewer bias not described

N/A7/10 criteriaHanckel et al [49], 2019 • Generalizability:
Suboptimal description of race and ethnicity but indicating a lack of diversity•

• Internal validity:
• Selection and recruitment not described
• Analytical method unclear

N/A10/10 crite-
ria

Harper et al [33], 2016 • Generalizability:
Data were collected from 2004 to 2006 and, thus, may not represent current use
and past perceptions of LGBTQ identities

•

• Only recruited from 2 metropolitan US cities
• Limited ethnic backgrounds because of the parent study aims
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Comments and limitationsNOSb

score
CASPa scoreStudy, year

• Generalizability:
• No participant characteristics described
• Limited to lesbian or queer-identifying women
• Limited to Instagram use

• Internal validity:
• Concern of selection and interviewer bias as the investigators invited participants

to interviews by commenting on Instagram posts

N/A8/10 criteriaHerrera [50], 2018

• Generalizability:
• Participants predominately White

N/A9/10 criteriaHillier et al [28], 2012

• Generalizability:
• Small sample of Ukrainian youths that may not be representative of the Ukrainian

population
• Investigators reported their results as LGBTQ although there were no transgender

participants

• Internal validity:
• Significantly small sample size for quantitative analysis
• Inadequately validated measures

5/10 stars8/10 criteriaLucero [29], 2017e

• Generalizability:
• From a single metropolitan US city
• The disclosed LGBTQ identity cohort were likely overrepresented because of the

significantly higher sample size compared with nondisclosed cohorts
• Participants predominately African American

6/10 stars10/10 crite-
ria

McConnell et al [51],

2018e

• Prospective cohort study
• Generalizability:

• Participants predominately African American

• Internal validity:
• Loss to follow-up not described

6/10 starsN/AMcConnell et al [52], 2017

• Cross-sectional study
• Internal validity:

• Possible selection bias as the study aimed to compare on the web and offline;
however, it recruited primarily on the web

7/10 starsN/AMcInroy et al [30], 2019

• Generalizability:
• From a single metropolitan Canadian city
• Small transgender subpopulation

• Internal validity:
• Most had high motivation or knowledge of media and may be associated with

volunteer bias

N/A8/10 criteriaMcInroy and Craig [53],
2015

• Generalizability:
• From small towns or rural areas in 1 US state
• Although they purposefully recruited diverse participants, there was limited inter-

sectional analysis
• Underrepresentative of transgender population

N/A9/10 criteriaPaceley et al [54], 2020

• Prospective cohort study
• Generalizability:

• Undergraduate psychology students from 1 university
• Participants predominately female

• Internal validity:
• Strong risk of volunteer bias because of selection
• Loss to follow-up not described

5/10 starsN/APellicane et al [55], 2020
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Comments and limitationsNOSb

score
CASPa scoreStudy, year

Rubin and McClelland
[34], 2015

• Generalizability:
• Most from a single metropolitan US city

• Internal validity:
• Small sample size

N/A9/10 criteria

• Generalizability:
• From 1 gender services clinic in the Midwestern United States
• All had supportive parents because of recruitment from the clinic

• Internal validity:
• Participants’ locality not collected (eg, rural or metropolitan)

N/A9/10 criteriaSelkie et al [56], 2020

• Internal validity:
• Risk of bias from telephone interviews

N/A9/10 criteriaSingh [57], 2013

• Generalizability:
• Underrepresentative of transgender population

N/A10/10 crite-
ria

Taylor et al [58], 2014

• Cross-sectional study
• Generalizability:

• Undergraduate students minoring in Family Studies from 1 university

• Internal validity:
• Strong risk of volunteer bias because of selection
• Small sample size
• Data were self-reported, which may be prone to social desirability or recall bias

4/10 starsN/ATwist et al [59], 2017

• Generalizability:
• Owing to age, parental permission was required, and the study likely included

only those whose parents knew and were supportive

N/A9/10 criteriaVarjas et al [60], 2013

aCASP: Critical Appraisal Skills Programme.
bNOS: Newcastle-Ottawa Quality Assessment Scale.
cN/A: not applicable.
dLGBTQ: lesbian, gay, bisexual, transgender, and queer.
eMixed methods studies.
fLGB: lesbian, gay, and bisexual.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e38449 | p.195https://www.jmir.org/2022/9/e38449
(page number not for citation purposes)

Berger et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Summary of the included quantitative studies (N=11).

SummaryFindingsMethodLGBTQa sampleSample
size, N

Age (years)PurposeStudy, year,
and country

Social media
demonstrated a

Using regression anal-
yses, the study found

Recruitment: from
gay-straight al-

Gay (45%), bisexu-
al (27%), and les-
bian (24%)

57013 to 19 (mean
16.5, SD 1.3)

Understand the
relationships
among technolo-
gy, sexual identi-

Bond and
Figueroa-Ca-
ballero [43],
2016, United
States

connection with
sexual identity
development asso-
ciated with well-

that LGBb youths
spend more time on
social media com-
pared with non-LGB

liances and web-
based message
boards; data collec-
tion: questionnaires
and surveys; mea-

ty, and well-be-
ing based on age,
gender, geograph- being. LGBTQyouths, with time

sures: Rosenbergic location, race,
and religion

youths used so-
cial media to un-
derstand sexuali-

spent significantly on
sexual identity (β=.14;
P<.05) and well-being

Self-Esteem Scale,
Multiple Affect Ad-
jective Check List, ty and give social(β=.11; P<.05). Time
Multidimensional support, whichspent on social media
Scale of Perceived may not be aswas associated with
Social Support, and significant of-

fline.
sexual identity (β=.08;
SE 0.02; P<.001) butMeasure of Sexual

Identity Exploration
and Commitment

not directly with well-
being (β=.04; SE
0.03; P=.21). Well-
being was significant-
ly associated with
sexual identity com-
mitment (β=.47; SE
0.08; P<.001).

Negative experi-
ences were com-

Tumblr was the plat-
form that participants

Recruitment: via so-
cial media advertise-

Homosexual
(33.9%); bisexual

130416 to 34 (mean
24.6)

How Tumblr is
used among
LGBTQ youths

Byron et al
[31], 2019,
Australia mon, with partici-

pants describing
most often left
(11.7%; excluding

ments and flyers to
LGBTQ organiza-

(24.7%); queer
(18%); and pansex-to connect with

Tumblr as becom-Myspace and Tinder).tions; data collec-ual, agender, panro-peers and devel-
ing toxic, al-Tumblr was aban-tion: semistructuredmantic, and demi-

sexual (19.8%)
op identity and
well-being though it was

useful.
doned for several rea-
sons: 34% found it too
time-consuming, 30%

interviews and ques-
tionnaires and sur-
veys; measures: 2
nominal questions felt it became a nega-

tive space, and 15%
found it to have nega-
tive health impacts.

Social media has
potential to allow

Among LGB youths,
higher social support

Recruitment: from
LGBTQ support or-

Heterosexual
(n=446), homosex-

57018 to 24 (mean
20.23, SD 1.68;

Understand LGB
use of social me-

Ceglarek and
Ward [44],

LGBTQ youthson social media wasganizations; dataual (n=68), notLGBTQ partici-
pants)

dia for identity
exploration and
expression and

2016, United
States
(Michigan)

to develop identi-
ty and, thus, have
improved mental

associated with lower
levels of loneliness
(β=−0.27; P≤.01) and

collection: question-
naires and surveys;
measures: Lesbian,

sure (n=4), and
other (n=21)

connecting with
health. Whenparanoia (β=−0.21;Gay, and BisexualLGB communi-

ties seeking identity
expressions and

P≤.05) using β coeffi-
cients. There were no

Identity Scale as
well as the Short

social support,significant differencesScale for Measuring
the web may pro-for anxiety (β=−0.03;Loneliness in Large
vide avenuesP>.05), depressionSurveys and the
with reduced(β=−0.10; P>.05),Brief Symptom In-

ventory stigmatization
compared with
offline.

hostility (β=−0.04;
P>.05), and sensitivity
(β=−0.04; P>.05).
Learning about sexual-
ity via social media
reduced anxiety
(β=−0.35; P>.05),
hostility (β=−0.32;
P≤.05), and paranoia
(β=−0.43; P≤.01).
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SummaryFindingsMethodLGBTQa sampleSample
size, N

Age (years)PurposeStudy, year,
and country

Social media is a
vital resource for
LGB youths to
express sexual or
gender identity
and social sup-
port. Mental
health can be im-
proved with posi-
tive social media
capital.

Using structural equa-
tion modeling, sense
of belonging among
LGB youths was asso-
ciated with social me-
dia use for LGB group
membership (β=.22;
P<.05). LGB group
connection via social
media was indirectly
associated with im-
proved mental well-
being through reduced
stigma (β=.27;
P<.05). Social media
use to enhance LGB
connection and reduce
stigma affected men-
tal well-being (β=.06
and 0.09; P<.05).

Recruitment: flyers
distributed to
LGBTQ organiza-
tions and social me-
dia; data collection:
questionnaires and
surveys; measures:
Inclusion of Commu-
nity in Self Scale,
Mental Health Inven-
tory, Life Satisfac-
tion Scale, and Satis-
faction with Life
Scale

Lesbian (n=86),
gay (n=107), and
bisexual (n=40)

233Mean 23.3 (SD
6.33)

Understand LGB
social media use
for identity, com-
munity monitor-
ing, and support
and sense of be-
longing

Chong et al
[45], 2015,
China (Hong
Kong)

Younger youths
were more likely
to use social me-
dia for its bene-
fits, such as so-
cial support, con-
nectivity, and in-
formation.
Youths would
commonly con-
nect with
LGBTQ individu-
als or groups and
celebrities. Other
benefits included
improved emo-
tional support
and development.

Of those who chose
Facebook as their fa-
vorite platform, 11%
reported that it helped
them feel loved. Ado-
lescents (aged 14-18
years) were the most
likely group, and
those aged 19 to 24
years were the second
most likely group, to
use social media for
emotional support and
development
(F=75.88; P<.001).

Recruitment: flyers
displayed on the
web on social media
and sent to LGBTQ
organizations; data
collection: question-
naires and surveys;
measures: Social
Media Benefits
Scale

Pansexual
(n=1782), bisexual
(n=1602), queer
(n=1305), gay
(n=970), lesbian
(n=968), asexual
(n=691), not sure
(n=398), cisgender
(n=3950), gender
nonconforming
(n=2168), and
transgender
(n=909)

617814 to 29 (mean
18.21, SD 3.6)

Explore benefits
of social media
among LGBTQ
youths and devel-
op the Social Me-
dia Benefits
Scale

Craig et al
[46], 2021,
Canada and
United
States

LGBTQ social
media users felt
safe to communi-
cate and explore
with peers on
platforms such as
Facebook.

Three-quarters of
Facebook users never
or rarely experienced
cyberbullying and
considered it a safe
space for connecting
and communicating
with others. Over two-
thirds of participants
reported social media
to be a comfortable
environment com-
pared with offline.

Recruitment: flyers
sent to LGBTQ orga-
nizations and Face-
book; data collec-
tion: questionnaires
and surveys; mea-
sures: Social Media
Frequency Survey
and Facebook Inten-
sity Scale

Lesbian (n=3), gay
(n=8), bisexual
(n=1), queer (n=1),
unsure (n=3), and
not straight (n=3)

1914 to 17 (mean
16.3)

Examine whether
social media pro-
vides LGBTQ
youths with a
safe space for
identity explo-
ration and expres-
sion

Lucero [29],
2017,
Ukraine and
United
States
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SummaryFindingsMethodLGBTQa sampleSample
size, N

Age (years)PurposeStudy, year,
and country

LGBTQ youths
felt that free self-
expression on so-
cial media was
complicated be-
cause of factors
relating to identi-
ty disclosure. By
investigating
Facebook ac-
counts, youths
were mostly cate-
gorized as being
of either low or
high outness.
Some would pur-
posely censor
their identity ex-
pression to avoid
unintentional
identity disclo-
sures.

Participants were
grouped into 4 cate-
gories of level of
identity disclosure on
Facebook: cluster 1
(high overall outness),
cluster 2 (low overall
outness), cluster 3
(less out to family),
and cluster 4 (more
out to family). Cluster
1 comprised 64% of
the participants with
high levels of disclo-
sure among family,
classmates or col-
leagues, and others.

Recruitment:
LGBTQ youths from
a longitudinal study;
data collection:
questionnaires and
surveys; measures:
adapted Outness In-
ventory

Identifying as male
(n=77), identifying
as female (n=108),
transwomen
(n=15), transmen
(n=3), gay (n=69),
lesbian (n=55), bi-
sexual (n=49), het-
erosexual (n=10),
and unsure (n=8)

19919 to 28 (mean
24.13, SD 1.64)

Examine the rela-
tionship between
Facebook and
LGBTQ youth
identity manage-
ment

McConnell
et al [51],
2018, United
States
(Chicago)

Social media can
act as a strategy
for identity man-
agement, which
some users find
important. Some
LGBTQ youths
possessed multi-
ple accounts or
platforms where
they could differ
identity expres-
sion according to
audience.

Over 13% had multi-
ple Facebook ac-
counts, and >42%
used privacy settings
to limit viewable con-
tent for selected
friends. Participants
reported high outness
offline and on Face-
book, both positively
correlated (r=0.72;
P<.001). Facebook
outness showed a high
positive correlation
(r=0.73) and the low-
est correlation among
friends (r=0.53).

Recruitment:
LGBTQ youths from
a longitudinal study
via email and flyers
sent to LGBTQ orga-
nizations; data collec-
tion: questionnaires
and surveys; mea-
sures: adapted Out-
ness Inventory, Mul-
tidimensional Scale
of Perceived Social
Support, and Brief
Symptom Inventory

Transgender
(n=24), gay
(n=59), lesbian
(n=49), bisexual
(n=42), heterosexu-
al (n=9), and un-
sure (n=5)

204Mean 24.02
(SD 1.65)

Examine Face-
book use among
LGBTQ youths,
identity manage-
ment methods,
and effects of
outness

McConnell
et al [52],
2017, United
States
(Chicago)

LGBTQ youths
were likely to
participate on the
web with other
LGBTQ people,
including social
media. Social
media was report-
ed to be a safer,
more supportive,
and more active
option compared
with offline.

LGBTQ participants
would connect more
with the LGBTQ
community on the
web (88%) compared
with offline (69%).
LGBTQ participants
were more engaged
(2-tailed t4008=10.12;
P<.001) and support-
ed (t4008=26.28;
P<.001) and safer
(t4008=35.78; P<.001)
on the web compared
with offline. LGBTQ
social media or blogs
were used by 87% of
the participants, and
identity-specific web
or YouTube series
were used by 79% of
the participants.

Recruitment: from
LGBTQ organiza-
tions and school
groups; data collec-
tion: questionnaires
and surveys; mea-
sures: 6-scale ques-
tionnaire on active-
ness, support, and
safety in web-based
and offline LGBTQ
communities

LGBTQ+
(n=7986), hetero-
sexual (n=58), and
cisgender (n=2211)

400914 to 29 (mean
18.35, SD 3.64)

Explore LGBTQ
engagement with
web-based and
offline communi-
ties, activities,
and resources

McInroy et
al [30],
2019, Cana-
da and Unit-
ed States
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SummaryFindingsMethodLGBTQa sampleSample
size, N

Age (years)PurposeStudy, year,
and country

Social media has
the benefit of ac-
ceptance and sup-
port for LGBTQ
individuals and
can help prevent
or reduce anxiety
and depression.
This pattern was
not reflected
among the non-
LGBTQ popula-
tion in this study.

There were significant
associations between
acceptance via social
media and reduced
symptoms of depres-
sion (β=−0.453;
P<.001). Higher so-
cial media acceptance
was also significantly
associated with re-
duced anxiety symp-
toms (β=−0.343;
P<.001). Conversely,
hostility on social me-
dia was associated
with increased symp-
toms of depression
(β=.120; P=.19).

Recruitment: under-
graduate psychology
students from an
electronic database;
data collection:
questionnaires and
surveys; measures:
Center for Epidemio-
logical Studies-De-
pression Scale,
State-Trait Anxiety
Inventory, and So-
cial Media Experi-
ences Questionnaire

Heterosexual
(n=326), bisexual
(n=40), homosexu-
al (n=7), and other
(n=5)

387Mean 19.87Examine relation-
ships between so-
cial media accep-
tance and hostili-
ty and their ef-
fects on mental
health

Pellicane et
al [55],
2020, United
States (Mid-
west)

Most participants
reported their
sexual identity
via social media
primarily on
Facebook. Most
participants did
not report nega-
tive interactions
because of their
identity disclo-
sure on social
media.

Facebook had high
levels of visibility re-
garding LGB identity,
relationship disclosure
(32%), gender identity
(30%), and sexuality
(31%). Almost half
(49%) of the partici-
pants felt that partner
outness on the web
was immaterial. Most
(70%) reported infre-
quent negative re-
sponses to web-based
identity disclosure.

Recruitment: under-
graduate students;
data collection:
questionnaires and
surveys; measures:
Lesbian, Gay, and
Bisexual Identity
Scale as well as the
Ecological Elements
Questionnaire, Fami-
ly Adaptability and
Cohesion Scale-IV,
and Same-Sexting
Practices and Ques-
tionnaire

Bisexual (n=33)
and same-sex orien-
tated (n=28)

6118 to 41 (mean
24.67)

Explore LGB ex-
periences of
monitoring web-
based visibility
and relationships

Twist et al
[59], 2017,
United
States
(Southwest)

aLGBTQ: lesbian, gay, bisexual, transgender, and queer.
bLGB: lesbian, gay, and bisexual.

Quality Assessment
Overall, the included articles were moderate to high in quality
and limited to descriptive study designs. Both CASP and NOS
scales ranged from 0 to 10. Qualitative data were of high
standard, with a mean of 8.7 (SD 0.8, range 7-10), whereas
quantitative data were of moderate standard, with a mean of 6.2
(SD 1.5, range 4-9). Half of the qualitative studies (9/18, 50%)
were limited by a lack of sample description [31,33,49,50,56],
having predominately White samples [27,28,32] with higher
socioeconomic backgrounds [32], or having a small sample size
[34]. A total of 6% (1/18) of the qualitative studies had only 8
participants [34], but the sample size was not included in the
CASP. The importance of sample sizes in qualitative research
to data adequacy is an open question [61]. A total of 6% (1/18)
of the studies collected data from 2004 to 2006 [33]. In total,
11% (2/18) of the studies had small transgender subpopulations
(n≤4) [53,54]. A total of 11% (2/18) of the studies were limited
because of their restrictive recruitment (ie, primarily from 1
source) [27,48]. A total of 6% (1/18) of the studies recruited
participants from a gender diversity clinic requiring parental
permission, thus introducing bias by selecting youths with more
supportive parents [56]. Of the 11 quantitative studies, 7 (64%)
used cross-sectional designs [29-31,45,47] with a low [43,44]
to medium risk of bias [29,59]. A total of 9% (1/11) of the

studies used a longitudinal design but provided no information
on loss to follow-up [55]. Only 18% (2/11) of the studies
described the assessment and management of confounding
[43,44]. Of the 11 studies, 4 (36%) had generalizability concerns
[29-31,48], 2 (18%) had insufficient descriptions of the sample
[31,46], 2 (18%) used inadequately validated measures [29,46],
and 1 (9%) had significant volunteer bias [30]. A total of 9%
(1/11) of the studies were limited because of the small sample
size (n=19) [29].

Connecting With Other LGBTQ Youths on Social
Media

Overview
Qualitative (13/18, 72%), quantitative (3/11, 27%), and mixed
methods (2/3, 67%) studies found that web-based environments
were safe spaces for LGBTQ peer connection [27-31,33,34].
Qualitative data on LGBTQ youth social media use consisted
of subthemes, including that anonymity is used to connect with
peers, youths connect differently depending on the social media
platform, and social media reduces feelings of isolation. LGBTQ
youths commonly connected with peers via social media
platforms [27,31,32,54,60]. All the included studies (26/26,
100%) were at risk of volunteer bias because of the nature of
the target population and recruitment methods.
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Qualitative Studies
A total of 72% (13/18) of the qualitative studies explored
narratives about LGBTQ youths’ connection with peers via
social media [27,28,32-34,49-51,53,54,56,57,60]. Instagram,
Tumblr, Twitter, and YouTube were commonly used to connect,
at times anonymously [31,49,51,54,56]. A total of 8% (1/13)
of the studies, which found that Facebook policies limited
anonymity, were weakened by the fact that they did not specify
an analysis method or describe recruitment [49]. Tumblr was
popular among LGBTQ youths, providing community
connection, information, and support [31,49,54]. Participants
reported that they ceased using Tumblr once it became “toxic”
and negatively affected their mental health [31]. Instagram users
were able to find and connect with others via hashtags (eg,
#lesbian), although it should be noted that this study was limited
by selection biases as recruitment occurred by inviting
participants through Instagram comments [50]. LGBTQ youths
could cease negative interactions (eg, block profiles) easily via
social media if they felt uncomfortable talking to others [54].

LGBTQ youths also resorted to social media to connect with
the LGBTQ community when there was a lack of offline
opportunities [34,54]. Social media was a vital tool for those in
rural and remote settings to connect with LGBTQ peers [33].
Youths reported reduced feelings of isolation and increased
well-being when connecting with other LGBTQ youths
[33,54,56,60]. LGBTQ youths could converse with LGBTQ
peers anonymously and, as comfort increased, meet offline
[33,49,54]. The study by Varjas et al [60] required parental
permission, which limited their sample to those with generally
supportive parents. Developing a web-based and offline
connection with those who shared the same identities helped
form emotional connections within the community and between
individuals (eg, romantic relationships) [28,33,34,54]. These
platforms also acted as a mechanism for LGBTQ youths to
engage in sexual encounters on the web or offline [54]. LGBTQ
youths were more likely to meet their web-based connections
in person compared with non-LGBTQ peers [28]. Many LGBTQ
youths turned to web-based spaces such as social media as their
offline environment was unaccepting [28,54].

Quantitative Studies
A total of 45% (5/11) of the studies investigated peer and group
LGBTQ connections among youths [29-31,45,46]. A total of
20% (1/5) of these studies reported that 65% of 1304 LGBTQ
Tumblr users in Australia used the platform to connect with
other LGBTQ youths [31]. Only 3% of the participants used
Tumblr to connect with friends; rather, it was specifically used
to interact with strangers who shared their identities [31]. Social
media was used to connect with others, including LGBTQ
celebrities or groups that improved their sense of belonging and
provided gratification [30,45,46]. A total of 20% (1/5) of the
studies noted that approximately 80% of 6178 LGBTQ youths
followed LGBTQ celebrities and communities [46]. In total,
20% (1/5) of the studies identified that mental health and
well-being were positively affected by social media connection,
but this study was limited because of its small sample size of
19 adolescents, mainly gay men (42%) [29].

LGBTQ Identity Development Using Social Media

Overview
All study designs explored this theme (qualitative: 16/18, 89%;
quantitative: 4/11, 36%; mixed methods: 1/3, 33%). This theme
explored LGBTQ youth identity development and management
through the use of social media strategies for identity expression,
accessing information, and censorship. Subthemes included the
use of anonymity and privacy settings, sharing and validating
identity development experiences, and the disclosure of identity.
These strategies focused on methods to avoid conflict and
protect well-being [27,34,51,57]. Healthy identity development
can improve mental health and well-being among LGBTQ
youths [43,44,49].

Qualitative Studies
Nearly all qualitative studies (16/18, 89%) explored concepts
of LGBTQ identity development via social media
[27,28,32-34,47-51,53,54,56-58,60]. Studies noted from
participant narratives that Facebook, Tumblr, and Twitter tended
to be used more than other platforms for facilitating identity
development [27,28,31,49,54,58]. LGBTQ youths found social
media vital for identity development as it reduced the danger
and stigma of meeting in person [32,58]. LGBTQ youths
developed understanding and acceptance of and comfort with
their identity through exposure to experiences of peers via
forums, videos, and written blogs [32,33,53,54,56]. Social media
allowed these individuals to explore their identities safely and
access gender identity transition information
[28,32,48,54,56,57]. A total of 6% (1/16) of these studies had
a risk of bias because of the use of telephone interviews only
and a small sample size (n=13) [57].

Facebook, Tumblr, and Twitter were commonly mentioned
platforms that facilitated identity expression and exploration
[27,31,49,58]. Many turned to Tumblr and Twitter to specifically
express their LGBTQ identity rather than Facebook because of
its restrictive policies and audiences (ie, changing the name in
the profile’s URL and limited identity options) [31,49,58].
Young people found that connecting with LGBTQ communities
allowed them to share experiences, for example, medical
information and surgery experiences for transgender youths
[33,48,53,56,60]. Many appreciated sharing feelings and lived
experiences, reporting that other LGBTQ individuals understood
them better compared with non-LGBTQ people [33,50].
Narratives from participants included how social media can be
a safe environment that facilitates healthy identity development
because of privacy setting features imperative to LGBTQ
youths’ web-based engagement [27,32,47,58]. Privacy settings
and “friending” practices provided them with the ability to
choose their social network audience and, therefore, how they
expressed their identity [27,47,50]. This permitted LGBTQ
youths to manage disclosure experiences such as gradually
disclosing one’s identity or remaining undisclosed if preferred
[27,47].

Disclosing identity on the web provided the user with time to
consider and articulate how they would communicate their
identity to their offline networks [33]. Social media platforms
such as Facebook Messenger allow gender-diverse users to
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change their nicknames to suit their identity, which could aid
in gradual identity disclosure [28,49]. For some, it was vital to
remain undisclosed to avoid danger, relationship deterioration,
and negative interactions [47]. Social media could offer identity
disclosure without the expectations, danger, and pressure
associated with offline networks [28,32]. LGBTQ youths could
express their identity by sharing with their audience using subtle
posts (eg, images of same-sex partners, pronouns, names, and
relationship statuses) [27,32,47,54,58].

Others reported that, if sexual preferences were left empty on
Facebook, the person was considered likely not heterosexual
[34,47]. Less subtle displays of “outness” usually occurred by
having highly expressive and visible profiles [47]. These actions
required considerable contemplation of the potential
repercussions and reactions of audiences [32,51]. Social media
offered a way for LGBTQ youths to disclose their identity
without reprisal from friends or family [32]. Social media
distanced LGBTQ youths from heteronormative environments,
homophobia, and transphobia that they may have experienced
offline [32,49,51,53,56,57]. There were mixed views of the
platforms’ (ie, Facebook’s) use of LGBTQ-specific categories,
with some praising the understanding of their identity and others
finding it restrictive (eg, interested in men or women and other
pre-existing terminology) [27,48]. A study focusing on
Instagram users found that using identity hashtags was a better
way to connect with peers [50].

Qualitative studies noted that having multiple social media
accounts permitted LGBTQ youths to express and explore
identities with specific audiences with anonymity
[27,31-33,47,49-51]. Family, religious groups, and work were
commonly named as audiences with whom LGBTQ youths
needed multiple accounts and self-censorship to manage [51,58].
Pressure was experienced as friends and family monitored
LGBTQ youths’ social media [34,49]. Accidental disclosure of
an LGBTQ identity, most commonly by sharing with unintended
audiences, was identified as a risk of social media for identity
expression [47,49,51]. Preventative strategies, which are often
successful, included separating audiences, deidentifying
locations and names, and adjusting privacy settings [47,49,51].
These strategies assisted in managing exposure to
marginalization and stigma [49]. Even when censoring identity
on social media, other indicators such as likes, images, group
memberships, and friends’ posts and events could be displayed
[34,47]. Constantly monitoring and censoring references to
LGBTQ content to avoid negative interactions could be
overwhelming and cause youths to conform to heteronormative
expectations [51].

Being able to view and interact with others expressing similar
LGBTQ identities was validating for youths [33,53]. Seeing
other youths, including schoolmates, engaging in
LGBTQ-orientated activities on social media allowed for further
identity exploration and understanding [33]. This exposure to
other LGBTQ youths helped affirm one’s identity and prove
that LGBTQ people exist (eg, “liking” posted LGBTQ content)
[28,33,50,51,53,56,57]. Shared backgrounds were another
important factor for identity affirmation among ethnic minorities
and religious groups [33,57,58]. Social media may assist in

identity clashes (ie, LGBTQ and Christian identities) that create
difficulties in understanding, exploration, and transition [58].

Quantitative Studies
A total of 55% (6/11) of the studies examined LGBTQ identity
development and management [29,43,44,51,52,59]. Overall, an
increased understanding of identity via social media was
associated with improved well-being outcomes [43,46]. Social
media was reported as a safer and more comfortable approach
for identity exploration than offline alternatives [29]. A study
among same-sex attracted youths in the United States noted that
63% of 61 participants had their identity deliberately disclosed
on social media [59]. This study had significant generalizability
issues as recruitment was restricted to undergraduate students
of 1 degree at 1 university [59]. Identity exploration and
well-being were associated with higher use of social media
among lesbian, gay, and bisexual (LGB) youths compared with
non-LGB youths attending a straight-gay alliance at a US high
school [43]. Identity exploration via social media was associated
with lower paranoia scores among American LGB youths [44].
However, the heavy use of social media for identity exploration
had negative mental health consequences, increasing loneliness
and sensitivity to emotional, physical, or social stimuli [44].

In a study of American LGBTQ youths, 13% of 181 participants
had multiple Facebook accounts for identity exploration or
expression [52]. Of this sample, 27% had publicly visible
profiles, whereas 54% restricted their profiles to friends [52].
In total, 43% restricted what their friends could view on their
Facebook profiles [52]. High levels of disclosure on Facebook
were common, with 64% of 199 LGBTQ participants freely
displaying their identity [51]. Another study found that 30% of
LGBTQ youths disclosed on Facebook, significantly higher
than on other platforms, including Tumblr (5%-9%) or Twitter
(8%-13%) [44]. The level of identity disclosure related to the
individual’s willingness to express their identity [51]. LGBTQ
youths who were not disclosed to their family were often highly
engaged with and disclosed to their LGBTQ networks on the
web compared with those who were disclosed to their family
[51]. LGBTQ youths did not consider their partners not being
disclosed on social media or offline as an issue for their
relationship or satisfaction, with 23 of 61 participants reporting
that it was “extremely unimportant” [59].

Social Support on Social Media

Overview
This final theme explored the support mechanisms that LGBTQ
youths used via social media (qualitative: 5/18, 28%;
quantitative: 4/11, 36%; mixed methods: 2/3, 67%). Subthemes
in the qualitative data on LGBTQ youths using social media
included seeking social support from peers and communicating
information and experiences between peers. LGBTQ youths
would find support by connecting with other LGBTQ people
or groups and obtaining pertinent information [28,33,53,54,56].
Access to social support and information can be beneficial for
mental health and well-being [46,55].
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Qualitative Studies
Almost half (7/18, 39%) of the qualitative studies explored
social support among LGBTQ youths through social media
[28-31,33,54,56]. Social support among LGBTQ youths was
more commonly reported as occurring on the web compared
with non-LGBTQ youths, whose offline networks were
sufficient [28]. Social media connections were useful for seeking
support during difficult times for young LGBTQ individuals
[28,54,56]. Facebook was used to participate in LGBTQ groups
where individuals could express emotions and seek support
[29,54].

Web-based friends could provide support without geographical
restrictions as participants communicated with others in different
countries [54,56]. Posting on social media about mental or
physical health concerns was not always a method to elicit social
support but, rather, to simply be heard [31]. LGBTQ youths
were able to interact with other or experienced LGBTQ
community members for advice on dating, safety, sex, identity
disclosure, and sexuality [28,33,54]. Social support via social
media was highly convenient and could be obtained whenever
required, even at short notice [54]. Transgender youths were
able to seek specific support from other transgender individuals
and share transition experiences [53,56]. Many transgender
youths reported viewing YouTube videos as support for their
transition as such information was generally inaccessible offline
[53]. Transgender youths were able to access pertinent medical
information and resources [53].

Quantitative Studies
A total of 45% (5/11) of the studies examined social support
through social media among LGBTQ youths [31,44-46,55].
Social media afforded LGBTQ youths support that they might
not have achieved offline [46]. Ceglarek and Ward [44] reported
that, among their 570 participants, there was strong evidence
(β=−0.27; P≤.01) that the use of social media for support was
linked to reduced loneliness and evidence (β=−0.21; P≤.05) of
reduced paranoia among LGB youths from self-reported data.
There was weak or no evidence (P>.05) that social media use
among LGB youths reduced anxiety and depression [44]. Social
media acceptance and support were associated with reduced
symptoms of depression among 387 LGB youths (β=.453;
P<.001) but had no significant effect on anxiety; however, this
study did not describe loss to follow-up [55]. Social media use
was associated with feelings of being loved or feeling stronger
[45]. Although Tumblr was not a uniformly positive experience,
30% of 1304 surveyed LGBTQ youths reported it as a useful
resource [31]. As age increased, the use of social media for
social support and information among 6178 participants
decreased significantly (P<.001) [46].

Discussion

Principal Findings
Similar systematic reviews have been published previously
[62,63], but this is the first to explore how LGBTQ youths use
social media and its impact on mental health and well-being.
This systematic review explored how LGBTQ youths use social
media and how it affects their peer connections, identity
exploration, and social support. We found 26 studies—overall,

the quality of the research was moderate and limited to
observational studies. Most studies (16/26, 62%) were limited
by a lack of follow-up, limited description of study confounders,
restrictive sample eligibility limiting generalizability, and
selection biases. Causality cannot be inferred from associations.
With these limitations in mind, how LGBTQ youths use social
media for connection and identity has been well explored. Both
the positive and negative impacts of social media use among
LGBTQ youths were identified.

We identified multiple ways in which social media has a positive
impact on the mental health and well-being of LGBTQ youths.
The studies showed a reduction in mental illness symptoms,
including anxiety, depression, and paranoia [34,44,45,55,60].
Participant narratives identified decreased feelings of isolation
and increased well-being when engaging in social media
[33,54,56,60]. Social media was a significant source of social
support for LGBTQ youths [28,33,54,56]. It was a setting where
young people could control the expression of their sexual and
gender identities to prevent or reduce exposure to stigma and
discrimination [27,28,32-34,47-51,53-55]. Alleviating stressors
among LGBTQ youths is associated with a reduced risk of poor
mental health, including depression and suicidal ideation [43].
Other literature has found that developing networks and
expressing LGBTQ identity safely (without stigma or
discrimination) leads to reduced mental health problems,
including anxiety, depression, addictive behaviors, and suicidal
ideation [11,64].

We also identified the negative outcomes of social media use.
Heavy social media use among LGBTQ youths was associated
with increased feelings of loneliness and sensitivity [44]. Social
media dependency was also linked to poorer academic
performance, sleep deprivation, and mental health conditions
[62,65]. Although social media could limit discrimination and
stigma, LGBTQ youths are still at higher risk of web-based
victimization [66], and other research has noted that social media
can be a source of discrimination, including within web-based
LGBTQ networks [26]. Mental health and well-being were
negatively affected by social media structures and policies that
did not accommodate changed identities [49]. A study found
that chosen identity recognition may be associated with reduced
mental illness symptoms [67]. Much of the wider literature
identifies the effects of social media among LGBTQ youths as
generally negative [52]. However, this review identifies both
the positive and negative aspects of social media use among
LGBTQ youths. Some platforms (eg, Grindr, Tinder, and
Twitter) offer users nonbinary options, but displaying this
information could also lead to safety issues [47,68]. Being
“outed” on social media can target LGBTQ youths for physical
harm and discriminatory comments, with the potential to affect
their mental health and well-being [55]. Although a study
exploring the use of hashtags only found positive and negative
outcomes of identity exploration [50], another study found that
hashtags can be used for other purposes, such as connecting
peers that use drugs (eg, #highlife) [69].

We found that social media allowed LGBTQ youths to actively
manage their identity, whereas non-LGBTQ youths did not
demonstrate the same use of social media or the need to
explicitly express their identity [27,34,50,51,58]. LGBTQ youths
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would actively manage their audiences by friending those of
similar ages, limiting some of them via privacy settings, or
removing friends [27,47]. These platforms’ affordances made
it possible for LGBTQ youths to connect with numerous other
LGBTQ people and disclose their identity regardless of physical
location [33,54,70]. In contrast, non-LGBTQ individuals
reported sufficient support offline and did not add strangers to
their social media [28].

This review noted that Facebook and Twitter had higher identity
disclosure than other platforms and sexuality-specific dating
apps [59]. Web-based sexual encounters usually occur via
geosocial networking apps that allow for location sharing among
LGBTQ and non-LGBTQ individuals (eg, Grindr, Tinder, and
Bumble) [54,71,72]. Other social media platforms such as
Facebook were also used for this purpose but less commonly
[73]. Connections among LGBTQ individuals or communities
can lead to romantic relationships, overcoming barriers such as
fewer potential romantic partners and societal restrictions [11].
Dating same-sex partners was associated with improved mental
health and self-esteem and reduced internalized homophobia
compared with dating other sex partners [11]. The wider
literature found that, for young people, negative aspects of social
media included jealousy (eg, images of their partner with other
people) or inaccurate social media depictions of relationships
[74,75]. LGBTQ relationship portrayals and web-based
engagement on social media may also affirm one’s identity
[28,33,50,51,53,56,57]. It is important to note that social media
landscapes can change rapidly in platform popularity, as seen
in recent years with the gradual decrease in Tumblr use and the
rise of TikTok [76,77].

Limitations
Only published peer-reviewed data (and no gray literature) were
included. This systematic review was also limited as the

sensitive nature of sexual and mental health meant that
individual studies were at risk of reporting bias. There were
very few studies (5/26, 19%) that investigated social media use
influences on the mental health of LGBTQ youths. In addition,
there was no uniform measure assessing mental health outcomes
to determine the effect of social media use on mental health.
Finally, owing to the ever-changing nature of social media and
digital technology, these concepts may not capture current
experiences.

Conclusions
This review identified LGBTQ youths’ uses of social media to
connect with like-minded peers, manage their identity, and seek
support. In the few studies that considered mental health
outcomes (5/26, 19%), the use of social media appeared to be
beneficial to the mental health and well-being of this group
[11,34,44,55,60]. In this systematic review, we identified the
various important beneficial roles of social media, but the
findings were limited by weaknesses in the evidence base. This
information may be useful for professionals (eg, educators,
clinicians, and policy makers) working with LGBTQ youth to
consider the appropriate use of social media in interventions as
it provides an evidence base for the role of social media in the
lives of LGBTQ youths. These findings help further understand
how LGBTQ youths use social media and its positive and
negative impacts on their mental health and well-being. Further
research is required to provide stronger evidence of how social
media is used for connectivity, identity, and support and
determine causal links to mental health outcomes. We
recommend larger, representative, and prospective research,
including intervention evaluation, to better understand the
potential of social media to support the health and well-being
of marginalized LGBTQ young people. It is imperative that
social media is understood and its beneficial use is supported
to ensure improved outcomes.
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Abstract

Background: Evidence on the long-term effects of weight management smartphone apps on various weight-related outcomes
remains scarce.

Objective: In this review, we aimed to examine the effects of smartphone apps on anthropometric, metabolic, and dietary
outcomes at various time points.

Methods: Articles published from database inception to March 10, 2022 were searched, from 7 databases (Embase, CINAHL,
PubMed, PsycINFO, Cochrane Library, Scopus, and Web of Science) using forward and backward citation tracking. All randomized
controlled trials that reported weight change as an outcome in adults with overweight and obesity were included. We performed
separate meta-analyses using random effects models for weight, waist circumference, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, blood glucose level, blood pressure, and total energy intake per day. Methodological quality
was assessed using the Cochrane Risk of Bias tool.

Results: Based on our meta-analyses, weight loss was sustained between 3 and 12 months, with a peak of 2.18 kg at 3 months
that tapered down to 1.63 kg at 12 months. We did not find significant benefits of weight loss on the secondary outcomes examined,
except for a slight improvement in systolic blood pressure at 3 months. Most of the included studies covered app-based interventions
that comprised of components beyond food logging, such as real-time diet and exercise self-monitoring, personalized and remote
progress tracking, timely feedback provision, smart devices that synchronized activity and weight data to smartphones, and
libraries of diet and physical activity ideas.

Conclusions: Smartphone weight loss apps are effective in initiating and sustaining weight loss between 3 and 12 months, but
their effects are minimal in their current states. Future studies could consider the various aspects of the socioecological model.
Conversational and dialectic components that simulate health coaches could be useful to enhance user engagement and outcome
effectiveness.

Trial Registration: International Prospective Register of Systematic Reviews (PROSPERO) CRD42022329197;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=329197

(J Med Internet Res 2022;24(9):e40141)   doi:10.2196/40141
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Introduction

Obesity is a metabolic disorder characterized by an excessive
accumulation of fat, which is well known to increase one’s risk
of cardiometabolic diseases [1], psychological stress [2], and
improve overall quality of life [3]. A weight reduction of
5%-10% has been shown to lower the risk of cardiometabolic
diseases by improving cardiometabolic measures such as high
waist circumference, high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), high
blood glucose level, and high blood pressure [4]. However,
weight loss through behavioral modification remains challenging
because of the lack of self-regulation and motivation [5].

Common weight management strategies include lifestyle
modifications (eg diet and exercise), medications, and surgery,
of which the former remains the safest, most conservative, and
most adopted option. Self-regulation strategies such as
self-monitoring, goal setting, action planning, and relapse
prevention (eg, coping planning, stress and emotion
management, and dietary lapse prevention) have been shown
to improve weight loss and weight loss maintenance [6]. Recent
research has also reported benefits of using technology to help
users to promote a state of calorie deficit through dietary
self-regulation. However, the implementation of such
self-regulation strategies and their long-term effects on weight
loss maintenance remain unclear.

Several meta-analyses have examined the effectiveness of
smartphone apps on weight loss in adults but with several
limitations. In 2015, the first meta-analysis on the effectiveness
of mobile phone apps reported a significant weight loss of 1.04
kg [7]. This meta-analysis was based on 12 articles searched
from 3 electronic databases. Articles on people with diseases
other than obesity and mobile interventions with only SMS text
messaging were excluded [7]. Another study focused on the
effects of mobile apps on weight loss in the Asian population
and reported a small to moderate interventional effect on weight
loss (Hedges g=−0.26) [8]. Lastly, a study on both children and
adults reported a pooled interventional effect- of −1.07 kg on
weight loss. However, these reviews included studies of various
study designs, such as randomized controlled trials (RCTs),
case-control studies, and quasi-experimental studies, which
could have reduced the quality and certainty of evidence [7].
Moreover, these systematic reviews included studies on both
people with normal and high BMI [7,9] and studies on people
with and without diseases (eg, cardiovascular diseases) [8].
These limitations render the interventional effects on each
unique population unclear.

To the best of our knowledge, none of these systematic reviews
examined the effects of smartphone apps on anthropometric,
metabolic, and dietary outcomes across multiple time points to
examine the sustainability of interventional effects on these
outcomes. Therefore, we aimed to examine the effects of

smartphone apps on anthropometric, metabolic, and dietary
outcomes.

Methods

Overview
We conducted this review according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [10] (Multimedia Appendix 1) and registered it with
PROSPERO (International Prospective Register of Systematic
Reviews; CRD42022329197). Two or more reviewers assessed
the study selection and risk of bias (ROB). Interrater agreements
were assessed using Cohen κ, where Cohen κ=0.00-0.20
indicates no agreement, Cohen κ=0.21-0.39 indicates weak
agreement, Cohen κ=0.40-0.59 indicates minimal agreement,
Cohen κ=0.60-0.79 indicates moderate agreement, Cohen
κ=0.80-0.90 indicates strong agreement, and Cohen κ>0.90
indicates almost perfect agreement [11].

Search Strategy
We conducted a systematic search through 7 databases
(CINAHL, PsycINFO, PubMed, Scopus, Cochrane Library,
and Web of Science) for relevant articles published from
database inception to March 10, 2022. Keywords and Medical
Subject Headings terms were first searched through PubMed
and Embase to permute more keywords, namely, smartphone
application, phone application, mobile, app, m-health, mHealth,
obesity, overweight, body weight, weight loss, weight reduction,
and weight management (Multimedia Appendix 2 provides the
detailed database keyword search). Citations were screened
using the EndNote software (Clarivate). Full-text articles were
independently screened by 3 reviewers (HSJC, JSHYN, and
WLK).

Study Selection
Titles and abstracts were first screened by HSJC according to
the eligibility criteria crafted using the population, intervention,
comparison condition, outcomes, and study design framework.
Full-text articles were screened independently by HSJC, JSHYN,
and WLK. Discrepancies were resolved among the 3 reviewers.
Articles were included if they (1) were about people with high

BMI (≥25 kg/m2 for Western populations and ≥23 kg/m2 for
Asian populations; (2) examined the effectiveness of a
smartphone app; (3) examined interventional effect on at least
weight loss as an outcome; (4) reported outcomes beyond
baseline and after intervention; and (5) had an RCT study design.
Articles were excluded if they (1) focused on people with
medical conditions (excluding overweight and obesity), (2)
were not empirical RCTs (eg, pilot studies and secondary
analyses of RCTs, in which case the original RCT was
retrieved), (3) examined smartphone apps that only provided
SMS text messaging interventions such as SMS text message
reminders, and (4) did not have an English version of the
manuscript.
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Data Extraction
Data extraction was performed independently by HSJC and
WLK according to an Excel spreadsheet template for
information on the following criteria: authors, year of
publication, country, sample size, sample characteristics, the

cutoff BMI score for having overweight (kg/m2), mean age,
percentage of male participants, socioeconomic status,
educational level, weight measure, baseline weight, baseline
BMI, app components, control condition, intervention duration,
follow-up time points, attrition rate by the time of analysis, any
significant baseline differences between the participants retained
and those lost to follow-up, missing data management, whether
the protocol was registered, whether the study was funded, and
study outcomes in terms of mean (SD), mean (SE), or mean
difference (MD; 95% CIs). For data extraction from 3-armed
RCTs, pooled intervention outcome data were used if both
intervention arms comprised different apps. Otherwise, only
the intervention arm with a smartphone app was extracted. For
studies that reported a separate intervention arm with additional
nonapp components, data were not extracted.

Methodological Quality
The Cochrane ROB Tool was used to rate the articles’
methodological quality as low, unclear, and high ROB based
on 6 domains, namely random sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessment, outcome data completeness, and
selective reporting [12]. Ratings were performed independently
by JSHYN and WLK and discrepancies were resolved through
discussions with HSJC. We planned to assess the certainty of
evidence using the Grading of Recommendations, Assessment,
Development, and Evaluation approach but decided not to
because of the limited number of studies available and a
relatively high ROB, which would not have allowed us to derive
a meaningful conclusion on the certainty of evidence.

Data Analysis
Sample variance estimates reported as SEs and CIs were
converted to SD. The unit kJ/day was converted to kcal/day and
lb was converted to kg. Weight, waist circumference, blood

glucose, total energy intake, and blood pressure effect sizes
were estimated using weighted MDs (WMDs), whereas HDL-C
and LDL-C were estimated using standardized MDs (SMDs).
SMDs were adjusted by using Hedges g to account for the small
number of studies included in the meta-analyses. Some studies
reported results from multiple time points beyond 6 months (ie,
9, 18, and 24 months). Therefore, results from the most reported
time points were used for the meta-analyses to prevent bias
arising from repeated measures. All meta-analyses were
conducted using random effects models with generic inverse
variance and adjusted using the Hartung-Knapp-Sidik-Jonkman
method instead of the commonly used DerSimonian-Laird
method, as it has been shown to produce fewer type I errors,
especially for analyses with a small number of studies [13].

Between-study heterogeneity was estimated using the τ2 statistic

and quantified using the I2 statistic, where 25%, 50%, and 75%
indicate a small, moderate, and large degree of heterogeneity,
respectively [14]. Sensitivity analyses were performed to assess
the individual effects of each study on the pooled effect size
estimates, and publication bias was assessed using funnel plots
and the Egger test, when possible. All statistical analyses were
performed using R (version 4.1.3) [15].

Results

Overview
Of the 3576 articles retrieved from our systematic database
search, 1584 (44.3%) duplicate articles were removed, resulting
in 1992 (55.7%) titles and abstracts screened for eligibility.
After excluding 90.8% (1808/1992) of articles based on the title
and abstract screening, 9.2% (184/1992) full texts were assessed,
of which 168 (91.3%) articles were excluded for reasons shown
in Figure 1. We also searched through the references of the
included articles, but no additional articles fulfilled the inclusion
criteria. A total of 16 articles were included in the review, with
68 unique effect sizes included in the meta-analyses. The
interrater agreement statistics for the inclusion of the article and
overall ROB were Cohen κ=0.77; P<.001 and Cohen κ=0.71;
P=.003, respectively, indicating moderate agreements.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.

Study Characteristics
The 16 articles represented 2870 participants with overweight
or obesity, with mean ages ranging from 22.7 years to 70.1
years, mean body weight ranging from 70.6 kg to 114.1 kg (2
studies did not report data on weight [16,17]), mean BMI

ranging from 27.5 kg/m2 to 36.2 kg/m2, and the proportion of
male participants ranging from 9.3% to 100%. Most studies
(12/16, 75%) were conducted in the United States, except for
1 each from the United Kingdom [18], Australia [19], Japan
[20], and China [21]. The attrition rates ranged from 0.5% to
46.6%. A total of 69% (11/16) of articles reported data that
reflected the sample’s socioeconomic status, and 81% (13/16)
of articles reported data on the sample’s education level. More
details on the study characteristics are shown in Table 1, and
additional information on socioeconomic status, education level,
presence of group differences between participants retained and
dropped out, protocol registration, and funding is shown in
Multimedia Appendix 3 [16-31]. Most included studies (12/16,
75%) covered app-based interventions that were beyond purely

food logging, such as real-time self-monitoring of diet and
exercise, regular messages tailored according to user progress,
timely feedback, smart devices that synchronized activity and
weight data to smartphones, personalized progress reports,
libraries of diet and physical activity ideas, and remote progress
monitoring. Of these 16 articles, 4 (25%) included control
conditions that provided app-based food logging [17,22-24].
The intervention duration ranged from 12 weeks to 24 months
and the follow-up time points ranged from 8 weeks to 24
months. The intervention characteristics for each article are
detailed in Multimedia Appendix 4 [16-31]. Most articles (10/16,
62%) were rated as having an unclear ROB, and 38% (6/16) of
articles were rated as having a high ROB (Multimedia Appendix
5 [16-31]). Moreover, 38% (6/16) of articles were rated as
having a high ROB for performance bias because of the
difficulties in blinding both the interventionists and participants,
which is common in such behavior-change studies (Multimedia
Appendix 5 [16-31]). Owing to the varying outcome
measurement time points, results were analyzed at <3 months,
3 months, 6 months, and >6 months whenever possible.
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Table 1. Characteristics of the 16 included randomized controlled trial articlesa.

Reported on SESd;
educational level

Missing data man-
agement; protocol
registration; funding

Attrition rateb, %;
presence of group

differencesc

Baseline weight
(kg), mean; base-
line BMI

(kg/m2), mean

Proportion
of males, %

Age
(years),
mean

Sample
size (n)

Trial arms
(n); country

Study

Yes; yesITTe; yes; yes38.3; yes96.9; 34.222.741.91283; United
Kingdom

Carter et al
[18], 2013

Yes; yesITT; yes; yes46.6; yes90.7; 31.729.344.51163; AustraliaDuncan [19],
2020

Yes; yesITT; yes; yes30; NSNSf; 34.59.342.4432; United
States

Dunn et al
[17], 2019

Yes; yesNS; yes; yes7.5; NS114.1; 35.610054.2802; United
States

Eisenhauer et
al [22], 2021

Yes; yesITT; yes; yes25.2; nil94.4; 33.529411552; United
States

Falkenhain et
al [23], 2021

Yes; yesITT; yes; yes15.6; nil80.7; 2929.722.74042; United
States

Godino et al
[30], 2016

Yes; yesITT; no; yes12; nil90.1; 3310.246.52922; United
States

Johnston et al
[26], 2013

Yes; yesITT; yes; yes4.5; NS102.5; 36.214.341.41963; United
States

Kurtzman et al
[29], 2018

NS; NSITT; yes; yes5.0; NS80.3; 29.817.544.4402; United
States

Martin et al
[25], 2015

Yes; yesITT; yes; yes26.7; NS89.6; 31.91642.71053; United
States

Patel et al
[24], 2019

Yes; yesPPg; yes; yes0.5; NS87.1; 32.438.250.21922; United
States

Rosas et al
[31], 2020

NS; NSITT; yes; yes10; NS89.3; 3313.851.1803; United
States

Ross et al
[27], 2016

NS; YesITT; yes; yes13.5; yes94.8; 34.615.639.3963; United
States

Spring et al
[28], 2017

NS; NSITT; yes; yes27.7; NS83.2; 2899.146.31122; JapanTanaka et al
[20], 2018

Yes; yesITT; yes; yes25; nilNS; 33.417.348.1812; United
States

Turner-Mc-
Grievy et al
[16], 2017

NS; YesNS; yes; yes14.4; NS70.6; 27.546.170.17503; ChinaZhou et al
[21], 2021

aDetails of the group differences, protocol registration, funding, reports on socioeconomic status, and educational levels are presented in Multimedia
Appendix 3 [16-31].
bAttrition rate by last outcome measurement time point.
cGroup differences between participants who were retained and dropped out.
dSES: socioeconomic status.
eITT: intention-to-treat.
fNS: not specified.
gPP: per-protocol analysis.

Weight Loss
All 16 articles reported results on weight change. A total of
38% (6/16) of articles reported results of weight change at 3
months, of which 4 (67%) reported significant weight loss
[18,20,21,25] and 2 (33%) reported otherwise [17,24]. Of these
4 articles, 2 (50%) reported results of 2 intervention arms with
consistent findings on interventional effects on weight change

and were analyzed as 4 studies in the meta-analysis [21,24].
The pooled WMD suggested a nonsignificant interventional
effect on weight loss at <3 months (sample size, n=8;

WMD=−1.15, 95% CI −3.02 to −0.72; P=.19; I2=91.3%; Figure
2 and Table 2).

Of the 16 articles, 11 (69%) reported results of weight change
at 3 months, of which 8 (50%) reported significant weight loss
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[16,20,21,23,25-28] and 3 (19%) reported otherwise [22,24,29].
The pooled WMD for weight loss suggested statistically
significant interventional effects at 3 months (n=11;

WMD=−2.18, 95% CI −3.59 to −0.78; P=.006; I2=87.3%). A
subgroup analysis was also conducted, in which the
heterogeneity between studies was not attributed to whether the
respective control groups received an app-based intervention

(Q2
1=0.34; P=.56; Figure 3 and Table 2). No publication bias

was detected based on the symmetry of the funnel plot and the
Egger test (0.85; t=0.31; P=.76; Figure 4).

A total of 75% (12/16) of articles reported results of weight
change at 6 months, of which 7 (44%) reported significant
weight loss [16,18,22,23,26-28], and 5 (31%) reported otherwise
[17,19,24,29,30]. The pooled WMD for weight loss suggested
statistically significant interventional effects at 6 months (n=13;

WMD=−2.15, 95% CI −3.25 to −1.05; t=−4.26; P=.001;

I2=52.4%; Figure 5 and Table 2). A subgroup analysis was also
conducted, in which the heterogeneity between studies was not
attributed to whether the respective control groups received an
app-based intervention (Q=0.40; P=.53; Figure 5 and Table 2).
No publication bias was detected based on the symmetry of the
funnel plot and the Egger test (−0.74; P=.63; Figure 6).

In addition, 25% (4/16) of articles reported results of weight
change at 12 months, of which 2 (50%) reported significant
weight loss [30,31], and 2 (50%) reported otherwise [19,28].
Interventional effect was assessed at 9 months [29], 18 months
[30], and 24 months [31]; only 6% (1/16) of articles reported
significant weight loss at both 18 and 24 months [30]. The
pooled WMD for weight loss suggested statistically significant
interventional effects at 9 to 12 months (n=5; WMD=−1.63,

95% CI −2.99 to −0.26; P=.03; I2=0%; Figure 7 and Table 2).

Figure 2. An illustration of the summary statistics of the intervention and control groups in each study included in the meta-analysis on the effect of
smartphone weight loss apps on weight loss before 3 months. MD: mean difference.
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Table 2. A summary of meta-analyses results on each outcome at each time point analyzed.

I2 (%)τ2 statisticP valuet valueMDa or SMDb (95% CI)Sample size (n)Time points

Weight (kg)

91.34.63.19−1.46−1.15 (−3.02 to 0.72)8<3 months

87.33.80.006c−3.46−2.18 (−3.59 to −0.78)113 months

52.42.02.001d−4.26−2.15 (−3.25 to −1.05)136 months

00.03.03d−3.31−1.63 (−2.99 to −0.26)59-12 months

Waist circumference (cm)

81.76.92.22−1.57−2.30 (−6.98 to −2.38)4<3 months

88.710.28.11−2.25−3.85 (−9.31 to 1.60)43 months

00.16−3.94−0.92 (−3.88 to 2.04)26 months

00.19−1.95−1.19 (−3.80, to 1.43)312 months

HDL-Ce

00.570.800.01 (−0.15 to 0.17)b23 months

LDL-Cf

00.660.58−0.06 (−1.31 to 1.44)b23 months

Glycated hemoglobin (HbA1c; %)

67.10.07.37−1.14−0.22 (−1.03 to −0.6)33-6 months

Total energy intake per dayg

23.911,382.46−0.91−86.2 (−494.53 to 322.12)36-12 months

Systolic blood pressure (mm Hg)

00.004d−15.8−4.67 (−5.95 to −3.40)33 months

211.10.85−0.23−0.28 (−15.6 to 15.03)26 months

Diastolic blood pressure (mm Hg)

68.33.51.15−2.25−2.88 (−8.37 to 2.62)33 months

00.07−9.06−0.65 (−1.56 to 0.26c)26 months

aMD: mean difference.
bSMD: standardized mean difference (adjusted with Hedges g).
cP<.05.
dP<.01.
eHDL-C: high-density lipoprotein cholesterol.
fLDL-C: low-density lipoprotein cholesterol.
gkJ converted to kcal.
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Figure 3. An illustration of the summary statistics of the intervention and control groups in each study included in the meta-analysis on the effect of
smartphone weight loss apps on weight loss at 3 months. The illustration also shows the subgroup analysis of the studies based on whether the control
group received an app-based intervention. MD: mean difference.

Figure 4. Funnel plot of symmetry for the included studies that reported the effects of smartphone weight loss apps on weight loss at 3 months.
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Figure 5. An illustration of the summary statistics of the intervention and control groups in each study included in the meta-analysis on the effect of
smartphone weight loss apps on weight loss at 6 months. The illustration also shows the subgroup analysis of the studies based on whether the control
group received an app-based intervention. MD: mean difference.

Figure 6. Funnel plot of symmetry for the included studies that reported the effects of smartphone weight loss apps on weight loss at 6 months.
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Figure 7. An illustration of the summary statistics of the intervention and control groups in each study included in the meta-analysis on the effect of
smartphone weight loss apps on weight loss at 9 to 12 months. MD: mean difference.

Waist Circumference
A total of 31% (5/16) of the articles measured interventional
effects on waist circumference [19-21,25,30]. Of these 5 articles,
2 (40%) [21,25] reported a significant reduction in waist
circumference at 3 months, whereas 1 (20%) reported otherwise
[20]. Significant reductions in waist circumference were reported

at 3 months [20,21,25] and 6 months [19,30], whereas different
results were reported at 12 to 24 months [19,30]. No significant
interventional effect was found on waist circumference beyond
4 months. No significant interventional effect was found through
our meta-analyses for waist circumference before 3 months
(Figure 8) and at 3 months (Figure 9), 6 months, and 12 months
(Table 2).

Figure 8. An illustration of the summary statistics of the intervention and control groups in each study included in the meta-analysis on the effect of
smartphone weight loss apps on waist circumference before 3 months. MD: mean difference.

Figure 9. An illustration of the summary statistics of the intervention and control groups in each study included in the meta-analysis on the effect of
smartphone weight loss apps on waist circumference at 3 months. MD: mean difference.

Calorie Intake
A total of 25% (4/16) of articles measured interventional effects
on waist circumference [16,19,23,31]. Of these 4 articles, 1
(25%) article reported a significant interventional effect on
calorie intake per day at 3 and 6 months [16], whereas another
article (1/4, 25%) reported otherwise [23]. In addition, 50%
(2/4) of articles reported a significant reduction in calorie intake

per day [19,23], and 50% (2/4) of articles reported no significant
result at 12 months [19,31]. No significant interventional effect
was found through our meta-analyses for total calorie intake
per day between 6 and 12 months (Table 2).

HDL-C, LDL-C, and HbA1c Levels
A total of 13% (2/16) of articles reported results on HDL-C and
LDL-C, in which no significant change was reported at various
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time points [20,23]. In total, 19% (3/16) of articles reported
results on HbA1c, of which 13% (2/16) of articles reported a
significant reduction at 3 months [20,23], and 13% (2/16) of
articles reported results at 6 months but with contrasting findings
[19,23]. According to our meta-analyses, no significant
interventional effect was found for HDL-C, LDL-C, and HbA1c

levels between 3 and 6 months (Table 2).

Blood Pressure
A total of 19% (3/16) of articles reported results on blood
pressure at various time points. A significant interventional
effect was found for systolic blood pressure at 3 months (Cohen
κ=3; WMD=−4.67, 95% CI −5.95 to −3.40; t=−15.8; P=.004;

I2=0%) but not at 6 months (Cohen κ=2; WMD=−0.28, 95%

CI −15.6 to −15.03; t=−15.8; P=.004; I2=0%). No significant
interventional effect was found for diastolic blood pressure at
3 and 6 months (Table 2).

A summary of the outcomes reported in each study is reported
in Multimedia Appendix 6 [16-31].

Discussion

Principal Findings
To the best of our knowledge, this is the first systematic review
and meta-analysis that analyzed the effects of smartphone weight
loss apps on weight loss and other anthropometric, metabolic,
and dietary outcomes across various time points. Most articles
reported results on weight loss at 3 and 6 months, but few
reported findings on other anthropometric, metabolic, and
dietary outcomes. Based on narrative syntheses and
meta-analyses of evidence from the included studies, the
findings showed that the use of smartphone apps for weight loss
was generally minimal and unsustainable.

Based on our meta-analyses, weight loss was sustained between
3 and 12 months, with a peak of −2.18 kg at 3 months that
tapered down with time to −1.63 at 12 months. This finding is
similar to a prior systematic review that reported a significant
weight loss of −1.99 kg and −2.8 kg at 3 and 6 months,
respectively, in a population with and without overweight or
obesity [32]. The slight difference in the time of peak weight
loss could be related to the additional nonmobile elements
implemented alongside smartphone apps, such as health
coaching, which is well established to facilitate weight loss.
However, weight loss of this magnitude may not be sufficient
to reach a clinically significant reduction in cardiometabolic
disease risk, assuming that a 5% decrease in weight (generally
accepted rule-of-thumb for a clinically meaningful weight loss)
for someone with a weight of 70.6 kg (lower value of the mean
age range) translates to a weight loss of 3.53 kg [33]. Moreover,
the actual effectiveness of such apps could be even lower
considering that participants who stay throughout the
interventions have a certain level of motivation to lose weight,
potentially augmenting the results. Conversely, recent studies
have shown improvements in outcomes such as the risk of
developing type 2 diabetes, glucose tolerance, blood pressure,
and triglycerides, even with a lower weight loss of ≥2% [34].
Nevertheless, the weight loss derived from using smartphones

remains limited in their current state and may only be useful
for people with slight overweight. Moreover, most results were
derived from a Western population, who may have different
preferences, engagement, and metabolic responses as compared
to an Eastern population. Future studies may consider population
characteristics in their app development.

The limited weight loss observed could be related to the
behavioral components included in the weight loss apps
examined, as 1 study reported that some form of an intensive
health coaching alongside the use of smartphone apps improved
weight loss [32]. This could be because of the immaturity of
app-based coaches in matching up to the competencies of
real-life health coaches in terms of relatability, usability, and
trust [35]. However, another study reported weak associations
between behavioral components and the usability and
effectiveness of smartphone apps for weight loss, suggesting
the unclear role of behavioral components in similar apps [36].
Given the established effectiveness of health coaching on weight
loss, future studies could explore the integration of simulated
health coaches—potentially the use of conversational agents to
enhance the acceptability and engagement of similar apps while
reducing the manpower needed [35].

Comparing the studies that reported mixed findings on weight
loss at <3 months, the significant weight loss reported in the 4
studies could be attributed to the inclusion of personalized
messages delivered by the app, dieticians, or coaches
[18,20,21,25], which were not present in the remaining 2 studies
that only included the food logging function and reported
nonsignificant findings [17,24]. This is consistent with previous
studies that reported higher engagement with, preference for,
and weight loss outcomes in eHealth programs that included
personalized recommendations [37]. Moreover, calorie counting
has been described as troublesome and dislikable by users who
prefer to have more motivational aspects in weight loss apps
[38]. Therefore, future studies could consider replacing manual
food logging with more intuitive and automatic methods. For
example, food logging can be supported by food image
recognition technology, self-directed goal setting, and progress
monitoring, similar to most smartphone weight loss apps, and
can be personalized and calibrated using medical and constantly
updated lifestyle history [39].

By contrast, our meta-analysis results suggest significant effects
of smartphone weight loss apps on weight loss from 3 to 12
months. This is consistent with existing systematic reviews
[7-9], although the time points at which the analyzed data were
retrieved were unclear. However, both our narrative synthesis
and meta-analysis did not show the benefits of weight loss on
secondary outcomes, except for a slight improvement in systolic
blood pressure at 3 months. This is in contrast with previous
systematic reviews on studies with follow-up time points of ≥2
years. With every reduction of 10 kg in body weight, a reduction
of 5% to 10% in cholesterol levels has been reported alongside
significant improvements in HDL-C and LDL-C levels [40].
Similarly, for every reduction of 10 kg in body weight, a
reduction of 6.0 mm Hg and 4.6 mm Hg in systolic and diastolic
blood pressure levels has been reported [41]. Weight loss has
also been correlated with a reduction in fasting blood glucose
levels in both diabetic and nondiabetic populations [42]. Weight
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loss without a change in metabolic outcomes defeats the purpose
of weight loss, which should be to reduce the risk of
noncommunicable lifestyle diseases (eg, coronary artery diseases
and diabetes) through an improvement in metabolic outcomes.
However, these discrepancies are more likely because of the
small number of studies included in the meta-analyses of the
secondary outcomes at various time points, which could have
caused the analyses to be underpowered in detecting true effects,
if present. Therefore, any inferences made based on the results
of the secondary outcomes should be made with discretion.
Moreover, compared with prior studies, a weight loss as large
as 10 kg may be required for significant improvements in
cholesterol and blood pressure to be detected. Future studies
should consider examining a set of standard weight-related
outcomes, such as the 7 outcomes examined in this study, over
multiple time points to elucidate clearer findings.

Finally, our findings did not suggest a significant reduction in
total calorie intake per day, potentially because of the small
sample size. However, similar findings were reported in a large
RCT that included patients with existing medical conditions
[43]. The use of a smartphone app together with a smart activity
band resulted in greater weight loss 12 months into the program,
where both the intervention and control groups were found to
have decreased their calorie intake comparably. This could be
because of an increase in the duration of light physical activity,
which could also explain our findings on interventional
effectiveness on weight loss but not calorie intake.

In this age of widespread smartphone penetration and social
media influence, people with overweight and obesity are often
exposed to fad diets (eg, ketogenic diet, intermittent fasting,
and Atkins diet) [44], and popular physical activities such as
high-intensity interval training, cardio training, and resistance
training. However, studies have shown limited effects and
potential health issues (eg, malnutrition, dehydration, and acute
injuries) with such diets [45] and unsupervised intensive
physical activities [46]. As weight management is an integral
aspect of population health, we should not be typecasting or
identifying people with overweight and obesity for weight
management but empowering people with the skills and
resources to manage their weight independently. This is
especially because of the global weight gain observed during
the COVID-19 pandemic [47], which could be associated with
varying levels of personal motivation [5], peer influence [48],
and self-regulation [49]. Although many purchased home gym
equipment during this period, the sustained use of such
equipment without peer influence or health coaching may not
have been high.

Recommendations
Given the limited effectiveness of smartphone apps in their
current state, future studies could consider the following
recommendations. Further apps or app-related programs may
consider the incorporation of the socioecological model to
include more factors within the complexities of overweight and
obesity [50]. These include food production, societal influences,
food consumption, biology, individual psychology, individual
activity, and activity environment [51]. Future apps may also
consider including the component of health coaching as a
continual source of motivation, discipline, and guidance. This
could be in the form of a human coach, conversational agent,
or other interactive embodiment that simulates a human coach
[52].

Strengths and Limitations
Each step of the systematic review process, including the study
selection, data extraction, and methodological assessment, was
independently performed by at least two reviewers. We also
reported our findings in terms of MDs instead of SMDs to
provide more clinically relevant metrics on the effects of
smartphone apps on weight loss. However, there were some
limitations to this study. First, no gray literature was searched,
which could have precluded some relevant articles, but it
ensured the rigor of this study by excluding non–peer-reviewed
articles. Second, the sample size of articles included in the
meta-analyses was small, rendering any conclusions prone to
inaccuracies and biases. Therefore, discretion is needed when
readers draw inferences and conclusions based on our findings.
Third, the heterogeneity between the studies included in each
outcome meta-analysis was high, ranging from 21% to 91.3%.
This suggests a certain degree of inaccuracy in our conclusions.
Finally, most included studies were rated as having an unclear
or high ROB, indicating the presence of an inherent ROB in
our findings. Nevertheless, we appended additional
sociodemographic information such as the socioeconomic and
educational profile of each included study for readers to make
better judgments of the findings presented in this paper.

Conclusions
The use of smartphone weight loss apps at the current stage
may not be sufficient to produce clinically meaningful health
outcomes. Future studies could consider tackling more
influencing factors of weight management at every level of the
socioecological model to empower population weight
management. Future studies could consider including
conversational and dialectic component that simulates a health
coach and provides personalized progress monitoring and
feedback to enhance user engagement and outcome
effectiveness.

 

Acknowledgments
The authors thank Nicole Nagadarshini for her help with part of the data organization. This research is supported by the National
University Health System Internal Grant Funding under NUHSRO/2021/063/RO5+6/FMPCHSRG-Mar21/01. Any opinions,
findings, and conclusions or recommendations expressed in this material are those of the author or authors and do not reflect the
views of the funding agency.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e40141 | p.219https://www.jmir.org/2022/9/e40141
(page number not for citation purposes)

Chew et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Authors' Contributions
HSJC was involved conceptualization; data curation; formal analysis; investigation; methodology; software; supervision; validation;
visualization; and writing, reviewing, and editing the original draft. WLK was involved in data curation, formal analysis,
investigation, software, validation, and writing (review and editing). JSHYN was involved in the formal analysis, investigation,
software, validation, and writing (review and editing). KKT was involved in conceptualization, resources, supervision, validation,
and writing (review and editing).

Conflicts of Interest
None declared.

Multimedia Appendix 1
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 checklist.
[DOCX File , 31 KB - jmir_v24i9e40141_app1.docx ]

Multimedia Appendix 2
Search strategy.
[DOCX File , 14 KB - jmir_v24i9e40141_app2.docx ]

Multimedia Appendix 3
Extended study characteristics of the 16 included articles.
[DOCX File , 19 KB - jmir_v24i9e40141_app3.docx ]

Multimedia Appendix 4
Intervention characteristics of the 16 included articles.
[DOCX File , 22 KB - jmir_v24i9e40141_app4.docx ]

Multimedia Appendix 5
Methodological quality assessment of 16 included articles using the Cochrane Risk of Bias tool.
[DOCX File , 14 KB - jmir_v24i9e40141_app5.docx ]

Multimedia Appendix 6
Summary of the outcomes reported in each study.
[DOCX File , 18 KB - jmir_v24i9e40141_app6.docx ]

References
1. Miranda JJ, Barrientos-Gutiérrez T, Corvalan C, Hyder AA, Lazo-Porras M, Oni T, et al. Understanding the rise of

cardiometabolic diseases in low- and middle-income countries. Nat Med 2019 Nov;25(11):1667-1679. [doi:
10.1038/s41591-019-0644-7] [Medline: 31700182]

2. Spinosa J, Christiansen P, Dickson JM, Lorenzetti V, Hardman CA. From socioeconomic disadvantage to obesity: the
mediating role of psychological distress and emotional eating. Obesity (Silver Spring) 2019 Apr;27(4):559-564 [FREE Full
text] [doi: 10.1002/oby.22402] [Medline: 30821100]

3. Chu DT, Minh Nguyet NT, Nga VT, Thai Lien NV, Vo DD, Lien N, et al. An update on obesity: mental consequences and
psychological interventions. Diabetes Metab Syndr 2019;13(1):155-160. [doi: 10.1016/j.dsx.2018.07.015] [Medline:
30641689]

4. Han TS, Lean ME. A clinical perspective of obesity, metabolic syndrome and cardiovascular disease. JRSM Cardiovasc
Dis 2016 Feb 25;5:2048004016633371 [FREE Full text] [doi: 10.1177/2048004016633371] [Medline: 26998259]

5. Chew HS, Gao Y, Shabbir A, Lim SL, Geetha K, Kim G, et al. Personal motivation, self-regulation barriers and strategies
for weight loss in people with overweight and obesity: a thematic framework analysis. Public Health Nutr 2022
Sep;25(9):2426-2435. [doi: 10.1017/S136898002200043X] [Medline: 35190011]

6. Stubbs RJ, Duarte C, O'Driscoll R, Turicchi J, Michalowska J. Developing evidence-based behavioural strategies to overcome
physiological resistance to weight loss in the general population. Proc Nutr Soc 2019 Nov;78(4):576-589. [doi:
10.1017/S0029665119001083] [Medline: 31670628]

7. Flores Mateo G, Granado-Font E, Ferré-Grau C, Montaña-Carreras X. Mobile phone apps to promote weight loss and
increase physical activity: a systematic review and meta-analysis. J Med Internet Res 2015 Nov 10;17(11):e253 [FREE
Full text] [doi: 10.2196/jmir.4836] [Medline: 26554314]

J Med Internet Res 2022 | vol. 24 | iss. 9 | e40141 | p.220https://www.jmir.org/2022/9/e40141
(page number not for citation purposes)

Chew et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

jmir_v24i9e40141_app1.docx
jmir_v24i9e40141_app1.docx
jmir_v24i9e40141_app2.docx
jmir_v24i9e40141_app2.docx
jmir_v24i9e40141_app3.docx
jmir_v24i9e40141_app3.docx
jmir_v24i9e40141_app4.docx
jmir_v24i9e40141_app4.docx
jmir_v24i9e40141_app5.docx
jmir_v24i9e40141_app5.docx
jmir_v24i9e40141_app6.docx
jmir_v24i9e40141_app6.docx
http://dx.doi.org/10.1038/s41591-019-0644-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31700182&dopt=Abstract
https://europepmc.org/abstract/MED/30821100
https://europepmc.org/abstract/MED/30821100
http://dx.doi.org/10.1002/oby.22402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30821100&dopt=Abstract
http://dx.doi.org/10.1016/j.dsx.2018.07.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30641689&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2048004016633371?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2048004016633371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26998259&dopt=Abstract
http://dx.doi.org/10.1017/S136898002200043X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35190011&dopt=Abstract
http://dx.doi.org/10.1017/S0029665119001083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31670628&dopt=Abstract
https://www.jmir.org/2015/11/e253/
https://www.jmir.org/2015/11/e253/
http://dx.doi.org/10.2196/jmir.4836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26554314&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. Ang SM, Chen J, Liew JH, Johal J, Dan YY, Allman-Farinelli M, et al. Efficacy of interventions that incorporate mobile
apps in facilitating weight loss and health behavior change in the Asian population: systematic review and meta-analysis.
J Med Internet Res 2021 Nov 16;23(11):e28185 [FREE Full text] [doi: 10.2196/28185] [Medline: 34783674]

9. Islam MM, Poly TN, Walther BA, Jack Li YC. Use of mobile phone app interventions to promote weight loss: meta-analysis.
JMIR Mhealth Uhealth 2020 Jul 22;8(7):e17039 [FREE Full text] [doi: 10.2196/17039] [Medline: 32706724]

10. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. Int J Surg 2021 Apr;88:105906. [doi: 10.1016/j.ijsu.2021.105906] [Medline:
33789826]

11. McHugh ML. Interrater reliability: the kappa statistic. Biochem Med (Zagreb) 2012;22(3):276-282 [FREE Full text]
[Medline: 23092060]

12. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, Cochrane Bias Methods Group, Cochrane Statistical
Methods Group. The Cochrane Collaboration's tool for assessing risk of bias in randomised trials. BMJ 2011 Oct 18;343:d5928
[FREE Full text] [doi: 10.1136/bmj.d5928] [Medline: 22008217]

13. IntHout J, Ioannidis JP, Borm GF. The Hartung-Knapp-Sidik-Jonkman method for random effects meta-analysis is
straightforward and considerably outperforms the standard DerSimonian-Laird method. BMC Med Res Methodol 2014
Feb 18;14:25 [FREE Full text] [doi: 10.1186/1471-2288-14-25] [Medline: 24548571]

14. Borenstein M, Higgins JP, Hedges LV, Rothstein HR. Basics of meta-analysis: I 2 is not an absolute measure of heterogeneity.
Res Synth Methods 2017 Mar;8(1):5-18. [doi: 10.1002/jrsm.1230] [Medline: 28058794]

15. RStudio Team. RStudio: Integrated Development Environment for R. RStudio. 2022. URL: http://www.rstudio.com/
[accessed 2022-09-12]

16. Turner-McGrievy GM, Wilcox S, Boutté A, Hutto BE, Singletary C, Muth ER, et al. The dietary intervention to enhance
tracking with mobile devices (DIET mobile) study: a 6-month randomized weight loss trial. Obesity (Silver Spring) 2017
Aug;25(8):1336-1342 [FREE Full text] [doi: 10.1002/oby.21889] [Medline: 28600833]

17. Dunn CG, Turner-McGrievy GM, Wilcox S, Hutto B. Dietary self-monitoring through calorie tracking but not through a
digital photography app is associated with significant weight loss: the 2SMART pilot study-a 6-month randomized trial. J
Acad Nutr Diet 2019 Sep;119(9):1525-1532. [doi: 10.1016/j.jand.2019.03.013] [Medline: 31155474]

18. Carter MC, Burley VJ, Nykjaer C, Cade JE. Adherence to a smartphone application for weight loss compared to website
and paper diary: pilot randomized controlled trial. J Med Internet Res 2013 Apr 15;15(4):e32 [FREE Full text] [doi:
10.2196/jmir.2283] [Medline: 23587561]

19. Duncan MJ, Fenton S, Brown WJ, Collins CE, Glozier N, Kolt GS, et al. Efficacy of a multi-component m-health weight-loss
intervention in overweight and obese adults: a randomised controlled trial. Int J Environ Res Public Health 2020 Aug
26;17(17):6200 [FREE Full text] [doi: 10.3390/ijerph17176200] [Medline: 32859100]

20. Tanaka K, Sasai H, Wakaba K, Murakami S, Ueda M, Yamagata F, et al. Professional dietary coaching within a group chat
using a smartphone application for weight loss: a randomized controlled trial. J Multidiscip Healthc 2018 Jul 16;11:339-347
[FREE Full text] [doi: 10.2147/JMDH.S165422] [Medline: 30038502]

21. Zhou M, Zhang N, Zhang Y, Yan X, Li M, Guo W, et al. Effect of mobile-based lifestyle intervention on weight loss among
the overweight and obese elderly population in China: a randomized controlled trial. Int J Environ Res Public Health 2021
Aug 21;18(16):8825 [FREE Full text] [doi: 10.3390/ijerph18168825] [Medline: 34444573]

22. Eisenhauer CM, Brito F, Kupzyk K, Yoder A, Almeida F, Beller RJ, et al. Mobile health assisted self-monitoring is acceptable
for supporting weight loss in rural men: a pragmatic randomized controlled feasibility trial. BMC Public Health 2021 Aug
18;21(1):1568 [FREE Full text] [doi: 10.1186/s12889-021-11618-7] [Medline: 34407782]

23. Falkenhain K, Locke SR, Lowe DA, Reitsma NJ, Lee T, Singer J, et al. Keyto app and device versus WW app on weight
loss and metabolic risk in adults with overweight or obesity: a randomized trial. Obesity (Silver Spring) 2021
Oct;29(10):1606-1614 [FREE Full text] [doi: 10.1002/oby.23242] [Medline: 34124856]

24. Patel ML, Hopkins CM, Brooks TL, Bennett GG. Comparing self-monitoring strategies for weight loss in a smartphone
app: randomized controlled trial. JMIR Mhealth Uhealth 2019 Feb 28;7(2):e12209 [FREE Full text] [doi: 10.2196/12209]
[Medline: 30816851]

25. Martin CK, Miller AC, Thomas DM, Champagne CM, Han H, Church T. Efficacy of SmartLoss, a smartphone-based
weight loss intervention: results from a randomized controlled trial. Obesity (Silver Spring) 2015 May;23(5):935-942
[FREE Full text] [doi: 10.1002/oby.21063] [Medline: 25919921]

26. Johnston CA, Rost S, Miller-Kovach K, Moreno JP, Foreyt JP. A randomized controlled trial of a community-based
behavioral counseling program. Am J Med 2013 Dec;126(12):1143.e19-1143.e24. [doi: 10.1016/j.amjmed.2013.04.025]
[Medline: 24135513]

27. Ross KM, Wing RR. Impact of newer self-monitoring technology and brief phone-based intervention on weight loss: a
randomized pilot study. Obesity (Silver Spring) 2016 Aug;24(8):1653-1659 [FREE Full text] [doi: 10.1002/oby.21536]
[Medline: 27367614]

28. Spring B, Pellegrini CA, Pfammatter A, Duncan JM, Pictor A, McFadden HG, et al. Effects of an abbreviated obesity
intervention supported by mobile technology: the ENGAGED randomized clinical trial. Obesity (Silver Spring) 2017
Jul;25(7):1191-1198 [FREE Full text] [doi: 10.1002/oby.21842] [Medline: 28494136]

J Med Internet Res 2022 | vol. 24 | iss. 9 | e40141 | p.221https://www.jmir.org/2022/9/e40141
(page number not for citation purposes)

Chew et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2021/11/e28185/
http://dx.doi.org/10.2196/28185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34783674&dopt=Abstract
https://mhealth.jmir.org/2020/7/e17039/
http://dx.doi.org/10.2196/17039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32706724&dopt=Abstract
http://dx.doi.org/10.1016/j.ijsu.2021.105906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33789826&dopt=Abstract
http://www.biochemia-medica.com/2012/22/276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23092060&dopt=Abstract
https://europepmc.org/abstract/MED/22008217
http://dx.doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22008217&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-14-25
http://dx.doi.org/10.1186/1471-2288-14-25
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24548571&dopt=Abstract
http://dx.doi.org/10.1002/jrsm.1230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28058794&dopt=Abstract
http://www.rstudio.com/
https://europepmc.org/abstract/MED/28600833
http://dx.doi.org/10.1002/oby.21889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28600833&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2019.03.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31155474&dopt=Abstract
https://www.jmir.org/2013/4/e32/
http://dx.doi.org/10.2196/jmir.2283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23587561&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17176200
http://dx.doi.org/10.3390/ijerph17176200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32859100&dopt=Abstract
https://dx.doi.org/10.2147/JMDH.S165422
http://dx.doi.org/10.2147/JMDH.S165422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30038502&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18168825
http://dx.doi.org/10.3390/ijerph18168825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34444573&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-11618-7
http://dx.doi.org/10.1186/s12889-021-11618-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34407782&dopt=Abstract
https://europepmc.org/abstract/MED/34124856
http://dx.doi.org/10.1002/oby.23242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34124856&dopt=Abstract
https://mhealth.jmir.org/2019/2/e12209/
http://dx.doi.org/10.2196/12209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30816851&dopt=Abstract
https://doi.org/10.1002/oby.21063
http://dx.doi.org/10.1002/oby.21063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25919921&dopt=Abstract
http://dx.doi.org/10.1016/j.amjmed.2013.04.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24135513&dopt=Abstract
https://doi.org/10.1002/oby.21536
http://dx.doi.org/10.1002/oby.21536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27367614&dopt=Abstract
https://europepmc.org/abstract/MED/28494136
http://dx.doi.org/10.1002/oby.21842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28494136&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Kurtzman GW, Day SC, Small DS, Lynch M, Zhu J, Wang W, et al. Social incentives and gamification to promote weight
loss: the LOSE IT randomized, controlled trial. J Gen Intern Med 2018 Oct;33(10):1669-1675 [FREE Full text] [doi:
10.1007/s11606-018-4552-1] [Medline: 30003481]

30. Godino JG, Merchant G, Norman GJ, Donohue MC, Marshall SJ, Fowler JH, et al. Using social and mobile tools for weight
loss in overweight and obese young adults (Project SMART): a 2 year, parallel-group, randomised, controlled trial. Lancet
Diabetes Endocrinol 2016 Sep;4(9):747-755 [FREE Full text] [doi: 10.1016/S2213-8587(16)30105-X] [Medline: 27426247]

31. Rosas LG, Lv N, Xiao L, Lewis MA, Venditti EM, Zavella P, et al. Effect of a culturally adapted behavioral intervention
for Latino adults on weight loss over 2 years: a randomized clinical trial. JAMA Netw Open 2020 Dec 01;3(12):e2027744
[FREE Full text] [doi: 10.1001/jamanetworkopen.2020.27744] [Medline: 33337491]

32. Antoun J, Itani H, Alarab N, Elsehmawy A. The effectiveness of combining nonmobile interventions with the use of
smartphone apps with various features for weight loss: systematic review and meta-analysis. JMIR Mhealth Uhealth 2022
Apr 08;10(4):e35479 [FREE Full text] [doi: 10.2196/35479] [Medline: 35394443]

33. Magkos F, Fraterrigo G, Yoshino J, Luecking C, Kirbach K, Kelly SC, et al. Effects of moderate and subsequent progressive
weight loss on metabolic function and adipose tissue biology in humans with obesity. Cell Metab 2016 Apr 12;23(4):591-601
[FREE Full text] [doi: 10.1016/j.cmet.2016.02.005] [Medline: 26916363]

34. Ryan DH, Yockey SR. Weight loss and improvement in comorbidity: differences at 5%, 10%, 15%, and over. Curr Obes
Rep 2017 Jun;6(2):187-194 [FREE Full text] [doi: 10.1007/s13679-017-0262-y] [Medline: 28455679]

35. Chew HS, Achananuparp P. Perceptions and needs of artificial intelligence in health care to increase adoption: scoping
review. J Med Internet Res 2022 Jan 14;24(1):e32939 [FREE Full text] [doi: 10.2196/32939] [Medline: 35029538]

36. Ferrara G, Kim J, Lin S, Hua J, Seto E. A focused review of smartphone diet-tracking apps: usability, functionality, coherence
with behavior change theory, and comparative validity of nutrient intake and energy estimates. JMIR Mhealth Uhealth
2019 May 17;7(5):e9232 [FREE Full text] [doi: 10.2196/mhealth.9232] [Medline: 31102369]

37. Ryan K, Dockray S, Linehan C. A systematic review of tailored eHealth interventions for weight loss. Digit Health 2019
Feb 5;5:2055207619826685 [FREE Full text] [doi: 10.1177/2055207619826685] [Medline: 30783535]

38. Solbrig L, Jones R, Kavanagh D, May J, Parkin T, Andrade J. People trying to lose weight dislike calorie counting apps
and want motivational support to help them achieve their goals. Internet Interv 2017 Mar;7:23-31 [FREE Full text] [doi:
10.1016/j.invent.2016.12.003] [Medline: 28286739]

39. Chew HS, Ang WH, Lau Y. The potential of artificial intelligence in enhancing adult weight loss: a scoping review. Public
Health Nutr 2021 Jun;24(8):1993-2020 [FREE Full text] [doi: 10.1017/S1368980021000598] [Medline: 33592164]

40. Poobalan A, Aucott L, Smith WC, Avenell A, Jung R, Broom J, et al. Effects of weight loss in overweight/obese individuals
and long-term lipid outcomes--a systematic review. Obes Rev 2004 Feb;5(1):43-50. [doi: 10.1111/j.1467-789x.2004.00127.x]
[Medline: 14969506]

41. Aucott L, Poobalan A, Smith WC, Avenell A, Jung R, Broom J. Effects of weight loss in overweight/obese individuals and
long-term hypertension outcomes: a systematic review. Hypertension 2005 Jun;45(6):1035-1041. [doi:
10.1161/01.HYP.0000165680.59733.d4] [Medline: 15897373]

42. Stanford J, Kaiser M, Ablah E, Dong F, Paull-Forney B, Early J. The effect of weight loss on fasting blood sugars and
hemoglobin A1c in overweight and obese diabetics and non-diabetics. J Diabetes Mellitus 2012 Feb;2(1):126-130. [doi:
10.4236/jdm.2012.21021]

43. Lugones-Sanchez C, Recio-Rodriguez JI, Agudo-Conde C, Repiso-Gento I, G Adalia E, Ramirez-Manent JI, EVIDENT
3 Investigators. Long-term effectiveness of a smartphone app combined with a smart band on weight loss, physical activity,
and caloric intake in a population with overweight and obesity (Evident 3 study): randomized controlled trial. J Med Internet
Res 2022 Feb 01;24(2):e30416 [FREE Full text] [doi: 10.2196/30416] [Medline: 35103609]

44. Spadine M, Patterson MS. Social influence on fad diet use: a systematic literature review. Nutr Health 2022
Sep;28(3):369-388. [doi: 10.1177/02601060211072370] [Medline: 35023412]

45. Khawandanah J, Tewfik I. Fad diets: lifestyle promises and health challenges. J Food Res 2016 Nov 15;5(6):80-94. [doi:
10.5539/jfr.v5n6p80]

46. Rynecki ND, Siracuse BL, Ippolito JA, Beebe KS. Injuries sustained during high intensity interval training: are modern
fitness trends contributing to increased injury rates? J Sports Med Phys Fitness 2019 Jul;59(7):1206-1212. [doi:
10.23736/S0022-4707.19.09407-6] [Medline: 30758171]

47. Chew HS, Lopez V. Global impact of COVID-19 on weight and weight-related behaviors in the adult population: a scoping
review. Int J Environ Res Public Health 2021 Feb 15;18(4):1876 [FREE Full text] [doi: 10.3390/ijerph18041876] [Medline:
33671943]

48. Leahey TM, Kumar R, Weinberg BM, Wing RR. Teammates and social influence affect weight loss outcomes in a team-based
weight loss competition. Obesity (Silver Spring) 2012 Jul;20(7):1413-1418 [FREE Full text] [doi: 10.1038/oby.2012.18]
[Medline: 22310234]

49. Dassen FC, Houben K, Allom V, Jansen A. Self-regulation and obesity: the role of executive function and delay discounting
in the prediction of weight loss. J Behav Med 2018 Dec;41(6):806-818 [FREE Full text] [doi: 10.1007/s10865-018-9940-9]
[Medline: 29802535]

J Med Internet Res 2022 | vol. 24 | iss. 9 | e40141 | p.222https://www.jmir.org/2022/9/e40141
(page number not for citation purposes)

Chew et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/30003481
http://dx.doi.org/10.1007/s11606-018-4552-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30003481&dopt=Abstract
https://europepmc.org/abstract/MED/27426247
http://dx.doi.org/10.1016/S2213-8587(16)30105-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27426247&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2020.27744
http://dx.doi.org/10.1001/jamanetworkopen.2020.27744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33337491&dopt=Abstract
https://mhealth.jmir.org/2022/4/e35479/
http://dx.doi.org/10.2196/35479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35394443&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1550-4131(16)30053-5
http://dx.doi.org/10.1016/j.cmet.2016.02.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26916363&dopt=Abstract
https://europepmc.org/abstract/MED/28455679
http://dx.doi.org/10.1007/s13679-017-0262-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28455679&dopt=Abstract
https://www.jmir.org/2022/1/e32939/
http://dx.doi.org/10.2196/32939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35029538&dopt=Abstract
https://mhealth.jmir.org/2019/5/e9232/
http://dx.doi.org/10.2196/mhealth.9232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31102369&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055207619826685?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2055207619826685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30783535&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(16)30039-2
http://dx.doi.org/10.1016/j.invent.2016.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28286739&dopt=Abstract
https://europepmc.org/abstract/MED/33592164
http://dx.doi.org/10.1017/S1368980021000598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33592164&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789x.2004.00127.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14969506&dopt=Abstract
http://dx.doi.org/10.1161/01.HYP.0000165680.59733.d4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15897373&dopt=Abstract
http://dx.doi.org/10.4236/jdm.2012.21021
https://www.jmir.org/2022/2/e30416/
http://dx.doi.org/10.2196/30416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35103609&dopt=Abstract
http://dx.doi.org/10.1177/02601060211072370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35023412&dopt=Abstract
http://dx.doi.org/10.5539/jfr.v5n6p80
http://dx.doi.org/10.23736/S0022-4707.19.09407-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30758171&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18041876
http://dx.doi.org/10.3390/ijerph18041876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33671943&dopt=Abstract
https://doi.org/10.1038/oby.2012.18
http://dx.doi.org/10.1038/oby.2012.18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22310234&dopt=Abstract
https://europepmc.org/abstract/MED/29802535
http://dx.doi.org/10.1007/s10865-018-9940-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29802535&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


50. Lang S, Gibson S, Ng KW, Truby H. Understanding children and young people's experiences pursuing weight loss
maintenance using the socio-ecological Model: a qualitative systematic literature review. Obes Rev 2021 May;22(5):e13172.
[doi: 10.1111/obr.13172] [Medline: 33331090]

51. Blundell JE, Baker JL, Boyland E, Blaak E, Charzewska J, de Henauw S, et al. Variations in the prevalence of obesity
among European countries, and a consideration of possible causes. Obes Facts 2017;10(1):25-37 [FREE Full text] [doi:
10.1159/000455952] [Medline: 28190010]

52. Chew HS. The use of artificial intelligence-based conversational agents (Chatbots) for weight loss: scoping review and
practical recommendations. JMIR Med Inform 2022 Apr 13;10(4):e32578 [FREE Full text] [doi: 10.2196/32578] [Medline:
35416791]

Abbreviations
HDL-C: high-density lipoprotein cholesterol
LDL-C: low-density lipoprotein cholesterol
MD: mean difference
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROSPERO: International Prospective Register of Systematic Reviews
RCT: randomized controlled trial
ROB: risk of bias
SMD: standardized mean difference
WMD: weighted mean difference

Edited by R Kukafka; submitted 08.06.22; peer-reviewed by C Jacob, B Nievas Soriano; comments to author 13.07.22; revised version
received 14.07.22; accepted 18.07.22; published 21.09.22.

Please cite as:
Chew HSJ, Koh WL, Ng JSHY, Tan KK
Sustainability of Weight Loss Through Smartphone Apps: Systematic Review and Meta-analysis on Anthropometric, Metabolic, and
Dietary Outcomes
J Med Internet Res 2022;24(9):e40141
URL: https://www.jmir.org/2022/9/e40141 
doi:10.2196/40141
PMID:36129739

©Han Shi Jocelyn Chew, Wee Ling Koh, Janelle Shaina Hui Yi Ng, Ker Kan Tan. Originally published in the Journal of Medical
Internet Research (https://www.jmir.org), 21.09.2022. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly
cited. The complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright
and license information must be included.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e40141 | p.223https://www.jmir.org/2022/9/e40141
(page number not for citation purposes)

Chew et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1111/obr.13172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33331090&dopt=Abstract
https://www.karger.com?DOI=10.1159/000455952
http://dx.doi.org/10.1159/000455952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28190010&dopt=Abstract
https://medinform.jmir.org/2022/4/e32578/
http://dx.doi.org/10.2196/32578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35416791&dopt=Abstract
https://www.jmir.org/2022/9/e40141
http://dx.doi.org/10.2196/40141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36129739&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Review

Digital Health Interventions for Depression and Anxiety Among
People With Chronic Conditions: Scoping Review

Amika Shah1,2, BSc, MScCH; Neesha Hussain-Shamsy1,2, BA, MHS; Gillian Strudwick1,3, RN, PhD; Sanjeev

Sockalingam3,4,5, MHPE, MD; Robert P Nolan5,6,7, CPsych, PhD; Emily Seto1,2, PEng, PhD
1Institute of Health Policy, Management and Evaluation, Dalla Lana School of Public Health, University of Toronto, Toronto, ON, Canada
2Centre for Global eHealth Innovation, University Health Network, Toronto, ON, Canada
3Centre for Addiction and Mental Health, Toronto, ON, Canada
4University Health Network, Toronto, ON, Canada
5Department of Psychiatry, University of Toronto, Toronto, ON, Canada
6Cardiac eHealth, Toronto General Hospital, University Health Network, Toronto, ON, Canada
7Institute of Medical Science, University of Toronto, Toronto, ON, Canada

Corresponding Author:
Amika Shah, BSc, MScCH
Institute of Health Policy, Management and Evaluation
Dalla Lana School of Public Health
University of Toronto
155 College St.
Toronto, ON, M5T 3M6
Canada
Phone: 1 416 978 4326
Email: amika.shah@mail.utoronto.ca

Abstract

Background: Chronic conditions are characterized by their long duration (≥1 year), need for ongoing medical attention, and
limitations in activities of daily living. These can often co-occur with depression and anxiety as common and detrimental
comorbidities among the growing population living with chronic conditions. Digital health interventions (DHIs) hold promise in
overcoming barriers to accessing mental health support for these individuals; however, the design and implementation of DHIs
for depression and anxiety in people with chronic conditions are yet to be explored.

Objective: This study aimed to explore what is known in the literature regarding DHIs for the prevention, detection, or treatment
of depression and anxiety among people with chronic conditions.

Methods: A scoping review of the literature was conducted using the Arksey and O’Malley framework. Searches of the literature
published in 5 databases between 1990 and 2019 were conducted in April 2019 and updated in March 2021. To be included,
studies must have described a DHI tested with, or designed for, the prevention, detection, or treatment of depression or anxiety
in people with common chronic conditions (arthritis, asthma, diabetes mellitus, heart disease, chronic obstructive pulmonary
disease, cancer, stroke, and Alzheimer disease or dementia). Studies were independently screened by 2 reviewers against the
inclusion and exclusion criteria. Both quantitative and qualitative data were extracted, charted, and synthesized to provide a
descriptive summary of the trends and considerations for future research.

Results: Database searches yielded 11,422 articles across the initial and updated searches, 53 (0.46%) of which were included
in this review. DHIs predominantly sought to provide treatment (44/53, 83%), followed by detection (5/53, 9%) and prevention
(4/53, 8%). Most DHIs were focused on depression (36/53, 68%), guided (32/53, 60%), tailored to chronic physical conditions
(19/53, 36%), and delivered through web-based platforms (20/53, 38%). Only 2 studies described the implementation of a DHI.

Conclusions: As a growing research area, DHIs offer the potential to address the gap in care for depression and anxiety among
people with chronic conditions; however, their implementation in standard care is scarce. Although stepped care has been identified
as a promising model to implement efficacious DHIs, few studies have investigated the use of DHIs for depression and anxiety
among chronic conditions using such models. In developing stepped care, we outlined DHI tailoring, guidance, and intensity as
key considerations that require further research.
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Introduction

Background
Chronic conditions often co-occur despite an emphasis on their
singular occurrence in health interventions, research, and care
[1,2]. Chronic conditions persist for long durations (≥1 year),
require ongoing medical attention, and limit activities of daily
living [3]. In Canada, national data have identified several
common chronic conditions, including arthritis, asthma, diabetes
mellitus, heart disease, chronic obstructive pulmonary disease,
cancer, stroke, mood and anxiety disorders, and Alzheimer
disease and related dementias [4]. When poorly managed, these
conditions have been associated with negative outcomes, such
as poor quality of life [5], increased health care use [6], and
higher costs [7].

Concomitant mood and anxiety disorders, such as depression
and anxiety, are of particular concern because of their high
prevalence [8-10] and burden [11-13] but are often
underdetected and undertreated [14,15]. Prevalence estimates
of depression (9.3%-23% [16]) and anxiety (2.9%-8.8% [12])
range widely and often vary based on the type and severity of
co-occurring chronic conditions. Nevertheless, several studies
have suggested that these rates are higher among patients with
co-occurring chronic conditions than among those without the
conditions [17,18]. Independently, depression has been
associated with decrements in physical health outcomes and
quality of life [16] for people with chronic conditions, including
poor chronic disease self-management [19], worse outcomes
for co-occurring physical conditions [20], adverse health system
outcomes such as higher use of urgent care [21], and higher
costs [22]. Similar impacts have been found for anxiety with
chronic conditions [19,23], although this has been less studied.
People with chronic conditions face additional challenges in
accessing health support in the face of multiple appointments,
transportation barriers, and treatment burdens [24]. These
barriers may be especially pronounced for those with depression
or anxiety, who may have added challenges in accessing support
owing to their mental health status and stigma [25].

Digital health interventions (DHIs), that is, health interventions
delivered through digital technologies, may help overcome
barriers to both delivering mental health care (ie, stigma and
access) and care for chronic conditions (ie, communication
barriers and lack of appropriate information) [26,27] because
of their ability to be accessed remotely, discreetly, and in real
time. Existing meta-analytic research [28-34] suggests that DHIs
are effective interventions for improving both psychological
and disease-specific outcomes for populations with chronic
conditions, with small to moderate effect sizes [28,30,32]. The
most recent and largest of these meta-analyses reported that
self-guided web-based interventions were associated with
significant reductions in depression and anxiety compared with
usual care or waitlist control, with small effect sizes [34].

However, existing reviews have been limited to a narrow set of
therapeutic strategies (eg, self-help [34,35], mindfulness
interventions [31,36], cognitive behavioral therapy [CBT];
[28,30,32]), technologies (eg, web-based platforms)
[28,30,32,34-36], and outcomes (eg, effectiveness) [28,30-37],
leaving the design and implementation of such technologies
less clear.

Objectives
To complement previous reviews, this study sought to examine
a wider range of technologies (mobile apps, telemonitoring
systems, etc), functions DHIs may serve with respect to
depression and anxiety (prevention, detection, or treatment),
and study designs (qualitative, quantitative, pilot studies, etc).
Specifically, this scoping review aimed to explore what is known
about DHIs to prevent, detect, and treat depression or anxiety
among people living with chronic conditions. To our knowledge,
this is the first scoping review of primary research on DHIs for
depression or anxiety in people with chronic conditions.

Methods

Overview
This scoping review was based on the following framework for
conducting scoping reviews as developed by Arksey and
O’Malley [38] and refined by Levac et al [39]: (1) identifying
the research questions in light of the research purpose; (2)
identifying relevant studies while balancing feasibility with
comprehensiveness; (3) identifying the study selection criteria
using an iterative team approach; (4) charting the data to provide
both a numerical summary and thematic analysis; and (5)
reporting the results with implications for policy, practice, and
research identified [1]. In addition to the framework by Arksey
and O’Malley [38] and Levac et al [39], this review adhered to
the scoping review guidelines outlined by the JBI [40]. Informed
by these frameworks, the actions taken at each stage of the
scoping review process are described in the following sections
[2].

Stage 1: Identifying the Research Question
This scoping review was guided by the following research
question: What is known about the use of DHIs to support the
prevention, detection, or treatment of depression or anxiety
among people with chronic conditions? To address this research
question, this study sought to (1) describe the nature and extent
of DHIs to support the prevention, detection, and treatment of
depression or anxiety among people with chronic conditions;
(2) describe existing research and its overall findings; and (3)
identify gaps and opportunities for future research.

Stage 2: Identifying Relevant Studies
This scoping review was designed and reported in line with the
PRISMA-ScR (Preferred Reporting Items for Systematic
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Reviews and Meta-Analyses extension for Scoping Reviews)
checklist (Multimedia Appendix 1) [41]. A protocol was
developed to guide this review; however, it was not registered.
Studies relevant to the research question were identified through
searches of the following databases: Embase, CINAHL,
PsycINFO, MEDLINE, and the Cochrane Library using terms
related to the concepts of “digital health,” “chronic disease,”
“depression,” and “anxiety.” As recommended by the Joanna
Briggs Institute [40], a 3-step process was used to develop the
search strategy. First, initial searches of MEDLINE and
PsycINFO were conducted to identify the terms used in the
titles and abstracts of the articles. This first step helped identify
relevant keywords and subject headings. Second, terms
identified in the initial searches were arranged into a search
strategy for MEDLINE, which was later tailored and revised
for other databases. An iterative team approach was used to
develop the search strategy [39] by consulting with a
discipline-specific research librarian and seeking feedback from
the research team. After tailoring the initial search strategy for
MEDLINE to the rest of the databases (Embase, CINAHL,
PsycINFO, and the Cochrane Library), searches of all databases

were conducted initially in April 2019 and later updated in
March 2021 to capture new publications between April 2019
and March 2021. The search strategy for all databases was saved
to ensure reproducibility of the search results (see Multimedia
Appendix 2 for the search strategy for MEDLINE). In the third
step, the reference lists of relevant studies were examined in
other studies that could be pertinent to the research question.
Journals related to digital health (Journal of Medical Internet
Research and Internet Interventions) were also hand searched
for potentially relevant articles.

Stage 3: Study Selection
The results of the research strategy were saved in the reference
management software Mendeley (Elsevier) to identify duplicates
and were then exported to Rayyan [42], an internet-based
platform designed to expedite the process of screening articles
in systematic reviews. As outlined by Arksey and O’Malley
[38], studies were selected based on their relevance to the
scoping review question rather than their methodological rigor.
The studies were reviewed based on the inclusion and exclusion
criteria listed in Textbox 1.

Textbox 1. Study eligibility criteria.

Inclusion criteria

• Article published in English in a peer-reviewed academic journal

• Published after 1990, owing to our interest in newer technologies

• Describe a digital health intervention (DHI) defined as a health intervention delivered via digital technologies including but not limited to
web-based platforms, videoconferencing, mobile phone apps, SMS text messages, email, wearable devices, and monitoring sensors

• Study population of individuals aged ≥18 years with one or more of the common chronic conditions identified by the Public Health Agency of
Canada (PHAC) [43]: arthritis, asthma, diabetes mellitus, heart disease, chronic obstructive pulmonary disease, cancer, stroke, and Alzheimer
disease and related dementias [4]. Although depression and anxiety are also deemed common chronic conditions per PHAC, these conditions
were selected because of their high rate of comorbidity with the other common chronic conditions listed [8-10].

• Intervention objective, in whole or in part, related to the prevention, detection, or treatment of depression or anxiety. This was operationalized
by studies that either

• Included a study population with depression or anxiety in addition to one or more of the common chronic conditions outlined by PHAC
[43].

• Explicitly stated that the intervention sought to prevent, detect, or treat depression or anxiety among those with one or more of the common
chronic conditions outlined by PHAC [43].

Exclusion criteria

• Editorials, case reports, abstracts, posters, or dissertations

• Interventions that solely used the phone calling functionality of telephones [44] (including interactive voice response) were not included in our
definition of DHIs stated previously

• Interventions for other mood or mental disorders beyond depression and anxiety

• Studies with a mixed youth and young adult population (eg, [45])

• Lifestyle or survivorship programs

Overall, 2 reviewers (AS and NHS) screened studies yielded
by the search strategy by title and abstract and excluded studies
if they met any of the exclusion criteria. Rayyan QCRI [42] was
used to coordinate screening between the reviewers. Efforts
were made to retain studies until full-text review if the reviewers
were unsure about the eligibility of the studies with respect to
the scoping review criteria. Review articles (ie, systematic
reviews, meta-analyses, meta-syntheses, scoping reviews,

narrative reviews, rapid reviews, critical reviews, and integrative
reviews) were collected, and the reference lists were scanned
for potentially relevant articles. Once the reference lists were
scanned and potentially relevant articles were identified, the
review articles were excluded. The full text of the remaining
studies was reviewed according to the inclusion and exclusion
criteria. Studies that met the inclusion criteria and those that
did not meet the exclusion criteria were included in the scoping
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review. Studies that met the exclusion criteria were excluded,
and the reasons were recorded. Disagreements between the
reviewers were resolved through discussion until a consensus
was reached, and a third reviewer (ES) was engaged when
needed to resolve any remaining conflicts.

Stage 4: Data Collection
Two reviewers (AS and NHS) independently extracted data
from the studies included in the scoping review using a data
extraction form. A preliminary data extraction form was drafted
in Microsoft Excel with the following column headings: title,
year of publication, study details (eg, location, objective,
research design, methods, eligibility criteria, target population,
conditions, outcomes measured, and findings), and intervention
details (eg, name, goal, technology, therapeutic components,
and guidance [where any in-person or digital correspondence
with a human was considered guided]). The form was modified
and revised as necessary during the charting process.
Discrepancies between the reviewers regarding the extracted
data were resolved through discussion.

Stage 5: Data Summary and Synthesis of Results
Data analysis was performed using the following steps. First,
the results of the nature and extent of the studies and
interventions were summarized. Second, details related to the
findings of existing studies were collated, and trends were
discussed with both reviewers (AS and NHS) to identify
opportunities for further research.

Results

Overview
Initial searches of 5 databases in April 2019 yielded 6695 results,
with one additional article identified through hand searches of

a relevant journal (Journal of Medical Internet Research; Figure
1). After removing duplicates (n=381), two authors (AS and
NHS) screened 6315 records by title and abstract. At this stage,
6228 articles were excluded, including 74 reviews whose
reference lists were checked for potentially relevant articles.
An additional 3 relevant studies were identified from these
reference lists. This left 87 articles to be assessed by full text
against the inclusion and exclusion criteria by an author (AS).
Of these 87 articles, 61 (70%) were excluded for the following
reasons: the study population or intervention goal was not
depression or anxiety among individuals with common chronic
conditions as identified by the Public Health Agency of Canada
[43] (32/61, 52%), the intervention was not a DHI (15/61, 25%),
and the intervention relied exclusively on phone calls (14/61,
23%). This resulted in a total of 26 articles. A search update
was conducted using the same search strategy in March 2021
for studies published between April 2019 and March 2021. The
search update yielded 5001 articles, 4727 (94.52%) and 4610
(92.18%) of which were reviewed in duplicate (AS and NHS)
and excluded by title and abstract, respectively. The full text of
the remaining 117 studies was reviewed, with 93 (79.5%) studies
excluded, resulting in another 24 (20.5%) articles included. An
additional 3 articles were identified by screening the reference
lists. Overall, 53 articles [46-99] were included in this review
(Multimedia Appendix 3 [46,47,50,52,54,55,57-60,62,
64-66,70-72,74,77,78,80,81,84,86,88,90-92,95,96,98,99]). The
following sections outline the characteristics of the included
studies and report the details related to study objectives 1 and
2.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram. DHI: digital health intervention.

Study Characteristics

Publication Frequency
Table 1 shows the frequency of the included studies by
publication year. From 1990 to 2010, no study met our inclusion

criteria, highlighting the recent and emerging nature of this area
of research. The first study emerged in 2011, with most studies
meeting the criteria published in 2019 (16/53, 30%).
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Table 1. Number of included articles by year of publication (N=53).

Studies, n (%)Year

3 (6)2011

1 (2)2012

1 (2)2013

1 (2)2014

3 (6)2015

5 (9)2016

4 (8)2017

5 (9)2018

16 (30)2019

13 (25)2020

1 (2)2021

Setting
The included studies were predominantly conducted in the
United States (15/53, 28%), Sweden (7/53, 13%), Australia
(6/53, 11%), Canada (3/53, 6%), and India (4/53, 8%). Other
study locations included Germany (3/53, 6%), the Netherlands
(2/53, 4%), the United Kingdom (2/53, 4%), China (2/53, 4%),
Peru (1/53, 2%), and Jordan (1/53, 2%; Table 2). A total of 4
studies did not specify the study location. On the basis of

economy type (as determined by the World Bank classification
[100]), studies were largely conducted in high-income countries
(38/53, 72%) and to a lesser extent in upper–middle-income
countries (4/53, 8%) and lower–middle-income countries (4/53,
8%). There were 3 instances in which studies involved multiple
locations; however, these collaborations were between countries
with similar economy types: multiple high-income countries
(2/53, 4%) and between upper middle-income countries (1/53,
2%).
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Table 2. Summary of study characteristics (N=53).

ReferencesStudies, n (%)

Study location

[48,54,58,62,66,69,76,79,82,84,87,89,94,95,97]15 (28)United States

[47,65,77,80,81,86,92]7 (13)Sweden

[57,63,85,91,93,96]6 (11)Australia

[67,78,83]3 (6)Canada

[61,72,73,75]4 (8)India

[71,98,99]3 (6)Germany

[52,88]2 (4)The Netherlands

[49,59]2 (4)United Kingdom

[53,70]2 (4)China

[90]1 (2)Peru

[51]1 (2)Jordan

[50,55,60,64]4 (8)Location not reported

Economy type

[47-49,52,54,57-59,62,63,65-67,69,71,76-89,91-99]38 (72)HICa

[51,53,68,70]4 (8)UMICb

[61,72,73,75]4 (8)Lower–middle-income country

[56,74]2 (4)Multiple HICs

[68]1 (2)Multiple UMICs

Requirements for study eligibility

[49,59,63,65,73,82,85,87,91,93,95,97,98]13 (25)Access or ownership of a digital device

[47,52,59,62,63,65,67,91,98]9 (17)Internet access

[48,57,70,74,82,88]6 (11)Digital literacy or skills

[52,74,98]3 (6)Owning an email address

[49,51,52,54,55,57,60,62-64,68,74,76-81,83,87-91,93,94,97-99]29 (55)Sample sex distributions: predominantly female
(≥60%)

Research design

[49,51-53,57-59,62,65,67,70-72,75,78,79,81,83-85,87-89,91,92,95,96,98,99]29 (55)Randomized controlled trial

[47,60,63,68,76]5 (9)Quasi-experimental

[50,64]2 (4)Grounded theory

[73]1 (2)Observational

[66]1 (2)Case study

[56]1 (2)Phenomenological

Methods

[52,58,60,62,65,68,73,74,76,78,83,84,88,89,91,93,99,101-106]23 (43)Quantitative

[50,55,56,64,66,77,80,90,97]9 (17)Qualitative

[47,48,54,63,69,74,75,89]8 (15)Multi-methods

aHIC: high-income country.
bUMIC: upper–middle-income country.

Population
The sample size ranged from 6 to 3698. Approximately 40%
(22/54) of the included studies specified digital requirements

for study eligibility, such as access to or ownership of a digital
device (13/53, 25%), internet access (9/53, 17%), digital literacy
or skills (6/53, 11%), and owning an email address (3/53, 6%).
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Most articles reported that the study population was
predominantly (≥60%) female (29/53, 55%).

Methods
Among the studies that reported a research design, the
randomized controlled trial design was typically used (29/53,
55%), followed by quasi-experimental (5/53, 9%), grounded
theory (2/53, 4%), observational design (1/53, 2%), case study
(1/53, 2%), and phenomenological design (1/53, 2%). Different
methods were used among the included studies, including
quantitative (23/53, 43%), qualitative (9/53, 17%), and
multi-methods research (8/53, 15%). A total of 3 articles
[61,85,86] described the development of a DHI or the lessons
learned in conducting a study but did not state a qualitative
methodology.

Nature and Extent of DHIs

Intervention Purpose and Digital Technologies
The 53 studies included in this review described 36 unique
DHIs. The purpose of the interventions was distributed as
follows: prevention (4/53, 8%), detection (5/53, 9%), and
treatment (44/53, 83%; Table 3). Over the past decade, the
technologies most commonly used to deliver these interventions
were web-based platforms (20/53, 38%) and mobile devices
(17/53, 32%). Telehealth systems (3/53, 6%), electronic health
records (2/53, 4%), and virtual reality devices (1/53, 2%) were
also used. Several studies have described DHIs that leverage
multiple technologies (10/53, 19%).
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Table 3. Summary of intervention characteristics (N=53).

ReferencesStudies, n (%)

Purpose

[57,89,93,96]4 (8)Prevention

[56,67,73,76,82]5 (8)Detection

[47-55,58-66,68-72,74,75,77-81,83-88,90-92,94,95,97-99]44 (83)Treatment

Technology

[47,49,52,54,58,62,65,74,77,80,81,84-86,88,91-93,96,98]20 (38)Web based

[48,53,56,61,67-70,73,75,79,82,87,89,90,94,97]17 (32)Mobile device

[66,71,95]3 (6)Telehealth system

[72,76]2 (4)Electronic health records

[51]1 (2)Virtual reality

[50,55,57,59,60,63,64,78,83,99]10 (19)Multiple technologies

Target conditions (mental)

[50,52,55-58,60-66,68,69,71-76,78,82-85,87,88,90-93,95,97-99]36 (68)Depression

[51,59,79]3 (6)Anxiety

[47-49,53,54,67,70,77,80,81,86,89,94,96]14 (26)Depression and anxiety

Target conditions (physical)

[49,52,61,63,68,72-76,82,85,88,90,91,93,95,98,99]19 (36)Diabetes

[51,53,54,70,77,79-81,86,87,94,96,97]13 (25)Cancer

[47,61,68,75,90]5 (9)Hypertension

[65,71,92]3 (6)Heart failure

[56,67]2 (4)Chronic obstructive pulmonary disease

[59]1 (2)Stroke

[50,55,60,62,64,66,69,84]8 (15)Any chronic condition

[48,57,58,78,83,89]6 (11)Multiple chronic conditions

Role of digital health intervention

[47-52,55,57,59,60,62-65,68,69,71,73,74,77-99]42 (79)Sole intervention

[53,54,56,58,61,66,67,70,72,75,76]11 (21)Component of intervention

Intervention components

[46,49,50,52,55,59,60,63,64,66,67,69,70,73,74,77,78,80,81,83-86,88-91,93,94,96]30 (57)Education

[47,49,51,52,59,63,65,69,70,74,75,77-81,83,85,92-94]21 (40)Cognitive behavioral therapy

[46,73,90,91]4 (8)Behavioral activation

[73,91]2 (4)Problem-solving therapy

[54]1 (2)Acceptance and commitment therapy

[48,49,56,57,63,69,72,78,82,83,85,88,93,98]14 (26)Monitoring mental health status or symptoms

[50,55,60,64,66,77,80,81,86]9 (17)Peer support

[48,67,71,72,77,80,81,86,95]9 (17)Communication with health care providers

[75,87,97]3 (6)Mindfulness

[66,77,80,81,84,86,96]7 (13)Chat rooms or forums

[47,48,52,54,59,65,70,73,74,77,79-81,84,86,88,91,92,96]19 (36)Tailoring: tailored to chronic physical conditions

[46,47,50-52,55,58-60,64-66,69-74,77,78,80,81,83,84,86,90-92,94-96,98]32 (60)Guidance: guided

Guidance provider

[47,65,68,70,71,86,90,92,96]9 (17)Nurse

J Med Internet Res 2022 | vol. 24 | iss. 9 | e38030 | p.232https://www.jmir.org/2022/9/e38030
(page number not for citation purposes)

Shah et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


ReferencesStudies, n (%)

[52,57,74,88,91,98]6 (11)Psychologist

[50,55,60,64]4 (8)Certified peer specialist

[78,83]2 (4)Trained lay individual

[1,2]2 (4)Allied health professional

[58,62]2 (4)Study staff members

[59]1 (2)Physician

[54,77,80,81,84,99]6 (11)Multiple professionals

[66]1 (2)Unclear

Guidance purpose

[47,57,62,65,77,80,81,86,92,95,96]11 (21)Responding to questions

[52,74,80,81,88,95,96,98,99]9 (17)Information and feedback

[50,55,57,60,62,64,91,99]8 (15)Promoting engagement and adherence

[47,52,65,74,88,92,98]7 (13)Sending reminders

[50,55,60,64,70,91]6 (11)Offering support

[72,78,83,95]4 (8)Monitoring symptoms

[58,68,90,95]4 (8)Training to use the intervention

[57,68,90,95]4 (8)Encouragement or positive reinforcement

[80,81,86]3 (6)Moderating forum

[59,72]2 (4)Counseling

[54]1 (2)Check-ins

[66,84]2 (4)Unclear

Delivery of guidance

[50,54,55,57,60,64,72,77,90,91,95,98,99]13 (25)Combination

[59,68,71,78,83,84,96]7 (13)Phone calls

[47,52,65,74,88,92]6 (11)Emails

[80,81,86]3 (6)Web-based messages

[58,62]2 (4)In-person visits

[70]1 (2)WeChat messages

[66]1 (2)Unclear

Target Conditions
Most of the studies included in this review sought to address
depression (36/53, 68%) among those with chronic conditions,
with some studies (14/53, 26%) focusing on both depression
and anxiety. Only 6% (3/32) of studies focused exclusively on
anxiety. Regarding co-occurring chronic conditions, most
interventions were designed for people with diabetes (19/53,
36%) and cancer (13/53, 25%). Other chronic physical
conditions represented in the included studies were hypertension
(5/53, 9%), heart failure (3/53, 6%), chronic obstructive
pulmonary disease (2/53, 4%), and stroke (1/53, 2%). In
addition, 8 studies were for any chronic condition, and 6 studies
were for multiple chronic conditions (2 or more chronic physical
conditions).

Intervention Design and Components
Of the 53 included studies, 42 (79%) described the DHI as the
sole intervention, whereas in 11 (21%) studies, the DHI was a
component of the intervention. DHIs commonly included
education (30/53, 57%), psychological therapy (28/53, 53%;
eg, CBT 21/53, 40%; behavioral activation 4/53, 8%;
problem-solving therapy 2/53, 4%; and acceptance and
commitment therapy 1/53, 2%), and monitoring of mental health
status or symptoms (14/53, 26%). However, peer support (9/53,
17%), communication with health care providers (9/53, 17%),
mindfulness (3/53, 6%), and chat rooms or forums (7/53, 13%)
were also used. Mental health intervention content was
frequently tailored to chronic physical conditions (19/53, 36%;
Multimedia Appendix 4 [47-99]).

Most interventions included in this review were guided (32/53,
27%), with the frequency at which guidance was provided
ranging from as needed to daily (Multimedia Appendix 5
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[47-99]). Among the guided interventions, the provider of
guidance varied widely across the studies, including nurse
specialists, nurse practitioners, or nurse assistants (9/32, 28%);
psychologists (6/32, 19%); certified peer supporters (4/32, 13%);
trained lay individuals (2/32, 6%); allied health professionals
(2/32, 6%; eg, dieticians or social workers 1/32, 3% and
pharmacists 1/32, 3%); study staff members (2/32, 6%); and
physicians (1/32, 3%). In 19% (6/32) of studies, guidance was
provided by multiple professionals (eg, nurses and psychologists,
social workers and psychologists, psychology graduate students,
and psychologists). In 3% (1/32) of studies, the provider of
guidance was unclear. Guidance served a wide range of
functions, including responding to questions (11/32, 34%),
providing information and feedback (9/32, 28%), promoting
engagement and adherence (8/32, 25%), sending reminders
(7/32, 22%), offering support (6/32, 19%), monitoring symptoms
(4/32, 13%), training to use the intervention (4/32, 13%),
providing encouragement or positive reinforcement (4/32, 13%),
moderating a forum (3/32, 9%), counseling (2/32, 6%), and
check-ins (1/32, 3%). In some studies (2/32, 6%), the purpose
of guidance was unclear. Of the studies describing a guided
intervention, most (13/32, 41%) used a combination of
modalities (eg, in-person, phone calls, and SMS text messages)
to provide guidance. In some studies, guidance was offered
exclusively through phone calls (7/32, 22%), emails (6/32, 19%),
web-based messages (3/32, 9%), in-person visits (2/32, 6%),

and WeChat messages (1/32, 3%). In 3% (1/32) of studies, the
method of delivery for guidance was unclear.

Findings of Existing Studies
The objectives of the included studies ranged from design and
development (5/53, 9%), feasibility and acceptability (19/53,
36%), determining effectiveness (17/53, 32%) or efficacy (7/53,
13%) of the DHI, and conducting a secondary analysis to explore
predictors, mediators, or moderators of DHI outcomes (6/53,
11%; Table 4). Only 4% (2/32) of studies described the
implementation of an intervention, one of which [48] described
a planned study but was included because of its discussion of
the strategies used to implement the DHI. Other study objectives
were to describe the adherence and use of a DHI (1/53, 2%),
evaluate a prediction model (1/53, 2%), determine the validity
of delivering screening tools via text (1/53, 2%), and analyze
SMS text messages from a DHI (1/53, 2%). Several studies
reported objectives spanning multiple research stages (8/53,
15%). Among the studies investigating the effectiveness (17/53,
32%) or efficacy (7/53, 13%) of a DHI, 54% (13/32) of studies
reported significant changes in mental health outcomes. A study
reported significant changes in patients’ health behavior
(medication adherence [95]) and another in health care provider
behavior (depression screening [76]). Multimedia Appendix 3
provides a detailed summary of the findings of each study
included in the review.

Table 4. Summary of study findings (N=53).

ReferencesStudies, n (%)

Study objective

[47,61,69,74,86]5 (9)Design and development

[47,50,54,56,59,60,62-64,66,68,70,76,77,80,85,87,90,97]19 (36)Feasibility and acceptability

[51-53,58,60,63,65,68,70,72,75,76,78,81,89,93,96]17 (32)Effectiveness

[49,57,79,84,91,95,99]7 (13)Efficacy

[71,83,88,92,94,98]6 (11)Secondary analysis

[48,70]2 (4)Implementation

[1-3]3 (6)Other

[51,52,57,58,62,63,68,70,72,78,81,91,99]13 (25)Impact: significant differences in mental health outcomes

Discussion

Principal Findings
This review aimed to explore what is known about DHIs to
prevent, detect, and treat depression or anxiety among people
with chronic conditions. This review extends the existing
meta-analytic evidence of DHIs by reviewing technologies
beyond web-based platforms and exploring design and
implementation considerations. The findings of this review
highlight the significant potential of DHIs to have a profound
public health impact on people living with chronic conditions.
Per study objective 3, the following section outlines
opportunities for further research for this rapidly growing area
of investigation: tailoring, guidance, intensity, and stepped care.

Opportunities for Further Research

Tailoring
There was mixed evidence among the studies reviewed
regarding the value of tailoring the intervention content to
chronic physical conditions. The benefits of both
condition-specific and generic DHIs were discussed among the
studies reviewed. For instance, van Bastelaar et al [74] found
that 80% of the patients reported that a diabetes-specific
approach for coping with depression intervention was needed.
In a previous review, van Beugan et al [30] highlighted the
importance of disease-specific tailoring in attributing the larger
improvements in disease-related outcomes observed among
these interventions for this feature. However, studies in our
review also indicated that generic DHIs were beneficial in
addressing depression among people with chronic conditions
[58,62,91]. It is possible that certain conditions may require a
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condition-specific approach owing to the existence of
condition-specific mental health constructs (eg, diabetes distress)
[93]. However, the growing prevalence of multiple chronic
conditions globally and emerging literature on transdiagnostic
interventions for depression and anxiety [107-109] calls into
question the value of disease-specific approaches.

The studies in this review also proposed additional tailoring
factors for future consideration. In a qualitative investigation,
Igelström et al [80] recommended further tailoring of DHI
information, design, and features to the individual with regard
to their treatment as well as other factors that appeared to affect
the user’s experience such as computer experience, internet
activity, and interactions with social media. In another study
on the same platform [77], patients desired further tailoring to
their specific diagnosis, age, sex, treatment, and symptoms,
despite the DHI being tailored to the condition (cancer). For
the PeerTECH intervention, certified peer specialists
personalized SMS text messages on topics such as stories of
recovery, medication adherence, coping skills training, and sleep
hygiene [50]. Others have raised the possibility of tailoring to
participants’ preconceptions of the interventions, such as
meditation [97] and symptom tracking [80]. Thus, although
tailoring can be an important component of DHIs for this
population, whether tailoring should be to the person instead
of the condition requires further investigation.

Guidance
Interventions reported among the included studies were
predominately guided; however, both guided and self-guided
DHIs were represented among studies reporting effective
outcomes, suggesting that outcomes may not be compromised
without guidance. The qualifications of individuals providing
guidance varied considerably (eg, laypersons to psychiatrists),
as did their training and role in the intervention. Similar findings
regarding the heterogeneity in the guidance of internet-based
CBT for chronic conditions have been reported previously by
a meta-analysis by van Began et al [30]. Such variability may
arise because of confusion regarding whether guidance
constitutes the intervention itself or the supporting context
(promoting engagement with technology or study procedures).
Indeed, although several interventions relied on guidance to
promote engagement with the intervention
[50,55,57,60,64,91,99], studies have noted that this limited the
scalability of the intervention. Guidance provided by lay
individuals and peer supporters was feasible and well accepted
[46,60], whereas interventions supported by nurses at times
faced challenges in integrating additional workload into their
roles [90]. Although several alternatives exist to improve the
feasibility of guidance (eg, reduced frequency of guidance,
partial guidance, no guidance, blending guided sessions with
self-help modules [110], and automated guidance via chatbots
[80]), the findings of this review and previous studies underscore
the potential for allied health professionals and nonclinicians
in guiding DHIs. Nevertheless, clarity is needed regarding the
time spent by these individuals and the nature of the support
provided (ie, technical support or health-related support) to
understand how to support DHIs safely and effectively for this
population.

Intensity
Given the complexity of the population with chronic conditions
and comorbid depression or anxiety, identifying for whom DHIs
are most appropriate was a significant line of investigation
[88,94,98]. Among the studies included in this review, those
with more severe depressive symptoms often benefited most
from DHI treatment. Puzia et al [94] found that patients with
myeloproliferative neoplasms with the poorest baseline global
mental health experienced the largest reductions in depression
and anxiety symptoms when using a calm mindfulness
meditation app. Similarly, despite finding no significant
differences in anxiety between a tailored CBT app and control,
Greer et al [79] reported that patients with more severe anxiety
at baseline benefited the most from the CBT app. Although it
is commonly accepted that those with more severe mental health
symptoms warrant more intensive treatment [111,112], the
findings of this review and previous studies suggest that these
individuals also benefit from DHIs [113-115]. Taken together,
these findings indicate that individuals with severe symptoms
of depression or anxiety can benefit from interventions of
varying intensity, especially when intensity is defined by
clinician time and contacts. It should be noted that the qualitative
findings of the included studies reported that participants found
DHIs to be demanding in terms of the time and skills required
to read the intervention content and completing exercises in
addition to the work involved in learning a new platform and
troubleshooting technical and navigation issues [47]. Therefore,
an expanded conceptualization of intervention intensity may be
fruitful in not only considering intervention intensity in terms
of health system resources (eg, clinician time and involvement)
but also the patient work involved.

Stepped Care
Presumably, resolving the mixed findings regarding the
previously mentioned factors may not require standardizing the
same level of guidance and tailoring for all interventions. It is
possible that a variety of DHIs may be delivered and supported
through a spectrum of guidance ranging from lay individuals
to psychiatrists, with guidance tailored and intensified based
on individual needs and preferences. This approach is consistent
with a stepped care model that was envisioned to benefit from
DHIs in several of the included studies [57,65,77,80,98] and
previous reviews on this topic [28,35]. Although over a decade
has passed since Cuijpers et al [28] first envisioned the role of
DHIs for this population existing within stepped care models,
this review identified that the application of these interventions
in stepped care models has only recently begun. Nevertheless,
the emerging work by Igelström et al [80] demonstrates the
promise of this approach in their iCAN-DO stepped care model
for patients with cancer, with depression or anxiety symptoms,
which included nurse-led (step 1, psychoeducation) and
psychologist-led (step 2, internet-based CBT) DHIs. As most
patients (60%) in the study did not use the second step of
support, a stepped care approach may allow for efficient use of
scarce mental health human resources [80]. Early findings on
the iCAN-DO stepped care intervention indicated promising
results regarding the efficacy of this intervention with reductions
in depressive symptoms in some patients with cancer [116].
However, more definitive research is needed to determine
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whether individuals with single and multiple chronic conditions
[57] can benefit from stepped care models, particularly those
delivered digitally.

Limitations
This review had several limitations. First, this review was
limited to DHIs for depression or anxiety among people with
one or more common chronic conditions identified by the Public
Health Agency of Canada [43]. Although not included in this
review, other chronic conditions not within the scope of this
study (chronic pain, irritable bowel syndrome, tinnitus, epilepsy,
etc) have been investigated in previous syntheses [28-32,35,37].
Second, despite engaging a discipline-specific research librarian
when developing the search strategy and using multiple search
methods (eg, hand searching and reviewing reference lists), the
search strategy may have missed relevant studies. Third, because
of our interest in DHIs that leverage newer technologies, studies
that relied solely on phone calls were excluded. Thus,
interventions that may be beneficial, such as telephone-based
counseling [117-119] and automated telephone screening
[120,121] were not within the scope of this study. As studies
with older adults with chronic conditions have identified
telephone-based support as a desirable component of mental
health support [122], further research is needed on the use of
phone calls. Fourth, the restriction to studies that were published
in peer-reviewed journals in the English language may have
missed publicly available DHIs (eg, mobile apps in app stores)
that have not yet been researched or limited the inclusion of
studies from non–English-speaking countries. Fifth, to be
included, studies in this review must have recruited participants
with co-occurring depression or anxiety with chronic conditions

or explicitly stated that the goal of the DHI was to prevent,
detect, or treat depression or anxiety among people with one or
more chronic conditions. Broader aspects of mental health (ie,
psychological distress [123], social support [124]), general
self-management programs [125], and other mental health
conditions (ie, eating disorders and substance use disorders)
were beyond the scope of this study and warrant investigation
[126].

Conclusions
Amidst meta-analytic research documenting the potential
benefits of DHIs to address depression or anxiety among people
living with chronic conditions, this scoping review addresses
the paucity of research focusing on the design and
implementation considerations of such interventions. This
review found that the use of DHIs for depression or anxiety
among individuals with chronic conditions is a rapidly growing
area of research, with most interventions seeking to provide
depression treatment using DHIs that are web based, guided,
and tailored to chronic physical conditions. With few studies
conducted to date, stepped care models are a promising model
to implement efficacious DHIs into standard care, although
more definitive research is needed to determine whether
individuals with single and multiple chronic conditions can
benefit from these models. In constructing such models,
questions regarding DHI guidance, tailoring, and intensity are
key considerations and require future research. Developments
in these areas will aid in realizing the potential of DHIs to
transform care for patients with chronic conditions consistent
with their holistic health needs.
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Abstract

Background: Heart failure (HF) is a common clinical syndrome associated with substantial morbidity, a heavy economic
burden, and high risk of readmission. eHealth self-management interventions may be an effective way to improve HF clinical
outcomes.

Objective: The aim of this study was to systematically review the evidence for the effectiveness of eHealth self-management
in patients with HF.

Methods: This study included only randomized controlled trials (RCTs) that compared the effects of eHealth interventions with
usual care in adult patients with HF using searches of the EMBASE, PubMed, CENTRAL (Cochrane Central Register of Controlled
Trials), and CINAHL databases from January 1, 2011, to July 12, 2022. The Cochrane Risk of Bias tool (RoB 2) was used to
assess the risk of bias for each study. The Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)
criteria were used to rate the certainty of the evidence for each outcome of interest. Meta-analyses were performed using Review
Manager (RevMan v.5.4) and R (v.4.1.0 x64) software.

Results: In total, 24 RCTs with 9634 participants met the inclusion criteria. Compared with the usual-care group, eHealth
self-management interventions could significantly reduce all-cause mortality (odds ratio [OR] 0.83, 95% CI 0.71-0.98, P=.03;
GRADE: low quality) and cardiovascular mortality (OR 0.74, 95% CI 0.59-0.92, P=.008; GRADE: moderate quality), as well
as all-cause readmissions (OR 0.82, 95% CI 0.73-0.93, P=.002; GRADE: low quality) and HF-related readmissions (OR 0.77,
95% CI 0.66-0.90, P<.001; GRADE: moderate quality). The meta-analyses also showed that eHealth interventions could increase
patients’ knowledge of HF and improve their quality of life, but there were no statistically significant effects. However, eHealth
interventions could significantly increase medication adherence (OR 1.82, 95% CI 1.42-2.34, P<.001; GRADE: low quality) and
improve self-care behaviors (standardized mean difference –1.34, 95% CI –2.46 to –0.22, P=.02; GRADE: very low quality). A
subgroup analysis of primary outcomes regarding the enrolled population setting found that eHealth interventions were more
effective in patients with HF after discharge compared with those in the ambulatory clinic setting.

Conclusions: eHealth self-management interventions could benefit the health of patients with HF in various ways. However,
the clinical effects of eHealth interventions in patients with HF are affected by multiple aspects, and more high-quality studies
are needed to demonstrate effectiveness.
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Introduction

Heart failure (HF), a major global public health concern, is a
common clinical syndrome caused by cardiac structural or
functional impairment [1]. The global prevalence of HF was
estimated at 64.34 million cases, and the global economic burden
of HF was roughly calculated at US $346.17 billion. Global
expenditure related to HF is expected to increase to
approximately US $400 billion by 2030 [2]. Since HF cannot
be completely cured, it has a major impact on quality of life
and requires long-term management [3-5]. The management of
patients with HF is a complex issue. Even when the patient is
clinically stable, the quality of life is reduced due to dyspnea,
depression, fatigue, and cognitive impairment [6]. The symptom
burden of patients with HF prevents them from maintaining
adequate social life and roles, participating in social activities,
and maintaining relationships [7].

Self-management is a dynamic, iterative process in which
patients need to employ multidimensional strategies to meet
their self-needs for coping with chronic illness in their daily
lives [8,9]. Self-management is an effective way to improve the
outcome of chronic disease and an important part of the
treatment of patients with chronic diseases [10]. Successful
self-management requires the active participation of individuals,
families, and health care providers [11]. Self-management has
been demonstrated to improve clinical outcomes and
health-related quality of life, while reducing health care
utilization and costs [12-14].

eHealth, as broadly defined, refers to a variety of information
and communication technologies used to deliver health care
services [15,16]. The use of eHealth interventions to deliver
health care services can reduce or eliminate some of the barriers
to face-to-face treatment, improve access to treatment, reduce
waiting times, and be more cost-effective than face-to-face
interventions [17-19]. The World Health Organization (WHO)
states that to improve health and reduce health inequities, a
rigorous evaluation of eHealth is necessary to generate evidence
and facilitate the appropriate integration and use of technology
[20]. In addition, the WHO and the International
Telecommunication Union launched the National eHealth
Strategy Toolkit, which is a comprehensive and practical guide
to help all governments, along with their ministries, departments,
and agencies, to adapt to suit their own circumstances, goals,
and vision in achieving eHealth [21].

There is a large body of research demonstrating the effectiveness
of eHealth self-management interventions for chronic diseases
[22,23]. eHealth self-management supports patients’
empowerment to better manage HF and improve quality of life
[24]. Furthermore, eHealth applications and systems could help
to reduce the rehospitalization rate of patients with HF and
lower the cost of treatment [25].

However, previous research has not specifically focused on the
impact of eHealth in self-management. Although eHealth
self-management interventions have been used in patients with
HF, the results of some systematic reviews have been
inconsistent [4,26]. Furthermore, there is a lack of understanding
of the effectiveness and influencing factors of eHealth
self-management approaches.

To fill these gaps, the aim of this study was to perform a
systematic review and meta-analysis of the effectiveness of
eHealth self-management interventions in patients with HF.
This review will provide a reference for the clinical application
and better understanding of the possible benefits of eHealth
self-management interventions for patients with HF. These
findings will further identify gaps and inform the development
of future eHealth interventions.

Methods

Search Strategy
This systematic review and meta-analysis was performed
following the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines [27]. We
searched the PubMed, EMBASE, CENTRAL (Cochrane Central
Register of Controlled Trials), and CINAHL databases from
January 1, 2011, to July 12, 2022, to identify randomized
controlled trials (RCTs) that provide eHealth self-management
interventions for HF patients. We used combined search terms
such as (heart failure OR cardiac failure OR heart
decompensation) AND (self-management OR self care OR
self-administration OR self-medication) AND (Telemedicine
OR mobile health OR eHealth OR m-health) AND (randomized
controlled trial OR randomization OR randomly). Screening
titles/abstracts and full-text evaluation of the articles were
managed in a database created with Rayyan software [28]. The
full protocol of this systematic review and meta-analysis has
been registered in PROSPERO (CRD42021246973).

Selection Criteria
Inclusion and exclusion criteria strictly followed the
Participants-Intervention-Comparison-Outcome (PICO)
framework [29]: (1) participants were defined as adults (aged≥18
years) who had been diagnosed with HF (studies in children or
adolescents were excluded); (2) interventions consisted of
self-management tools including at least one eHealth component
(eg, mobile apps), with traditional interventions that did not use
any technical support excluded, such as face-to-face meetings;
(3) the comparison was HF patients versus usual care; and the
(4) outcomes included patient and process outcomes. Patient
outcomes are measures directly related to the disease and were
considered as the primary outcomes in our study, including
all-cause readmission rate, all-cause mortality, HF readmission,
and cardiovascular mortality. Process outcomes are measures
related to patients’ behavior, which were considered as the
secondary outcomes in our study, including quality of life,
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self-care behaviors, HF knowledge, and medication adherence.
In addition, only RCTs or cluster RCTs reporting one or more
selected outcomes were included. Reviews, editorials, protocols,
and non-English papers were excluded.

Data Extraction
The following characteristics were extracted from studies that
met the inclusion criteria: name of the first author, publication
year, country, type of eHealth technologies, target of eHealth
intervention, duration of intervention, patient demographics,
number of participants, recruitment setting, outcomes,
descriptions of the control, and the intervention. All outcome
data used for the meta-analysis were extracted by the same two
independent reviewers (J Li and DW). The synthesis of the
results and data charting were performed independently by two
researchers (SL and J Li). Disagreements were discussed and
consulted with a third reviewer (J Liu) to reach consensus.

Risk of Bias Assessment
We used the Cochrane Risk of Bias tool (RoB 2) to assess the
risk of bias for each study [30]. This tool assesses 5 domains
to address different types of bias: randomization process,
deviations from the intended interventions, missing outcome
data, measurement of the outcome, and selection of the reported
result. Each component includes a low risk of bias, some
concerns, or high risk of bias. Risk of bias assessment was
performed independently by two reviewers with consultation
of the third reviewer when necessary.

Certainty of Evidence
The Grading of Recommendations, Assessment, Development,
and Evaluation (GRADE) approach was used to rate the
certainty of evidence for each outcome of interest [31]. This
approach rates the risk of bias, inconsistency, indirectness,
imprecision, and other considerations (eg, publication bias) as
“high,” “moderate,” “low,” or “very low.” The GRADE

assessment was completed with the GRADEpro Guideline
Development Tool.

Statistical Analyses
We performed meta-analyses using Review Manager [32]
(RevMan v.5.4; Cochrane Training) and R (v.4.1.0 x64). The
Mantel-Haenszel odds ratio (OR) was used as the effect size
for dichotomous outcomes and the standardized mean difference
(SMD) was used to calculate the intervention effect for
continuous outcomes. Heterogeneity was then analyzed using

the Cochran Q test and the I2 statistic. For the Q test, P<.10 was
considered to indicate statistically significant heterogeneity
[33]. According to Cochrane Handbook guidelines [34], the

interpretation of the I2 statistic was as follows: 0% to 40% may
represent not important heterogeneity, 30% to 60% may
represent moderate heterogeneity, 50% to 90% may represent
substantial heterogeneity, and 75% to 100% may represent
considerable heterogeneity. The fixed-effects model was used
for outcomes with low heterogeneity and the random-effects
model was used when the heterogeneity was significantly high.
To measure the publication bias, we constructed funnel plots
and performed the Egger test for all primary outcomes to
determine the significance of potential asymmetry [35]. The
threshold of a significant P value was .05. A sensitivity analysis
was performed to check the robustness of the pooled results
using the leave-one-out approach [36].

Results

Search Outcomes
A total of 1884 articles were retrieved in the literature search.
After eliminating duplicates, 1203 titles and abstracts were
screened in relation to the inclusion/exclusion criteria. Of these,
1144 articles were excluded and a total of 59 articles were
subject to full-text review. Finally, 24 articles were included in
the systematic review and meta-analysis (Figure 1).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for selection and inclusion of the studies
via databases. Latest search date: July 12, 2022.

Risk of Bias and Quality Assessment
The results of risk of bias assessment are summarized in Figure
2. The majority of studies showed a low risk of bias for the
randomization process, and only 5 studies were judged to have
some concerns due to lack of detailed information about
randomization. The studies could not have been blinded to
participants considering the nature of the intervention and 11
studies were judged to have some concerns regarding deviations
from the intended interventions. One study was determined as

“high risk” for the category of measurement of the outcome
because all questionnaire scores were patient-reported, which
may have possibly affected the outcome [37]. In addition, one
study did not report all of the outcomes according to the trial
registry record, resulting in a judgment of “high risk” regarding
selection of the reported result [38]. For studies included in the
meta-analysis, the overall bias was low in 6 studies (25%), with
some concerns in 15 studies (63%) and high bias in 3 studies
(13%).
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Figure 2. Quality assessment. (A) Each risk of bias domain presented as a percentage across all included studies. (B) Each risk of bias domain for each
included study.

Study Characteristics
A total of 9634 participants with HF were included in the 26
(22+2×2) RCTs, with 4820 patients allocated to the eHealth
group and 4814 to the usual-care group. Since two studies
performed a three-group parallel-randomized trial and reported
their results separately [38,39], we divided each of the
three-group trials into two RCTs. These studies were performed
in 20 different countries, with the largest number of studies
performed in the United States (7 studies). Most (15 studies)
were multicenter studies, while the other 11 RCTs recruited

patients from a single center. The proportion of male HF patients
ranged from 46.8% to 83% in the eHealth groups and from
30.2% to 93% in the usual-care groups. The New York Heart
Association classification, which classifies patients into one of
four categories based on their limitations during physical activity
and has been used clinically to determine trial eligibility, was
reported in 24 studies. The basic characteristics of the included
studies are presented in Table 1, whereas the characteristics of
participants and details of interventions are summarized in
Multimedia Appendix 1.
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Table 1. Basic characteristics of studies included in the meta-analysis.

SettingRecruitmentDuration of
intervention

Target of eHealth
intervention

Type of eHealth technologiesCountryReference (year)

After dischargeSingle center2 monthsEducationTelephoneIranNegarandeh et al
[40] (2019)

Ambulatory clinicSingle center6 monthsMonitoringDesigned telemedical systemCanadaSeto et al [41]
(2012)

No informationMulticenter
(36 sites)

12 monthsMonitoringDesigned telemedical systemAustralia, Eu-

ropea, and Israel

Hindricks et al [42]
(2014)

After discharge
(26.4%),

hospitalized (73.6%)

Multicenter
(38 sites)

18 monthsMonitoring+educa-
tion

Telephone+designed
telemedical system

FranceGalinier et al [43]
(2020)

No informationMulticenter
(2 sites)

3 monthsRemindersDesigned telemedical systemUnited StatesHale et al [44]
(2016)

Ambulatory clinicSingle center3 monthsMonitoring+educa-
tion

Mobile or tablet appArgentinaYanicelli et al [45]
(2021)

After dischargeSingle center6 monthsEducation+re-
minders

Mobile text messageChinaChen et al [39]

(2019)b

After dischargeSingle center6 monthsEducation+re-
minders

TelephoneChinaChen et al [39]

(2019)b

After dischargeMulticenter
(200 sites)

365-393
days

Monitoring+educa-
tion

Designed telemedical systemGermanyKoehler et al [46]
(2018)

After dischargeMulticenter
(10 sites)

6 monthsEducationTelephoneTurkeyÇavuşoğlu et al [47]
(2016)

After dischargeMulticenter
(7 sites)

6 monthsMonitoringDesigned telemedical systemBelgiumDendale et al [48]
(2011)

Ambulatory clinicMulticenter
(9 sites)

12 monthsEducationInternet websiteNetherlandsWagenaar et al [38]

(2019)b

Ambulatory clinicMulticenter
(9 sites)

12 monthsMonitoringDesigned telemedical systemNetherlandsWagenaar et al [38]

(2019)b

Ambulatory clinicSingle center3 monthsMonitoringDesigned telemedical systemUnited StatesDang et al [49]
(2017)

Ambulatory clinicSingle center4 monthsEducationTelephoneBrazilOliveira et al [50]
(2017)

After dischargeSingle center1 monthsMixed interven-
tions

Designed telemedical systemUnited StatesRitchie et al [51]
(2016)

Ambulatory clinicMulticenter
(3 sites)

12 monthsMonitoringDesigned telemedical systemDenmarkCichosz et al [52]
(2019)

Ambulatory clinic,

hospitalized

Multicenter
(2 sites)

4 monthsMixed interven-
tions

TelephoneUnited StatesBakitas et al [53]
(2020)

Ambulatory clinic

after discharge

Single center6 monthsMonitoringTelephone+designed
telemedical system

ItalyPedone et al [54]
(2015)

After dischargeMulticenter
(33 sites)

6 monthsMonitoringDesigned telemedical systemUnited StatesJayaram et al [55]
(2017)

After discharge, hospi-
talized

Multicenter
(3 sites)

6 monthsMonitoring+educa-
tion

Mobile or tablet appSwedenMelin et al [56]
(2018)

Ambulatory clinicMulticenter
(3 sites)

12 monthsMonitoring+educa-
tion

Designed telemedical systemNetherlandsBoyne et al [37]
(2014)

After dischargeSingle center3 monthsMonitoringDesigned telemedical systemUnited StatesPekmezaris et al
[57] (2018)
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SettingRecruitmentDuration of
intervention

Target of eHealth
intervention

Type of eHealth technologiesCountryReference (year)

Ambulatory clinicMulticenter
(165 sites)

Median 26
months
(range 12-28
months)

MonitoringDesigned telemedical systemGermanyKoehler et al [58]
(2011)

After discharge, hospi-
talized

Single center3 monthsMixed interven-
tions

Mobile or tablet appUnited StatesDorsch et al [59]
(2021)

Ambulatory clinicMulticenter
(7 sites)

8 monthsMonitoring+educa-
tion

Designed telemedical systemSwedenSahlin et al [60]
(2022)

aEurope includes only Austria, Czech Republic, Denmark, Germany, and Latvia.
bTwo types of eHealth interventions employed in a three-group parallel randomized controlled trial design.

Intervention
These studies used various types of eHealth technologies for
the intervention (Table 1). Of these, 14 studies used a designed
telemedical system; 5 studies used the telephone; 3 studies used
a mobile phone or tablet app; 2 studies used an internet website
and text messages, respectively; and 2 studies used a
combination of telephone with a designed telemedical system
intervention. The duration of the intervention ranged from 1
month to 28 months (17 studies had interventions lasting≥6
months). The target of the intervention was classified into three
types: education, monitoring, and reminders. The mixed targets
were defined as the presence of the three types in one study.
Educational interventions were defined as interventions that
aimed at improving the HF knowledge available through
educational programs and instructions. Reminder interventions
were defined as interventions that prompted patients to do
something (eg, take medication on time) and could be delivered

through a designed telemedical system, mobile text messages,
or telephone calls. Monitoring interventions were defined as
interventions that transmitted vital signs or symptoms (eg,
weight, blood pressure, or heart rate) to an external telemedicine
center, which may lead to lasting improvements in behaviors.
The eHealth intervention varied regarding intensity and the
extent of the human component, although most trials provided
the eHealth intervention every day (Multimedia Appendix 1).

Primary Outcomes

Effects of eHealth Interventions on All-Cause Mortality
A total of 15 studies reported all-cause mortality data. The 15
studies included 6610 participants and showed moderate

heterogeneity (P=.05; I2=40%). The analysis showed that
all-cause mortality was significantly lower in the eHealth
intervention group than in the control group (OR 0.83, 95% CI
0.71-0.98, P=.03; GRADE: low quality) (Figure 3).

Figure 3. Forest plot of the effects of eHealth interventions on all-cause mortality.

Effects of eHealth Interventions on Cardiovascular
Mortality
A total of 8 studies reported cardiovascular mortality data. The
8 studies included 4787 participants and had low heterogeneity

(P=.42; I2=1%). The analysis showed that cardiovascular
mortality was significantly lower in the eHealth intervention
group than in the control group (OR 0.74, 95% CI 0.59-0.92,
P=.008; GRADE: moderate quality) (Figure 4).
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Figure 4. Forest plot of the effects of eHealth interventions on cardiovascular mortality.

Effects of eHealth Interventions on All-Cause
Readmission
A total of 16 studies reported all-cause readmission data. The
16 studies included 4310 participants and had moderate

heterogeneity (P=.02; I2=48%). The analysis showed that
all-cause readmission was significantly lower in the eHealth
intervention group than in the control group (OR 0.82, 95% CI
0.73-0.93, P=.002; GRADE: low quality) (Figure 5).

Figure 5. Forest plot of the effects of eHealth interventions on all-cause readmission.

Effects of eHealth Interventions on HF-Related
Readmission
A total of 11 studies reported HF-related readmission data. The
11 studies included 4268 participants and had no heterogeneity

(P=.98; I2=0%). The analysis showed that HF-related
readmission was significantly lower in the eHealth intervention
group than in the control group (OR 0.77, 95% CI 0.66-0.90,
P<.001; GRADE: moderate quality) (Figure 6).
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Figure 6. Forest plot of the effects of eHealth interventions on heart failure–related readmission.

Secondary Outcomes

Effects of eHealth Interventions on HF Knowledge
A total of 4 studies reported HF knowledge data, 3 of which
used the 15-item Dutch HF Knowledge Scale (DHFKS) [61].
One study used a modified questionnaire containing 14
questions, which has proven to be an adequate tool to evaluate
the knowledge of Brazilian HF patients [62]. Higher scores

across both scales indicate that the patients have more
knowledge of HF. The analysis demonstrated an improvement
in HF knowledge among patients in the eHealth intervention
group compared with that in the control group. However, there
was no significant difference between the eHealth and usual-care
groups (SMD 0.35, 95% CI –0.10 to 0.81, P=.13; GRADE: very
low quality), with significantly high heterogeneity between

studies (P=.008; I2=75%) (Figure 7).

Figure 7. Forest plot of the effects of eHealth interventions on heart failure knowledge.

Effects of eHealth Interventions on Quality of Life
A total of 9 studies reported general quality of life data. Three
of these studies used the HF-specific 23-item Kansas City
Cardiomyopathy Questionnaire (KCCQ), in which higher scores
indicate better quality of life [63]. Five of these studies used
the Minnesota Living with Heart Failure Questionnaire
(MLHFQ), which consists of 21 questions using a 6-point Likert
scale [64]. Since lower scores of the MLHFQ indicate a higher

quality of life, we calculated the change using the baseline score
minus the final score. The analysis demonstrated an
improvement in quality of life among patients in the eHealth
intervention group compared with that of the control group.
However, there was no significant difference between the
eHealth and usual-care groups (SMD 0.04, 95% CI –0.03 to
0.11, P=.26; GRADE: moderate quality), with low heterogeneity

among the 9 studies (P=.22; I2=25%) (Figure 8).
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Figure 8. Forest plot of the effects of eHealth interventions on quality of life. KCCQ: Kansas City Cardiomyopathy Questionnaire; MLHFQ: Minnesota
Living with Heart Failure Questionnaire.

Effects of eHealth Interventions on Medication
Adherence
A total of 3 studies reported medication adherence data. The
analysis demonstrated a significant improvement in medication

adherence among patients in the eHealth intervention group
compared with the control group (OR 1.82, 95% CI 1.42-2.34,
P<.001; GRADE: low quality), with no heterogeneity among

3 studies (P=.63; I2=0%) (Figure 9).

Figure 9. Forest plot of the effects of eHealth interventions on medication adherence.

Effects of eHealth Interventions on Self-care Behaviors
A total of 3 studies reported self-care behavior data. Four of
these studies used the European Heart Failure Self-Care
Behavior Scale (EHFSC) [65]. Two of these studies used the
EHFSC revised to a 9-item scale (EHFScB-9) [66], and 2 used
the self-care of heart failure index (SCHFI), which comprises
three subscales [67]. Three of the 8 studies had imperfect data

and therefore were not included in this meta-analysis. The
analysis demonstrated a significant improvement in self-care
behaviors among patients in the eHealth intervention group
compared with the control group (SMD –1.34, 95% CI –2.46
to –0.22, P=.02; GRADE: very low quality), with significantly

high heterogeneity among 5 studies (P<.001; I2=95%) (Figure
10).

Figure 10. Forest plot of the effects of eHealth interventions on self-care behaviors.
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Subgroup Analyses
Since the inclusion criteria of the trials were different, which
contributed to the heterogeneity of studies, subgroup analyses
of primary outcomes regarding the enrolled population setting
(after discharge or ambulatory clinic) were performed and the
results are summarized in Multimedia Appendix 2. Compared
with patients in an ambulatory clinic setting, the eHealth
intervention showed a larger effect in patients with HF after
discharge on the reduction of all-cause mortality (OR 0.73, 95%
CI 0.58-0.93, P=.01), cardiovascular mortality (OR 0.71, 95%
CI 0.53-0.95, P=.02), all-cause readmission (OR 0.70, 95% CI
0.56-0.87, P=.001), and HF-related readmission (OR 0.75, 95%
CI 0.56-1.00, P=.05) than the usual-care group. The results
showed that the effects of an eHealth intervention may vary in
certain population settings.

Sensitivity Analysis and Publication Bias
Sensitivity analysis was performed for the primary outcomes
of meta-analyses, including all-cause mortality, cardiovascular
mortality, all-cause readmission rate, and HF-related
hospitalizations, using the leave-one-out approach. The direction
and magnitude of the combined estimates did not vary markedly
with the exclusion of individual studies, indicating the reliability
of the findings (Multimedia Appendix 3). The results showed
no publication bias in the primary outcomes. No publication
bias was detected for any of the primary outcomes. The funnel
plots and linear regression test results of funnel plot asymmetry
are shown in Multimedia Appendix 4.

Discussion

General Findings
There is a reasonable amount of original research exploring the
effects of eHealth interventions in HF. However, among the
1884 articles we identified, only 24 met the inclusion criteria
for this systematic review. The pooled results suggest that
eHealth self-management interventions can improve primary
and secondary outcomes in patients with HF.

Implementation Challenges

Overview
Although eHealth self-management interventions have the
potential to improve chronic disease management, successful
implementation in routine clinical practice is rare [68,69]. The
main challenges in implementing and utilizing eHealth include
user acceptance, standards and interoperability, regulations,
ensuring cost-effectiveness and sustainability, and the
organization and implementation environment, as discussed in
turn below.

eHealth User Acceptance
End-user acceptance of eHealth products is the key to a
successful eHealth program, which is influenced by many
factors, although eHealth usability and user training seem to be
more important. eHealth products need to improve the
understanding of the design and development process from the
user’s perspective, and focus on developing detailed
representations of the user’s needs and wants [70-72].

Furthermore, the process of eHealth interventions is complex,
which requires active participation, cooperation, and familiarity
with the associated processes by all involved [11]. Through
eHealth self-management, health care providers can connect
more closely with patients, identify problems earlier, provide
guidance, and improve patient compliance.

Standards and Interoperability
A successful eHealth self-management implementation requires
unified integration with electronic health record (EHR) and
clinical workflows to enable secure and fast access to patient
data and information at various locations [73]. This requires
interoperability within EHRs, as well as interoperability between
EHR and eHealth self-management systems. Ultimately,
intelligent eHealth self-management could reduce phone calls
and paperwork by automating data exchange. However, eHealth
self-management and EHR systems often lack interoperability
and standards for clinical data exchange [74,75].

eHealth Regulations
There is also a lack of eHealth regulations, which is a major
barrier to the development of eHealth [76]. The most common
regulations used in eHealth implementation are national data
and privacy protection laws and regulations, as well as national
EHR and health financing legislation [77]. Health financing
legislation is critical to ensure the continued sustainability and
support of eHealth. National health service laws also provide
guidelines for the use and implementation of eHealth [78].

Cost-Effectiveness and Sustainability
The cost-effectiveness and sustainability of eHealth are key
factors that directly affect the successful implementation of
eHealth in practice [70]. Many of the costs relate to the
development of the eHealth product, deployment, training,
product iterations, services, or ongoing maintenance costs of
the technology. eHealth self-management programs should
ensure cost-effectiveness and sustainability of the program.

Organization and Implementation Environment
The hospital’s management capacity, human resources, and
implementation environment are key obstacles to the successful
implementation of eHealth [79]. In addition, eHealth
technologies also need to fit the organization. The information
literacy of patients and easy access to high-speed internet are
conducive to the implementation of eHealth [80,81]. eHealth
applications should be implemented on top of existing
organization-centric and process-controlled systems [82]. This
will benefit the efficiency and effectiveness of eHealth solutions
and health care services, as well as support the development
process and change in management.

eHealth Self-management in HF
eHealth self-management is a rapidly growing area of HF
management, and considerable research is still needed to
promote the widespread use of eHealth self-management and
enhance its clinical outcomes. Future research should investigate
how to expand the content of eHealth self-management tools
while adapting to different HF patients. There is a need for a
cost-benefit analysis of eHealth self-management, and how to
most effectively integrate eHealth self-management into
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workflows and deploy it in different settings. Further work is
needed to understand how eHealth self-management can help
with the transformation of care delivery models and how to
combine eHealth self-management with a workflow-oriented
quality improvement program.

Limitations
Although this systematic review and associated meta-analyses
showed that eHealth self-management interventions benefit
patients with HF, this study has several limitations. First, the
included studies varied in participant demographics, types of
HF, sample size, assessment tools, period of interventions, and
type of eHealth interventions, which can lead to heterogeneity
and bias. Furthermore, reliance on self-reports and the use of
questionnaires to score outcomes may lead to bias in
self-reported data. Therefore, the results of this systematic

review should be interpreted with caution. Second, participants
were recruited at a single site or concentrated in a single
population in some cases; thus, the resulting sample was not
representative of the entire HF patient population, which would
limit the generalizability of the findings. Finally, we only
searched for literature in English, excluding other languages.
This may limit the retrieval of non-English but related papers.

Conclusion
In this systematic review, we performed a literature search and
provided a comprehensive overview of eHealth self-management
in patients with HF. We observed that eHealth self-management
can support the health of HF patients in many ways. However,
the effectiveness of eHealth in the self-management of patients
with HF is affected by multiple aspects and more clinical studies
are needed to prove its effectiveness.
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Abstract

Background: Mental health conditions are considered the leading cause of disability, sickness absence, and long-term work
incapacity. eHealth interventions provide employees with access to psychological assistance. There has been widespread
implementation and provision of eHealth interventions in the workplace as an inexpensive and anonymous way of addressing
common mental disorders.

Objective: This updated review aimed to synthesize the literature on the efficacy of eHealth interventions for anxiety, depression,
and stress outcomes in employee samples in organizational settings and evaluate whether their effectiveness has improved over
time.

Methods: Systematic searches of relevant articles published from 2004 to July 2020 of eHealth intervention trials (app- or
web-based) focusing on the mental health of employees were conducted. The quality and bias of all studies were assessed. We
extracted means and SDs from publications by comparing the differences in effect sizes (Hedge g) in standardized mental health
outcomes. We meta-analyzed these data using a random-effects model.

Results: We identified a tripling of the body of evidence, with 75 trials available for meta-analysis from a combined sample of
14,747 articles. eHealth interventions showed small positive effects for anxiety (Hedges g=0.26, 95% CI 0.13-0.39; P<.001),
depression (Hedges g=0.26, 95% CI 0.19-0.34; P<.001), and stress (Hedges g=0.25, 95% CI 0.17-0.34; P<.001) in employees’
after intervention, with similar effects seen at the medium-term follow-up. However, there was evidence of no increase in the
effectiveness of these interventions over the past decade.

Conclusions: This review and meta-analysis confirmed that eHealth interventions have a small positive impact on reducing
mental health symptoms in employees. Disappointingly, we found no evidence that, despite the advances in technology and the
enormous resources in time, research, and finance devoted to this area for over a decade, better interventions are being produced.
Hopefully, these small effect sizes do not represent optimum outcomes in organizational settings.

Trial Registration: PROSPERO CRD42020185859; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=185859
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Introduction

Mental health conditions are to be considered the leading cause
of disability, sick leave, and long-term work incapacity in most
developed countries [1]. Furthermore, poor mental health has
a substantial impact on employee well-being, productivity,
absenteeism, compensation claims, and social welfare systems
[2,3]. Evidence supports the increased demand for workplace
interventions, highlighting that working conditions and the
workplace environment can influence employees’mental health
and well-being [4].

The nature of mental health symptoms fluctuates on a continuum
between thriving and struggling [5]. Most mental ill health that
is seen in the workforce is because of common mental disorders,
most notably, depression, anxiety, and stress-related conditions
[1,6,7]. Employees who have a mental health condition and
become too unwell to continue working rarely move straight
from being healthy to needing sick leave [8]. There is usually
a course that an employee might experience as they develop
worsening symptoms [9], and different interventions may be
required at different stages of this course.

International approaches suggest multilevel organizational
approaches targeting (1) healthy workers via universal
prevention interventions; (2) those with subclinical conditions
(symptomatic or at-risk workers), such as those experiencing
high stress via indicated interventions; and (3) those workers
who have disclosed a mental health condition with tertiary
interventions (treatments) [8]. Furthermore, the UK Thriving
at Work Review into Mental Health at Work recommends the
inclusion of the use of therapeutically tailored interventions
based on individual-specific needs [5].

The 2 potential rate-limiting steps for organizations in
implementing mental health intervention programs are the
budget and logistics of delivering universal interventions to all
staff at scale and the ability to target indicated and early
interventions to those who are at risk or unwell before
disclosure. The internet offers a unique opportunity to address
these rate-limiting steps by delivering eHealth interventions
with components such as cognitive behavioral therapy (CBT)
and stress management to a broad audience. eHealth
interventions provide employees with access to psychological
help when they are not employed in a typical working
environment, such as shift workers or those working from home,
or when they may be sick-listed from work. As a result, eHealth
interventions have been widely implemented and provided.
eHealth is an emerging field in public health and business and
provides health services and information delivered or enhanced
through the internet and related technologies, such as
smartphone apps. Recently, eHealth has been seen as a popular
approach in organizations as it provides an inexpensive and
anonymous way of addressing common mental disorders [10],

including apps linked to wearable devices, and guided
meditation programs [11].

There is a plethora of evidence for the short- and long-term
benefits of eHealth-delivered CBT for treating anxiety and
depressive conditions in both the general population and clinical
settings [12-15]. Evidence has also emerged for the effectiveness
of mindfulness-based eHealth interventions in improving
symptoms for both the general population and individuals who
are symptomatic [16].

However, we know that employed individuals differ
systemically from both general and clinical populations used
in most eHealth studies; for instance, employees have much
better mental health (fewer symptoms) than general and clinical
populations [17], for whom many eHealth interventions and
their content have been developed. As such, there are likely to
be floor effects and other efficacy modifiers. The delivery in,
and by, organizations will be different from just open access to
interventions in the general population. This influences uptake
and engagement, which are known determinants of digital health
efficacy [18].

A previous meta-analysis considering eHealth interventions
from 2004 (first identified) to 2017 [19] found randomized
controlled trial (RCT) evidence for only 23 eHealth interventions
delivered to employees. Overall, there was a small pooled effect
of reducing depression, anxiety, and stress symptoms after the
intervention (Hedges g=0.24), which was sustained at follow-up
(Hedges g=0.23). Similar effect sizes (ESs) were found in a
contemporaneous review [20]. Only 2 years later, a
meta-analysis [21] identified 50% (n=34) more studies of such
interventions and suggested stronger effects on stress (Hedges
g=0.54), insomnia (Hedges g=0.70), and burnout (Hedges
g=0.51) but not symptoms of depression or anxiety.

None of the previous reviews have addressed the key issue of
efficacy, which is affected by the digital placebo effect.
Smartphone app users can experience significantly reduced
mental health symptoms, even if the app does not contain any
direct therapeutic intervention, similar to the placebo effect seen
in pharmaceutical trials when using “active” or “attention”
controls [22], or may reflect regression to the mean of
fluctuating symptoms. Even simply tracking the symptoms of
depression in an app can lead to significant reductions in
depression [23]. Both processes result in an apparent
“intra-group” effect without any therapeutic intervention. In a
trial, the type of control used is a primary determinant of the
“between-group” ES. In a recent systematic review of
smartphone apps for anxiety in clinical samples, the
between-group ESs were lower in trials that used active controls
than in those that used passive controls [24]. This inflates the
apparent efficacy of the interventions evaluated in trials with
passive controls, such as the wait-list. It is not known whether
and to what extent this is observed in working populations or
for more preventive approaches.
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Considering the increasing number of interventions being
developed, implemented, and potentially evaluated, this review
aimed to address the following questions by systematically

reviewing the current state of evidence for the efficacy of
eHealth interventions in reducing depression, anxiety, and stress
in employees (Textbox 1).

Textbox 1. Research questions.

Research questions addressed by this review

• Is there evidence for the improvement in effectiveness over time (ie, are the interventions getting better)?

• What factors, if any, moderate the efficacy?

• Intervention approach; indicated, tailored, tertiary or universal

• Type of control (active vs wait-list)

• Type of intervention: cognitive behavioral therapy, mindfulness, stress management, and other

• Presence of in-person support

Methods

Overview
This review complies with the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines
[25]. We aimed to identify all published and unpublished,
peer-reviewed, controlled clinical trials of eHealth interventions
targeted at employees reporting outcomes on a standardized
mental health measure of depression, anxiety, and stress. The
systematic review protocol was registered on PROSPERO
(International Prospective Register of Systematic Reviews;
CRD42020185859).

Search Strategy
A systematic literature search was conducted using MEDLINE,
PsycINFO, Cochrane Register of Controlled Trials, and Embase
electronic databases for relevant peer-reviewed articles in
English of controlled trials and RCTs published from 2004
(when the first eHealth intervention was identified) [19] to July
2020. Keywords used related to “workplace,” “intervention,”
“outcome,” and “study design.” An example of this search
strategy is presented in Multimedia Appendix 1. The search
terms were developed from our previous systematic review [19].
The tables of contents of the Journal of Medical Internet
Research, Journal of Internet Interventions, Occupational and
Environmental Medicine, and the Journal of Occupational and
Environmental Medicine, as well as the reference lists of
included studies, were manually searched.

Study Selection Criteria

Eligibility Criteria
The PICOS (Patient/Population, Intervention, Comparison, and
Outcomes) framework commonly used to identify components
of clinical evidence for systematic reviews in evidence-based
medicine, endorsed by the Cochrane Collaboration [26], was
used in this review.

Participants

Participants had to be in current paid employment and
working-age adults aged between 18 and 65 years. Studies were
excluded if the sample was defined as volunteer workers,
unemployed participants, or general or clinical populations.

Interventions

Any eHealth intervention, defined as a therapeutic intervention
delivered through a website, smartphone, tablet, or mobile app
and designed to improve mental health, was included.

Controls

Studies were required to have a control group, defined as either
passive (care as usual, no contact, or wait-list) or active (eg,
another eHealth intervention as the comparison group).

Outcomes

The study had to report on at least one common mental disorder
outcome: depression, anxiety, or stress. All eligible outcomes
for each study and domain were included. The outcomes were
standardized mean difference (SMD) from preintervention
baseline score to immediate postintervention use and the
follow-up time point.

The following measurements of common mental disorders were
regarded as eligible:

1. Diagnostic interview
2. Self-report diagnosis by a physician, psychologist, or other

qualified health professional
3. Self-administered rating scale for mental health (anxiety,

depression, or stress)

Studies

Studies were excluded from the review if they were not
specifically limited to employees and delivered in a workplace
setting or used in-person, telephone, and email interventions
only.

Identification of Studies
After duplicates were removed, 3 independent authors (ES, IC,
and MA) screened all titles and abstracts to identify potentially
relevant studies. Abstracts and full-text versions of potentially
eligible studies were independently assessed by 2 investigators
(ES and IC). Eligible studies with individual citations were
scanned to ensure that all relevant studies were identified.
Disagreements were adjudicated in conjunction with the senior
author (NG).
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Data Extraction and Coding
We extracted the mean and SD of standardized measures of
stress or distress, depression, and anxiety and the sample size
(n) in each arm (intervention and control) at baseline and at
each follow-up time point. When sufficient details were not
reported, the authors were contacted. Additional data concerning
the type of design, intervention and control details, participant
characteristics, study duration, length of follow-up,
organizational population, and general outcomes were recorded
(see the Results section). Studies were also coded by intervention
type: universal interventions targeting relatively healthy
participants; indicated interventions targeting subclinical
symptoms or syndromes; and tertiary treatments for explicit
diagnoses.

Studies reporting results of the same intervention and sample
in different papers (eg, a postintervention and follow-up study)
were treated as 1 study, and we used the first follow-up outcome
point in the analysis.

We categorized studies according to their mental health outcome
measures: anxiety, depression, or stress. Studies with multiple
outcomes appear in >1 mental health outcome result.

Quality Assessment and Risk of Bias Within Studies
The risk of bias in RCTs was assessed using the revised
Cochrane risk of bias tool for RCTs (RoB version 2.0) [27], in
which 5 domains were independently evaluated by 2 authors:
randomization process, deviations from intended interventions,
missing outcome data, measurement of the outcome, and
selection of the reported result. Each domain was assessed for
the risk of bias. Studies were graded as (1) “low risk of bias”
when a low risk of bias was determined for all domains, (2)
“some concerns” if at least one domain was assessed as raising
some concerns but not to be at high risk of bias for any single
domain, or (3) “high risk of bias” when a high risk of bias was
determined for at least one domain or there were bias concerns
in multiple domains [27]. If a study contained >1 intervention
arm, each intervention was assessed as 1 study.

Statistical Analysis
The summary ES was the SMD (calculated as Hedge g, with
95% CI) between the intervention and control groups for each
outcome measure (anxiety, depression, and stress) [28]. A
positive ES (SMD) indicated that the intervention was more
efficacious than the control. The level of significance was set
at P<.05 and 95% CIs. The magnitude of the effect was
categorized as large (SMD>0.8), moderate (SMD 0.5-0.8), small
(SMD 0.2 to <0.5), or trivial (SMD<0.2) [29]. Pooling of ESs
across studies was performed using a random-effects model in
Comprehensive Meta-Analysis (Biostat Inc; version 3). We
detected and accommodated outliers in the meta-analysis using
the random-effects variance shift model and the likelihood ratio
test. As the different types of eHealth interventions and
approaches used may result in large heterogeneity [30],

between-study heterogeneity was quantified using τ2 (variance

of true effects) and further assessed using the Higgins I2 statistic,
which estimates the proportion of observed variance not because

of sampling error. An I2 value of 75% was considered large,

50% was considered moderate, and 25% was considered low
[31].

We estimated the results separately for each mental health
outcome measure (anxiety, depression, and stress) at the
postintervention and first follow-up time points.
Meta-regressions were performed for each mental health
outcome to identify whether the intervention approach (eg,
universal), type of intervention (eg, CBT), type of control (eg,
wait-list), or intervention delivery method (web-based vs
smartphone) moderated the observed effect.

To evaluate differences in effectiveness over time, we used only
within-group ESs from the intervention arms for anxiety,
depression, or stress outcomes. ESs were calculated by dividing
the difference between pre- and posttreatment means by the
pooled SD of the difference [32]. ANOVA was used to assess
whether there were any differences between the mean ESs for
each year. For a test for trends, the within‐group ESs with
positive signs indicated improvement, and negative signs
indicated worsening. This method allowed for the difference in
effects over time to be accurately calculated, allowing us to
explore whether interventions improved with technology.

To assess small study effects (in cases where at least 10 studies
were available for analysis), we used a funnel plot for the overall
effects and each subgroup analysis, which compared the
outcome effects with their SEs. We used the Egger regression
test to examine further asymmetry of the funnel plot [33] with
statistical significance based on P<.10. In cases where at least
10 studies were available and a small study effect was found,
we used a Duval and Tweedie trim and fill analysis to quantify
the magnitude of the small study effect [34].

Results

Search Results
The search strategy identified 3411 titles (Figure 1). Of the 3411
articles, after the removal of 371 (10.88%) duplicates, 3040
(89.12%) titles and abstracts were reviewed by the authors (ES,
IC, and MA). Of these 3040 articles, 2893 (95.16%) articles
were excluded based on the eligibility criteria, leaving 147
(4.84%) articles that were potentially relevant to the research
question. Their full texts were examined by 2 independent
researchers (ES and MA), and discrepancies were decided by
the senior author (NG). Of the 147 articles, 74 (50.3%) were
excluded for reasons provided in Figure 1. Of the remaining 73
studies, data were missing for 8 (11%) studies. The authors
were contacted, and 5 responded with relevant data [35-39]. A
total of 3 authors did not respond or were unable to obtain data;
thus, these studies were excluded from the meta-analysis
[35,40,41]. Of the 73 studies, 4 (5%) articles reported on the
same study at different follow-up time points and were merged
[42-45], leaving 68 (93%) studies, of which 2 (3%) were
excluded as they used face-to-face treatment for control groups
[46,47]. The remaining 97% (66/68) of articles were identified
as meeting the criteria for quality assessment. Of the 66 studies,
5 (8%) used 2 intervention arms [48-52], and 2 (3%) studies
used 3 intervention arms [44,53]. In this case, the intervention
arms were treated as individual trials reported as author names;
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year of publication; and the letters a, b, or c (eg, Smith [a]). The
number of participants in the control group was split evenly as
a comparative arm to ensure that participants were not counted

twice. This process resulted in 75 trials (Figure 1) for the
meta-analysis. Multimedia Appendix 2 [36-39,42-45,49-53]
provides the list of references.

Figure 1. Flow Diagram of included studies.

Risk of Bias
The individual studies included in the meta-analysis showed
that, overall, 12% (9/75) had a low risk of bias, 3% (2/75) had
≥1 concern, and 85% (64/75) had a high risk of bias. Most of
the bias was observed in deviations from the intended
interventions and missing outcome data, which is not uncommon
and is an area for improvement in the eHealth field. An

important aspect common to behavioral interventions is that
55% (41/75) of the studies were rated as having a high risk of
bias because of the use of a wait-list control group. As such, it
was impossible for users to remain blinded (Multimedia
Appendix 3 [36-39,42-45,49-53]).
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All the included trials used web-based self-report measures to
collect the baseline and follow-up data. Multimedia Appendix
4 provides an overview of the scales used and their prevalence.

Meta-analysis Results

Overall Summary of the Identified Interventions
The 75 trials reported postintervention data for 14,747
participants. Most trials used universal approaches (47/75, 63%),
with fewer indicated (10/75, 13%), tertiary (11/75, 15%), or
tailored (7/75, 9%) intervention approaches. Most interventions
were delivered via web-based platforms as opposed to
smartphone apps. Most of the trials used a wait-list control
group. The 3 most common types of interventions described by
the authors were CBT, mindfulness, and stress management.
The studies were conducted in 15 countries: the United States
(16/75, 21%), Japan (15/75, 20%), Germany (13/75, 17%), the
United Kingdom (7/75, 9%), the Netherlands (5/75, 7%),

Australia (4/75, 5%), Sweden (4/75, 5%), China (2/75, 3%),
Europe combined (2/75, 3%), Italy (2/75, 3%), Brazil (1/75,
1%), Finland (1/75, 1%), Hong Kong (1/75, 1%), Singapore
(1/75, 1%), and the United States and Canada combined (1/75,
1%). The most common types of participants were health care
professionals (18/75, 24%). Interventions for the insurance
industry (7/75, 9%), managers (6/75, 8%), information
technology (6/75, 8%), male-dominated industries (5/75, 7%),
telecommunications (5/75, 7%), schools (3/75, 4%), universities
(3/75, 4%), marketing and sales (3/75, 4%), banking (1/75, 1%),
and human resources (1/75, 1%) were also evaluated (Figure
2). The term general employee is used in Multimedia Appendix
2 when the study did not mention the organization type. A total
of 15 trials were conducted across several industries, and only
2 were conducted in employees on sick leave. Further
summarized and detailed descriptions of the studies are
presented in Table 1 and Multimedia Appendix 5
[36-39,42-45,49-53].
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Figure 2. Effects on anxiety symptoms.
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Table 1. Summarized description of the selected studies.

Type of inter-
vention

Control (sample
size)

Intervention and duration (sample size)Country and population
(sample size)

TypeStudy

TertiaryWLCc (24)United Kingdom; Occupa-
tional health department
(48)

CBTbGrimea [54] • “Beating the Blues” web-based program
for depression and anxiety

• 8 web-based sessions, which last approxi-
mately an hour per week (24)

UniversalWLC+informa-
tion (174)

Sweden; IT and media com-
panies (317)

CBTHasson et ala,d

[55]

• 12-month open access
• Web-based self-help exercises (129)

UniversalWLC (113)Japan; construction machin-
ery company (225)

CBTShimazu et ala

[56]

• 1-month web-based psychoeducation based
on social cognitive theory

• Self-based program with 3 phases (5 chap-
ters; 112)

UniversalWLC+paper-
based informa-
tion(210)

United States; human re-
source employees (419)

Stress manage-
ment

Cook et ala [57] • Web-based multimedia health promotion
program “Health Connection” (209)

TailoredWLC (62)The Netherlands; general
employees (239)

CBTRuwaard et ala,d

[58]

• 7-week web-based program
• Supported by trained therapists with 10

personalized feedback sessions
• 1 module per week: awareness, relaxation,

worrying, positive self-verbalization, posi-
tive assertiveness, and time management

• In-person and audio training (177)

TailoredWLC (155)United States; technology
company (309)

CBTBillings et ale

[59]

• 3-month open-access web-based program
(154)

UniversalWLC (22)Japan; university staff (43)CBTSuzuki et ala

[60]

• A 2-week program with 4 modules
• Daily monitoring and feedback and sleep

diary
• Emailed weekly summary and advice (21)

UniversalWLC (30)Japan; shift working nurses
(60)

Assertion trainingYamagishi et

ala [61]

• 9 weeks of 60-minute web-based training
provided weekly (30)

UniversalWLC (27)Australia; industrial organi-
zation (53)

CBTAbbott et ala

[62]

• Web-based program
• 7 core modules (26)

UniversalWLC (73)United States; general man-
agers (145)

Behavior changeBennett et ala

[63]

• Web-based open-access ExecuPrev
• At least 10 hours over 6 months (72)

UniversalWLC (21)Austria, Germany, and
Switzerland; universities,

MindfulnessGlück and

Maerckera [64]

• Web-based program for 13 days
• 2 modules, with each module lasting for 6

days with 20 minutes per day (28)car dealerships, broadcasting
stations, and health care
consulting (50)

UniversalActive control
program (68);

Australia; public sector gen-
eral employees (135)

Cognitive train-
ing

Borness et ala

[65]

• 16 weeks of web-based cognitive training
based on memory, attention, language, and
executive function general knowl-

edge informa-
tion

• The program was called “Spark!” with
three 20-minute sessions per week (67)

UniversalWLC (62)Germany; insurance compa-
ny (147)

Positive psycholo-
gy

Feicht et ala

[66]

• 7-week web-based happiness training
• Weekly modules that took 10 to 15 minutes
• Emailed instructions once weekly (85)
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Type of inter-
vention

Control (sample
size)

Intervention and duration (sample size)Country and population
(sample size)

TypeStudy

TailoredWLC (188)• Tailored, assessed by screening Psyfit:
well-being based; healthy participants

• Strong at work: stress management; learn-
ing skills to cope with work stress

• Color your life: depressive symptoms
• Don’t Panic Online: panic symptoms for

subclinical and mild cases of panic disorder
• Drinking less: reducing risky alcohol

drinking behavior (178)

The Netherlands; nurses and
allied health professionals
(367)

Health Surveil-
lance Model

Ketelaar et al

[38]a

TertiaryWLC (12)• “P4Well”—a 3-month program, including
3 group meetings, an internet or web portal,
mobile phone apps, and personal monitor-
ing devices (11)

Finland; men aged 28 to 58
years with depression (23)

CBT and ACTfLappalainen et

ala,d [67]

IndicatedActive control
with 8 video
clips (15)

• 4-week program, with eight 5-minute video
clips twice weekly, with a narrative

• After work on the study phone (15)

Italy; female oncology nurs-
es with high stress (30)

Stress manage-
ment

Villani et ala,d

[68]

TailoredWLC (211)• Tailored, assessed by screening Psyfit:
well-being based; healthy participants

• Strong at work: stress management; learn-
ing skills to cope with work stress

• Color your life: depressive symptoms
• Don’t Panic Online: panic symptoms for

subclinical and mild cases of panic disorder
• Drinking less: reducing risky alcohol

drinking behavior (212)

The Netherlands; nurses, al-
lied health professionals,
and general employees (423)

Health Surveil-
lance Model

Bolier et ala,d

[69]

UniversalWLC (105)• 6-week web-based program with weekly
modules

• On the basis of increasing knowledge and
reducing risk (105)

United States; hospital em-
ployees with cardiovascular
risk (210)

Behavior changeDeitz et ala [70]

TertiaryWLC (75)• 6 weeks, 5 lessons
• Web-based program with 1 lesson per week

and practice between each lesson (75)

Germany; teachers (150)Problem-solving
training

Ebert et ala,d

[10]

TertiaryWLC (115)• Web-based Happy@Work program
• 6 weekly sessions, participants had to

complete an assessment each week to move
on (116)

The Netherlands; banking
(231)

Problem-solving
training and cog-
nitive therapy

Geraedts et al
[42,43] (2 pa-

pers)a,d

TertiaryWLC+informa-
tion (381)

• 6-week web-based program
• 6 lessons, 1 lesson per week, approximately

30 minutes each
• Each lesson had homework (381)

Japan; IT (762)CBTImamura et al
[44,45] (2 pa-

pers)a,d

UniversalWLC (37)• 6-week smartphone app
• 6 modules, 1 per week
• Audio lecture, text, and exercises supported

by student psychologist (36)

Sweden; middle managers
in the private sector (73)

ACTLy et ala,d [71]

UniversalWLC (83)• A 4-week program with homework
• Web-based
• 150-minute group class; web-based entries

to log daily stresses (85)

Japan; IT engineers with
high computer literacy (168)

CBTMori et ala,d

[72]

TertiaryWLC+informa-
tion (319)

• 5-week web-based “MoodGYM” program
• 5 modules of 1 hour for preventing and

coping with depression (318)

United Kingdom; transport,
health, and communication
sectors (637)

CBTPhillips et ala

[73]

UniversalWLC (121)Japan; manufacturing com-
pany (266)

Stress manage-
ment

Umanodan et

ala [74]
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Type of inter-
vention

Control (sample
size)

Intervention and duration (sample size)Country and population
(sample size)

TypeStudy

• 6-week web-based program
• 6 lessons (1 per week); self-paced
• 2-phased learning process (142)

UniversalMusic; 2 songs
per day, lasting
approximately
15 minutes
each, while do-
ing nothing else
(18)

• 3-week smartphone app
• Practice 2 meditations per day, lasting 15

minutes each (20)

Italy; general employees
(56)

MindfulnessCarissoli et ale

[75]

UniversalWLC (140)• “HealthyPast50,” a web-based open-access
program

• 3 months, 5 modules (138)

United States; older IT em-
ployees (278)

Stress manage-
ment

Cook et ala [76]

UniversalWLC (64)• 6-week internet-based weekly sessions (64)Germany; teachers (128)Behavior changeEbert et ala [77]

Universal4 weekly men-
tal health infor-
mation emails
(99)

• MoodGYM program, comprising 4 weekly,
web-based sessions lasting approximately
30 minutes each (100)

United States; medical in-
terns (199)

CBTGuille et al

[36]a

UniversalWLC (107)• 2-arm intervention: 8-week web-based
mindfulness training, 1 lesson per week
that took 23 to 30 minutes (107)

• The second group had the identical training
plus health action process approach(107)

China; university (321)MBSRgMak et al [51]a

UniversalWLC (91)• 7-week self-guided, web-based mindfulness
program called Sherman Project (101)

Unite States; university
(192)

MindfulnessPraseka [78]

UniversalWLC (59)• Web-based team-based health promotion
program

• 6 fortnightly modules for 3 months (216)

United Kingdom; NHSh

Mental Health Trust (275)

Stress manage-
ment

Stansfeld et

ala,d [79]

TertiaryWLC (89)• Return@Work, a web-based program with
5 modules

• Up to 17 sessions, ranging from 6 to 17
(131)

The Netherlands; sick-listed
(773)

CBT and PSTiVolker et al

[39]a

UniversalWLC (159)• Happy@Work, a web-based program with
4 modules (162)

Hong KongPSTYuana [80]

UniversalWLC (37)• 8-week web-based program with 1 session
per week; audio guided; daily articles
available and 2 email reminders sent (54)

• Access to the above plus meeting in groups
for 1 hour once a week; group session deep
breathing exercise for 2 minutes, 10-minute
audio recording, 20- to 30-minute guided
meditation, and 20 minutes of discussion
questions (37)

• Same as above plus weeks 3, 6, and 8 were
facilitated by a licensed clinical (33)

United States; general em-
ployees from a corporate
call center (91)

MindfulnessAllexandre et al

[53]a

TertiaryWLC (150)• 6-week CBT mobile phone app “Mood-
Hacker”

• Brief daily interactions (150)

United States (300)CBTBirney et ala

[81]

UniversalWLC (135)United States; office based
(270)

CBTBostock et ala

[82]
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Type of inter-
vention

Control (sample
size)

Intervention and duration (sample size)Country and population
(sample size)

TypeStudy

• 8-week web-based Sleepio.com interven-
tion

• Animated virtual therapist (“The Prof”),
sleep diary data, email or SMS text mes-
sage prompts, and moderated web-based
community (135)

UniversalWLC (145)• 6-week web-based program
• One 5-minute domain per week (145)

United States; practicing
physicians (290)

Positive psycholo-
gy

Dyrbye et ala

[83]

IndicatedWLC (132)• 7-week web-based intervention GET.ON
Stress

• Weekly modules, 45 to 60 minutes each
• Daily stress diaries and e-coach (psycholo-

gist; 132)

Germany (264)Stress manage-
ment

Ebert et ala,d

[84] (a)

IndicatedWLC (132)• 7-week web-based intervention GET.ON
Stress

• Weekly modules, 45 to 60 minutes each
• Daily stress diaries (132)

Germany (264)Stress manage-
ment

Ebert et ala,d

[85] (b)

IndicatedWLC (132)• 7 sessions, with 1 to 2 sessions per week;
web-based (132)

Germany (264)Stress manage-
ment

Heber et ala,d

[86]

UniversalWLC (52)• Web-based intervention BREATHE, with
open access for 3 months and 7 modules
(52)

United States; nurses and
nurse managers in public
hospitals (104)

Stress manage-
ment

Hersch et ala

[87]

TailoredWLC no depres-
sion (285);
same as above
but for moder-
ate depression
(290); same as
above but for
high depression
(43)

• 4-week internet access to UTSMed, com-
prising text and illustrations; 90 pages (276)

• Same as above but for moderate depression
(291)

• Same as above but for high depression (51)

Japan (1236)CBTImamura et ala

[44]

IndicatedWLC (21)• A 4-week web-based program “Beratung
Hilft” (“counselling helps”)

• Structured and therapist guided
• Daily stress diary (18)

Germany; employees with
burnout (59)

CBTJonas et ala,d

[88]

TertiaryWLC+informa-
tion (80)

• “HelpID,” a 12-week web-based program
with weekly sessions of 30 to 45 minutes

• Weekly reminder emails (100)

Germany (180)CBTBeiwinkel et

ala,d [89]

UniversalWLC (144)• 5-week web-based program with 1 module
per week (146)

• Identical to the GET.ON intervention plus
additional adherence-focused guidance by
e-coaches (trained psychologist; 144)

Germany (434)CBTBoß et al [48]

(a)a and (b)a,d

IndicatedWLC (28)• WorkGuru, a web-based program with 7
weekly modules (28)

• Same as above plus weekly web-based,
guided discussion group (28)

United Kingdom (84)CBTCarolan et al

[49]a,d

UniversalRecorded their
mood state ev-
ery day on a
weekly monitor-
ing sheet
(homework; 29)

• 6-week web-based program where partici-
pants watched weekly e-learning movie
segments (5-10 minutes long); recorded
daily mood and weekly homework (29)

• Same as above plus participants consumed
1 bottle of the supplement soft drink (29)

Japan; office workers in
hospitality and sales compa-
ny (87)

CBTShirotsuki et al

[52]a
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Type of inter-
vention

Control (sample
size)

Intervention and duration (sample size)Country and population
(sample size)

TypeStudy

Zhang et ala

[90]

UniversalInformation
from the Health
Promotion
Board (40)

• 4-week smartphone-based program
• 20-minute briefing session and a daily SMS

text messaging service (40)

Singapore; health care
workers (80)

Awareness train-
ing

TertiaryActive control;
regular email
reminders to
use selected in-
formation post-
ed on the web
about stress
management
and coping
(329)

• 12-week web-based program with weekly
reflective 45-minute blogs instructed by a
therapist

• Reminder emails, individualized feedback,
audio-guided stress management, home-
work, and forum (303)

Germany; sick-listed and in
inpatient rehabilitation (652)

PsychoeducationZwerenz et ala,d

[91]

UniversalNHS web-based
advice for work
stress (110)

• 8-week Headspace smartphone app
• 45 days of daily 10- to 20-minute mindful-

ness meditation (128)

United Kingdom; pharma-
ceutical and high-tech em-
ployees (238)

MindfulnessBostock et ala

[92]

UniversalWLC (49)• 6 weeks web-based program
• Videos with guided instructions (51)

Sweden; practicing psychol-
ogists (101)

Mindful self-
compassion pro-
gram

Eriksson et ala

[93]

UniversalWLC (47)• Web-based 3-week program; daily written
reflections on “what if”; identifying obsta-
cles in the way (41)

• Same as above plus structured daily time
for use (41)

Germany; general nurses
(129)

Mental contrast-
ing

Gollwitzer et al

[50]a

IndicatedWLC (251)• A 4-week smartphone app called “jibun
kiroku”

• Daily activities on an hourly basis
• Evaluate the quality of their sleep, mood,

and energy level (306)

Japan; marketing company
(557)

CBTHamamura et

ale [94]

UniversalWLC (353)• 6-week 6-lesson web-based program with
30-minute lessons per week

• Voluntary homework and reminder emails
(353)

Japan; telecommunications
(706)

CBTImamura et al

[37]a,d

UniversalWLC (160)• 7-week web-based (Destress 9-1-1) pro-
gram, with 1 module per week for 30 min-
utes; introduction video, texts, and a mod-
erated discussion board; outside practice
for up to 45 minutes of daily mindfulness
homework

• Guided audio (163)

United States and Canada;
emergency telecommunica-
tion (323)

MBSRLilly et ala [95]

IndicatedWLC (15)• 6-week smartphone app (23)United States; hospital em-
ployees (38)

MBRTjMistretta et ala

[96]

UniversalWLC (120)• 12-week web-based “Mind Skill Up Train-
ing” program

• 7 modules plus 1 group session, including
homework, mood tracking, audio, and visu-
al narrator, with 6 reminder emails (120)

Japan; teachers (240)CBTOishi et ala [97]

IndicatedActive control;
weekly mail
contact, home-
work, and ac-
cess to a moder-
ated discussion
forum with oth-
er users (58)

• 8 weekly modules
• 2 to 3 hours per week to complete
• Personalized written feedback via email

from a coach (psychologist; 59)

Sweden; middle managers
in health care, education, IT,
or communications sectors
(117)

Stress manage-
ment

Persson As-

plund et ala,d

[98]
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Type of inter-
vention

Control (sample
size)

Intervention and duration (sample size)Country and population
(sample size)

TypeStudy

Querstret et ala

[99]

UniversalWLC (58)• 4-week web-based program (60)United Kingdom (118)MBCTk

UniversalWLC (914)• 16-week smartphone app “Karada-no-ki-
mochi”

• Records weekly and daily moods (612)

Japan (1526)Health Surveil-
lance Model

Song et ala

[100]

UniversalActive control;
similar program
(240)

• 8-week smartphone app 4 with classes per
week

• Each class contained a brief theoretical
portion and a 15-minute guided practice

• Participants wrote reflections in a gratitude
journal for 20 minutes per week

• Pop-ups, notifications, and feedback scores
(250)

Brazil; female private hospi-
tal employees (490)

Mindfulness
meditation

Coelhoso et

ala,d [101]

TertiaryInformation
provided about
disclosure on

leading NGOl

website (54)

• READY web-based disclosure decision aid
tool

• 2-week access; 7 modules, requiring approx-
imately 60 minutes to complete (53)

Australia (107)Disclosure deci-
sion aid tool

Stratton et ala

[102]

UniversalWLC (322)• 4-week smartphone app “Kelaa Mental
Resilience App”

• 28 sessions daily with 2 key modules
• Tracks mood and health and provides

feedback; 6 to 7 daily sessions, each approx-
imately 2 to 4 minutes (210)

Germany, England, and
Northern Ireland (532)

Behavior changeWeber et ala

[103]

UniversalActive control
same interven-
tion but without
risk calculator
and mood track-
er (1144)

• HeadGear, a smartphone app
• 30-day “challenge” daily (5-10 minutes per

day)
• Risk calculator with personalized feedback,

mood tracker, a toolbox of skills, and sup-
port service helplines (1131)

Australia; male-dominated
industries (2257)

Behavior activa-
tion and mindful-
ness

Deady et ala

[104]

aRandomized controlled trial.
bCBT: cognitive behavioral therapy.
cWLC: wait-list control.
dGuided intervention.
eControlled trial.
fACT: acceptance and commitment therapy.
gMBSR: mindfulness-based stress reduction.
hNHS: National Health Service.
iPST: problem-solving therapy.
jMBRT: mindfulness-based resilience training.
kMBCT: mindfulness-based cognitive therapy.
lNGO: nongovernmental organization.

Efficacy for Anxiety
Overall, the 29 trials that measured anxiety outcomes showed
a significant, small positive effect at the postintervention time
point (Hedges g=0.26, 95% CI 0.13-0.39; P<.001), with high

heterogeneity (I2=77.49%; τ2=0.08). Approximately 21% (16/75)
of studies reported follow-up outcomes, showing a small positive
effect (Hedges g=0.32, 95% CI 0.15-0.50; P<.001), with

similarly large heterogeneity (I2=76.55%; τ2=0.08; Figure 3).
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Figure 3. Effects on anxiety symptoms at postintervention and follow-up time points.

Efficacy for Depression
An overall small positive effect on depression at the
postintervention time point (Hedges g=0.26, 95% CI 0.19-0.34;
P<.001) was estimated by combining 46 trials. Moderate

heterogeneity was observed (I2=66.96%; τ2=0.04). At the
postintervention time point, one outlier was detected. By
removing this outlier with a very large ES, a statistically
significant but small magnitude positive effect remained (Hedges
g=0.24, 95% CI 0.17-0.32; P<.001). Approximately 60% (45/75)
of the studies reported follow-up outcomes. The follow-up
effects on depression in 37% (28/75) of studies were very similar

(Hedges g=0.23, 95% CI 0.13-0.32; P<.001), again with

moderate heterogeneity (I2=68.27%; τ2=0.03; Figure 2).

Efficacy for Stress
Stress was the most common mental health outcome assessed
in this study. In 76% (57/75) of studies, a small positive effect
was found overall at the postintervention time point (Hedges
g=0.25, 95% CI 0.17-0.34; P<.001). However, large

heterogeneity was detected (I2=76.11%; τ2=0.07). Overall, a
significant but small positive effect was observed at follow-up
in 40% (30/75) of studies (Hedges g=0.28, 95% CI 0.17-0.40;

P<.001), with moderate heterogeneity detected (I2=73.36%;

τ2=0.06; Figure 4).
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Figure 4. Effects on stress symptoms at postintervention and follow-up time points.

Moderating Factors for Outcome Efficacy

Anxiety

Mixed-effects meta-regression (Table 2) showed that for anxiety,
the difference between approach efficacy was statistically

significant (Q=21.72; P<.001; R2=0.64). Stress management
interventions (Hedges g=0.79, 95% CI 0.64-0.93; P<.001) and

mindfulness (Hedges g=0.42, 95% CI 0.14-0.60; P<.001)
interventions were more effective than CBT (Hedges g=0.11,
95% CI 0.04-0.19; P=.004) and other interventions (eg,
cognitive training; Hedges g=0.13, 95% CI 0.01-0.25; P=.04).
There were no significant between-group differences between
the intervention approach, level of support, or type of control
used.
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Table 2. Meta-regression analysis for moderators of true effect on each mental health outcome at the postintervention time point.

Meta-regression between-group
tests

HeterogeneityMeta-analysisStudy, n
(%)

Intervention component and
study design factor

R 2P valueQI 2P valueQP valueHedges g (95% CI)

Anxiety

Type of intervention

0.64<.00121.729.78.3514.41.0040.11 (0.04 to 0.19)14 (19)CBTa

0.64<.00121.7285.71<.00127.99<.0010.42 (0.14 to 0.6)5 (7)Mindfulness

0.64<.00121.7253.6.096.47<.0010.79 (0.64 to 0.93)4 (5)Stress management

0.64<.00121.728.2.355.45.040.13 (0.01 to 0.25)6 (8)Other

Intervention approach

0.03.323.4886.70<.00160.13<.0010.44 (0.33 to 0.54)9 (12)Indicated

0.03.323.480.000.680.76.440.06 (−0.09 to
0.22)

3 (4)Tailored

0.03.323.480.000.582.85.0060.14 (0.04 to 0.23)5 (7)Tertiary

0.03.323.4871.07<.00138.03<.0010.29 (0.17 to 0.4)12 (16)Universal

Person support

0.01.311.0281.15<.00168.96<.0010.32 (0.24 to 0.4)14 (19)Yes

0.01.311.0270.42<.00147.33<.0010.16 (0.07 to 0.24)15 (20)No

Type of control

0.780.0841.64.165.14.0090.26 (0.07 to 0.45)4 (5)Active

0.780.0879.87<.001119.23<.0010.25 (0.19 to 0.31)25 (33)WLCb

Depression

Type of intervention

0.47<.00120.3250.13.00344.12<.0010.11 (0.06 to 0.17)23 (31)CBT

0.47<.00120.3275.22.00316.14<.0010.46 (0.28 to 0.64)5 (7)Mindfulness

0.47<.00120.3225.52.264.03<.0010.61 (0.47 to 0.75)4 (5)Stress management

0.47<.00120.3238.83.0721.25<.0010.15 (0.09 to 0.21)14 (19)Other

Intervention approach

0.01.224.4585.59<.00145.95<.0010.32 (0.21 to 0.42)9 (12)Indicated

0.01.224.4558.79.0312.13.410.04 (−0.06 to
0.14)

6 (8)Tailored

0.01.224.4547.31.0418.98<.0010.2 (0.12 to 0.28)11 (15)Tertiary

0.01.224.4556.83.00144.01<.0010.19 (0.13 to 0.25)20 (27)Universal

Person support

0.27.0077.2054.8.00242.04<.0010.33 (0.27 to 0.4)20 (27)Yes

0.27.0077.2061.88<.00165.58<.0010.11 (0.06 to 0.16)26 (35)No

Type of control

0.00.950.0052.33.0316.78<.0010.19 (0.11 to 0.28)9 (12)Active

0.00.950.0069.84<.001119.35<.0010.18 (0.14 to 0.23)37 (49)WLC

Stress

Type of intervention

0.09.0210.1262.42<.00147.89.0010.1 (0.04 to 0.16)19 (25)CBT

0.09.0210.1269.77<.00146.31<.0010.42 (0.31 to 0.53)15 (20)Mindfulness
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Meta-regression between-group
tests

HeterogeneityMeta-analysisStudy, n
(%)

Intervention component and
study design factor

R 2P valueQI 2P valueQP valueHedges g (95% CI)

0.09.0210.1288.79<.00171.38.0060.28 (0.2 to 0.37)14 (19)Stress management

0.09.0210.1265.56<.00137.74<.0010.12 (0.04 to 0.21)9 (12)Other

Intervention approach

0.00.353.2685.91<.00156.76<.0010.38 (0.28 to 0.49)9 (12)Indicated

0.00.353.2681.55<.00127.10.160.07 (−0.03 to
0.16)

6 (8)Tailored

0.00.353.2616.3.314.78.010.12 (0.09 to 0.22)5 (7)Tertiary

0.00.353.2671.21<.001125.06<.0010.18 (0.13 to 0.24)37 (49)Universal

Person support

0.15.0096.7973.82<.00180.20<.0010.33 (0.26 to 0.39)22 (29)Yes

0.15.0096.7972.08<.001121.76.0010.09 (0.04 to 0.14)35 (47)No

Type of control

0.00.870.0367.36.00518.38.0060.17 (0.05 to 0.29)7 (9)Active

0.00.870.0377.31<.001215.97<.0010.18 (0.14 to 0.23)50 (67)WLC

aCBT: cognitive behavioral therapy.
bWLC: wait-list control.

Depression

Similarly, significant differences were observed in the ESs for
depression across the types of interventions (Q=21.72; P<.001;

R2=0.64). Again, stress management interventions (Hedges
g=0.61, 95% CI 0.47-0.75; P<.001) and mindfulness (Hedges
g=0.46, 95% CI 0.28-0.64; P<.001) interventions were more
effective than CBT (Hedges g=0.11, 95% CI 0.06-0.17; P<.001)
and other interventions (Hedges g=0.15, 95% CI 0.09-0.21;
P<.001). Supported interventions had a higher ES (g=0.33, 95%
CI 0.27-0.40; P<.001) than unsupported (Hedges g=0.11, 95%
CI 0.06-0.16; P<.001) interventions (difference Q=7.20; P=.007;

R2=0.27). There were no significant differences between the
intervention approach and the type of control used.

Stress

Differences were observed in the ESs across the type of

intervention (Q=10.12; P=.02; R2=0.09). Mindfulness
interventions had the largest ES (Hedges g=0.42, 95% CI
0.31-0.53; P<.001), followed by stress management (Hedges
g=0.28, 95% CI 0.20-0.37; P=.006), which was more effective
than CBT (Hedges g=0.10, 95% CI 0.04-0.16; P=.001) and

other interventions (Hedges g=0.12, 95% CI 0.04-0.21; P<.001).
Supported interventions had a higher ES (Hedges g=0.33, 95%
CI 0.26-0.39; P<.001) than unsupported (Hedges g=0.09, 95%
CI 0.04-0.14; P=.001). The difference between these factors

was statistically significant (Q=6.79; P=.009; R2=0.15). For
stress, there were no significant differences between the
intervention approach and type of control used.

Effectiveness of eHealth Interventions Over Time

Overview

Over 5 times more studies evaluating eHealth interventions
have been published since 2013 (n=64) than between 2004 and
2013 (n=11). However, the effectiveness of eHealth
interventions did not seem to improve over time. The mean
within-group ES reported in each year of the eHealth
intervention arms in trials published since 2004 remained
unchanged, with no significant SMD observed over time for
anxiety (F1,9=0.28; P=.61), depression (F1,10=0.31; P=.59), or
stress (F1,11=0.75l; P=.41; Figure 5). There appears to have been
a nadir in the effectiveness of studies published immediately
after the financial crash and recession of 2008/2009.
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Figure 5. Mean within-intervention group effect sizes reported in trials each year.

Small Study Effect

A funnel plot for each mental health outcome is shown in
Multimedia Appendix 6. No significant asymmetry was found
for anxiety outcomes (n=29; Egger intercept 0.24; P=.80).
However, significant asymmetry was observed for depression
(n=46; Egger intercept 1.71; P=.001). After conducting a trim
and fill analysis, 3% (2/75) of studies were imputed; the
observed postintervention ES was adjusted to Hedges g=0.28

(95% CI 0.18-0.39). Similarly, significant asymmetry was
observed in stress (n=57; Egger intercept 1.89; P=.004). After
conducting a trim and fill analysis, 23% (17/75) of studies were
imputed; the observed postintervention ES was adjusted to
Hedges g=0.08 (95% CI 0.00-0.19), suggesting a greater effect
reported in smaller studies.
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Discussion

Principal Findings
This updated review aimed to synthesize the burgeoning
literature on the efficacy of eHealth interventions for anxiety,
depression, and stress outcomes in organizational settings and
employee samples. We identified 52 new trial interventions
published since the 23 identified in our prior review in 2017
[19], a tripling of the body of evidence. The systematic search
identified 75 relevant trials for the meta-analysis, delivering
eHealth interventions either on the web or via a smartphone,
with a combined sample of 14,747 employees.

eHealth interventions reduced mental health symptoms
immediately after use, with small positive effects observed in
anxiety (Hedges g=0.26), depression (Hedges g=0.26), and
stress (Hedges g=0.25), and data from trials with longer
follow-up periods showed similar effects. These results are
comparable with those of previous reviews, where small overall
effects were found at the postintervention and follow-up time
points [19,20]. These results imply that since 2017, the efficacy
of eHealth interventions compared with control conditions
reported in trials has remained unchanged, suggesting that the
effectiveness of eHealth interventions does not seem to be
improving over time. An analysis of the within-group effect
observed in the intervention arms confirmed that since 2004,
there has been no apparent systematic improvement in the
effectiveness of these interventions. This is a surprising finding,
given the enormous literature on methods to improve
engagement with such interventions, greater penetration of
technology to populations that do not access health care, and
the increasing number of interventions delivered as apps, which
reportedly improve access. All of these are commonly cited as
factors favoring eHealth as a mode of intervention delivery or
improving effectiveness.

The small but significant effect at follow-up suggests that
eHealth interventions might have sustained positive effects on
mental health. However, only half of the studies assessed
follow-up outcomes, which may reflect a reporting bias.
Supporting this, null, and in some cases, even negative, effects
on mental health were observed in 27% (20/75) of the studies,
and a greater proportion—60% (45/75)—did not report
follow-up outcomes.

Less than one-fifth of all the trials used active controls.
However, we found no significant differences in the efficacy
of interventions tested against active versus passive controls
overall or for any individual mental health outcome (Table 2).
These findings do not confirm the digital placebo effect, which
has been found in other eHealth reviews in clinical populations,
where the ESs were lower in trials that used active controls than
in those that used passive controls [24]. Given that most (47/75,
63%) of these trials were not conducted in clinically unwell
populations but were delivered universally to employees, this
contrary finding may have implications for the types of control
recommended for different settings of eHealth trials and for
future framework analysis or guidelines.

The primary moderator of efficacy appeared to be the content
of the intervention, with stress management and
mindfulness-based interventions being seemingly more
efficacious than CBT-based interventions. This suggests that
CBT, which was adapted from its intended use in a more
personalized and clinical setting, may have less useful content,
especially for use in organizations with universal delivery, than
other approaches adapted for more universal or indicated tools
such as mindfulness and stress management.

In our previous review, stronger effects were seen in eHealth
interventions that were supported [19], and other studies have
found increased effects when eHealth interventions were
supported by trained mental health professionals [105]. The
positive impacts of supported interventions may suggest that
even in generally subclinical populations, a combination of
eHealth and adjunctive support is the most effective in reducing
mental health symptoms in employees.

Previous research has pointed to the importance of tailoring
eHealth interventions to match individual user needs, as mental
health symptoms differ from person to person [106]. However,
this review did not support the notion that the tailoring of
interventions provides any benefit to improving mental health.
The limited evidence available suggests no greater efficacy
when using tailored interventions than when using interventions
delivered universally or for indicated or even unwell samples.
In fact, 43% (3/7) of the tailored interventions showed potential
for harm in at least one mental health outcome.

Limitations
This study had some limitations. Significant heterogeneity was
detected; however, this is not uncommon in this field or in
meta-analytic research [24]. Differences across studies should
be considered when interpreting these findings. It must also be
acknowledged that some of the follow-up analyses were
underpowered and that the findings should be interpreted
tentatively. Furthermore, this review did not include any gray
literature, and some authors did not provide data. Finally, the
individual study pooled data calculated using the Comprehensive
Meta-Analysis by Biostat Inc are not presented in this
manuscript. Instead, we report the raw data of the pre-post
means, SDs, and sample sizes in Table 1.

Future Directions
As we were unable to detect that eHealth interventions are
improving over time, to design effective eHealth interventions,
a better understanding of the factors that may influence efficacy
is required. This study did not consider engagement and
adherence and only considered a small number of potential
moderating factors for each intervention. A subsequent
framework analysis model is being undertaken to establish the
potential beneficial or harmful features of the different types of
interventions. This is an important future direction and requires
further in-depth analysis as eHealth interventions have the
potential to offer a range of novel self-management tools for
employees with clinical and subclinical mental health conditions.

Another recommendation is to develop a standard framework
for eHealth interventions to best understand the features that
have therapeutic benefits and those that may potentially cause
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harm. This will guide developers to ensure that eHealth
interventions are designed in the most effective manner. A
framework may address the significant heterogeneity within
studies; if the development standards are regulated against this
framework, the differences in the features of the interventions
and how they are delivered may be reduced. This research
suggests that those evaluating interventions or designing
protocols should carefully consider the level of support provided
when interpreting reported ESs.

Conclusions
This review and meta-analysis confirms that eHealth
interventions have a small but positive impact overall on
reducing mental health symptoms in employees. There was
significant heterogeneity between trials; however, overall, stress
management and mindfulness interventions comprising
in-person support appeared to be the most effective.

Organizations should carefully consider the interventions
delivered within the workplace; otherwise, they may not see
long-term value in their return on investments. A substantial
minority of intervention trials have demonstrated no efficacy,
and a few may even be harmful. There is not enough evidence
to make recommendations for the preferential use or
development of therapeutically tailored interventions.
Disappointingly, we found no evidence that despite the
advancements in technology and the enormous resources in
time, research, and finance devoted to this area for over a
decade, better interventions are being produced. Hopefully,
these small ESs do not represent the optimum outcome in
organizational settings, and stakeholders and researchers should
focus on improving effectiveness and efficacy or comparing
and understanding the effects of current interventions. Despite
the small effectiveness, this level of reduction could result in a
large economic value in an organizational setting.
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Abstract

Background: Life at university provides important opportunities for personal growth; however, this developmental phase also
coincides with the peak period of risk for the onset of mental health disorders. In addition, specific university lifestyle factors,
including impaired sleep and academic and financial stress, are known to exacerbate psychological distress in students. As a
result, university students have been identified as a vulnerable population who often experience significant barriers to accessing
psychological treatment. Digital psychological interventions are emerging as a promising solution for this population, but their
effectiveness remains unclear.

Objective: This systematic review and meta-analysis aimed to assess digital interventions targeting psychological well-being
among university students.

Methods: Database searches were conducted on December 2, 2021, via Embase, MEDLINE, PsycINFO, and Web of Science.

Results: A total of 13 eligible studies were identified, 10 (77%) of which were included in the meta-analysis. Mean pre-post
effect sizes indicated that such interventions led to small and significant improvement in psychological well-being (Hedges
g=0.32, 95% CI 0.23-0.4; P<.001). These effects remained, albeit smaller, when studies that included a wait-list control group
were excluded (Hedges g=0.22, 95% CI 0.08-0.35; P=.002). An analysis of acceptance and commitment therapy approaches
revealed small and significant effects (k=6; Hedges g=0.35, 95% CI 0.25-0.45; P<.001).

Conclusions: Digital psychological interventions hold considerable promise for university students, although features that
optimize service delivery and outcomes require further assessment.

Trial Registration: PROSPERO CRD42020196654; https:/www.crd.york.ac.uk/prospero/display_record.php?RecordID=196654

(J Med Internet Res 2022;24(9):e39686)   doi:10.2196/39686
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psychological well-being; mental health; university students; higher education students; college students; digital intervention;
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Introduction

The Changing Landscape of Mental Well-being in
University Students
Life at university provides important opportunities for personal
growth during emerging adulthood by fostering autonomy,
increasing social connectedness, and expanding intellectual
horizons [1]. However, this developmental phase of emerging
adulthood also coincides with the peak period of risk for onset
of mental health disorders [2,3], and specific university lifestyle
factors, including impaired sleep [4] and academic and financial
stress, are known to exacerbate psychological distress in students
[5,6].

Such risks are likely to contribute to the findings of the World
Mental Health Surveys—International College Student Project
by the World Health Organization, which indicates that between
20% and 31% of students experience a diagnoseable mental
disorder [7,8]. Mental health symptoms at university entry are
known to persist for at least the first year of study [6].
Furthermore, students with mental health disorders have been
shown to eventually drop out from their studies at 2.5 times the
rate of matched controls [9]. As the prevalence of mental health
problems in young people has been steadily increasing [10],
university counseling services have been unable to keep up with
the growing demand; only 16% of students surveyed in the
World Health Organization surveys with mental disorders
reported receiving minimally adequate treatment [7].

Reforming University Counseling and Mental Health
Services
There have been recent calls for reform of university mental
health services to address the increased prevalence of mental
health problems among higher education students [11]. Duffy
et al [11] proposed an integrated model of university-based
mental health care that embeds multidisciplinary mental health
teams within campus health services to provide timely care and
to facilitate the transition from and to surrounding services. A
significant challenge is that university students have a very
broad spectrum of mental health needs, potentially ranging from
thwarted personal growth in a narrow domain at one end of the
spectrum (eg, suboptimal study habits) to enduring complex
psychiatric disorders at the other end (eg, recurrent severe major
depression combined with substance misuse). Intermediate
needs may include mild and transient mental health symptoms
(eg, self-limiting depressed mood) and incipient mental health
episodes. There is also evidence that students with serious
mental health problems have delayed access to mental health
services, as evidenced by longer durations of untreated
symptoms of psychosis [12]. The clinical staging model of
mental health disorders by McGorryet al [13], which maps
mental health interventions against commensurate levels of
severity of mental health problems, was incorporated into the
model by Duffy et al [11] as a guiding heuristic for responding
to this complex spectrum. Specifically, the staging model
highlights that the students presenting to university services
range from those at early stages of risk with nonspecific mental
health symptoms that do not meet criteria for a categorical
diagnosis but who require monitoring and support to those at

stage 3 and beyond who are recovering from a full threshold
mental health disorder. This diversity of presenting problems
poses a challenge in determining the effectiveness of mental
health interventions for university students.

In the context of this diversity, psychological well-being (PWB)
has emerged as an important construct with strong
developmental face validity which should be considered when
evaluating the effectiveness of university-based mental health
interventions. PWB has been defined in terms of specific
components of personal growth (including purpose in life,
mastery, and self-acceptance) [14] and by the extent to which
psychological needs, namely, autonomy, competence, and
connectedness, have been met or thwarted (eg, by mental health
symptoms) [15]. PWB also offers the advantage of being
strongly correlated with psychopathology in youth but is also
a distinct construct that may provide a basis for the prevention
of mental health problems [16]. In addition, PWB has been
identified as having strong transdiagnostic utility in predicting
broad psychological outcomes across diverse populations
[17,18]. Therefore, it is not surprising that PWB has emerged
as a high priority for investigation and intervention in university
students [19].

The Role of Digital Technology in Mental Health
Reform
A psychological intervention that seeks to improve mental health
outcomes is considered digital when technology is used in its
delivery, including the internet, mobile phones, computers, or
other electronic devices. Digital interventions for mental health
problems of varying severity have rapidly emerged as an
innovation that promises improved access, acceptability,
scalability, and cost-effectiveness compared with traditional
face-to-face services alone [20]. Digital interventions for
university students may circumvent students’concerns regarding
stigma, time constraints, and lack of familiarity with health care
systems [21]. In addition, high rates of access to smartphones
and familiarity with mixed modes of learning mean that most
university students are highly amenable to digital modes of
health support [21]. Other global factors, such as the COVID-19
pandemic, have further accelerated the implementation of digital
interventions as solutions for addressing limitations associated
with traditional health care settings for young people [22].

Previous reviews related to this topic have reached contradictory
conclusions in relation to PWB. Lattie et al [23] conducted a
systematic review investigating the effectiveness, usability,
acceptability, uptake, and adoption of digital mental health
interventions for university students across a range of outcomes;
however, the findings in relation to PWB were not reported
separately from other outcomes. Inspection of their
supplementary materials showed that across the 89 included
publications, 8 studies specifically examined PWB as an
outcome. One study measured PWB using a qualitative
methodology and found little meaningful improvement, whereas
the remaining studies consisted of randomized controlled trials
(RCTs) and non-RCT and consistently reported significant
improvement using validated measures (RCT: k=6; non-RCT:
k=1). In contrast, a systematic review and meta-analysis of
RCTs on the same topic and published in the same year reported
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4 RCT studies that explicitly reported a measure of PWB
(among other outcomes) when examining a web-based
intervention for university students [24]. Although the review
reported small and significant improvements in depression and
anxiety symptoms, an analysis of the 4 studies that assessed
PWB found nonsignificant effects for this outcome [24]. These
conflicting results call for a closer examination of the
effectiveness of digital interventions for PWB among university
students.

There have been recent calls to reform mental health support
for university students [11] and to develop stepped care models
of psychological intervention to ease demands on existing
mental health services [13]. As a result, it is necessary to review
the evidence for the effectiveness and quality of digital
interventions for PWB in university students. Therefore, the
primary aim of this review was to examine the evidence for the
effectiveness of digital mental health interventions for university
students, specifically in relation to PWB. We also aimed to
review the quality of this evidence, and given the diversity of
this population, it is especially important to understand the range
and severity of mental health symptoms reported in these
studies. Our review question, in accordance with the PICO
(population, intervention, control, and outcomes) framework
[25], was whether web-based digital interventions, compared
with active and passive control conditions, improve PWB in
university student populations.

Methods

Search Strategy and Selection Criteria
The systematic review and meta-analysis were conducted in
accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement [25-27].
We conducted a review of trials, including pilot studies,
non-RCTs, and RCTs, that evaluated any form of mental health
or psychological health intervention targeting university students
that was delivered through a web-based or eHealth medium,
including mobile phone–based apps. Eligibility criteria included
the assessment of a student population from a university or
higher education institution (such as a college) of any age or
nationality. Eligible studies were also required to be published
in peer-reviewed journals in English language during and since
2000. Cohort, case-controlled, and cross-sectional studies were
excluded because the study designs did not provide conclusions
regarding the effectiveness of the interventions. For inclusion
in this review, PWB needed to be assessed as a primary or
secondary outcome using a validated measure. PWB is a
multifaceted construct, and in this review, it was defined in line
with the eudaemonic theories of well-being by Ryff [14] and
Ryan et al [28]. Ryff [14] identified 6 core components of PWB
that shape healthy development across the life span:
self-acceptance, personal growth, purpose in life, environmental
mastery, autonomy, and positive relations with others. The
model of PWB by Ryff [14] provides a framework for meaning
and purpose in life and has been operationalized using measures
such as the Psychological Well-Being Scale and the Mental
Health Continuum [29]. The self-determination theory by Ryan
et al [28] postulates that motivation and wellness can be

developed by meeting one’s basic psychological needs:
competence, relatedness, and autonomy [15]. The construct of
PWB does not include symptoms of distress; thus, measures of
distress and psychopathology, such as the depression, anxiety,
and stress scale [30], were not included as primary outcome
measures for the purpose of the review. The construct of PWB
also does not include hedonism; thus, measures of happiness
or life satisfaction, such as the Satisfaction with Life Scale [31],
were also excluded from this review.

Searches were conducted on December 2, 2021, via Embase
(Elsevier), MEDLINE (Ovid), PsycINFO (EBSCOhost), and
Web of Science (Thomson Reuters). The search terms used
were synonyms for university student and digital intervention
(the full list of search terms and sample search syntax for each
individual database is available in Multimedia Appendix 1).
We contacted the corresponding authors via email to request
further information where clarification of individual studies
was required (eg, potential overlap in data across ≥2 published
reports). In addition, reference lists of eligible studies and review
articles were manually searched. The search was conducted by
MF with consultation from a librarian. After deduplication in
EndNote X8 (Clarivate Analytics), the completed search was
imported into Covidence [32] for screening and data extraction.
Abstract and full-text screening was conducted by CA, SA, and
MF, with each paper being screened by at least two authors.
The interrater reliability for independent full-text screening was
reasonable (k=0.53; P=.76), and after conflicts were resolved
by consultation between team members, there was a complete
consensus. Data extraction was performed using a template
developed by the authors in Excel and undertaken by CA, SA,
and JG.

Data Analysis
The extracted variables included publication characteristics (eg,
authors, country, and year of publication), participant
characteristics (eg, sample size; mean age; ethnicity; recruitment
strategy, and depression, anxiety, and stress symptoms at
baseline), study characteristics (eg, study design, primary aim
of the study, and treatment conditions), PWB outcome measures
(means and SDs at baseline, postintervention, and follow-up
time points), and study findings. PWB was the primary outcome
of interest. If studies reported multiple follow-up time points,
data from the longest follow-up time point after the intervention
were extracted.

Risk of bias (RoB) was assessed by CA and JG using the
Cochrane collaboration RoB 2 tool [33] for RCTs, and the
Downs and Black checklist was used for non-RCTs [34]. In
addition, the Grading of Recommendations Assessment,
Development, and Evaluation approach was used to evaluate
the overall quality of the evidence [35].

We planned to perform a meta-analysis if 3 RCTs enabled the
calculation of effect sizes in relation to PWB as a continuous
variable. Meta-analysis was performed using Comprehensive
Meta-Analysis (version 3), with random effects models used.
A sensitivity analysis was performed to ascertain the effect of
the wait-list versus active control groups. The Q statistic was
used to assess study heterogeneity [36]. We also calculated the
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I2 statistic to estimate the percentage of variance in the observed
effects owing to the variance in the true effects. Heterogeneity
can be considered low, moderate, substantial, or considerable,

with I2 values of 0% to 40%, 30% to 60%, 30% to 90%, and
75% to 100%, respectively [37]. The protocol was registered
with PROSPERO before screening (registration number:
CRD42020196654).

Results

Search and Selection
A total of 1954 references were imported into Covidence
(Veritas Health Innovation) for initial abstract screening. After
removing 892 duplicates, 1062 studies were screened against
title and abstract, from which 916 studies were excluded. In all,
146 studies were assessed for full eligibility via full-text
screening; the reasons for exclusion are mentioned in Figure 1.
Finally, 13 studies met the inclusion criteria and were included
in this review [38-50]. Of these 13 studies, 11 (85%) were
eligible for inclusion in the meta-analysis [38-42,45,46,48-51].

Figure 1. Study selection.

Study Characteristics
Table 1 summarizes the characteristics of the included studies.
All 13 studies were published from 2016 onward, with 5 (38%)
conducted in the United States [39-41,47,49]; 2 (15%) in
Sweden [43,48] and Australia [42,44]; and 1 (8%) in Hong
Kong [46], Finland [50], Ireland [45], and the United Kingdom
[38]. The sample sizes across the 13 studies ranged from 23
[40] to 2110 [44]. Regarding study design, there were 46%
(6/13) of RCTs with an active control [39,40,43,45,46,48], 38%
(5/13) of RCTs with a wait-list control [38,41,42,49,52], 8%

(1/13) were dismantling trials [41], and 8% (1/13) were pre-post
trials [47]. The duration of the digital interventions varied, with
one study reporting a single session [43], another study reporting
6 days of intervention [44], and the remaining studies (11/13,
85%) ranging from 3 to 10 weeks (meanduration=5.5, SD 2.2
weeks; mode duration=4 weeks), as presented in Table 1
[35-42,45-47]. Across all studies, outcomes were measured at
pre- and postintervention time points, and the duration of
follow-up assessment intervals from baseline ranged from 7
days [46] to 12 months [50].

J Med Internet Res 2022 | vol. 24 | iss. 9 | e39686 | p.290https://www.jmir.org/2022/9/e39686
(page number not for citation purposes)

Ferrari et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Characteristics of studies included in the systematic review.

Outcomes and effect
size

InterventionStudy featuresPopulationPrimary aimStudy and
country

Comparison
group

Intervention
type; treat-
ment target;
delivery
mode; dura-
tion

Measurement;
time points;

PWBb out-
come measure

Study designDemographicsN; recruit-
ment; com-

pleters (%)a

Flourishingh: time ×
condition effect fa-

Active: partici-
pants wrote
about details

Best Possible
Self Positive
Psychology

Pre, post;

TFSg
Pilot RCTf (T
vs active C)

Age: Tc-22.94
years (SD
3.02; n=48),

139; universi-
ty (web-based
via university
mass mail)

Examine the
outcome effi-
cacy of the
Best Possible

Auyeung
et al [46],
2019;
Hong
Kong

voring T. Partial

η2=0.12; autonomy:
time x condition ef-

of 5 events
from the past
24 hours

intervention;
well-being (in-
crease flourish-
ing and de-

Cd-22.7 years
(SD 3.68;
n=52); female:
T-72.9%

and social me-
dia; 68.6%

Self interven-
tion in improv-
ing well-being fect favoring T. Par-

tial η2=0.04; related-crease depres-
(n=48), C- ness: no time x con-sion); web-
73.1% (n=52);

ethnicity: NRe dition effect. ESi not
reported; conclu-

based mobile
and desktop
versions; 6
days

sion: intervention
more effective at
improving flourish-
ing and autonomy
compared with ac-
tive control with
moderate effect
sizes. No improve-
ments in competence
or relatedness

Psychological well-
being: group x time

Active: web-
based mental

mHealthl posi-
tive psycholo-

Pre, 3 months
after random-
ization; MHC-

SFk

RCT (T C-

TAUj)

Age: T-25
years (median
age), C-26
years (median
age control);

654; 15 univer-
sities (digital
advertising);
61.2%

To compare
the positive
psychology in-
tervention
with control

Bendtsen
et al [51],
2020;
Sweden

effect favoring T.

IRRm=1.067 (95%
CI 1.024 to 1.112);

health informa-
tion control
group. Sent
via SMS text
message

gy multicom-
ponent pro-
gram; positive
mental health;
via smart-

female: T-
79.6%
(n=277), C-

conclusion: psycho-
logical well-being
significantly higherphone; 10

weeks76.1%
(n=233); eth-
nicity: NR

at 3 months in inter-
vention group com-
pared with control
group with small ef-
fect size

No significant treat-
ment effects (within-

NoneLiving Your
Values:

Pre, post; SP-

WBo: autono-
my subscale

Single group:
post

Age: 20.22
years (SD
4.35); female:
86.9%; White:
53.3%

137; universi-
ty (psycholo-
gy classes);
84%

Test the usabil-
ity, acceptabil-
ity, receptivi-
ty, and utility
to promote
valued living

Firestone
et al [47],
2019;
United
States

group pre-post) on
any well-being sub-
scales. ESs not re-
ported; conclusion:

ACTp-based;
valued living;
web-based,
self-guided

no evidence that theand psycholog- values-fo-
ical well-be- intervention was ef-cused pro-
ing of the fective at improvinggram; single
LYVn pro-
gram

psychological well-
being

60- to 90-
minute session
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Outcomes and effect
size

InterventionStudy featuresPopulationPrimary aimStudy and
country

Comparison
group

Intervention
type; treat-
ment target;
delivery
mode; dura-
tion

Measurement;
time points;

PWBb out-
come measure

Study designDemographicsN; recruit-
ment; com-

pleters (%)a

Psychological well-
being: no time x
group interaction. T
had a statistical in-
crease in psychologi-
cal well-being over
time. Cohen d=0.2;
conclusion: no evi-
dence for group ef-
fect in relation to
improving well-be-
ing. Treatment
group showed statis-
tical and small im-
provement in well-
being from preinter-
vention to postinter-
vention

Active: inter-
net-based ex-
pressive writ-
ing interven-
tion. Partici-
pants could
make contact
with study co-
ordinators via
phone or
email

Mindfulness
training pro-
gram; mindful-
ness; internet-
based; 8
weeks

Pre, post; SP-
WB: total
score

Pilot RCT (T
vs active C)

Age: T com-
pleters-29
years (range
18–45 years,
n=18), T non-
completers-24
years (range
19-37, n=22);
female: T
completers-
88.9% (n=18)
T noncom-
pleters-63.6%
(n=14); ethnic-
ity: NR

90; university;
39.1%

Examine the
feasibility, us-
ability, accept-
ability, and
outcomes of
an 8-week in-
ternet-based
mindfulness
training pro-
gram

Kvillemo
et al [48],
2016;
Sweden

Psychological well-
being: no significant
group x time effect.
Effect size not report-
ed; Conclusion: the
effects of the ACT-
CL program were
largely equivalent to
those of an educa-
tion website, with a
lower level of pro-
gram engagement
with ACT-CL

Active: 2 ses-
sion mental
health educa-
tion website
(length
matched to
ACT-CL) ba-
sic education-
al information

ACT-CL; psy-
chological
symptoms,
positive men-
tal health, and
psychological
flexibility;
web-based, 2
core multime-
dia sessions
and supple-
mentary
emails, web-
based re-
sources, and
SMS text mes-
sages; 3 weeks

Pre, post, 1-

month FUr, 3-
month FU;
MHC-SF

Pilot RCT (T
vs active C)

Age: 21.61
years (SD
5.48); female:
76.9%; White:
6.2%, Asian:
9.3%, Black
or African
American:
3.5%, Ameri-
can Indian or
Alaska native:
1.8%, native
Hawaiian or
other pacific
islander:
1.3%, and oth-
er: 7.9%

234; universi-
ty (digital ad-
vertising);
70%

Test the feasi-
bility of a
web-based
ACT proto-
type preven-
tion program
called ACT-

CLq

Levin et
al [39],
2016;
United
States

Positive mental
health: time x condi-
tion effect favoring
T Cohen d=0.58;
emotional well-be-
ing: no significant
time x condition in-
teraction. ES not re-
ported; social well-
being: time x condi-
tion effect favoring
T Cohen d=0.69;
Psychological well-
being: no significant
time x condition ef-
fect. ES not report-
ed; Conclusion: the
intervention was not
more effective than
wait-list control for
improving psycho-
logical well-being

Wait-listACT; mental
health prob-
lems; self-help
website; 4
weeks

Pre, post;
MHC-SF

Pilot RCT (T
v wait-list C)

Age: 20.51
years (SD
2.73); female:
66%; White:
88%

79; university
(2 cohorts; fall
2014 and
spring 2015);
80%

Evaluate a
transdiagnos-
tic web-based
self-help pro-
gram that in-
cludes all
ACT compo-
nents and is
designed to
treat a wide
range of prob-
lems

Levin et
al [49],
2017;
United
States
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Outcomes and effect
size

InterventionStudy featuresPopulationPrimary aimStudy and
country

Comparison
group

Intervention
type; treat-
ment target;
delivery
mode; dura-
tion

Measurement;
time points;

PWBb out-
come measure

Study designDemographicsN; recruit-
ment; com-

pleters (%)a

Psychological well-
being: statistical ef-
fects not calculated
owing to small sam-
ple size. Pre-post T
favored SBT for
positive mental
health: Hedges
g=0.52 (95%
CI−0.31 to 1.41);
Conclusion: no evi-
dence for statistical
effect on well-being
for intervention
compared with wait-
list control. Small to
moderate effect size
favoring interven-
tion at postinterven-
tion

Wait-listSBT; mindful-
ness; mobile
app; 4 weeks

Pre, during (2
weeks), Post
(4 weeks after
baseline);
MHC-SF

Pilot RCT (T
v wait-list C)

Age: 20.43
years (SD
2.46); female:
100%; non-
Hispanic
White: 87%

23; university
(counseling
service); 60%

Evaluate the
feasibility and
acceptability
of a popular
mindfulness
meditation

app (SBTs) for
students on a
college coun-
seling center
wait-list

Levin et
al [40],
2020;
United
States

Psychological well-
being: time x condi-
tion effect – full or
engaged>wait-list
(pre-post, pre-FU),
wait-list did not dif-
fer from open, en-
gaged>open (pre-
post). Cohen d wait-
list vs full=0.51,
wait-list vs en-
gaged=0.69, en-
gaged vs open=0.56;
Conclusion: “En-
gaged” and “full”
intervention, but not
“open” intervention
more effective at
improving positive
mental health com-
pared with wait-list
with medium effect
sizes

2 Active; open
components
(open); en-
gaged compo-
nents (en-
gaged); and
wait-list con-
trol

12- session
web-based
ACT interven-
tion (with dif-
fering compo-
nents); accep-
tance, cogni-
tive diffusion
(open), values,
committed ac-
tion (en-
gaged); via
computer or
smartphone; 6
weeks

Pre, post, 4-
week FU;
MHC-SF

Randomized
dismantling
trial with 4
conditions
(full ACT vs
active, open
vs active, en-
gaged vs wait-
list control)

Age: 22.27
(SD 5.08
years); fe-
male-72.4%;
White: 92.8%

181; universi-
ty; 88.9%

Compare web-
based versions
of ACT target-
ing the open
components,
the engaged
components,
or full ACT,
relative to a
wait-list condi-
tion

Levin et
al [41],
2020;
United
States

Subjective well-be-
ing: group assign-
ment not associated
with well-being at
FU; b=2.01, 95% CI
–0.63 to 4.65; Con-
clusion: no evidence
that intervention
more effective than
active control for
improving subjec-
tive well-being

Active: Sham
mindfulness
app

Headspace
mindfulness;
mindfulness;
mobile app; 6
weeks

Pre, post;

WEMWBSt
RCT (T v ac-
tive C)

Age: 20.92
years (SD
4.39); female:
76%; ethnici-
ty: NR

91; university;
72.9%

Investigate if
regular mind-
fulness medita-
tion practice
facilitates criti-
cal thinking
through the
enhancement
of executive
function

Noone et
al [45],
2018; Ire-
land
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Outcomes and effect
size

InterventionStudy featuresPopulationPrimary aimStudy and
country

Comparison
group

Intervention
type; treat-
ment target;
delivery
mode; dura-
tion

Measurement;
time points;

PWBb out-
come measure

Study designDemographicsN; recruit-
ment; com-

pleters (%)a

Perceived well-be-
ing: group x time ef-
fect (post and FU);
pre-post (within T)
Cohen d=0.65, pre-
FU (within T) Co-
hen d=1.16; Conclu-
sion: intervention
effective at improv-
ing well-being com-
pared with wait-list
control with sus-
tained (2 week) ef-
fects at medium-
large effect sizes

Wait-listBioBase:
eclectic ap-
proach with
mindfulness,
biofeedback
interventions,

CBTu, and be-
havioral activa-
tion theory;
well-being;
via smart-
phone and
wearable de-
vice; 4 weeks

Pre, 2 weeks,
Post (4
weeks), 2-
week FU (6
week);
WEMWBS

RCT (T vs
wait-list C)

Age: T at
baseline- 19.9
years (SD
1.83, n=72), C
at baseline-
19.84 (1.76,
n=74); female:
T at baseline-
62.5%, C at
baseline-
63.5%; ethnic-
ity: NR

262; universi-
ty; 45.4%

Test the effica-
cy of a 4-week
intervention
delivered via
a mobile app
and wearable
device
(BioBase pro-
gram) in com-
parison with a
wait-list con-
trol group

Ponzo et
al [38],
2020;
United
Kingdom

Psychological well-
being: group x time
effect favoring T;
significant improve-
ment over time from
baseline to 12
months FU in treat-
ment group. Be-
tween pre-post cor-
rected Cohen
d=0.46; within pre-
post corrected Co-
hen d=0.61; within
pre-12- month FU
corrected Cohen
d=0.65; Conclusion:
treatment more effec-
tive than wait-list
control at improving
psychological well-
being with medium
effect sizes

Wait-listACT interven-
tion; stress,
anxiety, de-
pression; guid-
ed, blended
web-based
and face-to-
face; 7 weeks

Pre, post, 12-
month FU (in-
tervention on-
ly); MHC-SF

RCT (T vs
wait-list C)

Age: 24.29
years (SD
3.28); female:
85.3%; ethnic-
ity: NR

68; university;
87.9%

Evaluate the
efficacy of the
web-based
Student Com-
pass program
including 2
face-to-face
meetings, tai-
lored individu-
al written
feedback on
the web, cop-
ing tools, and
strategies

Räsänen
et al [50],
2016; Fin-
land

Psychological well-
being: T significant-
ly improved from
preintervention to
postintervention on
the primary outcome
of well-being across
3 delivery formats,
Cohen d=0.25; Con-
clusion: intervention
associated with im-
proved well-being
from pre to post time
points with small ef-
fect size

2 Active: full
flexibility de-
livery and se-
quential deliv-
ery

YOLO ACT
program; cog-
nitive fusion,
acceptance,
mindfulness,
values, and
committed ac-
tion; web-
based; 4
weeks

Pre, post;
MHC-SF

Pilot RCT, 3
groups vary
format: 1
(weekly flexi-
ble); 2 (full
flexibility); 3
(sequential)

Age: 26.34
years (SD
7.96); female:
75.4%; White
or Australian:
53.1%

130; universi-
ty; 40%

Pilot-test a
web-based
ACT mental
health promo-
tion program

called YOLOv

for university
students

Viskovich
et al [44],
2018;
Australia
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Outcomes and effect
size

InterventionStudy featuresPopulationPrimary aimStudy and
country

Comparison
group

Intervention
type; treat-
ment target;
delivery
mode; dura-
tion

Measurement;
time points;

PWBb out-
come measure

Study designDemographicsN; recruit-
ment; com-

pleters (%)a

Psychological well-
being: time x condi-
tion effect favoring
T Cohen d=0.37;
Conclusion: interven-
tion more effective
than wait-list control
at improving well-
being with small ef-
fect size

Wait-listYOLO ACT
program; cog-
nitive fusion,
acceptance,
mindfulness,
values, and
committed ac-
tion; web-
based consist-
ing of 4 mod-
ules; 4 weeks

Pre, post; 12-
week FU;
MHC-SF

RCT (T vs
wait-list C)

Age: 26.85
years (SD
8.77); female:
67.8%; ethnic-
ity: NR

2110; universi-
ty; 29.3%

Evaluate the
effectiveness
of a web-
based ACT
mental health
promotion in-
tervention
called YOLO
in an RCT

Viskovich
et al [42],
2020;
Australia

aCompleters (%): percentage of participants who completed the postintervention data collection by the number of participants who were randomized
to the intervention group.
bPWB: psychological well-being.
cT: treatment group.
dC: control group.
eNR: not reported.
fRCT: randomized controlled trial.
gTFS: The Flourishing Scale.
hKey outcomes and study conclusions italicized.
iES: effect size.
jC-TAU: control-treatment as usual.
kMHC-SF: Mental Health Continuum−Short Form [53].
lmHealth: mobile health.
mIRR: incidence rate ratio.
nLYV: living your values.
oSPWB: Ryff Scales of Psychological Well-being-42 item [54].
pACT: acceptance and commitment therapy.
qACT-CL: ACT on college life.
rFU: follow-up.
sSBT: Stop, Breathe & Think.
tWEMWBS: Warwick-Edinburgh Mental Well-being Scale [55].
uCBT: cognitive behavioral therapy.
vYOLO: You Only Live Once.

Mental Ill-Health Symptoms
The predominant measure of PWB was the Mental Health
Continuum-Short Form [56] used in 62% (8/13) of the studies
[39-44,49,50], followed by the scales of PWB [54] reported in
15% (2/13) of the studies [47,48], the Warwick-Edinburgh
Mental Well-being Scale [55] reported in 15% (2/13) of the
studies [38,45], and the Flourishing Scale [57] reported in 8%
(1/13) of the studies [46]. A measure of the severity of mental
health symptoms was included in 85% (11/13) of the studies
and excluded in the other 15% (2/13) [45,47]. The Depression
Anxiety Stress Scales (DASS) [30,58] were used in 31% (4/13)
of studies [38,39,42,44], the Counseling Center Assessment of
Psychological Symptoms was used in 23% (3/13) of studies
[40,41,49], the Center for Epidemiological Studies–Depression
[59,60] was used in 15% (2/13) of studies [46,48], and the

Perceived Stress Scale [61] and the Hospital Anxiety and
Depression Scale (HADS) [62] were used in 8% (1/13) of
studies [43,50].

To better understand the prevalence and severity of mental
ill-health symptoms in the general university student population,
the DASS and HADS baseline scores were further analyzed
using a software program that estimates the percentile scores
and interval estimates for individual scores [63]. Of the studies
that used these measures, some reported symptom cut-off scores
as eligibility criteria [38,43] or targeted students who
self-identified as distressed [50] or were actively seeking
psychological treatment [41] and thus tended to report higher
symptoms of mental ill-health. Studies using the DASS and
HADS, which did not specify such eligibility criteria or targeted
recruitment, may reflect the general mental health of university
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students. Levin et al [39] reported elevated depression (88th
percentile, 95% CI 86-90) and anxiety (86th percentile, 95%
CI 84-88) symptoms in university students compared with the
general population. Viskovich et al [44] also reported elevated
depression (86th percentile, 95% CI 84-88) and anxiety
symptoms (90th percentile, 95% CI 88-92). At baseline, both
the intervention and control groups reported by Viskovich et al
[42] displayed elevated depression (intervention–93rd percentile,
95% CI 92-94; control 94th percentile, 95% CI 94-95), anxiety
(intervention–94th percentile, 95% CI 93-95; control–94th
percentile, 95% CI 93-95), and stress symptoms
(intervention–96th percentile, 95% CI 95-97; control–97th
percentile, 95% CI 96-98).

Intervention Effectiveness
Of the 13 studies, 11 (85%) were eligible for inclusion in this
meta-analysis [38-42,45,46,48-51]. Two corresponding authors
were contacted and provided additional data needed for the
meta-analysis, which were not reported in the published papers
[39,51]. A study was excluded because the study design

comprised a single-group pre-post comparisons [47]. In addition,
a further study was excluded from the meta-analysis, as it
reported on 3 intervention groups, each of which delivered
identical content but in different formats (as planned, full
flexibility and sequentially), and thus, it was not deemed to
include an appropriate comparative group to address the core
research question of this review [44].

Of the 11 studies eligible for inclusion in the meta-analysis
[38-42,45,46,48-51], the aggregate effect of treatment on PWB,
as displayed in Figure 2, was small and statistically significant
compared with controls (k=11; n=2903; Hedges g=0.32, 95%
CI 0.23-0.4; P<.001). There was no evidence of significant

heterogeneity (Q10=12.71; P=.24; I2=21.34; T2=0.01; t=0.08).
Sensitivity analyses were performed to examine whether the
treatment effect differed across studies with active (7/11, 64%)
[38,39,45,46,48,50,51] and wait-list control (4/11, 36%)
comparison groups [40-42,49]. When wait-list control studies
were removed, the effect was reduced but remained statistically
significant (Hedges g=0.22, 95% CI 0.08-0.35; P=.001).

Figure 2. Effect of digital psychological interventions on psychological well-being in university student populations [38-42,45,46,48-51].

All interventions were stand-alone, meaning they were offered
to university students independent of university counseling
services, and run by independent researchers or an independent
youth mental health service such as Headspace [45]. Some
studies used university services for recruitment, such as posting
advertisements on existing student health care center websites
[51] or waiting rooms [42], approaching students on wait-lists
for counseling centers [40], or advertising through university
student affairs [41]. Of the 13 studies included in the systematic
review, acceptance and commitment therapy (ACT) was the
most frequently adopted therapeutic orientation, present in 7
(54%) studies [39,41,42,44,47,49,50]. In addition, 23% (3/13)
of studies adopted mindfulness interventions [40,45,48], 15%
(2/13) used positive psychological interventions [43,46], and
8% (1/13) described an eclectic intervention [38]. A total of
46% (6/13) of interventions were web-based [39,42,44,47-49],
31% (4/13) were mobile apps [38,40,43,45], 15% (2/13) were
available via mobile or desktop modes [41,46], and 8% (1/13)
combined web-based and face-to-face modes of delivery [50].
Given the large number of ACT intervention studies, we
conducted a subgroup analysis to evaluate the effectiveness of

this therapeutic modality in relation to PWB. The meta-analytic
effect of ACT-based treatments on PWB was small and
statistically significant (Hedges g=0.35, 95% CI 0.25-0.45;
P<.001).

Risk of Bias
In relation to the study quality, based on study design, 77%
(10/13) studies were rated according to the RoB-2 [33] and 23%
(3/13) using the Downs and Black checklist [34]. As shown in
Figure 3, overall, 8% (1/13) of studies were rated on the RoB-2
with “some concerns” of risk in relation to bias [46], and 69%
(9/13) were rated as “high risk” of bias [38,39,41,42,45,48-51].
Missing outcome data were the most prevalent domain of
concern, followed by the measurement of outcomes resulting
from reliance on self-report measures. A total of 23% (3/13) of
non-RCTs were rated using the Downs and Black checklist [34].
Each study was given a total score based on performance across
5 domains (reporting; external validity; internal validity-bias;
internal validity-confounding; and power); each paper was
scored (yes=1; no or unable to determine=0). Moreover, 15%
(2/13) of studies were classified as overall fair quality [41,47]
and 8% (1/13) as poor quality [44], according to classifications
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of the total score used in other reviews [64,65]. Common areas
of weakness across 23% (3/13) of the studies assessed included
a lack of reporting of adverse events, lack of attempt to blind
participants or researchers, and not clearly reporting the intended

analysis in methods, a priori. The overall estimation of the
quality of evidence, based on the Grading of Recommendations
Assessment, Development, and Evaluation assessment, was
generally moderate (Multimedia Appendix 2).

Figure 3. Risk of bias assessment using the Cochrane risk of bias tool (version 2) [38-42,45,46,48-51].

A further RoB is study retention, which refers to the number of
participants who completed the research study compared with
those who discontinued the study or did not complete data
collection at ≥1 time points. The most consistent retention data
that could be collated across studies were the comparison of the
number of participants randomized to the intervention with the
number of participants who completed data collection at the
post–time point for the specified primary outcome measures.
The proportion of participants who completed postintervention
data collection varied from 29.3% to 88.9% across the included
studies, with an average of 63.6% completers across all studies
(Table 1). Few studies have reported reasons for participant
drop out, and the details of such reporting varied widely. In
addition, most studies did not explicitly report adherence to the
prescribed treatment. A study reported that although the reason
for failing to complete the intervention was not systematically
assessed, 9 participants emailed the coordinator and provided
a reason, including lack of time, technical problems with
software, or changed personal circumstances [45]. In relation
to publication bias, visual inspection of the funnel plot suggested
a largely symmetrical distribution, indicating a high likelihood
that this review has captured all relevant studies and presents a
low risk of publication bias for PWB (Multimedia Appendix
3). The Egger test of the intercept was not significant (intercept
–0.09, SE 0.566; P=.44). Using the trim-and-fill method by
Duval and Tweedie [66,67], only minor changes in values were
observed, further supporting a low risk of publication bias.

Discussion

Principal Findings
This study aimed to synthesize the published literature on the
effectiveness of digital mental health interventions for university
students, specifically in relation to PWB. Our systematic review
and meta-analysis found small to moderate effects on improving
PWB in university students following exposure to a digital
intervention. Beneficial effects remained when studies with a
wait-list control group were removed, indicating that the effects
of digital interventions remained robust in comparison with
active controls. It is notable that ACT was the most prevalent

theoretical framework underlying psychological interventions
in the included studies. A subgroup analysis of 7 ACT-based
interventions showed significant and small to moderate
improvements in PWB. ACT targets transdiagnostic processes,
such as the identification of values [68], which provide
developmentally salient therapeutic targets for university
students, while also accommodating heterogeneity in clinical
needs. ACT as a therapeutic modality also coherently aligns
with PWB as a key outcome, in addition to symptom alleviation
[69-71]. Given that past reviews have identified PWB and
flourishing as important mental health outcomes [17,18],
especially for university students [19], the findings of this review
provide further support for the development of digital
psychological interventions grounded in ACT.

Our review resolves prior conflicting findings on the
effectiveness of digital interventions for improving PWB in
university students [23,24] and extends this work by exclusively
focusing on PWB outcomes. Our findings partially align with
the systematic review by Lattie et al [23], which identified 8
studies examining PWB as an outcome from digital mental
health interventions for university students. The authors reported
that 1 non-RCT and 6 RCTs found significant improvements
using validated measures, whereas 1 study using qualitative
measures did not find meaningful improvement. Our findings
are in contrast with the meta-analysis conducted by Harrer et
al [24], which found nonsignificant effects of digital
interventions for university students on PWB across 4 RCTs.
The specific focus of our review on PWB provides support for
the capacity of digital interventions to meaningfully improve
this specific psychological construct for university students,
although these improvements were modest. Our review also
identified ACT-based approaches as the most common
therapeutic model used in the included studies, which also
resulted in small to modest effects on PWB.

The baseline mental health data from the included studies
indicated the presence of severe symptoms of mental ill-health
in university student populations. Other studies have previously
found that 20% to 31% of students experience a diagnoseable
mental disorder [7,8]. The studies included in this review
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measured symptomology, not diagnosable mental health
disorders, and found that depression symptoms in university
students were more severe than that of 86% to 94% of the
general population [39,42,44], anxiety symptoms were more
severe than that of 86% to 94% of the general population
[39,42,44], and stress symptoms more severe than that of 95%
to 96% [42] of the general population. It is promising that this
review found small to moderate and significant improvements
in PWB as a result of digital interventions, despite the severity
of symptoms. The recent COVID-19 pandemic is likely to place
additional stressors on university students and exacerbate
symptoms [72].

The COVID-19 global pandemic has had, and will continue to
have, far-reaching consequences on individual, societal, and
global functioning [73]. Although higher education rapidly
pivoted to web-based learning in Western countries to reduce
face-to-face contact and slow the spread of the virus [74], all
13 studies included in this review were conducted before the
pandemic. It was noted during the literature search that many
web-based psychological interventions were conducted for
university students in 2020 and 2021; however, these were often
excluded from this review because PWB was not an outcome.
We argue that PWB is of even greater importance during a
pandemic. The results of this review support the capacity of
digital psychological interventions to improve PWB for
university students; however, overall effect sizes were modest.
Future research could target innovation to enhance the
effectiveness of web-based interventions. Such innovation may
include developing a better understanding of the predisposing
and precipitating triggers of poor PWB among university
students. Further innovation may also include identifying the
active components of ACT approaches that address university
students’ needs and consider approaches to integrate digital
interventions within existing university-based care models.

Recent calls for the reform of university mental health services
[11] are warranted. Duffy et al [11] recently emphasized the
importance of integrated models of university-based mental
health care that met the spectrum of student psychological needs
[13] and embedded multidisciplinary mental health teams within
campus services. Such models would comprehensively provide
preventive and urgent treatment to high-risk populations that is
likely to result in both immediate relief and long-term
improvement in mental health trajectories [11]. In this review,
all included studies featured stand-alone interventions, meaning
they were not integrated with existing counseling or mental
health support services; however, some studies used such
services for recruitment purposes. For example, Levin et al [40]
approached students on wait-lists for university counseling
centers and provided a digital intervention while waiting for
face-to-face appointments, effectively filling a gap in clinical
need. In addition, Räsänen et al [50] reported that their
web-based ACT intervention was also available more broadly
in a Swedish university to 15,000 enrolled students in 2 formats:
a self-help offering and twice a year offering in a
coach-supported form. Firestone et al [47] concluded that such
digital interventions could be integrated with university
orientation programs in the future.

Strengths and Limitations
This review provides a stronger evidence base to support the
recommendations [11,13] for integrating effective digital
interventions with existing counseling and student support
services on university campuses, particularly when such
interventions are grounded in an ACT therapeutic modality.
This conclusion aligns with existing research that young adults
are likely to endorse blended models of psychological care [75].
Future interventions could also consider the timing of such
interventions; for example, before exams or during orientation
may be when mental health needs are particularly salient to
students. In addition, only 1 study included a 12-month
follow-up after the intervention [50], highlighting the need for
future research to ascertain whether the treatment effects of
digital interventions persist over time for university students.

There are several methodological concerns regarding the quality
of the available studies. Study retention is a commonly
recognized challenge for digital psychological interventions
[76,77], with a meta-analysis reporting dropouts from such
programs ranging from 2% to 83%, with a weighted average of
31% [78]. In this review, we calculated study retention based
on the proportion of participants who completed the
postintervention data compared with those randomized or
allocated to the intervention group. The proportion of completers
varied from 29.3% to 88.9% across the included studies, with
an average of 63.6% completing the digital intervention, similar
to completion rates reported in previous reviews [73]. Future
studies on digital interventions for university students should
systematically collect both treatment adherence and study
compliance data, accompanied by explicit reasons for drop out
or discontinuation of the treatment.

In addition, a group of researchers conducted 3 of the included
studies [39,40,49], potentially resulting in an undue influence
of a paradigm or researcher’s approach or style of intervention.
Given that 2 of these studies presented some of the strongest
effect sizes for PWB [40,49], it may be that the effect was the
result of something specific to this group’s implementation of
ACT. Alternatively, a significant, positive finding in 2
independent studies by the same group of researchers may also
increase confidence that results are less likely to have been a
chance finding, assuming that bias was carefully managed.
Further examination of ACT-based digital psychological
interventions across different university student populations
would clarify the effectiveness of these approaches. As
discussed, the fail-safe N and funnel plot analyses suggest that
there is a low risk of publication bias. Overall, the quality of
the studies was rated as moderate, with the most common
methodological issues potentially causing bias including failure
to report complete outcome data and issues with the
measurement of PWB. Future research should be strengthened
by reporting greater detail when describing intervention content
to facilitate an understanding of the mechanisms of change,
consideration of dosage effects, and an assessment of the
acceptability of such interventions.

Conclusions
Overall, the results of this systematic review and meta-analysis
indicate that digital psychological interventions are a promising
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area of research and clinical intervention for enhancing PWB
among university students. The most common therapeutic
modality for digital interventions was ACT, which theoretically
focuses on strengthening the individual’s capacity to lead a rich
and value-driven life, a goal which is consistent with PWB

outcomes. The effect sizes demonstrated significant
improvements in PWB for university students, albeit only
modestly. The findings of this review encourage the further
development of evidence-based digital interventions that target
PWB in vulnerable populations such as university students.
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Abstract

Background: American Academy of Sleep Medicine guidelines suggest that clinical prediction algorithms can be used to screen
patients with obstructive sleep apnea (OSA) without replacing polysomnography, the gold standard.

Objective: We aimed to identify, gather, and analyze existing machine learning approaches that are being used for disease
screening in adult patients with suspected OSA.

Methods: We searched the MEDLINE, Scopus, and ISI Web of Knowledge databases to evaluate the validity of different
machine learning techniques, with polysomnography as the gold standard outcome measure and used the Prediction Model Risk
of Bias Assessment Tool (Kleijnen Systematic Reviews Ltd) to assess risk of bias and applicability of each included study.

Results: Our search retrieved 5479 articles, of which 63 (1.15%) articles were included. We found 23 studies performing
diagnostic model development alone, 26 with added internal validation, and 14 applying the clinical prediction algorithm to an
independent sample (although not all reporting the most common discrimination metrics, sensitivity or specificity). Logistic
regression was applied in 35 studies, linear regression in 16, support vector machine in 9, neural networks in 8, decision trees in
6, and Bayesian networks in 4. Random forest, discriminant analysis, classification and regression tree, and nomogram were each
performed in 2 studies, whereas Pearson correlation, adaptive neuro-fuzzy inference system, artificial immune recognition system,
genetic algorithm, supersparse linear integer models, and k-nearest neighbors algorithm were each performed in 1 study. The
best area under the receiver operating curve was 0.98 (0.96-0.99) for age, waist circumference, Epworth Somnolence Scale score,
and oxygen saturation as predictors in a logistic regression.

Conclusions: Although high values were obtained, they still lacked external validation results in large cohorts and a standard
OSA criteria definition.

Trial Registration: PROSPERO CRD42021221339; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=221339

(J Med Internet Res 2022;24(9):e39452)   doi:10.2196/39452
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Introduction

Background
Obstructive sleep apnea (OSA) is a common sleep-related
breathing disorder characterized by recurrent episodes of partial
(hypopnea) or complete (apnea) upper airway obstruction,
repeated throughout sleep. Its prevalence varies significantly
according to how OSA is defined (methodology, criteria used
such as apnea index, apnea-hypopnea index [AHI], or respiratory
disturbance index and threshold definitions) and the population
being studied [1]. The study by Benjafield et al [2] estimated
that worldwide, 936 million adults aged 30 to 69 years have
OSA. Despite this high prevalence, many cases remain
undiagnosed and untreated, leading to a decrease in patients’
quality of life and an increased risk of adverse events, with a
high impact on morbidity and mortality [3]. Polysomnography
(PSG) is the gold standard test for diagnosing OSA [1].
However, performing PSG is costly, time-consuming, and
labor-intensive. Most sleep laboratories face long waiting lists
of patients, as PSG is neither a routine clinical practice nor an
absolute suitable screening tool [4]. Given these limitations, it
would be useful to develop a clinical prediction model that could
reliably identify the patients most likely to benefit from PSG,
that is, exclude OSA diagnosis when the probability is low,
establish a priori probability before considering PSG, and
prioritize patients in need of PSG according to the probability
of a positive result. This idea was backed up by the American
Academy of Sleep Medicine (AASM) in its latest guidelines
[1]. Clinical prediction models should be easy to use and easy
to calculate. The model must be based on the gold standard and
required to be validated, and when used for screening, its
purpose depends on whether the path leads to a rule-out or
rule-in approach. In the first case, we should have a
high-sensitivity model, omitting the need to perform PSG in
healthy patients. By contrast, if we chose a rule-in approach, a
high-specificity model is needed to select patients with a high
probability of having OSA, suitable for undergoing PSG.

Objective
Given these shortcomings, this systematic review aimed to
identify, gather, and analyze existing machine learning
approaches that are being used for disease screening in adult
patients with suspected OSA.

Methods

This systematic review was carried out according to a protocol
registered with PROSPERO (International Prospective Register
of Systematic Reviews; CRD42021221339).

Search Strategy and Selection Criteria
We searched all evidence available in the MEDLINE database
(PubMed) and in Scopus and ISI Web of Knowledge published
until June 2020 in English, French, Spanish, or Portuguese.
Specific queries were used (with a refresh in October 2021),
and a manual search was also performed by using the references
of the included studies and pertinent reviews on the topic. In
addition, contact with specialists in the field was made to check
whether all pertinent information was retrieved. Articles were

selected by 3 reviewers independently (blinded to each other’s
assessment) by applying the criteria to each title and abstract
and then assessed fully. Divergent opinions were resolved
through consensus. All processes were performed in Rayyan,
a web application and mobile app for systematic reviews [5].

Studies including adult patients with suspected OSA
(population) that assessed the accuracy of predictive models
using known symptoms and signs of OSA (exposure and
comparator) and had PSG as the gold standard (outcome) were
eligible as per the selection criteria.

Data Extraction
Once the articles were selected, data were extracted into a
prespecified Excel spreadsheet and included (1) article
information: title, author(s), publication date, country, and
journal and (2) methods: study design, setting, study period,
type of model, inclusion and exclusion criteria, participant
selection, sample size, clinical factors analyzed, diagnostic test
analyzed, and potential bias. For each type of model, specific
data extraction was created and fulfilled, as demonstrated in the
tables in further sections. We have ordered the identified studies
by the obtained article results: first, the articles that only
developed the algorithm; then the ones that internally validated
the algorithm; and finally, the ones that externally validated the
prediction algorithm. Within each subsection, we organized the
published works by year of publication. Any missing
information from the studies is reported in the Results section
by “—” (not available), and the best obtained predictive model
is marked in italic. Also, if the study applied different machine
learning approaches, the clinical factors analyzed, and the
discrimination measures are only described for the best obtained
model.

Risk of Bias
At 2 points in time, 1 reviewer assessed the risk of bias and
applicability by applying the Prediction Model Risk of Bias
Assessment Tool (PROBAST) to all the included studies. This
is specific for studies developing, validating, or updating
diagnostic prediction models. More details are available in the
study by Moons et al [6]. An important aspect needs to be
referred to, as this tool states that “if a prediction model was
developed without any external validation, and it was rated as
low risk of bias for all domains, consider downgrading to high
risk of bias. Such a model can only be considered as low risk
of bias if the development was based on a very large data set
and included some form of internal validation.” This means
that the included studies only performing model development
will be marked as high risk of bias. For those with internal
validation, the risk of bias will depend on the sample size based
on the number of events per variable (≥20 ratio between events
and variables in development studies and ≥100 participants with
OSA for model validation studies). In addition, studies that
randomly split a single data set into development and validation
are considered as internal validation.
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Results

Overview
We retrieved 6769 articles, 1290 being duplicates. From the
5479 articles, we kept 63 studies that fulfilled the inclusion
criteria, as shown in Figure 1.

The gold-standard examination—PSG—was performed in all
the articles assessed, with one also adding the diagnostic part
of the split-night exam [7]. The highest found age was 96 years
[8], with 54% (34/63) of studies presenting patients with ages
of >18 years. To be certain to include all OSA clinical prediction
algorithms, we kept the studies that only reported a mean age
and SD, with this value being >42, and SD varying between 6

and 16 years. In addition, 10% (6/63) of studies reported an age
group <18 years (>14 and >15 years in 2/6, 33% studies and
>16 and >17 in 4/6, 66% others, respectively). Regarding the
suspicion of OSA, this description was shown in 65% (41/63)
of studies, whereas 32% (20/63) introduced OSA suspicion and
any other sleep disorder. In addition, we have a study with
healthy patients and patients with suspected OSA [9] and another
that does not specifically state this; instead, the authors write
that patients already diagnosed with OSA were excluded from
the study. The frequency of occurrence of the various clinical
factors analyzed in more than 1 study is shown in Table 1.

There were disagreements between the reviewers in both phases,
with an overall concordance rate of 78% in the title and abstract
screening and 95% in the integral version.

Figure 1. Flow diagram of the study selection process.
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Table 1. The frequency of occurrence of the various clinical factors analyzed that appears more than once in all the included studies (n=63).

Frequency of occurrence, n (%)Clinical factors analyzed

37 (59)BMI

32 (51)Age

29 (46)Sex

25 (40)Neck circumference

14 (22)Snoring

10 (16)Epworth Somnolence Scale

8 (13)Witnessed apneas

8 (13)Waist circumference

7 (11)Breathing cessation

7 (11)Daytime sleepiness

7 (11)Hypertension

6 (10)Gasping

6 (10)Oxygen saturation

6 (10)Oxygen desaturation

5 (8)Blood pressure

5 (8)Smoking

5 (8)Tonsil size grading

4 (6)Modified Mallampati score

3 (5)Alcohol consumption

3 (5)Awakenings

3 (5)Diabetes

3 (5)Height

3 (5)Nocturia

3 (5)Restless sleep

3 (5)Weight

2 (3)Craniofacial abnormalities

2 (3)Driving sleepy

2 (3)Face width

2 (3)Friedman tongue score

2 (3)Snorting

Prediction Models Development
New prediction models were developed in 23 studies, as
presented and described in Table 2. The most common approach
was regression techniques, with logistic (6/23, 26%), linear
(6/23, 26%), logistic and linear (6/23, 26%), and logistic
regression compared with decision trees and support vector
machines (3/23, 13%). In addition, 4% (1/23) of articles
produced a Pearson correlation and another (1/23, 4%) produced
a decision tree. The oldest model was developed in 1991 and
included sex, age, BMI, and snoring whereas in 2020 the
predictive variables included besides these were height, weight,
waist size, hip size, neck circumference (NC), modified
Friedman score, daytime sleepiness, and Epworth Somnolence

Scale score. Only 13% (3/23) studies described the study design
and period, with 22% (5/23) being retrospective. Regarding
OSA definition by PSG, 4% (1/23) study did not report the
cutoff, while 17% (4/23) reported an AHI>10 and 17% (4/23)
more reported an AHI≥15. The largest sample size was 953,
and the smallest was 96 patients with suspected OSA. An overall
prevalence of OSA between 31% and 87% was stated, with 9%
(2/23) of studies presenting incorrect percentage values [10,11].
Regarding discrimination measures, although no validation was
performed, the best area under the receiver operating
characteristic curve (AUC), sensitivity, and specificity were
99%, 100%, and 95%, respectively. It should also be noted that
4% (1/23) has no mention of the best prediction model (not
marked in italic in Table 2).
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Table 2. Studies’ characteristics of prediction model development without internal or external validation with the best obtained model marked as italic
in the respective model column.

Specificity, %
(95% CI)

Sensitivity,
% (95% CI)

AUCb, %
(95% CI)

OSA
prevalence,
n (%)

Sample
size, n

OSAa definitionClinical factors
analyzed

Machine
learning
approach

Study de-
sign; study
period

Study

95 (—)28 (—)77 (73-82)190 (46)410AHId>10Sex, age, BMI,
and snoring

Logistic
regres-
sion

Prospective;

—c
Viner et al
[12], 1991

5 (—)20 (—)—51 (53)96AHI>15NCe, age, WAf,
daytime sleepi-

Logistic
regres-
sion

—Keenan et al
[13], 1993

ness, driving
sleepy, oxygen
desaturation,
and heart rate
frequency

63 (—)60 (—)—275 (46)594AHI>10Subjective im-
pression

Linear re-
gression

—Hoffstein et al
[14], 1993

———82 (46)175AHI>10NC, hyperten-
sion, snoring,

Logistic
and lin-

—; February
1990 to

Flemons et al
[15] 1994

and gasping or
choking

ear regres-
sion

September
1990

23 (—)96 (—)—226 (73)309RDIg>10Age, BMI, sex,
and total num-

Logistic
and linear

—; July
1993 to De-
cember 1994

Vaidya et al
[16], 1996

ber of symp-
toms

regres-
sion

———135 (54)250AHI≥15Sex, age, snor-
ing, WA, driv-

Logistic
and linear

Prospective;
—

Deegan et al
[11], 1996

ing sleepy, alco-regres-
sion hol consump-

tion, BMI, num-
ber of dips
≥4%, lowest
oxygen satura-
tion, and NC

31 (—)100 (—)—85 (57)150RDI>10BMI, lowest
oxygen satura-

Logistic
regres-
sion

Prospective;
August 1994
to February
1995

Pradhan et al
[17], 1996

tion, and bodily
pain score

————172RDI>20Modified Mal-
lampati class,

Linear re-
gression

Prospective;
—

Friedman et al
[18], 1999

tonsil size grad-
ing, and BMI

81 (—)89 (—)91 (—)36 (36)99AHI≥30BMI, WA, gly-
cosylated

Logistic
and linear

—Dixon et al
[19], 2003

hemoglobin,regres-
sion fasting plasma

insulin, sex, and
age

40 (—)97 (—)—175 (83)211RDI≥15BMI and snor-
ing severity
score

Pearson
correla-
tion

Prospective;
—

Morris et al
[10], 2008

———124 (65)192AHI>10Sex, waist-to-
hip ratio, BMI,
NC, and age

Logistic
regres-
sion

—Martinez-
Rivera et al
[20], 2008
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Specificity, %
(95% CI)

Sensitivity,
% (95% CI)

AUCb, %
(95% CI)

OSA
prevalence,
n (%)

Sample
size, n

OSAa definitionClinical factors
analyzed

Machine
learning
approach

Study de-
sign; study
period

Study

Female: 22
(—)

Female: 98
(—)

——622AHI>5Tonsil size
grading, uvula
size, dorsal
movement dur-
ing simulated
snoring, col-
lapse at tongue
level, BMI, and

ESSh score

Logistic
and lin-
ear regres-
sion

Retrospec-
tive; —

Herzog et al
[21], 2009

—98 (—)—83 (82)101AHI≥15BMI, NC, and
ESS score

Linear re-
gression

Retrospec-
tive; April
2006 to De-
cember 2007

Yeh et al [22],
2010

67 (64-69)40 (36-45)—297 (31)953AHI>30Mallampati
class IV

Linear re-
gression

Retrospec-
tive; January
2005 to July
2007

Hukins et al
[23], 2010

———229 (71)323AHI>5NC, WA, age,
BMI, and aller-
gic rhinitis

Logistic
and lin-
ear regres-
sion

—; Decem-
ber 2006 to
March 2007

Musman et al
[24], 2011

——80 (—)264 (77)342AHI≥5Age, BMI, sex,
and sleep apnea
symptom score

Logistic
regres-
sion

—; Novem-
ber 2005 to
January
2007

Sareli et al
[25], 2011

———394 (73)540AHI≥15Sex, age, pre-
overnight sys-
tolic blood pres-
sure, and pos-
tovernight sys-
tolic blood pres-
sure

Decision
tree

—Tseng et al
[26], 2012

————390AHI>5 and
symptoms

BMI, WCi, NC,
oxygen satura-
tion, and tonsil
size grading

Linear re-
gression

Retrospec-
tive; —

Sahin et al
[27], 2014

93 (—)98 (—)99 (—)394 (73)540AHI≥15Sex, age, and
blood pressure

Logistic
regres-
sion and
decision
trees

Prospective;
—

Ting et al
[28], 2014

28 (—)89 (—)76 (68-83)146 (73)200AHI≥10Face width and
cervicomental
angle

Logistic
regres-
sion and
classifica-
tion and
regres-
sion tree

—; 2011 to
2012

Sutherland et
al [29], 2016

58 (—)84 (—)80 (74-87)283 (87)325AHI≥5Sex, updated
Friedman
tongue position,
tonsil size grad-
ing, and BMI

Linear re-
gression

Retrospec-
tive; —

Lin et al [4],
2019

40 (27-54)83 (75-89)62 (54-69)114 (68)167AHI≥5Neck graspLogistic
regres-
sion

—Del Brutto et
al [30], 2020
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Specificity, %
(95% CI)

Sensitivity,
% (95% CI)

AUCb, %
(95% CI)

OSA
prevalence,
n (%)

Sample
size, n

OSAa definitionClinical factors
analyzed

Machine
learning
approach

Study de-
sign; study
period

Study

Male: 70 (—)Male: 86
(—)

Male: 61
(—)

357 (58)620—Height, weight,
WC, hip size,
BMI, age, neck
size, modified
Friedman score,
snoring, sex,
daytime sleepi-
ness, and ESS
score

Logistic
regres-
sion and
support
vector
machine

—Haberfeld et al
[8], 2020

aOSA: obstructive sleep apnea.
bAUC: area under receiver operating characteristic curve.
cNot available.
dAHI: apnea-hypopnea index.
eNC: neck circumference.
fWA: witnessed apnea.
gRDI: respiratory disturbance index.
hESS: Epworth somnolence scale.
iWC: waist circumference.

As stated in the Methods section, given that all these models
only performed development with in-sample validation metrics,
they were all considered at high risk of bias in the Analysis
domain (Table 3). Concerning the Outcome domain, most
studies were marked as high risk, as most of them did not have
a prespecified or standard outcome definition. In addition,
although some were marked as high risk and one as unclear,
most included studies were at low risk of bias regarding the
Predictors domain, showing that most of the studies did not

include predictors after performing PSG. Most studies (15/23,
65%) were identified as unclear for the Participants domain, as
almost all studies did not state study design or exclusion criteria.
Assessing the applicability aspect of PROBAST, all studies
(23/23, 100%) were at low risk of bias for the Participants
domain (all studies included patients with suspected OSA), but
several were at high risk of applicability for the Outcome
domain (OSA definition is not in concordance with current OSA
guidelines).
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Table 3. Prediction Model Risk of Bias Assessment Tool (PROBAST) for prediction model development without internal or external validation.

OverallApplicabilityRisk of biasStudy

ApplicabilityRisk of biasOutcomePredictorsParticipantsAnalysisOutcomePredictorsParticipants

cbaViner et al [12], 1991

Keenan et al [13],
1993

Hoffstein et al [14],
1993

Flemons et al [15],
1994

Vaidya et al [16],
1996

Deegan et al [11],
1996

Pradhan et al [17],
1996

Friedman et al [18],
1999

Dixon et al [19], 2003

Morris et al [10], 2008

Martinez-Rivera et al
[20], 2008

Herzog et al [21],
2009

Yeh et al [22], 2010

Hukins [23], 2010

Musman et al [24],
2011

Sareli et al [25], 2011

Tseng et al [26], 2012

Sahin et al [27], 2014

Ting et al [28], 2014

Sutherland et al [29],
2016

Lin et al [4], 2019

Del Brutto et al [30],
2020

Haberfeld et al [8],
2020

aIndicates an unclear risk of bias or concerns regarding applicability.
bIndicates a low risk of bias or concerns regarding applicability.
cIndicates a high risk of bias or concerns regarding applicability.
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Development of Prediction Models With Internal
Validation
For purposes of internal validation, we considered studies that
performed cross-validation (11/26, 42%), used bootstrapping
techniques (4/26, 15%), or used split-data (14/26, 54%) as
previously mentioned in the Methods section. The smallest
sample size was 83 participants and the highest was 6399, with
both presenting validation results for cross-validation. Regarding
OSA prevalence, a study had no mention, and another
demonstrated an incorrect value [31], whereas others had the
lowest value at 30% and the highest at 90%. Different machine
learning approaches were used, with the most common being
support vector machines (4/26, 15%), followed by logistic
regression (3/26, 12%). Moreover, 38% (10/26) of studies
described the study type and period, with retrospective design
being the most common.

In addition, Table 4 shows different OSA definitions, with 8%
(2/26) of studies not reporting cutoff values and the most
common definition being AHI≥5 (8/26, 31%), followed by
AHI≥15 (5/26, 19%). It should be noted that although the studies

indicated that some types of internal validation were performed,
some did not present results (10/26, 38%).

Regarding discrimination measures for internal validation, the
best AUC, sensitivity, and specificity were 97%, 99%, and 97%,
respectively. The model with the best AUC included predictive
variables collected from PSG, such as the arousal index, and
was also the model with the best specificity. The best sensitivity
value was obtained for the neural network model with 19
predictive variables included. A total of 4 studies reported a
clinical cutoff, which allows potential clinical threshold
importance, with 50% reported in 2 studies and 32% in the other
two.

In contrast to Table 3, Table 5 demonstrated that although
internal validation was performed, only 8% (2/26) of studies
had a low risk of bias in the Analysis domain, the reason being
not presenting the relevant calibration or discrimination
measures, such as AUC, and using only P values to select
predictors. Furthermore, in the Participants domain applicability,
8% (2/26) of studies were marked as having a high risk of
applicability, as they did not select only patients with suspected
OSA.
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Table 4. Studies’ characteristics of prediction model development with internal validation. If the study applied different machine learning approaches,
the clinical factors analyzed and the discrimination measures are only described for the best obtained model, marked as italic in the respective model
column.

Specifici-
ty, %
(95% CI)

Sensitivity,
% (95%
CI)

AUCb, %
(95% CI)

OSA preva-
lence, n (%)

Sample
size, n

OSAa defi-
nition

Clinical factors
analyzed

Machine learn-
ing approach

Study design;
study period

Study

67 (—)61 (—)—13 (30)D1
e=43;

D2=53
AId>5Breathing cessa-

tion, adenoidec-
tomy, BMI, and
gasping

Discriminant
analysis

—cKapuniai et
al [9], 1988

80 (70-
90)

99 (97-
100)

94 (—)281 (69)D1=255;
D2=150

AHIh≥10Age, sex, fre-
quent awaken-
ing, experi-

Neural networkRetrospective;
—

Kirby et al
[32], 1999

enced choking,

WAf, observed
choking, day-
time sleepiness,

ESSg, hyperten-
sion, alcohol
consumption,
smoking,
height, weight,
BMI, blood
pressure, tonsil-
lar enlargement,
soft-palate en-
largement,
crowding of the
oral pharynx,
and sum of the
clinical scores
for the binary
categorical val-
ues

——71 (—)k201 (84)D1=120;

D2=119j

AHI≥5Mallampati
score, thyromen-

tal angle, NCi,

Discriminant
analysis

Prospective;
January 1999 to
December 1999

Lam et al
[33], 2005

BMI, age, and
thyromental dis-
tance

83 (—)94 (—)97 (95-99)k115 (56)D1=150;
D2=57

AHI≥10NC, sex, desatu-
ration, ESS
score, and dis-

Logistic regres-
sion

—Julià-Serdà
et al [34],
2006

tance between
the gonion and
the gnathion

97 (—)92 (—)97 (—)58 (70)D1=41;

D2=42j

AHI>5Arousals index,
AHI, minimum
oxygen satura-

Decision tree,
neural network,
21 adaptive

Prospective; —Polat et al
[35], 2008

tion value inneuro-fuzzy in-

stage REMl,ference system,
and artificial and percentage
immune recogni-
tion system

of sleep time in
stage of oxygen
saturations inter-
vals bigger than
89%

94 (—)43 (—)—491 (87)566jAHI≥5Oxygen desatu-
ration index

Support vector
machine

—; January
2004 to Decem-
ber 2005

Chen et al
[31], 2008

J Med Internet Res 2022 | vol. 24 | iss. 9 | e39452 | p.313https://www.jmir.org/2022/9/e39452
(page number not for citation purposes)

Ferreira-Santos et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Specifici-
ty, %
(95% CI)

Sensitivity,
% (95%
CI)

AUCb, %
(95% CI)

OSA preva-
lence, n (%)

Sample
size, n

OSAa defi-
nition

Clinical factors
analyzed

Machine learn-
ing approach

Study design;
study period

Study

70 (—)k85 (—)k87 (—)k114 (63)180jAHI≥10Face width, eye
width,
mandibular
length, WA,
and modified
Mallampati
class

Logistic regres-
sion and classifi-
cation and re-
gression tree

Prospective; —Lee et al
[36], 2009

92 (—)85 (—)89 (81-97)139 (72)D1=96;
D2=97

AHI≥5Index 1 (snor-
ing, breathing
cessation, snort-
ing, gasping),
and nasal flow

RDIm

Logistic regres-
sion

—; July 2006 to
November 2007

Rofail et al
[37], 2010

90 (—)90 (—)95 (—)k307 (86)Dj=355;

D2=100j

RDI≥30Desaturation
3%

Logistic regres-
sion

Retrospective;
—

Chen et al
[38], 2011

———120 (60)201qAHI≥30Age, NC, BMI,

FEF50/FIF50n,

COHB%o,
smoking,

FeNO
p, and inter-

action smoking
and FeNO

Linear regres-
sion

Prospective;
January 2004 to
December 2005

Bucca et al
[39], 2011

73 (—)k70 (—)k78 (61-80)k2130 (79)D1=538;
D2=2152

AHI≥15NC, sleepiness
severity, BMI,
and sex

Linear regres-
sion

Prospective;
October 2000 to
December 2006

Bouloukaki
et al [40],
2011

95 (—)82 (—)—53 (48)D1=67;
D2=43

AHI≥15Demographic
data, ESS, sys-
temic diseases,
snoring, and co-
morbidities

Logistic regres-
sion and genetic
algorithm

—; February
2009 to June
2009

Sun et al
[41], 2011

87 (66-

97)k
99 (92-

100)k
93 (85-97)k68 (75)91qAHI≥5Age, weight,

sex, height, NC,
hypertension,
daytime sleepi-
ness, difficulty
falling asleep,
snoring, breath-
ing cessation,
restless sleep,
and gasping

Neural networkProspective;
October 2010 to
September 2011

Laporta et
al [42],
2012

90 (87-

94)k
88 (85-90)k——D1=188;

D2=188;
D3=189

AHI≥15Oxygen desatu-
ration index,
ESS, or BMI

Support vector
machine

Retrospective;
January 2005 to
December 2006

Hang et al
[43], 2013

D1: 93
(—); D2:

90 (—)k

D1: 87
(—); D2:

91 (—)k

D1: 96 (—)k;

D2: 95 (—)k

285 (46)1156jAHI>30Oxygen desatu-
ration index

Support vector
machine

—; January
2004 to Decem-
ber 2005

Hang et al
[44], 2015

23 (—)64 (—)79 (—)1478 (77)1922jAHI>5Age, sex, BMI,
diabetes, hyper-
tension, and
smoking

Logistic regres-
sion, super-
sparse linear
integer models,
decision tree,
and support
vector machines

—; January
2009 to June
2013

Ustun et al
[7], 2016
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Specifici-
ty, %
(95% CI)

Sensitivity,
% (95%
CI)

AUCb, %
(95% CI)

OSA preva-
lence, n (%)

Sample
size, n

OSAa defi-
nition

Clinical factors
analyzed

Machine learn-
ing approach

Study design;
study period

Study

85 (—)86 (—)73 (—)304 (90)338jAHI≥5Sex, age, BMI,
NC, and smok-
ing

Logistic regres-
sion, Bayesian
network, deci-
sion tree, ran-
dom forest, and
neural network

Retrospective;
January 2014 to
August 2015

Bozkurt et
al [45],
2017

48 (44-
51)

81 (79-83)76 (73-78)128 (66)194jAHI≥5Sex, NC, CFAr,
WA, nocturia,
alcohol con-
sumption, ESS,
concentration
decrease, atrial
fibrillation,
stroke, myocar-
dial infarction,
driver, and day-
time sleepiness

Bayesian net-
work

Retrospective;
January 2015 to
May 2015

Ferreira-
Santos
[46], 2017

Female:
86 (82-
90)

Female: 83
(75-91)

Female: 90
(87-94)

3866 (60)6399jAHI≥15WCs, NC, BMI,
and age

Support vector
machine

—; October
2005 to April
2014 and Octo-
ber 2013 to
September 2014

Liu et al
[47], 2017

81 (—)67 (—)—208 (62)D1=239;
D2=99

—WC, snoring,
sex, sleep ap-
nea, ESS score,
and NC

Logistic regres-
sion and deci-
sion tree

—; 2012 to
2016

Manoochehri
et al [48],
2018

85 (—)k71 (—)k—154 (62)D1=176;
D2=74

—Age, sex, BMI,
NC, WC, tea
consumption,
smoking, hyper-
tension, chronic
headache, heart
disease, respira-
tory disease,
neurological
disease, and dia-
betes

Logistic regres-
sion and sup-
port vector ma-
chine

—; 2012 to
2015

Manoochehri
et al [49],
2018

76 (72-

80)k
77 (76-79)k84 (83-86)3387 (81)4162qAHI>5Age, sex, glu-

cose,
apolipoprotein
B, insulin, BMI,
NC, and WC

Nomogram—; 2007 to
2016

Xu et al
[50], 2019

24 (20-
27)

90 (88-92)64 (61-66)128 (66)194jAHI≥5Sex, WA, age,
nocturia, CFA,
and NC

Bayesian net-
work

Retrospective;
January 2015 to
May 2015

Ferreira-
Santos et al
[51], 2019

53 (—)86 (—)75 (—)152 (66)231jAHI>15Snoring, noc-
turia, awaken-
ing owing to the
sound of snor-
ing, snoring,
back pain, rest-
less sleep, BMI,
and WA

Logistic regres-
sion, Bayesian
network, neural
network, k-
nearest neigh-
bors, support
vector machine,
and random for-
est

Retrospective;
February 2013
to December
2017

Keshavarz
et al [52],
2020

87 (79-

93)k
69 (63-75)k83 (76-90)342 (71)D1=338;

D2=144q

AHI≥5Age, sex, snor-
ing, type 2 dia-
betes mellitus,
NC, and BMI

NomogramRetrospective;
September 2015
to January 2020

Chen et al
[53], 2021
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Specifici-
ty, %
(95% CI)

Sensitivity,
% (95%
CI)

AUCb, %
(95% CI)

OSA preva-
lence, n (%)

Sample
size, n

OSAa defi-
nition

Clinical factors
analyzed

Machine learn-
ing approach

Study design;
study period

Study

77 (—)k73 (—)k82 (—)2539 (73)D1=2446;
D2=1049

AHI≥15Sex, age, and
BMI

Logistic regres-
sion, support
vector machine,
and neural net-
work

—; December
2011 to August
2018

Hsu et al
[54], 2021

aOSA: obstructive sleep apnea.
bAUC: area under receiver operating characteristic curve.
cNot available.
dAI: apnea index.
eD1, D2, and D3: data set.
fWA: witnessed apnea.
gESS: Epworth somnolence scale.
hAHI: apnea-hypopnea index.
iNC: neck circumference.
jcross-validation.
kInternal derivation results.
lREM: rapid eye movement.
mRDI: respiratory disturbance index.
nFEF50/FIF50: forced midexpiratory/midinspiratory airflow ratio.
oCOHB%: carboxyhemoglobin percent saturation.
pFeNO: exhaled nitric oxide.
qBootstrapping.
rCFA: craniofacial and upper airway.
sWC: waist circumference.
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Table 5. Prediction Model Risk of Bias Assessment Tool (PROBAST) for prediction model development with internal validation.

OverallApplicabilityRisk of biasStudy

ApplicabilityRisk of biasOutcomePredictorsParticipantsAnalysisOutcomePredictorsParticipants

baKapuniai et al [9],
1988

cKirby et al [32], 1999

Lam et al [33], 2005

Julià-Serdà et al [34],
2006

Polat et al [35], 2008

Chen et al [31], 2008

Lee et al [36], 2009

Rofail et al [37], 2010

Chen et al [38], 2010

Bucca et al [39], 2010

Bouloukaki et al [40],
2011

Sun et al [41], 2011

Laporta et al [42],
2012

Hang et al [43], 2015

Hang et al [44], 2015

Ustun et al [7], 2016

Bozkurt et al [45],
2017

Ferreira-Santos et al
[46], 2017

Liu et al [47], 2017

Manoochehri et al
[48], 2018

Manoochehri et al
[49], 2018

Xu et al [50], 2019

Ferreira-Santos et al
[51], 2019

Keshavarz et al [52],
2020

Chen et al [53], 2021

Hsu et al [54], 2021

aIndicates an unclear risk of bias or concerns regarding applicability.
bIndicates a high risk of bias or concerns regarding applicability.
cIndicates a low risk of bias or concerns regarding applicability.
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Development of Prediction Models With External
Validation
A total of 12 studies performed external validation, as described
in Table 6, with 9 (75%) of them choosing logistic regression
for the machine learning approach. The other 25% (3/12) elected
linear regression, neural networks, or both. Regarding the study
design, 3 (25%) studies elected a prospective design for testing
and validation and 8% (1/12) of studies for only validation.
Similar to the studies that only performed internal validation,
the lowest OSA prevalence was 30%, and the highest was 93%,
with a sample size varying between 169 and 3432 participants
with suspected OSA. The best discriminatory model was logistic
regression; it included age, waist circumference, ESS, and
minimum oxygen saturation, with an AUC of 0.98 (0.96-0.99),
for an OSA definition of AHI≥5. The higher reached sensitivity
(100%) was also for a logistic regression but for a cutoff of
AHI≥15, including specific respiratory conductance and daytime
arterial oxygen saturation. The study also presented a clinical

cutoff of 50%. Concerning specificity, the value of 94% was
the highest for an AI>10, with self-reporting apneas, NC index,
age, and tendency to fall asleep unintentionally as predictive
variables.

As shown in Table 7, which aggregates information from the
test and validation data sets, most studies were marked as
unclear risk of bias in the Participants domain, as the studies
referred to the study design for the test population but not for
the validation data set. In addition, only 17% (2/12) of studies
had a high risk of bias for the Predictors domain, given that the
predictors could take time to be assessed or collected. Regarding
the Analysis domain, half (6/12, 50%) of the studies were
marked as having a low risk of bias, with 33% (4/12) of studies
not presenting adequate performance metrics. The applicability
in the Predictors domain is unclear in 8% (1/12) of studies, as
we cannot assess whether the predictors are available in primary
health care.
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Table 6. Studies’ characteristics of prediction model development with external validation. If the study applied different machine learning approaches,
the clinical factors analyzed and the discrimination measures are only described for the best obtained model, marked as italic in the respective model
column.

Specificity,
% (95% CI)

Sensitivity,
% (95% CI)

AUCb, %
(95% CI)

OSA preva-
lence, n (%)

Sample
size, n

OSAa defi-
nition

Clinical factors
analyzed

Machine
learning ap-
proach

Study design;
study period

Study

51 (—)92 (—)—62 (30)Te=100;

Vf=105

AHId>15Age, breathing
cessation, BMI,
and hyperten-
sion

Logistic re-
gression

—c; October
1986 to May
1988

Crocker et al
[55], 1990

V1=25 (—);
V2=94 (—)

V1=88 (—);
V2=32 (—)

——t=86;
V1=50;
V2=105

AIi>10 and
symptoms

WAg, NCh in-
dex, age, day-
time and sleepi-
ness

Logistic re-
gression

—Pillar et al
[56], 1992

——79 (—)k760 (89)t=658;
V=193

RDIj≥10BMI, age, sex,
index 1 (snor-
ing, breathing

Logistic re-
gression

—Maislin et al
[57], 1995

cessation, snort-
ing, and gasp-
ing), and BMI
index 1

100 (92-

100)k
98 (95-99)k100 (—)k254 (85)t=30;

V=300l,

m

RDI≥5Palatal height,
maxillary inter-
molar distance,
mandibular in-

Linear regres-
sion

Prospective; 6
months (V)

Kushida et al
[58], 1997

termolar dis-
tance, overjet,
BMI, and NC

65 (50-78)k95 (90-98)k96 (93-96)182 (68)t=189l;
V=80

AHI>10Breathing cessa-
tion, restless
sleep, decreased

Neural net-
work and lin-
ear regres-
sion

Retrospective
(T) and
prospective
(V); Novem-
ber 1995 to

El-Solh et al
[59], 1999

libido, disturbs
bed partner,

December
1996

daytime sleepi-
ness, restless
legs, BMI, NC,
age, gasping,
snoring, and
blood pressure

84 (—)100 (—)—147 (55)t=168;
V=101

AHI≥15Specific respira-
tory conduc-
tance and day-

Logistic re-
gression

Retrospective
(T) and
prospective
(V); —

Zerah-Lancner
et al [60],
2000

time arterial
oxygen satura-
tion

——79 (—)569 (53)t=837;
V=243

AHI≥5Age, sex, BMI,
and breathing
cessation

Logistic re-
gression

Prospective;
February 2001
to April 2003

Rodsutti et al
[61], 2004

45 (—)78 (—)69 (—)k77 (66)t=117;
V=52

AHI≥20Sex, age, NC,
and frequent
awakening with

Logistic re-
gression

—; December
2005 to De-
cember 2007

Khoo et al
[62], 2011

unrefreshing
sleep

and March
2008 to June
2008

86 (79-91)94 (92-96)98 (96-99)2451 (87)t=2052;
V=784

AHI≥5Age, WCn,

ESSo, and mini-

Logistic re-
gression

Retrospective;
January 2007
to July 2011

Zou et al [63],
2013

mum oxygen
saturation

———140 (70)t=201;
V=15

AHI≥10Sex, age, BMI,
and snoring

Neural net-
work

Retrospective;
—

Karamanli et
al [64], 2016
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Specificity,
% (95% CI)

Sensitivity,
% (95% CI)

AUCb, %
(95% CI)

OSA preva-
lence, n (%)

Sample
size, n

OSAa defi-
nition

Clinical factors
analyzed

Machine
learning ap-
proach

Study design;
study period

Study

26 (18-35)93 (89-96)75 (—)k826 (93)t=892;
V=374

AHI≥15Sex, choking or
apnea, blood
pressure, NC,
WC, and BMI

Logistic re-
gression

Prospective;
June 2018 to
June 2020

Tawaranurak
et al [65],
2020

76 (—)78 (—)84 (—)—t=2516;
V=916

AHI≥5Age, sex, BMI,
hypertension,
Berlin question-
naire score, and
tonsil grade

Logistic re-
gression

—; January
2011 to De-
cember 2018

Park et al [66],
2021

aOSA: obstructive sleep apnea.
bAUC: area under receiver operating characteristic curve.
cNot available.
dAHI: apnea-hypopnea index.
eT: test data set.
fV: validation data set.
gWA: witnessed apnea.
hNC: neck circumference.
iAI: apnea index.
jRDI: respiratory disturbance index.
kInternal derivation results.
lCross-validation.
mBootstrapping.
nWC: waist circumference.
oESS: Epworth Somnolence Scale.
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Table 7. Prediction Model Risk of Bias Assessment Tool (PROBAST) for prediction model development with external validation.

OverallApplicabilityRisk of biasStudy

ApplicabilityRisk of biasOutcomePredictorsParticipantsAnalysisOutcomePredictorsParticipants

cbaCrocker et al [55],
1990

Pillar et al [56], 1994

Maislin et al [57],
1995

Kushida et al [58],
1997

El-Solh et al [59],
1999

Zerah-Lancner et al
[60] 2000

Rodsutti et al [61],
2003

Khoo et al [62], 2011

Zou et al [63], 2013

Karamanli et al [64],
2016

Tawaranurak et al
[65], 2021

Park et al [66], 2021

aIndicates an unclear risk of bias or concerns regarding applicability.
bIndicates a low risk of bias or concerns regarding applicability.
cIndicates a high risk of bias or concerns regarding applicability.

Prediction Models With External Validation
A total of 2 studies [67,68], one in 2000 and another in 2006,
performed the external validation of 5 prediction models. The
first was a prospective study that evaluated 4 clinical prediction
models [12,15,55,57] for predicting the presence of OSA
(AHI≥10). They included 370 patients with suspected OSA who
underwent PSG between July 1996 and October 1997. The
achieved prevalence of OSA was 67%, and the results are shown
in Figure 1 and Table 4 of the original article [67]. The highest
AUC, sensitivity, and specificity reached were 74%, 96%, and
54%, respectively. The second study used 80 patients with
suspected OSA to evaluate the model described in the study by
Kushida et al [58]. The objective was to evaluate the clinical
applicability and define a clinical cutoff to differentiate OSA
severities. Although the authors stated that the clinical
applicability exists, they could not define a threshold for clinical
use, and they did not present any discrimination measures.

The study of Flemons et al [15], in addition to producing a new
prediction model, also applied the 2 equations from studies by
Crocker et al [55] and Viner et al [12] to the obtained data set.
Although no actual values were presented, the authors stated
that the AUCs were very similar.

Furthermore, the study by Flemons et al [15] was externally
validated by Khoo et al [62], with 52 patients with suspected

OSA, reaching an AUC of 69%. If a clinical threshold of 60%
is defined, the model in this independent sample reached 78%
sensitivity and 45% specificity.

Discussion

Principal Findings
The AASM guidelines [1] explicitly state that “clinical
prediction algorithms may be used in sleep clinic patients with
suspected OSA but are not necessary to substitute the need for
PSG,” whereas “in non-sleep clinic settings, these tools may
be more helpful to identify patients who are at increased risk
for OSA.” The evaluation of these tools in a nonsleep clinic
setting was not tackled by AASM experts, as it was beyond the
guideline scope. Therefore, our work aimed to answer this
question by complementing step 1 in the clinical algorithm
developed for clinical suspicion of OSA using clinical prediction
algorithms in a nonsleep setting. With this, we hope to estimate
the probability that OSA is present in a population with
suspected OSA that is not yet diagnosed by aggregating
information from multivariable prediction models, stating the
ones that are best at rule out and rule in.

As such, the studies that only developed a model are the ones
that need to gather evidence on whether the model would be
helpful to put into clinical practice (high overfitting). To do so,
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it is needed to validate the model in a new population data set.
One way to do this is by splitting the data set or performing a
validity assessment using different techniques, such as
cross-validation or bootstrapping, or even better, by applying
the algorithm to an independent sample.

Of the 63 included studies, only 14 (22%) performed both
development and external validation or only external validation
of the algorithm. Most selected studies only developed 36%
(23/63) or developed and internally validated 41% (26/63) of
prediction models.

The study by Zerah-Lancner et al [60] emerged as the best at
rule-out OSA, described a sensitivity value of 100% for an OSA
definition of AHI≥15. The predictive variables included were
respiratory conductance and oxygen saturation, chosen from an
external population of 101 participants. The best at rule-in OSA
was the study by Pillar et al [56]; for a validation population of
155 participants, it demonstrated a specificity of 94% for an
AI≥10 symptoms, with witnessed apneas, NC, age, and falling
asleep easily as predictive variables. Both studies used logistic
regression as the machine learning approach. The study by
Kushida et al [58] reached maximum specificity, but the authors
did not describe whether the obtained results were for testing
or external validation, in a 300-participant validation data set.
These 2 best models [56,60] were developed and validated in
2000 and 1992, respectively, and presented a high risk of bias
and applicability, with none of the studies providing the
discriminatory power of the model or metric CIs.

The most recent study by Park et al [66], performed in 2021
with a validation data set of 916 participants (largest sample),
only reached values of 78% and 76% for sensitivity and
specificity, respectively, when compared with the 2 previous
best models. This was also a logistic regression, electing BMI,
age, sex, Berlin questionnaire score, and tonsil grade as the
clinical factors for an OSA definition of AHI≥5. Although this
study continued to lack the reporting of study design or
prevalence of OSA, it presented a low risk of bias and
applicability. But it only included Asian patients, so it cannot
be race generalized, as the authors mention.

Strengths and Limitations
It is important to consider some of the limitations and strengths
of our methods and those of the included clinical studies.
Although we cannot be sure that we retrieved all published
literature, we are confident that our methodology is adequate.
Risk was minimized by performing the search in 3 search
engines (1 related to health sciences and 2 others with broader
spectrums) and in 2 periods.

The PROBAST demonstrated that we face a high risk of bias
and applicability, even when only assessing external validation
results. Almost all the studies do not report the study design,

which can raise problems in generating absolute probabilities
or even in terms of inappropriately including or excluding
participants. In addition, the definition and measurement of
predictors and their association with the outcome were high in
the 2 studies, as some of the predictors were not available when
the model was intended to be used. Although all outcome
definitions were based on PSG, some did not report how the
measure was calculated or selected different cutoff values than
the ones described in the guidelines. While all studies used
appropriate statistical analysis, some lacked a reasonable number
of participants with the outcome, in the test or validation data
sets. Information regarding exclusion criteria or handling of
missing data was not described, and most studies selected
predictors based on univariable analysis. Besides all participants
who underwent the gold standard exam, some did not have
suspected OSA as the only inclusion criterion.

Different approaches have been followed since 1988 with the
aim of predicting whether OSA is present in an individual,
contributing to unlocking the bottleneck of in-hospital screening
or diagnosis. However, assessing the bias or applicability of
these approaches is not an easy task, with only 3 studies
presenting an overall low risk of bias and applicability
[63,65,66]. Furthermore, common missing points need to be
pointed out are (1) most studies did not report the study design
or period; (2) OSA definition differed within time, guidelines,
and studies; (3) OSA prevalence varied from 30% to 93%, with
some studies not describing the proportion; (4) needed measures
to assess diagnostic value such as sensitivity, specificity, and
AUC are not reported, and when reported, did not present CIs;
and (5) some studies only create the predictive model and others
add the validation task, but external validation is still lacking
in all the studies.

Regarding the chosen machine learning approaches, the most
common was logistic regression (35/63, 56%), followed by
linear regression (16/63, 25%), support vector machine (9/63,
14%), neural networks (8/63, 13%), decision trees (8/63, 13%),
Bayesian networks (4/63, 6%), random forest (2/63, 3%),
discriminant analysis (2/63, 3%), classification and regression
tree (2/63, 3%), nomogram (2/63, 3%), Pearson correlation
(1/63, 2%), adaptive neuro-fuzzy inference system (1/63, 2%),
artificial immune recognition system (1/63, 2%), genetic
algorithm (1/63, 2%), supersparse linear integer models (1/63,
2%), and the k-nearest neighbors algorithm (1/63, 2%).

Conclusions
In summary, this review provides an extensive, comprehensive,
and up-to-date synthesis of diagnostic models in OSA. It is
possible to predict OSA by only taking into consideration simple
and available predictors such as BMI, age, sex, or NC as well
as by reaching high levels of sensitivity or specificity, depending
on whether we want to elect a rule-out or rule-in approach.
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Abstract

Physicians have been taking the Hippocratic Oath for centuries. The Oath contains a set of ethical rules designed to guide physicians
through their profession; it articulates a set of true north principles that govern the practice of medicine. The Hippocratic Oath
has undergone several revisions, most notably in 1948 by the World Medical Association. However, in an era of rapid change in
medicine, we believe it is time to update the Oath with modest but meaningful additions so that it optimally reflects 21st century
health care. The rise of digital health has dramatically changed the practice of medicine in a way that could not have been easily
predicted at the time Hippocrates outlined his ethical principles of medicine. Digital health is a broad term that encompasses use
of digital devices and platforms, including electronic health records, patient-provider portals, mobile health apps, wearable
biosensors, artificial intelligence, social media platforms, and medical extended reality, to improve the process and outcomes of
health care delivery. These technologies have driven a cultural transformation in the delivery of care. We offer modest suggestions
to help prompt discussion and contemplation about the current Oath and its relevancy to our changing times. Our suggestions are
not meant to be a definitive set of final recommendations. Rather, we propose new text that bodies such as the World Medical
Association might consider integrating into an updated Oath, just as previous changes were adopted to ensure the Oath remains
relevant and impactful for all physicians and their patients.

(J Med Internet Res 2022;24(9):e39177)   doi:10.2196/39177
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A Brief History of the Hippocratic Oath

Physicians have been taking the Hippocratic Oath for centuries
[1]. The Oath contains a set of ethical rules designed to guide
physicians through their profession; it articulates a set of true
north principles that govern the practice of medicine.

Although there are no explicit penalties enforced upon
physicians who break the Oath, adherence with its principles
remains a time-honored tradition by practicing clinicians. The
original Hippocratic Oath describes ideals that are timely and
relevant even in the 21st century: to treat patients to the best of
one’s ability; to preserve a patient’s privacy; and to faithfully
teach the art of medicine to the next generation [2].

Most physicians believe the Oath still has relevance today,
although viewpoints remain varied and there are few empirical

studies that have formally evaluated sentiment about the Oath.
In a non–peer-reviewed survey conducted in 2016, Medscape
reported opinions about the modern relevance of Hippocrates’
pledge [3]. Nearly 3000 physicians and medical students
responded. Reactions were markedly different, particularly when
stratified by age. Of those under age 34 years, only 39% said
the Oath was still meaningful, whereas 70% of respondents
aged 65 years and older positively endorsed the pledge. Despite
these varying views about the Oath, coupled with limited
peer-reviewed data on this topic, most medical schools still ask
their students to recite either the classic or modified form of the
Oath.

The Hippocratic Oath has undergone several revisions, most
notably in 1948 by the World Medical Association; this version
is called the Declaration of Geneva [4]. Changes included
removing lines such as “My colleagues will be my sisters and
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brothers” and added lines such as “I will respect the autonomy
and dignity of my patient.” However, in an era of rapid change
in medicine, we believe it is time to update the Oath with modest
but meaningful additions so that it optimally reflects 21st century
health care.

Why a Revised Hippocratic Oath Is
Warranted in the Era of Digital Health

The rise of digital health has dramatically changed the practice
of medicine in a way that could not have been easily predicted
at the time Hippocrates outlined his ethical principles of
medicine. Digital health is a broad term that encompasses use
of digital devices and platforms, including electronic health
records, patient-provider portals, mobile health apps, wearable
biosensors, artificial intelligence (AI), social media platforms,
and medical extended reality, to improve the process and
outcomes of health care delivery. These technologies have
driven a cultural transformation in the delivery of care [5].

Remote patient monitoring, for example, affords patients and
doctors a more complete and accurate picture of disease
progression outside the walls of a hospital, clinic, or research
center. The data from mobile technologies can now be shared
between patient and provider, allowing greater collaboration,
stronger therapeutic partnerships, enhanced shared
decision-making, and an increasing shift to preventive and
proactive care in lieu of reactive care.

Extended reality technologies, such as virtual reality and
augmented reality, provide opportunities to go beyond the
traditional exam room and introduce new ways of blending
behavioral and psychosocial care with traditional biomedical
care [6]. AI is massively expanding our ability to diagnose and
treat patients, but simultaneously raising significant ethical
debates about the potential for misuse of powerful and
potentially biased algorithms [7]. Social media platforms have
become a digital town hall for all manner of health care
information exchange, further democratizing access to
information historically under the sole purview of physicians.

In short, the cultural transformation enabled by digital health
is rapidly changing the practice of medicine from a tradition of
physician-driven decisions based on limited, institutionally
owned data, to shared decision-making based on expansive data
across platforms, owned and shared by patients, that reflects
biopsychosocial well-being across broad disease trajectories
and illness experiences along a range of geographies,
demographics, and sociocultural communities. In light of this
transformation, we believe it is warranted to modestly update
the Hippocratic Oath so it optimally reflects 21st century
medicine.

Proposed Revisions to the Hippocratic
Oath

In the context of changes produced by advances in digital health,
we suggest that the following principles should be reflected
within a modernized Hippocratic Oath, presented in order of
the current Oath’s text.

Recognize a Broader Origin of Scientific Gains in
Medicine
The Hippocratic Oath entreats physicians to “respect the
hard-won scientific gains of those physicians on whose steps I
walk.” This statement suggests that research is conducted by
physicians only, when in fact medical advances originate from
many stakeholders beyond physicians. In the era of digital health
and democratized care, research arises not only from physicians
and nonclinical researchers, but also from patients who both
contribute their own data and meaningfully participate in
research through patient-centered models such as those
supported by the Patient-Centered Outcomes Research Institute
[8]. We suggest the following edits, shown in italics:

• I will respect the hard-won scientific gains of those
physicians, researchers, and patients in whose steps I walk,
and gladly share such knowledge as is mine with those who
are to follow.

Acknowledge Both “Sick Care” and Preventive “Health
Care”
The Oath focuses on treating the sick but is silent on the role
of preventive medicine for the well, yet modern medicine
emphasizes the importance of preventive care across physical,
mental, and social realms of health, not just reactive “sick care”
for the ill. Advances in digital health place an emphasis on
predictive analytics using remotely collected data, and precision
medicine aims to identify early signs of disease to inform timely
preventive care. Given these forces that are shifting medical
delivery from reactive “sick care” to preventive “health care,”
we propose the following simple addition to the Oath, shown
in italics:

• I will apply, for the benefit of the healthy and the sick, all
measures [that] are required, avoiding those twin traps of
overtreatment and therapeutic nihilism.

Reflect the Intrinsic Use of Digital Technology in the
Practice of Medicine
Considering the massive advances in technology, coupled with
the reality that technology now plays an everyday role in the
delivery of health care, we believe the Hippocratic Oath should
reflect the foundational role of digital health in patient care. As
advances in AI, robotics, virtual reality, mobile health apps,
wearable biosensors, and portable diagnostic devices continue
to expand, we believe the Oath should acknowledge the growing
and permanent impact these technologies now exert on care
delivery, as follows:

• I will remember that there is an art to medicine as well as
science, and that warmth, sympathy, and understanding
may outweigh the surgeon’s knife, the chemist’s drug, or
the programmer’s algorithm.

Validate the Patient Role in an Equal-Level
Partnership With Their Physician
The Hippocratic Oath encourages physicians to say, “I know
not” when they are unsure how to treat a patient, and to “call
in my colleagues when the skills of another are needed for a
patient’s recovery.” These are laudable sentiments that any
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clinician should follow. However, the Oath should ideally
acknowledge that patients, too, can help with diagnosis and
treatment.

Although the tradition of medicine reinforces a hierarchical
patient-doctor relationship driven by information asymmetry,
patients now have expansive access to credible information
about biomedical sciences, increasingly generate their own
biometric health data through wearable biosensors, and monitor
their own psychometric scores through apps; these data sources
are now part of clinical practice.

Although physicians have more experience prescribing
treatments and monitoring a wide range of diseases than
nonphysician patients, the Oath should recognize that patients
are the experts of their personal illness experience. When
engaged collaboratively by their physicians, patients can deliver
meaningful insights that shape diagnostic and care plans. In
light of this paradigm shift that has accelerated in the era of
digital health, we suggest the following italicized additions to
the Oath:

• I will treat my patients in an equal-level partnership, and
I will not be ashamed to say ‘I know not,’ nor will I fail to
call in my colleagues when the skills of another are needed
for a patient’s recovery.

Address Data Privacy
Respecting patients’ privacy is a primary passage in the Oath.
However, the concept of privacy now extends beyond
safekeeping conversations to guarding the “big data” generated
in the care of every patient in modern health care. We suggest
the following addition:

• I will respect the privacy of my patients and their data, for
their problems are not disclosed to me that the world may
know.

Emphasize the Primacy of Treating Patients, Not Their
Data
The explosion in big data surrounding health care is
transforming how doctors care for and interact with their

patients. AI in particular has a vast potential to automate
processes in health care and potentially overtake certain roles
and responsibilities normally filled by clinicians. Nonetheless,
physician must always remain focused on their patients,
including their personal stories and their biopsychosocial
well-being beyond their digital fingerprints and big data
analytics. AI will never replace medical professionals, although
physicians who embrace AI may eventually replace those who
do not. We propose the following additions to the Oath to reflect
these considerations:

• I will remember that I do not treat a fever chart, a cancerous
growth, a data point, or an algorithm’s suggestion, but a
human being.

Conclusions

The Hippocratic Oath remains an important pledge that modern
physicians should continue to honor. The Oath outlines
principles that remain relevant in the 21st century. However,
advances in digital health science and technology have catalyzed
a cultural revolution in the delivery of health care.

We believe that it is now justified to modify the Hippocratic
Oath—even if modestly—to reflect the digital health revolution,
advances in patient empowerment, and the evolving role of
technology in the everyday practice of medicine.

We offer these modest suggestions to help prompt discussion
and contemplation about the current Oath and its relevancy to
our changing times. Our suggestions are not meant to be a
definitive set of final recommendations. Rather, we propose
new text that bodies such as the World Medical Association
might consider integrating into an updated Oath, just as previous
changes were adopted to ensure the Oath remains relevant and
impactful for all physicians and their patients (Multimedia
Appendix 1).
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Abstract

A digital twin (DT), originally defined as a virtual representation of a physical asset, system, or process, is a new concept in
health care. A DT in health care is not a single technology but a domain-adapted multimodal modeling approach incorporating
the acquisition, management, analysis, prediction, and interpretation of data, aiming to improve medical decision-making. However,
there are many challenges and barriers that must be overcome before a DT can be used in health care. In this viewpoint paper,
we build on the current literature, address these challenges, and describe a dynamic DT in health care for optimizing individual
patient health care journeys, specifically for women at risk for cardiovascular complications in the preconception and pregnancy
periods and across the life course. We describe how we can commit multiple domains to developing this DT. With our cross-domain
definition of the DT, we aim to define future goals, trade-offs, and methods that will guide the development of the dynamic DT
and implementation strategies in health care.

(J Med Internet Res 2022;24(9):e35675)   doi:10.2196/35675
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Background

Overview of the Concept
Interest has been growing worldwide in the virtual representation
of a physical asset, process, or system to model and simulate a
real-world event. This representation, called a digital twin (DT),
can represent the real-time performance or failure incidence of
a deterministic system (eg, a factory production line) [1]. Since
the introduction of the concept of a DT in 2003, DTs have been
developed and used in areas such as construction, power, and
oil and gas industries. In the aforementioned industries, the DT
served mainly as an umbrella term for managing data and
models of a closed system, and these models then guided actions
taken in the system. However, for health care, DT is a new
concept in need of a working definition. The DT in health care
is not a single technology but a domain-adapted multimodal
modeling approach incorporating methodologies for the
acquisition, management, analysis, prediction, and interpretation
of health-related data, aiming to improve medical
decision-making and patient lifestyle choices.

Health care providers strive to obtain and use all relevant
information on patients for personalized decision-making in
clinical practice, considering the available evidence, clinical
guidelines, and patient preferences. For example, wearable
technologies such as smartwatches have enabled individuals to
record their health data continuously, which can form a part of
personal health records [2]. They can be very useful for clinical
decision-making in practice, and they are currently in use for
detection or monitoring of some disorders like atrial fibrillation;
however, they are not yet completely in use in practice [3].
Unsolved challenges such as human information overload [4];
variable quality of routinely collected data from medical,
lifestyle, mental, societal, and environmental sources; and
limited interoperability of digital systems in health care are
barriers to use these scattered large data sets, also referred to as
Big Data. In addition, the current methodological approaches
in evidence-based medicine are not able to use all this
information for medical decision-making, as the population
generating these data is heterogeneous, and previously
discovered relationships between predictor and outcomes might
not always hold for subpopulations. To alleviate these
limitations, the underlying methods and workflow for data use
need to be adapted. Furthermore, currently available analytical
models in health care, such as decision aids using risk prediction
models (eg, the U-prevent software) [5,6], are often developed
based on limited data and the defined outcomes of interest of a
small number of health care professional. Combining
high-quality, scattered data sets for inference by applying a
comprehensive multimodal data management approach in health
care such as DT is deemed necessary to design applications that
allow for diagnosis, treatment, prediction, and prevention of
disease. Moreover, successfully implemented DT has the
potential to improve health care by optimizing individual health
outcomes from the earliest moment in the life course by offering
personalized medicine in primary, secondary, and tertiary health
care [7].

Since 2015, publication of papers describing the concept of
applying a DT to health care to solve health challenges (eg,
reducing adverse outcomes in certain patient populations or
understanding important factors such as dietary factors or
biomarkers) [8-13] has increased. However, literature
descriptions indicate open theoretical and practical challenges
that need to be addressed before we can work toward efficiently
implementing a DT in health care. Challenges are related to (1)
redefining a target population and matching data set to develop
a DT or (2) implementing a physical or data-driven approach
with limited data and follow-up to learn causal personal patterns.
In addition, we suggest a convergence of experts in the medical,
technical, scientific, and ethical domains, which is required to
design a DT that meets requirements from several theoretical
backgrounds. In our vision, DT development starts with the
identification and description of a medical problem such as the
prediction of cardiovascular complications in a patient who
experienced hypertension during periconception (Figure 1).
Solving such a medical problem involves striving for the best
health- and value-based outcomes and addressing ethical value
goals such as health equality (Figure 2). With these outcomes
and value goals in place, a technological system incorporating
best methodological practices such as reliability and
reproducibility can be developed. After the initial system is
developed, many feedback loops between domains occur in
order to optimize requirements across domains. This digital
health system is then studied to develop best practices using the
scientific domain and keeping the healthy patient life course
journey in mind. In an open system such as the life course, as
opposed to a closed physical system, causal drivers for change
in health conditions might not be known; therefore, the DT uses
algorithms that learn drivers of dynamic data such as user
experiences, medical data fields, medical scans, etc. To serve
that purpose, the DT acquires time-series data and updates
predictions in an online and data-driven manner. Additional
challenges are defining medical applications of a DT in health
care and considering ethical values.

In this viewpoint paper, we address the aforementioned
challenges and put forward a vision for a dynamic DT in health
care for optimizing individual patient health journeys
characterized by healthy outcomes and positive experiences.
Our cross-domain, which has the ethical, medical, technical,
and scientific definition of the DT, will define future goals,
trade-offs, and methods to guide the implementation strategies
and iterative development of a dynamic DT in health care. In
our paper, we propose a dynamic DT for health care that applies
to the management of dynamic patient data and models. These
models of health and disease are dynamic because they are
developed, trained, tested, and updated to meet the dynamic
value goals stemming from ethical, medical, and technological
domains. Additionally, the effect of these interventions (such
as personal lifestyle advice) guided by models is scientifically
evaluated and updated to continually strive for better health
outcomes (Figure 2).
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Figure 1. Digital twin in clinical practice is modeled for hypertension starting from the periconception period until later stages of life. There are four
discrete steps in which the digital twin can bring additional value by using patient data to recommend interventions optimized for the relevant values
and outcomes of interest. CVD: cardiovascular disease; DT: digital twin.

Figure 2. Digital systems and the patient health journey are improved by a continuous feedback loop across domains interacting to develop a digital
twin.

Potential Future Application of a DT in Health Care
Currently, the translation from data to evidence relating to
disease ontology, causation, and effectiveness of treatments
into clinical practice is a slow and partially data-driven process
[14], and even for some of the recommendations in the clinical

practice guidelines, there is no robust evidence available [15].
The dynamic DT can support a health journey by providing
easy access to comprehensive patient data for the patient and
health care providers. The DT can integrate data from health
care sources like hospitals, general practitioners, and laboratories
and from home health monitoring devices such as wearables.
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Real-time integrated access to data will allow analysis on
dynamically acquired data. This feature enables health care
professionals to get a relevant view of factors influencing disease
and health conditions of a patient, which can guide actions to
optimize health care pathways. Different prediction algorithms
can be used to answer medical questions, and real-world
personalized predictions can be updated to meet the dynamic
circumstances of individuals and their medical history. Testing
these prediction models in the real world prospectively can help
to define and research hypotheses about potential causal
relationships between prediction algorithms and outcomes [16].
Formal testing and evaluating medical decisions in a DT can
result in changing the focus of scientific studies to incorporate
testing the implementation of a DT-powered intervention such
as patient-tailored lifestyle advice in the absence of a data-driven
decision framework. Therefore, this DT approach can expedite
the process of knowledge translation into medical
decision-making in clinical practice while striving for iterative
improvement of elements in different domains of the DT.

Example of a Patient Journey From the Earliest
Moment of the Life Course
The periconceptional period refers to the 6 months around
conception; it is the earliest and one of the most critical periods
in life, with long-lasting impact on health and disease later in
life and in future generations [17]. The patient journey and data
generated during this period can help to illustrate our vision of
the dynamic DT and how it would intervene in medical practice.
To develop a DT from the earliest moment of the life course,
the first set of data would include static (demographics) and
dynamic (conditions such as subfertility, hypertension, lifestyle,
and vital information from wearables) covariates relating to the
parents. This DT supports dynamic medical decision-making
(Figure 1). The first example is based on subfertility, for which
enrollment in the evidence-based lifestyle coaching program is
recommended. This eHealth coaching is not static but dynamic
as it gives advice based on the variable input of the individual.
For example, if healthy food intake is sufficient, parents will
be empowered to maintain this behavior. A second example of
how the DT can be used is aiding physicians to prevent
short-term adverse outcomes of preeclampsia in pregnant
women. The mobile phone app, a smartwatch, and lab
measurements combined can yield predictions of risk before
and after intervention, empowering medical decision-making
and resulting in a better outcome for mother and baby. A third
example to highlight the long-term benefits of a DT is
hypertension. By mechanisms not fully understood, high blood
pressure and preeclampsia during pregnancy yield increased
cardiovascular risk for the unborn child and mother in later life
years [18-20]. This data-driven association can make more
comprehensive follow-up of these individuals valuable as this
information can be used to monitor and potentially prevent
worse outcomes such as cardiovascular disease. In our example,
the DT has enacted medical decision rules driven by pattern
recognition in patient data. In general terms, the rules obtained
from pattern recognition systems are chosen so that they
optimize for healthier outcomes.

Why Now: Innovations That Power the DT
In 2016, a pivotal paper was published that described how data
should be managed according to the following 4 principles:
findable, accessible, interoperable, and reusable (FAIR) [21].
These principles promote data accessibility to power innovation
and are the basis for the following 4 technical innovations that
accelerate the progression of DT in health care. The first
innovation is data storage, where we can securely store big data
in the cloud by designing access rights for each service and
algorithm [22]. Data collection innovations such as wearables,
which can act as continuous vital sign monitoring systems, feed
the new data to the storage keeping the data up to date and
relevant. Connectivity innovations such as the Internet of Things
then trigger the training and prediction algorithms with the
updated information. Finally, computing innovations such as
more powerful data processors like tensor processing units can
fit bigger and more flexible models with higher performance
to yield better representations of disease. These innovations
have changed the way we form hypotheses about the physical
reality. Increased data and processing power formats require
and allow for new dynamic pattern recognition methods that
can be described as computer pattern recognition or artificial
intelligence [23].

These innovations power the DTs and allow for deep
personalized predictions that leverage patient-specific dynamics
such a specific disease pathway relating to biomarker panels
based on genomics, metabolomics, or proteomics, which have
previously been prioritized or identified. These predictions need
to be translated in a concise way to an individual, patient or
health care provider. For example, a score, dashboard, or written
advice can guide individuals to healthy behavior. In our
example, continuously monitored medical and lifestyle data of
a couple contemplating pregnancy supplies the DT with data
that can be used to give personalized integrated medical advice
and brings personalized medicine closer [24].

Themes in Pattern Recognition
There are multiple paradigms for the underlying data analytic
platform of a DT relating to pattern recognition approaches. We
can use a data-driven or physics-based approach. Physics-based
models are based on the understanding of the phenomenon and
formulation in a mathematical model, with underlying
assumptions that potentially oversimplify the phenomenon [25].
Data-driven (associative) models avoid these assumptions, but
they lack interpretability and are sensitive to bias in the model
development data. We should choose our (inductive) bias in a
way that allows us to optimize interpretability and predictive
performance by leveraging domain medical expert–level
knowledge. When the physical drivers of disease are not known,
these associative data-driven methods can generally be used to
diagnose patients, but they cannot identify causation. An
alternative approach within the associative methodology is to
enrich models with counterfactuals, which leverage
counterfactual information to causally weight predictions [26].

In the DT for health care, pattern recognition algorithms are
used for predicting continuous outcomes such as blood pressure,
classification of diseases, and risk assessment. Medical data
generally comprise different types of data and algorithms. For
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example, they include longitudinal data with missing predictors
and variables, which can be used to enrich the model. Research
on how to associatively predict with longitudinal data,
population-level data, and data with missing values is ongoing.
A statistical modeling approach, which can relate a limited
number of predictors to a longitudinal outcome with missing
values, uses linear mixed models [27]. Deep-learning methods
[28,29], where we flexibly fit either a neural network
architecture or many random kernels, are used when a large
number of predictors is present. This modeling approach seems
to perform well in this domain, but least absolute shrinkage and
selection operator regression-based techniques may also yield
good performance on this type of data [30].

Medical patient data can comprise higher dimensional data,
such as echography, and multiple sensor data, such as
electrocardiograms, which are continuously collected in a setting
such as the coronary care unit. Imaging data is typically only
acquired once and not collected continuously. Although each
modality may be information rich, the number of measurements
per individual may be limited, causing models to overfit on that
individual. To prevent overfitting, we use feature selection and
methods that can find a lower representation of these data, such
as an auto encoder. Feature selection and engineering can
prevent overfitting and summarize high-dimensional data in a
feature vector, which can be used to describe disease
progression.

As models are implemented in clinical practice, other challenges,
such as model drift and the appearance of new class definitions,
can arise that cause previously found associations to change.
The online learning paradigm can adapt to this change by
continuously updating the model with new information and
thereby learning to adapt to changes in the environment [31].

Last, because the medical profession generally deals with
interventions, another theme of interest is causal machine
learning, where the focus is on creating a model that can predict
the change in target output if a predictor were changed (eg,
change in diet or blood pressure). The challenging part is
inferring causality from observational data, as in medicine we
would not only like to associatively predict but intervene in
patient health journeys to prevent adverse outcomes. The current
gold standard is randomized intervention data, but these data
are resource-intensive to collect, and the clinical trial setting

does not reflect real life, so the distribution of these data may
not fit the general population [32]. However, there are powerful
alternatives for causal questioning that may have a future in
drug efficacy and safety evaluation on real-world data [33].
Moreover, there are tools being used for evaluating interventions
with methods, which can possibly extend into other medical
domains [34].

In summary, applying accurate and understandable models on
data that fit well to the target individual will be paramount to
the success of the DT. Equally important is deconvoluting the
causal factors that influence health outcomes, as this knowledge
will power interventions based on personalized causal factors.
Using a combination of these methods can form the technical
analysis part of the DT framework (Figure 2).

Dynamic Digital Wins
A dynamic DT (Figure 3) is a twin whose relationships—and
the data contained within—change over time as the conditions
of people’s lives change over time (eg, a young healthy
individual who needs preventive care to increase the chance of
fertility, a patient treated for a life-threatening disease at the
coronary care unit). The dynamic aspect also refers to the
changing of the model targets according to the relevant question
and value trade-off. As an individual experiences different
phases of life, the relevant dynamic DTs are triggered to make
a prediction using the up-to-date data. To keep the predictions
relevant to the patient, the DT needs to be updated in a
continuous manner, preferably with the least amount of burden
on the individual. The continuous monitoring of vital signs (for
patients in a hospital setting and at home) using wearable
devices allows for prompt detection of developing pathologies
and early intervention, which may not be possible using standard
intermittent vital sign measurements [35]. To have a successful
implementation of a dynamic DT, a minimal requirement is to
start with a FAIR data set. On this data set, algorithms must be
trained and tested, and this output needs to be translated into
medical or lifestyle advice. The next step is the validation of
this advice to see if this decision-support tool improves patient
outcomes. For the full DT, there are multiple requirements: (1)
continuous collection of, for example, medical and user
experience data, (2) integration of new data with existing data
in the databases, and (3) improvement of accessibility of systems
that access and store new data [36].
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Figure 3. A digital twin encompassing different aspects of the life course can be queried to improve medical decision-making to reduce cardiovascular
complications. In orange, we show data (and data generators). In green, we display the digital life course platform and real-life course. Together they
supply information to each other to support a healthy patient lifestyle by defining a personalized care path.

Data Management
The first requirement in data management is the collection of
high-quality data, which includes similar distribution of patients
and individuals as the target individual. As the clinical data is
collected from different sources, an important challenge is to
synergize, homogenize, integrate, and standardize the
heterogeneous data to have a standardized data model. In such
a data model, we transform the local data source into the
common data model via extract, transform, and load procedures
[37]. This data model should live in a system that can sustain
FAIR principles. Moreover, patients/researchers and health care
providers should have an easy and flexible way to add or remove
medical and lifestyle data sources [24]. Data security and
privacy are important for DT development in the medicine and
health care sectors. Open challenges are cleaning and preparing
the data [38] and protecting the privacy of data residing on
cloud-based data storage platforms [39]. The rising popularity
of storing health data on cloud platforms requires deliberate

design in managing data access control and data ownership in
combination with schemes such as federated analysis.

Values
Values are the quality of a digital health service as it is
experienced by an individual in relation to their needs [40].
Based on this definition, values are created when users such as
patients, clinicians, nurses and others use the DT to address
their challenges [41,42]. Representative examples of such
challenges were identified by the World Health Organization
in 2018 [43] and include efficiency, cost, and access to
information.

In our early life course patient journey example, the DT can
solve information challenges by collecting high-quality data
through wearable devices and then providing easy access and
visual summaries of the data to the patient and their treating
health care professional. Additionally, the DT can provide
personalized predicted probabilities of adverse health outcomes
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and suggest treatment consisting of lifestyle advice or drug
treatment to lower those probabilities. The DT can aid the use
challenges of low adherence to treatment by visualizing the
effect that treatment may have on future health outcomes so
that the patient can better understand and be motivated by the
potential benefit of adherence to treatment. The DT addresses
efficiency challenges by dynamically updating a patient’s
predicted probabilities for adverse health outcomes, which
enables an early reaction to increased risks. This information
may also be used to choose the optimal time between health
checks and interventions; in limited care situations, it may be
used to prioritize patients with greater needs in triage settings.
The cost challenges can be addressed by early risk detection
and interventions of the DT, which may prevent the need for
costly treatments at later stages of disease progression. To create
a valuable DT for users, it may help to include lead users in the
development team [24].

Legal and Ethical Considerations

Value Trade-offs
The DT allows us to optimize for healthy outcomes at the cost
of other values (eg, fairness). While incorporating more
health-related data might increase a prediction’s accuracy, it
could also raise concerns about surveillance health care and
erode the trust between the health care system and individuals
[44]. A DT measuring patient data (such as sleep) and the
feedback of health guidance could even affect the parameters
it is measuring. For example, commercial consumer wearables
are not accurate in estimating sleep [45], and the results may
worry consumers and even cause sleep problems. An increased
number of measurements may identify patients that are
considered atypical. Currently, we lack a clear understanding
of how to interpret slight deviations from the normal ranges and
means and whether these asymptomatic deviations will lead to
future diseases. Balancing the ideal of early diagnosis and
reducing overdiagnosis and overtreatment can therefore be
challenging [46,47]. The attempt to introduce personalized
lifestyle advice to curb lifestyle diseases such as obesity,
diabetes, and hypertension also risks promoting an overly
individualized view of health management.

Additionally, many have expressed concern about worsening
existing health inequity [48,49]. People from lower
socioeconomic backgrounds might not have the means to access
the digital device required for a DT service, or they might not
know how to benefit from the information provided to them
due to cognitive constraints such as limited digital or health
literacy and external constraints. Instead of empowering users
by offering them more health-related information, the DT might
burden users with a sense of guilt or anxiety and give rise to
the idea that users who do not make the advised change could
be accused of being responsible for their adverse health
outcomes [50-52].

Data Governance and Accountability
The digitalization of health care gives rise to new legal and
accountability issues. For instance, who owns the health data
gathered by the DT? Is it owned by the patient, the health care
provider, or a third party? Is it morally permissible for a DT
service provider to sell user data to a third party? To avoid data
being used against the patients’best interest, Schwartz et al [24]
suggest 3 principles: (1) patients own their data, which
empowers patients to protect the privacy of their data against
misuse, (2) patients must provide explicit informed consent for
the use of their data, and (3) advocacy efforts should enshrine
patient data ownership and access into law. The implementation
of these principles poses technical and legislative challenges.
Additionally, DTs are susceptible to biases present in the data
from which they are developed. Data included in the DT should
be reviewed and methods to remedy biases should be considered
to avoid the perpetuation of historical biases [24]. De Laat [53]
and Nissenbaum [54] describe the obstacles of accountability
of machine learning algorithms and how this relates to shared
development, human and computer errors, and a culture where
it easy to blame the technology. There is also a lack of
understanding of how algorithms work [53,54]. Transparency
of decision rules and oversight of the decision-making
algorithms by governing bodies could solve these outstanding
obstacles.

Scientific Domain
In this paper, the DT was defined in terms of requirements
stemming from medical, technological, and ethical domains,
but to evaluate the effectiveness of such a DT system, we require
scientific convergence to test its merit and limitations (Textbox
1). In translational medical science, we aim to generate
knowledge in clinical practice so we can intervene and improve
health care processes [55]. To achieve this aim, we need to
understand the disease process and uncover the relevant causal
pathways that influence health outcomes. DTs can be helpful
in combining cross-domain knowledge. As a DT incorporates
more than one data set, such as physiological measurements,
questionnaires, and lifestyle factors, there are many rich features
for each patient or individual ready to be used for pattern
recognition. Knowledge about individual contributors of disease
progression, in turn, could lead to the identification of subtypes
of disease with different disease ontologies and treatments,
described as deep phenotyping [13]. The DT platform may allow
us to test our predictions more efficiently in an umbrella or
real-world trial [16,56]. Predicting patients prospectively and
monitoring for outcomes may allow us to test the accuracy of
the predictions from the DT. In a second step, randomized
intervention based on these predictions can unveil causal factors,
and this in turn can help us test our scientific hypotheses using
real-world evidence and thereby moving science forward by
generating medical knowledge and developing novel technical
methodologies.
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Textbox 1. Benefits of digital twin development in health care.

Health agency and promoting healthy outcomes

• More accurate diagnosis using integrated data

• Improved treatment selection for patients

• Prognosis of patient disease trajectories

• Real-time remote monitoring of health state

• Simulation of treatment and care processes to guide policy

Fair data and validation of research

• Data structures in the digital twin will make data more accessible

• Validation of scientific results provide an implementation framework for decision-making

Algorithm development for medical decision-making, diagnosis, and prevention

• Innovation in algorithms allows us to make more accurate predictions on unseen data

• Causality is inferred from observational data

• Privacy is preserved during data sharing and analysis

• Uncertainty is quantified from different sources and considered during the decision-making processes

Conclusion

In conclusion, translational science and medical care can be
improved by following a DT life course approach:
high-dimensional data collection and storage, patient trajectory
modeling, outcome predictions, testing, model interpretation,
and implementation in clinical practice. By committing multiple
nonmedical domains to developing a DT, we aim to improve
patient care journeys in a systematic and diligent way.

Future Research Opportunities

Our vision of a dynamic DT allows for collaboration of many
researchers from different domains, where we can align our
research applications in order to develop a dynamic DT. Some
subjects related to the DT have not been fully investigated, and
new opportunities for research have been defined. A part of the
technical domain, which is under active investigation, is how

we can leverage personal and lifestyle factors to reach more
accurate predictions on unseen data. This involves but is not
limited to using nonrandom and sparse sampling as a predictor
matrix to improve our models and infer causality.

We also need more work on how to identify new classes, such
as disease types based on new distance metrics, and how to tune
our models to meet patient preferences and different privacy
settings. A large body of research in the ethical domain is
dedicated to value trade-offs in the DT setting and investigates
how we can balance values such as fairness, equality, and health.
We are also concerned with data storage and federated data
analytics, and we performed analysis on harmonized big data
sets. Optimal design of the DT application and user interaction
is required to meet the requirements of users while optimizing
for values arising from different domains. The science domain
should come into play to judiciously evaluate the data, models,
application, and ability of the technologies to impact patient
life course trajectories and decrease the incidence of disease.
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Abstract

Scholars from the health and medical sciences have recently proposed the term social informatics (SI) as a new scientific subfield
of health informatics (HI). However, SI is not a new academic concept; in fact, it has been continuously used in the social sciences
and informatics since the 1970s. Although the dominant understanding of SI was established in the 1990s in the United States,
a rich international perspective on SI has existed since the 1970s in other regions of the world. When that perspective is considered,
the fields of understanding can be structured into 7 SI schools of thought. Against that conceptual background, this paper contributes
to the discussion on the relationship between SI and HI, outlining possible perspectives of SI that are associated with health,
medical, and clinical aspects. This paper argues against the multiplication and inconsistent appearance of the term SI when newly
used in health and medical sciences. A more explicit name for the area that uses health and social data to advance individual and
population health might be helpful to overcome this issue; giving an identity to this new field would help it to be understood
more precisely and bring greater separation. This labeling could be fruitful for further segmentation of HI, which is rapidly
expanding.

(J Med Internet Res 2022;24(9):e40547)   doi:10.2196/40547
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Introduction

Social informatics (SI) refers to research activities related to
the interaction between information and communication
technology (ICT) and modern society. SI has been continuously
defined and used in various regions and contexts since the early
1970s [1]. A broad international discourse has already been
overviewed [2], where 7 (US, German, Russian, Norwegian,
Japanese, Slovenian, and UK) regional SI schools of thought
were identified. The US school, founded by the pioneering work
of Rob Kling (1944-2003) [3], is globally dominant, although
a detailed overview of the SI literature showed that it is steadily
declining [4].

In addition to these contributions, Pantell et al [5] recently
proposed a new and specific understanding of the term SI as a

subfield of health informatics (HI), “focused on the application
of information technologies to capture and apply social data in
conjunction with health data to advance individual and
population health” [5]. Shachak [6] challenged whether SI is
an appropriately chosen label here, given its establishment in
the US school of SI dating back to the mid-1990s [3,7,8]. This
stimulated Pantell et al [9] to provide further arguments on why
SI is a suitable proposed name. We would like to contribute to
this discussion from a broader perspective than that specific to
the US school of SI [6] by introducing the international and
multidisciplinary aspects of SI. This paper is intended for the
health community. It, therefore, presents the detailed conceptual
basis of SI, which is not as well-known in this community as
the conceptual basis of HI [10].
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Development and Perspectives of Social
Informatics

When considering the interaction between ICT and society, SI
addresses the social aspects of ICT as well as ICT aspects of
social issues, including ICT applications in social sciences [2].
However, there is no unified general understanding of this
interaction, and numerous well-established research fields
overlap and compete here: computational social science,
information systems, information society, science and
technology studies, ICT and society, internet studies,
information sociology, computer-mediated communication,
human-computer interaction, and many others. There are also
2 main perspectives in SI, which differ substantially. The first
is a regional perspective, which is linked to the theoretical and
conceptual backgrounds of the 7 SI schools [11,12]. The second
is a broad international perspective, which encompasses the
relevant thematic areas in which the self-declared term SI can
appear with reference to academic and scientific discourse
[2,13].

The research that declares itself SI covers only a portion of this
interaction, and it is spread across various thematic areas. These
thematic areas where SI can appear are broad but can be
classified into 3 streams according to their scientific origin
[2,14]:

1. Social science, where the social aspects of ICT can be
observed at a personal, organizational, or societal level.

2. Informatics (including computer science, information
science, and information systems), where ICT is applied in
the social area, including the provision of public or business
services. This stream also includes computer modeling;
artifact or solution design; and the structuring,
conceptualization, and processing of information (eg,
information architecture, information visualization, or
information design).

3. Social science methodology, where ICT can be involved in
various stages of the social science research process: data
collection, processing, and analysis. The ICT applications
are understood here as tools for social science research.

The above scope of SI is thus much broader than the
domain-specific application of informatics (stream 2) in social
sciences (eg, business informatics, political science informatics,
music informatics, and legal informatics) and broader than the
sole social science perspective on SI (stream 1). The latter is
actually one of the main focuses of the US school of SI, which
concerns “the interdisciplinary study of the design, uses and
consequences of information technologies that takes into account
their interaction with institutional and cultural contexts” [3].
The US school of SI addresses the social aspects of ICT, as well
as ICT aspects of social issues: “SI refers to the study of social
aspects of computerization, including the role of information
technology in social and organizational change, the use of
information technologies in social contexts, and the way that
the social organization of information technologies is influenced
by social forces and social practices” [15]. Contextual grasping
is typical for SI (not only in the United States) and can include
cultural, institutional, social, ethical, legal, or other issues. SI

is defined thematically and not methodologically [16], so SI is
open to the use of different research methods. Recent review
papers [2,4,13] have confirmed that the prevailing scientific
contributions in SI, referring to any of the SI schools, remain
conceptually strongly rooted in the social sciences (stream 1),
despite the declining dominance of the US school.

Since the 1970s [1,14,17], numerous scholars have thus used
the term SI for their research, addressing the interaction between
ICT and society. Given the above-described broadness of the
potential SI scope, it is not surprising that considerable
differences exist in the academic communities between various
regions or schools of SI. However, the introduction of a different
understanding of scientific terms is not a new phenomenon. A
typical example is already the term informatics, dating back to
the 1950s and especially the 1960s. Currently, the most
widespread understanding of informatics is the conception
originating in France [18-21], which recognizes informatics as
a broad computer-oriented discipline that covers information
and computational processes, including the logical construction
of computer systems. Due to historical circumstances, a different
understanding of informatics evolved in the United States
[22-24] because of the strong existence of previously established
names of computer-oriented disciplines, such as computer
science, computer engineering, information systems, or library
and information science. The US understanding of informatics
is thus referred to more narrowly as a specific computer
application–oriented domain with a user-centered perspective
[25] and primary rooted in (library and) information science.
The main emphasis is on the nonnumerical use of computers,
and the central point of interest is information and its processing
[26].

Within this context, the history of the term medical informatics
in the United States is also informative for the understanding
of informatics in the United States. Thanks to an action of the
International Federation for Information Processing (Technical
Committee 4 on medical informatics), the term was promoted
and later adopted in the United States in the 1970s [27-29]. The
term medical informatics thus existed independently in the
United States for many years without referring to the general
notion of informatics or the existence of other domain-applied
informatics—that is, before the stand-alone term “informatics”
was generally accepted in the United States.

It should be added that according to Hersh [26], in the United
States, the following terms are subsumed under the broad
umbrella biomedical and health informatics (sometimes only
components are used, such as biomedical informatics or HI):
bioinformatics (cellular and molecular level), medical and
clinical informatics (personal level), and public health
informatics (population level). Relevant SI research may appear
from the international view of SI and the perspective of Pantell
et al [5] in areas of medical (and clinical) informatics and
population health informatics.

Nevertheless, as presented in Table 1, all existing schools of
SI, including the US one, agree that SI relates to the general
interaction (or combination) of society with ICTs [2], the
computerization of human activities [8], or the social aspects
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of computerization [3], where the term “social” relates to social sciences in general.

Table 1. Main thematic focus of 7 SI schools. Based on and modified from Smutny and Vehovar [2].

Basic sourcesTypical research focusOrigin in existing disciplinesSIa school

Sozioinformatik: Wulf et al,
2018 [30]; and Sozialinformatik:
Kreidenweis [31], 2012

Interactions of software with individuals, orga-
nizations, and society; the use of information
and communication technology in social work

Interdisciplinary informatics with sociol-
ogy, economics, psychology, and social
work and services

German school

Kurosu [32], 2010Study of social information, communication,
and information processes in an information
society

Informatics, media, and communication
studies

Japanese school

Maliţa [33], 2006; and Bråten
[34], 1983

Study of the design, deployment, and evalua-
tion of information and knowledge systems

Sociology, psychology, and sociotechni-
cal research

Norwegian school

Chugunov [35], 2012; Kolin
[17], 2021; and Melnikova and
Romanovskaya [36], 2021

Interaction between society and ICTb, along
with sustainable development, with strong ed-
ucational and philosophical overlaps

Initially, library science and communica-
tion studies; currently, informatics, sus-
tainable development, and the philoso-
phy of information, education, and
knowledge management

Russian school

Petric and Atanasova [37], 2013;
and Vehovar [38], 2006

Use of ICT to study the interactions between
ICT and society

Sociology, statistics, and informaticsSlovenian school

Davenport [39], 2008Transdisciplinary study of sociotechnical inter-
actions

Sociology, information science, and sci-
ence and technology studies

UK school

Kling [3], 2007; and Fichman et
al [7], 2015

Study of the design, uses, and consequences
of information technologies in institutional and
cultural contexts

Information science, information sys-
tems, sociology, and computer science

US school

aSI: social informatics.
bICT: information and communication technology.

However, we should also note that various language-specific
exceptions exist here. For example, the German understanding
of SI, according to the German term “sozialinformatik” [40],
focuses on the application of ICTs in social work and services,
as the term “sozial” in German has a strong connotation with
social work. Nevertheless, this is, in a large part, a specific
aspect of some Germanic languages. Therefore, in Scandinavia
[41,42] and Germany, SI sometimes focuses on the social,
educational, and health sectors [40,43], although this is also not
a general or prevailing understanding of SI in these countries.
We may add that the notion of SI, in general, frequently suffers
from various translation issues, arising from the ambiguity and
vagueness of the notions of “informatics” and “social,” which
are both already problematic (ie, they have multiple meanings)
in English. Therefore, SI is sometimes (back)-translated to
English as socioinformatics (Germany), socio-information
studies (Japan), or social information science (China) [2,14,44].

In addition, the term SI is increasingly used as a self-declared
general label in the second stream of SI, particularly in
connection to so-called computational social science, where
ICTs are applied in various social science domains [4]. The
related occurrence of the SI term in databases and searches
(Web of Science [WoS], Scopus, and Google Search) and its
usage to label various activities associated with the interaction
between the ICT and society are growing exponentially, much
faster than scholarly literature on SI referring to any of the SI
schools [4]. This expansion of the usage of the term SI is outside
of any SI school; it is actually very surprising, and in a way,
also problematic, because it stems from the superficial usage

of the term SI and has no conceptual grounding and thus is hard
to explain.

We can thus summarize that SI is a very specific attempt to
encompass the research related to the interaction between ICT
and society. For various reasons, SI did not gain general
popularity, in part because of the numerous alternative scientific
fields that also address this interaction, and in part due to
language issues, but also due to its internal diversity across 7
schools of SI, which span well beyond the US school. The recent
expansion of the usage of the term SI outside scholarly
production and outside any conceptual grounding makes this
scenario even more problematic. Still, SI is a well-articulated
scientific field, which addresses the general (ie, not
field-specific) scope of the interaction between ICT and society.

Health Informatics and Social Informatics

The alternative definition of SI proposed by Pantell et al [5]
focuses only on a specific health-oriented community—for
instance, in their argumentation, they used only the MEDLINE
database for the search [9]—thus being defined as a subfield of
HI. Nevertheless, in principle, the situation can be conceptually
reversed from the broadest international perspective of SI, where
HI can be subsumed under SI [2] as a domain-specific
application of ICTs in society (stream 2).

To present the broad international and multidisciplinary view
of SI and its connection with HI, we referred to the world’s
most recognized citation databases, WoS and Scopus. Notably,
there is a limitation in that they only focus on English terms,
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and documents in regional languages are omitted (eg,
eLibrary.ru [Russia] and J-Stage [Japan]).

In the following comparison, we focused on documents located
in the WoS and Scopus citation databases, where a search term
appears in the title, abstract, or keywords. The search used the
following terms: (TITLE-ABS-KEY (“social informatics”)
AND NOT TITLE-ABS-KEY (“Institute for Computer Sciences,

Social Informatics”)); (TITLE-ABS-KEY (“health
informatics”)); “social informatics” (Topic) not “Institute for
Computer Sciences, Social Informatics” (Topic); and “health
informatics” (Topic). We removed articles that only mentioned
Lecture Notes of the Institute Computer Sciences, Social
Informatics, and Telecommunications Engineering in the
abstract, without a connection to SI. The results for the last
decade are presented in Table 2.

Table 2. Comparison of search terms in the Web of Science and Scopus citation databases during 2012-2021 (source: Web of Science and Scopus
search on February 8, 2022).

Scopus (documents), nWeb of Science (documents), nYear

Social informaticsHealth informaticsSocial informaticsHealth informatics

1226271692012

1928682032013

2428381712014

1334632332015

1133572282016

742232702017

14382122562018

26508193542019

1554563852020

12612104102021

1533981832679Overall

Here, the number of documents in the citation databases (WoS
and Scopus) is given in parentheses. The number of documents
in the last decade comprises 83 (WoS) and 153 (Scopus) SI
documents and 2679 (WoS) and 3981 (Scopus) HI documents.
The situation in terms of the total number of documents found
(not only in the last decade) is similar, confirming that the SI
output (WoS: n=210; Scopus: n=325) is very small compared
to HI (WoS: n=3870; Scopus: n=6387). If we extend the search
to nearby HI areas, such as medical informatics and clinical
informatics, the number of documents increases (WoS: n=8894;
Scopus: n=38,288).

From the total number of documents (WoS: n=210; Scopus:
n=325) with SI in the title, abstract, or keywords, 16 (WoS) and
32 (Scopus) of these documents also refer to the following
terms: health, medical, or clinical informatics. This finding
implies that from an international perspective, SI research
(stream 2), in part, overlaps thematically with HI and related
fields. More evidence that SI research appears in the health
domain can be found in Cech [45] and Hoeffner [46]. For
example, Cech [45] focused on SI research and educational
institutions and identified 5 main themes of SI from an
international view, and 1 of them was eHealth. We should also
add that throughout the review of all scientific publications that
explicitly refer to SI [2,4,14], an entry that explicitly refers to
SI as a subfield of HI was not found.

Similarly, the number of documents explicitly referring to SI
in the MEDLINE database is almost negligible (6 papers), as
stated by Pantell et al [9], in addition to 58 papers where SI is
mentioned only through an affiliation. Notably, these 58

affiliations are likely referring to the standard SI understanding
(and not to that in the context of the proposed HI subfield).

We can conclude that currently, roughly around one-tenth of
SI scholarly publications refer to the areas related to HI,
whereas, for now, the scholarly literature on HI rarely mentions
the notion of SI (although it somehow often refers to SI through
an affiliation, which is related to the standard SI understanding;
ie, the general interaction between ICT and society, which is
not narrowed to HI).

Discussion

Various conceptually focused scholarly pieces of literature exist
on SI [2,4,7,13]. Correspondingly, 7 SI schools of thought can
be identified, with the US school (founded by Rob Kling and
his colleagues in the 1990s) being the most globally visible,
although its impact is steadily declining. However, the US
school of SI, which is in large rooted in social sciences (stream
1)—and can be, with some simplification, denoted as a study
of the social aspects of computerization—is constantly evolving
[7,47], and scholars are adapting to current research trends
relevant to other areas as well (eg, computational social sciences
and sociotechnical systems research).

From an international and interdisciplinary perspective, one can
argue that a certain commonly established concept, such as SI,
cannot be replicated in a very specific academic
community—especially in socioconstructivist scientific
disciplines, such as informatics—without soundly elaborating
on the relations to other scientific fields. The multidisciplinary
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nature of modern science suggests that at least minimal
consistency must be preserved across disciplines. The existing
definitions of informatics and SI sometimes vary, which is
already confusing. However, they still address the interaction
between ICT and society in general, although they stem from
different historical, ideological, and methodological
circumstances or language-specific aspects. Therefore, to avoid
further (and radical) increases in inconsistencies—which would
be, in this specific case, produced with full awareness and
intention—we suggest that for the new SI as a subfield of HI
[5], at least an elementary conceptualization must be made with
reference to the existing international perspective associated
with the established notion of SI. This conceptualization would
increase the precision of the term and decrease confusion,
particularly if the new term itself is already reflected in the
corresponding hierarchy.

Consequently, due to the complexity and specifics of this newly
proposed field [5,9], perhaps 3 or more words would be needed.
Within this context, besides the terms social determinants of
health informatics and clinical social informatics, which were
already considered but rejected because of awkwardness [5],
the potential combinations that could perhaps be considered
include health social informatics, social informatics in health,
social health informatics, medical social informatics, or social
informatics in medicine. In particular, health social informatics
astutely refers to the health and social perspectives’connection.

We may add that the usage of a 3-keyword description (eg,
health social informatics) is not only an unambiguous solution
to denote a complex and specific field but also reflect similar
practice in many other areas where nuances and precision are
needed. An excellent example is the established notion of public
health informatics [48], as well as the more newly proposed
neighboring notion of population health informatics suggested
by Kharrazi et al [49]. The latter is more general than public
health informatics and overlaps with other informatics fields,
such as public health informatics, clinical informatics, and
consumer health informatics.

When addressing the fact that the term SI is already in use with
different meanings, Pantell et al [9] justified their proposal by
arguing that some terms often have more than 1 meaning
anyway, stating the example of medical sociology, which covers
sociology of medicine and sociology in medicine. However, this
example [9] cannot be used in this situation, where an already
established and well-elaborated term (SI) is replicated in another
context and given an entirely different meaning. The stated
example of medical sociology would be relevant only if the
authors, for example, discussed whether SI encompasses
sociology of informatics and sociology in informatics, or social
sciences of informatics and social sciences in informatics, but
not for the case where specific domain-applied informatics (from
stream 2) declares its SI component as a stand-alone notion of
SI. The existence of multiple meanings of SI in 1 region, such
as the United States, will not only confuse scholars at the
regional level (followers of Kling [3] and followers of Pantell
et al [9]) but this confusion will be transferred to the

international level as English is the primary language in
scientific publishing.

The case of SI is particularly critical because almost all scientific
disciplines have certain informatics components and certain
social science components. Using the general notion of SI to
denote the narrow contexts of components within a certain
discipline (ie, HI) would clearly lead to multiplication and
inconsistent appearance of the term SI across disciplines; it
would also increase the assumption that scientific disciplines
are entirely independent and isolated. Most of all, this notion
would neglect the existing, established, and generally accepted
broader notion of SI. With such an approach, for example, music
informatics, one of many domain-specific applications of
informatics (stream 2), may also directly use the term SI as its
subfield when “information technologies are used to capture
and apply social data in conjunction to music data.”

Beyond this notion, Pantell et al [9] justified their proposal by
referring to how, currently, the term SI is rarely used in the
PubMed database. However, there are 67 publications already
using this notion, mostly as an affiliation with the general notion
of SI, which is not a negligible number. With the proposed usage
of SI as a subfield of HI, the scholars addressing social
determinants of HI will increasingly encounter SI publications
from social sciences and informatics, which are related to the
existing (general) notion of SI (particularly streams 1 and 2)
and vice versa. This usage will create unnecessary confusion
and inconsistency within and across disciplines. Similarly, the
SI affiliations will lose clarity, because the new usage of the
term SI will mostly contradict the SI affiliations, which typically
refer to the established meaning. It will also become increasingly
ambiguous as to which meaning of SI is to be understood by
an SI affiliation.

We should also warn that the US school of SI, which Pantell et
al [5,9] and Shachak [6] exclusively refer to, is not the only
research stream where SI appears. It is true that for various
reasons, it still dominates in a number of scholarly publications,
but its role is steadily declining [4]. In any case, in scholarly
literature, the stand-alone notion of SI already has various
established regional meanings, which basically all address the
general interaction between ICT and society, not just a particular
domain-specific application of informatics. In addition, we
should also beware of the exponential usage of the term SI
outside conceptually grounded scholarly literature, which may
further increase confusion if another usage of SI appears.

A more explicit and descriptive name—we already identified
some potential 3-word options above—could avoid all these
problems, bringing much more separation and precision, without
any awkwardness or losses when denoting a new discipline that
focuses “on the application of information technologies to
capture and apply social data in conjunction with health data to
advance individual and population health” [5]. Such labeling
could be highly fruitful also for further segmentation of HI,
which is rapidly expanding and needs more structuring in
subdisciplines, together with the corresponding labeling.
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Abstract

Background: Web-based multiple health behavior change (MHBC) interventions have demonstrated effectiveness in promoting
physical activity (PA) and fruit and vegetable consumption (FVC) among Chinese college students. However, there is limited
research examining their effects on promoting a healthy lifestyle (ie, adhering to both PA and FVC behavioral recommendations)
among Chinese college students. In addition, the salient psychosocial mediators of successful MHBC interventions need to be
researched.

Objective: This study aims to examine the effectiveness of a previous 8-week web-based MHBC program for promoting a
healthy lifestyle and enhancing the psychosocial determinants (intention, self-efficacy, planning, and social support) of behavior
change among Chinese college students. Furthermore, the study aims to identify whether changes in these psychosocial determinants
mediate intervention effectiveness on the immediate and sustained lifestyle changes.

Methods: This was a secondary analysis for a 3-arm randomized controlled trial. Chinese college students (N=552) were
randomly assigned to 1 of 3 groups: a PA-first group (4-week PA intervention followed by 4-week FVC intervention), an FVC-first
group (4-week FVC intervention followed by 4-week PA intervention), and a placebo control group. The intervention content
was designed based on the health action process approach model. Data for analyses were collected at baseline (T0), postintervention
assessment (T1), and 12-week follow-up assessment (T2).

Results: At baseline, 13.9% (77/552) of the participants maintained a healthy lifestyle. After 8 weeks, more (200/552, 36.2%)
participants achieved a healthy lifestyle. PA-first and FVC-first groups were, respectively, 3.24 times and 5 times more likely to
adopt a healthy lifestyle than the control group at T1. After 12 weeks, 35.5% (196/552) of the participants adopted a healthy
lifestyle. Intervention groups were approximately 2.99 times (PA first) and 4.07 times (FVC first) more likely to adopt a healthy
lifestyle than the control group at T2. Intervention effects favored both intervention groups in self-efficacy and planning for PA
and in intention and planning for FVC compared with the control condition. In addition, changes in PA self-efficacy and FVC
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intention mediated intervention effectiveness on the immediate lifestyle change after 8 weeks. Changes in FVC intention were
identified as a salient mediator for facilitating sustained lifestyle change after 12 weeks.

Conclusions: This study provides empirical evidence for the effectiveness of an 8-week theory- and web-based MHBC
intervention program on promoting a healthy lifestyle, self-efficacy and planning for PA, and intention and planning for FVC
among Chinese college students. These research findings add new knowledge to the underlying psychosocial mechanisms of
successful MHBC interventions. Overall, this study has considerable implications for future web-based MHBC research and
practice in terms of addressing PA self-efficacy and FVC intention and helping students to adopt and maintain a healthy lifestyle
independently of whether PA or FVC is addressed first.

Trial Registration: ClinicalTrials.gov NCT03627949; https://clinicaltrials.gov/ct2/show/NCT03627949

(J Med Internet Res 2022;24(9):e37563)   doi:10.2196/37563

KEYWORDS

web-based intervention; physical activity; fruit and vegetable consumption; college students; psychosocial mediators; lifestyle;
randomized controlled trial; RCT; mobile phone

Introduction

Background
As common health-protective behaviors, regular physical
activity (PA) and adequate fruit and vegetable consumption
(FVC) have been proposed as the cornerstones of healthy living
[1-3]. These 2 health-protective behaviors constitute a typical
pattern of healthy lifestyles, which play a dominant role in
improving individuals’ overall health [3,4]. An overwhelming
body of evidence has demonstrated the considerable impact that
increasing PA and FVC could have not only on reducing the
morbidity of noncommunicable diseases (eg, cardiovascular
diseases, certain types of cancer, gastrointestinal diseases, and
obesity) but also on improving mental well-being and quality
of life [2,5].

To promote PA and FVC, widely acknowledged behavioral
recommendations have been formulated, suggesting that adults
aged 18 to 64 years should perform at least 150 minutes of
moderate-intensity PA (or at least 75 minutes of
vigorous-intensity PA or an equivalent combination of
moderate-to-vigorous PA) per week and consume at least five
servings (400 g) of fruit and vegetables each day [6,7].
Notwithstanding the recommended behavioral guidelines for
PA and FVC, the prevalence of physical inactivity and
insufficient intake of fruit and vegetables in the adult population
is exceedingly high, especially among college students [8]. In
western countries, 23% to 60% of college students do not meet
the PA recommendations, whereas <30% comply with the FVC
recommendations [8-11]. A similar situation exists in China,
where >40% of Chinese college students do not perform the
recommended weekly amount of PA, and more than half do not
adhere to the recommendation of a minimum 5 servings daily
of FVC [12,13]. Therefore, promoting health among college
students has become a common challenge in many countries
and has stimulated research interest among health psychologists
and behavioral scientists [8].

Over the past 4 decades, an increasing number of psychosocial
theories have been developed to describe, explain, and predict
changes in health behaviors, such as the social cognitive theory
[14], health belief model [15], protection motivation theory
[16], theory of planned behavior [17], transtheoretical model

[18], and the health action process approach (HAPA) [19]. These
have been followed by a series of theory-based interventions
that seem promising for changing specific health behavior. In
particular, interventions based on the HAPA, which integrates
the merits of the stage and continuum characteristics of
contemporary psychosocial models, have demonstrated
remarkable effects on promoting PA, healthy diet, and related
health behaviors [20-22].

Although such interventions have achieved singular success,
most of them focused only on a specific health behavior and
addressed different behaviors as categorically separate entities
[23]. As such, the interrelationships among different health
behaviors have been artificially disconnected. However, in real
life, individuals usually tend to have multidimensional patterns
of health behaviors rather than 1 specific behavior in isolation
[24]. A key property of these behaviors is that they typically
coexist as behavioral clusters or bundles [23-25]. For instance,
1 risk behavior (eg, sedentary behavior) often occurs with other
risk behaviors (eg, excessive intake of fat and sugar, smoking,
excessive sedentary screen time, or alcohol addiction), or 1
health-protective behavior coexists with other health-protective
behaviors (eg, PA and FVC). This high co-occurrence of
different health behaviors can generate synergistic or additive
effects so that when promoting multiple health-protective
behaviors simultaneously, the overall health benefits can be
greatly increased [23-27]. As a result, interventions targeting
multiple health behavior change (MHBC) have grown in
popularity over the past decade as a potential and pragmatic
way to maximize overall health outcomes. With the burgeoning
use of internet technology, web-based MHBC interventions
have been increasingly applied to a wide range of populations
[8,28]. Compared with traditional face-to-face hand-delivered
interventions this new paradigm has been praised for its
numerous advantages, such as accessibility, scalability,
cost-effectiveness, flexibility, and convenience [29].

One critical issue that remains understudied concerns the
psychosocial mechanisms behind MHBC (ie, salient mediators
of successful MHBC interventions) [24,27]. Psychosocial
theory-based MHBC interventions have been advocated by
many researchers as scientific theories that can provide a useful
framework for addressing the key modifiable determinants (eg,
motivation and volition) of health behavior that may
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consequently increase the effectiveness of MHBC interventions
[24,27,30,31]. However, many so-called theory-based health
interventions are probably better categorized as theory inspired
rather than theory based because they may not apply the theory
properly and extensively (eg, the intervention did not effectively
link behavior change techniques to the theoretical components)
[27,32]. As a result, considerable heterogeneity in the effect
sizes is found in theory-based health interventions, and some
reviews have even concluded that the use of theories has no
bearing on the effectiveness of interventions [27,30-33].
Therefore, it is important to identify active mediators of
intervention effectiveness and increase our understanding of
theoretical constructs in terms of the magnitude of their impacts
in different behavior interventions targeting different
populations.

Our Previous Web-Based MHBC Intervention
Program for Chinese College Students
Given the urgent need for, and limited practice of, MHBC
interventions for promoting both PA and FVC among Chinese
college students, we developed an 8-week web-based MHBC
intervention program. To address the debatable question in
MHBC research (ie, how to deliver MHBC interventions to
achieve more robust treatment effects or whether the order of
the sequential intervention contents makes a difference) [34],
we designed two sequentially delivered modules (ie, PA first
and FVC first) in our previous program and compared the
differences in their intervention effects on promoting PA and
FVC among Chinese college students (details have been
presented elsewhere [34]). Our previous program used the
HAPA model as the theoretical backdrop [19]. The HAPA
model postulates two distinctive phases of the behavior change
process (ie, motivational and volitional phases), underlining the
vital role of diverse psychosocial determinants in the behavior
change process [35]. In the motivational phase, the primary task
is to form a behavioral intention by reinforcing several crucial
antecedents (eg, risk perception, outcome expectancies, and
action self-efficacy). Once the behavioral intention has been
formed, individuals need to enhance maintenance and recovery
self-efficacies, apply a series of self-regulatory strategies (eg,
action planning and coping planning), and use external resources
(eg, social support) for facilitating the behavior initiation and
maintenance in the volitional phase [36]. In our previous study,
we evaluated the effectiveness of a web-based MHBC
intervention program on promoting PA, FVC, and health-related
outcomes (BMI, depression, and quality of life) among Chinese
college students. The results supported favorable effects on both
behaviors and BMI in the intervention groups compared with
a control condition, with small-to-medium effect sizes (Cohen
d=0.22-0.59), and indicated a superior effect on FVC
maintenance in the FVC-first group compared with the PA-first
group [34]. However, our previous analyses focused only on
the change in each specific behavior, whereas the comparative
intervention effects on the combination of multiple health
behaviors (ie, lifestyle indicator) and psychosocial determinants
of behavior change have not been examined. In addition, the
underlying psychosocial mechanisms of successful MHBC
(salient mediators) have not been identified.

Objectives and Hypotheses
Given the aforementioned particulars, the first aim of this study
was to examine the immediate and sustained effectiveness of
our previous 8-week web-based intervention program for
promoting a healthy lifestyle (ie, adhering to both PA and FVC
behavioral recommendations) and enhancing the psychosocial
determinants of PA and FVC (ie, intention, self-efficacy,
planning, and social support) among Chinese college students.
Furthermore, this study aimed to identify whether changes in
psychosocial determinants of PA and FVC could account for
the immediate and sustained lifestyle changes (ie, mediation
analyses).

Correspondingly, the main intervention effects were
hypothesized in terms of greater adoption of a healthy lifestyle
(hypothesis 1) and more improvements in the psychosocial
determinants of PA (hypothesis 2a) as well as FVC change
(hypothesis 2b). The mediation effects were hypothesized in
terms of the following assumption: participants in the
intervention groups who had increased psychosocial
determinants of PA and FVC would be more likely to have
positive lifestyle changes after 8 (hypothesis 3a) and 12 weeks
(hypothesis 3b) than those in the control group.

Methods

Ethics Approval
The study was approved by the research ethics committee of
Hong Kong Baptist University (FRG2/15-16/032).

Design, Participants, and Procedure
The study outlined herein has been described in greater detail
elsewhere [34]. Data for the secondary analyses were collected
in a 3-arm, double-blinded (ie, intervention facilitator and
outcome evaluator) randomized controlled trial (RCT)
evaluating sequentially delivered web-based interventions for
PA and FVC among Chinese college students (ClinicalTrials.gov
NCT03627949) [34].

In our previous RCT, the participants (N=634) were recruited
from 28 different departments (the total number of departments
is 34) of 1 university in the central region of China. The
eligibility criteria were as follows: participants (1) were aged
≥18 years, (2) were not collegiate athletes or had not majored
in any sport-related subjects, (3) had no contraindications to
physical mobility (eg, cardiovascular diseases and disabilities)
or FVC (fruit allergies or diabetes), and (4) had access to the
internet and digital devices (eg, desktop computer, laptop
computer, and smartphone). Details of the sampling approach,
sample size estimate, recruitment procedure, and CONSORT
(Consolidated Standards of Reporting Trials) flow diagram are
described in detail in the primary paper [34].

After enrollment and eligibility checks, the eligible participants
(N=556) were randomly assigned to 1 of 3 groups, which
included a PA-first group (4 weeks of PA treatment followed
by 4 weeks of FVC treatment), an FVC-first group (4 weeks of
FVC treatment followed by 4 weeks of PA treatment), and a
control group (8 weeks of placebo treatment irrelevant to either
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PA or FVC). The study was implemented from October 2017
to March 2018.

Of the 556 eligible participants, we excluded 4 (0.7%) who did
not complete the baseline assessment; thus, the final sample
considered for the analysis of this study consisted of 552
(99.3%) participants, specifically 187 (33.9%) in the PA-first
group, 195 (35.3%) in the FVC-first group, and 170 (30.8%) in
the control group. For the study analyses, measurements were
recorded at baseline (T0), after the intervention (T1; 8 weeks
after T0), and at follow-up (T2; 12 weeks after T0).

Intervention
The intervention has been described in greater detail in our
previously published papers [34-37]. The intervention content
was designed based on the theoretical framework of the HAPA
[19], lasting for 8 weeks with 1 session per week (each session
lasting for between 20 and 30 minutes). Two sequentially
delivered health interventions (ie, PA first and FVC first) were
designed to target the HAPA-based psychosocial determinants
of PA and FVC change. Considering that >90% of the Chinese
college students were intenders and actors for PA and FVC
behavior in our previous pilot study [38], this study focused
more on the enhancement of intention, self-efficacy, planning,
and social support to facilitate the crucial transition from
intention to actual behavior initiation and maintenance (ie,
intention-behavior gap).

In brief, for the PA-first group, the first 4-week intervention
targeted the following psychosocial determinants of PA change:

• Week 1: risk perception, outcome expectancies, and goal
settings (these antecedent variables contributed to the
formation and enhancement of PA intention)

• Week 2: development of action planning
• Week 3: revision and adjustment of previous action

planning and development of coping planning
• Week 4: revision and adjustment of previous coping

planning and development of perceived social support

The same intervention materials were subsequently implemented
to target the psychosocial determinants of FVC change in the
second 4-week intervention period. For the FVC-first group,
the sequence of intervention delivery was the reverse of the
PA-first module. Self-efficacy was involved as a settled
component throughout the entire intervention period. For the
control condition, to avoid social desirability and the Hawthorne
effect [39], all participants in the control group received active
control treatments that seemed in all respects to be identical to
the 2 intervention groups (eg, intervention duration, frequency,
implementation procedure, and delivery modes) but lacked the
critical psychosocial ingredients for changing PA or FVC [34].

The whole intervention, which consisted of three independent
modules (ie, 2 MHBC intervention modules and 1 placebo
control module), was delivered through a well-established
platform. Participants were asked to attend the corresponding
intervention session once a week through a laptop computer or
desktop computer. WeChat (a popular social media platform in
China) groups were established for participants who were
included in the same intervention condition. Each participant

received a WeChat group reminder that was distributed by the
research team 1 day before the new intervention session [34].

Measures

Lifestyle Indicator
The lifestyle indicator reflected the combination of multiple
health behaviors (ie, whether the participant had complied with
behavioral recommendations for both PA and FVC). We used
the World Health Organization–recommended thresholds of at
least 150 minutes of moderate-intensity PA per week (or at least
75 minutes of vigorous-intensity PA or an equivalent
combination of moderate-to-vigorous PA) and 5 daily servings
(400 g) of fruit and vegetables [6,7]. In our previous study, the
weekly amount of PA was assessed using the Chinese brief
version of the International Physical Activity Questionnaire
[40], and the daily portion of FVC was evaluated using a
Chinese version of the 4-item FVC scale [41]. Participants were
categorized into 1 of 2 groups depending on whether they
adhered to both PA and FVC recommendations (0=unhealthy
lifestyle that met neither of the behavioral recommendations or
only 1 behavioral recommendation and 1=healthy lifestyle that
met both behavioral recommendations) [42,43].

Psychosocial Determinants of Behavior Change

Intention

Intention for PA was measured with the question stem “I intend
to perform at least 30 minutes a day on minimum 5 days a week
for at least 150 minutes per week with...” followed by 3 items:
“...vigorous PA,” “...moderate PA,” and “...mild PA” (Cronbach
α=.64). Intention for FVC was assessed by the question stem
“I seriously intend to...” followed by 3 items: “...eat at least five
servings of fruit and vegetables every day,” “...eat more fruit
and vegetables each meal,” and “...drink at least one glass of
fruit or vegetable juice every day” (Cronbach α=.63). The
answers were indicated on a visual analog scale (VAS) ranging
from 1=not true to 4=exactly true [34,38,43,44].

Self-efficacy

Self-efficacy was measured with the question stem “I am certain
that...” followed by 5 items for PA such as “...I can be physically
active on a permanent and regular basis (eg, at least 30 minutes
a day on minimum 5 days a week), even if I have to overcome
some barriers” or followed by 5 items for FVC such as “...I can
eat 5 portions of fruit and vegetables a day even if it is
sometimes difficult” (Cronbach α for PA=.88 and Cronbach α
for FVC=.92). The answers were indicated on a VAS ranging
from 1=don’t agree at all to 5=agree completely [34,38,43-45].

Planning

Planning includes two components: action planning and coping
planning. Action planning was measured by the question stem
“For the next month I already planned in detail...” followed by
3 items for PA such as “...which concrete PA I will pursue” or
followed by 3 items for FVC such as “...how I will prepare the
food” (Cronbach α for PA=.86 and Cronbach α for FVC=.91).
Coping planning was measured by the question stem “For the
next month I already planned in detail...” followed by 3 items
for PA such as “...how I can stay active, even if something
happened” or followed by 3 items for FVC such as “...what I
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can do in difficult situations, in order to remain true to my own
resolutions” (Cronbach α for PA=.87 and Cronbach α for
FVC=.93). Answers were given on a VAS ranging from
1=totally disagree to 5=totally agree [34,38,43-46].

Social Support

Perceived social support was measured by the question stem
“How do you perceive your environment?” followed by 3 items
for PA such as “People like my classmates and friends help me
to stay physically active” or followed by 3 items for FVC such
as “People like my classmates and friends help me to eat
healthily” (Cronbach α for PA=.72 and Cronbach α for
FVC=.69). Answers were given on a VAS ranging from
1=disagree to 4=agree [34,38,43-46].

Covariates

The covariates included age, sex, college grade (freshman,
sophomore, junior, or senior), marital status (single or in a
relationship), perceived health status (poor, satisfactory, or

excellent), and BMI (kg/m2) [47].

All the questionnaires were written in simple Chinese and had
been validated in previous studies using Chinese adult
populations [34,38,43]. Sociodemographic information was
collected only at registration, whereas all other indicators were
assessed at baseline (T0), postintervention assessment (T1), and
12-week follow-up assessment (T2).

Statistical Analyses
Data analyses were performed using SPSS software (version
27.0; IBM Corp; eg, descriptive tests and intervention effect
evaluation) and PROCESS macro (version 4.0; Andrew F Hayes;
mediation analyses). Baseline characteristics and randomization
were checked using independent 2-tailed t tests, ANOVA, and
chi-square tests. Missing values were imputed using the multiple
imputation approach with chained equations, except for
dropouts, which were addressed using the
baseline-observation-carried-forward approach [48]. The 5%
level (2-tailed) was used as the statistical significance cutoff
point.

With an intention-to-treat principle, intervention effects on the
lifestyle indicator were examined using logistic regression
analyses (determining odds ratios; hypothesis 1). For
intervention effects on psychosocial determinants of behavior
change (hypotheses 2a and 2b), generalized linear mixed models
were used using a restricted maximum likelihood approach with
time, group, and their interaction as fixed effects adjusted for
the random effects of baseline behaviors. Unstructured
covariance matrix was selected based on the minimal values of
−2 log likelihood and Akaike and Bayesian information criteria.
The least significant difference method was used for the post
hoc comparison [49].

For hypotheses 3a and 3b, to control for the effects of baseline
values, residualized change scores were used for the multiple
mediation analyses [50]. The standardized coefficients and 95%
CIs for direct, indirect, and total effects were estimated using
the bias-corrected bootstrap approach (5000 resamples). The
multicollinearity of psychosocial mediators was checked before
the mediation analyses using the following criteria for an
ignorable multicollinearity problem: low correlation (≤0.70),
high tolerance (>0.01), low variance inflation factor (≤10), high
eigenvalue (not approaching 0), and small condition index (≤30)

[51]. For effect size R2, the proposed small, medium, and large
values were 0.02, 0.13, and 0.26, respectively [52].

Results

Sample Characteristics and Randomization Check
A total of 552 participants (n=322, 58.3%, women) were
included in the data analysis, with their ages ranging from 18
to 24 (mean 19.99, SD 1.04) years. Table 1 presents the
descriptive information of the study sample in terms of their
sociodemographic data, baseline values of psychosocial
determinants for PA and FVC, and behavioral indicators at
baseline.

Randomization checks indicated that there were no significant
differences in baseline characteristics across the 3 groups in
relation to age, sex, college grade, marital status, perceived
health status, and BMI (P=.37-.83). In addition, the 3 groups
did not vary significantly in all psychosocial mediators and
behavioral indicators (P=.10-.93). Therefore, the randomization
was successful.

At baseline (T0), 27.9% (154/552) of the participants did not
meet the weekly PA recommendation, whereas 80.4% (444/552)
did not consume at least five portions of fruit and vegetables
per day. When both behaviors were combined, 86.1% (475/552)
of the participants met only 1 or none of these 2 behavioral
recommendations and were categorized as adopting unhealthy
lifestyles at baseline. Overall, 13.9% (77/552) of the participants
achieved both behavioral recommendations and were
categorized as adopting healthy lifestyles.

At T1, 23.2% (128/552) of the participants did not meet the PA
recommendation, whereas 55.6% (207/552) did not achieve the
recommended daily servings of fruit and vegetables. When both
behaviors were combined, 36.2% (200/552) of the participants
met both behavioral recommendations and were categorized as
having healthy lifestyles.

At T2, the percentage of participants adhering to the PA
recommendation was 21.2% (117/552), whereas 43.8%
(242/552) met the FVC recommendation. Taking both behaviors
together, 35.5% (196/552) of the participants complied with
both PA and FVC recommendations and were categorized as
adopting healthy lifestyles.
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Table 1. Sociodemographic information, psychosocial mediators, and behavioral indicators of the study sample at baseline.

Control group
(n=170)

FVCb-first group
(n=195)

PAa-first group
(n=187)Total (N=552)Variable

Sociodemographic information

19.93 (1.06)19.96 (0.99)20.07 (1.07)19.99 (1.04)Age (range 18-24 years), mean (SD)

Sex, n (%)

73 (42.9)78 (40)79 (42.2)230 (41.7)Male

97 (57.1)117 (60)108 (57.8)322 (58.3)Female

College grade, n (%)

88 (51.8)90 (46.2)86 (46)264 (47.8)Freshman

68 (40)84 (43.1)77 (41.2)229 (41.5)Sophomore

12 (7.1)16 (8.2)18 (9.6)46 (8.3)Junior

2 (1.2)5 (2.6)6 (3.2)13 (2.4)Senior

Marital status, n (%)

153 (90)183 (93.8)170 (90.9)506 (91.7)Single

17 (10)12 (6.2)17 (9.1)46 (8.3)In a relationship

Perceived health status, n (%)

3 (1.8)9 (4.6)5 (2.7)17 (3)Poor

111 (65.3)125 (64.1)122 (65.2)358 (64.9)Satisfactory

56 (32.9)61 (31.3)60 (32.1)177 (32.1)Excellent

20.40 (2.39)20.52 (2.62)20.32 (2.34)20.41 (2.45)BMI (range 15.62-32.88 kg/m2), mean (SD)

Psychosocial determinants, mean (SD)

2.17 (0.69)2.22 (0.72)2.26 (0.74)2.22 (0.71)PA intention

2.92 (1.2)2.87 (1.16)3.08 (1.22)2.96 (1.19)PA self-efficacy

3.04 (1.12)2.97 (1.04)3.10 (0.98)3.03 (1.05)PA planning

2.19 (0.9)2.24 (0.94)2.25 (0.90)2.23 (0.91)PA social support

1.99 (0.81)1.97 (0.81)1.93 (0.76)1.96 (0.79)FVC intention

3.11 (1.42)3.06 (1.36)3.07 (1.34)3.08 (1.37)FVC self-efficacy

2.94 (1.18)2.83 (1.14)2.83 (1.16)2.86 (1.16)FVC planning

2.32 (0.86)2.38 (0.89)2.40 (0.83)2.37 (0.86)FVC social support

Behavioral indicators, mean (SD)

462.38 (253.51)452.80 (248.94)482.63 (269.42)465.85 (257.29)PA (minutes per week)

3.76 (1.68)3.82 (1.87)3.84 (1.70)3.81 (1.75)FVC (portions per day)

Lifestyle indicator, n (%)

148 (87.1)166 (85.1)161 (86.1)475 (86.1)Unhealthyc

22 (12.9)29 (14.9)26 (13.9)77 (13.9)Healthyd

aPA: physical activity.
bFVC: fruit and vegetable consumption.
cParticipants adopted unhealthy lifestyles that met neither of the behavioral recommendations or only 1 behavioral recommendation.
dParticipants adopted healthy lifestyles that met both behavioral recommendations.

Intervention Effects on Lifestyle Indicator
After the 8-week intervention (T1), both intervention groups,
particularly the PA-first group, outperformed the control group
in adhering to both PA and FVC behavioral recommendations

(39% vs 18.2%). At the 1-month follow-up test (T2), the
favorable effects were sustained for both intervention groups:
39% (73/187) of the participants in the PA-first group and 46.2%
(90/195) of those in the FVC-first group adopted a healthy
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lifestyle, whereas only 19.4% (33/170) of the participants in
the control condition did so (Figure 1).

To further explore the extent to which the intervention predicted
the adoption of a healthy lifestyle at T1 and T2, binary logistic
regression analyses were used (Table 2). First, all
sociodemographic variables and intervention groups were used
as predictors for the adoption of a healthy lifestyle at baseline.
Neither of these variables showed a significant correlation to
the lifestyle indicator (all P=.23-.49). When controlling for all
sociodemographic variables and baseline lifestyle, the treatment

was found to be a significant predictor for adopting a healthy
lifestyle at both T1 and T2 (all P<.001). Specifically, after 8
weeks, participants in the PA-first and FVC-first groups were
approximately 3.2 times and 5 times more likely, respectively,
to practice or maintain a healthy lifestyle than those in the
control group. After 12 weeks, participants receiving the
interventions were approximately 3 times (PA first) and 4.1
times (FVC first) more likely to comply with a healthy lifestyle
than the control group. The entire model accounted for 22%
and 21% of the variance of the lifestyle indicator at T1 and T2,
respectively.

Figure 1. Descriptive information of lifestyle indicator from baseline assessment (T0) to follow-up assessment 12 weeks after baseline assessment
(T2). FVC: fruit and vegetable consumption; PA: physical activity; T1: postintervention assessment 8 weeks after baseline assessment.

Table 2. Intervention effects on the adoption of healthy lifestyles after 8 and 12 weeks (N=552).

Lifestylea after 12 weeks (T2)Lifestylea after 8 weeks (T1)Lifestylea at baseline (T0)Variable

0.100.30<.001Constant

0.13 (0.07-0.23)d0.14 (0.08-0.25)dN/AcLifestylea at baseline, ORb (95% CI)

2.99 (1.78-5.03)d3.24 (1.92-5.47)d1.10 (0.60-2.03)PAe-first group, OR (95% CI)

4.07 (2.44-6.80)d5.00 (2.98-8.40)d1.19 (0.65-2.17)FVCf-first group, OR (95% CI)

0.210.220.02R

a0=adopted an unhealthy lifestyle (as reference); 1=adopted a healthy lifestyle.
bOR: odds ratio, adjusted for all sociodemographic variables.
cN/A: not applicable.
dP<.001.
ePA: physical activity (control group was set as reference).
fFVC: fruit and vegetable consumption (control group was set as reference).

Intervention Effects on Psychosocial Determinants of
Behavior Change
The results of the linear mixed models showed that of the 8 time
and group interactions, 4 (50%) were statistically significant
(Tables 3 and 4). The marginal mean values of the psychosocial
determinants of PA and FVC at 3 time points are presented in
Figures 2 and 3.

Regarding the psychosocial determinants of PA, the interaction
effect of time and treatment on self-efficacy (P<.001) and

planning (P=.008) was significant for both intervention groups
compared with the control group. After 8 weeks (T1), a
significant between-group difference was found on intention
(P<.001), self-efficacy (P=.01), and planning (P=.003-.008),
with small-to-medium effect sizes (Cohen d=0.26-0.39), which
was in favor of the 2 intervention groups. After 12 weeks (T2),
the 2 intervention groups showed superiority in the improvement
in all psychosocial determinants of PA (Cohen d=0.23-0.45),
except for a nonsignificant difference in the perceived social
support between the FVC-first and control groups (P=.16). Two
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intervention groups did not show any significant differences in
the post hoc comparison (P=.43 at T1 and P=.93 at T2).

For psychosocial determinants of FVC, a statistically significant
interaction effect was found on intention (P<.001) and planning
(P<.001), whereas the time×group effect was marginally
significant for self-efficacy (P=.06) and nonsignificant for social
support (P=.83). After 8 weeks (T1), a significant between-group
difference was found only in FVC intention (P<.001; Cohen

d=0.39-0.45), which favored the 2 intervention groups. There
were no significant between-group differences in other variables
(P=.07-.67). After 12 weeks (T2), the 2 intervention groups
showed a prominently higher level of intention (P<.001) and
planning for FVC (P=.002-.04) than the control group. In
addition, a significant difference in FVC self-efficacy was found
between the FVC-first and control groups (P=.02), whereas the
PA-first group showed a favorable change in FVC social support
compared with the control group (P=.046).

Table 3. Results of the generalized linear mixed models with psychosocial mediators of physical activity (PA) change after 8 and 12 weeks as outcome
measures (N=552).

PA social supportPA planningPA self-efficacyPA intentionTime and group

Effect size,
Cohen d

ValueEffect size,
Cohen d

ValueEffect size,
Cohen d

ValueEffect size,
Cohen d

Value

Type III tests, Fa

N/A0.83N/A3.49dN/A5.55cN/Ab2.189Time×group

N/A6.76dN/A1.96N/A1.10N/A5.88dTime

N/A1.93N/A3.73eN/A5.34dN/A5.49dGroup

After 8 weeks (T1), difference of marginal meansf

0.200.180.320.34d0.270.31e0.390.28cPA-first group versus con-
trol

0.190.170.300.30d0.260.30e0.380.27cFVCg-first group versus
control

0.010.010.040.040.010.010.0040.003PA-first group versus
FVC-first group

After 12 weeks (T2), difference of marginal meansf

0.230.21e0.340.37d0.430.50c0.330.30dPA-first group versus con-
trol

0.150.130.310.34d0.450.52d0.260.24eFVC-first group versus
control

0.080.070.030.03–0.02–0.020.070.06PA-first group versus
FVC-first group

aAdjusted for baseline physical activity (metabolic equivalent minutes per week).
bN/A: not applicable.
cP<.001.
dP<.01.
eP<.05.
fPost hoc test: least significant difference.
gFVC: fruit and vegetable consumption.
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Table 4. Results of the generalized linear mixed models with psychosocial mediators of fruit and vegetable consumption (FVC) change after 8 and 12
weeks as outcome measures (N=552).

FVC social supportFVC planningFVC self-efficacyFVC intentionTime and group

Effect size,
Cohen d

ValueEffect size,
Cohen d

ValueEffect size,
Cohen d

ValueEffect size,
Cohen d

Value

Type III tests, Fa

N/A0.37N/A5.41bN/A2.28N/Ac6.66bTime×group

N/A5.73dN/A17.62bN/A6.98dN/A39.06bTime

N/A2.09N/A0.96N/A0.94N/A5.90dGroup

After 8 weeks (T1), mean differencee

0.200.170.160.190.110.140.390.33bPAf-first group versus
control

0.190.170.200.230.180.220.450.39bFVC-first group versus
control

0.010.01–0.04–0.05–0.07–0.08–0.07–0.06PA-first group versus
FVC-first group

After 12 weeks (T2), mean differencee

0.210.18g0.220.24g0.170.220.350.32bPA-first group versus con-
trol

0.170.150.320.35e0.250.32g0.410.37bFVC-first group versus
control

0.040.03–0.10–0.11–0.08–0.10–0.06–0.05PA-first group versus
FVC-first group

aAdjusted for baseline fruit and vegetable consumption (portions per day).
bP<.001.
cN/A: not applicable.
dP<.01.
ePost hoc test: least significant difference.
fPA: physical activity.
gP<.05.
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Figure 2. Marginal mean values of psychosocial determinants of physical activity (PA) change for 3 groups from baseline assessment (T0) to follow-up
assessment 12 weeks after baseline assessment (T2). (A) Intention for PA. (B) Self-efficacy for PA. (C) Planning for PA. (D) Social support for PA.
FVC: fruit and vegetable consumption; T1: postintervention assessment 8 weeks after baseline assessment.

Figure 3. Marginal mean values of psychosocial determinants of fruit and vegetable consumption (FVC) change for 3 groups from baseline assessment
(T0) to follow-up assessment 12 weeks after baseline assessment (T2). (A) Intention for FVC. (B) Self-efficacy for FVC. (C) Planning for FVC. (D)
Social support for FVC. PA: physical activity; T1: postintervention assessment 8 weeks after baseline assessment.
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Mediation Mechanisms of Immediate and Sustained
Lifestyle Changes
Multicollinearity diagnostics revealed that there were no severe
collinearity problems among the included psychosocial
determinants of PA and FVC (correlation r=0.33-0.59,
tolerance=0.45-0.72, variance inflation factor=1.40-2.25,
eigenvalue=0.30-2.67, and condition index=1.00-2.93).
Residualized change scores were obtained from the linear or
binary regression analyses of T1 scores on T0 scores (ie,
immediate change after 8 weeks) and of T2 scores on T0 scores
(ie, sustained change after 12 weeks). All sociodemographic
variables were included as covariates in the mediation analyses.

After 8 weeks (T1), both intervention assignments significantly
predicted the lifestyle changes (bPA first=0.45, 95% CI 0.25-0.65;
P<.001; bFVC first=0.66, 95% CI 0.21-0.62; P<.001) and changes
in all psychosocial determinants of behavior change, except
social support (Figure 4). After controlling for the changes in

psychosocial determinants, the associations between group
assignments and lifestyle changes were attenuated but still
statistically significant (bPA first=0.31, 95% CI 0.12-0.51; P=.002;
bFVC first=0.51, 95% CI 0.31-0.70; P<.001), indicating that PA
self-efficacy and FVC intention were partial mediators of
intervention effectiveness. The multiple mediator model
accounted for 17.5% of the variance in immediate lifestyle
changes (P<.001).

After 12 weeks (T2), the intervention assignments continuously
showed a significant prediction for lifestyle changes (bPA

first=0.42, 95% CI 0.22-0.63; P<.001; bFVC first=0.57, 95% CI
0.37-0.78; P<.001) and changes in all psychosocial mediators,
except social support (Figure 5). Among 8 mediators, only FVC
intention was identified as a significant mediator that partially
mediated the effects of both intervention groups on lifestyle
changes at T2 (b=0.27, 95% CI 0.17-0.37; P<.001). The overall
mediation model accounted for 18.4% of the variance in
sustained lifestyle changes (P<.001).

Figure 4. Mediation model of intervention effects on immediate lifestyle change at T1 (postintervention assessment 8 weeks after baseline assessment).
CG: control group; FVC: fruit and vegetable consumption; PA: physical activity. *P<.05, **P<.01, ***P<.001.
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Figure 5. Mediation model of intervention effects on sustained lifestyle change at T2 (follow-up assessment 12 weeks after baseline assessment). CG:
control group; FVC: fruit and vegetable consumption; PA: physical activity. *P<.05, **P<.01, ***P<.001.

Discussion

Principal Findings
This is one of the first studies to gain insights into web-based
MHBC interventions for Chinese college students in terms of
(1) the intervention effects on promoting a healthy lifestyle and
enhancing psychosocial determinants of behavior change and
(2) the mediation mechanisms of immediate and sustained
lifestyle changes. The majority of the study hypotheses were
supported.

The principal expected intervention effects on prompting a
healthy lifestyle were identified (hypothesis 1). Compared with
the participants in the placebo control condition, those in the
intervention groups showed immediate and sustained
improvements in adhering to both PA and FVC behavioral
recommendations after receiving the 8-week web-based MHBC

interventions, with medium effect sizes (R2=0.21-0.22). This
finding is consistent with a previous computer-based
intervention study with German employees [42,53], Iranian
adolescents [20], and the general population in different
countries [8,29]. Similar results were also presented in our
previous study that aimed to enhance PA and FVC among
outpatients with coronary heart disease during their home-based
rehabilitation [43]. Taken together, our findings add evidence
regarding the potential of web-based MHBC interventions for
promoting a healthy lifestyle among young adult populations.

Regarding the intervention effects on the psychosocial
determinants of behavior change, 50% (4/8) were found to be
statistically significant. Research hypotheses 2a and 2b were
partially supported. Although a favorable improvement was

detected for the 2 intervention groups descriptively, we could
not find a statistically significant time and treatment interaction
on intention for PA, self-efficacy for FVC, and social support
for both PA and FVC. The findings were inconsistent with those
of previous studies of college students and other populations
that had indicated a significant intervention effect on these
variables [38]. One potential interpretation could be that the
ceiling effect came into play here [54]. In particular, the
participants in this study had a high level of intention for PA
(mean 2.22, SD 0.71; scale scoring range 1-4) and high
perceived social support for both health behaviors (meanPA 2.23,
SD 0.91; meanFVC 2.37, SD 0.86) at baseline. In addition, our
findings might be attributed to the impacts of external social
and environmental factors (eg, university policy and
environmental barriers). In our previous qualitative interviews,
these participants had stated that their health behaviors are
considerably affected by the mandatory university policy for
PA in terms of the Ham Run task (ie, all undergraduates had to
complete a 2000-meter run 28 times, accounting for 20% of the
PE course credit) and barriers to FVC (eg, financial issues and
limited provision of fruit and vegetables at university canteens)
[34]. Unsurprisingly, in such a case these external sources might,
to some extent, suppress the intervention effects on the internal
sources of behavior change (eg, intention for PA and
self-efficacy for FVC). As our research focused on
individual-level psychosocial determinants of behavior change,
the social and environmental factors were not involved. This
should be systematically examined in future studies.

For mediation analyses (hypotheses 3a and 3b), only intention
and self-efficacy were identified as salient mediators of lifestyle
changes. In particular, compared with the control condition

J Med Internet Res 2022 | vol. 24 | iss. 9 | e37563 | p.361https://www.jmir.org/2022/9/e37563
(page number not for citation purposes)

Liang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


participants, those in the intervention groups who gained more
self-efficacy for PA and who increased more intention for FVC
were more likely to show a successful change in lifestyle after
8 weeks (ie, immediate change). This finding is consistent with
that of previous studies of workplace employees and clinical
patients [42,43,53], demonstrating the importance of
empowering the internal sources (intention and self-efficacy)
in facilitating both sufficient PA and healthy diets. For the
sustained lifestyle change (after 12 weeks), only intention for
FVC was identified as a significant mediator of intervention
effectiveness. This finding supplements the evidence for
emphasizing the role of intention in maintaining long-term
change of lifestyle behaviors [55,56]. The hypothesized role of
planning and social support in facilitating a healthy lifestyle
has not been found in our study, and further investigation is
warranted. In addition, the mediation models only showed
medium effect sizes in explaining the variance of lifestyle

changes among Chinese college students (R2=0.18), which are
comparatively higher than those of German workplace

employees (R2=0.10) [42] and lower than those of Chinese

outpatients with coronary heart disease (R2=0.33) [43]. Further
studies with inclusion of more psychosocial mediators are
warranted.

Limitations
Several limitations should be noted. First, the behavioral
indicators were evaluated using self-reported measures, which
may lead to recall bias and social desirability effect [57]. The
inclusion of objective measures such as accelerometers,
pedometers, and digital cameras, which can provide more
accurate and reliable assessments of health behaviors, is
recommended in future studies. Second, the RCT design was
used in consideration of the feasibility and limited resources
for study implementation; however, this may lead to spillover
effect and contamination [58]. Although we applied several
strategies to minimize this problem and did not identify any
contamination in our previous study, a stricter design (eg, cluster
RCT) should be used, if possible. In addition, the intervention
effects may be confounded by external sources (eg, season,
university policy, PA facilities, and environmental barriers)
[59]. Further investigation considering these factors is warranted.

In addition, following a parsimonious principle and considering
the characteristics of the study sample, we did not include habit
strength and action control as in our previous intervention
program. Accordingly, the role of these factors in facilitating a
healthy lifestyle has not been examined in this study. However,
further identification of the mediating effect of these factors is
needed [60]. In addition, because this is a secondary analysis
of our previous RCT targeting specific outcomes (healthy
lifestyle as well as psychosocial determinants of PA and FVC),
the findings generated in this study cannot be regarded as
representative of all student samples who receive the web-based
MHBC intervention, and caution is needed when generalizing
to wider populations. Finally, our study focused on the lifestyle
pattern combining only PA and FVC; more lifestyle behaviors
(eg, sedentary behaviors, sleep patterns, smoking, and alcohol
addiction) are deserving of inclusion in future studies to
contribute to a better understanding of comprehensive lifestyle
patterns. Despite these limitations, this study may have
considerable implications for future MHBC research and
practice on promoting a healthy lifestyle among college students
in terms of addressing PA self-efficacy and FVC intention. Our
findings supplement evidence on the effectiveness of web-based
MHBC interventions independently of whether PA or FVC is
targeted first. The study adds new knowledge about the
underlying mechanisms of successful MHBC interventions in
terms of lifestyle approaches that require combined strategies.

Conclusions
To conclude, this study demonstrated the great potential of
8-week theory-based and web-based MHBC interventions for
promoting a healthy lifestyle and several psychosocial
determinants of behavior change among Chinese college
students. This study also identified a salient mediating effect
of intention and self-efficacy in facilitating successful,
immediate, or sustained lifestyle changes. The research findings
provide empirical evidence for future MHBC research and
practice among young adult populations: lifestyle can be
improved independently of whether PA or FVC is addressed
first by means of web-based interventions. Further investigation
on the effects in other populations and countries and with other
behaviors, such as healthy internet use and stress management,
is needed.
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Abstract

Background: Internet-delivered cognitive behavioral therapy (ICBT) can improve access to mental health care for students,
although high attrition rates are concerning and little is known about long-term outcomes. Motivational interviewing (MI) exercises
and booster lessons can improve engagement and outcomes in face-to-face cognitive behavioral therapy.

Objective: This study aimed to examine the use of pretreatment MI exercises and booster lessons in ICBT for postsecondary
students.

Methods: In this factorial trial (factor 1: web-based MI before treatment; factor 2: self-guided booster lesson 1 month after
treatment), 308 clients were randomized to 1 of 4 treatment conditions, with 277 (89.9%) clients starting treatment. All clients
received a 5-week transdiagnostic ICBT course (the UniWellbeing course). Primary outcomes included changes in depression,
anxiety, and perceived academic functioning from before treatment to after treatment and at the 1-month and 3-month follow-ups.

Results: Overall, 54% (150/277) of students completed treatment and reported large improvements in symptoms of depression
and anxiety and small improvements in academic functioning after treatment, which were maintained at the 1-month and 3-month
follow-ups. Pretreatment MI did not contribute to better treatment completion or engagement, although small between-group
effects favored MI for reductions in depression (Cohen d=0.23) and anxiety (Cohen d=0.25) after treatment. Only 30.9% (43/139)
of students randomized to one of the booster conditions accessed the booster. Overall, no main effects were found for the booster.
Subanalyses revealed that clients who accessed the booster had larger decreases in depressive symptoms (Cohen d=0.31) at the
3-month follow-up. No interactions were found between MI and the booster.

Conclusions: Rather than offering MI before treatment, clients may experience more benefits from MI exercises later in ICBT
when motivation wanes. The low uptake of the self-guided booster limited our conclusions regarding its effectiveness. Future
research should examine offering a booster for a longer duration after treatment, with therapist support and a longer follow-up
period.

Trial Registration: ClinicalTrials.gov NCT04264585; https://clinicaltrials.gov/ct2/show/NCT04264585

(J Med Internet Res 2022;24(9):e40637)   doi:10.2196/40637
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Introduction

Background
An estimated one-third of college students worldwide meet the
criteria for mental health disorders in any given year [1].
Depression, generalized anxiety disorder (GAD), and alcohol
misuse are the most common mental health concerns among
students and are associated with academic difficulties [2],
distress [3], and increased risk of suicide [1]. During the
COVID-19 pandemic, postsecondary students experienced many
additional stressors that may contribute to poor mental health,
including uncertainty about the future [4], adoption of new
caregiving roles [5], limited opportunities for social contact [6],
and strain on personal relationships [7]. Unfortunately, students
face numerous attitudinal and structural barriers that prevent
them from receiving treatment [8]. It is estimated that only
approximately one-third of college students who meet the
criteria for a mental health disorder in a given year receive some
form of treatment [9].

Internet-delivered cognitive behavioral therapy (ICBT) is an
effective alternative to face-to-face cognitive behavioral therapy
(CBT) and may reduce the barriers that students face when
trying to access treatment. In ICBT, clients receive structured
web-based materials (eg, presentation slides, worksheets, and
homework activities) based on cognitive behavioral strategies.
Therapist-assisted ICBT courses typically involve weekly
contact with a therapist either through secure messaging or
telephone [10]. In a meta-analysis of internet interventions for
university students, Harrer et al [11] found that interventions
based on CBT had pooled effect sizes of g=0.29 for depression,
g=0.39 for anxiety, and g=0.33 for stress. Overall, these effect
sizes are smaller than what is reported in studies of ICBT within
the general population [10], which suggests that strategies for
improving the outcomes of ICBT among college and university
students should be explored.

Another issue of ICBT for university students is high attrition
rates [12]. In a study on predictors of outcomes in ICBT, it was
found that younger clients were more likely to drop out of ICBT
than older clients [13]. A possible explanation for high attrition
rates among students is that they experience low motivation or
ambivalence to change [14]. In face-to-face settings, low
motivation and ambivalence to change can be addressed using
motivational interviewing (MI) [15], and there is evidence for
improved treatment acceptability, adherence [15], and treatment
outcomes [16] in studies that combine MI with CBT [15]. Even
single-session interventions involving MI have been found to
produce larger effects than interventions that do not include MI
in studies on reducing heavy drinking in college students [17].
Furthermore, brief MI interventions as short as 15 minutes can
contribute to behavior changes [18]. Including a series of
MI-based exercises at the beginning of ICBT may be beneficial
to improving client outcomes.

The literature on adding MI to ICBT is limited, with only 2
studies exploring MI before clients initiate ICBT [19,20]. In 1
study, 108 clients with social anxiety were randomized to
self-guided ICBT with or without a web-based MI lesson before
treatment [20]. The MI lesson comprised reflective questions

that encouraged clients to consider the short- and long-term
costs and benefits of ICBT, the barriers they might encounter
during ICBT, and the strengths they could draw on to overcome
those barriers. Clients assigned to the MI lesson group were
more likely to complete the full course of treatment than those
who received ICBT alone (75% vs 56% completion), although
no differences in outcomes were found between the groups. In
another trial, 480 clients were randomized to either receive or
not receive a pretreatment MI lesson before accessing ICBT
[19]. The MI lesson comprised 3 videos and 5 web-based
exercises with open-ended, reflective questions. Clients who
received the MI lesson engaged in more change talk in their
email exchanges with therapists and were enrolled in the course
for more days than those who did not receive MI. However,
there was no evidence that pretreatment MI contributed to better
treatment completion rates or greater reductions in symptoms
of depression and anxiety. The authors identified that motivation
was high among clients before treatment and therefore
speculated that benefits may not have been observed as clients
did not generally experience low motivation.

To date, no studies have examined the inclusion of pretreatment
MI in ICBT for postsecondary students, a group known to be
at risk of lower engagement and poorer outcomes. Given the
promising findings of including MI in face-to-face CBT [16]
and preliminary findings for improved engagement in ICBT
[19,20], it is worthwhile to explore the use of pretreatment MI
to address high attrition rates among students.

Booster sessions represent another strategy with the potential
to improve ICBT outcomes. In face-to-face CBT, booster
sessions are used to remind clients of strategies learned during
treatment and offer clients the opportunity to problem solve any
barriers faced since completing treatment [21]. Booster sessions
appear to help clients maintain treatment gains for a longer
period of time than with treatment alone [21,22]. In the case of
ICBT, there is some evidence showing that booster sessions
after ICBT contribute to greater levels of overall functioning
and delay the onset of relapse in clients with
obsessive-compulsive disorder [23]. However, in another recent
study of booster lessons with ICBT, the benefits of a booster
session could not be adequately explored as uptake of the
therapist-assisted booster lesson was low [24]. Overall, given
the need to improve the engagement and outcomes of ICBT
among postsecondary students, the benefits of booster lessons
after ICBT are worthy of exploration.

Objective
The purpose of this study was to examine the effects of including
pretreatment MI and a self-guided booster offered 1 month after
transdiagnostic ICBT for postsecondary students. In particular,
we were interested in whether including pretreatment MI would
affect treatment completion, treatment engagement, and
outcomes compared with ICBT without pretreatment MI. We
hypothesized that clients assigned to either of the conditions
with pretreatment MI would be more likely to complete
treatment and be more engaged during treatment (ie, greater
number of log-ins and more messages sent to their therapist)
than clients who did not receive the pretreatment MI exercises
(ie, only received the standard ICBT course or the ICBT course

J Med Internet Res 2022 | vol. 24 | iss. 9 | e40637 | p.368https://www.jmir.org/2022/9/e40637
(page number not for citation purposes)

Peynenburg et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


with a self-guided booster lesson). The study of the benefits of
pretreatment MI for symptom improvement was considered
exploratory in this specific population, given the null findings
from both previous ICBT studies regarding the benefits of
pretreatment MI [19,20]. We were also interested in examining
students’ use of a self-guided booster lesson and how the use
of the booster would affect outcomes at the 3-month follow-up.
It was hypothesized that clients assigned to the booster would
have larger improvements than those not assigned to the booster.

Methods

Study Design
This study used a 2×2 factorial design (factor 1: pretreatment
web-based MI; factor 2: self-guided booster lesson 1 month
after treatment), and was registered as a clinical trial
(ClinicalTrials.gov NCT04264585).

Ethics Approval
The study was reviewed and received ethics approval from the
University of Regina Research Ethics Board (REB: 2019-205).

Setting
The study was conducted at a routine care ICBT clinic (the
Online Therapy Unit), which offers ICBT free of charge to
residents of Saskatchewan. Examining client outcomes in a
routine care setting is important as these clients typically present
with greater levels of comorbidity and more diversity than in
early phase randomized controlled trials [25]. To identify small
between-group effect sizes with a power of 80% and an α of
.10, a minimum of 277 participants was required. An α of .10
has been suggested for optimization studies [26] and has been
used in previous trials of ICBT to identify active factors [27].
Once a factor has been confirmed as important for improving
outcomes in the confirmatory phase, a traditional α value of .05
can be used [26].

Clients
Prospective clients could self-refer to the course using the Online
Therapy Unit’s website. Clients found out about the
UniWellbeing course through various sources, as described in
the Results section. To be eligible, clients had to (1) be younger
than 18 years, (2) self-report at least mild symptoms of
depression or anxiety (ie, score ≥5) on the 9-item Patient Health
Questionnaire (PHQ-9) [28] or 7-item Generalized Anxiety
Disorder (GAD-7) questionnaire [29], (3) be enrolled at a
postsecondary institution in the province of Saskatchewan, (4)
have reliable access to a computer and the internet and feel
comfortable using them, and (5) remain in Saskatchewan during
the treatment period. Prospective clients were ineligible if they
(1) had unmanaged psychosis, mania, or alcohol or drug
problems; (2) were hospitalized in the previous year for mental
health; (3) were at high suicide risk; or (4) did not meet the
eligibility criteria listed previously.

Intervention
All clients were offered the UniWellbeing course, which is a
5-week transdiagnostic, therapist-assisted ICBT course designed
for postsecondary students. The course was developed at

Macquarie University in Australia and has undergone several
revisions to increase treatment completion [30,31]. In its current
form, the UniWellbeing course comprises 4 lessons that are
released over 5 weeks. Lessons are presented in a slideshow
format and include case stories, downloadable lesson summaries,
and homework exercises. The 4 lessons include information
about the following: symptom identification and the CBT model,
thought monitoring and thought challenging, symptoms of over-
and underarousal and how they can be managed using breathing
exercises and pleasant activity scheduling, avoidance or safety
behaviors and graded exposure, and relapse prevention.
Throughout the course, clients can access additional resources
(ie, assertive communication, communication skills, emergency
contact information, grief, managing beliefs, mental skills, and
problem-solving), as well as 2 additional case stories that were
created for this trial in response to therapist feedback (ie,
COVID-19 and mature student case story). Clients receive
automated messages to alert them about lessons as they become
available and to remind them of how far along they should be
in the course.

Randomization and Factors
Clients who were accepted into the trial were randomized using
REDCap (Research Electronic Data Capture; Vanderbilt
University) to one of four treatment conditions (using block
randomization) at the end of their telephone screen: standard
UniWellbeing, MI+UniWellbeing, UniWellbeing+booster, or
MI+UniWellbeing+booster.

MI Condition
Clients who were randomized to 1 of the 2 conditions that
included MI completed a series of 5 web-based exercises (the
Planning for Change lesson) before starting the main
UniWellbeing course. The MI exercises were adapted from
previous research [19,32] using previous client feedback, as
well as input from 2 patient partners with lived experiences of
anxiety or depression. Revisions included removing redundancy
and improving the clarity of the exercises (eg, by including
examples of strengths). Previous clients suggested that the MI
exercises were too long, which could have negatively affected
client motivation; therefore, the number of questions in each
exercise was reduced.

In the trial by Soucy et al [19], clients completed the MI
exercises 1 week before starting treatment, and the exercises
were delivered on a separate platform from the main treatment,
which prevented therapists from viewing client responses. In
this trial, a decision was made to include the MI exercises
directly on the treatment platform. All questions within each
MI exercise were required for clients to access lesson 1 of the
UniWellbeing course.

The exercises were based on common MI principles (ie, value
clarification [33,34], importance ruler [33], looking back
[33,34], confidence ruler [33], and looking forward [33]). Clients
completed a series of open-ended questions as part of the
exercises and received automated feedback to provide
encouragement (eg, “You can do this. Your courage to reach
out for help demonstrates that you have already started taking
the steps to manage your anxiety and/or depression”)
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Booster Lesson
Clients who were randomized to the booster condition were
offered a self-guided booster lesson 1 month after completing
the UniWellbeing course. The booster lesson comprised a
summary of the key skills from the course, a section on
maintaining motivation, and information about structured
problem-solving and how it could be used to manage lapses. It
was designed to reflect common content in face-to-face booster
sessions [21]. The booster was presented in the same slideshow
format as the core 4 lessons and included a printable summary
with worksheets.

Therapist Support
Each client was assigned to a therapist who provided weekly
support during the 5-week course. Most of the therapist support
was offered through personalized messages sent on the secure
treatment portal on the same day each week. Therapists were
instructed to spend 15 to 20 minutes per client each week.
Telephone contact could be initiated if the client experienced a
significant increase in symptoms of depression or anxiety (≥5
points on the PHQ-9 or GAD-7), if the client’s responses on
the PHQ-9 or messages to their therapist suggested increased
suicide risk, or if the client had not accessed the website for a
week to encourage the client to continue working on the lessons.
A total of 6 therapists provided support in the trial (n=2, 33%
with backgrounds in psychology, and n=4, 67% in social work).
Of the 6 therapists, 5 (83%) were registered with their respective
regulatory colleges, and 1 (17%) was a supervised PhD student
in clinical psychology. All 6 therapists received ICBT training,
regular supervision, and auditing of their messages [35,36].
Therapists were encouraged to include the following in each
message to the clients: express warmth and concern, provide
feedback on weekly symptom questionnaires, highlight content
from lessons, address client questions, reinforce skill acquisition
and progress, manage risks, and remind clients of upcoming
lesson content and their next check-in.

Outcomes

Primary Outcome Measures
Primary outcome measures were administered before treatment,
after treatment, and at the 1-month and 3-month follow-ups.
Clients also completed these measures on a weekly basis during
treatment as a way for therapists to monitor their symptoms.

9-Item Patient Health Questionnaire

The PHQ-9 [28] comprises 9 self-report items to assess
depressive symptoms over the past 2 weeks. Total scores range
from 0 to 27, with a score of ≥10 often used as an indicator of
clinically significant symptoms [28]. The PHQ-9 had good
internal consistency (α=.83 to α=.86) in this study.

7-Item Generalized Anxiety Disorder

The GAD-7 [29] comprises 7 self-report items to assess
symptoms of GAD over the past 2 weeks. Total scores range
from 0 to 21, and a score of ≥10 has been used to identify
individuals with clinical levels of generalized anxiety [29]. The
GAD-7 had good to excellent internal consistency in this study
(α=.85 to α=.93).

Perceptions of Academic Functioning

The Perceptions of Academic Functioning (PAF) was created
for this study and comprises 3 items related to academic
functioning over the past week. Using a scale ranging from 0
to 10, clients were asked how well they felt they were able to
attend their classes or lectures, complete academic tasks (eg,
assignments, papers, laboratory classes, and readings), and
absorb information from readings or lectures. The PAF had
good internal consistency (α=.81 to α=.93), and items were
summed to create a total score, with higher scores indicating
better perceived functioning.

Secondary Outcome Measures
Secondary outcome measures were administered at various time
points, as described in the following sections:

Sheehan Disability Scale

The Sheehan Disability Scale (SDS) [37] comprises 3 self-report
items assessing mental health–related disability in the areas of
work or school, social, and family life. Total scores range from
0 to 30, with higher scores indicating greater levels of
impairment. The SDS was administered before treatment, after
treatment, and at the 1-month and 3-month follow-ups and had
acceptable to good internal consistency (α=.71 to α=.88).

Alcohol Use Disorder Identification Test

The Alcohol Use Disorder Identification Test (AUDIT) [38] is
a 10-item self-report measure that includes questions on alcohol
consumption. Total scores range between 0 and 40, with a score
>20 warranting monitoring and brief intervention [39]. In this
trial, the AUDIT was administered before and after treatment
and had acceptable to good internal consistency (α=.77 to
α=.81).

Drug Use Disorder Identification Test

The Drug Use Disorder Identification Test (DUDIT) [40]
comprises 11 self-report items related to drug use. Total scores
range between 0 and 44, and a score of ≥25 suggests the
presence of drug dependence [40]. The DUDIT was
administered before treatment and after treatment and had good
internal consistency (α=.86 at both time points).

The 3-Item Change Questionnaire

The 3-Item Change Questionnaire (CQ-3) [41] comprises 3
items that focus on clients’ perceptions of their ability to make
changes, the importance of making changes, and the level of
commitment to making changes to their symptoms. All clients
completed the CQ-3 before treatment, and clients assigned to
MI also completed the CQ-3 after the MI exercises. The CQ-3
had poor internal consistency (α=.55 to α=.66).

Treatment Satisfaction Questionnaire

The Treatment Satisfaction Questionnaire [42] comprises 6
items to assess ICBT treatment satisfaction. Clients complete
questions about whether they would refer the course to a friend,
whether they thought the course was worth their time (yes/no),
how satisfied they were with the overall treatment and quality
of the course (1=very dissatisfied to 5=very satisfied), and the
extent to which the course affected their confidence in managing
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their symptoms and motivation to seek help in the future
(1=greatly reduced to 5=greatly increased).

Analyses
Descriptive statistics were used to summarize client
characteristics at intake, including demographics and scores on
each of the primary and secondary outcome measures. Modified
intention-to-treat (ITT) analyses [43] were used to generate
replacement scores for missing data, which included only those
clients who started treatment (Figure 1 shows the amount of
missing data at each time point). A modified ITT was chosen
to maintain consistency with the published trial of the
UniWellbeing course [31], which allowed us to make more
direct comparisons in effect sizes between studies, as opposed
to a true ITT. In addition, true ITT analyses may be too
conservative when examining effect sizes, as including clients
who do not start treatment indicates little about the efficacy of
the treatment [43]. A model was created that included 50
imputations and controlled for other values of the outcome
measure, treatment condition, course completion, ethnicity,
location, use of the booster, and interactions between
pretreatment measures and the treatment condition [44-46].
Generalized estimation equations were used to examine changes
in primary and secondary outcome measures across time points,
consistent with past ICBT research [47,48]. Generalized

estimation equation models used an exchangeable working
correlation to account for within-subject variance. For the
PHQ-9, GAD-7, PAF, and SDS, a gamma distribution model
with a log link function was used, which can model
improvements as proportional to pretreatment symptom severity
and accommodate skewed response distributions [46]. For the
AUDIT and DUDIT, the number of 0 value responses caused
numerical issues; therefore, a more traditional Gaussian
distribution with an identity link was used instead. At each of
the 3 time points, pairwise comparisons were used to examine
within-group and between-group effect sizes. Reliable
improvement and reliable recovery were used as indicators of
clinically significant change. Consistent with previous research,
a reduction of 6 points on the PHQ-9 and 4 points on the GAD-7
was used as an indicator of reliable improvement [47,48].
Conversely, an increase of 6 points on the PHQ-9 and 4 points
on the GAD-7 was an indicator of deterioration [47,48]. To
meet the criteria for reliable recovery, clients had to score ≥10
on the PHQ-9 or GAD-7 before treatment, score <10 at the
follow-up time point, and report at least a 6-point or 4-point
reduction, respectively [47,48]. Finally, a series of ANOVAs
and chi-square analyses were conducted to examine group
differences in treatment completion, client engagement, and
treatment satisfaction.
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Figure 1. Patient flow from screening to the 3-month follow-up. ER: emergency room; MI: motivational interviewing.

Results

Participant Flow and Characteristics
In this trial, 308 clients were randomized (Figure 1). To be
considered eligible for analysis (277/308, 89.9%), clients had
to consent to treatment and either start the MI exercises (MI
conditions) or start lesson 1 (conditions that did not receive MI).
The mean age of the sample was 23.73 (SD 5.95) years, and
most of the sample were women (224/277, 80.9%) and White
(201/277, 72.6%), had full-time student status (235/277, 85.5%),

were living with someone (224/277, 80.9%), and were living
within 1 of the 2 major cities in the province of Saskatchewan
(191/277, 69%). Approximately half of the students (135/277,
48.7%) indicated that they were employed while completing
their studies.

Before treatment, the mean scores on the PHQ-9 and GAD-7
were 14.49 (SD 5.77) and 13.71 (SD 4.76), respectively. Over
two-thirds of clients scored above the clinical cutoff (≥10) on
both the PHQ-9 and GAD-7, and only a small subset of clients
did not score within the clinical range on either the PHQ-9 or
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the GAD-7 (34/277, 12.3%). The mean score on the PAF was
17.36 (SD 6.46). In terms of mental health history and service
use, 37.9% (105/277) reported having a mental health diagnosis,
27.4% (76/277) reported having some form of mental health
support at screening, and 36.5% (101/277) reported having

taken psychotropic medication for anxiety or depression in the
previous 3 months. The mean score for the CQ-3 was 24.05
(SD 4.22) before treatment, suggesting relatively high levels of
motivation. Table 1 shows a full overview of the clients’
pretreatment characteristics.
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Table 1. Pretreatment demographic and clinical characteristics by group (N=277).

MI+booster (n=68)Booster (n=71)MIa (n=67)Standard (n=71)All groupsVariable

23.44 (5.28; 18-39)23.35 (5.86; 17-43)24.66 (6.58; 18-46)23.57 (6.11; 18-44)23.73 (5.95; 17-46)Age (years), mean (SD; range)

Gender, n (%)

17 (25)12 (18.2)6 (9.1)10 (14.1)45 (16.2)Man

51 (75)58 (81.7)58 (86.6)57 (80.3)224 (80.9)Woman

0 (0)1 (1.5)2 (3)2 (2.8)5 (1.8)Nonbinary

0 (0)0 (0)1 (1.5)2 (2.8)3 (1.1)Prefer not to disclose or not listed

Marital status, n (%)

29 (42.6)31 (47)22 (33.3)31 (43.7)113 (41.5)Single or never married

28 (41.2)29 (40.8)24 (35.8)26 (36.6)107 (38.6)Dating

5 (7.4)5 (7.6)13 (19.7)8 (11.3)31 (11.4)Married or common law

6 (8.8)5 (7.6)3 (4.5)4 (5.6)18 (6.4)Living with partner

0 (0)1 (1.5)5 (7.6)2 (2.8)8 (3)Separated or divorced or widowed

56 (82.4)57 (80.3)56 (83.6)55 (77.5)224 (80.9)Living with someone

Postsecondary institution, n (%)

45 (66.2)47 (66.2)46 (70.1)47 (66.2)186 (67.1)University of Regina

16 (23.5)18 (25.4)11 (16.4)14 19.7 ()59 (21.3)University of Saskatchewan

2 (2.9)1 (1.4)6 (9.1)1 (1.4)10 (3.6)Saskatchewan Polytechnic

5 (7.7)5 (7)3 (4.5)9 (12.7)22 (8.1)Other

Student status, n (%)

59 (88.1)62 (87.3)53 (79.1)61 (87.1)235 (85.5)Full-time student

8 (11.9)8 (12.7)14 (20.9)9 (12.9)40 (14.5)Part-time student

Year of studies, n (%)

13 (19.4)21 (30.4)14 (21.2)19 (27.1)67 (24.6)First-year undergraduate

19 (28.4)8 (11.6)17 (25.8)13 (18.6)57 (21)Second-year undergraduate

11 (16.4)16 (23.2)17 (25.8)18 (25.7)62 (22.8)Third-year undergraduate

12 (17.9)15 (21.7)7 (10.6)10 (14.3)44 (16.2)Fourth-year undergraduate

4 (6)4 (5.8)7 (10.6)3 (4.3)18 (6.6)Fifth or higher year undergraduate

8 (12)5 (7.2)4 (6.1)7 (10)26 (8.8)Graduate or professional student

4 (5.9)1 (1.4)2 (3)3 (4.3)10 (3.6)International student, n (%)

11 (16.2)6 (8.6)5 (7.5)2 (2.8)24 (8.7)English not the first language, n (%)

Employment status, n (%)

30 (44.1)30 (44.1)32 (47.8)39 (54.9)135 (48.7)Paid work

38 (55.9)38 (55.9)35 (52.2)32 (45.1)142 (51.3)Unemployed

Ethnicity, n (%)

45 (66.2)54 (76.1)49 (73.1)53 (74.6)201 (72.6)White

3 (4.4)3 (4.2)8 (11.9)6 (8.5)20 (7.2)Indigenous

11 (16.2)8 (11.2)4 (6)3 (4.2)26 (9.4)Asian

9 (13.2)6 (8.5)6 (9)9 (12.7)30 (10.8)Other

Locationb, n (%)

46 (67.6)52 (73.2)44 (65.7)49 (69)191 (69)Large city (>200,000)

2 (2.9)7 (9.9)6 (9)8 (11.3)23 (8.3)Small to medium city
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MI+booster (n=68)Booster (n=71)MIa (n=67)Standard (n=71)All groupsVariable

20 (29.4)12 (16.9)17 (25.4)14 (19.7)63 (22.7)Small rural location (<10,000)

Referral source, n (%)

24 (35.3)22 (31)23 (34.3)19 (27.1)88 (31.9)Physician or medical professional

14 (20.6)20 (28.2)17 (25.4)19 (27.1)70 (25.4)Web-based source (eg, website or
email)

10 (14.7)6 (8.5)11 (16.4)10 (14.3)37 (13.4)Counseling services

7 (10.3)12 (16.9)10 (14.9)6 (8.6)35 (12.7)Friend or family member or employer

3 (4.4)2 (2.8)2 (2.8)5 (7.1)12 (4.3)Presentation

1 (1.5)0 (0)0 (0)4 (5.7)4 (1.4)Printed poster or media

8 (11.8)9 (12.7)4 (6)7 (10)30 (10.9)Other

Mental health characteristics, n (%)

37 (54.4)38 (53.5)47 (70.1)36 (50.7)158 (57)Lifetime mental health service use

3 (4.4)7 (9.9)9 (13.4)3 (4.2)22 (7.9)Lifetime hospitalization for mental
health

19 (27.7)27 (38)32 (47.8)27 (38)105 (37.9)Mental health diagnosis

29 (42.6)23 (32.4)29 (43.3)20 (28.2)101 (36.5)Taking psychotropic medication in the
past 3 months

22 (32.4)12 (16.9)23 (34.3)19 (26.8)76 (27.4)Current mental health service use

54 (79.4)55 (77.5)49 (73.1)58 (81.7)216 (78)Pretreatment GAD-7c ≥10

53 (77.9)55 (77.5)52 (77.6)53 (74.6)213 (76.9)Pretreatment PHQ-9d ≥10

47 (69.1)47 (66.2)44 (65.7)48 (67.6)186 (67.1)Pretreatment GAD-7 ≥10 and PHQ-9
≥10

8 (11.8)8 (11.3)10 (14.9)8 (11.3)34 (12.3)No clinical scores

Treatment expectations , mean (SD)

21.34 (4.09)20.90 (4.61)21.91 (4.09)20.63 (3.98)21.16 (4.19)CEQe

24.35 (4.41)24.20 (4.46)23.39 (4.51)24.29 (3.64)24.05 (4.22)CQ-3f

aMI: motivational interviewing.
bLocation is based on where the client was residing at intake.
cGAD-7: 7-item Generalized Anxiety Disorder.
dPHQ-9: 9-item Patient Health Questionnaire.
eCEQ: Credibility and Expectancy Questionnaire.
fCQ-3: 3-item Change Questionnaire.

Primary Outcome Measures
The estimated marginal means, percentage reductions, and effect
sizes for each of the primary outcome measures are presented
in Table 2, separated by factor (MI vs no MI; booster vs no
booster). The same information can be found in Multimedia
Appendix 1 for each of the 4 treatment conditions
(UniWellbeing, MI+UniWellbeing, UniWellbeing+booster, or
MI+UniWellbeing+booster). Regardless of factors, there were

statistically significant time effects for the PHQ-9, GAD-7, and
PAF from before treatment to all subsequent measurement
periods (after treatment and at the 1-month and 3-month
follow-ups). Clients experienced large reductions on the PHQ-9
(Cohen d=1.28-1.48) and GAD-7 (Cohen d=1.46-1.72) from
before treatment to after treatment, with improvements
maintained at the 1-month (PHQ-9: Cohen d=1.27-1.37; GAD-7:
Cohen d=1.29-1.51) and 3-month follow-ups (PHQ-9: Cohen
d=1.22-1.31; GAD-7: Cohen d=1.19-1.31).
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Table 2. Estimated marginal means, 95% CIs, percentage changes, and effect sizes (Cohen dd) for primary and secondary outcomes by factor (MIa

and booster) using pooled imputations.

Within-group effect sizes from pretreat-
ment, 95% CI

Changes from pretreatment (%),
95% CI

Estimated marginal means, (SD)Outcomes

To 3
months

To 1 monthTo posttreat-
ment

To 3
months

To 1
month

To posttreat-
ment

3 months1 monthPosttreat-
ment

Pretreatment

Primary outcomes

PHQ-9b

1.31 (1.05
to 1.58)

1.37 (1.10
to 1.63)

1.48 (1.21 to
1.75)

48 (42
to 54)

51 (44
to 57)

52 (46 to 57)7.41
(4.78)

7.04
(4.92)

6.90 (4.24)14.24 (5.56)MI

1.22 (0.97
to 1.48)

1.27 (1.01
to 1.52)

1.28 (1.02 to
1.54)

47 (41
to 53)

48 (41
to 54)

46 (41 to 52)7.79
(5.31)

7.73
(5.01)

7.91 (4.54)14.72 (5.97)No MI

1.32 (1.06
to 1.58)

1.29 (1.03
to 1.55)

1.33 (1.07 to
1.59)

46 (40
to 53)

46 (40
to 53)

45 (40 to 51)7.59
(4.78)

7.60
(5.00)

7.77 (4.41)14.16 (5.16)Booster

1.23 (0.97
to 1.48)

1.34 (1.08
to 1.60)

1.42 (1.16 to
1.69)

49 (42
to 55)

52 (45
to 58)

53 (47 to 58)7.60
(5.33)

7.16
(4.95)

7.03 (4.41)14.80 (6.33)No
booster

GAD-7c

1.25 (0.98
to 1.51)

1.42 (1.15
to 1.69)

1.71 (1.43 to
1.99)

47 (40
to 54)

50 (43
to 56)

55 (50 to 60)7.17
(5.42)

6.78
(4.75)

6.10 (3.89)13.51 (4.71)MI

1.25 (1.00
to 1.50)

1.38 (1.12
to 1.64)

1.47 (1.21 to
1.74)

46 (39
to 53)

49 (42
to 55)

49 (43 to 54)7.51
(5.33)

7.11
(4.94)

7.14 (4.28)13.88 (4.82)No MI

1.19 (0.93
to 1.44)

1.29 (1.04
to 1.55)

1.46 (1.19 to
1.72)

44 (37
to 52)

46 (40
to 53)

48 (42 to 54)7.59
(5.42)

7.34
(5.00)

7.12 (4.19)13.66 (4.75)Booster

1.31 (1.05
to 1.57)

1.51 (1.24
to 1.77)

1.72 (1.44 to
1.99)

48 (41
to 55)

52 (46
to 58)

55 (50 to 60)7.10
(5.32)

6.57
(4.68)

6.12 (4.00)13.73 (4.80)No
booster

PAFd

0.33 (0.09
to 0.57)

0.41 (0.17
to 0.65)

0.32 (0.08,
0.56)

18 (7 to
30)

21 (11
to 32)

17 (7 to 28)19.76
(7.62)

20.14
(6.73)

19.63 (7.30)17.47 (6.27)MI

0.27 (0.03
to 0.50)

0.49 (0.25
to 0.73)

0.28 (0.05 to
0.52)

15 (4 to
26)

25 (15
to 34)

16 (5 to 27)19.12
(7.44)

20.38
(6.09)

19.24 (7.33)17.24 (6.67)No MI

0.30 (0.06
to 0.54)

0.49 (0.25
to 0.73)

0.37 (0.13 to
0.61)

17 (6 to
28)

25 (16
to 35)

20 (9 to 31)19.41
(7.36)

20.52
(6.37)

19.81 (6.94)17.29 (6.75)Booster

0.29 (0.06
to 0.53)

0.40 (0.17
to 0.64)

0.23 (–0.01 to
0.47)

16 (5 to
28)

20 (10
to 31)

13 (2 to 24)19.48
(7.71)

19.99
(6.45)

19.05 (7.65)17.43 (6.19)No
booster

Secondary outcomes

SDSe

0.97 (0.72
to 1.22)

1.04 (0.79
to 1.30)

0.90 (0.65 to
1.15)

36 (29
to 43)

38 (31
to 45)

32 (25 to 38)12.37
(7.46)

11.99
(7.27)

13.19 (6.79)19.28 (6.70)MI

1.18 (0.93
to 1.43)

1.16 (0.91
to 1.41)

0.69 (0.45 to
0.93)

39 (32
to 46)

37 (31
to 44)

22 (16 to 28)12.24
(7.38)

12.54
(7.09)

15.63 (7.00)20.06 (5.75)No MI

1.10 (0.85
to 1.35)

1.08 (0.83
to 1.33)

0.79 (0.55 to
1.03)

38 (31
to 45)

37 (30
to 44)

26 (19 to 32)12.18
(7.13)

12.27
(7.25)

14.52 (6.53)19.58 (6.22)Booster

1.04 (0.79
to 1.29)

1.12 (0.86
to 1.37)

0.81 (0.56 to
1.05)

37 (30
to 44)

38 (31
to 45)

28 (21 to 35)12.43
(7.70)

12.25
(7.12)

14.20 (7.45)19.76 (6.26)No
booster

AUDITf

——0.34 (0.10 to
0.58)

——33 (18 to 48)——g3.08 (3.95)4.59 (4.86)MI

——0.19 (–0.04 to
0.43)

——18 (2 to 34)——3.52 (3.90)4.29 (4.06)No MI

——0.25 (0.01 to
0.48)

——24 (7 to 40)——3.28 (3.86)4.30 (4.28)Booster

J Med Internet Res 2022 | vol. 24 | iss. 9 | e40637 | p.376https://www.jmir.org/2022/9/e40637
(page number not for citation purposes)

Peynenburg et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Within-group effect sizes from pretreat-
ment, 95% CI

Changes from pretreatment (%),
95% CI

Estimated marginal means, (SD)Outcomes

To 3
months

To 1 monthTo posttreat-
ment

To 3
months

To 1
month

To posttreat-
ment

3 months1 monthPosttreat-
ment

Pretreatment

——0.29 (0.05 to
0.53)

——28 (12 to 43)——3.32 (4.00)4.58 (4.65)No
booster

DUDITh

——0.07 (–0.16 to
0.31)

——16 (20 to 52)——1.95 (4.72)2.32 (5.10)MI

——0.10 (–0.14 to
0.33)

——19 (–12 to
49)

——2.36 (5.21)2.90 (6.04)No MI

——0.19 (–0.04 to
0.43)

——34 (8 to 60)——1.66 (3.65)2.52 (5.09)Booster

——0.01 (–0.23 to
0.24)

——2 (–36 to 40)——2.66 (6.00)2.70 (6.09)No
booster

aMI: motivational interviewing.
bPHQ-9: 9-item Patient Health Questionnaire.
cGAD-7: 7-item Generalized Anxiety Disorder.
dPAF: Perceptions of Academic Functioning.
eSDS: Sheehan Disability Scale.
fAUDIT: Alcohol Use Disorder Identification Test.
gThe AUDIT and DUDIT were only administered before treatment and after treatment; thus, data are not available for the percentage change and effect
sizes at the 1-month and 3-month follow-ups.
hDUDIT: Drug Use Disorder Identification Test.

A main effect was found for MI on the PHQ-9 (between-group
Cohen d=0.23, 95% CI −0.01 to 0.47; P=.06) and GAD-7
(between-group Cohen d=0.25, 95% CI 0.02-0.49; P=.04) after
treatment, whereby clients who were randomized to the MI
condition had larger reductions in both measures from
pretreatment to posttreatment time points. Between-group
differences were no longer significant at the 1-month or 3-month
follow-ups for the PHQ-9 (P=.25-.52) or GAD-7 (P=.57-.60).
No significant between-group differences were found for the
PAF at any of the 3 time points (P=.48-.75).

No main effects were found for those assigned to the booster
versus those who were not assigned to any of the primary
(P=.45-.99) or secondary measures (P=.03) at the 3-month
follow-up. Owing to low booster use, subanalyses compared
clients who did and did not access the booster and found the
main effects in favor of accessing the booster on the PHQ-9

(P=.09) and PAF (P=.02). Clients who accessed the booster had
larger improvements in depression (between-group Cohen
d=0.31, 95% CI −0.05 to 0.67) and perceived academic
functioning (between-group Cohen d=0.42, 95% CI 0.06-0.78)
at the 3-month follow-up. Of note, clients who accessed the
booster had higher perceived academic functioning before
treatment (between-group Cohen d=0.33, 95% CI −0.03 to 0.69;
P=.08), after treatment (between-group Cohen d=0.47, 95% CI
0.11-0.83; P=.01), and the 1-month follow-up (between-group
Cohen d=0.33, 95% CI −0.03 to 0.69; P=.07); thus, it is likely
that high perceived academic functioning is a predictor of
booster use. In contrast, between-group effects on the PHQ-9
did not emerge until after the booster was offered.
Between-group effects were not significant for the GAD-7
(P=.21) or SDS (P=.61) at the 3-month follow-up. Table 3
includes additional details on the between-group effects.
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Table 3. Between groups effect sizes (Cohen d) for primary and secondary outcomes based on MIa and booster factors using pooled imputations.

3-month follow-up, Cohen d (95% CI)1-month follow-up, Cohen d (95% CI)After treatment, Cohen d (95% CI)Outcomes

MI

Primary outcomes

0.08 (−0.16 to 0.31)0.14 (−0.10 to 0.37)0.23 (−0.01 to 0.47)PHQ-9b

0.06 (−0.17 to 0.30)0.07 (−0.17 to 0.30)0.25 (0.02 to 0.49)GAD-7c

0.09 (−0.15 to 0.32)−0.04 (−0.27 to 0.20)0.05 (−0.18 to 0.29)PAFd

Secondary outcomes

−0.02 (−0.25 to 0.22)0.08 (−0.16 to 0.31)0.35 (0.12 to 0.59)SDSe

——g0.11 (−0.12 to 0.35)AUDITf

——0.08 (−0.15 to 0.32)DUDITh

Booster

Primary outcomes

0.00 (−0.23 to 0.24)−0.09 (−0.32 to 0.15)−0.17 (−0.40 to 0.07)PHQ-9

−0.09 (−0.33 to 0.14)−0.16 (−0.39 to 0.08)−0.24 (−0.48 to −0.01)GAD-7

−0.01 (−0.25 to 0.23)0.08 (−0.15 to 0.32)0.10 (−0.13 to 0.34)PAF

Secondary outcomes

0.03 (−0.20 to 0.27)0.00 (−0.24 to 0.23)−0.05 (−0.28 to 0.19)SDS

——0.00 (−0.23 to 0.24)AUDIT

——0.20 (−0.03 to 0.44)DUDIT

aMI: motivational interviewing.
bPHQ-9: 9-item Patient Health Questionnaire.
cGAD-7: 7-item Generalized Anxiety Disorder.
dPAF: Perceptions of Academic Functioning.
eSDS: Sheehan Disability Scale.
fAUDIT: Alcohol Use Disorder Identification Test.
gThe AUDIT and DUDIT were only administered before treatment and after treatment; thus, data are not available for the percentage change and effect
sizes at the 1-month and 3-month follow-ups.
hDUDIT: Drug Use Disorder Identification Test.

Secondary Outcome Measures
Table 2 also includes details on the estimated marginal means,
percentage reductions, and effect sizes for each of the secondary
measures separated by factor. Multimedia Appendix 1 shows
an overview of this information, separated into the 4 treatment
conditions. Significant time effects were found for the SDS,
regardless of factor. Table 3 summarizes the between-group
effect sizes.

For MI, a small between-group effect was found after treatment,
such that clients who received MI had larger improvements on
the SDS than clients who did not receive MI (between-group
Cohen d=0.35, 95% CI 0.12-0.59). At the 1-month (Cohen
d=−0.24 to 0.23) and 3-month follow-ups (Cohen d=−0.20 to
0.27), these differences were no longer present, and there were
large within-group effect sizes for improvements on the SDS,
regardless of factor (Cohen d=1.02-1.25) and the 3-month
follow-up (Cohen d=0.97-1.18). No main effect was found for
MI for the AUDIT (P=.35) or DUDIT (P=.49) after treatment,
and these measures were not administered during follow-up.

No main effects for randomization to the booster were found
for the SDS (P=.78). Similarly, the subanalysis comparing those
who accessed the booster and those who did not access the
booster failed to find group differences (P=.61). The AUDIT
and DUDIT were not administered at the 3-month follow-up.

Clinical Significance
After treatment, 47.7% (132/277) of all clients met the criteria
for reliable recovery, 60.3% (167/277) met the criteria for
reliable improvement, 1.9% (5/277) met the criteria for
deterioration, and 37.9% (105/277) met the criteria for no change
on the PHQ-9. For the GAD-7, the rate of reliable recovery was
56.6% (157/277), the rate of reliable improvement was 75.5%
(209/277), the rate of deterioration was 2.2% (6/277), and the
rate of no change was 22% (61/277). At all time points, no
significant main effects were found for MI or booster
(P=.13-.99).
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Treatment Engagement
Of the clients in one of the MI conditions, 88.9% (120/135)
completed the MI exercises and started lesson 1 (MI: 60/67,
90%; MI+booster: 60/68, 88%). Overall, 66.8% (183/277) of
the clients accessed at least three of the four lessons, and 54.2%
(150/277) accessed all 4 lessons within the 5 weeks of treatment.
Of the clients who were randomized to booster, 30.9% (43/139)
accessed the booster. Across conditions, clients logged in an
average of 12.95 (SD 9.15) times, received an average of 5.23
(SD 0.83) emails from their therapists, and sent an average of
1.98 (SD 1.71) emails to their therapists. There was an average
of 29.05 (SD 19.16) days between the clients’ enrollment date
and their last log-in to the treatment portal. No main effects
were found for MI on any measure of treatment engagement
(P=.11-.75). Similarly, the main effects for the booster were
not significant (P=.21-.95). Subanalyses comparing those who
accessed the booster and those who did not found that clients
who accessed the booster had a greater number of days between
enrollment and their last visit to the treatment portal (mean
53.19, SD 15.70 vs mean 34.49, SD 20.65; F1,267=3.41; P=.07)
and received a greater number of phone calls from their therapist
(mean 0.51, SD 0.87 vs mean 0.44, SD 0.51; F1,273=3.21;
P=.07). Therapists spent an average of 110.55 (SD 43.66)
minutes monitoring client progress and supporting each client,
with no significant differences found for mean time per client
(F3,274=11.14; P=.33).

Treatment Satisfaction
Clients reported high rates of satisfaction overall, with 82.3%
(158/192), 85.5% (165/193), and 84.5% (163/193) reporting
that they were satisfied or very satisfied with the treatment, the
treatment platform, and the lessons and do-it-yourself guides,
respectively. Most clients felt that the treatment was worth their
time (171/192, 89.1%) and that they would recommend it to a
friend (176/193, 91.2%). Furthermore, 82.9% (160/193) of
clients reported that their motivation to seek help if needed in
the future either increased or greatly increased, and 76.2%
(147/193) felt that their confidence in their ability to manage
their symptoms either increased or greatly increased. No
significant differences were found between treatment conditions
on any of the treatment satisfaction measures (P=.37-.83).

Discussion

Although ICBT is an effective treatment option for
postsecondary students experiencing symptoms of anxiety or
depression [11], there are concerns about treatment completion
and outcomes in this population. This study extends previous
work on ICBT for postsecondary students by examining the
inclusion of pretreatment MI exercises and a self-guided booster
lesson offered 1 month after treatment.

Impact of MI Exercises
Some benefit was found for the inclusion of pretreatment MI
on symptoms of depression, anxiety, and overall functioning
after treatment. Clients who were randomized to one of the MI
conditions reported larger improvements in symptoms of
depression, anxiety, and overall functioning from before
treatment to after treatment than those of clients who were not

assigned MI. No benefit for MI was found at either the 1-month
or 3-month follow-up; thus, it appears that pretreatment MI may
only result in temporary benefits compared with ICBT without
MI. MI did not contribute to higher rates of treatment completion
or greater engagement (ie, more log-ins to the website, more
days enrolled in the course, or more client messages sent to
therapists). Findings from this trial replicate those of a previous
trial that examined pretreatment MI before an 8-week ICBT
program [19] with 1 exception—we found some evidence for
pretreatment MI contributing to greater symptom improvement
for depression, anxiety, and overall functioning after treatment,
whereas the previous trial found no benefits.

An explanation for why the MI exercises improved some
outcomes despite no observable increase in treatment
engagement is that the MI exercises helped elicit more change
talk from the clients. Change talk was not examined directly in
this study; however, a previous trial found that clients who
completed pretreatment MI exercises included more change
talk statements in messages with therapists than those who did
not complete the exercises, despite no differences in treatment
completion rates between the groups [19]. Other studies have
described how the inclusion of MI in ICBT can lower client
resistance to treatment [49]. Clients who completed the MI
exercises may have been more engaged with the lessons and
homework activities they completed, although they did not
complete more lessons overall.

Pretreatment MI may not have led to higher treatment
completion rates in both this trial and that of Soucy et al [19]
as clients already have relatively high mean pretreatment
motivation (CQ-3 scores in the study by Soucy et al [19]
25.44-25.59; CQ-3 scores in this trial 23.39-24.35). It had been
hypothesized that students experience low levels of motivation
in ICBT; however, the findings of this trial suggest otherwise,
and it may be that the MI exercises are not relevant for many
clients. Within the literature on face-to-face CBT, it has been
reported that integrating MI throughout CBT can lead to higher
rates of recovery in GAD at the 1-year follow-up than with CBT
alone [50]. Thus, it may be worthwhile for future research to
explore the integration of MI throughout the course of ICBT
and the targeting of MI among less-motivated clients.

Impact of Booster
The inclusion of a self-guided booster lesson in ICBT for
postsecondary students has not been previously examined; thus,
no hypotheses were made regarding the proportion of clients
who would make use of a booster. Overall, there were no
significant differences between those assigned to the booster
and those who were not. The lack of differences is likely, in
part, related to the low use of the booster lesson. Booster use
in this study was lower (43/134, 31.9%) than that in previous
trials of boosters in ICBT (32/47, 68% in the study by Andersson
et al [23] and 114/223, 51.5% in the study by Hadjistavropoulos
et al [24]), although both these trials included therapist support
during the booster, which may have been more favorable to
clients than a self-guided booster lesson. There was evidence
for lower symptoms of depression at the 3-month follow-up
among clients who accessed the booster than among those who
did not access the booster, which was in contrast with the
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findings of a recent trial of a therapist-assisted booster following
ICBT [24]. It is possible that clients who felt that they were
managing their academic studies well were more likely to
believe that they had the time to review the booster lesson. In
addition, clients who benefited from the first 5 weeks of
treatment might have been more likely to access the booster, as
it has been found that initial success with an intervention
predicts booster outcomes [51]. Future research should explore
the impact of boosters under varying conditions (eg, different
periods, contents, and levels of support).

Overall Outcomes
Although findings related to MI and the booster condition were
limited and completion rates were slightly above 50%, across
the treatment conditions, clients experienced large reductions
in both depression (Cohen d=1.25-1.67) and anxiety (Cohen
d=1.42-2.01) after treatment, replicating past findings on the
UniWellbeing course in another context. The slightly larger
effect sizes in this trial may be attributed to the fact that the
clients in this trial had higher symptom severity before
treatment. It is possible that clients in our trial experienced an
exacerbation of pre-existing symptoms of depression and anxiety
as a result of the COVID-19 pandemic [52], which may have
contributed to their slightly higher mean scores on the PHQ-9
and GAD-7 before treatment. Clients who start ICBT with more
severe symptoms have greater symptom improvement than
those with less severe symptoms [13]. Furthermore, Dear et al
[31] reported on subanalyses of clients who started with
moderate to severe scores on the PHQ-9 and GAD-7 and found
larger effect sizes for depression (Cohen d=1.42-1.97) and
anxiety (Cohen d=1.93-2.13) among these clients.

Treatment completion rates were similar between this study
(150/277, 54.1%) and a previous trial (59%) [31] and were even
more similar when comparing this study with the clients who
self-referred (53%) to the UniWellbeing course in the previous
trial of UniWellbeing [31]. In this trial, we found that clients
logged in more days on average than in the previous trial (12.95
vs 8.70 log-ins) [31]. The previous trial did not report on the
average number of days that clients were enrolled in the course
or the average number of messages that clients sent to therapists;
therefore, a direct comparison cannot be made between the 2
trials.

Previous trials of the UniWellbeing course [30,31] did not
include subjective measures of academic functioning; therefore,
the inclusion of the PAF in this trial is a unique contribution.
Although it was hypothesized that there would be moderate
effects for improvements on the PAF, we found small effects
from pretreatment to posttreatment across the 4 treatment
conditions. The studies included in the meta-analysis conducted
by Harrer et al [11] either used measures of overall functioning
or relied on a single objective indicator of academic functioning,
such as grade-point average. Therefore, a direct comparison
between the findings on subjective academic functioning in this
trial and the findings of Harrer et al [11] is not possible. The
finding that clients only experienced small improvements in
perceived academic functioning should be considered within
the context of the COVID-19 pandemic. Students faced
considerable uncertainty about classes, lectures, examination

formats, and the future of their academic careers [53], and this
may factor into their overall ability to cope with academic
pressures while completing ICBT.

It is challenging to compare the findings of this trial with the
overall effects from meta-analyses of ICBT for postsecondary
students [11] because of the heterogeneity of the studies
included. Studies varied substantially in terms of guidance (eg,
self-guided vs therapist-assisted), recruitment (eg, psychology
participant pool vs clinical sample), and treatment modality (eg,
website vs app). Overall, the effect sizes for improvements in
depression and anxiety appeared larger in this trial than in the
meta-analysis [11] and may be explained by the inclusion of
weekly therapist support in this trial [54] and the requirement
that clients have at least mild symptoms at intake [13].

Although the UniWellbeing course has been compared with a
wait-list control in the past [30], a control group was not
included in this study, and it is likely that some of the
improvements in symptoms were because of a regression to the
mean. It has been reported that 20% of students with major
depressive disorder experience remission at the end of a 9-week
observation period in the absence of treatment [55]; therefore,
it would be expected that a proportion of students in this trial
may have improved without ICBT.

Limitations and Future Directions
There were several limitations to this study, which can inform
future trials of ICBT for postsecondary students. One of the
limitations was that the MI component was only offered before
treatment, which may not have been the most beneficial time
to offer MI to clients as clients may be starting treatment with
high levels of motivation. In future trials of the UniWellbeing
course, clients could be offered an MI resource that they could
access at any point during the course, as opposed to before
treatment. If therapists note client disengagement, ambivalence,
or resistance, they could direct the client to this resource, similar
to how therapists direct clients to additional resources (eg, sleep
and assertive communication) as part of their practice when
delivering ICBT. Soucy et al [19] found that the MI exercises
resulted in an increase in client motivation and change talk;
thus, client use of an MI resource during ICBT could facilitate
greater treatment completion when offered at a more appropriate
time.

Future studies could also examine a blended version of the
UniWellbeing course, whereby the therapist contact remains
unchanged for the 4 core lessons, but the client has the
opportunity to schedule an appointment with their therapist via
telephone or secure video call to review the MI exercises. A
telephone or video call would enable the client to receive direct
feedback from their therapist and would provide opportunities
for the therapist to respond in the “spirit” of MI (ie, emphasizing
collaboration with the client, evoking change, and emphasizing
the autonomy of the client to initiate change) [33]. A longer
follow-up period (eg, 6 or 12 months after treatment) would
allow for a better understanding of the long-term effects of MI
on symptom reduction. It is also possible that treatment
noncompletion was not related to motivation but instead to
students having preferences for different treatment doses. Future
studies could offer students the choice between a brief, standard
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(5-week), or extended version of the ICBT course to align with
student preferences.

A limitation of the booster lesson was that it was offered only
1 month after treatment completion. Some clients may not have
felt that they needed a booster lesson soon after treatment, which
likely contributed to the low overall uptake of the booster.
Among those who used the booster, there was preliminary
evidence suggesting that the booster was associated with larger
reductions in depression at the 3-month follow-up; however,
these subanalyses were underpowered because of low uptake.
Furthermore, we are unable to comment on the longer-term
impacts of the booster lesson on symptoms of depression and
anxiety, as well as subjective academic functioning, given that
the final outcome measures were administered at the 3-month
follow-up. Andersson et al [23] found that boosters in ICBT
can help reduce relapse rates of obsessive-compulsive disorder
up to at least the 1-year follow-up; therefore, it would be
worthwhile to examine the impact of a self-guided booster lesson
over a longer follow-up period than used in this trial.

It should be noted that all the clients enrolled in this trial started
treatment during the COVID-19 pandemic. It is possible that
clients experienced regression to the mean in terms of their
symptom severity as they became accustomed to COVID-19
public health restrictions and the impact on their academic
studies. As this is the first trial of the UniWellbeing course in
Saskatchewan, we do not have a comparison sample to use as
a benchmark. Only 16.2% (45/277) of our sample identified as
men; thus, future studies should attempt to recruit a more
balanced representation of genders. A further limitation is that
a modified ITT approach was used, which eliminated any data
from the 10.1% of the clients who did not start treatment.
Finally, the PAF was designed for this study and requires further
validation beyond internal consistency in future research.

Strengths
A notable strength of this study is that we were able to replicate
the findings of a previous trial on the UniWellbeing course [31]
in terms of large reductions in symptoms of depression and
anxiety that were maintained at the 3-month follow-up. This
replication is important as it provides evidence for the
generalizability of the initial findings in a different country (ie,
Canada) and within the context of the COVID-19 pandemic.
An additional strength is the use of a factorial design, which
allowed for the concurrent examination of both pretreatment
MI and a self-guided booster lesson within a single trial. To the
best of our knowledge, this combination of factors has not been
examined in previous trials of ICBT for postsecondary students.
This trial also provides useful information about students’
interest in, and uptake of, a self-guided booster lesson following
ICBT.

Conclusions
The findings from this factorial trial provide evidence for the
efficacy of a 5-week transdiagnostic ICBT course for
postsecondary students. Large effect sizes were found for
reductions in symptoms of depression and anxiety, and small
effect sizes were found for improvements in perceived academic
functioning, with changes maintained up to the 3-month
follow-up. There was some evidence for the benefit of
pretreatment MI in improving depression, anxiety, and disability
outcomes after treatment; however, no benefit was found for
treatment completion or engagement. No main effects were
found for the inclusion of a booster. However, although the
booster was used by less than one-third of clients, there was
some evidence for improved depression outcomes at the 3-month
follow-up among booster users. Further research could explore
whether it is possible to optimize ICBT for postsecondary
populations by using variations of MI and booster lessons.
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Abstract

Background: Mindfulness can improve overall well-being by training individuals to focus on the present moment without
judging their thoughts. However, it is unknown how much mindfulness practice and training are necessary to improve well-being.

Objective: The primary aim of this study was to determine whether a standard 8-session web-based mindfulness-based cognitive
therapy (MBCT) program, compared with a brief 3-session mindfulness intervention, improved overall participant well-being.
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In addition, we sought to explore whether the treatment effects differed based on the baseline characteristics of the participants
(ie, moderators).

Methods: Participants were recruited from 17 patient-powered research networks, web-based communities of stakeholders
interested in a common research area. Participants were randomized to either a standard 8-session MBCT or a brief 3-session
mindfulness training intervention accessed on the web. The participants were followed for 12 weeks. The primary outcome of
the study was well-being, as measured by the World Health Organization—Five Well-Being Index. We hypothesized that MBCT
would be superior to a brief mindfulness training.

Results: We randomized 4411 participants, 3873 (87.80%) of whom were White and 3547 (80.41%) of female sex assigned at
birth. The mean baseline World Health Organization—Five Well-Being Index score was 50.3 (SD 20.7). The average self-reported
well-being in each group increased over the intervention period (baseline to 8 weeks; model-based slope for the MBCT group:
0.78, 95% CI 0.63-0.93, and brief mindfulness group: 0.76, 95% CI 0.60-0.91) as well as the full study period (ie, intervention
plus follow-up; baseline to 20 weeks; model-based slope for MBCT group: 0.41, 95% CI 0.34-0.48; and brief mindfulness group:
0.33, 95% CI 0.26-0.40). Changes in self-reported well-being were not significantly different between MBCT and brief mindfulness
during the intervention period (model-based difference in slopes: −0.02, 95% CI −0.24 to 0.19; P=.80) or during the intervention
period plus 12-week follow-up (−0.08, 95% CI −0.18 to 0.02; P=.10). During the intervention period, younger participants (P=.05)
and participants who completed a higher percentage of intervention sessions (P=.005) experienced greater improvements in
well-being across both interventions, with effects that were stronger for participants in the MBCT condition. Attrition was high
(ie, 2142/4411, 48.56%), which is an important limitation of this study.

Conclusions: Standard MBCT improved well-being but was not superior to a brief mindfulness intervention. This finding
suggests that shorter mindfulness programs could yield important benefits across the general population of individuals with
various medical conditions. Younger people and participants who completed more intervention sessions reported greater
improvements in well-being, an effect that was more pronounced for participants in the MBCT condition. This finding suggests
that standard MBCT may be a better choice for younger people as well as treatment-adherent individuals.

Trial Registration: ClinicalTrials.gov NCT03844321; https://clinicaltrials.gov/ct2/show/NCT03844321

(J Med Internet Res 2022;24(9):e35620)   doi:10.2196/35620
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mindfulness; well-being; web; control trial; clinical trial; cognitive therapy; intervention; mental health; mindful; eHealth; mobile
phone

Introduction

Background
Many people with chronic diseases, and their caregivers,
experience stress and decreased well-being. Data from the World
Happiness Report [1] and Gallup Index for community
well-being [2] suggest that overall life satisfaction and
well-being have declined since 2017. In 2011, the American
Psychological Association conducted the “Stress in America”
survey of more than 1000 individuals with chronic illnesses (eg,
depression, type 2 diabetes, obesity, or heart disease [3]). Owing
to stress, 44% reported having trouble sleeping, 39% reported
overeating, and 29% reported skipping meals. Stress and reduced
well-being are common among caregivers. One in every 2
caregivers reports being overwhelmed with their caregiving
responsibilities and feeling more stressed than the general
population [3]. Caregivers are at risk of increased premature
mortality, coronary heart disease, and stroke, particularly under
conditions of high stress. Thus, it is imperative for people with
chronic illnesses or their caregivers to develop methods to
reduce stress to improve their overall well-being.

One of the most acceptable and effective interventions for
improving one’s overall well-being are mindfulness-based
treatments. Mindfulness improves well-being by cultivating
awareness and being present in the moment [4]. The efficacy
of mindfulness-based treatments has been well documented for

a wide variety of psychiatric and medical problems, such as
depression, anxiety, stress, alcohol and drug abuse, and pain
[5]. Most empirically tested forms of mindfulness, such as
mindfulness-based stress reduction (MBSR) or
mindfulness-based cognitive therapy (MBCT), include a
curriculum of guided meditation exercises taught in sequence
over 2 to 3 months in weekly sessions (8-12 sessions as well as
regular homework practice). However, the minimally effective
dose of mindfulness is unknown.

One reasonable hypothesis is that more sessions and more time
spent on practice would lead to larger treatment effects. For
example, a dose-effect study found that more sessions of
mindfulness were associated with greater improvement (ie, 30%
improvement after 2 sessions, 41% after 4 sessions, 53% after
8 sessions, and 75% after 26 sessions) [6]. More generally, a
study examining the session-by-session outcomes of nonspecific
psychotherapy (N=6375 treated in 26 different centers, 94%
from college counseling centers [4]) found that in session 3, a
total of 32% patients had clinically significant improvement,
and by session 8, a total of 50% participants had clinical
improvement. However, both studies found a negatively
accelerated dose-effect curve, such that the rate of improvement
decreased with more sessions. Thus, a brief intervention could
be sufficient to improve outcomes.

In particular, mindfulness-based interventions with only a few
sessions (range 1-6) have been shown to increase mindfulness
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and decrease anxiety, depression, negative thoughts, headaches,
and pain [7-12]. One study randomized healthy adults (N=120)
to 1 session of mindfulness or an attention-only group and found
greater reductions in stress as well as buffered physiological
responses during social stress in the mindfulness group [13]. In
patient cohort studies, patients with cardiac disease (N=114)
were randomized to a 4-session mindfulness group or to a
self-help control group, with results demonstrating that the
intervention group yielded better outcomes on quality of life,
anxiety, depression, and perceived stress, which were partially
or fully mediated by an increase in mindfulness [14]. Therefore,
very brief (1-3 sessions) mindfulness interventions may be
effective in reducing stress and increasing well-being.

Objectives
The primary aim of this study was to determine whether a
standard 8-session web-based MBCT program compared with
a brief 3-session mindfulness intervention improved well-being.
In addition, we sought to explore whether the treatment effects
differed based on the baseline characteristics of the participants
(ie, moderators). Given that standard MBCT is the longer and
more comprehensive intervention, we hypothesized that standard
MBCT would be superior to a brief, 3-session mindfulness
program in increasing well-being, quality of life, and functioning
as well as decreasing stress, anxiety, and depression. The
primary outcome measure was the World Health
Organization—Five Well-Being Index (WHO-5) well-being
index from baseline to 8 weeks as well as baseline to 20 weeks.
There were no specific directional hypotheses for the moderator
analyses.

Methods

Study Overview
We compared the effectiveness of an 8-session MBCT program
and a 3-session brief mindfulness intervention to improve overall
well-being. Adults (aged ≥18 years) from 17 web-based
patient-powered research networks (PPRNs)—web-based
people-centered organizations that focus on specific conditions
and community interests through comparative effectiveness
studies [15]—who were able to read and understand English
and participate in mindfulness exercises were eligible to
participate. Participants were either members of these 17 PPRNs
or their families. The 17 PPRNs were assembled to conduct a
demonstration project as part of the Patient-Centered Clinical
Research Network. Patient-Centered Clinical Research Network
consists of PPRNs, as well as clinical data research networks,
with the intent of improving research by creating a national
resource of health data, research expertise, and stakeholder
experience. The PPRNs recruited for this study were based in
the United States and represent a wide range of conditions and
special populations (eg, people with arthritis, mood disorders,
and Alzheimer disease and lesbian, gay, bisexual, transgender,
queer, or questioning people); thus, the population of interest
for this study was extraordinarily broad, with all adults
belonging to the special populations represented and their
caregivers. The study was conducted in collaboration with
stakeholders (ie, patients, clinicians, advocates, researchers,
caregivers, content experts in mindfulness, and patient-centered

research) from several of the study’s PPRNs. Stakeholders
collaborated to determine the study’s primary outcome, overall
well-being, and identify the secondary outcomes of importance.
The stakeholders oversaw study development, including testing
and providing feedback on the web-based platform, and advised
on enrollment strategies and the dissemination of study results.

Study Platform
The study was hosted on a web-based platform developed by
the same team that created IMoodNetwork [16], a PPRN at
Massachusetts General Hospital for individuals with mood
disorders. Following electronic consent, each participant
completed a set of questionnaires that consisted of demographic,
medical, and psychiatric history; history of mindfulness practice;
and their role (ie, a member of the PPRN, or family member or
caregiver of the PPRN member).

Eligible participants were randomly assigned to the 8-session
web-based MBCT program or a brief web-based 3-session
mindfulness program. The programs consisted of individual
web-based modules comprising videos and activities delivered
in short, digestible sections. The layout of the intervention
material was optimized, or adapted, to the size of users’ screens,
and participants could therefore complete intervention and
assessment sessions on a computer, tablet, or smartphone.

Randomization was performed using a stratified block
randomization technique with a block size of 4 to maintain an
even distribution across each PPRN. Randomization was
executed using the MoodNetwork platform, which was
programmed by the Massachusetts General Hospital study staff.
Participants were not blinded to their randomization and were
informed during the informed consent process that they would
be assigned to a standard 8-week mindfulness program or a
brief 3-week mindfulness program. All participants followed
the same assessment schedule despite having different
intervention schedules; thus, the active phase for assessments
(weeks 0-8) and follow-up period for assessments (weeks 9-20)
were the same for the brief mindfulness group and MBCT.
During the active phase, assessments were performed every 2
weeks (weeks 0, 2, 4, 6, and 8), and during the follow-up period,
assessments were performed every 2 months (weeks 12, 16, and
20).

The participants were prompted to return to the study platform
to complete their activities and assessments via weekly email
reminders. At the end of each intervention session, participants
were instructed to practice mindfulness activities on most days;
however, we did not gather data on how long the participants
spent practicing the activities. The participants were entered
into a raffle, and 5 participants were randomly selected to
receive a US $200 Visa gift card.

Interventions

Standard MBCT Intervention
The 8-session, standard MBCT program was based on the
manual developed by Segal et al [17], which has been adapted
for a wide variety of psychiatric disorders and medical
conditions [18] as a web-based version with good efficacy [8].
Participants completed a structured curriculum of guided
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meditation exercises with 1 session per week for 8 weeks (eg,
mindfulness of the breath, mindfulness of breath and body,
mindfulness of thoughts and feelings, and open or choice-less
awareness). Over the course of these exercises, participants
learned to adopt an observing, accepting stance (mindfulness)
toward difficult thoughts, feelings, and bodily sensations.
Participants also learned to bring mindfulness to everyday
situations and practice how to recognize and disengage from
negative, ruminative thoughts.

Brief Mindfulness Intervention
The 3-session brief mindfulness program was based on the work
of Zeidan et al [9,10,19] and was also adapted to a web-based
platform for this study. This brief mindfulness intervention has
been shown to be more effective than sham meditation in
reducing negative mood, depression, and fatigue [11].
Participants completed 1 session per week for 3 weeks, focusing
on teaching a single breath-awareness meditation exercise during
which participants learned to focus on the flow of their breath
as well as letting thoughts go by bringing their attention back
to the sensations of the breath. Participants received guidance
on how to implement this skill during their daily lives and in
stressful situations.

Both intervention groups were assigned mindfulness exercises
to practice between sessions. They were also taught the core
aspects of mindfulness (ie, adopting an observing, accepting a
stance toward difficult thoughts, feelings, and bodily sensations).
Participants in both groups were not able to perform more than
one intervention session per week; however, they could access
material from the previous weeks at any time.

Study Assessments
Participants completed self-reported assessments at 8 time points
(Multimedia Appendix 1, Table S3 provides a full schedule of
study assessments). Assessments were available for 1 week and
then were automatically closed after the due date passed.

WHO-5 Well-Being Index (Primary Outcome)
This 5-item measure assesses well-being over the course of the
prior 2 weeks (eg, “I have felt cheerful and in good spirits” or
“I woke up feeling fresh and rested”) [20]. Participants rated
how often they experienced each item on a scale from 0 (at no
time) to 5 (all of the time). A score is computed by multiplying
the total score by 4 (ranging from 0 to 100), with higher scores
reflecting increased well-being. Participants completed this
measure during each assessment period. A change of at least
10 points is estimated to be clinically meaningful [20,21].

Demographics
Demographic variables including age, gender identity, sex
assigned at birth, race, ethnicity, sexual orientation, marital
status, employment status, and education history were measured
at baseline.

Medical and Psychiatric History
At baseline, participants were asked 2 questions: (1) “Do you
have a history of any medical problem?” (response: yes or no);
(2) “Do you have a history of any psychiatric illness?”
(response: yes or no). If participants selected “yes” for having

a history of a medical or psychiatric problem, they were asked
to state the conditions for which they received treatment.

Perceived Stress Scale
This 10-item measure evaluates an individual’s experience of
stress in the past month (eg, “In the last month, how often have
you been upset because of something that happened
unexpectedly?” or “how often have you felt nervous and
‘stressed’?”) [5]. Participants rated how often they experienced
these feelings and thoughts from 0 (never) to 4 (very often).
Participants completed this measure during each assessment
period. To our knowledge, estimates of minimum clinically
important differences are not available.

Patient-Reported Outcomes Measurement Information
System: Emotional Distress-Depression Short Form
This questionnaire is an 8-item assessment of perceived
depressive symptoms over the past week [22]. Participants rated
how often they had experienced each item on a scale from 1
(never) to 5 (always). Participants completed this measure during
each assessment period. A change of at least 5 points was
estimated to be clinically meaningful [23].

Patient-Reported Outcomes Measurement Information
System: Emotional Distress-Anxiety Short Form
The questionnaire is a 4-item assessment of self-reported fear
(fearfulness and panic), anxious misery (worry and dread),
hyperarousal (tension, nervousness, and restlessness), and
somatic symptoms related to arousal (racing heart and dizziness).
Participants rated how often they experienced each item from
1 (never) to 5 (always) [24]. Participants completed this measure
during each assessment period. A change of at least 1 point was
estimated to be clinically meaningful [25].

Patient-Reported Outcomes Measurement Information
System: Ability to Participate in Social Roles and
Activities Short Form
The questionnaire was a 4-item assessment of the perceived
ability to perform one’s everyday social roles and activities.
Higher scores represent fewer limitations (better abilities).
Participants rated how often they had experienced each item
from 5 (never) to 1 (always) [26]. Participants completed this
measure during each assessment period. A change of at least 1
point was estimated to be clinically meaningful [25].

Five Facet Mindfulness Questionnaire Nonjudging and
Nonreactivity Subscales
The Five Facet Mindfulness Questionnaire is a 39-item
assessment that examines 5 aspects of mindfulness: observing,
describing, acting with awareness, nonjudging of inner
experiences, and nonreactivity to inner experiences. Only the
questions related to nonjudging of inner experience and
nonreactivity were administered (15 items total), and participants
rated whether each item was generally true for them from 1
(never true) to 5 (always true) [27]. Participants completed this
measure during each assessment period. To our knowledge,
estimates of minimum clinically important differences are not
available.
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Adverse Events Questions
This questionnaire was administered in all study sessions to
assess for possible adverse events and whether they were related
to the study procedures (ie, “Have you experienced a negative
change in your health since participating in this study?” “Have
you experienced any of the following: a life-threatening event
or hospitalization, or a persistent significant disruption in your
ability to conduct normal life?” and “Do you think that this
event was related to or caused by your participation in this
study?”).

Ethics Approval
This study was registered at ClinicalTrials.gov (NCT03844321)
and was approved by the Genetic Alliance Institutional Review
Board (protocol #HMHY002). Informed consent was approved
by the Genetic Alliance Institutional Review Board and
completed on the web by the participants.

Statistical Analysis
We used the intention-to-treat principle for all primary analyses
and incorporated all available longitudinal outcomes into the
mixed effects models. We used prespecified linear mixed effects
models fit via maximum likelihood to examine the comparative
effectiveness of the 2 mindfulness interventions on the primary
well-being endpoint (World Health Organization Five
Well-Being Index [WHO-5] score): random participant slopes
and intercepts; and fixed effects for intervention, time, and an
intervention-by-time interaction. Our primary group comparison
was based on the intervention-by-time interaction, which
corresponds to the between-group difference in the slopes of
average well-being scores over time. We report model-based
point estimates, CIs, and P values. We fitted separate models
to assess the intervention effects over the 8-week intervention
period and the entire 20-week study period. Post hoc sensitivity
analyses were carried out by including a fixed categorical (rather
than linear) effect for time in our models, which allowed for
the mean WHO-5 scores to vary over time in an unspecified
fashion. We also fit post hoc marginal models via generalized
estimating equations (GEEs) for the primary WHO-5 outcome,
as these visually fit the raw mean trajectories more closely;
these marginal GEEs used a working independence correlation
structure and, similar to the prespecified mixed models, included
fixed effects for intervention, time, and an intervention-by-time
interaction.

Demographics and assessment scores measured at the beginning
of the intervention period were analyzed as potential moderators
of the relationship between treatment and well-being. The a
priori moderators included (1) age; (2) role (PPRN member vs
caregiver or family member); and (3) levels of well-being, stress,
quality of life, anxiety, depression, and mindfulness. Several
exploratory moderators were also analyzed: (1) sex, (2)
ethnicity, (3) race, (4) education, (5) percentage of intervention
sessions completed, (6) presence of medical problems, and (7)
presence of psychiatric illness. To assess each moderator, we
added fixed effects for the baseline moderator as well as
moderator-by-time, moderator-by-intervention, and
moderator-by-intervention-by-time interactions to the mixed
model and used a likelihood ratio test to assess the 3-way

interaction term, a term that represents the estimated differential
intervention effect across levels of the moderator. Continuous
moderators (eg, age) were assumed to have a linear moderating
relationship in the moderator regression models. Moderator
analyses were also carried out across both the 8-week
intervention period and the entire 20-week study period.
Statistical analyses were performed using R software (version
4.0.2, r-project.org). We used 2-sided significance levels of .05
and reported 95% CIs for all analyses.

Owing to study start-up delays, we reduced our recruitment
target from 8500 to 2117 participants. We conducted separate
power calculations for the original target sample size of 8500
and for the revised sample size of 2117 with PASS 14 for
Cronbach α of .05 and a range of standardized mean differences
(SMDs) between our MBCT and brief mindfulness groups. We
chose SMDs to be consistent with what was reported by
Hoffman et al [28] and allowed for some reduction in the SMDs
because we assumed that the brief mindfulness group would
likely receive some benefit beyond the placebo effect. For the
WHO-5 (primary study endpoint), a 10-point increase on the
0- to 100-point scale (10% increase) is considered clinically
significant [20,21]. On the basis of the available clinical trials
using the WHO-5 (total n=3864) [28-33], the desired minimum
10-point clinically meaningful difference between the 2
treatment arms translates into SMDs ranging from 0.42 to 1.09
based on the observed SDs in the available clinical trials (SD
range: 2.3-6.0) [28-33]. From this perspective, it is desirable to
have a >80% statistical power to detect an SMD of 0.4.

According to our power calculations, with 8500 participants,
for a Cronbach α of .05, the power would be >80% to detect
SMDs >0.12% and >90% for SMDs >0.14. After revising our
target sample size to 2117, for Cronbach α of .05, the power
would be >80% for SMDs greater than 0.26% and >90% for
SMDs greater than 0.29. In summary, with our target sample
size of 2117 participants, we were able to detect differences
that were even smaller than the published estimates for what
constitutes a clinically meaningful change in the WHO-5.

Results

Study Flow and Adverse Events
Recruitment for the study occurred from February 27, 2019, to
October 1, 2019, and the follow-up period ended on January
31, 2020. A total of 5029 participants were consented and
completed the enrollment process. Among these, 593 (n=5029,
11.79%) individuals declined to participate, and 4436 (n=5029,
88.21%) were randomized to the study interventions. Table 1
provides the demographics of the randomized participants. A
total of 25 participants requested to be removed from the study
or withdrew from the study; thus, they were excluded from the
data set and analyses entirely, leaving 4411 randomized
participants. At week 8, a total of 496 (n=2220, 22.34%)
participants in the MBCT group and 396 (n=2191, 18.07%) of
participants in the brief mindfulness group completed the main
outcome assessment (WHO-5). At week 20, a total of 321
(n=2220, 14.46%) participants in the MBCT group and 294
(n=2191, 13.42%) in the brief mindfulness group completed
WHO-5. Completion of intervention sessions gradually
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decreased by session for participants in the MBCT group (week
0 completion: n=838, 38%; week 7 completion: n=317, 14%)
as well as in the brief mindfulness group (week 0 completion:
n=778, 36%; week 2 completion: n=418, 19%). Figure 1 shows
a detailed participant flow diagram.

A total of 30 (n=2220, 1.35%) participants in the MBCT group
and 31 (n=2191, 1.41%) in the brief mindfulness group reported
experiencing one or more serious adverse events during the full

study period. In addition, 33 (n=2220, 1.49%) participants in
the MBCT group and 41 (n=2191, 1.87%) in the brief
mindfulness group reported experiencing one or more
nonserious adverse events. No serious adverse events or
nonserious adverse events were reported by participants to be
related to the study. The most common category of events
reported was a negative life event that was unrelated to the study
(eg, death of family members; n=23 participants).
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Table 1. Demographics of randomized participants.

Total (n=4411)MBCTb (n=2220)Brief mindfulness (n=2191)Characteristica

54.78 (14.90)55.44 (14.72)54.11 (15.05)Age (years), mean (SD)

Race or origin, n (%)

3873 (87.80)1957 (88.15)1916 (87.45)White

127 (2.88)68 (3.06)59 (2.69)Multiple racec

97 (2.20)45 (2.03)52 (2.37)Black, African American, African, or Afro-Caribbean

77 (1.75)39 (1.76)38 (1.73)Asian

56 (1.27)32 (1.44)24 (1.10)Other

27 (0.61)12 (0.54)15 (0.68)Native American, American Indian, or Alaska Native

7 (0.16)5 (0.23)2 (0.09)Unknown

3 (0.07)2 (0.09)1 (0.05)Native Hawaiian or other Pacific Islander

77 (1.75)36 (1.62)41 (1.87)No selected answer

67 (1.52)24 (1.08)43 (1.96)Prefer not to answer

Sex assigned at birth, n (%)

3547 (80.41)1780 (80.18)1767 (80.65)Female

839 (19.02)429 (19.32)410 (18.71)Male

13 (0.29)5 (0.23)8 (0.37)Unknown

11 (0.25)6 (0.27)5 (0.23)Ambiguous

1 (0.02)0 (0.00)1 (0.05)Other

Sexual orientation, n (%)

3559 (80.68)1816 (81.80)1743 (79.55)Straight

193 (4.38)91 (4.10)102 (4.66)Bisexual

150 (3.40)72 (3.24)78 (3.56)Gay

147 (3.33)69 (3.11)78 (3.56)Lesbian

123 (2.79)56 (2.52)67 (3.06)Queer

40 (0.91)18 (0.81)22 (1.00)Asexual

22 (0.50)14 (0.63)8 (0.37)Multiple sexual orientations

19 (0.43)5 (0.23)14 (0.64)Something else

16 (0.36)9 (0.41)7 (0.32)Questioning

9 (0.20)3 (0.14)6 (0.27)Other

5 (0.11)4 (0.18)1 (0.05)Unknown

74 (1.68)39 (1.76)35 (1.60)No selected answer

54 (1.22)24 (1.08)30 (1.37)Prefer not to answer

719 (16.30)337 (15.18)382 (17.43)Total sexual minorityd

Gender identity, n (%)

3343 (75.79)1690 (76.13)1653 (75.45)Woman

790 (17.91)402 (18.11)388 (17.71)Man

71 (1.61)32 (1.44)39 (1.78)Genderqueer

49 (1.11)17 (0.77)32 (1.46)Transgender male, trans man, or female-to-male

16 (0.36)8 (0.36)8 (0.37)Other

12 (0.27)4 (0.18)8 (0.37)Something else

10 (0.23)6 (0.27)4 (0.18)Transgender female, trans women, or male-to-female
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Total (n=4411)MBCTb (n=2220)Brief mindfulness (n=2191)Characteristica

9 (0.20)5 (0.23)4 (0.18)Multiple gender categories

3 (0.07)1 (0.05)2 (0.09)Unknown

92 (2.09)49 (2.21)43 (1.96)No selected answer

16 (0.36)6 (0.27)10 (0.46)Prefer not to answer

Ethnicity, n (%)

4119 (93.38)2078 (93.60)2041 (93.15)Non-Hispanic

198 (4.49)101 (4.55)97 (4.43)Hispanic

7 (0.16)2 (0.09)5 (0.23)Other

5 (0.11)3 (0.14)2 (0.09)Unknown

42 (0.95)20 (0.90)22 (1.00)No selected answer

40 (0.91)16 (0.72)24 (1.10)Prefer not to answer

Role, n (%)

4153 (94.15)2087 (94.01)2066 (94.29)Patient-Powered Research Network member

258 (5.85)133 (5.99)125 (5.71)Family member or caregiver

aParticipants could select one option for each demographic question.
bMBCT: mindfulness-based cognitive therapy.
cTwo or more races.
dBisexual, gay, lesbian, queer, asexual, multiple sexual orientations, something else, questioning, or other.

Figure 1. Enrollment flow diagram. An intervention session was marked as complete only if the participant had completed the entire session. Participants
were not allowed to skip any page during the intervention sessions. MBCT: mindfulness-based cognitive therapy; WHO-5: World Health
Organization—Five Well-Being Index.
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Primary Outcome: Well-being
Figure 2 shows a graph of the average well-being scores by
condition across the entire study period. The average well-being
scores improved for both the MBCT group and the brief
mindfulness intervention group over the 8-week intervention
period and entire 20-week study periods (Tables 2 and 3). For
example, based on the 20-week model, average WHO-5 scores
increased by 0.41 (95% CI 0.34 to 0.48) points per week in the
MBCT group and 0.33 (95% CI 0.26 to 0.40) points per week
in the brief mindfulness group. Changes in well-being were not
significantly different for the 8-session MBCT group compared
with the brief 3-session mindfulness group over either the 8- or
20-week period (P=.80 and .10, respectively; Tables 2 and 3).
Similarly, no differences between groups over time were found
when allowing for nonlinear trajectories in mean WHO-5 scores
in mixed models (P=.47 and .16, respectively) or when using
a marginal model fit via GEE with linear time (P=.78 and .77,
respectively) or categorical time (P=.51 and .83, respectively;
Figure S1; Multimedia Appendix 1, Table S1).

Regarding potential moderators, only age and percentage of
intervention sessions over the intervention period suggested

differential changes in well-being scores between the 2
conditions (Multimedia Appendix 2). For each continuous
moderator, we reported model-based estimated changes in
well-being by intervention group (and between-group
differences) at values corresponding to the 25th, 50th, and 75th
percentiles of each moderator at baseline (recall, continuous
moderators were assumed to have a linear relationship with the
differential effect of treatment). Specifically, the estimated
differential improvement in well-being comparing MBCT with
the brief mindfulness program over 8 weeks was more
pronounced in younger people (P=.05) and those with a higher
percentage of intervention sessions (P=.005); these differential
effects were not sustained over the full 20-week study period.
For all other moderators considered (sex assigned at birth,
gender, sexual orientation, ethnicity, race, education, baseline
perceived stress, baseline depression, baseline anxiety, baseline
perceived ability to perform social roles, baseline mindfulness,
presence of medical problems, and presence of psychiatric
illness), there was no evidence of a differential effect over either
the 8- or 20-week period (Multimedia Appendix 2).

Figure 2. Well-being by week by intervention group. The total WHO-5 score can range from 0 to 100, although we restricted the y-axis to the 25%
and 75% quantiles (40 and 72, respectively) of the WHO-5 scores reported in this study. Points correspond to sample means and vertical lines correspond
to pointwise 95% CIs for the means. MBCT: mindfulness-based cognitive therapy; WHO-5: World Health Organization—Five Well-Being Index.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e35620 | p.394https://www.jmir.org/2022/9/e35620
(page number not for citation purposes)

Sylvia et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Mixed model–based change in mean outcome per week by treatment group and period.

Difference in slopesMindfulness-based cognitive therapy
slope estimate (95% CI)

Brief mindfulness slope estimate
(95% CI)

Outcome

P valueEstimate (95% CI)

Intervention period (baseline to 8 weeks)

.80−0.02 (−0.24 to
0.19)

0.78 (0.63 to 0.93)0.76 (0.60 to 0.91)Well-being

.40−0.01 (−0.05 to
0.02)

−0.12 (−0.15 to −0.10)−0.13 (−0.16 to −0.11)Anxiety

.430.02 (−0.04 to 0.09)−0.19 (−0.23 to −0.15)−0.16 (−0.21 to −0.12)Depression

.500.01 (−0.03 to 0.06)0.12 (0.09 to 0.15)0.14 (0.11 to 0.17)Perceived ability to perform
social roles

.34−0.02 (−0.07 to
0.02)

−0.13 (−0.16 to −0.09)−0.15 (−0.18 to −0.11)Perceived stress

.13−0.06 (−0.14 to
0.02)

0.53 (0.48 to 0.59)0.48 (0.42 to 0.53)FFMQa: nonjudging

.630.40 (0.35 to 0.44)0.41 (0.36 to 0.46)FFMQ: nonreactivity

Study period (baseline to 20 weeks)

.10−0.08 (−0.18 to
0.02)

0.41 (0.34 to 0.48)0.33 (0.26 to 0.40)Well-being

.050.02 (0.0 to 0.03)−0.07 (−0.08 to −0.05)−0.05 (−0.06 to −0.04)Anxiety

<.0010.05 (0.02 to 0.08)−0.11 (−0.13 to −0.09)−0.06 (−0.08 to −0.04)Depression

.43−0.01 (0.03 to 0.01)0.05 (0.04 to 0.06)0.04 (0.03 to 0.05)Perceived ability to perform
social roles

.350.01 (−0.01 to 0.03)−0.08 (−0.09 to −0.06)−0.07 (−0.08 to −0.05)Perceived stress

.04−0.04 (−0.07 to
−0.0)

0.24 (0.21 to 0.26)0.20 (0.18 to 0.23)FFMQ: nonjudging

.20−0.02 (−0.05 to
0.01)

0.20 (0.18 to 0.22)0.18 (0.15 to 0.20)FFMQ: nonreactivity

aFFMQ: Five Facet Mindfulness Questionnaire.
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Table 3. Mixed model–based change in mean outcome from baseline by treatment group and period.

Difference in changes from baseline
(brief—MBCT) estimate (95% CI)

MBCTa change from baseline
estimate (95% CI)

Brief mindfulness change from baseline
estimate (95% CI)

Outcome

Intervention period (baseline to 8 weeks)

−0.22 (−1.92 to 1.48)6.25 (5.07 to 7.42)6.03 (4.8 to 7.26)Well-being

−0.12 (−0.4 to 0.16)−0.95 (−1.14 to −0.76)−1.07 (−1.27 to −0.87)Anxiety

0.2 (−0.3 to 0.7)−1.52 (−1.86 to −1.17)−1.32 (−1.68 to −0.96)Depression

0.12 (−0.22 to 0.46)0.99 (0.75 to 1.22)1.1 (0.86 to 1.35)Perceived ability to perform
social roles

−0.18 (−0.55 to 0.19)−1 (−1.25 to −0.75)−1.18 (−1.45 to −0.91)Perceived stress

−0.47 (−1.08 to 0.14)4.27 (3.85 to 4.69)3.8 (3.36 to 4.24)FFMQb: nonjudging

0.13 (−0.4 to 0.65)3.17 (2.81 to 3.53)3.3 (2.92 to 3.68)FFMQ: nonreacting

Study period (baseline to 20 weeks)

−1.67 (−3.67 to 0.33)8.22 (6.84 to 9.6)6.55 (5.1 to 8)Well-being

0.32 (0.01 to 0.64)−1.32 (−1.54 to −1.1)−0.99 (−1.22 to −0.76)Anxiety

1.04 (0.46 to 1.62)−2.16 (−2.56 to −1.76)−1.12 (−1.54 to −0.7)Depression

−0.15 (−0.53 to 0.22)0.97 (0.71 to 1.23)0.82 (0.54 to 1.09)Perceived ability to perform
social roles

0.19 (−0.21 to 0.59)−1.52 (−1.79 to −1.24)−1.32 (−1.61 to −1.04)Perceived stress

−0.72 (−1.39 to −0.04)4.75 (4.29 to 5.21)4.03 (3.55 to 4.52)FFMQ: nonjudging

−0.38 (−0.96 to 0.2)3.9 (3.5 to 4.3)3.52 (3.1 to 3.94)FFMQ: nonreacting

aMBCT: mindfulness-based cognitive therapy.
bFFMQ: Five Facet Mindfulness Questionnaire.

Secondary Outcomes
For both treatment conditions, all secondary outcomes of
anxiety, depression, perceived ability to perform social roles,
perceived stress, and mindfulness improved over the intervention
and study periods (Tables 2 and 3). Although we found no
between-group differences in secondary outcomes over 8 weeks,
the average improvements in depression (P<.001), anxiety
(P=.05), and mindfulness (P=.03) were greater in the MBCT
group than in the brief mindfulness intervention group over the
full 20-week study period.

Predictors of Dropout
Participants who completed the study, defined for these analyses
as randomized participants who provided at least one WHO-5
score at a postintervention follow-up visit (ie, among visit weeks
12, 16, or 20), significantly differed from those who did not
complete the study on several baseline and clinical
characteristics. Completers were disproportionately assigned
male sex at birth (P<.001), older (P<.001), straight (P<.001),
more highly educated (P=.04), and tended to have lower baseline
depression (P<.001), anxiety (P<.001), and well-being (P<.001)
and higher perceived ability to perform social roles (P<.001)
and mindfulness (P<.001) than those who did not complete the
study (Table 4).
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Table 4. Baseline demographics and clinical characteristics of dropouts versus completers.

P valuebOverall, (N=4411)Completersa (N=1111)Dropouts (N=3300)

<.001Sex assigned at birth, n (%)

839 (19.02)260 (23.4)579 (17.55)Male

3547 (80.41)842 (75.79)2705 (81.97)Female

25 (0.57)9 (0.81)16 (0.48)Other, unknown, or ambiguous

<.001Sexual orientation, n (%)

3559 (80.68)936 (84.25)2623 (79.48)Straight

852 (19.32)175 (15.75)677 (20.52)Sexual minority

.24Gender identity, n (%)

4113 (93.24)1045 (94.06)3068 (92.97)Cisgender

298 (6.76)66 (5.94)232 (7.03)Gender minority

.18Randomization, n (%)

2220 (50.33)579 (52.12)1641 (49.73)MBCTc

2191 (49.67)532 (47.88)1659 (50.27)Brief mindfulness

.24Hispanic, n (%)

198 (4.53)40 (3.63)158 (4.84)Yes

4119 (94.28)1050 (95.19)3069 (93.97)No

52 (1.19)13 (1.18)39 (1.19)Other, unknown, or prefer not to answer

.06Race, n (%)

3873 (89.36)997 (90.88)2876 (88.85)White

461 (10.64)100 (9.12)361 (11.15)Otherd

.04School, n (%)

228 (5.29)44 (4.03)184 (5.71)High school or less

2164 (50.17)537 (49.13)1627 (50.53)2- or 4-year college

1921 (44.54)512 (46.84)1409 (43.76)More than 4-year college

<.00154.78 (14.90)58.83 (13.98)53.42 (14.95)Age (years), mean (SD)

<.00116.38 (7.04)15.06 (6.62)16.82 (7.12)Depression, mean (SD)

<.0018.94 (3.64)8.23 (3.44)9.18 (3.67)Anxiety, mean (SD)

<.00113.47 (4.29)14.14 (4.24)13.24 (4.29)Perceived ability to perform social roles, mean (SD)

<.00150.53 (20.73)54.76 (20.80)49.11 (20.51)Well-being, mean (SD)

<.00128.54 (7.47)29.64 (7.34)28.16 (7.48)FFMQe: nonjudging, mean (SD)

<.00121.35 (5.67)22.17 (5.66)21.07 (5.64)FFMQ: nonreacting, mean (SD)

aCompleters were defined as randomized participants who provided at least one WHO-5 score at a postintervention follow-up visit (ie, among visit
weeks 12, 16, or 20).
bP value based on Fisher exact test or unequal variances t test, as appropriate.
cMBCT: mindfulness-based cognitive therapy.
dOthers included (1) native American, American Indian, or Alaskan Native; (2) Asian; (3) Black, African American, African, or Afro-Caribbean; (4)
Native Hawaiian or other Pacific Islander; (5) multiple race; (6) other; (7) unknown; (8) prefer not to answer.
eFFMQ: Five Facet Mindfulness Questionnaire.

Discussion

Principal Findings
This study demonstrated that although both a standard 8-session
MBCT program and a shorter 3-session mindfulness program

mildly improved overall well-being scores over the 8- and
20-week periods, it did not support our hypothesis that the
standard MBCT program would yield superior results with
regard to the primary outcome of well-being. Participants in the
MBCT program experienced statistically greater improvements
in depression, anxiety, and mindfulness compared with their
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brief mindfulness counterparts, but these group differences are
unlikely to be clinically meaningful [34-38].

Younger people and participants who completed a higher
proportion of intervention sessions reported larger improvements
in overall well-being, an effect that was more pronounced for
participants assigned to the standard MBCT intervention.
Although the standard MBCT did not prove superior to brief
mindfulness in improving participant well-being in aggregate,
these findings suggest that it could be a better choice for younger
people as well as treatment-adherent individuals.

Among the secondary outcomes, participants in the standard
MBCT condition had significantly greater improvements in
anxiety, depression, and mindfulness scores than those in the
brief mindfulness condition. This may be evidence for the
superiority of standard MBCT in treating anxiety and depression
as well as in improving mindfulness. However, these results
should be interpreted with caution, given that the group
differences were minimal and unlikely to be clinically
meaningful.

Comparison With Prior Work
These findings are consistent with a study comparing the
efficacy of an 8-week in-person standard and a 4-week in-person
abbreviated mindfulness-based intervention in adult
undergraduate students (N=99) that found no significant
differences in improvements to participant mindfulness, as well
as self-compassion, positive and negative affect, anxiety and
depressive symptoms, and resilience [39]. Another study found
that a brief version of an in-person MBSR intervention
demonstrated equally significant decreases in perceived stress
and improvements in sleep quality compared with a traditional
MBSR intervention in a study of 48 healthy adults [40]. In
addition, our findings that participants with more severe mental
health symptoms at baseline (ie, more severe depression and
anxiety) and lower baseline well-being and mindfulness were
more likely to drop out of the study are consistent with the
findings of several studies that greater baseline symptom
severity may predict attrition in web-based interventions [41-43].

Although our study did not support the hypothesis that the longer
standard 8-session MBCT would be superior to the shorter
mindfulness intervention, it is possible that a shorter mindfulness
program is sufficient for improving well-being across a variety
of patient populations [14,44]. For example, patients with
cardiac disease (N=114) were randomized to a 4-session
in-person mindfulness group or to a self-help control group and
yielded better outcomes for the mindfulness group on quality
of life, anxiety, depression, and perceived stress, which were
partially or fully mediated by an increase in mindfulness [14].
A shorter, 2-session mindfulness group to reduce alcohol
consumption was also found to be effective among college
students [44]. In a study that assessed the efficacy of a
web-based MBCT course [45], participants (n=118) who
completed the course demonstrated significant improvements

in perceived stress, depression, and anxiety, which were
maintained at the 3- and 6-month follow-ups [46]. Given the
wide range of conditions and special populations represented
in our study sample, our results suggest that shorter mindfulness
programs could yield important benefits across the general
population of individuals with various medical conditions. The
similar benefits experienced by the participants in the 2
treatment conditions may be because of effects other than the
intended mindfulness therapy. However, this is unlikely, as
prior research supports that both interventions adapted for this
study are superior to placebo [8,11].

The strengths of this study include leveraging existing registries
of individuals. This allowed us to recruit and consent 5029
participants quickly (ie, over 8 months), with a mean of 625
participants per month. Efficient recruitment was likely due to
the broad inclusion and exclusion criteria, including stakeholder
input, collaboration with PPRNs already engaged in a
collaborative network, and conducting a web-based study with
broad outreach.

Limitations
The main limitation is the high attrition and low completion
rates for both the intervention sessions and assessments.
Although our primary results, which are based on
likelihood-based mixed effects regression models, are valid
under the missing at random assumption (ie, statistical
independence of outcomes and missingness conditional on prior
observed outcome measurements, treatment group, and time),
the results could be inaccurate if endpoints are missing not at
random. This study was also limited by a lack of diversity in
the study population, especially with regard to race and gender.
Our results may not be generalizable to men or to people of
different colors. The second limitation was the lack of support
or guidance for the participants, such as technical support with
the study platform or assistance with the intervention material.
Third, all outcomes were self-reported, and we did not include
diagnostic assessments (which could have better characterized
the sample) to minimize participant burden. Fourth, given the
large sample size, we were not able to reimburse the
participants’ time in completing the assessments (with the
exception of a raffle) or in completing the web-based
intervention. The lack of incentives and technical support for
the participants could have contributed to the high attrition rates.
However, these limitations increase the generalizability and
applicability to more general populations.

Conclusions
In summary, this study demonstrated that a web-based 8-session
MBCT program was not superior to a web-based brief 3-session
mindfulness program in improving the well-being of
participants. Younger people and treatment-adherent individuals
(ie, those who attend a higher percentage of sessions) may
benefit more from standard-length MBCT.
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MBSR: mindfulness-based stress reduction
PPRN: patient-powered research network
SMD: standardized mean difference
WHO-5: World Health Organization—Five Well-Being Index
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Abstract

Background: Long-term dependence on prescribed benzodiazepines is a public health problem. Eliminating Medications
Through Patient Ownership of End Results (EMPOWER) is a promising self-management intervention, delivered directly to
patients as a printed booklet, that is effective in promoting benzodiazepine reduction and cessation in older adults. EMPOWER
has high potential to benefit large health care systems such as the US Veterans Health Administration (VHA), which cares for
many veterans who use benzodiazepines for extended periods.

Objective: We aimed to adapt the original EMPOWER booklet materials for electronic delivery and for use among US military
veterans receiving VHA care who were long-term benzodiazepine users.

Methods: We used elements of Analysis, Design, Development, Implementation, and Evaluation, a framework commonly used
in the field of instructional design, to guide a qualitative approach to iteratively adapting EMPOWER Electronic Delivery
(EMPOWER-ED). We conducted 3 waves of focus groups with the same 2 groups of VHA stakeholders. Stakeholders were
VHA-enrolled veterans (n=16) with medical chart evidence of long-term benzodiazepine use and national VHA leaders (n=7)
with expertise in setting VHA policy for prescription benzodiazepine use and developing electronically delivered educational
tools for veterans. Qualitative data collected from each wave of focus groups were analyzed using template analysis.

Results: Themes that emerged from the initial focus groups included veterans’ anxiety about self-tapering from benzodiazepines
and prior negative experiences attempting to self-taper without support. Participants also provided feedback on the protocol’s
look and feel, educational content, the tapering protocol, and website functionality; for example, feedback from policy leaders
included listing, on the cover page, the most commonly prescribed benzodiazepines to ensure that veterans were aware of
medications that qualify for self-taper using the EMPOWER-ED protocol. Both groups of stakeholders identified the importance
of having access to supportive resources to help veterans manage sleep and anxiety in the absence of taking benzodiazepines.
Both groups also emphasized the importance of ensuring that the self-taper could be personalized and that the taper instructions
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were clear. The policy leaders emphasized the importance of encouraging veterans to notify their provider of their decision to
self-taper to help facilitate provider assistance, if needed, with the taper process and to help prevent medication stockpiling.

Conclusions: EMPOWER-ED is the first direct-to-patient electronically delivered protocol designed to help US military veterans
self-taper from long-term benzodiazepine use. We used the Analysis, Design, Development, Implementation, and Evaluation
framework to guide the successful adaption of the original EMPOWER booklet for use with this population and for electronic
delivery. The next step in this line of research is to evaluate EMPOWER-ED in a randomized controlled trial.

(J Med Internet Res 2022;24(9):e35514)   doi:10.2196/35514

KEYWORDS

self-taper; electronically delivered self-help; long-term benzodiazepine use; US military veterans; mobile phone

Introduction

Background
Long-term dependence on prescribed benzodiazepines is a public
health problem in multiple countries, including the United
Kingdom and the United States [1-4]. Benzodiazepines can
provide short-term (<4 weeks) benefits, but they also convey
significant risks that worsen over time [5]. Adverse outcomes
of long-term benzodiazepine use can include cognitive decline,
falls, motor vehicle accidents, benzodiazepine dependence, and
opioid-benzodiazepine overdose [6-8]. Furthermore, although
benzodiazepines can be helpful for improving insomnia or
severe anxiety in the short term, over the long term, they can
make these conditions worse [9]. Therefore, interventions are
needed to help people discontinue long-term use of these widely
prescribed drugs. This paper describes an iterative, qualitative
approach to adapting a direct-to-patient intervention—
Eliminating Medications Through Patient Ownership of End
Results (EMPOWER)—for electronic delivery [10,11]. To
better promote benzodiazepine cessation specifically among
US military veterans, this project also tailored EMPOWER to
this population. US military veterans were the focus because
they are at high risk for longer-term benzodiazepine use [12]
and associated health consequences [13].

Cognitive behavioral therapy delivered by a provider, coupled
with medication tapering, is effective for reducing long-term
benzodiazepine use. Among adults with generalized anxiety
disorder, those assigned to receive 12 weeks of cognitive
behavioral therapy with medication tapering were more likely
to discontinue benzodiazepine use after the intervention than
control participants (75% vs 37%, respectively) [14]. Although
cognitive behavioral therapy delivered by a provider can reduce
benzodiazepine use [14,15], limits on patient willingness and
resources, including access, time, and cost, pose challenges to
delivering professionally administered in-person benzodiazepine
cessation interventions to large populations.

Brief interventions delivered in the primary care setting can
also lead to significant reductions in benzodiazepine use and
are arguably more feasible to deliver to large populations of
adults than more intensive interventions such as cognitive
behavioral therapy; for example, in a randomized controlled
trial, adult long-term users of benzodiazepines received either
a structured primary care intervention consisting of education
on the risks of long-term benzodiazepine use, a self-help leaflet
to improve sleep, and a gradual medication taper with primary

care provider follow-up or a written tailored dose reduction
schedule or standard care [16]. At 12-month follow-up, there
were no differences between the 2 structured-intervention
conditions (provider follow-up or written taper schedule), with
results showing that more patients in the 2 brief structured-
intervention groups discontinued their benzodiazepines than
those assigned to standard care (45% vs 15%, respectively) [16].
The findings highlight the feasibility and effectiveness of using
direct-to-patient interventions to reduce long-term
benzodiazepine use, although, as with psychotherapy, brief
interventions depend on trained professionals to deliver them
and patients to be available in person to receive them.

Technology can make possible a less costly and more scalable
approach: providing an easily accessible, direct-to-patient
intervention that educates individuals about the risks of taking
benzodiazepines over the long-term encourages reduction or
cessation of benzodiazepine use and provides tools to help
patients taper on their own or in consultation with a provider.
Mounting such an intervention on the internet brings further
advantages: interventions that do not require patients to travel
and that can be accessed at any time and from virtually any
place could be appealing to those who might not have the desire
or access to use in-person care in a clinic setting.

EMPOWER is a promising direct-to-patient self-management
intervention developed by Canadian researcher Dr Cara
Tannenbaum [10,11]. EMPOWER provides information about
the potential risks and harms of long-term benzodiazepine use
and presents alternative, effective options for reducing insomnia
or anxiety and help with self-tapering. In the EMPOWER study,
older adults (n=148) with long-term benzodiazepine use were
mailed the EMPOWER booklet and, compared with controls
(n=155), were 8 times more likely to discontinue their use of
benzodiazepines [10]. Impressively, these results were obtained
without direct care by a clinical professional. If EMPOWER
were to be adapted for electronic delivery, such as being
accessible by desktop computer, tablet computer, or mobile
phone and found to be effective in this format, its reach could
be further expanded.

The US Veterans Health Administration (VHA) has significant
potential to adapt scalable, effective self-management
interventions to help veterans reduce their long-term
benzodiazepine use. The VHA is a government-financed health
care system that offers comprehensive care to >9 million
individuals with prior service in the US military. At the VHA,
355,298 veterans were prescribed benzodiazepines in the fiscal
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year 2016, almost two-thirds (63.6%) of whom took them for
≥3 months [12]. The VHA patient population includes many
older adults [17] and many who take prescribed opioids [18],
which increases the health risks of long-term benzodiazepine
use.

Objectives
In this paper, we describe an iterative, qualitative approach used
to adapt the original EMPOWER protocol for electronic delivery
(EMPOWER-ED) and for use among veterans receiving care
at the VHA with long-term benzodiazepine use. To achieve
these 2 objectives, we used elements of Analysis, Design,
Development, Implementation, and Evaluation (ADDIE), a
framework commonly used in the field of instructional design,
to iteratively develop EMPOWER-ED [19]. The ADDIE
framework uses an iterative approach to identify instructional
needs and objectives and to obtain feedback from key
stakeholders on initial drafts of instructional content and
functioning website prototypes. Through formative evaluation,
the ADDIE framework can also help to determine program
usability, acceptability, and potential for effectiveness [19,20].

For this study, we used the analysis, design, development, and
implementation elements of the ADDIE framework to guide
our iterative, qualitative approach to adapting EMPOWER for
use among veterans and for electronic delivery. To achieve this,
we conducted 3 waves of focus group discussions with 2 groups
of key VHA stakeholders. Stakeholders were VHA-enrolled
veterans who were long-term users of benzodiazepines and
national VHA leaders with expertise in setting VHA policy for
prescription medication use, including for benzodiazepines, and
in developing electronically delivered self-management tools
for veterans. In this paper, we present an overview of qualitative
findings from the focus group discussions, including themes
representing stakeholder opinions and experiences of using
benzodiazepines and attempting to taper as well as specific
recommendations for adapting EMPOWER for use among
veterans and for electronic delivery. We also provide example
images of EMPOWER-ED to highlight key adaptations and
their rationale for this population.

Methods

Participants and Recruitment
The principal investigators (PIs; MAC and KH) of this study
chose to form 2 focus groups: one comprised US military
veterans and the other comprised national VHA policy leaders.
These 2 types of stakeholders were chosen because of their
relevance to the aim of the study, which was to adapt an
intervention protocol for the US veteran population and for
electronic delivery. Stakeholders were also chosen because the
study PIs (MAC and KH), who are both middle-aged White
male psychologists and senior health services researchers at the
VHA, had access to these populations of individuals at their
respective sites [21].

We recruited veterans (n=16) with at least one primary care
visit in the prior year at one of the 2 study sites (Veterans Affairs
Palo Alto Health Care System in California and Central
Arkansas Veterans Healthcare System in Arkansas) and with

electronic medical record evidence of long-term or ≥3 months
of continuous prescription benzodiazepine use. The purpose of
recruiting veterans was to help ensure that EMPOWER-ED
content was acceptable to this patient population and reflected
their experiences and care needs. Potentially eligible veterans
were identified in the corporate data warehouse, which contains
data from the VHA’s electronic health record. Veterans meeting
initial study eligibility, such as having ≥1 primary care visit in
the last year and ≥3 months of a continuous benzodiazepine
prescription, were identified and randomly sent letters inviting
them to participate in the study.

We also recruited national VHA leaders (n=7) with expertise
in VHA care policy for prescription medication use, including
benzodiazepines, and in the development and implementation
of a web-delivered direct-to-patient educational intervention.
The inclusion of national VHA policy leaders helped to ensure
that the content of EMPOWER-ED was consistent with VHA
priorities and that information was conveyed using up-to-date
instructional design techniques. As there is a limited number
of national VHA policy leaders with expertise in the
aforementioned areas of interest, we used nonrandom selection,
which involved identification by the 2 study PIs (MAC and KH)
to invite these individuals to participate. We also attempted to
recruit VHA primary care providers at the 2 study sites but were
unsuccessful.

Each set of stakeholders was invited to participate in all 3 waves
of focus group discussions over a 12-month period lasting on
average 60 minutes; 16, 14, and 9 veterans participated in waves
1, 2, and 3, respectively, whereas 6, 6, and 5 national VHA
leaders participated in waves 1, 2, and 3, respectively. Each
stakeholder type participated in a focus group discussion with
participants of the same type. Focus groups with veterans took
place between October 2020 and September 2021, whereas
focus groups with national VHA policy leaders took place
between March 2021 and September 2021.

Description of the Original EMPOWER (Booklet)
Protocol
The original EMPOWER protocol consists of an 8-page booklet
that was mailed directly to older adults with long-term
benzodiazepine use [10,11]. The booklet includes a
self-assessment of the potential risks of long-term
benzodiazepine use; evidence of benzodiazepine-related harms;
knowledge statements designed to evoke cognitive dissonance
about the safety of using benzodiazepines; education about
possible drug interactions; a vignette depicting a peer who has
successfully stopped using benzodiazepines to support
self-efficacy to change medication use; information about
equally or more effective therapeutic alternatives for managing
sleep difficulties or anxiety; and recommendations and guidance
for self-tapering their medication, including a taper schedule.
The taper schedule consists of a 21-week protocol with daily
guidance, regardless of original dose, for reducing medication
use. The taper schedule also includes the recommendation for
the patient to discuss their self-taper with their physician or
pharmacist.
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Data Collection
Focus groups, conducted through the web, were the primary
method of data collection. All focus group discussions were
audio recorded to facilitate qualitative data collection and
analysis. Veterans and national VHA leaders participated in
focus group discussions by teleconference using Microsoft
Teams, a web-based meeting portal that allows participants to
view the same content simultaneously. All focus group
discussions were comoderated by the 2 study PIs (MAC and
KH), both of whom are clinically trained and have extensive
experience in qualitative interviewing and facilitating focus
group discussions. An interview guide was developed for the
first wave of focus groups to ensure that the areas discussed
remained roughly consistent across stakeholder groups and that
all relevant topics were addressed. Constructs from the
Consolidated Framework for Implementation Research (CFIR
[22]) were used to inform the development of the initial
interview guide (Textbox 1). The CFIR was chosen because it
provides a framework of constructs that can help to identify
strategies for optimizing the adoption of a new innovation. In
this study, we used the CFIR constructs of intervention
characteristics, which includes perceived effectiveness and
relative advantage; outer setting, which includes patient care
needs and available resources; and characteristics of individuals,
which includes knowledge, attitudes, and perspectives toward
change [22], to guide the wave 1 focus group discussions. The

interview questions for waves 2 and 3 were shorter, less formal,
and focused on obtaining feedback on each subsequent draft of
the EMPOWER-ED website. Example questions for waves 2
and 3 included “To what extent were your suggestions
implemented in the current draft as you envisioned?” “To what
extent are draft materials clear and functioning properly?” In
addition, the study’s lead qualitative researcher (THA) recorded
observations during each wave of focus group discussions. The
observations focused on group dynamics and instances in which
participants diverged from the questions asked by the
comoderators (MAC and KH), including the content and
duration of these interactions.

The same stakeholders were invited to participate in all 3 waves
of focus group discussions (Figure 1). This facilitated
consistency of feedback over time because participants were
aware of the recommendations provided during prior waves and
could provide feedback on whether recommendations were
incorporated as desired into the current draft. Furthermore, for
focus group waves 2 and 3, stakeholders were asked to interact
with the draft website in the week before the focus group to
facilitate discussions on user experience. At the start of the
second and third waves of focus groups, the comoderators (MAC
and KH) reviewed the intervention materials, described the
adaptations made to content, and demonstrated website
functionality.

Textbox 1. Interview guide for wave 1 focus groups. After each series of questions, assessing each Consolidated Framework for Implementation
Research domain, the focus group facilitators obtained initial recommendations and suggestions for adding, deleting, and modifying elements to the
Eliminating Medications Through Patient Ownership of End Results (EMPOWER) materials for adaptation for electronic delivery and to optimally
assist veterans in reducing or discontinuing their long-term benzodiazepine use.

Wave 1 focus group interview guide

• Characteristics of EMPOWER

• “What are your thoughts about the content of EMPOWER?”

• “What are your thoughts and opinions about the educational materials? The vignette? The taper schedule?”

• “To what extent would each of these components of EMPOWER be helpful (or not) to veterans in reducing their use of benzodiazepines?”

• “What are your thoughts and opinions about the length of the EMPOWER materials?”

• “What changes (if any) would need to be made to EMPOWER to improve its usefulness for veterans?”

• Outer setting

• “To what extent do you feel that veterans using benzodiazepines would respond (or not) to this intervention?”

• “What would increase their positive response to these materials?”

• Characteristics of individuals

• “What challenges do you see veterans taking benzodiazepines might have self-tapering their medication?”
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Figure 1. Participant flow through the 3 waves of focus groups. VHA: Veterans Health Administration.

Ethics Approval
The study was approved by the VA Central Arkansas Veterans
Health Care System Research and Development Committee
and Institutional Review Board (protocol #1527634).

Data Analysis
Rapid analytic techniques informed by Sobo et al [23] and
Hamilton and Finlay [24] were used to quickly produce
recommendations for adapting EMPOWER for use among
veterans and for electronic delivery. The lead qualitative
researcher (THA) developed a prototype summary template in
a Microsoft Word document with domains related to the goals
of the study; for example, the researcher captured stakeholder
feedback and recommendations on the protocol’s look and feel,
educational content, tapering protocol, and website functionality.

The lead qualitative researcher (THA) also captured emergent
themes and created an other domain to record observations
made during the focus group discussions, including the content
and duration of instances in which participants spoke on issues
among themselves.

For each wave of focus groups, the lead qualitative researcher
(THA) first listened to the audio recording of the discussion
and systematically populated the template categories with data.
Content analysis was used to ensure that the full range of
experiences, perspectives, and feedback was included in the
templates [25]. Template data largely consisted of paraphrased
content from the discussions, reflecting stakeholder
recommendations, reactions, concerns, and questions.
Particularly impactful statements were transcribed verbatim
into the templates. After this initial step, the lead qualitative
researcher (THA) synthesized individual templates from each
wave of focus groups by stakeholder type into 1 template. In
some waves, multiple focus groups took place for a specific
stakeholder type (eg, 2 separate focus group discussions for
different veterans) to accommodate their schedules. When this
occurred, data were synthesized into 1 template for that
stakeholder group for that specific wave of focus groups.

In the final step, the lead qualitative researcher (THA)
synthesized the 2 templates by stakeholder group into 1

summary template containing all feedback for that wave. The
researcher also carefully reviewed the other domain to identify
any themes occurring across focus group discussions. Themes
identified were mapped to the CFIR domains and included in
the summary template. The comoderators (MAC and KH) of
the focus groups reviewed the summary template for
completeness and accuracy.

Finalizing Adaptations
After each of the 3 waves of focus groups, the 2 project PIs
(MAC and KH) met with the software development team to
review the summary template, which included feedback from
both sets of stakeholders. Recommendations deemed to be of
high priority, such as being consistent with the original
EMPOWER materials or suggested by multiple stakeholders,
and feasible, such as being within the cost and time parameters
needed to implement the recommendation, were identified and
implemented. In waves 2 and 3, participants were asked to
review the website modifications to determine whether they
were implemented as suggested and provide additional feedback
or recommendations.

Results

Overview
In the following sections, we first present the themes that
emerged from the qualitative analysis, which included veterans’
anxiety about self-tapering and their experiences of attempting
to self-taper without support (Textbox 2). We then present focus
group participants’ feedback and recommendations on
modifying the look and feel, educational content, tapering
protocol, and functionality of the EMPOWER-ED website to
optimize its adaptation for electronic delivery and use among
veterans. Although we attempted to recruit primary care
physicians to participate in the focus groups, we were
unsuccessful. The primary reason reported by physicians for
not participating was that primary care clinics were focusing
efforts on the ongoing COVID-19 pandemic, and they had
limited time to contribute to non–patient-care activities,
including research.
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Textbox 2. Emergent themes as well as feedback and recommendations on Eliminating Medications Through Patient Ownership of End Results
(EMPOWER) and Eliminating Medications Through Patient Ownership of End Results Electronic Delivery (EMPOWER-ED).

Themes that emerged from focus group participants’ feedback and recommendations

• Emergent themes

• Veterans’ anxiety about self-tapering their benzodiazepines

• Veterans’ prior negative experiences attempting to taper without effective, alternative help options for managing sleep and anxiety

• Focus group feedback on the EMPOWER and EMPOWER-ED content

• Look and feel

• Include images that reflect veterans’ diversity

• Develop multiple peer vignettes that include a diverse group of veterans

• Educational content

• Clarify names (brand and generic) of commonly prescribed benzodiazepines

• Emphasize potential risks of longer-term benzodiazepine use

• Include alternative help options, including websites and mobile apps, for managing sleep and anxiety

• Tapering protocol and website functionality

• Encourage veterans to inform their prescribing provider of their decision to taper their benzodiazepines

• Include clear language instruction for veterans on how much medication to take each day during the taper process

• Allow veterans to save their taper schedule on the website

• Ensure that the taper schedule is readable on all devices, including smartphones, tablet computers, and desktop computers

Emergent Themes
Two themes emerged from analysis of the veterans’ interactions
during the 3 waves of focus group discussions related to the
CFIR domain Characteristics of Individuals. The first theme
reflected veterans’ anxiety about self-tapering, specifically
concerns about how to manage sleep or anxiety without their
medication. Illustrating this anxiety, a veteran stated, “It’s hard
to get some of those war-time experiences out of your head...so
being without the medication can be scary” (focus group 3,
veteran 03).

An additional theme reflected the veterans’ prior negative
experiences of attempting to self-taper without effective,
alternative help options for managing sleep or mental health
symptoms; for example, a veteran described attempting to
self-taper in this context as feeling like “...falling into a
bottomless pit” (focus group 2, veteran 04). Similarly, the
veterans repeatedly expressed a strong perceived need for having
effective resources and support during the self-taper process:

I believe that if anyone decides to taper off their
medication, they need to have...assistance. When it

is your first time being tapered off, you know you want
to be counseled. [Focus group 2, veteran 01]

Focus Group Feedback on the EMPOWER and
EMPOWER-ED Content

Look and Feel
Initial focus group feedback centered on modifying the look
and feel of the website, including increasing the font size when
possible, using less white space, adding more color, and ensuring
that the text was at a sixth grade reading level. Participants
suggested that we reduce the number of benzodiazepines listed
on the website’s home page to those most commonly prescribed
at the VHA and use generic and brand names to facilitate
identification of these medications by veterans (Figures 2 and
3; modifications to the cover page included simplifying the list
of qualifying medications that veterans may consider tapering
[covering approximately 99% of the benzodiazepine
prescriptions at the VHA], including generic and brand names
of benzodiazepines to facilitate understanding of which
medications are eligible for tapering and providing education
about the use and risks of these medications over the longer
term).
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Figure 2. Cover page of the original Eliminating Medications Through Patient Ownership of End Results booklet.

Figure 3. Cover page of the Eliminating Medications Through Patient Ownership of End Results Electronic Delivery website.

Participants recommended adding new images of veterans
throughout the program to better reflect their diversity in age,
gender, and race; for example, a veteran stated that “...veterans
want pictures and stories that are a mix of both ages and races”
(focus group 1, veteran 02). Furthermore, a VHA policy leader
suggested including “...more realistic photos that don’t look
staged and are images of people in a more natural environment”
(focus group 2, VHA policy leader 1). This suggestion was most
notable for the original peer vignette that depicted an older (aged
>65 years) White woman’s story about discontinuing her

benzodiazepine use that participants did not generally identify
with. Participants recommended that we redesign the single
peer vignette content to include 3 diverse peer vignettes to give
veterans more choice in selecting a vignette to read or listen to,
thus increasing the likelihood that veterans will identify with
the content. Consistent with this recommendation, a veteran
stated, “...replace reference to Mrs Robinson [woman depicted
in the vignette] to different people from different backgrounds
to make the materials [vignettes] more relatable to veterans”
(focus group 1, veteran 03). Feedback on the peer vignettes also
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included reducing the length of each peer’s story, creating an
option to listen to the vignettes through audio as opposed to
requiring that they be read and to ensure that veterans from
diverse age groups were represented in the vignettes (Figures
4 and 5; modifications to the peer vignettes included developing
3 vignettes [replacing the original single vignette] to provide a
more diverse [age and race] representation of veterans. We also

provide the option for veterans to listen to each vignette in case
of reading or visual impairment [not shown in image]).

In the third wave of focus groups, participants validated the
final version of the EMPOWER-ED website by indicating that
the final images, text, and peer vignettes resonated with their
experiences and care needs and reflected the racial, ethnic, and
gender diversity of US military veterans.

Figure 4. Vignette depicting peers who have successfully discontinued benzodiazepines—the original Eliminating Medications Through Patient
Ownership of End Results booklet.

Figure 5. Vignette depicting peers who have successfully discontinued benzodiazepines—the Eliminating Medications Through Patient Ownership of
End Results Electronic Delivery website.
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Educational Content
Recommendations regarding the educational content included
providing a list of benzodiazepines that are included in the
VHA’s National Formulary, using generic terms for medications
to educate veterans on which medications could qualify for the
self-taper, and emphasizing the potential risks associated with
longer-term benzodiazepine use and describing those risks,
including memory and concentration problems, daytime fatigue,
falls, fractures, and motor vehicle accidents, in understandable
language. Indeed, a VHA policy leader recommended that we
“...organize the list of benzos by most common [commonly
prescribed at the VHA] on the first page using large font” (focus
group 2, VHA policy leader 3). Regarding how to structure
content about the risks of long-term benzodiazepine use, a
veteran stated, “...include references to risks that are more
common to veterans like drinking in combo with the meds and
memory changes and falls” (focus group 2, veteran 05). In
addition, participants suggested clarifying how physical
dependence on benzodiazepines can occur and to provide
content that educates veterans on how an effective taper process,
such as a longer taper compared with a shorter one, can
minimize withdrawal symptoms.

For alternative help options to medication, participants
recommended that we embed links to VHA-developed websites
that consist of evidence-based content to improve sleep (Path
to Better Sleep) and reduce anxiety (Moving Forward:
Overcoming Life’s Challenges). One veteran stated as follows:

...you need additional support during the tapering
process. You can get anything you want on the street,

so just taking them off is not going to work. I think
that just a little help for them [veterans]...would be
good. Maybe there could be a support group that is
geared toward benzodiazepine cessation. [Focus
group 1, veteran 03]

In addition, participants highly recommended adding “...a link
to a website or mobile app that talks about yoga, some kind of
meditation, things of that nature” (focus group 2, VHA policy
leader 4). As a result, we added VHA help options that can be
accessed by mobile phone, such as CBT-i Coach, Insomnia
Coach, PTSD Coach, Mindfulness Coach, Beyond MST,
VetChange (coping with posttraumatic stress disorder), and
Virtual Hope Box (relaxation and stress-coping tools; Figures
6 and 7; modifications to the alternative help and care options
section included adding stakeholder [veteran and national VHA
policy leader]–suggested website and mobile apps developed
by the VHA to help veterans better manage and cope with
common mental health comorbidities, eg, posttraumatic stress
disorder and anxiety, and other experiences that can cause stress
and anxiety as well as learn coping skills for managing stress
as well as problem-solving and parenting skills). On the basis
of participant feedback, we also clarified which alternative help
options are downloadable when using a smartphone, tablet
computer, and desktop computer. Furthermore, it was suggested
that we add the VHA Crisis Line and links to documents that
provide psychoeducation on basic sleep hygiene. In the third
wave of focus groups, the veterans validated these changes and
reported that the modifications to the educational content were
clear and enhanced their readability and that the alternative help
options included reflected their care needs.

Figure 6. Alternative care and help options for managing anxiety without medications—the original Eliminating Medications Through Patient Ownership
of End Results booklet.
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Figure 7. Alternative care and help options for managing anxiety without medications—the Eliminating Medications Through Patient Ownership of
End Results Electronic Delivery website.

Tapering Protocol and Website Functionality
Participants suggested that we emphasize that veterans who
choose to self-taper should inform their provider of their
decision. A veteran summarized the potential challenge of
tapering off benzodiazepines and the importance of a careful,
slow taper: “I think it would be a very slow process and then
you have to be very careful...you will have to set up a [taper]
system where if you are going to get off of them, you need to
write a note that reminds you what you need to take [each day]”
(focus group 1, veteran 03). Furthermore, participants
recommended that we emphasize that veterans consider speaking
with their prescribing provider or a pharmacist if they need
assistance while tapering, provide a link to their local VHA
pharmacy to obtain a pill cutter, and more prominently display
their daily taper dose provided on the taper schedule.

Participants also recommended using simpler language such as
reduce versus taper and clarifying that the daily recommended
medication dose on the taper schedule is what you take each
time you take your medication as opposed to representing the
total dosage for that day (Figures 8 and 9; modifications to the
taper schedule included making the key depicting the amount
of medication to take each day more prominent. We also provide
the option for veterans to personalize the taper schedule to
accommodate their daily dose and provide written instruction
for how much medication to take each day. The program also
allows veterans to verify that their daily dose is correct before

it generates the personalized taper schedule [not shown in
image]). Highlighting this recommendation, a VHA policy
leader stated, “...be more explicit about what the person should
take, including how many times a day are you taking this dosage
and then integrate that into the tapering program” (focus group
2, VHA policy leader 1). Other suggestions included allowing
veterans to customize their taper schedule by entering their taper
start date and current dosage, including how much they should
take each time they take their medication as well as frequency
of daily pill taking, implementing an accuracy check to ensure
that veterans have correctly entered their daily dosage, and
allowing veterans to be able to save their taper schedule in the
event it needs to be reprinted.

Feedback on website functionality consisted of fixing observed
bugs, including enhancing the readability of the taper schedule
when viewing on a tablet computer or smartphone and allowing
users to move freely throughout the website as opposed to
requiring that veterans complete a section before advancing to
the next.

During the third wave of focus groups, participants validated
changes made to the taper schedule and reported that the
modifications made increased its accuracy, understandability,
and potential effectiveness to help veterans taper their
benzodiazepines. In addition, participants reported that the
modifications made to the website’s functionality reflected their
experiences and care needs.
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Figure 8. Taper schedule included in the original Eliminating Medications Through Patient Ownership of End Results booklet.

Figure 9. Taper schedule included in the Eliminating Medications Through Patient Ownership of End Results Electronic Delivery website.

Discussion

Findings from the 3 waves of focus groups with 2 distinct types
of stakeholders revealed emergent themes, including veterans’
concerns about self-tapering their benzodiazepines and prior

negative experiences of attempting to self-taper these
medications without support. We also received feedback and
recommendations on modifying the EMPOWER protocol,
including on its look and feel, educational content, tapering

J Med Internet Res 2022 | vol. 24 | iss. 9 | e35514 | p.413https://www.jmir.org/2022/9/e35514
(page number not for citation purposes)

Cucciare et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


protocol, and website functionality, which is described in more
detail in the following section.

Principal Findings and Comparison With Prior Work
Engaging 2 groups of stakeholders in each of 3 waves of focus
groups helped us to identify veterans’concerns about medication
tapering and needed adaptations and modifications to the
EMPOWER materials to improve their usability and potential
effectiveness. Taking into account the needs and preferences
of stakeholders or end users is critical to designing engaging
and effective patient self-management tools [26]; for example,
participants from both stakeholder groups emphasized the
importance of having access to supportive resources and help
options to help manage sleep difficulties or anxiety in the
absence of taking benzodiazepines. This resulted in adding
several VHA-developed mobile apps and websites with
evidence-based content for coping with sleep difficulties and
mental health comorbidities, including anxiety and stress.
Although EMPOWER-ED is designed to support the self-taper
of benzodiazepines, feedback from policy leaders provided
valuable insight into the importance of encouraging veterans to
discuss their decision to reduce or stop using their medication
with their provider. This would facilitate providers being
informed of the veterans’ intent and providing assistance when
needed, as well as reducing the potential for stockpiling
medication by reducing automatic medication prescriptions
being sent to the veterans’ homes.

As focus group participants were able to interact with the
EMPOWER-ED website between focus groups, they also
identified potential usability challenges. Feedback from policy
leaders during this process directly informed the need to list,
on the cover page, the most commonly prescribed
benzodiazepines at the VHA so that veterans would be aware
of medications that qualify for tapering. Both groups of
stakeholders emphasized the need to ensure that the taper
schedule was clear, including ensuring that veterans’ daily
dosage was accurate, before generating their personalized taper
schedule. Furthermore, both stakeholder groups suggested
strongly that veterans should be able to access their taper
schedule in a readable form on a smartphone and tablet
computer. This latter feature was important because our intention
was to design EMPOWER-ED to be accessible through any
electronic device. As a result of these modifications, both groups
of stakeholders approved the final version of the
EMPOWER-ED website, reporting that the content reflected
veterans’ care needs; was accurate, understandable, and easy
to navigate; and functioned well. Indeed, providing high-quality
educational content and having easy and well-functioning
navigation can help facilitate high engagement with patient
self-management websites [27].

By including both stakeholder groups, we were able to leverage
different perspectives and opinions about EMPOWER-ED to
optimize its potential uptake and effectiveness among this
population of veterans. We found it particularly beneficial to
attend to instances in which veterans went off topic to share
their experiences of attempting to self-taper from
benzodiazepines without support. Allowing veterans to share
their prior experiences of attempting—and failing—to self-taper

from benzodiazepines underscored the vital importance of
additional support during the tapering process, resulting in an
end product that more accurately reflected veterans’preferences
and needs. Thus, although recommendations from VHA policy
leaders were critical for identifying educational content and
optimizing their clarity, the veteran focus groups resulted in
adaptations that could ultimately enhance uptake of the
intervention among veterans interested in making a change in
their long-term use of benzodiazepines. Having both stakeholder
groups provide input helped the team to develop a version of
EMPOWER-ED that was acceptable and personalized to the
needs of the stakeholder groups—all of which are considered
key features of self-management websites that promote a
positive user experience and clinical outcomes [28].

Strengths and Limitations
A strength of this study is that it used an instructional design
framework (ADDIE) to guide an iterative, qualitative approach
to adapting EMPOWER [10], a protocol for promoting
benzodiazepine cessation, for veterans with long-term
benzodiazepine use and for electronic delivery
(EMPOWER-ED). The ADDIE framework embraces an iterative
formative evaluation [29] focused on assessing individuals’
care needs, the need for adaptations and modifications, and the
usability and usefulness of new e-learning products. The ADDIE
framework also emphasizes the importance of obtaining key
stakeholder feedback to inform the design and development of
educational protocols. Advantages of including stakeholder
feedback are having an end product that accurately represents
the needs of stakeholders, is acceptable and feasible for use,
and is easy to use and navigate [30]—all characteristics that can
have a substantial effect on the uptake and effectiveness of
e-learning tools [31]. Consequently, the ADDIE framework is
increasingly being used in health care to design e-learning
products that aim to change end-user behavior; for example,
the ADDIE framework has been used to guide the development
of e-learning protocols that help people to connect to supportive
employment [30], adjust to injury and cope with pain [32], and
improve mobility and physical functioning [31].

This study also includes some limitations. First, we did not
conduct formal usability testing on the EMPOWER-ED website.
As a result, we may have overlooked important issues
concerning its usability and functioning with respect to our
target population. However, before focus group waves 2 and 3,
stakeholders were emailed a link to the most recent iteration of
the draft website with the request that they interact with it to
facilitate discussion in the subsequent focus group. During the
focus groups, it was clear during discussions that some of the
participants had interacted with the website, but this was not
systematically assessed. Second, despite our attempts, we were
not successful in recruiting VHA primary care physicians to
give us feedback on the development of EMPOWER-ED. Thus,
we may have failed to identify important design or functional
modifications that may be important to physicians when helping
veterans to self-taper from these medications.

Conclusions and Next Steps
To our knowledge, EMPOWER-ED is the first direct-to-patient
electronically delivered protocol designed to help US military
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veterans with evidence of long-term benzodiazepine use
self-taper their benzodiazepines. In this first step of our research
program, our team followed the ADDIE framework to guide
the successful adaption of the original EMPOWER booklet [10]
for use with this population and for electronic delivery. This
resulted in the successful development of EMPOWER-ED. The

next step in this line of research is to formally evaluate the
effectiveness of EMPOWER-ED in a randomized controlled
trial, including examining its impact on veterans’
benzodiazepine use, anxiety symptoms, sleep quality, and
overall health.
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Abstract

Background: Shift is a novel smartphone app for providing a digital-first mental health resource to junior doctors. It contains
psychoeducational material, cognitive behavioral modules, guided mediations, information on common work stressors, and a
section on help-seeking options for psychological problems through workplace and private avenues.

Objective: This study aimed to conduct a preliminary investigation of the use and potential effectiveness of Shift on depressive
and anxiety symptoms (primary outcomes) and work and social functioning, COVID-19 safety concerns, and help seeking
(secondary outcomes). This study also sought feedback on whether Shift was seen as an acceptable tool.

Methods: Junior doctors in New South Wales, Australia, were approached through promotional activities from the Ministry of
Health, specialist medical colleges, and social media advertisements between June and August 2020. Consenting participants
provided web-based baseline data, used the Shift app for 30 days, and were asked to complete a poststudy web-based questionnaire.
Outcomes were analyzed under the intention-to-treat principle.

Results: A total of 222 female (n=156, 70.3%; mean age 29.2, SD 4.61 years) junior doctors provided full baseline data. Of
these, 89.2% (198/222) downloaded the app, logged into the app approximately 6 times (mean 5.68, SD 7.51), completed 4 in-app
activities (mean 3.77, SD 4.36), and spent a total of 1 hour on in-app activities (mean 52:23, SD 6:00:18) over 30 days.
Postintervention and app use data were provided by 24.3% (54/222) of participants. Depressive and anxiety symptoms significantly
decreased between the pre- and postassessment points as expected; however, physicians’ COVID-19 safety concerns significantly
increased. Work and social functioning, COVID-19 concerns for family and friends, and help seeking did not change significantly.
There was no significant relationship between symptom changes and app use (number of log-ins, days between first and last
log-in, and total activity time). Most poststudy completers (31/54, 57%) rated Shift highly or very highly.

Conclusions: Despite high levels of nonresponse to the poststudy assessment and increases in COVID-19 safety concerns,
junior doctors who used the app reported some improvements in depression and anxiety, which warrant further exploration in a
robust manner.

(J Med Internet Res 2022;24(9):e38497)   doi:10.2196/38497
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Introduction

Background
Psychological distress and mental health disorders such as major
depression are prevalent in junior doctors [1,2]. A recent review
and meta-analysis identified high work demands, patient care
concerns, and a poor work environment as the most important
workplace risk factors associated with the decline of junior
doctors’ mental health [1]. Individual risk factors such as low
perceived mental and physical well-being and poor self-efficacy
were also identified, although they were generally less robust
predictors of distress [1]. Poor mental health can negatively
affect junior doctors’ prospects at a time that may be critical
for establishing their personal life and career goals. For example,
poor perceived mental and physical health among doctors is
associated with lower job satisfaction and intentions to leave
medicine altogether [3]. Particularly among junior doctors, job
burnout is further associated with decreased professionalism
and lower patient safety [4]. Thus, when severe distress impacts
workplace functioning, the quality of care provided to patients
and early-career physicians’ long-term job prospects may be
negatively impacted [5,6].

National survey data indicated that 21% of surveyed Australian
doctors had been diagnosed with major depression, and 9% had
received an anxiety disorder diagnosis in their lifetime, with
junior doctors reporting particularly high psychological distress
at the time of survey completion [7]. A recent review and
meta-analysis suggested that psychological interventions aimed
at reducing common mental health disorders in physicians lessen
disease burden [8]. Although this evidence is promising, the
authors also noted that the delivery and acquisition of cognitive
behavioral and mindfulness techniques requires doctors to set
aside time and resources to pursue such therapy [8]. This could
constitute a substantial barrier to entering treatment. The authors
suggested that it is therefore advised to explore the option of
delivering therapeutic components on the web or via smartphone
apps to increase accessibility [8]. To our knowledge, no attempt
has been made to date to convey the principles of cognitive
behavioral therapy (CBT) and mindfulness to populations via
a smartphone app.

Australian junior doctors seek psychological treatment for
depression at lower rates than senior doctors [9]. In addition to
issues related to mental health stigma in the medical profession
[10,11], one practical reason for this may be a gap in the
knowledge on how to seek such support. A recent large-scale
Australian survey indicated that one-quarter of surveyed junior
doctors (1929/7715, 25%) did not know or were unsure of how
to seek help for their physical and mental health concerns [12].
Although some mental health problems remit over time [13],
prognosis is generally best if individuals seek treatment early
on [14,15]. Untreated persistence of mental health problems
over prolonged periods reduces recovery rates, even when
therapy is eventually sought [15]. Thus, facilitating access to
professional support early on may be an important factor in
increasing the success rate of interventions aimed at improving
junior doctors’ mental health.

Several prominent mental health crises in junior physician
populations have been documented in the media in recent years
[16,17]. In the Australian context, a cluster of 3 junior doctors’
suicides in New South Wales gained widespread public interest,
and calls for reforms were made from inside and outside the
medical profession [16,18]. As a response to these calls and
after consultation with relevant parties, including junior doctors,
the New South Wales Ministry of Health issued a 10-point
Junior Medical Officer Wellbeing and Support Plan [19]. One
of the 10 initiatives was the development and implementation
of the Shift smartphone app. Shift was developed to provide a
discreet resource for junior doctors in New South Wales to
access mental health–related content and information on how
to seek mental health care.

Shift digitally delivers therapeutic components adapted from
CBT, acceptance and commitment therapy, mindfulness, and
psychoeducational material shown to be useful in physician and
health care worker populations [8,20,21] with the primary aim
of reducing the symptoms of depression and anxiety. The current
version of Shift is a result of an iterative development process
involving junior doctors in qualitative interviews, user
experience workshops, and pilot testing of the prototype version
of the app. The full development and testing process is outlined
in a previous publication [22]. The COVID-19 outbreak
coincided with the recruitment phase of this study. To respond
to the new situation, 2 clinical psychologists and a psychiatrist
at the Black Dog Institute (SH) helped develop novel contents
on health anxiety and COVID-19 concerns, the latter of which
was prominently placed within the app.

Objective
This study sought preliminary evidence of the effectiveness of
the Shift app among junior doctors. This study was planned as
a 2-arm waitlist-controlled randomized controlled trial, but as
a response to the COVID-19 pandemic and to ensure that all
junior doctors interested in taking part in this investigation could
download the app without delay, this study was implemented
as an uncontrolled quasi-experimental pre-post intervention
evaluation with the primary aim of assessing depressive and
anxiety symptom levels over the course of 1 month of using the
app. Relatedly, the study examined whether potential
improvements in depressive symptoms would help restore
functioning across work and private life domains and whether
COVID-19 pandemic concerns remitted over the course of the
study. Where significant improvements were observed, we
aimed at investigating whether there was a relationship between
app use and symptom reduction. Another aim was to encourage
help seeking for mental health problems by way of providing
in-app information on the various workplace and private avenues
of available support and by alleviating potential concerns around
mandatory reporting guidelines.

Methods

Study Design
We conducted an uncontrolled quasi-experimental pre-post
intervention to examine the trajectories of depression and
anxiety symptoms (primary outcomes) and COVID-19 pandemic
concerns, work and social functioning, and help-seeking
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tendencies (secondary outcomes). This information was provided
via web-based questionnaires. Shift app use data were
automatically collected in the 1-month period between the
participants’ download of Shift and the poststudy survey
assessment. An overview of the app layout design can be seen

in Figure 1. At the end of the study period, we reassessed the
participants’ symptom scores and asked the participants to
provide app usability and acceptability ratings using web-based
questionnaires.

Figure 1. Examples of Shift app screen designs.

Mixed model repeated measures ANOVA was used to
investigate pre- and postsymptom change in the primary and
secondary outcome variables. This method was used in
preference to paired sample t tests to retain all observations. It
also makes less stringent assumptions regarding missingness
mechanisms. We further explored whether app use was
indicative of significant symptom trajectories. The relation
between app use and poststudy symptom levels was examined
using linear regression analyses, whereby postintervention
symptom scores were the dependent variable and app use
variables were entered as independent variables along with
baseline symptom scores as a covariate.

Participants
Between June and August 2020, junior medical officers
practicing in New South Wales, Australia, were invited to join
the Shift app research study. Recruitment took place through
three different avenues: (1) the New South Wales Ministry of
Health promotional efforts through an official media release
and at relevant meetings or forums, (2) liaison with medical
colleges and other organizations to disseminate study
recruitment material, and (3) through a social media campaign
via Facebook and on the Black Dog Institute website.
Disseminated recruitment materials contained study details (eg,
study components, app contents, and study duration), ethical
information (eg, voluntary participation and data handling), and
a link to a purpose-designed study website that provided the
full Participant Information Statement and Consent Form as a
downloadable file.

Eligibility criteria were currently being employed as an intern,
a resident, a registrar, or a junior career medical officer in New
South Wales and owning an internet-enabled smartphone with
an iOS or Android operating system. After consenting and
confirming eligibility through screening, the participants
completed a web-based questionnaire containing demographic
information and mental health–related questions. Subsequently,
the participants were given instructions on how to download
the Shift app from the App Store or Google Play Store. The
onboarding of the Shift app was completed by the participants,
which included prompts to set preferences with regard to
whether to allow app notifications, and if yes, at which intervals,
and to set weekly goals for app activity completion. These
settings could be modified within the app at any time. After 30
days, the participants were asked to complete a postintervention
web-based assessment questionnaire. Items reassessed the
participants’ mental health status and asked for Shift app
feedback. Measurement tools are provided in the subsequent
sections.

Measures

Depression
The participants completed the 9-item Patient Health
Questionnaire [23], which assesses major depression symptom
severity. The participants responded to items such as “feeling
down, depressed, or hopeless” on a 4-point Likert-type scale
ranging from 0 (not at all) to 3 (nearly every day). Total scores
range from 0 to 27, with scores of ≥10 being indicative of
possible major depressive disorder. The measure has been shown
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to be reliable and valid and has been used in physician samples,
including training physicians [23,24].

Anxiety
General anxiety symptom levels were measured using the 7-item
Generalized Anxiety Disorder scale [25]. The participants
indicated their agreement with items such as “feeling nervous,
anxious or on edge” on a Likert-type scale ranging from 0 (not
at all) to 3 (nearly every day). Total scores on the 7-item
Generalized Anxiety Disorder scale range from 0 to 21, with
scores ≥10 being indicative of symptoms consistent with general
anxiety disorder. The measure has been found to have good
psychometric properties and has been used in physician samples,
including during the COVID-19 pandemic [25-27].

Work and Social Functioning
Functioning in social and work arenas was measured using the
5-item Work and Social Adjustment Scale [28]. The participants
responded to items such as “Because of my problems, my ability
to work is impaired” on an 8-point Likert-type scale anchored
at 0 (not at all) and 8 (very severely). Scores on the Work and
Social Adjustment Scale range from 0 to 40, with higher scores
indicating reductions in work and social functioning.
Specifically, scores between 10 and 20 are indicative of
significant functional impairment, and scores >20 indicate
functional impairment on clinical symptom levels.

COVID-19 Safety Concerns
The participants’ safety concerns regarding the possible
contraction of COVID-19 were assessed using 2 items developed
for the study. The participants indicated their concerns for their
own safety (“How concerned or worried are you that you,
personally, will catch COVID-19?”) and the safety of their
family and friends (“How concerned or worried are you that
your family members or friends will catch COVID-19?”) on a
5-point Likert-type scale ranging from 1 (not at all) to 5
(extremely).

Help Seeking
To assess the participants’ willingness to seek help for mental
health concerns, we modified the first item of the General
Help-Seeking Questionnaire [29]. The original item “If you
were having a personal or emotional problem, how likely is it
that you would seek help from the following people?” was
amended to “If you were having a personal or emotional
problem, how likely is it that you would seek help from a mental
health professional?” The participants indicated their responses
on a 7-point Likert-type scale ranging from 1 (extremely
unlikely) to 7 (extremely likely). To assess recent actual
help-seeking behaviors for mental health concerns, we created
the following single-item indicator: “Did you seek any help for
a personal or emotional problem from a mental health
professional in the past month?” The participants responded to
this item using a “yes” or “no” response option.

App Acceptability
The poststudy questionnaire included several Shift app
acceptability and usability items. Acceptability items were as
follows: “What is your overall rating of the app?” “I would use
this app again in the future.” “I would recommend this app to

other Doctors in Training.” The participants indicated their
overall rating of the app on a 5-point Likert-type scale ranging
from 1 (very poor) to 5 (very high) and stated their agreement
with the future app use and recommendation items on a 5-point
Likert-type response scale anchored at 1 (strongly disagree)
and 5 (strongly agree). For a brief indication of the perceived
usability of the Shift app, the participants were asked to respond
to a modified single-item indicator adopted from the System
Usability Scale [30], termed “I thought the app was easy to use.”
The participants indicated their level of agreement with this
item on a 5-point Likert-type response scale anchored at 1
(strongly disagree) and 5 (strongly agree). As a part of the app
onboarding process, the participants set their own app use goals
(the app recommended the completion of between 3 and 5
activities per week). The participants were asked whether they
reached their own app use goals: “On average, did you hit your
weekly challenge goal or not?” to which the participants
indicated 1 (hit goal) or 0 (missed goal).

App Use Variables
Shift app use measurement included the total number of log-ins,
days between the first and last log-in (maximum 30 days), and
the number of activities started and completed. Examples for
cognitive behavioral activities were “unhelpful thoughts” and
“evaluating thoughts.” “Sleep health” and “adjusting to shift
work” were examples for work and lifestyle activities. A full
list of activities and how they were organized within the app
can be found in Multimedia Appendix 1. Total activity time
and times spent on each of the cognitive behavioral, work and
lifestyle, mindfulness, psychoeducation, value-based actions,
and “get help” sections were also recorded, although it was not
possible to distinguish between the times when users engaged
with the app contents and the times when the app was open but
not attended to.

Ethics Approval
The study was prospectively registered with the Australian New
Zealand Clinical Trials Registry under the trial number
ACTRN12620000571976. Ethics approval for this study was
obtained through University of New South Wales Sydney
Human Research Ethics Committee (protocol number
HC200212).

Results

Sample Characteristics

Participant Flow
Figure 2 illustrates the participant flow through the Shift study.
Of the 539 doctors who visited the study website, 261 (48.4%)
consented to participate and 255 (47.3%) completed the study
screen. Of these 255 candidates, 9 (3.5%) were ineligible to
register for the study because they were not currently employed
as junior doctors in New South Wales, and 24 (9.4%) candidates
did not complete the baseline assessment, resulting in a final
sample size of 222 study participants. Although all but 1.8%
(4/222) of participants went on to download the Shift app as
directed, only 68.9% (153/222) accessed the Shift app more
than once. Attrition in the poststudy assessment was high, with
25.2% (56/222) of the participants, that is, a quarter of baseline
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completers, returning the full poststudy assessment after 1
month. A total of 4% (2/56) of participants returned the baseline
and poststudy assessments but did not download the app.

Consequently, complete data were available for 24.3% (54/222)
of the participants.

Figure 2. Flowchart illustrating how participants progressed through the Shift study. GP: general practitioner.

Baseline Sample Composition
The participants were predominantly female (156/222, 70.3%)
and had a mean age of 29.2 (SD 4.61) years. Most participants
were employed as registrars (85/222, 38.3%), interns (55/222,
24.8%), or residents (50/222, 22.5%) in metropolitan areas
(137/222, 61.7%). Symptoms of poor mental health were noted

among some participants; 23.9% (53/222) reported depressive
symptoms consistent with possible major depression, 14.4%
(32/222) reported symptoms indicative of general anxiety
disorder, and 9.5% (21/222) indicated clinically significant
levels of functional impairment. In the month preceding the
baseline assessment, 19.5% (43/222) had sought professional
help for mental health concerns, and 32.9% (73/222) of doctors
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indicated having had contact with a patient with observed or
covert COVID-19.

Table 1 shows the baseline characteristics of participants who
completed only the baseline assessment (166/222, 74.8%) and
those who completed the baseline and also poststudy
assessments (56/222, 25.2%). Comparisons of demographic
(age and gender), mental health, functioning, COVID-19
concerns, and help-seeking information at baseline did not

suggest any systematic differences between the study completers
and those who did not complete the poststudy assessment (all
P>.05; Table 1). The standardized mean differences between
those who completed both the pre- and postassessments and
those who were lost to follow-up were small, with corrected
effect size values (Hedges g) ranging from 0.08 for personal
COVID-19 safety concerns to 0.29 for work and social
functioning.

Table 1. Sample characteristics at baseline (N=222), comparing participants who completed the prestudy assessment (n=166) and those who completed
pre- and poststudy assessments (n=56).

Hedges g/Cohen wP valueF/χ2 (df)Pre- and poststudy assessmentPrestudy assessment onlyCharacteristics

Demographics

0.19.221.49 (1)29.8 (4.6)28.93 (4.61)Age (years), mean (SD)

0.09.391.89 (2)38 (67.9)118 (71.1)Female, n (%)

0.10.324.67 (4)Level of training, n (%)

27 (48.2)58 (34.9)Registrar

10 (17.9)45 (27.1)Intern

10 (17.9)40 (24.1)Resident

9 (16.1)22 (13.3)Senior resident

0 (0)1 (0.6)Junior career medical officer

0.11.2026.10 (21)Specialtya, n (%)

3 (5.4)11 (6.6)General medicine

2 (3.6)10 (6.0)Psychiatry

5 (8.9)8 (4.8)Emergency medicine

5 (8.9)7 (4.2)Pediatric and child health

0.08.461.54 (2)Work location, n (%)

38 (67.9)99 (59.6)Metropolitan

13 (23.2)53 (31.9)Regional

5 (8.9)14 (8.4)Rural

Mental health, mean (SD)

0.14.380.78 (1)6.39 (5.03)6.99 (4.12)Depression

0.09.550.36 (1)5.07 (4.39)5.45 (3.94)Anxiety

0.29.063.49 (1)8.84 (6.77)10.92 (7.32)Work and social adjustment

COVID-19 pandemic concerns, mean (SD)

0.08.610.26 (1)1.84 (0.68)1.90 (0.77)Self

0.09.590.30 (1)2.48 (0.95)2.57 (1.01)Family and friends

Help seeking

0.17.281.15 (1)3.91 (1.24)4.14 (1.41)Willingness to seek help, mean (SD)

0.02.740.11 (1)10 (17.9)33 (19.9)Sought help in past month, n (%)

aOnly the most common specialty areas are listed out of a total of 22.

Primary Outcomes

Depression Symptom Changes
As shown in Table 2, depression symptom scores significantly
decreased between the pre- (estimated marginal mean [EMM]

6.84, SE 0.29) and poststudy (EMM 5.24, SE 0.38) assessments,
with t74.89=4.34 and P<.001. Glass delta effect sizes for
depression symptoms changes (using the SD at baseline) were
small to medium (Δ=0.37).
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Table 2. Linear mixed effect models to examine changes in responses between pre- and poststudy assessments.

ΔbP valuet test (df)Poststudy EMM (SE)Prestudy EMMa (SE)Variable

.24 (0.38)6.84 (0.29)Depression

N/Ac<.00113.94 (80.25)Intercept

.37<.0014.34 (74.89)Time

4.44 (0.42)5.35 (0.27)Anxiety

N/A<.00110.52 (70.65)Intercept

.22.032.20 (67.16)Time

9.77 (0.78)10.40 (0.49)Functioning

N/A<.00112.51 (71.16)Intercept

.09.410.84 (62.42)Time

2.05 (0.09)1.88 (0.05)COVID-19 pandemic concerns, self

N/A<.00125.47 (70.33)Intercept

.23.04−2.16 (64.77)Time

2.60 (0.10)2.55 (0.07)COVID-19 pandemic concerns, family

N/A<.00125.66 (71.21)Intercept

.06.55−0.60 (66.10)Time

4.03 (0.15)4.08 (0.09)Help-seeking willingness

N/A<.00126.57 (72.61)Intercept

.04.730.35 (60.77)Time

.13 (0.04).19 (0.03)Help seeking in the past month

N/A.0033.10 (61.17)Intercept

.17.141.50 (72.82)Time

aEMM: estimated marginal mean.
bΔ: Glass delta effect size.
cN/A: not applicable.

Anxiety Symptom Changes
Results from linear mixed effects analysis (Table 2) indicated
that anxiety symptoms significantly decreased between the pre-
(EMM 5.35, SE 0.27) and poststudy (EMM 4.44, SE 0.42)
assessments, with t67.16=2.20 and P=.032. Glass delta effect
sizes for anxiety symptom changes were small (Δ=0.22).

Secondary Outcomes

Functioning, COVID-19 Pandemic Concerns, and
Help-Seeking Changes
Table 2 further summarizes the secondary outcomes pertaining
to expected improvements in work and social functioning,
personal safety concerns, concerns regarding family and friends
contracting COVID-19, willingness to seek help, and recent
help-seeking behaviors. Although work and social functioning
scores improved as expected, changes between the pre- and
poststudy assessment points were not significant (P>.05).
Pandemic-related concerns toward participants’ own safety
significantly increased for poststudy completers (EMM 2.05,
SE 0.09) compared with baseline reports (EMM 1.88, SE 0.05;
t64.77=−2.16; P=.04; Δ=0.23). Concerns for family members

and friends as well as help-seeking intentions largely remained
unchanged and were not significant.

App Use
Over the 30-day study period, the participants logged in an
average of 6 times (mean 5.68, SD 7.51) and used the app over
a period of approximately 2 weeks (mean 14.50, SD 12.78). On
average, the participants started approximately 5 activities (mean
5.44, SD 5.94) during this time and completed 4 of them (mean
3.77, SD 4.36). Overall, the participants spent just under an
hour on the activities presented within the app (mean 52:23, SD
6:00:18). CBT module use constituted the most used component
with an average time spent on CBT activities of about 12
minutes (mean 12:05, SD 1:18:42), followed by about 4 minutes
on work and lifestyle activities (mean 03:55, SD 10:39) and 3
minutes on mindfulness (mean 03:05, SD 11:54). On average,
the participants spent the least time viewing psychoeducation
(mean 00:22, SD 01:59), values (mean 00:11, SD 01:12) and
get help (mean 00:04, SD 00:34) activities. Owing to the large
range of times recorded, we assumed that some participants had
their app open without actively engaging with the contents,
prompting us to remove outliers. Although outliers >3 SDs from
the mean were removed, the variability of app use data remained
large.
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App use behavior differed substantially between study
completers and those lost to follow-up, as shown in Table 3.
App use means of study completers for log-in, days between
first and last log-in, and app activity use were approximately 1
SD above those who did not return the poststudy assessment
(Hedges g ≥1.0), and the overall time spent on activities was

over half an SD greater among study completers (Hedges
g=0.61). Although there seemed to be no significant differences
with regard to baseline characteristics, participants who
completed the poststudy questionnaire were more involved in
the month-long app use component of this research than those
who did not complete the poststudy questionnaire.

Table 3. Participants’ 30-day Shift app use and poststudy app acceptability ratings, comparing participants who downloaded Shift and completed only

the prestudy assessment (n=144) and those who downloaded Shift and completed pre- and poststudy assessments (n=54)a.

Hedges gP valueF (df)Pre- and poststudy assessment,
mean (SD)

Prestudy assessment only,
mean (SD)

Variable

1.18<.00154.50 (1,195)11.45 (11.83)3.56 (3.10)Log-ins

1.02<.00140.46 (1,195)23.09 (11.16)11.26 (11.82)Days between first and last log-in

1.00<.00137.62 (1,196)9.45 (6.74)4.01 (4.91)Activities started

1.06<.00141.74 (1,196)6.88 (4.97)2.68 (3.54)Activities completed

0.61<.00114.30 (1,195)01:08:13 (02:51:22)12:23 (27:42)Total activity timeb

0.30.063.60 (1,196)29:17 (02:26:18)05:35 (20:09)Time spent on CBTc

0.56.0112.14 (1,194)08:13 (16:52)02:22 (06:39)Time spent on work and lifestyle

0.21.181.80 (1,196)04:57 (08:43)02:24 (12:50)Time spent on mindfulness

0.30.063.48 (1,193)00:48 (03:21)00:12 (01:07)Time spent on psychoeducation

0.11.550.37 (1,189)00:17 (01:18)00:09 (01:10)Time spent on values

0.15.380.76 (1,196)00:08 (00:35)00:03 (00:34)Time spent on get help

aOutliers >3 SDs from the mean were removed from use data.
bActivity time is given in minutes and seconds (00:00) or hours, minutes, and seconds (00:00:00).
cCBT: cognitive behavioral therapy.

App Use Mental Health Trajectory Relation
Given the sample size, 1 use predictor was examined at a time.
Where present, outliers 3 SDs from the mean were removed for
these analyses because we assumed that very long use times
indicated that the app was open but not actively used. Very high
correlations among the number of activities started, activities
completed, and time spent on activities (r ranged between 0.83
and 0.96) indicated that these variables measured a singular
construct (ie, activity engagement). To avoid redundancy in use

variables, we only entered the time spent on activities, number
of log-ins, and days between participants’ first and last log-in.
As indicated in Table 4, none of the app use measures predicted
depression and anxiety outcomes or COVID-19 pandemic safety
concerns (P>.05). Although the effects for depression and
anxiety were in the expected direction (eg, each new log-in
predicted about 0.7 of a point reduction on the 9-item Patient
Health Questionnaire), no significant relation between app use
and symptom change could be detected in the present sample
with the inclusion of log-in and activity use count data.
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Table 4. Linear regression analyses of the relation between app use variables and changes in depression and anxiety symptoms and junior doctors’
COVID-19 safety concerns, with baseline values entered as covariates (N=54).

P valueΔ F (df)Δ R2 valueR2 valueβSE-bbBaseline, b (SE-b)Constant, b (SE-b)Variable

Depression

.520.42
(1,50)

0.000.52−0.061.00−0.650.52 (0.07)2.14 (1.13)Log-ins

.810.06
(1,51)

0.000.51−0.020.82−0.200.53 (0.07)1.64 (1.14)Days between first and last log-
in

.450.59
(1,51)

0.010.52−0.080.52−0.400.53 (0.07)11.89 (0.86)Total activity time (min)

Anxiety

.700.15
(1,50)

0.000.43−0.041.15−0.440.60 (0.10)1.80 (1.30)Log-ins

.510.43
(1,51)

0.010.44−0.070.93−0.610.61 (0.10)2.08 (1.24)Days between first to last log-in

.470.54
(1,51)

0.010.44−0.080.59−0.430.60 (0.10)11.92 (0.97)Total activity time (min)

COVID-19 pandemic concerns, self

.510.44
(1,50)

0.010.27.080.22.150.48 (0.12)11.00 (0.28)Log-ins

.320.99
(1,51)

0.010.27.490.18.180.47 (0.12)0.92 (0.29)Days between first to last log-in

.340.92
(1,51)

0.010.27.120.12.110.47 (0.12)11.02 (0.25)Total activity time (minutes)

App Acceptability Ratings
The participants completed app acceptability items as part of
the poststudy survey assessment. All average ratings were above
the midpoint of the response scales. Endorsement of the
ease-of-use item was good (mean 4.09, SD 0.73) as well as the
participants’willingness to use the app again in the future (mean
3.67, SD 0.97) and their willingness to recommend the app to
colleagues (mean 3.70, SD 0.92). The overall rating of the app
was satisfactory (mean 3.67, SD 0.75), with 57% (31/54) of the
participants stating that their overall rating of the app was high
or very high. Only 32% (17/54) of the participants reported
having met their app use goals at the end of the study period.

Discussion

Principal Findings
There has been increasing international concern regarding the
mental health and well-being of junior doctors [31]. Although
there is emerging evidence that junior medical staff can be
taught skills that will improve their mental health and reduce
their risk of future mental health problems, the practical
implementation of such training has proven to be a major barrier.
This study represents the first ever evaluation of a smartphone
app designed to meet the mental health and well-being needs
of junior doctors. If shown to be effective, this type of app could
be used widely at minimal cost and with minimal disruption.
The results of this initial evaluation of the Shift app were mixed.
There was evidence of a significant reduction in depression and
anxiety symptoms. However, doctors’ COVID-19 concerns
regarding their personal safety significantly increased.

Furthermore, there was no evidence of a significant reduction
in work and social functioning scores, no decline in specific
COVID-19 concerns for family and friends, and no increase in
help seeking over the 30-day study period. In addition, although
the app was positively rated by most junior doctors, only a
quarter of the participants completed the poststudy assessment,
making it difficult to deduce what the remainder of the
participants thought of the app.

Further assessment examining a possible relation between app
use variables and depressive and anxiety symptoms showed
effects in the proposed direction; however, these analyses had
low power and did not yield any significant results. Similarly,
increases in COVID-19 pandemic safety concerns could not be
explained by app use. This, together with the lack of a control
group, makes it impossible to conclude that the reductions in
depressive and anxiety symptoms or increases in COVID-19
pandemic concerns were because of engagement with the app.
However, it needs to be noted that dosage considerations based
on classical intervention studies, such as medication trials, do
not always apply to studies using self-directed eHealth
interventions because participants in this study could choose
their own “dosage” targets as a part of the app onboarding
procedure [32]. The self-prescriptive nature of Shift was based
on extensive user consultations with junior doctors to facilitate
use and acceptance of the app [22]. As such, participants were
free to decide how often and for how long they would use the
app over the study period. It is, therefore, possible that junior
doctors only used the app to feel better at a specific point in
time, which may have elicited transient effects that did not
materialize at the postassessment measurement. In the
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engagement literature, the concept of e-attainment proposes that
the users of digital mental health tools engage with the
technology for as long as they need to in order to reach their
desired mental health goals [33]. Doctors may have only used
the app if they deemed the contents to be useful for improving
their mental health or used the app in conjunction with other
strategies outside of the digital arena. With regard to personal
safety concerns because of the COVID-19 pandemic, it is
possible that the increased hospitalization rates during the
second COVID-19 pandemic wave in 2020, which coincided
with the data collection period of this study, were a more
important predictor of safety considerations than any potential
alleviation of concerns that the app contents could provide.

Among those who fully participated in this study, including the
poststudy assessment, the app was generally well received, with
most users rating the app highly or very highly. However,
because of the extensive dropout rate, these results may be
skewed, given that study completion was associated with more
favorable app ratings and higher app use. This, in turn, implies
that the app did not substantially engage a large portion of the
study participants. Upon the inspection of app use variables, it
appears that in particular, the help-seeking, psychoeducational,
and value-based components of the app were underutilized and
therefore require further user consultation and revision. The
present sample expressed willingness to seek help for
psychological problems and one-fifth of the baseline sample
indicated having sought help from a mental health professional
in the last 4 weeks, which could explain why this section of the
app was not of great interest. However, given that the promotion
of early help seeking for mental health concerns is one of the
key aims of the app, the failure to engage users to familiarize
themselves with help-seeking options needs to be addressed
before a wider dissemination of the app may be considered. To
do this successfully, a variety of barriers to help seeking should
be overcome, some of which relate to pervasive mental health
stigma in the medical profession and fears of being reported to
medical regulators, and others relate to situational factors such
as time constraints and the pandemic context [9,17,34,35].

This study has several strengths and limitations that affect the
interpretability of the current findings. The strengths of this
research are that Shift is the first app of its kind to address work
and other common stressors of junior doctors, a cohort that has
been known to be subjected to intensive work demands and
declining mental health trajectories during trainee years. The
app was created in close collaboration with junior doctors and
was tested extensively at each development step to ensure that
the tool is appropriate, useful, and does not incur harm. In
addition, in response to the COVID-19 pandemic, we anticipated
heightened stress in this group. Therefore, the study design was
modified to allow all eligible candidates to receive the app
immediately for download after registering for the study. We
also minimized the number of reminder messages to only 1
message to avoid adding to participants’ stress by requesting
their continued study participation. By avoiding these “push
factors,” the study became more naturalistic and consequently
had greater ecological validity than originally planned.

Limitations relate to the study design and attrition, which
decrease the validity of this research. Owing to the novel
pandemic context, we were unable to adopt established measures
of COVID-19 pandemic safety concerns for doctors when we
designed the study. The self-generated COVID-19 items as well
as our adjustments to the General Help-Seeking Questionnaire
were not pretested before their inclusion in this investigation.
As such, it is possible that using these measures limited the
validity of this research. The removal of a control group
effectively changed the robust design to an extensive pilot
evaluation. Because the recruitment phase coincided with the
COVID-19 pandemic, historical effects are likely confounders
to the observations presented in this paper. It also needs to be
noted that a small proportion of the study participants showed
moderate or severe symptoms of depression or anxiety. It is,
therefore, possible that generally better-adjusted doctors who
would not perceive study participation as an undue burden on
them agreed to partake in this investigation. As such, it is
possible that doctors who would potentially benefit the most
from exposure to mental health information did not seek out
this study, which impacts the generalizability of findings and
may also tap into a greater issue of hard-to-reach persons who
already present with mental health problems. In addition, the
high attrition rate of this research may have further introduced
selection bias, and the app feedback questions may have been
subject to participants’ response bias. Although study completers
did not vary in demographic characteristics and mental health
profiles from those lost to follow-up, app acceptability and
usability ratings, in particular, seem to have been skewed toward
higher app use and more favorable app ratings among study
completers. As for the high dropout rate, the analyses presented
in this paper did not meet the initial expectations with regard
to their achieved power. Therefore, it is possible that small but
true effects may not have been detected. Future research should
address these concerns and conduct a more robust examination
of the effectiveness and overall usefulness of the app.

Conclusions
Despite the crucial function that doctors play in ensuring the
integrity and functioning of health care systems, doctors can
feel undervalued and insecure in their ability to contribute what
is needed to fulfill their role [36]. Considering the known
barriers to addressing mental health concerns in this cohort, this
study aimed to examine the usefulness of a tailored mental
health app that can deliver initial mental health information and
support options to junior doctors. Although the effectiveness
of this approach is still in question, preliminary findings suggest
that Shift seems to constitute a promising tool that may be able
to reduce depressive and anxiety symptoms and improve
outcomes for those who are willing to engage with digital mental
health support. These results materialized despite a demanding
pandemic context. Further research should seek to more robustly
test the effectiveness for such apps on a wider scale among
junior doctors. Although these types of individual interventions
should constitute a part of the response to support physicians’
mental health, they need to be a part of a broader suite of
interventions that also consider the systemic and organizational
factors that impact the health and well-being of health care
workers.
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Abstract

Background: Long-term weight loss in people living with obesity can reduce the risk and progression of noncommunicable
diseases. Observational studies suggest that digital coaching can lead to long-term weight loss.

Objective: We investigated whether an eHealth lifestyle coaching program for people living with obesity with or without type
2 diabetes led to significant, long-term (12-month) weight loss compared to usual care.

Methods: In a randomized controlled trial that took place in 50 municipalities in Denmark, 340 people living with obesity with
or without type 2 diabetes were enrolled from April 16, 2018, to April 1, 2019, and randomized via an automated computer
algorithm to an intervention (n=200) or a control (n=140) group. Patients were recruited via their general practitioners, the Danish
diabetes organization, and social media. The digital coaching intervention consisted of an initial 1-hour face-to-face motivational
interview followed by digital coaching using behavioral change techniques enabled by individual live monitoring. The primary
outcome was change in body weight from baseline to 12 months.

Results: Data were assessed for 200 participants, including 127 from the intervention group and 73 from the control group,
who completed 12 months of follow-up. After 12 months, mean body weight and BMI were significantly reduced in both groups
but significantly more so in the intervention group than the control group (–4.5 kg, 95% CI –5.6 to –3.4 vs –1.5 kg, 95% CI –2.7

to –0.2, respectively; P<.001; and –1.5 kg/m2, 95% CI –1.9 to –1.2 vs –0.5 kg/m2, 95% CI –0.9 to –0.1, respectively; P<.001).
Hemoglobin A1c was significantly reduced in both the intervention (–6.0 mmol/mol, 95% CI –7.7 to –4.3) and control (–4.9
mmol/mol, 95% CI –7.4 to –2.4) groups, without a significant group difference (all P>.46).

Conclusions: Compared to usual care, digital lifestyle coaching can induce significant weight loss for people living with obesity,
both with and without type 2 diabetes, after 12 months.

Trial Registration: ClinicalTrials.gov NCT03788915; https://clinicaltrials.gov/ct2/show/NCT03788915
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Introduction

Long-term weight loss can reduce the risk, postpone the onset,
and reduce the progression of noncommunicable diseases
(NCDs) [1,2]. Numerous studies have shown that type 2 diabetes
(T2D) can be slowed, halted, or even reversed through lifestyle
changes, such as a low-calorie diet and increased physical
activity [2,3]. This can lead to fewer long-term complications
and probably a prolonged life expectancy [4]. Unfortunately, it
is difficult for people living with obesity and T2D to achieve
and maintain long-term weight loss [5]. Despite an intensive
focus on T2D in general practice in Denmark, many patients
are not treated optimally, nor do they follow recommendations
for a healthy lifestyle [6]. Even though general practice is meant
to support self-management and a healthy lifestyle, studies have
shown that annual consultations seldom address lifestyle issues
[7].

Meta-analyses and systematic reviews show that electronic
health (eHealth) and mobile health (mHealth) solutions are
significantly better than usual care, defined as routine diabetes
self-care with no personalized feedback, at supporting weight
loss in the short term (ie, within 3 to 6 months) for people living
with obesity [8,9]. Behavior change techniques (BCTs) are an
essential component of effective solutions. These involve
automated, semi-automated, or human digital feedback [9,10].
Human feedback, particularly from health care professionals
(HCPs), is most effective [11].

As described in detail in the study protocol [12], this study’s
collaborative eHealth tool, called LIVA, has been developed
based on the experiences of approximately 140,000 individuals
who used the collaborative eHealth tool (version 1.0) over a
period of 15 years [12]. Version 1.0 has been further developed
into version 2.0 based on feedback from patients, general
practitioners, and HCPs [13-15]. HCPs use the eHealth tool to
conduct digital lifestyle coaching as a 1-hour-long, physical or
virtual, face-to-face motivational interview. The participant and
the HCP collaborate and agree on goals for relevant lifestyle
activities, such as diet and exercise, that the patient is motivated
to improve [12].

However, there is limited evidence on the potential for such
solutions to lead to weight loss over the long term (ie, longer
than 12 months) [8,9]. In this randomized controlled trial (RCT),
we aimed to investigate whether digital coaching through a
multifaceted eHealth tool could help people living with obesity,
with or without T2D, to achieve and sustain more significant
long-term weight loss than an equivalent control group receiving
usual care.

Methods

Study Design and Ethical Approval
This study was part of an RCT that took place in 2 of the 5
regions in Denmark: the Capital Region of Denmark, with 28
municipalities, and the Region of Southern Denmark, with 22
municipalities. The study was carried out from April 2019 to
October 2021. The study was approved by the scientific
committee of the Region of Southern Denmark (S-20170183G).
All methods are described in detail in the study protocol [12].
The study is registered at ClinicalTrials.gov (NCT03788915).

Participants
In Denmark, lifestyle support is managed by local municipalities
at health care centers. For this study, participants in municipal
lifestyle programs within the participating regions were recruited
through their local health care centers, general practitioners
(GPs), the Danish diabetes organization, and social media.
Participants who expressed a desire to participate could then
register at the eHealth tool website [12]. After registration,
participants were contacted by telephone by a research assistant,
who ensured that the participant met the inclusion criteria for

BMI (30-45 kg/m2) and age (18-70 years). The exclusion criteria
were (1) a lack of internet access through a computer or
smartphone, (2) pregnancy or planned pregnancy, and (3)
presence of a serious or life-threatening disease, defined as a
condition with less than a 1-year life expectancy.

Randomization
Participants were randomized to the intervention group, who
received usual care and the digital lifestyle coaching, or a control
group, who received only the usual care preferred by the patient
and their doctor. Randomization occurred after the participants
had completed the medical examination via an automated
computer algorithm in groups of 10 at a 6:4 ratio, where 60%
of the recruited participants were randomized to the intervention
group and the remaining 40% were assigned to the control
group; this method was based on a pilot RCT [16] and is
described in our protocol article [12]. Randomization was
controlled to ensure that 50% of participants in both the
intervention group and control group would be people living
with obesity who had not previously been diagnosed with T2D,
and to ensure that the other 50% of participants in both the
intervention group and control group would be people living
with obesity who had been diagnosed with T2D. Blinding the
participants, the research assistant, and the health coach who
provided the lifestyle coaching to all the participants who
received the intervention was not possible after randomization.
The research assistant and health coach had no role in analyzing
or interpreting the data.
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Procedures
At the baseline meeting, the participants gave written informed
consent and informed the research assistant about their use of
medication. Afterwards, a brief medical examination was
performed. The examination included measurements such as
the participants’height, measured in centimeters, without shoes;
weight, measured with clothes but without shoes (we subtracted
1 kg for clothing); waist and hip circumference, measured with
a tape measure around the waist, between the lower rib and
pelvic curvature and hip, with one hand above the inguinal
medial line (in keeping with the European Health Examination
Survey guideline [17]); and blood pressure, measured in a seated
position after 10 minutes of rest without speaking, using an
electronic, automatic blood pressure monitor (Omron Model
M3). Three blood pressure measurements were performed 1
minute apart, and the lowest measured value was recorded [18].
Hemoglobin A1c (HbA1c), total cholesterol, high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), and triglyceride (TG) levels were
measured and assessed using finger-stick sampling with a device
(Hemocue HbA1c 501 Analyzer) that can measure HbA1c in
nonfasting blood samples [19]. To ensure the accuracy of the
measurements, the Hemocue Analyzer was calibrated daily
according to the manufacturer’s instructions. Additional
calibration was done monthly using a special kit to test the
sensitivity and specificity of the measurements. A strict protocol
was followed for the collection of blood samples. This
examination was performed at both 6 and 12 months.

All participants filled out the European Quality of Life-5
Dimensions (EQ-5D-5L) (an online questionnaire on
sociodemographic characteristics) and the
Short-Warwick-Edinburgh Mental Well-being Scale
(SWEMWBS) [20,21]. The EQ-5D-5L descriptive system has
5 dimensions: mobility, self-care, usual activities, pain and
discomfort, and anxiety and depression. Each dimension has 5
response levels: “no problems,” “slight problems,” “ moderate
problems,” “severe problems,” and “unable to/extreme
problems.” Responses are coded as single-digit numbers
expressing the severity level selected for each dimension, which
are then coded into a score ranging from 0.35 to 1.0. The
SWEMWBS is a 7-item scale covering subjective well-being
and psychological functioning. Each item is answered on a
5-point Likert scale, including “none of the time,” “rarely,”
“some of the time,” “often,” and “all the time.” The summary
index ranges from 7 to 35. Higher scores indicate higher
well-being and psychological functioning [20,21]. The
participants answered both questionnaires at baseline and after
6 and 12 months of follow-up.

Intervention
After an initial 45-to-60-minute consultation with the HCP, the
intervention group received the individualized digital lifestyle
coaching and used the eHealth tool to complete daily records
and to send remarks directly to the HCP. Based on individual
goal setting created using the SMART (specific, measurable,
attainable, relevant, timely) model [22], the health coach
provided weekly asynchronous digital coaching for each
participant that included inspiring them, commending them on
goal attainment, and seeking to help them stay motivated [13].
The subsequent asynchronous eHealth coaching sessions were
carried out once a week for the first 6 months and then once a
month for the last 6 months, as maintenance. The eHealth tool
application is further described in the Template of the
Intervention Description and Replication (TIDieR) (Multimedia
Appendices 1 and 2).

Characteristics of HCPs
The HCPs who provided the digital lifestyle coaching through
the eHealth tool were all educated as nurses, physiotherapists,
dieticians, or occupational therapists. They all underwent special
training in digital health coaching and had all practiced digital
health coaching for at least 2 years. All participants were
assigned a primary HCP so that there was a better chance of
achieving a close and trusting professional relationship [12].

Follow-up Procedure and COVID-19 Lockdown
After 6 and 12 months, the participants were invited to a brief
medical examination, similar to the baseline examination,
performed by a research assistant. To confirm patient-reported
data, the same medical data were also retrieved from the shared
medication record (abbreviated as “FMK” in Danish) and from
laboratory results, measured at GP clinics. Participants were
also asked to complete the same web-based questionnaire [12].
Participants were contacted 1 month before their 6- and
12-month assessments by telephone to schedule the assessment.
If a participant did not respond, a voice mail was left explaining
the purpose of the call. Another telephone call was made a week
later and again 1 month later. Participants who had not
responded to 4 different attempts were considered lost to
follow-up. Due to the COVID-19 lockdown and national
restrictions, some participants could not attend their 12-month
assessment. Therefore, the 12-month assessment period was
extended by 4 months, so that follow-up after baseline also
covered 12 to 16 months. However, this extension might not
have been sufficient to obtain 12-month follow-up data from
all participants (Figure 1). Thus, this paper reports 12-month
follow-up data from 126 participants in the intervention group
and 71 participants in the control group who attended follow-up
examinations at both 6 and 12 months.
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Figure 1. Flowchart of participation in 12-month randomized controlled trial. *Failed to appear at the assessment but appeared at the next follow-up.

Outcomes
The primary outcome was reduction in mean body weight (BW),
assessed as the difference between BW at baseline and at 12
months, and as the difference divided by baseline BW. The
proportion of participants who had significant weight loss (ie,
>5% of baseline BW [23]) was also assessed at 6 and 12 months.
Our secondary outcome was the change in HbA1c at 6 and 12
months compared to baseline. The tertiary outcomes were body
composition (BMI and waist/hip ratio), lipid levels (total
cholesterol, LDL-C, HDL-C, and TG), blood pressure (systolic
and diastolic), and changes in mental health and quality of life.
All differences in tertiary outcomes were calculated from
baseline to 6 months and baseline to 12 months.

Statistical Analysis
All analyses used Stata/BE (version 17.0; StataCorp) and were
performed on data from participants who attended the 12-month
follow-up; other participants were considered dropouts. Baseline
characteristics of all participants allocated to the intervention
and control groups were analyzed descriptively. The statistical
significance of differences in baseline characteristics of the
participants who attended the 12-month follow-up was assessed
with the Student t test and the Kruskal-Wallis test. The statistical
significance of between-group differences in outcomes at 6 and
12 months was assessed with either a 1-way ANOVA or the
chi-square test. Statistical significance was set at 2-tailed P<.05.
In addition, we performed a per protocol analysis by using only
data from participants who had been using the eHealth tool for

365 days or more. Finally, we performed a regression analysis
that included an interaction term to determine whether
participants with T2D responded differently to the intervention.

Results

Participant Characteristics
From April 16, 2018, to April 1, 2019, 340 participants were
randomized. Two participants in the intervention group decided
to withdraw their consent; thus, a total of 338 participants were
included. The intervention group included 198 participants
(128/198 female, 65%) and the control group included 140
participants (85/140 female, 61%) (Figure 1). At baseline, the
intervention and control groups were comparable (Table 1).
Participants’mean BW was 103.7 kg, their mean BMI was 35.3

kg/m2, and their mean HbA1c was 6.6% (Table 1).

A total of 200 participants completed the 12-month follow-up
(Figure 1). Participants who dropped out of the study (ie, did
not complete the 12-month follow-up) were generally not
different from the active participants. However, significantly
fewer participants who dropped out were married, more were
unmarried (including divorce), and they had slightly higher
diastolic blood pressure and lower quality of life (Multimedia
Appendix 3), although there were no significant differences
within the intervention group or the control group. At baseline,
there were significantly fewer participants receiving metformin,
SGLT2, or calcium antagonists in the group of participants who
dropped out (Multimedia Appendix 3).
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Table 1. Baseline characteristics of participants.

Total (N=200)Control group (n=73)Intervention group (n=127)Characteristics

52.3 (11)52.3 (12)52.3 (10)Age (years), mean (SD)

Sex, n (%)

127 (64)41 (56)86 (68)Female

73 (37)32 (44)41 (32)Male

Diabetes, n (%)

98 (49)36 (49)62 (50)Yes

102 (51)37 (51)65 (51)No

Education, n (%)

34 (17)15 (21)19 (15)None

52 (26)19 (26)33 (26)Short

91 (46)30 (41)61 (48)Medium

21 (11)9 (12)12 (9)Long

2 (1)0 (0)2 (2)Don’t know

Marital status, n (%)

141 (71)49 (67)92 (72)Married

56 (28)23 (32)33 (26)Unmarrieda

3 (2)1 (1)2 (2)Widowed

Occupational status, n (%)

144 (72)48 (66)96 (76)Employed

16 (8)6 (8)10 (8)Out of workb

37 (19)17 (23)20 (16)Retired

3 (2)2 (3)1 (0)Student

Body composition, mean (SD)

103.7 (15.7)104.9 (15.8)103.0 (15.7)Weight (kg)

35.3 (3.8)36.0 (3.8)34.8 (3.7)BMI (kg/m2)

121.3 (9.8)121.7 (10.2)121.1 (9.6)Hip circumference (cm)

119.0 (11.6)121.2 (11.7)117.7 (11.4)Waist circumference (cm)

1.0 (0.1)1.0 (0.1)1.0 (0.1)Waist to hip ratio

Glycemic control

6.6 (1.3)6.6 (1.3)6.6 (1.3)HbA1c
c (%), mean (SD)

48.3 (13.7)48.4 (14.0)48.3 (13.6)HbA1c (mmol), mean (SD)

111 (56)41 (56)70 (55)HbA1c <6.5%, n (%)

Blood pressure, mean (SD)

130.9 (14.8)131.4 (16.6)130.6 (13.8)Systolic (mm Hg)

86.2 (9.0)86.5 (10.4)86.0 (8.1)Diastolic (mm Hg)

Lipids

4.9 (1.2)4.8 (1.1)4.9 (1.3)Total cholesterol (mmol/l), mean (SD)

1.2 (0.5)1.2 (0.6)1.2 (0.7)High density lipoprotein (mmol/l), median (IQR)

2.2 (1.5)2.2 (1.6)2.3 (1.4)Low density lipoprotein (mmol/l), median (IQR)

2.6 (2.3)2.7 (2.5)2.6 (2.2)Triglycerides (mmol/l), median (IQR)

24.8 (3.5)24.5 (3.9)24.9 (3.2)Mental Health scored , mean (SD)
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Total (N=200)Control group (n=73)Intervention group (n=127)Characteristics

0.8 (0.1)0.8 (0.1)0.8 (0.1)Quality of life scoree, mean (SD)

aSingle or divorced.
bOn maternity leave or receiving unemployment or cash benefits.
cHbA1c: hemoglobin A1c.
dMeasured with Short-Warwick-Edinburgh Mental Well-being Scale; index ranges from 7-35.
eIndex calculated based on the EQ-5D-5L; ranges from 0.35 to 1.0.

Primary Outcome
At the 6-month follow-up, BW was significantly reduced in the
intervention group (–4.5 kg, 95% CI –5.4 to –3.5) and not
significantly reduced in the control group (–0.3 kg, 95% CI –1.1
to 0.4). This between-group difference was statistically
significant (P<.001) (Table 2). Our primary outcome, BW at
the 12-month follow-up, was significantly reduced in both the
intervention group (–4.5 kg, 95% CI –5.6 to –3.4) and the
control group (–1.5 kg, 95% CI –2.7 to –0.2); the reduction in
the intervention group was significantly greater (P<.001) (Table
3). There was a significant weight loss (defined as >5% BW,

P=.01) in a greater proportion of participants in the intervention
group (48/127, 37.8%) than the control group (14/73,19%). The
same pattern was seen among the per protocol participants (ie,
the participants who used the eHealth tool for 365 days or more).

Within the intervention group, the effect over time on BW
reduction was equal in participants with and without T2D, but
in the control group, participants without T2D did not achieve
significant weight change (Figure 2). Between the 6- and
12-month follow-ups, there was a significant weight reduction
in the control group participants with T2D. All other weight
changes at the 6- and 12-month follow-ups were not significant
(Figure 2).
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Table 2. Between-group differences in changes from baseline to the 6-month follow-up. Results in italics represent a significant change from baseline.

P

value

Between-group differ-
ence (95% CI)

Control group at 6 months
(n=71)

Intervention group at 6
months (n=126)

Characteristics

Weight

<.0014.2 (2.8 to 5.5)–0.3 (–1.1 to 0.4)–4.5 (–5.4 to –3.5)Change vs baseline (kg), mean (95% CI)

<.0013.9 (2.6 to 5.3)–0.4 (–1.1 to 0.3)–4.4 (–5.3 to –3.4)Change vs baseline (%), mean (95% CI)

<.00130.4 (19.7 to 41.1)6 (8.5)49 (38.9)Lost >5% bodyweight (n), %

Hemoglobin A1c

.490.1 (–0.2 to 0.4)–0.4 (–0.5 to –0.2)–0.5 (–0.6 to –0.3)Change (%), mean (95% CI)

.491.0 (–1.8 to 3.9)–3.8 (–5.9 to –1.8)–4.8 (–6.7 to –3.0)Change (mmol/mol), mean (95% CI)

.398.4 (–10.4 to 27.3)9/34 (27)22/63 (35)Reduction from >6.5% to <6.5% (only in T2D pa-

tients), n/N (%)a

Body composition

<.0011.4 (0.9 to 1.8)–0.1 (–0.4 to 0.1)–1.5 (–1.8 to –1.2)BMI change (kg/m2), mean (95% CI)

<.0013.6 (2.0 to 5.2)–1.9 (–3.1 to –0.7)–5.5 (–6.5 to –4.6)Change in hip circumference (cm), mean (95% CI)

<.0015.6 (3.6 to 7.6)–3.3 (–4.8 to –1.8)–8.9 (–10.2 to –7.7)Change in waist circumference (cm), mean (95%
CI)

.0520.018 (–0.000 to 0.036)–0.012 (–0.026 to 0.002)–0.030 (–0.041 to –0.019)Change in waist/hip ratio (cm), mean (95% CI)

Blood pressure

.561.1 (–2.6 to 4.9)–0.3 (–3.4 to 2.9)–1.4 (–3.6 to 0.8)Change in systolic pressure (mm Hg), mean (95%
CI)

.271.2 (–0.9 to 3.3)–0.8 (–2.5 to 1.0)–2.0 (–3.2 to –0.7)Change in diastolic pressure (mm Hg), mean (95%
CI)

Lipids

.070.3 (–0.0 to 0.5)0.1 (–0.1 to 0.3)–0.2 (–0.3 to 0.0)Change in total cholesterol (mmol/ml), mean (95%
CI)

.510.0 (–0.0 to 0.1)–0.1 (–0.1 to 0.0)–0.1 (–0.2 to –0.0)Change in high density lipoprotein (mmol/ml),
median (95% CI)

.171.3 (–0.6 to 3.1)0.7 (–1.6 to 3.1)–0.6 (–0.9 to –0.3)Change in triglyceride (mmol/ml), median (95%
CI)

.220.2 (–0.1 to 0.5)0.4 (0.1 to 0.6)0.2 (–0.0 to 0.4)Change in low density lipoprotein (mmol/ml), me-

dian (95% CI)a

.14–0.0 (–0.0 to 0.0)–0.0 (–0.0 to 0.0)0.0 (–0.0 to 0.0)Change in quality of life score, mean (95% CI)

.270.6 (–0.5 to 1.6)0.3 (–0.6 to 1.2)–0.3 (–0.9 to 0.3)Change in mental health score, mean (95% CI)

aCalculated in 153/200 participants, including 95/127 in the intervention group and 59/73 in the control group.
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Table 3. Between-group differences in changes from baseline to the 12-month follow-up. Results in italics represent a significant change from baseline.

P

value

Between-group differ-
ence, (95% CI)

Control group at 12
months (n=73)

Intervention group at 12
months (n=127)

Characteristics

Weight

<.0013.0 (1.3 to 4.8)–1.5 (–2.7 to –0.2)–4.5 (–5.6 to –3.4)Change vs baseline (kg), mean (95% CI)

<.0013.2 (1.4 to 5.0)–1.4 (–2.6 to –0.1)–4.6 (–5.7 to –3.4)Change vs baseline (%), mean (95% CI)

.0118.6 (6.2 to 30.9)19.2 (14)37.8 (48)Lost >5% bodyweight (n), %

Hemoglobin A1c

.410.1 (–0.2 to 0.4)–0.4 (–0.7 to –0.2)–0.5 (–0.7 to –0.4)Change (%), mean (95% CI)

.461.0 (–1.9 to 4.0)–4.9 (–7.4 to –2.4)–6.0 (–7.7 to –4.3)Change (mmol/mol), mean (95% CI)

.437.7 (–11.1 to 26.5)10/36 (28)22/62 (36)Reduction from >6.5% to <6.5% (only in in T2D

patients), n/N (%)a

Body composition

<.0011.0 (0.4 to 1.7)–0.5 (–0.9 to –0.1)–1.5 (–1.9 to –1.2)BMI change (kg/m2), mean (95% CI)

<.0013.5 (1.7 to 5.3)–2.4 (–3.8 to –1.0)–5.9 (–7.0 to –4.8)Change in hip circumference (cm), mean (95% CI)

<.0015.3 (2.8 to 7.8)–4.5 (–6.6 to –2.5)–9.9 (–11.3 to –8.4)Change in waist circumference (cm), mean (95%
CI)

.110.016 (0.003 to 0.0361)–0.019 (–0.036 to –0.002)–0.036 (–0.047 to –0.024)Change in waist/hip ratio (cm), mean (95% CI)

Blood pressure

.47–1.3 (–5.0 to 2.3)–4.7 (–8.0 to –1.3)–3.3 (–5.3 to –1.4)Change in systolic pressure (mm Hg), mean (95%
CI)

.401.0 (–1.4 to 3.4)–1.4 (–3.7 to 0.9)–2.4 (–3.6 to –1.2)Change in diastolic pressure (mm Hg), mean (95%
CI)

Lipids

.420.1 (–0.2 to 0.4)–0.2 (–0.5 to –0.0)–0.4 (–0.5 to –0.2)Change in total cholesterol (mmol/ml), mean (95%
CI)

.44–0.8 (–2.9 to 1.3)–0.2 (–0.3 to –0.2)0.6 (–1.0 to 2.2)Change in high density lipoprotein, (mmol/ml),
median, mean (95% CI)

.810.05 (–0.4 to 0.5)–0.8 (–1.1 to –0.5)–0.8 (–1.1 to –0.6)Change in triglycerides (mmol/ml), median, (95%
CI)

.580.1 (–0.2 to 0.4)0.3 (0.0 to 0.5)0.2 (0.0 to 0.3)Change in low density lipoprotein (mmol/ml), me-

dian, (95% CI)a

.47–0.0 (–0.0 to 0.0)–0.0 (–0.0 to 0.0)0.0 (–0.0 to 0.0)Change in quality of life score, mean (95% CI)

.84–0.1 (–1.1 to 0.9)0.3 (–0.6 to 1.2)0.4 (–0.2 to 1.0)Change in mental health score, mean (95% CI)

aCalculated in 153/200 participants, including 95/127 in the intervention group and 59/73 in the control group.
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Figure 2. Body weight and hemoglobin A1c at baseline, at the 6-month follow-up (n=197), and at the 12-month follow-up (n=200) in subgroups with
and without type 2 diabetes. Dots indicate the mean and lines indicate the standard error of the mean. Pw: P value for changes from baseline within
groups; Pb: P value for changes from baseline between groups; Px: P value for changes from 6 to 12 months within groups; HbA1c: hemoglobin A1c;
T2D: type 2 diabetes.

Secondary Outcome
At the 6-month follow-up, our secondary outcome, HbA1c, was
equally reduced in both groups. At the 12-month follow-up,
HbA1c in both the intervention group (–0.5%, 95% CI –0.7 to
–0.4) and the control group (–0.4%, 95% CI –0.7 to –0.2) were
still equally reduced (Table 3). The largest reduction of HbA1c

in the intervention group was seen within the first 6 months
(Figure 2). Although Figure 2 might seem to indicate that the
intervention only reduced HbA1c in participants with T2D, T2D
did not interact with the effect of the intervention on HbA1c (all
values: P>.43). The reduction in HbA1c at the 12-month
follow-up among participants in the intervention group with
T2D was greater (–0.7%, 95% CI –1.1 to –0.4) than the
reduction in participants without T2D (–0.4%, 95% CI –0.4 to
–0.3). From the 6-month follow-up to the 12-month follow-up,
participants without T2D significantly reduced HbA1c, but there
were no significant changes within the group of participants
with T2D (Figure 2). The proportion of participants in the
intervention group whose HbA1c became normal was
significantly greater at the 12-month follow-up (54/27, 43%)
than at baseline (33/127, 25.9%), but HbA1c becoming normal
was not significantly more prevalent than in the control group
(Multimedia Appendix 3).

Tertiary Outcomes
At the 6- and 12-month follow-ups, mean BMI decreased
significantly in both groups, but significantly more so in the

intervention group (–1.5 kg/m2, 95% CI –1.9 to –1.2 vs –0.5

kg/m2, 95% CI –0.9 to –0.1; P<.001). The waist/hip ratio was
reduced significantly in both groups, but there was no significant
between-group difference (Table 3).

At the 12-month follow-up, blood pressure, total cholesterol,
and TG were reduced in both groups without any between-group
differences (Table 3). HDL-C was decreased in both groups at
the 6-month follow-up. At the 12-month follow-up, HDL-C
was still decreased in the control group but was nonsignificantly
increased in the intervention group. There were no statistically
significant between-group differences at either the 6- or
12-month follow-ups.

At both the 6- and 12-month follow-ups, quality of life and
mental health were unchanged in both groups (Tables 2 and 3).
In general, medications (assessed as the defined daily dose for
glucose-lowering and blood pressure–lowering drugs) did not
change in any of the groups. However, use of dipeptidyl
peptidase-4 inhibitors (DPP4s) decreased significantly in the
intervention group, while use increased in the control group
(P=.03) (Multimedia Appendix 3). Use of
angiotensin-converting enzyme inhibitors increased
insignificantly in the intervention group and decreased, although
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not significantly, in the control group (P=.06) (Multimedia
Appendix 3).

Discussion

Principal Results
The main objective of this 12-month RCT was to see if
individualized digital lifestyle coaching, enabled by an eHealth
tool, could help people living with obesity with or without T2D
to achieve and maintain a significant weight loss. This objective
was met, with a mean weight loss of 4.5 kg in the intervention
group, compared to 1.5 kg in the control group, after 12 months
of follow-up.

Comparison With Prior Work
These findings support previous studies that used eHealth
solutions to promote lifestyle changes [24-26]. Our results are
in line with a recent meta-analysis of studies using in-person
behavioral counseling together with an eHealth intervention
that showed a BW reduction of –4.65% [25].

The beneficial effect of the intervention in our study was
probably due to the combination of face-to-face coaching and
asynchronous eHealth with a different BCT, which has been
proven effective in other studies [27,28]. The initial
establishment of an honest and trustworthy relationship was
found to be relevant in the qualitative interviews that the
research team conducted while developing this study’s eHealth
tool [13-15]. This finding is supported by smaller studies
demonstrating that patients who found lifestyle changes
challenging appeared to improve health behaviors when they
used digital coaching that built on an empathetic relationship
[16]. Observational retrospective studies suggest digital eHealth
intervention incorporating personal coaching and BCTs may
promote weight loss better over a 12-month period compared
to studies with either face-to-face coaching or eHealth alone
[29,30]. However, RCTs of eHealth solutions providing
individualized coaching with follow-up at 12 months are sparse
[31,32].

From baseline to the 12-month follow-up, HbA1c was reduced
in both the intervention and control groups without a significant
difference between the groups. This lack of difference was in
contrast to a prior meta-analysis [26] and could not be explained
by the small decrease in DPP4 use in the intervention group.
The fact that the intervention did not reduce HbA1c significantly
more in participants with T2D may reflect blood glucose already
being well regulated at baseline in most of the participants with
T2D (mean HbA1c was 6.6%). It is important that HbA1c was
significantly reduced between the 6- and 12-month follow-ups
in the participants without T2D in both groups, although BW
was not reduced in the control group without T2D, suggesting
that lifestyle changes other than weight reduction, such as more
exercise, may have contributed to the HbA1c reduction.

Systolic blood pressure was significantly reduced in both groups
at the 12-month follow-up, without a significant between-group
difference, which might reflect the blood pressure reduction
being a consequence of participation in the study (ie, the

“healthy participator” effect) and only partly secondary to the
weight loss. The same explanation is likely for the lipid findings.
The lack of change in quality of life and mental health in both
groups probably reflects these questionnaires being rather broad
and therefore very robust toward changes in selective
interventions. It is not unlikely that a specific overweight
questionnaire would have picked up improvements related to
the observed weight loss, but there would probably not have
been a significant difference between the groups.

Limitations
The dropout rate at the 12-month follow-up was 138 of 338
(40.8%), which is similar to attrition rates reported in other
studies [9]. Although this could have created attrition bias, the
participants who dropped out were closely comparable to the
participants who came to the 12-month follow-up, and the
characteristics of the participants in the intervention and control
groups who came to the 12-month follow-up did not differ from
each other at baseline. This may reflect many of the dropouts
occurring at random due to COVID-19 restrictions. However,
the relatively high number of dropouts reduced the power,
making a subgroup analysis of participants with T2D difficult,
with a high risk of false negative results, and may explain the
nonsignificant effect of the intervention on HbA1c. Another
limitation of this study was the number of participants who
came to the 6-month follow-up but missed the 12-month
follow-up, possibly due to COVID-19 restrictions. As our
clinical end points needed physical attendance, it was not
possible to follow up with participants who dropped out.
However, we repeated the analysis with imputation used to
replace missing values. For 3 participants, the 12-month data
was used to impute missing 6-month data, and for 35
participants, the 6-month data was used to impute missing
12-month data. This analysis obtained similar results. All the
participants randomized to the intervention group who stayed
in the study used the eHealth tool, indicating that if the eHealth
tool is used in the future, the therapist will quickly be able to
identify who is not satisfied with the individualized digital
coaching. For these subjects, it will be possible for the therapist
to recommend other treatment strategies.

Although evidence suggests that human feedback and coaching
is an important element for success, our study design did not
allow us to comment on the relative effectiveness of the
components of this study’s eHealth approach. On the other hand,
the randomized design of our study is a strength, showing that
together with the relatively low cost of the intervention, a large
scale-up seems possible.

Conclusion
It is possible to induce and maintain lifestyle changes leading
to significant and sustainable 12-month, long-term weight loss
among people living with obesity with or without T2D using
individualized digital lifestyle coaching, in comparison to usual
care. These findings suggest that coaching with an eHealth tool
based on real-time monitoring incorporating personal coaching
and BCTs through smartphones can lead to improved lifestyles
that may have the potential to further reduce the incidence and
severity of NCDs.
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Abstract

Background: The COVID-19 pandemic created unprecedented shifts in the way health programs and services are delivered.
A national lockdown to prevent the spread of COVID-19 in Australia was introduced in March 2020. This lockdown included
the closure of exercise clinics, fitness centers, and other community spaces, which, before the pandemic, were used to deliver
Beat It. Beat It is an 8-week in-person, community-based, and clinician-led group exercise and education program for adults
self-managing diabetes. To continue offering Beat It, it was adapted from an in-person program to a fully web-based supervised
group exercise program for adults with type 2 diabetes (T2DM).

Objective: This study aims to assess whether the Beat It Online program produced comparable health outcomes to the Beat It
in-person program in terms of improving physical fitness (muscular strength and power, aerobic endurance, balance, and flexibility)
and waist circumference in older adults with T2DM.

Methods: Australians with T2DM who were aged ≥60 years were included. They were enrolled in Beat It Online, a twice-weekly
supervised group exercise and education program conducted via videoconference over 8 weeks. Anthropometric measurements
and physical fitness parameters were assessed at baseline and completion. The adaptations to Beat It are reported using the Model
for Adaptation, Design, and Impact, including the type of changes (what, where, when, and for whom), the criteria for making
those changes (why and how), and the intended and unintended outcomes. The intended outcomes were comparable functional
fitness as well as physical and mental health improvements across demographics and socioeconomic status.

Results: A total of 171 adults (mean 71, SD 5.6 years; n=54, 31.6% male) with T2DM were included in the study, with 40.4%
(n=69) residing in lower socioeconomic areas. On the completion of the 8-week program, significant improvements in waist
circumference, aerobic capacity, muscular strength, flexibility, and balance were observed in both male and female participants
(all P<.001). The Model for Adaptation, Design, and Impact reports on 9 clinical, practical, and technical aspects of Beat It that
were adapted for web-based delivery.

Conclusions: This study found that Beat It Online was just as effective as the in-person program. This adapted program produced
comparable health benefits across demographics and socioeconomic status. This study offers important findings for practitioners
and policy makers seeking to maintain independence of older people with T2DM, reversing frailty and maximizing functional
and physical fitness, while improving overall quality of life. Beat It Online offers a flexible and inclusive solution with significant
physical and mental health benefits to individuals. Further evaluation of Beat It (both in-person and Online) adapted for culturally
and linguistically diverse communities will provide greater insights into the efficacy of this promising program.

(J Med Internet Res 2022;24(9):e39800)   doi:10.2196/39800
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Introduction

According to the International Diabetes Federation, more than
half a billion people worldwide have diabetes [1], with type 2
diabetes mellitus (T2DM) accounting for 90% to 95% of cases
[1,2]. The upward trajectory of diabetes prevalence has been
described as a “pandemic with unprecedented magnitude
spiraling out of control” [1].

Physical activity is a cornerstone of T2DM management, along
with dietary and pharmacological interventions [3]. Current
guidelines recommend that older adults with T2DM engage in
at least 150 minutes per week of moderate-intensity aerobic
exercise and perform moderate- or high-intensity resistance
training on 2 or more days of the week [3]. Currently, two-thirds
of older Australians do not meet these guidelines (irrespective
of diabetes status) and are deemed insufficiently active to receive
physical and mental health benefits [4]. Research has found that
older adults who spend less time being physically active have
lower overall functional fitness [5]. Functional fitness represents
the physical capacity required to carry out typical daily activities
independently, without the early onset of fatigue [6,7]. The
typical decline in functional fitness with aging is known to lead
to frailty, disability, morbidity, and mortality [7].

Physical activity has a substantial role in maintaining functional
fitness [8]. Exercise, a structured form of physical activity, has
been shown to increase physical fitness—strength, endurance,
agility, balance, and flexibility—while also producing other
physiological, psychological, and cognitive function benefits
for adults with T2DM [3]. Physical fitness provides a protective
factor for older adults with T2DM and reduces cardiovascular
mortality, all-cause mortality, and the risk of falling [9-11].
Additionally, good physical fitness is known to extend years of
active independent living while reducing disability and
improving the quality of life [12]. Effective approaches to help
older adults with T2DM improve physical fitness, which in turn
will maintain functional fitness, are urgently needed.

Small and large-scale community-based supervised group
exercise programs for older adults with T2DM have
demonstrated effectiveness in improving physical fitness in the
short term (immediately after intervention) [13-19], with
follow-up studies demonstrating that these improvements can
be maintained for up to 1 year [20-22]. Public health
recommendations and governmental measures during the
ongoing COVID-19 pandemic resulted in various restrictions
on daily living including social distancing, isolation, and house
confinement. Although these restrictions helped to abate the
rate of infection [23], such limitations created considerable
disruption to the routine supportive care of those managing
T2DM [24]. Many health programs and providers had to pivot
to delivering services over the web during this time. A national
lockdown to prevent the spread of COVID-19 in Australia was
introduced in March 2020. This lockdown included the closure

of exercise clinics, fitness centers, and other community spaces,
which, before the pandemic, were used to deliver Beat It, an
8-week in-person, community-based, and clinician-led group
exercise and education program for adults self-managing
diabetes. To continue offering this translational program, Beat
It was adapted from an in-person program to a fully web-based
supervised group exercise program for adults with T2DM.

The short- and long-term health and physical fitness outcomes
from the traditionally delivered in-person Beat It program have
been published elsewhere [19,22]. This research found that
completing the Beat It program significantly improved physical
fitness (muscular strength and power, aerobic endurance,
balance, and flexibility) and reduced waist circumference for
older adults (age ≥60 years), and these benefits were maintained
for up to 12 months postprogram [22]. What is unclear is
whether the adapted Beat ItOnline program provides comparable
benefits to participants. Thus, the aim of this study was to assess
whether the Beat It Online program was effective in improving
physical fitness (muscular strength and power, aerobic
endurance, balance, and flexibility) and waist circumference
during the height of the COVID-19 pandemic.

Methods

Beat It Online is an 8-week program that involves twice-weekly
synchronous group exercise and education sessions, delivered
via videoconferencing, by accredited exercise physiologists
(AEPs).

Program Design
Programs were delivered by AEPs to participants who resided
in New South Wales (NSW) and the Australian Capital Territory
(ACT). Exercise sessions include moderate-intensity aerobic,
resistance, flexibility, and balance-based exercises, and the
education sessions focus on different areas of diabetes
self-management. Participants completed a pre-exercise
screening, baseline measures, and fitness testing during a
web-based 1-on-1 initial consultation with the AEP. This
consultation also included motivational interviewing to ascertain
participants’ goals and their facilitators and barriers to change
[25].

The information gathered during the consultation was used to
create a customized exercise program with the participant,
considering their physical ability, existing fitness levels, and
any comorbidities or injuries that could be exacerbated by
exercise. Each exercise program comprised home exercise
options that participants could replicate with minimal equipment
or using items available around the home, including dynamic
warm-up and cooldown, and aerobic (eg, walking, stepping,
aerobics, and shadow boxing), resistance (eg, body weight,
resistance bands, free weights, or household items of equivalent
weight—for example, cans of food or bags of rice as hand
weights), balance (eg, different standing balance variations),
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and flexibility exercises (eg, static stretching of major muscle
groups). During the web-based group exercise sessions,
participants completed their exercise program under the
supervision of an AEP, who was able to modify exercises in
accordance with the participant’s progress.

Platform and Delivery
Zoom videoconferencing software (version 5.2.1; Zoom Video
Communications) was the preferred platform for delivering the
group exercise and education sessions. All AEPs purchased a
subscription to Zoom as a security precaution to ensure that
2-factor authentication, passcodes, and waiting rooms were
available; thus, incidents such as Zoom bombing and other
security concerns were prevented.

Facilitator Training
All AEPs completed a specialized facilitator training program
called Beat It Trainer to ensure the consistent and effective
delivery of the program. This accredited continuing professional
development training course, certified by Diabetes Qualified,
a subsidiary of Diabetes NSW & ACT, consisted of 12 hours
of asynchronous web-based modules and assessments, followed
by a 1-day synchronous session focused on the clinical, practical,
and technical requirements of delivering the Beat It program.
Additionally, AEPs also completed a supplemental 2-hour
synchronous training session focused on considerations for
web-based delivery. To maintain this certification, all AEPs are
required to complete a refresher course within 2 years of
completing the initial training.

Recruitment
From May 2020 to October 2021, participants were recruited
through email using the National Diabetes Services Scheme
database or advertisements on the Diabetes NSW & ACT
website. Prior to commencing, participants were required to
provide evidence of medical clearance to exercise from their
general practitioner and were then eligible to attend their
web-based initial health and fitness assessment with their AEP.
Standard exclusion criteria for the Beat It Program (in-person
and Online) are outlined in Multimedia Appendix 1. Health and
fitness assessments were performed at baseline and at the
completion of the program. For inclusion into the current study,
participants had to be aged ≥60 years, have a clinical diagnosis
of T2DM, and have completed the web-based health and fitness
assessment at baseline and at 8 weeks at the completion of the
program.

Ethics Approval
This study was approved by the Macquarie University Human
Ethics Committee (5201950887424).

Study Design and Measures
This study used a pre-post evaluation design where participants
completed web-based physical assessment sessions at baseline
and at 8 weeks of Beat It Online, as well as an evaluation
questionnaire prior to and at the completion of the program.

Sociodemographic information, including gender, date of birth,
and residential postcode, was collected. Postcodes were used
as a measure of socioeconomic status as previously described
[19]. Height and weight were used to calculate BMI, and BMI
was then categorized as healthy, overweight, and obese,
according to the World Health Organization [26]. An assessment
of upper and lower body muscular strength, aerobic capacity,
flexibility, and balance were performed using the 30-second
sit-to-stand test; 30-second seated arm curl test; 2-minute step
test; seated sit-and-reach test; and 1-legged stand test,
respectively [7]. The average of left and right sit-and-reach test
and 1-legged stand test was used. Participants with missing data
for gender, age, and waist circumference measures were
excluded from analysis.

The Diabetes Empowerment Scale (DES) is a measure of
psychosocial self-efficacy that was developed specifically for
a diabetes population. The DES short form contains 8 items that
can be used to provide a brief general assessment of diabetes
psychosocial self-efficacy [27]. Participants are asked to indicate
their agreement to 8 individual statements related to their ability
to manage diabetes. Each item is rated on a 5-point scale:
5=strongly agree‚ 4=somewhat agree‚ 3=neutral‚ 2=somewhat
disagree‚ and 1=strongly disagree. The overall score is the sum
of the scores for each individual item, divided by the number
of items (8 items).

The Patient Activation Measure (PAM) assesses a person’s
self-reported knowledge, skill, and confidence for the
self-management of their health or chronic condition [28]. Each
item is rated on 4-point scale: from 1=strongly disagree to
4=strongly agree, with an additional “not applicable” option.
The total PAM score is the sum of raw scores for each item,
divided by the number of items excepting the nonapplicable
items and then multiplied by 13. Higher scores are associated
with the person taking action.

Analysis
Data analysis was performed using SPSS statistical software
(version 27; IBM Corp). Mean and SD were calculated for
continuous variables. Frequencies and percentages were
calculated for categorical variables, excluding participants with
missing data for that variable. Paired 2-tailed t tests were
performed to identify differences in fitness measures at baseline
and program completion.

The adaptation of Beat It has been represented using the Model
for Adaptation, Design, and Impact (MADI) [29]. This model
has 3 domains: adaption characteristics (what was modified and
how, for whom and when, and who was involved in decision
making); moderating or mediating factors (adaptation aligned
with the core elements of the intervention or implementation
strategy, clear goals for adaptation, and adaptations implemented
consistently); and intended and unintended outcomes. The
analysis of the 3 domains together helps explain impact (Figure
1).
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Figure 1. Model for Adaptation, Design, and Impact.

Results

Beat It MADI Results
The Beat It Online adaptations using the MADI model are
shown in Table 1. There were 9 clinical, practical, and technical
aspects of Beat It that were adapted for web-based delivery.
Each of these aspects had moderating and mediating factors to

support program fidelity while operationalizing Beat It in a
web-based context. The intended outcomes were comparable
functional fitness and physical and mental health improvements
across demographics and socioeconomic status. These outcomes
are reported in Table 2. At this stage, unintended outcomes are
unknown and will be explored in a follow-up study. The impact
was that Beat It Online was as effective as the in-person
program.
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Table 1. Model for Adaptation, Design, and Impact report of adaptations and mediating and moderating factors.

Mediating and moderating factors, program stageAdaptation areas

Beat It OnlineBeat It (in-person)

Additional 2 hours covering key considerations for web-based delivery12 hours web-based learning and 1-day in-
person practical training

Facilitator training

Digital only—email and websiteDirect mail (via post), email, and websiteMarketing

Additional resources guiding participants on technical requirements and equipment
required to access web-based sessions:

Beat It participant handbook, home exercise
resource, and Theraband

Participant resources

• internet connectivity and speed tests
• how to set-up or log in to videoconferencing platform
• participant pre–web-based session checklist outlining key safety considera-

tions to be followed every session

Additional content added to the Beat It Online delivery manual:Beat It in-person delivery manual and Beat
It facilitator manual (education sessions)

Trainer resources

• assessing participant suitability
• additional Beat It Trainer requirements
• required equipment and technical capabilities, safety requirements, legal and

professional practice requirements, and privacy and record keeping consid-
erations

• web-based delivery considerations specific to exercise and education session
delivery

• assisting Beat It trainers in selecting appropriate videoconferencing platforms
• ways to maintain communication and establish visual cues (eg, Zoom gallery

view) to ensure participants are performing exercises confidently and safely
• trainer checklists and session guides to follow prior, during, and following

each session

Additional considerations and exclusion criteria for determining suitability to join
the web-based program, including:

Standardized medical clearance form, includ-
ing recommended program inclusion or ex-
clusion criteria, medical history, medica-

Medical clearance

• client digital literacy
tions, and latest Hemoglobin A1c and lipid • client needs and goals
test results; participants typically bring a • risks including precautions and contraindications
physical copy of the medical clearance form
to initial consultation with a Beat It trainer

• physical capacity of client to undertake session
• client ability to provide consent
• capacity to access technology
• need and availability for a client support person (eg, family, carer, and allied

health assistant) to assist in consult and sessions
• further information relating to hypoglycemia frequency and falls risk request-

ed from referring medical practitioner
• additional instructions relating to sending medical clearance information

safely and securely via appropriate web-based methods (eg, encrypted email
and fax) to the participant’s Beat It trainer

Additional resources guiding participants on what equipment is required to access
Beat It Online, including:

Preprogram resources sent including wel-
come letter confirming program registration,
medical clearance, and initial consultation

Preprogram

• technical requirements (eg, internet connection, appropriate device for video
calls, and active email address)process and the Beat It trainer books initial

assessment appointment • initial assessment equipment (eg, measuring tape, weight scales, suitable
chair, and hand weight or substitute to perform exercise tests from home)

• safety considerations (eg, appropriate exercise space, clothing, and access
to blood glucose monitor and hypoglycemia treatment)

• provision of step-by-step guide of how to access the Beat It trainer’s selected
videoconferencing platform

• at the time of assessment booking, the Beat It trainer also assessed partici-
pant’s technical proficiency with using the videoconferencing tool
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Mediating and moderating factors, program stageAdaptation areas

Beat It OnlineBeat It (in-person)

Differences:

• both assessments conducted over the web
• informed consent form sent digitally
• further participant emergency contact information was collected, including

physical address participant would be completing web-based exercise sessions
from, presence of friend or family at this address during sessions, and educa-
tion related to having access to blood glucose monitor and hypoglycemia
treatment available during sessions

• baseline measurement protocols were adapted to support participants complete
these themselves with guidance from a Beat It trainer via video (eg, using
string or sewers tape to measure waist circumference) and requested from
the referring general practitioner as part of medical clearance process (eg,
resting blood pressure if participant does not have access to a blood pressure
monitor)

• exercise testing protocols were modified to allow participant completion
from home

• 6-minute walk test was replaced with a 2-minute step-in-place test to account
for space constraints and allow participants to be monitored on camera

• household items were used to facilitate other tests (eg, 2-3 kg bag of rice for
seated arm curl test and ruler used for seated sit-and-reach test)

• Conducted in person
• Obtain medical clearance, participant

informed consent, and emergency
contact information and complete pre-
screening questionnaire

• Complete baseline measurements, in-
cluding height, weight, waist circum-
ference, blood pressure, and heart rate

• Complete exercise tests including the
6-minute walk test, 30-second sit-to-
stand test, 30-second seated arm curl
test, seated sit-and-reach test, and 1-
legged stand test

• Goal setting

Initial and final as-
sessment

Differences:

• capped at 6 participants per session to enable adequate supervision in a web-
based setting

• corresponding pre-exercise checklists for the Beat It trainer and participants
detailing important steps the participants must take leading into each exercise
session including ensuring technology is setup correctly allowing the sessions
to be viewed clearly, confirming participants have hypoglycemia treatment
available, ensuring their exercise area is free from obstructions, and asking
participants to take pre- or postexercise blood glucose measurements

• guidelines on camera and microphone settings to ensure Beat It trainers can
be seen and heard, and participants can be monitored effectively and the use
of visual cues and telehealth functions to provide feedback and breaking up
exercises to check-in with participants

• Beat It trainers to structure sessions by providing 3-4 different options for
each exercise delivered to the group; these options include regressions and
progressions for each exercise and ensure participants can complete a similar
exercise at the same time, dependent on their ability

• Beat It trainers encouraged to keep sessions as creative, fun, and engaging
as possible with ideas such as dress-up themes, activity-based challenges,
and games to encourage social interaction among the group

Capped at 12 participants per session; in-
person exercise sessions consist of a warm-
up, followed by a combination of aerobic,
resistance, balance, and flexibility exercises
tailored to participants abilities, followed
by a cooldown period

Exercise sessions

Differences:

• delivered over the web
• used screen-sharing functions and web-based whiteboards to collate partici-

pant responses

6 x 30 min person-centered education ses-
sions on various lifestyle and diabetes
management topics delivered in person

Education sessions

Table 2. Summary of assessment data.

FemaleMaleAssessment

P valuePostprogram, mean (SD)Baseline,
mean (SD)

nP valuePostprogram, mean (SD)Baseline,
mean (SD)

n

<.001100 (13.3)102.7 (14.3)117<.001110.6 (12.5)114.3 (12.5)54Waist circumference (cm)

<.0010.2 (11.8)–2.5 (11.9)106<.001–4.3 (10.2)–7.8 (11.1)46Seated sit-and-reach (cm)

<.00115.7 (5.3)12.6 (4.6)116<.00116.2 (5.2)13.2 (3.9)5130-second sit-to-stand (reps)

<.00133.2 (20.5)25.4 (19.9)115<.00134.5 (18.5)27.1 (20.3)521-legged stand test (s)

<.00186.8 (30.3)69.2 (26.2)105<.00187.9 (26.8)68.5 (22.5)452-minute step test (reps)

<.00123.5 (8.5)18.9 (8.6)114<.00126.0 (8.8)20.1 (9)50Arm curl (reps)
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Beat It Online Participant Results
A total of 171 individuals were included in the study. These
individuals were aged ≥60 years, had reported a diagnosis of
T2DM, and had participated in Beat It Online. Of the 171
individuals, 54 (32%) were male, age ranged from 60 to 89
years with a mean age of 71 (SD 5.6) years, and 69 (40%)
resided in lower socioeconomic areas. Participants attended
between 5 and 16 exercise sessions, with 70% (n=119) of the
cohort attending at least 14 out of the 16 sessions. For the
education sessions, participants attended between 0 and 6
sessions, with 80% (n=137) of the cohort attending at least 5
out of the 6 education sessions.

Improvements in waist circumference, aerobic capacity,
muscular strength, flexibility, and balance were observed

postprogram in both male and female participants (Table 2 and
Figure 2).

Survey evaluation data was received from 49 (29%) of the 171
participants. Most participants rated their health as being good
to excellent both at baseline and postprogram (n=38, 78% vs
n=36, 74%), whereas improvements in their general quality of
life rated as being good to excellent were reported postprogram
(n=38, 78% vs n=47, 96%).

Significant improvements in DES scores were reported
postprogram (3.9 vs 4.3; P<.001), whereas nonsignificant
improvements in PAM scores were observed (44.3 vs 45.4;
P=.07).

Figure 2. Mean fitness and health measures at baseline and at program completion, stratified by gender.

Discussion

Principal Findings
This study found that Beat It Online was just as effective as the
in-person program [19,22]. This adapted program produced
comparable health benefits, across demographics and
socioeconomic status. The COVID-19 pandemic has necessitated

limitations on physical interaction, requiring the rapid web-based
adaptation of key health programs and services. This study
found that the Beat It Online program, an 8-week clinician-led
supervised group exercise program, significantly improved
physical fitness (aerobic capacity, strength, balance, and
flexibility), reduced waist circumference, and improved
self-efficacy and quality of life in older adults with T2DM. This
finding is important because globally, it has been reported that
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during the home confinement of lockdowns and necessary
isolation, most individuals decreased their physical activity
levels and increased sedentary behavior [30], and those with
T2DM had increased body weight and worsened their glycemic
control [31].

In this study, we used MADI, an implementation science
framework, to transparently evaluate and report on the
adaptations to the Beat It program [29]. We identified important
adaptation characteristics, their intended and unintended
impacts, and potential mediators and moderators of adaptations’
impact on outcomes. The adjustments made to the processes
and protocols for Beat It were similar to that outlined by
Schwartz and colleagues [32] in their pivot to delivering
web-based, synchronous group exercise programs to older
adults. It is important to not assume that an exercise specialist
(or any health practitioner) who primarily delivers services
in-person will be capable of delivering a comparable service
over the web. Research has shown that the most prevalent barrier
for the organizational adoption of telehealth, by a wide margin,
is technically challenged health practitioners [33]. A
comprehensive capability framework, such as the one developed
by Davies and colleagues [34], provides important guidance on
the core capabilities, curricula, and professional development
needed in this space.

The focus in diabetes care has traditionally been around the
optimization of glycemic control and deterrence of
complications [35]. However, the prevention of frailty and
improvement in physical function have now emerged as new
targets of diabetes management [35]. This focus is mainly driven
by the significant adverse impact that early onset frailty and
declines in functional fitness have on health outcomes, including
glycemic control, independence, and quality of life in people
with T2DM [35]. The Beat It Online program produced
significant improvements in all physical fitness measures, as
well as self-efficacy and self-reported quality of life, in a cohort
that was aged 71 (SD 5.6; range 60-89) years. At a time when
older adults across the world were told to isolate at home, Beat
It Online provided a socially supportive setting for vulnerable
individuals with a chronic condition and comorbidities to
exercise safely, boost their mood, and connect with their peers
while following health directives related to COVID-19. This
program is particularly important given that research has shown
that stay-at-home orders have resulted in the loss of formal and
incidental social connections, putting older adults at acute risk

for loneliness [36]. Furthermore, participation in moderate to
high volumes of physical activity during and following periods
of COVID-19 containment has been associated with better
mental health and well-being compared to inactive adults [37].

The Beat It Online program has debunked the pervasive
stereotype that older adults are resistant and incapable of
engaging with new technologies [38]. The participants in this
study demonstrated that they were skilled at using
videoconferencing software in a way that helped them improve
their physical health and mental well-being. This openness to
using technology for a clear purpose is well supported in the
literature [39] and aligns directly with research showing that
most older adults have a strong motivation to learn new skills
and continue living fully through learning [40]. This finding
has implications for practitioners and policy makers who may
assume that this demographic only prefers in-person programs
and services.

A limitation of this study is that it used a pre-post evaluation
with no comparison group, which is a common design for
translational community-based programs [41]. Another
limitation is that we only evaluated the short-term effectiveness
of the Beat It Online program. A longer follow-up is needed to
ascertain if participants maintained the benefits gained from
this program, any unintended outcomes, and whether Beat It
Online is pragmatic outside of a global pandemic. We conducted
a 1-year follow-up of the in-person Beat It program and
concluded that participants maintained improvements in their
health 12 months after completing the 8-week program [22].

Conclusions
This study revealed that a fully web-delivered, clinician-led,
and supervised group exercise program provided important
health benefits to older adults with T2DM. This study offers
important findings for practitioners and policy makers seeking
to maintain independence of older persons with T2DM,
reversing frailty and maximizing functional and physical fitness
while improving overall quality of life. The COVID-19
pandemic has created unprecedented shifts in the way key health
programs and services are delivered. Beat It Online offers a
flexible and inclusive solution with significant physical and
mental health benefits to individuals. Further evaluation of Beat
It (both in-person and Online) adapted for culturally and
linguistically diverse communities will provide greater insights
into the efficacy of this promising program.

 

Acknowledgments
The Beat It program delivery costs were funded by the National Diabetes Services Scheme (NDSS). The NDSS is an Australian
Government Initiative administered by Diabetes Australia. The authors received no funding to conduct this study. The NDSS
had no role in the outcomes reported in this study. Diabetes NSW & ACT cofunded the publication costs for the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Standard exclusion criteria for Beat It (in-person) and Beat It Online.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e39800 | p.451https://www.jmir.org/2022/9/e39800
(page number not for citation purposes)

Kirwan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


[DOCX File , 16 KB - jmir_v24i9e39800_app1.docx ]

References
1. International Diabetes Federation. IDF Diabetes Atlas Tenth Edition. IDF Diabetes Atlas. 2021. URL: https://diabetesatlas.

org/ [accessed 2022-09-08]
2. American Diabetes Association Professional Practice Committee. Classification and diagnosis of diabetes: standards of

medical care in diabetes-2022. Diabetes Care 2022 Jan 01;45(Suppl 1):S17-S38 [FREE Full text] [doi: 10.2337/dc22-S002]
[Medline: 34964875]

3. Kanaley JA, Colberg SR, Corcoran MH, Malin SK, Rodriguez NR, Crespo CJ, et al. Exercise/physical activity in individuals
with type 2 diabetes: a consensus statement from the American College of Sports Medicine. Med Sci Sports Exerc 2022
Feb 01;54(2):353-368. [doi: 10.1249/MSS.0000000000002800] [Medline: 35029593]

4. Insufficient physical activity. Australian Institute of Health and Welfare. 2020 Oct 20. URL: https://www.aihw.gov.au/
reports/risk-factors/insufficient-physical-activity/contents/insufficient-physical-activity [accessed 2022-04-01]

5. Santos DA, Silva AM, Baptista F, Santos R, Vale S, Mota J, et al. Sedentary behavior and physical activity are independently
related to functional fitness in older adults. Exp Gerontol 2012 Dec;47(12):908-912 [FREE Full text] [doi:
10.1016/j.exger.2012.07.011] [Medline: 22884978]

6. Kostić R, Uzunović S, Pantelić S, Đuraškovič R. A comparative analysis of the indicators of the functional fitness of the
elderly. Facta universitatis-series: physical education and sport 2011 Aug 4;9(2):161-171 [FREE Full text]

7. Rikli RE, Jones CJ. Development and validation of criterion-referenced clinically relevant fitness standards for maintaining
physical independence in later years. Gerontologist 2013 Apr;53(2):255-267. [doi: 10.1093/geront/gns071] [Medline:
22613940]

8. Milanović Z, Pantelić S, Trajković N, Sporiš G, Kostić R, James N. Age-related decrease in physical activity and functional
fitness among elderly men and women. Clin Interv Aging 2013 May 21;8:549-556 [FREE Full text] [doi:
10.2147/CIA.S44112] [Medline: 23723694]

9. Bennett WL, Ouyang P, Wu AW, Barone BB, Stewart KJ. Fatness and fitness: how do they influence health-related quality
of life in type 2 diabetes mellitus? Health Qual Life Outcomes 2008 Dec 04;6:100 [FREE Full text] [doi:
10.1186/1477-7525-6-110] [Medline: 19055828]

10. Kodama S, Saito K, Tanaka S, Maki M, Yachi Y, Asumi M, et al. Cardiorespiratory fitness as a quantitative predictor of
all-cause mortality and cardiovascular events in healthy men and women: a meta-analysis. JAMA 2009 May
20;301(19):2024-2035. [doi: 10.1001/jama.2009.681] [Medline: 19454641]

11. Crews RT, Yalla SV, Fleischer AE, Wu SC. A growing troubling triad: diabetes, aging, and falls. J Aging Res 2013 Feb
16;2013:342650 [FREE Full text] [doi: 10.1155/2013/342650] [Medline: 23476773]

12. Sun F, Norman IJ, While AE. Physical activity in older people: a systematic review. BMC Public Health 2013 May 06;13:449
[FREE Full text] [doi: 10.1186/1471-2458-13-449] [Medline: 23648225]

13. Mendes R, Sousa N, Reis VM, Themudo-Barata JL. Implementing low-cost, community-based exercise programs for
middle-aged and older patients with type 2 diabetes: what are the benefits for glycemic control and cardiovascular risk?
Int J Environ Res Public Health 2017 Sep 13;14(9):1057 [FREE Full text] [doi: 10.3390/ijerph14091057] [Medline:
28902144]

14. Mendes R, Sousa N, Themudo-Barata J, Reis V. Impact of a community-based exercise programme on physical fitness in
middle-aged and older patients with type 2 diabetes. Gac Sanit 2016 May;30(3):215-220 [FREE Full text] [doi:
10.1016/j.gaceta.2016.01.007] [Medline: 26900099]

15. Gallé F, Di Onofrio V, Miele A, Belfiore P, Liguori G. Effects of a community-based exercise and motivational intervention
on physical fitness of subjects with type 2 diabetes. Eur J Public Health 2019 Apr 01;29(2):281-286. [doi:
10.1093/eurpub/cky140] [Medline: 30052924]

16. Grelier S, Serresse O, Boudreau-Lariviere C, Zory R. Effects of a three-month combined training program on the
cardiopulmonary and muscle strength capacities of type 2 diabetic subjects. J Sports Med Phys Fitness 2013 Feb;53(1):56-64.
[Medline: 23470912]

17. Castaneda C, Layne JE, Munoz-Orians L, Gordon PL, Walsmith J, Foldvari M, et al. A randomized controlled trial of
resistance exercise training to improve glycemic control in older adults with type 2 diabetes. Diabetes Care 2002
Dec;25(12):2335-2341. [doi: 10.2337/diacare.25.12.2335] [Medline: 12453982]

18. Dunstan DW, Vulikh E, Owen N, Jolley D, Shaw J, Zimmet P. Community center-based resistance training for the
maintenance of glycemic control in adults with type 2 diabetes. Diabetes Care 2006 Dec;29(12):2586-2591. [doi:
10.2337/dc06-1310] [Medline: 17130189]

19. Kirwan M, Chiu CL, Hay M, Laing T. Community-based exercise and lifestyle program improves health outcomes in older
adults with type 2 diabetes. Int J Environ Res Public Health 2021 Jun 07;18(11):6147 [FREE Full text] [doi:
10.3390/ijerph18116147] [Medline: 34200198]

20. Gallè F, Krakauer JC, Krakauer NY, Valerio G, Liguori G. Can an exercise-based educational and motivational intervention
be durably effective in changing compliance to physical activity and anthropometric risk in people with type 2 diabetes? a

J Med Internet Res 2022 | vol. 24 | iss. 9 | e39800 | p.452https://www.jmir.org/2022/9/e39800
(page number not for citation purposes)

Kirwan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

jmir_v24i9e39800_app1.docx
jmir_v24i9e39800_app1.docx
https://diabetesatlas.org/
https://diabetesatlas.org/
https://doi.org/10.2337/dc22-S002
http://dx.doi.org/10.2337/dc22-S002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34964875&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000002800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35029593&dopt=Abstract
https://www.aihw.gov.au/reports/risk-factors/insufficient-physical-activity/contents/insufficient-physical-activity
https://www.aihw.gov.au/reports/risk-factors/insufficient-physical-activity/contents/insufficient-physical-activity
https://doi.org/10.1016/j.exger.2012.07.011
http://dx.doi.org/10.1016/j.exger.2012.07.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22884978&dopt=Abstract
http://facta.junis.ni.ac.rs/pe/pe201102/pe201102-06.pdf
http://dx.doi.org/10.1093/geront/gns071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22613940&dopt=Abstract
https://dx.doi.org/10.2147/CIA.S44112
http://dx.doi.org/10.2147/CIA.S44112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23723694&dopt=Abstract
https://hqlo.biomedcentral.com/articles/10.1186/1477-7525-6-110
http://dx.doi.org/10.1186/1477-7525-6-110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19055828&dopt=Abstract
http://dx.doi.org/10.1001/jama.2009.681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19454641&dopt=Abstract
https://doi.org/10.1155/2013/342650
http://dx.doi.org/10.1155/2013/342650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23476773&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-449
http://dx.doi.org/10.1186/1471-2458-13-449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23648225&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph14091057
http://dx.doi.org/10.3390/ijerph14091057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28902144&dopt=Abstract
http://www.elsevier.es/en/linksolver/ft/pii/S0213-9111(16)00009-1
http://dx.doi.org/10.1016/j.gaceta.2016.01.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26900099&dopt=Abstract
http://dx.doi.org/10.1093/eurpub/cky140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30052924&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23470912&dopt=Abstract
http://dx.doi.org/10.2337/diacare.25.12.2335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12453982&dopt=Abstract
http://dx.doi.org/10.2337/dc06-1310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17130189&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18116147
http://dx.doi.org/10.3390/ijerph18116147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34200198&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


follow-up study. Int J Environ Res Public Health 2019 Feb 27;16(5):701 [FREE Full text] [doi: 10.3390/ijerph16050701]
[Medline: 30818773]

21. Mathieu M, Brochu M, Béliveau L. DiabetAction: changes in physical activity practice, fitness, and metabolic syndrome
in type 2 diabetic and at-risk individuals. Clin J Sport Med 2008 Jan;18(1):70-75. [doi: 10.1097/JSM.0b013e31815c1d68]
[Medline: 18185042]

22. Kirwan M, Gwynne K, Laing T, Hay M, Chowdhury N, Chiu CL. Can health improvements from a community-based
exercise and lifestyle program for older adults with type 2 diabetes be maintained? a follow up study. Diabetology 2022
May 19;3(2):348-354. [doi: 10.3390/diabetology3020025]

23. Hossain MM, Sultana A, Purohit N. Mental health outcomes of quarantine and isolation for infection prevention: a systematic
umbrella review of the global evidence. Epidemiol Health 2020 Jun 02;42:e2020038 [FREE Full text] [doi:
10.4178/epih.e2020038] [Medline: 32512661]

24. Carr MJ, Wright AK, Leelarathna L, Thabit H, Milne N, Kanumilli N, et al. Impact of COVID-19 restrictions on diabetes
health checks and prescribing for people with type 2 diabetes: a UK-wide cohort study involving 618 161 people in primary
care. BMJ Qual Saf 2022 Jul;31(7):503-514 [FREE Full text] [doi: 10.1136/bmjqs-2021-013613] [Medline: 34642228]

25. Miller WR, Rollnick S. Motivational Interviewing: Helping People Change. 3rd ed. New York, NY: Guilford Press; 2012.
26. A healthy lifestyle - WHO recommendations. World Health Organization. 2010 May 06. URL: http://www.euro.who.int/

en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi [accessed 2022-10-14]
27. Anderson RM, Fitzgerald JT, Gruppen LD, Funnell MM, Oh MS. The Diabetes Empowerment Scale-Short Form (DES-SF).

Diabetes Care 2003 May;26(5):1641-1642. [doi: 10.2337/diacare.26.5.1641-a] [Medline: 12716841]
28. Hibbard JH, Stockard J, Mahoney ER, Tusler M. Development of the Patient Activation Measure (PAM): conceptualizing

and measuring activation in patients and consumers. Health Serv Res 2004 Aug;39(4 Pt 1):1005-1026 [FREE Full text]
[doi: 10.1111/j.1475-6773.2004.00269.x] [Medline: 15230939]

29. Kirk MA, Moore JE, Wiltsey Stirman S, Birken SA. Towards a comprehensive model for understanding adaptations' impact:
the model for adaptation design and impact (MADI). Implement Sci 2020 Jul 20;15(1):56 [FREE Full text] [doi:
10.1186/s13012-020-01021-y] [Medline: 32690104]

30. Ammar A, Brach M, Trabelsi K, Chtourou H, Boukhris O, Masmoudi L, et al. Effects of COVID-19 home confinement
on eating behaviour and physical activity: results of the ECLB-COVID19 international online survey. Nutrients 2020 May
28;12(6):1583 [FREE Full text] [doi: 10.3390/nu12061583] [Medline: 32481594]

31. Biamonte E, Pegoraro F, Carrone F, Facchi I, Favacchio G, Lania AG, et al. Weight change and glycemic control in type
2 diabetes patients during COVID-19 pandemic: the lockdown effect. Endocrine 2021 Jun;72(3):604-610 [FREE Full text]
[doi: 10.1007/s12020-021-02739-5] [Medline: 33950348]

32. Schwartz H, Har-Nir I, Wenhoda T, Halperin I. Staying physically active during the COVID-19 quarantine: exploring the
feasibility of live, online, group training sessions among older adults. Transl Behav Med 2021 Mar 16;11(2):314-322 [FREE
Full text] [doi: 10.1093/tbm/ibaa141] [Medline: 33447852]

33. Scott Kruse C, Karem P, Shifflett K, Vegi L, Ravi K, Brooks M. Evaluating barriers to adopting telemedicine worldwide:
a systematic review. J Telemed Telecare 2018 Jan;24(1):4-12 [FREE Full text] [doi: 10.1177/1357633X16674087] [Medline:
29320966]

34. Davies L, Hinman RS, Russell T, Lawford B, Bennell K, International Videoconferencing Steering Group. An international
core capability framework for physiotherapists to deliver quality care via videoconferencing: a Delphi study. J Physiother
2021 Oct;67(4):291-297 [FREE Full text] [doi: 10.1016/j.jphys.2021.09.001] [Medline: 34521586]

35. Ahmad E, Sargeant JA, Yates T, Webb DR, Davies MJ. Type 2 diabetes and impaired physical function: a growing problem.
Diabetology 2022 Jan 11;3(1):30-45. [doi: 10.3390/diabetology3010003]

36. Lopez KJ, Tong C, Whate A, Boger J. “It’s a whole new way of doing things”: the digital divide and leisure as resistance
in a time of physical distance. World Leis J 2021 Sep 15;63(3):281-300. [doi: 10.1080/16078055.2021.1973553]

37. Faulkner J, O'Brien WJ, Stuart B, Stoner L, Batten J, Wadsworth D, et al. Physical activity, mental health and wellbeing
of adults within and during the easing of COVID-19 restrictions, in the United Kingdom and New Zealand. Int J Environ
Res Public Health 2022 Feb 04;19(3):1792 [FREE Full text] [doi: 10.3390/ijerph19031792] [Medline: 35162815]

38. Mariano J, Marques S, Ramos MR, Gerardo F, Cunha C, Girenko A, et al. Too old for technology? stereotype threat and
technology use by older adults. Behaviour & Information Technology 2021 Feb 07;41(7):1503-1514 [FREE Full text] [doi:
10.1080/0144929X.2021.1882577]

39. Vroman K, Arthanat S, Lysack C. “Who over 65 is online?” older adults’ dispositions toward information communication
technology. Comput Human Behav 2015 Feb;43:156-166 [FREE Full text] [doi: 10.1016/j.chb.2014.10.018]

40. Boulton-Lewis GM, Buys L, Lovie-Kitchin J. Learning and active aging. Educ Gerontol 2006 Apr 1;32(4):271-282. [doi:
10.1080/03601270500494030]

41. Titler M. Translation Research in Practice: An Introduction. Online J Issues Nurs 2018 May 31;23(2) [FREE Full text]
[doi: 10.3912/OJIN.Vol23No02Man01]

J Med Internet Res 2022 | vol. 24 | iss. 9 | e39800 | p.453https://www.jmir.org/2022/9/e39800
(page number not for citation purposes)

Kirwan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.mdpi.com/resolver?pii=ijerph16050701
http://dx.doi.org/10.3390/ijerph16050701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30818773&dopt=Abstract
http://dx.doi.org/10.1097/JSM.0b013e31815c1d68
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18185042&dopt=Abstract
http://dx.doi.org/10.3390/diabetology3020025
https://dx.doi.org/10.4178/epih.e2020038
http://dx.doi.org/10.4178/epih.e2020038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32512661&dopt=Abstract
http://qualitysafety.bmj.com/lookup/pmidlookup?view=long&pmid=34642228
http://dx.doi.org/10.1136/bmjqs-2021-013613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34642228&dopt=Abstract
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://dx.doi.org/10.2337/diacare.26.5.1641-a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12716841&dopt=Abstract
https://europepmc.org/abstract/MED/15230939
http://dx.doi.org/10.1111/j.1475-6773.2004.00269.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15230939&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-020-01021-y
http://dx.doi.org/10.1186/s13012-020-01021-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32690104&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu12061583
http://dx.doi.org/10.3390/nu12061583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32481594&dopt=Abstract
https://europepmc.org/abstract/MED/33950348
http://dx.doi.org/10.1007/s12020-021-02739-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33950348&dopt=Abstract
https://europepmc.org/abstract/MED/33447852
https://europepmc.org/abstract/MED/33447852
http://dx.doi.org/10.1093/tbm/ibaa141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33447852&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1357633X16674087?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/1357633X16674087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29320966&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1836-9553(21)00099-0
http://dx.doi.org/10.1016/j.jphys.2021.09.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34521586&dopt=Abstract
http://dx.doi.org/10.3390/diabetology3010003
http://dx.doi.org/10.1080/16078055.2021.1973553
https://www.mdpi.com/resolver?pii=ijerph19031792
http://dx.doi.org/10.3390/ijerph19031792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35162815&dopt=Abstract
https://doi.org/10.3389/fpsyg.2020.568972
http://dx.doi.org/10.1080/0144929X.2021.1882577
https://doi.org/10.1016/j.chb.2014.10.018
http://dx.doi.org/10.1016/j.chb.2014.10.018
http://dx.doi.org/10.1080/03601270500494030
https://ojin.nursingworld.org/MainMenuCategories/ANAMarketplace/ANAPeriodicals/OJIN/TableofContents/Vol-23-2018/No2-May-2018/Translational-Research-in-Practice.html
http://dx.doi.org/10.3912/OJIN.Vol23No02Man01
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
ACT: Australian Capital Territory
AEP: accredited exercise physiologist
DES: Diabetes Empowerment Scale
MADI: Model for Adaptation, Design, and Impact
NSW: New South Wales
PAM: Patient Activation Measure
T2DM: type 2 diabetes mellitus

Edited by G Eysenbach; submitted 24.05.22; peer-reviewed by L Davies, D Goodrich; comments to author 01.07.22; revised version
received 14.07.22; accepted 31.08.22; published 23.09.22.

Please cite as:
Kirwan M, Chiu CL, Laing T, Chowdhury N, Gwynne K
A Web-Delivered, Clinician-Led Group Exercise Intervention for Older Adults With Type 2 Diabetes: Single-Arm Pre-Post Intervention
J Med Internet Res 2022;24(9):e39800
URL: https://www.jmir.org/2022/9/e39800 
doi:10.2196/39800
PMID:36149745

©Morwenna Kirwan, Christine L Chiu, Thomas Laing, Noureen Chowdhury, Kylie Gwynne. Originally published in the Journal
of Medical Internet Research (https://www.jmir.org), 23.09.2022. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on https://www.jmir.org/,
as well as this copyright and license information must be included.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e39800 | p.454https://www.jmir.org/2022/9/e39800
(page number not for citation purposes)

Kirwan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2022/9/e39800
http://dx.doi.org/10.2196/39800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36149745&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

An Internet-Based Education Program for Human Papillomavirus
Vaccination Among Female College Students in Mainland China:
Application of the Information-Motivation-Behavioral Skills Model
in a Cluster Randomized Trial

Mingyu Si1, MD; Xiaoyou Su1*, PhD; Yu Jiang1*, PhD; Wenjun Wang2, PhD; Xi Zhang3, PhD; Xiaofen Gu4, PhD;

Li Ma5, PhD; Jing Li6, PhD; Shaokai Zhang7, PhD; Zefang Ren8, PhD; Yuanli Liu9, PhD; Youlin Qiao1, PhD
1School of Population Medicine and Public Health, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China
2School of Nursing, Jining Medical University, Jining, China
3Key Laboratory of Carcinogenesis and Translational Research (Ministry of Education), Beijing Office for Cancer Prevention and Control, Peking
University Cancer Hospital & Institute, Beijing, China
4Affiliated Tumor Hospital, Xinjiang Medical University, Urumqi, China
5School of Public Health, Dalian Medical University, Dalian, China
6West China School of Public Health, West China Forth Hospital, Sichuan University, Chengdu, China
7Henan Cancer Hospital, Affiliated Cancer Hospital of Zhengzhou University, Zhengzhou, China
8School of Public Health, Sun Yat-sen University, Guangzhou, China
9School of Health Policy and Management, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China
*these authors contributed equally

Corresponding Author:
Xiaoyou Su, PhD
School of Population Medicine and Public Health
Chinese Academy of Medical Sciences and Peking Union Medical College
5 DongDanSanTiao, Dongcheng District
Beijing, 100730
China
Phone: 86 10 65256070
Email: suxiaoyou@hotmail.com

Abstract

Background: Patients diagnosed with cervical cancer in the last 2 decades were mainly young females. Human papillomavirus
(HPV) vaccination is the most radical way to prevent HPV infection and cervical cancer. However, most female college students
in mainland China have not yet been vaccinated, and their relevant knowledge is limited. Theory-based education delivered via
the internet is a potentially accessible and useful way to promote HPV vaccination among this population.

Objective: This 3-month follow-up study intended to identify the feasibility and efficacy of an information-motivation-behavioral
skills (IMB) model–based online intervention for promoting awareness and willingness regarding HPV vaccination among female
college students.

Methods: A 7-day online HPV education program for female college students in mainland China was developed using a cluster
randomized trial design. Recruitment and questionnaire surveys were performed online without face-to-face contact. SPSS 23.0
was used for statistical analysis. The chi-square test and t test were used to compare differences in qualitative and continuous
variables between intervention and control groups. The generalized estimating equation was used to test the effectiveness of the
intervention with a consideration of the time factor.

Results: Among 3867 participants, 102 had been vaccinated against HPV before the study (vaccination rate of 2.6%). A total
of 3484 participants were followed up after the baseline survey, with no statistical difference in the loss rate between the intervention
and control groups during the intervention and follow-up periods. At different follow-up time points, HPV-related knowledge,
and the motivation, behavioral skills, and willingness regarding HPV vaccination were higher in the intervention group than in
the control group. HPV-related knowledge was statistically different between the 2 groups, while the motivation, behavioral
skills, and willingness regarding HPV vaccination only showed statistical differences right after the intervention, reaching a peak
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right after the intervention and then gradually reducing over time. Furthermore, there was no statistical difference in the HPV
vaccination rate between the 2 groups.

Conclusions: IMB model–based online education could be a promising way to increase the HPV vaccination rate and reduce
the burden of HPV infection and cervical cancer among high-risk female college students in China.

Trial Registration: Chinese Clinical Trial Registry ChiCTR1900025476; http://www.chictr.org.cn/showprojen.aspx? proj=42672

International Registered Report Identifier (IRRID): RR2-DOI:10.1186/s12889-019-7903-x

(J Med Internet Res 2022;24(9):e37848)   doi:10.2196/37848

KEYWORDS

human papillomavirus vaccination; internet-based education; information-motivation-behavioral skills model; female college
students; China

Introduction

Background
Cervical cancer, a serious infectious disease mostly caused by
high-risk human papillomavirus (HPV) types, is the fourth most
common reason worldwide for tumor-related hospital admission
in women [1,2]. In 2018, in China, cervical cancer resulted in
48,000 deaths and 106,000 cases [1]. Previous studies found
that young women were at higher risk of HPV infection, and
showed elevated HPV infection problems owing to their age
and the sexually transmitted nature of the virus [3-5]. Female
college students, most of whom were ready for sexual debut
and had relatively low awareness of disease prevention, similarly
demonstrated HPV infection problems right after starting college
[4,6].

At the end of 2020, China initiated a program for cancer
prevention jointly issued by 10 ministries, including the National
Health Commission, and joined in the action of the “global
strategy to accelerate the elimination of cervical cancer”
advocated by the World Health Organization [7-9]. Since the
approval of preventive HPV vaccines in mainland China in
2016, the HPV vaccination rate has remained poor, highlighting
the importance of understanding the reasons for vaccination
refusal and the ways to promote HPV vaccination among young
populations [6,10].

Improving the HPV vaccination rate and vaccination willingness
is the most salient way to eliminate cervical cancer [11,12].
Most published studies on the willingness to undergo HPV
vaccination among Chinese college students were conducted
before the availability of HPV vaccines in China [13-15].
Information about the actual rate of HPV vaccination and
willingness to undergo HPV vaccination after the approval of
HPV vaccines is scarce. Interventions guided by health
behavioral theories were widely applied in previous studies
[16-19]. A review conducted in 2018 identified 70 scientific
articles providing supportive evidence that education guided
by health behavioral theories was effective in promoting HPV
vaccination [20]. However, only a few interventions on the
perceptions of HPV vaccination have been published in China,
and they involved limited sample sizes and did not involve
health behavioral theories [21-23].

Currently, in China, there is a free HPV vaccination program
in pilot regions among school girls less than 14 years old [24],

but there are no effective strategies to improve HPV vaccine
coverage among female college students who are at higher risk
of HPV infection and have been suggested to be a “catch-up”
population for HPV vaccination in many other countries. The
information-motivation-behavioral skills (IMB) model is one
of the commonly used theories on health promotion. To our
knowledge, no previous study has been performed to evaluate
IMB model–based online education for HPV vaccination among
female college students from different regions in mainland
China, with a follow-up duration of 3 months.

Objectives
This study has the following 3 objectives: (1) to evaluate the
feasibility and acceptability of the IMB model–based online
intervention; (2) to examine whether and how this intervention
improves HPV vaccination; and (3) to identify the barriers and
facilitators of HPV vaccination among female college students
in mainland China.

Methods

Study Design
The protocol for this study was published before the
interventions were carried out [25]. Briefly, this study was a
multicenter 2-arm cluster randomized trial. First-year female
college students from 7 universities from different geographical
locations in mainland China were recruited and randomly
assigned 1:1 to either an IMB model–based intervention group
or a waitlist control group based on their class. The intervention
group received online education to promote the willingness to
undergo HPV vaccination for 7 consecutive days, which was
guided by the IMB model and conducted on a communication
platform called DingTalk (Alibaba Group). The intervention
group was compared with the waitlist control group in terms of
the perceptions of HPV vaccination and willingness to undergo
HPV vaccination. Recruitment of the study participants began
in February 2020, and data collection was completed in July
2020. The whole process of participant recruitment, data
collection, and intervention was conducted online, which
coincided with the outbreak of COVID-19 in China, when
Chinese college students were all self-isolated at home. The
CHERRIES (Checklist for Reporting Results of Internet
E-Surveys) checklist was used to guide the reporting of our
web-based survey [26]. The CONSORT-EHEALTH
(Consolidated Standards of Reporting Trials of Electronic and
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Mobile Health Applications and Online Telehealth) checklist
is presented in Multimedia Appendix 1 [27].

Recruitment and Eligibility
Participating students were recruited through notices on campus
or advertisements in social media groups, posted in advance by
partner teachers. Interested participants scanned the QR code
on the notices or advertisements to fill in their class name and
provide informed consent regarding the research objectives,
requirements, procedures, benefits, and other study-related
information. Potential participants were assessed for eligibility
before the baseline survey. The eligibility criteria for the study
were as follows: (1) female sex; (2) age ≥18 years; (3) first-year
college student; (4) no vaccination contraindications; and (5)
accessibility to computers or smartphones. Enrolled participants
were given a link to either the intervention group or the control
group that had already been set up in advance in DingTalk.

Randomization and Blinding
In order to facilitate the management of participants and reduce
loss of follow-up, enrolled participants were randomly assigned
by class to the intervention and control groups. The investigator
in each college, who was blinded to the identity of the
participants, used computer software (Excel program, Microsoft
Corp) to generate a series of random numbers for both the
first-year Arts and Science major classes. Eligible participants
were identified as either the intervention group or the control
group based on the class name they entered when they scanned
the QR code on the recruiting information. Participants, data
analysts, and investigators were all blinded to the randomized
allocation, and only the research assistants in each center were
aware of the allocation.

IMB Model–Based Intervention

Theoretical Framework
The theoretical framework used to guide this online intervention
was the IMB model [28]. This theory assumes that a person
with rich knowledge will have the intention to practice healthy
behaviors when he/she has motivation, the ability/skills to
complete healthy behaviors, and self-efficacy, and the intention
will be easily transformed into actual practice when objective
conditions permit [19,29]. Therefore, we developed 2-day
materials to popularize HPV knowledge, 2-day materials on
situational stories to motivate participants to vaccinate
themselves against HPV, and 3-day materials on objective skills
with self-decision making, self-efficacy, and objective
conditions for making an appointment and receiving the HPV
vaccine. The above intervention materials were designed as
online readable texts or videos that could be easily accessed by
the target population.

Intervention Materials
The intervention materials were developed by the research team
based on the IMB model, and were uploaded and shared via the
DingTalk platform by research assistants at each center. Upon
randomization, the intervention group accessed the materials
by scanning the QR code on each of the cover pages of the
educational materials. During the daily intervention, we included
quizzes on each day’s topics to check and consolidate the
knowledge gained by the participants. It took about 10-15
minutes for the participants to read and learn the materials,
depending on their learning ability. The forms, contents, and
corresponding purposes of the IMB model–based education in
this intervention are presented in Table 1.
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Table 1. Cover pages, contents, and purposes of the information-motivation-behavioral skills model–based 7-day education.

PurposeExamples of the quizzesContentCover pageSerial
number

To provide a general
overview of the topic, by
attracting the subjects’
attention with interesting
animations.

1. What is the transmission route of HPV?

2. True or false: HPV infection can cause
condyloma acuminata, oropharyngeal cancer,
cervical cancer, and anal cancer.

General facts about HPVa, including
HPV infection and related diseases.
For example, there are more than a
hundred different types of HPV, some
of which are high risk and linked to
the development of cancers, including
cervical cancers.

1

To convey relevant mes-
sages to improve the
subjects’ understanding
of HPV vaccines and
vaccination.

1. True or false:

(1) HPV vaccine is a cervical cancer vaccine.

(2) The best time for HPV vaccination is be-
fore sex debut.

(3) Women who have been vaccinated against
HPV do not need cervical screening.

Frequently asked questions and an-
swers about HPV vaccine. For exam-
ple, how does the HPV vaccine work?
What are the recommended ages and
populations for vaccination?

2

To use real-life experi-
ences to stimulate the
participants’ fear and
susceptibility to cervical
cancer and arouse their
desire to be vaccinated
against HPV.

1. True or false: Persistent HPV infection
may cause cervical cancer.

2. What is the recommended age for cervical
cancer screening?

A story of a female movie star who
died of cervical cancer. Then, a case
of a woman who missed HPV vacci-
nation and cervical cancer screening,
reached the terminal stage of cancer
right after being found symptomatic,
and died after painful treatment. Final-
ly, the relevant facts about the
screening, treatment, and prognosis
of cervical cancer.

3

To call for HPV vaccina-
tion and regular cervical
cancer screening, in order
to arouse the desire of
participants to get vacci-
nated against HPV.

1. Regarding the high-risk factors of cervical
cancer, which of the following is wrong?

A. Premature birth and fertility

B. Premature sex

C. Hormone replacement therapy

D. Sexual disorder

Risk factors and early symptoms of
cervical cancer, and ways to prevent
and control cervical cancer.

4

To make firm the partici-
pants’ determination to
receive HPV vaccines,
and communicate effec-
tively with parents and
friends to obtain support.

1. Application information: Please select the
views that support HPV vaccination (multiple
choices)

A. I am at risk of contracting HPV.

B. I am afraid of needle tingling.

C. HPV infection will affect my daily life.

D. The price of vaccines is too expensive.

The concept and practice of decision-
making and effective communication.

5

To provide guidance on
how to improve self-effi-
cacy and turn the idea of
HPV vaccination into ac-
tion.

What are the ways to improve self-efficacy
(multiple choices)?

1. Try to stick to a good habit.

2. Concentrate on what you do.

3. Evaluate the pros and cons and make a
decision.

4. Self-discipline and self-motivation.

The concept and function of self-effi-
cacy, evaluation of self-efficacy, and
ways to improve self-efficacy.

6

To provide detailed objec-
tive information required
for HPV vaccination,
making HPV vaccination
more accessible and con-
venient.

The last page is linked to the online question-
naire after the intervention.

Provide participants with the objec-
tive skills needed for HPV vaccina-
tion in the form of invitation letters
designed with HTML5 front-end
technology, such as appointment
platform, price, vaccination venue,
etc.

7

aHPV: human papillomavirus.

Waitlist Control Group
The study was carried out when COVID-19 broke out worldwide
at the beginning of 2020. In order to increase the compliance

of the control group and reduce the probability of compromising
the blind nature of the study, the control group was given 7 days
of information on COVID-19 prevention, which was organized
and presented in the same format and platform as the educational
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materials in the intervention group. At the end of the study, the
waitlist control group received the same educational materials
as the intervention group.

Outcomes and Measurements
The internet-based questionnaire surveys were administered at
4 time points (baseline, immediately after the intervention, and
1 month and 3 months after the intervention), and participants
were given notebooks and pens with the logo of the research
institution as incentives.

Background characteristics, including age, major in college,
ethnicity, residence, parental residence, education and marital
status, monthly living expenses (RMB), family/friends with any
cancer, ever received sexual education, currently in a romantic
relationship, sexual debut, and attitude toward premarital sex,
were measured in this study. These variables are necessary
information, basic information, or information related to HPV
vaccination as shown in previous literature [30].

The primary outcome measures were self-reported willingness
to undergo HPV vaccination and uptake of HPV vaccination.
At baseline and each follow-up, the participants were asked
“Are you willing to get the HPV vaccine in the future?” and
“Have you been vaccinated against HPV?” with “Yes” and “No”
response options. It should be noted that there were some
differences in the way we asked questions regarding the
willingness to undergo HPV vaccination. The 3-month
questioning time frame was in the “future,” while the baseline
and other 2 follow-up questioning time frames were “within
the study period.” The differences in outcomes are detailed in
the Results section.

The secondary outcome measures were the
information/knowledge, motivation, and behavioral skills
regarding HPV vaccination, which were designed based on the
IMB model. Among them, the information part consisted of 11
questions. For example, “HPV is related to the development of
cervical cancer,” with answer options “Agree,” “Disagree,” and
“Do not know” (Cronbach α=.78) [30-33]. Motivation for
vaccination was measured by 19 questions. For example,
“Getting vaccinated for HPV will help protect me from HPV
infection” (Cronbach α=.71) [31,34-36]. Behavioral skills were
measured by 10 questions. For example, “I feel confident in my
ability to get vaccinated for HPV, even if it is expensive”
(Cronbach α=.88) [33,35]. The answers for these items were
measured on a 5-point Likert scale (1=strongly disagree,
2=disagree, 3=neither disagree nor agree, 4=agree, and
5=strongly agree). A description of the baseline results for this
study has been published [37].

In the 3rd month after the intervention, the participants were
asked about their perceptions of the barriers and facilitators of
HPV vaccination, such as the reasons for not receiving the HPV
vaccine; choices of the HPV vaccine; opinions on promoting
HPV vaccination in China; and willingness to receive the HPV
vaccine under different scenarios.

Ethics Approval
This study was approved by the Institutional Review Board of
the Chinese Center for Disease Control and Prevention on
October 24, 2019 (approval number: 201918-01).

Statistical Analysis
IBM SPSS Statistics 23.0 (IBM Corp) was used to process the
data and conduct statistical comparisons between the
intervention and control groups. Independent t tests and
chi-square tests were used to compare the distributions of the
continuous and categorical variables, respectively. Analyses
were conducted based on an intention-to-treat approach, and
statistical significance was set at P<.05 (2-sided). The effects
of the IMB model–based intervention on knowledge, motivation,
behavioral skills, and willingness regarding HPV vaccination
were examined using generalized estimating equations (GEEs).
We included significant variables in baseline chi-square analysis,
and assessed group (intervention and control), time (baseline,
immediately after the intervention, and 1 month and 3 months
after the intervention), and time × group interaction, with the
time × group interaction indicating a differential change by
group from baseline to the end of the trial.

Results

Overview
The flowchart for participant recruitment is presented in Figure
1. From February 2020 to March 2020, a total of 4051 female
college students were recruited and screened, among whom 83
refused to participate in the study, 101 did not meet the inclusion
criteria, and 102 reported that they had been vaccinated with
the HPV vaccine prior to the study. Among the participants who
met the inclusion criteria, the HPV vaccination rate was 2.6%
(102/3867). A total of 3765 participants signed the informed
consent and completed the baseline questionnaire (T-baseline).
However, 26 participants were not grouped and withdrew from
the study. There were eventually 1936 participants in the
intervention group and 1803 participants in the control group.
A total of 3224 (86.2%) participants completed the
postintervention questionnaire (T-postintervention). In the
intervention group, 1662 participants completed the IMB
model–based intervention, and 1562 participants in the control
group received non-HPV–related content in the same period.
In addition, a total of 3215 (86.0%) participants (1670 in the
intervention group and 1545 in the control group) completed
the follow-up assessment 1 month after the intervention (T-1
month). Finally, a total of 3071 (82.1%) participants completed
the 3-month follow-up evaluation (T-3 months), including 1582
and 1489 participants in the intervention and control groups,
respectively. The proportions of participants in the intervention
group and control group who completed the T-postintervention
assessment were 85.9% (1662/1936) and 86.6% (1562/1803),
respectively, and the difference was not statistically significant
(P=.49). The completion rates of the T-1 month assessment in
the intervention and control groups were 86.2% (1670/1936)
and 86.6% (1562/1803), respectively, and the difference was
not statistically significant (P=.62). The completion rates of the
T-3 months assessment in the intervention and control groups
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were 81.7% (1582/1936) and 82.6% (1489/1803), respectively, with no statistically significant difference (P=.49).

Figure 1. The study flowchart.

Participant Characteristics
The participants with at least one follow-up record were included
in our analysis. A total of 3484 respondents were identified,
and the mean age was 19.12 (SD 0.73) years. Over half of the
respondents (1848/3484, 53.0%) were majoring in Arts in
college, and 87.7% (3057/3484) were Han Chinese. Most of
the respondents (2207/3484, 63.4%) and their parents
(2189/3484, 62.8%) lived in urban areas during the study period.
Regarding the educational background of the parents, less than
half (1591/3484, 45.7%) of them had a junior high school or
lower education, and only 24.6% (856/3484) of the parents had
a college degree or above. Most of the respondents’ parents
(2819/3484, 80.9%) were married at the time of the research,

while 6.9% (239/3484) were divorced, 9.8% (340/3484) were
unmarried cohabiting, and 2.5% (86/3484) were widowed.
Overall, 71.3% (2483/3484) had monthly living expenses
ranging from 1000 to 2000 yuan (US$ 144.35 to 288.71), and
about a third (842/3484, 24.2%) of all respondents had relatives
or friends with cancer. Moreover, 79.2% (2758/3484) of the
respondents self-reported having ever received sexual education,
while 16.9% (590/3484) were currently in a romantic
relationship. Only 2.8% (97/3484) had sexual debut, while
37.6% (1310/3484) said they could accept premarital sex. As
shown in Table 2, both groups were comparable in terms of
their sociodemographic characteristics, except previous sexual
intercourse, for which there were more participants in the
intervention group than in the control group.
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Table 2. Baseline characteristics of the participants.

P valueχ2 (df)Control group

(N=1696)

Intervention group

(N=1788)

All (N=3484)Variable

.730.34a (3482)19.11 (0.73)19.12 (0.72)19.12 (0.73)Age (years), mean (SD)

.390.73 (1)Major in college, n (%)

887 (52.3)961 (53.8)1848 (53.0)Arts

809 (47.7)827 (46.3)1636 (47.0)Science

.620.25 (1)Ethnicity, n (%)

1493 (88.0)1564 (87.5)3057 (87.7)Han

203 (12.0)224 (12.5)427 (12.3)Other

.251.32 (1)Location, n (%)

1058 (62.4)1149 (64.3)2207 (63.4)Urban

638 (37.6)639 (35.7)1277 (36.7)Rural

.311.05 (1)Parental location, n (%)

1051 (62.0)1138 (63.7)2189 (62.8)Urban

645 (38.0)650 (36.4)1295 (37.2)Rural

.620.97 (2)Parental education, n (%)

1391 (82.0)1428 (79.9)1591 (45.7)Junior high school or less

119 (7.0)120 (6.7)1037 (29.8)Senior high school or technical secondary school

151 (8.9)189 (10.6)856 (24.6)College or more

.155.29 (3)Marital status of parents, n (%)

35 (2.1)51 (2.9)2819 (80.9)Married

760 (44.8)831 (46.5)239 (6.9)Divorced/separated

513 (30.3)524 (29.3)340 (9.8)Unmarried cohabiting

423 (24.9)433 (24.2)86 (2.5)Widowed

.065.49 (2)Monthly living expenses (RMB)b, n (%)

328 (19.3)392 (21.9)720 (20.7)<1000

1240 (73.1)1243 (69.5)2483 (71.3)1000-2000

128 (7.6)153 (8.6)281 (8.1)>2000

.380.78 (1)Family/friends with any cancer, n (%)

421 (24.8)421 (23.6)842 (24.2)Yes

1275 (75.2)1367 (76.5)2642 (75.8)No

.530.40 (1)Ever received sexual education, n (%)

1335 (78.7)1423 (79.6)2758 (79.2)Yes

361 (21.3)365 (20.4)726 (20.8)No

.540.38 (1)Currently in a romantic relationship, n (%)

294 (17.3)296 (16.6)590 (16.9)Yes

1402 (82.7)1492 (83.5)2894 (83.1)No

.04c4.43 (1)Had sexual debut, n (%)

37 (2.2)60 (3.4)97 (2.8)Yes

1659 (97.8)1728 (96.6)3387 (97.2)No

.590.29 (1)Attitude toward premarital sex, n (%)

630 (37.2)680 (38.0)1310 (37.6)Yes
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P valueχ2 (df)Control group

(N=1696)

Intervention group

(N=1788)

All (N=3484)Variable

1066 (62.9)1108 (62.0)2174 (62.4)No

aAnalysis for t test.
bA currency exchange rate of 1 RMB=US $0.14435 is applicable.
cSignificant P<.05.

Evaluation of the Intervention
Baseline differences were discovered for previous sexual
intercourse alone, and as such, all subsequent analyses were
adjusted for previous sexual experience (Table 3).

Table 3. Generalized estimating equation model of willingness and the 3 dimensions of the information-motivation-behavioral skills model regarding
human papillomavirus vaccination between the intervention and control groups.

Behavioral skillsMotivationInformationWillingness to receive

the HPVb vaccine
Variablea

P valueβP valueβP valueβP valueβ

Sexual debut

ReferenceReferenceReferenceReferenceNo

.01c0.137<.001c0.171<.001c1.037<.001c1.025Yes

Timed

ReferenceReferenceReferenceReferenceT-baseline

.006c−0.029<.001c−0.055<.001c0.391.67−0.019T-postintervention

<.001c−0.043<.001c−0.065<.001c0.628.27−0.055T-1 month

.23−0.017<.001c−0.035<.001c0.762<.001c1.476T-3 months

Group

ReferenceReferenceReferenceReferenceControl

.520.011.840.002.260.103.560.042Intervention

Timed × group

ReferenceReferenceReferenceReferenceT-baseline × intervention/control

<.001c0.104<.001c0.115<.001c2.202<.001c0.320T-postintervention × intervention/control

<.001c0.062<.001c0.085<.001c1.892.01c0.183T-1 month × intervention/control

.003c0.059<.001c0.053<.001c1.688.130.140T-3 months × intervention/control

aThe generalized estimating equation model was adjusted with the significant variable in the chi-square analysis of baseline data, namely “sexual debut.”
bHPV: human papillomavirus.
cSignificant P<.05.
dTime points: baseline (T-baseline), immediately after the intervention (T-postintervention), 1 month after the intervention (T-1 month), and 3 months
after the intervention (T-3 months).

Willingness to Receive the HPV Vaccine
The GEE revealed the simple effects of time (T-3 months vs
T-baseline, β=1.476; P<.001) and a significant time × group
interaction for T-postintervention vs T-baseline (β=0.320;
P<.001) and T-1 month vs T-baseline (β=0.183; P=.011), but
no group effect (intervention group vs control group; β=0.042,
P=.56). Compared with the control group, the intervention group
showed a significant increase in the willingness to undergo HPV
vaccination immediately and 1 month after the intervention.

HPV Information
The GEE revealed the simple effects of time (T-postintervention,
T-1 month, and T-3 months vs T-baseline; β=0.391, 0.628, and
0.762, respectively; P<.001) and a significant time × group
interaction for T-postintervention, T-1 month, and T-3 months
vs T-baseline (β=2.202, 1.892, and 1.688, respectively; P<.001),
but no group effect (intervention group vs control group;
β=0.103; P=.26). Compared with the control group, the
intervention group showed a significant increase in HPV
information after the intervention.
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Motivation for HPV Vaccination
The GEE revealed the simple effects of time (T-postintervention,
T-1 month, and T-3 months vs T-baseline; β=−0.055, −0.065,
and −0.035, respectively; P<.001) and a significant time × group
interaction for T-postintervention, T-1 month, and T-3 months
vs T-baseline (β=0.115, 0.085, and 0.053, respectively; P<.001),
but no group effect (intervention group vs control group;
β=0.002; P=.84). Compared with the control group, the
intervention group showed a significant increase in motivation
for HPV vaccination after the intervention.

Behavioral Skills for HPV Vaccination
The GEE revealed the simple effects of time for
T-postintervention vs T-baseline (β=−0.029; P=.006) and for
T-1 month vs T-baseline (β=−0.043; P<.001). A significant
time × group interaction was found for T-postintervention and
T-1 month vs T-baseline (β=0.104 and 0.062, respectively;
P<.001) and for T-3 months vs T-baseline (β=0.059; P=.003),
but there was no group effect (intervention group vs control
group; β=0.011; P=.52). Compared with the control group, the
intervention group showed a significant increase in behavioral
skills for HPV vaccination after the intervention.

Intervention Effects on the Willingness to Undergo
HPV Vaccination and Practice of HPV Vaccination
Table 4 shows the main effect of the intervention on the
willingness to undergo HPV vaccination from baseline to
follow-up. At baseline, the willingness rates to undergo HPV
vaccination in the intervention and control groups were 33.33%

and 31.96%, respectively, and there was no significant difference

between the 2 groups (χ2
1=0.75; P=.39). Immediately after the

intervention, the willingness rates to undergo HPV vaccination
in the intervention and control groups were 40.39% and 31.56%,
respectively, with statistically significant differences between
the 2 groups and within the intervention group from T-baseline

to T-postintervention (χ2
1=27.11; P<.001; and χ2

1=15.43;
P<.001, respectively). At T-1 month, the willingness rates to
receive the HPV vaccine in the intervention and control groups
were 35.65% and 31.34%, respectively. At this point, the
difference between the 2 groups was statistically significant

(χ2
1=6.64; P=.01), but there was no significant difference within

the intervention group from T-baseline to T-1 month (χ2
1=1.40;

P=.24). At T-3 months, the willingness rates to undergo HPV
vaccination in the intervention and control groups were 70.59%
and 66.17%, respectively, with statistically significant
differences between the 2 groups and within the intervention

group from T-baseline to T-3 months (χ2
1=6.81; P=.01; and

χ2
1=368.59; P<.001, respectively).

At different time points, the HPV vaccination rates in the
intervention and control groups were as follows:

T-postintervention, 0.48% and 0.19%, respectively (χ2
1=1.98;

P=.16); T-1 month, 0.72% and 0.65%, respectively (χ2
1=0.06;

P=.81); T-3 months, 2.21% and 1.75%, respectively (χ2
1=0.86;

P=.36).

Table 4. Main effect of the intervention on the willingness to undergo human papillomavirus vaccination from baseline to follow-up.

P valuecχ2c (df)Control groupP valuebχ2b (df)Intervention groupVariable and timea

No, n/N (%)Yes, n/N (%)No, n/N (%)Yes, n/N (%)

Willingness to receive the HPVd

vaccine

.390.75 (1)1154/1696
(68.0)

542/1696
(32.0)

N/AN/Af1192/1788
(66.7)

596/1788
(33.3)

T-baselinee

<.001g27.11 (1)1067/1559
(68.4)

492/1559
(31.6)

<.001g15.43 (1)986/1654
(59.6)

668/1654
(40.4)

T-postinterventione

.01g6.64 (1)1054/1535
(68.7)

481/1535
(31.3)

.241.40 (1)1067/1658
(64.3)

591/1658
(35.7)

T-1 monthe

.01g6.81 (1)495/1463
(33.8)

968/1463
(66.2)

<.001g368.59 (1)455/1547
(29.4)

1092/1547
(70.6)

T-3 monthsh

aTime points: baseline (T-baseline), immediately after the intervention (T-postintervention), 1 month after the intervention (T-1 month), and 3 months
after the intervention (T-3 months).
bComparison between baseline and different follow-up time points in the intervention group.
cComparison between the intervention and control groups at baseline and each follow-up time point.
dHPV: human papillomavirus.
eAre you willing to get the HPV vaccine in recent months?
fN/A: not applicable.
gSignificant P<.05.
hAre you willing to get the HPV vaccine in the future?

J Med Internet Res 2022 | vol. 24 | iss. 9 | e37848 | p.463https://www.jmir.org/2022/9/e37848
(page number not for citation purposes)

Si et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Intervention Effects on IMB Model Variables

HPV-Related Information
Compared with the control group, the participants in the
intervention group demonstrated a significant improvement in

knowledge scores from baseline to any posttest time point
(P<.001). In addition, there were significant changes in
knowledge scores from baseline to any posttest time point
(P<.001) within the intervention group (Figure 2A; Table 5).

Figure 2. Trends of the mean scores of information (A), motivation (B), and behavioral skills (C) regarding human papillomavirus (HPV) vaccination
in the intervention and control groups over time.
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Table 5. Main effect of the intervention on the mean scores of the information-motivation-behavioral skills model constructs regarding human
papillomavirus vaccination from baseline to follow-up.

P

valued
td (df)Mean difference be-

tween groups (95%
CI)

Control group,
mean score
(SD)

P

valuec
tc (df)Mean difference

within the group
(95% CI)

Intervention
group, mean
score (SD)

IMBa model constructs

and timeb

Information

.321.00 (3482)0.93 (−0.09 to 0.27)5.20 (2.72)N/AN/AN/Ae5.29 (2.74)T-baseline

<.001f27.29 (3222)2.33 (2.16 to 2.49)5.59 (2.86)<.001f32.70 (3448)2.58 (2.43 to 2.74)7.92 (1.84)T-postintervention

<.001f21.46 (3213)1.96 (1.78 to 2.14)5.87 (2.99)<.001f30.52 (3456)2.51 (2.34 to 2.67)7.83 (2.07)T-1 month

<.001f17.76 (3069)1.72 (1.53 to 1.91)6.01 (3.02)<.001f27.25 (3368)2.40 (2.22 to 2.57)7.73 (2.27)T-3 months

Motivation

.700.39 (3482)0.00 (−0.02 to 0.03)3.24 (0.32)N/AN/AN/A3.24 (0.32)T-baseline

<.001f10.00 (3222)0.12 (0.19 to 0.14)3.19 (0.32)<.001f4.81 (3448)0.06 (0.03 to 0.08)3.31 (0.36)T-postintervention

<.001f7.31 (3213)0.09 (0.07 to 0.11)3.18 (0.35).131.50 (3456)0.02 (−0.01 to 0.04)3.27 (0.35)T-1 month

<.001f4.01 (3069)0.05 (0.03 to 0.08)3.20 (0.36).560.59 (3368)0.01 (−0.02 to 0.03)3.26 (0.37)T-3 months

Behavioral skills

.460.74 (3482)0.01 (−0.02 to 0.05)3.65 (0.52)N/AN/AN/A3.66 (0.52)T-baseline

<.001f6.04 (3222)0.12 (0.08 to 0.16)3.62 (0.55)<.001f3.70 (3448)0.07 (0.03 to 0.10)3.74 (0.57)T-postintervention

<.001f3.54 (3213)0.067 (0.03 to 0.11)3.61 (0.55).550.60 (3456)0.01 (−0.03 to 0.05)3.68 (0.56)T-1 month

<.001f3.16 (3069)0.07 (0.02 to 0.11)3.63 (0.58).390.85 (3368)0.02 (−0.02 to 0.05)3.70 (0.57)T-3 months

aIMB: information-motivation-behavioral skills.
bTime points: baseline (T-baseline), immediately after the intervention (T-postintervention), 1 month after the intervention (T-1 month), and 3 months
after the intervention (T-3 months).
cComparison between baseline and different follow-up time points in the intervention group.
dComparison between the intervention and control groups at baseline and each follow-up time point.
eN/A: not applicable.
fSignificant P<.05.

Motivation for HPV Vaccination
Compared with the control group, the participants in the
intervention group demonstrated a significant improvement in
motivation from baseline to any posttest time point (P<.001).
However, in the intervention group, there were no significant
changes in motivation scores from T-baseline to T-1 month or
T-3 months (P=.13 and P=.56, respectively), except for a
significant change from T-baseline to T-postintervention
(P<.001) (Figure 2B; Table 5).

Behavioral Skills for HPV Vaccination
Similar to the trend for motivation, compared with the control
group, the participants in the intervention group demonstrated
a significant improvement in behavioral skills from baseline to
any posttest time point (P<.001). However, in the intervention
group, there were no significant changes in scores of behavioral

skills from T-baseline to T-1 month or T-3 months (P=.55 and
P=.39, respectively), except for a significant change from
T-baseline to T-postintervention (P<.001) (Figure 2C; Table
5).

Perceptions of the Barriers and Facilitators of
Receiving the HPV Vaccine
Table 6 shows that 2060 (68.4%) participants were willing to
undergo HPV vaccination and 2788 (90.52%) participants would
recommend HPV vaccination to their relatives and friends. The
reasons for not undergoing or recommending HPV vaccination
included “worried about its side effects” (471/1694, 27.8%),
“expensive” (433/1694, 25.6%), “unsure of its safety and
effectiveness” (406/1694, 24.0%), “lack of knowledge about
the HPV vaccine” (318/1694, 18.8%), “have no sexual behavior”
(279/1694, 16.5%), and “possible needle injury” (178/1694,
10.5%).
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Table 6. Perceptions of the barriers and facilitators of receiving the human papillomavirus vaccine.

Control group, n (%)Intervention group, n (%)All, n (%)Variable

Reasons for not receiving the HPVa vaccine

Willing to undergo HPV vaccination (N=3010; Ib: 1547, Cc: 1463)

968 (66.2)1092 (70.6)2060 (68.4)Yes

495 (33.8)455 (29.4)950 (31.6)No

Willing to recommend HPV vaccination (N=3071; I: 1582, C: 1489)

1333 (89.5)1447 (91.5)2780 (90.5)Yes

156 (10.5)135 (8.5)291 (9.5)No

Reasons for not undergoing or recommending HPV vaccination (N=1694;
I: 863, C: 831)

199 (24.0)119 (13.8)318 (18.8)Do not know much about the HPV vaccine

235 (28.3)171 (19.8)406 (24.0)Unsure of its safety and effectiveness

261 (31.4)210 (24.3)471 (27.8)Worried about its side effects

96 (11.6)82 (9.5)178 (10.5)Possible needle injury

205 (24.7)228 (26.4)433 (25.6)Expensive

55 (6.6)68 (7.9)123 (7.3)Too many needles

137 (16.5)142 (16.5)279 (16.5)No sexual behavior

5 (0.6)14 (1.6)19 (1.1)Others

Opinions on promoting HPV vaccination (N=3071; I: 1582, C: 1489)

The promotion of the HPV vaccine will be well accepted

1335 (89.7)1425 (90.1)2760 (89.9)Yes

154 (10.3)157 (9.9)311 (10.1)No

The biggest concern about the HPV vaccine

248 (16.7)259 (16.4)507 (16.5)Efficacy/effectiveness

420 (28.2)436 (27.6)856 (27.9)Safety

289 (19.4)254 (16.1)543 (17.7)Side effects

361 (24.2)425 (26.9)786 (25.6)Price

115 (7.7)135 (8.5)250 (8.1)Procedure for appointment and HPV vaccination

37 (2.5)57 (3.6)94 (3.1)Nothing to worry about

The barriers for promoting HPV vaccination

839 (56.4)821 (51.9)1660 (54.1)Insufficient message from the government

1100 (73.9)1230 (77.8)2330 (75.9)Too expensive

844 (56.7)874 (55.3)1718 (55.9)Not covered by medical insurance

781 (52.5)806 (51.0)1587 (51.7)Not included in national immunization programs

607 (40.8)611 (38.6)1218 (39.7)Inconvenient to schedule vaccination

410 (27.5)360 (22.8)770 (25.1)Insufficient experience of doctors

395 (26.5)374 (23.6)769 (25.0)Vaccine hesitancy

284 (19.1)266 (16.8)550 (17.9)HPV vaccine–related stigma

How to promote HPV vaccination

1152 (77.4)1189 (75.2)2341 (76.2)Improve doctor’s recommendation

885 (59.4)908 (57.4)1793 (58.4)Media publicity

958 (64.3)1036 (65.5)1994 (64.9)Make it convenient to schedule vaccination

1182 (79.4)1271 (80.3)2453 (79.9)Provide the vaccine at a reasonable price
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Control group, n (%)Intervention group, n (%)All, n (%)Variable

The most preferable type of HPV vaccine (N=3010; I: 1547, C: 1463)

265 (18.1)287 (18.6)552 (18.3)2-valent HPV (Cervarix, GlaxoSmithKline )

201 (13.7)224 (14.5)425 (14.1)4-valent HPV (Gardasil, Merck and Co, Inc)

458 (31.3)489 (31.6)947 (31.5)9-valent HPV (Gardasil 9, Merck and Co, Inc)

539 (36.8)548 (35.4)1087 (36.1)2-valent HPV (Cecolin, Innovax)

Willingness to receive the HPV vaccine in the future under different scenarios
(N=3010; I: 1547, C: 1463)

If the price is affordable

1374 (93.9)1465 (94.7)2839 (94.3)Yes

89 (6.1)82 (5.3)171 (5.7)No

If it is covered by medical insurance

1391 (95.1)1471 (95.1)2862 (95.1)Yes

72 (4.9)76 (4.9)148 (4.9)No

If it is included in national immunization programs

1395 (95.4)1492 (96.4)2887 (95.9)Yes

68 (4.6)55 (3.6)123 (4.1)No

aHPV: human papillomavirus.
bI: number of participants in the intervention group.
cC: number of participants in the control group.

Among the 3071 complaint participants, most of them
(2760/3071, 89.9%) believed that the promotion of the HPV
vaccine would be well accepted. The major concerns about the
HPV vaccine were “safety” (856/3071, 27.9%) and “price”
(786/3071, 25.6%), followed by “side effects” (543/3071,
17.7%) and “efficacy” (507/3071, 16.5%). In addition, there
were 250 (8.1%) participants concerned about the “procedure
for appointment and uptake of the HPV vaccine,” and only 94
(3.1%) participants did not express any concerns. Regarding
the barriers for promoting HPV vaccination, “too expensive”
(2330/3071, 75.9%), “not being covered by medical insurance”
(1718/3071, 55.9%), “insufficient message from the
government” (1660/3071, 54.1%), and “not being included in
national immunization programs” (1587/3071, 51.7%) were
major concerns. Each of the measures to promote HPV
vaccination in China received more than 50% agreement from
the participants, including “reasonable price” (2453/3071,
79.9%), “doctors’ recommendation” (2341/3071, 76.2%), “be
convenient to schedule vaccination” (1994/3071, 64.9%), and
“media publicity” (1793/3071, 58.4%).

Interestingly, the most preferable type of HPV vaccine we found
was the domestically produced 2-valent HPV vaccine
(1087/3010, 36.1%), followed by the 9-valent HPV vaccine
(947/3010, 31.5%), the 2-valent HPV vaccine (552/3010,
18.3%), and the 4-valent HPV vaccine (425/3010, 14.1%),
which were all produced abroad.

The willingness rate to receive the HPV vaccine was 94.3%
(2839/3010) if the price was affordable. In addition, it increased
to 95.1% (2862/3010) if the HPV vaccination was covered by
medical insurance, and it increased to 95.9% (2887/3010) if the
HPV vaccination was included in national immunization

programs, compared with 68.4% (2060/3010) unconditional
willingness.

Discussion

Principal Findings

Overview
This study investigated the effectiveness of an IMB
model–based online education program for HPV vaccination
among female students from 7 universities in mainland China.
To our knowledge, this is the first study in China to evaluate
the effect of an online health education program guided by a
health behavioral theory on improving the awareness, attitudes,
and willingness regarding HPV vaccination with a randomized
intervention and multiple follow-ups.

Changes in the Willingness to Undergo HPV Vaccination
After the education program, there was a significant increase
in the willingness to be vaccinated against HPV from baseline
in the intervention group. Moreover, the willingness to undergo
HPV vaccination was significantly higher in the intervention
group than in the control group at the end of the study. In line
with the findings of previous studies [21,38,39], the effect of
the health education program peaked right after the intervention
and then gradually diminished over time, but finally, the residual
effect of the health education program could still be observed.
In this study, participants’ motivation toward HPV vaccination
was obviously activated right after the tailored IMB
model–based education program, which was consistent with
the finding of a previous similar study among impulsive youth
[40]. As the passion fades, the participants might begin to think
rationally and objectively based on what they had learned about
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HPV-related issues. They might search for information to
expand their knowledge of the HPV vaccine and then try to
make an appointment for vaccination. During this process, they
are likely to be concerned with the side effects and relatively
high price of the HPV vaccine, and might find it difficult to
make an appointment for HPV vaccination, which would curb
their willingness to receive the vaccine. This study was
conducted during the early stage of the COVID-19 pandemic.
Due to the constraints of home isolation and traffic control, and
the fact that medical resources were tilted toward the prevention
and treatment of COVID-19 infection, it was more difficult for
the participants to make an appointment and receive the HPV
vaccine than usual [41,42]. Therefore, the willingness to be
vaccinated against HPV decreased to the baseline level 1 month
after the education program. Finally, at the end of the study,
participants in the intervention and control groups self-reported
a higher level of willingness to be vaccinated against HPV than
that at baseline, and the willingness was significantly higher in
the intervention group than in the control group. This reminds
us that even if education cannot achieve the expected effect in
the short term, the seeds of health education will take root and
sprout in the participants’ brains, which will trigger thinking in
some people and may guide their decision-making in the future.
Additionally, these results imply that re-education is necessary
to sustain the educational effect.

Intervention Effects on IMB Variables
The daily education and matching quizzes in the intervention
period, which contained questions in the information part of the
questionnaire, probably resulted in a deeper understanding of
HPV-related issues in the intervention group compared with
the control group, even at 3 months after the education program.
In addition, the results also indicated that this study was readily
acceptable to the participants in terms of both educational
contents and forms, and this coincided with the feedback
comments and suggestions from the participants at the end of
the study (data are not presented in this manuscript).

Different from the trend of knowledge over time, motivation
and behavioral skills regarding HPV vaccination only showed
significant differences in the intervention group immediately
after the education program. In this study, a 2-day education
program addressing the role of preventing HPV infection and
negative treatment experiences was given to the participants in
the intervention group, which resulted in a large increase in
motivation to receive the HPV vaccine among the participants.
Similarly, a 3-day education program on decision-making,
self-efficacy, and objective skills regarding HPV vaccination
was given to the intervention group, which not only guided on
the ways to receive financial and emotional support from family
and friends, but also clarified the appointment process of HPV
vaccination and other related issues of concern. The tailored
factual information of this study covered almost all of the
possible difficulties that the students might encounter after they
decided to receive the HPV vaccine. Previous studies [43-45]
showed that compared with awareness and attitudes toward
health behaviors, the adoption of health behaviors usually had
a certain time lag and needed to be gradually realized in
long-term positive practice. In addition, when the scores of the
intervention and control groups were compared, the intervention

group scored better than the control group in each survey after
the education program. The results of this study suggest that
although the 7-day education program might not have been
sufficient to significantly improve motivation and behavioral
skills regarding HPV vaccination in the intervention group at
the end of the study, it can maintain participants’ motivation
and behavioral skills at certain levels and prevent them from
falling.

Perceptions of the Barriers and Facilitators of Receiving
the HPV Vaccine
About two-thirds of the participants in our study were willing
to be vaccinated against HPV, which is higher than the
proportion reported in previous studies [46-48], and 90.5% of
them were likely to recommend the HPV vaccine to their friends
or relatives, which suggests that most of them agreed with the
benefits of the HPV vaccine, but had more concerns when it
came to themselves, such as concerns about the safety,
effectiveness, and possible side effects of the HPV vaccine [49].
In addition, about a quarter of the participants in the control
group believed that a lack of knowledge about HPV-related
issues was holding them back from receiving the HPV vaccine,
which suggests that importance should be given to improving
the knowledge and awareness of HPV vaccination among target
populations. Additionally, the government should take efforts
to make the HPV vaccine affordable and accessible for most
college students; to ensure the supply of the domestically
produced HPV vaccine, which is popular among female college
students; and to promote the coverage of HPV vaccination by
medical insurance or its inclusion in national immunization
programs as soon as possible. Furthermore, the results of this
study suggest that in order to promote HPV vaccination, media
publicity of the HPV vaccine should be strengthened nationwide,
HPV-related information should be added to the in-service
education of doctors, and doctors should be encouraged to
recommend the HPV vaccine to female individuals during the
consultation process.

Strengths and Limitations
This is the first randomized trial to study the effectiveness of
an IMB model–guided education program to improve HPV
vaccination among female college students in mainland China.
The strengths of this study include its multicenter design, the
inclusion of a representative and sufficient sample of the target
population, and the application of a health behavioral theory.
Owing to online education and participant management, our
study was carried out as scheduled even during the period of
the COVID-19 outbreak. This provided a unique opportunity
to make clear statements about the feasibility and convenience
of the study. In addition, most of the possible contaminations
were avoided owing to home isolation of the participants during
the study period. The quality control measures of the study can
be considered strengths. They included a professional research
design and pilot trial conducted by researchers with public health
and epidemiological backgrounds, daily quizzes and regular
reminders to improve the maintenance rate during follow-up,
and logical questions to ensure the quality of the available data.

Several study limitations must be considered. First, the
effectiveness of the study might have been compromised by
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cluster randomization and a mismatch in the number of
participants in the intervention and control groups. In addition,
although the IMB model–based intervention showed relatively
desirable results, the adverse impacts of the COVID-19
pandemic could not be ignored, which included too much
concern about getting COVID-19 and the possible trauma, as
well as difficulties in making an appointment and getting
vaccinated against HPV. Moreover, the participants were asked
to self-report if they had received the HPV vaccine before and
within the study; however, the accuracy of these self-reported
data could not be verified through the community medical care

system. Future studies with randomization at the individual
level, a longer follow-up period, and regular repetition of
education will allow better exploration of the effects of the
intervention.

Conclusions
Online education based on the IMB model can improve
HPV-related knowledge, as well as the motivation, behavioral
skills, and willingness regarding HPV vaccination among female
college students in the short term; however, its long-term effects
may need to be consolidated and maintained by repeated
education programs in the future.
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Abstract

Background: People who smoke have other risk factors for chronic diseases, such as low levels of physical activity and poor
diet. Clinical decision support systems (CDSSs) might help health care practitioners integrate interventions for diet and physical
activity into their smoking cessation programming but could worsen quit rates.

Objective: The aims of this study are to assess the effects of the addition of a CDSS for physical activity and diet on smoking
cessation outcomes and to assess the implementation of the study.

Methods: We conducted a pragmatic hybrid type I effectiveness-implementation trial with 232 team-based primary care practices
in Ontario, Canada, from November 2019 to May 2021. We used a 2-arm randomized controlled trial comparing a CDSS addressing
physical activity and diet to treatment as usual and used the Reach, Effectiveness, Adoption, Implementation, and Maintenance
framework to measure implementation outcomes. The primary outcome was self-reported 7-day tobacco abstinence at 6 months.

Results: We enrolled 5331 participants in the study. Of these, 2732 (51.2%) were randomized to the intervention group and
2599 (48.8%) to the control group. At the 6-month follow-up, 29.7% (634/2137) of respondents in the intervention arm and 27.3%
(552/2020) in the control arm reported abstinence from tobacco. After multiple imputation, the absolute group difference was
2.1% (95% CI −0.5 to 4.6; F1,1000.42=2.43; P=.12). Mean exercise minutes changed from 32 (SD 44.7) to 110 (SD 196.1) in the
intervention arm and from 32 (SD 45.1) to 113 (SD 195.1) in the control arm (group effect: B=−3.7 minutes; 95% CI −17.8 to
10.4; P=.61). Servings of fruit and vegetables changed from 2.64 servings to 2.42 servings in the intervention group and from
2.52 servings to 2.45 servings in the control group (incidence rate ratio for intervention group=0.98; 95% CI 0.93-1.02; P=.35).
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Conclusions: A CDSS for physical activity and diet may be added to a smoking cessation program without affecting the
outcomes. Further research is needed to improve the impact of integrated health promotion interventions in primary care smoking
cessation programs.

Trial Registration: ClinicalTrials.gov NCT04223336 https://www.clinicaltrials.gov/ct2/show/NCT04223336

International Registered Report Identifier (IRRID): RR2-10.2196/19157

(J Med Internet Res 2022;24(9):e37900)   doi:10.2196/37900

KEYWORDS

smoking cessation; physical activity; healthy eating; clinical decision support system; Canada; diet; intervention; smoking; primary
care; program; treatment; clinical decision support; health behavior

Introduction

Background
Smoking, low levels of physical activity, and poor dietary habits
are highly prevalent and the three leading behavioral causes of
death worldwide [1-4]. The concurrence of these risk factors
[5-8] compounds the risks of developing chronic diseases [5,9].
Behavioral interventions by health care practitioners addressing
these risk factors are potentially cost-effective [10,11].
Furthermore, improvements in one behavior can positively
impact other risky behaviors [5,12,13]. For example, increasing
physical activity can help reduce acute cravings and withdrawal
symptoms when quitting smoking [14-17]. While the link
between improving dietary habits and smoking cessation is less
clear, improving dietary habits may prevent some postcessation
weight gain. This can be a barrier to quitting smoking and
maintaining abstinence [18-20]. Given these relationships, it is
important to adopt a holistic approach to addressing risk
behaviors [21].

Clinical decision support systems (CDSSs) are a promising
resource to effectively support health care practitioners with
the delivery of integrated evidence-based interventions to their
patients [22-24]. A CDSS is an electronic application that can
synthesize complex patient-specific information and present
tailored recommendations to health care practitioners in real
time [22-24]. They are frequently used in health care settings
to help improve adherence to clinical guidelines, reduce
treatment errors, and improve preventive care [25-30].
Moreover, a CDSS collects relevant data from different sources
and presents them to the user in a central and easily accessible
format. This is associated with improved efficiency and
alleviates time burden during treatment planning [31]. Since
many primary care offices use electronic medical records [32],
CDSSs are also well-suited for seamless integration into existing
workflows and allows for rapid and widespread scalability. We
demonstrated that the addition of a CDSS in a smoking cessation
program increased the likelihood that patients with at-risk
drinking accepted an educational resource to reduce or abstain
from alcohol consumption [33].

Objective
The Smoking Treatment for Ontario Patients (STOP) program
is a province-wide initiative that works in partnership with
primary care settings across Ontario to provide tobacco users
with up to 26 weeks of behavioral counseling and no-cost
nicotine replacement therapy for smoking cessation. Health care

practitioners at these organizations use the STOP portal, a
web-based data collection and treatment management tool, to
enroll their patients into the STOP program. However, an
analysis of former STOP participants showed that 62% and 96%
of STOP participants reported being below the Canadian
guidelines for physical activity [34] and fruit and vegetable
consumption [35], respectively. The STOP portal currently has
a built-in CDSS to guide health care practitioners with
addressing depressive symptoms and at-risk alcohol use as part
of smoking cessation treatment. Scaling up the STOP portal to
incorporate an additional CDSS that encourages practitioners
to address patients’ physical activity and diet as part of the
overall smoking cessation treatment could provide an
opportunity to improve smoking cessation rates. However, there
are several potential risks and limitations with implementing
CDSS, including alert fatigue and disruptions to the current
workflow of health care practitioners [24]. While the CDSS is
designed to streamline processes and promote integration, it
may still have unintended negative consequences. For example,
the CDSS may require clinicians to engage in additional steps
to input data, which can disrupt their clinical workflow and
reduce clinician time to treat the patient’s presenting complaint.
The CDSS may also not be relevant for all patient populations
or clinical encounters, and this could inadvertently introduce
bias in treatment [36]. Since tobacco use is correlated with the
largest reductions in health-adjusted life expectancy [1], a key
part of the implementation of the CDSS for other modifiable
risk behaviors should be to ensure that it does not negatively
affect the likelihood of patients quitting smoking.

The aims of this study were to (1) assess whether adding a CDSS
for physical activity and diet to a smoking cessation program
positively or negatively affects smoking cessation outcomes
and (2) assess the implementation of the study using the Reach,
Effectiveness, Adoption, Implementation, and Maintenance
(RE-AIM) framework [37]. The detailed protocol is described
elsewhere [38]. In this manuscript, we report the quantitative
findings.

Methods

Study Design
We conducted a pragmatic, hybrid type I effectiveness and
implementation trial [39], which allowed for the simultaneous
testing of intervention effectiveness and implementation
feasibility in real-world settings. Health care practitioners in
primary care settings often report barriers to offering
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comprehensive preventive health services, including not having
enough time, skills, knowledge, or resources [40]. As a result,
it is important to examine the effectiveness of the CDSS on
patients’ behavior outcomes, as well as how the CDSS impacts
health care practitioners’ ability to provide treatment to their
patients. Examining both effectiveness and implementation
outcomes can help to provide valuable insights into the uptake
of the CDSS and provide context for any observed results. We
measured the effectiveness of the CDSS in a smoking cessation
program using a 2-arm randomized controlled trial comparing
a physical activity and diet CDSS directed at practitioners
(intervention) with treatment as usual (control). The RE-AIM
framework [37] was used to measure implementation outcomes
in the intervention group.

Setting and Location
The trial was operationalized in team-based primary care
practices in Ontario, Canada (family health teams [n=153],
community health centers [n=61], and nurse practitioner–led
clinics [n=18]), implementing the STOP program as of
November 29, 2019.

Preimplementation Measures
To better equip health care practitioners to implement the
intervention, we undertook several knowledge translation
initiatives based on the principles of the Interactive Systems
Framework (ISF) for dissemination and implementation [41].
The ISF comprises three interacting systems that facilitate the
implementation of research in real-world practice: delivery
systems, synthesis and translation systems, and support systems
[41]. In this study, the health care practitioners at the primary
clinics acted as the delivery system. The ISF’s synthesis and
translation systems were addressed by engaging STOP program
participants in the cocreation of health behavior change
messages and a self-monitoring resource for tracking their health
behaviors [42]. As part of the ISF support system, we provided
health care practitioners with training (via an interactive webinar
[43]) around evidence-based recommendations for addressing
physical activity and fruit and vegetable consumption as part
of a smoking cessation treatment program [44].

Extenuating Circumstances
Most studies were conducted during the COVID-19 pandemic.
The COVID-19 pandemic state of emergency (SOE) was
announced in Ontario on March 17, 2020 [45], which was
approximately 4 months into the study. During this period, many
of the primary care settings that implemented the STOP program
transitioned to offering phone- and video-based appointments
(eg, via phone or video) to their patients [45]. Consequently,
practitioners had to virtually communicate any recommendations
generated by the CDSS for physical activity and diet to patients.
Therefore, we also examined how the pandemic may have
affected the delivery of the intervention.

Participants
Eligible participants were treatment-seeking cigarette smokers
who enrolled in the STOP program at one of the partnering
primary care settings and reported baseline physical activity
levels [34] and fruit and vegetable consumption levels [35] that
were lower than the national guidelines. Low levels of physical

activity were defined as engaging in less than 150 minutes of
moderate to vigorous exercise per week (Canadian Physical
Activity Guidelines) [34]. Low levels of fruit and vegetable
consumption were defined as consuming less than 7 servings
(female) or 8 servings (male) of fruit and vegetables daily (2007
Canada’s Food Guide) [35]. Participants were also required to
be English-speaking and provide at least one piece of contact
information (email address or phone number) so that the study
team could conduct follow-up surveys at 6 months following
enrollment into the STOP program. Participants were enrolled
in the STOP program through self-referral or practitioner
referral. Assessment of whether a participant met the eligibility
criteria (as listed above) for the study was determined using the
patient’s self-reported responses to the corresponding questions
in the STOP program’s enrollment survey. The enrollment
survey was completed using the STOP program’s web-based
portal (STOP portal). The eligibility criteria remained the same
throughout the study and were not affected by changes in
response to the COVID-19 pandemic.

Treatment Arms

Intervention Arm
The intervention was a CDSS that alerted health care
practitioners if their patient reported low levels of physical
activity and fruit and vegetable consumption and provided
recommendations for behavior interventions. The
recommendations in the CDSS were based on the literature on
the most effective types of behavior change techniques [44].
The CDSS first prompted the practitioners to provide a brief
risk communication intervention for physical activity and fruit
and vegetable consumption. The risk communication involved
sharing information about the risk behavior and discussing how
it would affect both the patient’s health and smoking cessation
treatment. The practitioners were then prompted to provide
(print or via email) the patient with a self-monitoring resource
for these risk behaviors. The self-monitoring resource was a
1-page paper-based weekly tracking sheet that patients could
use to record their smoking, physical activity, and fruit and
vegetable consumption.

Control Arm
In the control arm, the CDSS did not alert practitioners to
whether their patients reported low levels of physical activity
and fruit and vegetable consumption and did not provide
practitioner recommendations to address these risk behaviors.
Health care practitioners experienced the STOP portal as usual,
which includes a CDSS for depressive symptoms and alcohol
use. Although the CDSS was not available in the control group,
practitioners were not prevented from addressing physical
activity and diet with their patients if they deemed it clinically
appropriate. We did not track whether the practitioner provided
any counseling to the control group.

Outcomes
We used the RE-AIM framework to structure and interpret the
study outcomes. The components of the RE-AIM framework
are reach, effectiveness, adoption, implementation, and
maintenance.
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Reach
The reach of intervention was assessed by examining the
changes in the proportion of enrollments that were recorded as
having been completed directly on the portal, before and after
the CDSS for physical activity and fruit and vegetable
consumption were introduced.

Health care practitioners can administer the STOP baseline
questionnaire using the portal or on paper. Given that the CDSS
is only available to practitioners when they conduct the
questionnaire using the portal, any decrease in this proportion
could be an indication that practitioners were avoiding the
intervention by switching to a paper enrollment.

Effectiveness
The primary outcome of interest for this study was self-reported
smoking cessation (7-day point prevalence abstinence) at the
6-month follow-up following enrollment. This outcome was
measured by a response of “No” to the following question:
“Have you smoked a cigarette, even a puff, in the last 7 days?”
Research comparing self-reported smoking status with a
biochemical assessment of smoking has found that they are
highly correlated [46-49]. The secondary outcomes were
self-reported changes in physical activity levels and fruit and
vegetable consumption levels between baseline to 6-month
follow-up. The Exercise Vital Signs Screener [50] was adapted
to assess changes in physical activity. This screener has been
validated [50] and consists of two questions: “On average, how
many days per week do you engage in moderate-to-strenuous
(vigorous) exercise (like a brisk walk)?” “On these days, for
how many minutes do you typically exercise at this level?” The
responses to these 2 questions were multiplied to produce the
total minutes per week of moderate-to-vigorous exercise. Fruit
and vegetable consumption was measured using a single
question: “In a typical day, how many total servings of fruits
and vegetables do you eat? (One serving is 1/2 cup of fresh,
frozen, or canned fruits or vegetables, or 1/2 cup of 100% juice.
Please DO NOT include potatoes).”

At baseline (time of enrollment), these self-report questions
were administered by a STOP practitioner. At the 6-month
follow-up, we collected responses to these questions via phone,
email, or during a visit to a practitioner. The threshold for
significance for the primary and secondary outcomes was P<.05.
This is the established standard in empirical research for
determining statistical significance despite its limitations [51].

Adoption
Given that the intervention has several components and was
personalized to meet the needs of the participants, we assessed
how often each component was adopted. Specifically, we
examined the proportion of participants in the intervention group

who were offered a self-monitoring resource for physical activity
and fruit and vegetable consumption by their health care
practitioner when appropriate.

Implementation
To acquire an understanding of the degree of fidelity at which
the intervention was implemented, we examined how many
participants accepted the self-monitoring resources. The
intervention was classified as fully implemented when eligible
participants received the corresponding self-monitoring
resources. The patient only had the opportunity to accept the
resource if the practitioner made the decision to offer it to the
patient.

Maintenance
To determine whether efforts to provide the intervention
changed over time, we calculated the proportion of eligible
enrollees in each month who were offered the self-monitoring
resources. To examine the sustainability of the smoking
cessation intervention, we calculated the proportion of
participants who had stopped smoking at both the 6-month and
12-month follow-ups.

In our protocol, we had only outlined the patient-level outcome
for our maintenance outcome. Upon reflection, we also included
the outcomes at the setting level.

Sample Size
We determined the sample size required to detect clinically
meaningful differences in our primary outcome was 3998
participants (1999 per group). For this sample size calculation,
the effect size was an absolute difference in proportions of 0.04,
the standard in smoking cessation for clinical significance [52].
On the basis of the past STOP program 6-month follow-up data,
the proportion of individuals who will quit at 6 months was
estimated to be 0.26. The power was set to 80%, and α was set
to .05.

On the basis of the STOP program’s follow-up completion rate
in the years before this trial, we anticipated a loss to follow-up
of 25%. This increased the necessary total sample size to 5331
(2666 per group).

As the randomization and intervention pathways were built into
the STOP portal as part of the enrollment survey, we analyzed
data when all participants in both arms had completed their
6-month follow-up. The analysis sample (Figure 1) included
4157 (control: n=2020, 48.6%; intervention: n=2137, 51.4%)
participants who responded at the 6-month follow-up, as well
as an additional 1174 participants who provided baseline and
clinical data only (total sample, n=5331; control: n=2599,
48.8%; intervention: n=2732, 51.2%). Follow-up rates were
78% in both arms.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of the number participants allocated to intervention and control group
and included in our primary and secondary data analyses.

Randomization
At the time of enrollment, we used a simple 1-to-1
randomization to assign eligible STOP participants to the
intervention or control arm. The random allocation sequence
was generated and implemented automatically by the STOP
portal. The STOP portal performed the randomization using a
built-in random number generator that determined, at the time
of enrollment, which group the patient will be randomized to.
The portal then automatically assigned the patient to the
corresponding group. The practitioner was unable to override
the allocation to the treatment arms. As health care practitioners
treated both intervention and control patients, they were not
blinded to the patient’s treatment allocation. However, patients
were blinded to the study arm assignment.

Statistical Analysis
Our analysis followed the principle of intention-to-treat, in
which all participants were analyzed in the groups to which
they were randomized. As specified by the study protocol, we
tested differences in our primary outcome (the proportion of
participants abstinent from cigarettes at the 6-month follow-up)
using a chi-square test and differences in our secondary
outcomes by regressing the follow-up measure on the baseline
value and the study group. We used linear regression for the
total weekly minutes of physical activity and negative binomial
regression for the daily servings of fruits and vegetables. For

these secondary outcomes, we only included participants who
received each specific pathway (diet: control, n=2529 [47%];
intervention, n=2618 [49%]; exercise, control; n=1747 [33%];
intervention, n=1879 [35%]).

To minimize possible bias, we retained participants with missing
baseline variables or follow-up data in our analysis. To address
missing data, we used multivariate imputation by chained
equations. In our multiple imputation models, we included
variables capturing demographic and socioeconomic
characteristics, heaviness of smoking, health conditions,
self-rated importance of quitting and confidence in the ability
to quit, the type of nicotine replacement therapy provided at the
initial clinical contact, the number of clinical visits attended,
and quit status at other time points (the most recent clinical visit
and the 3-month and 12-month follow-ups). A total of 50
imputed data sets were generated. We used the mitools package
in R 3.6 [53,54] to produce a chi-squared statistic with multiple
imputation data sets. This produced an F-distributed D2 statistic.

Per-Protocol Analysis
The intervention comprised an automated alert to practitioners;
not all patients in the intervention arm were offered the
self-monitoring resources and not all patients who were offered
the self-monitoring resources accepted them. To explore
differences associated with the offering and acceptance of the
resources, we conducted a secondary analysis in which we
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divided participants into four groups: the control arm, participant
with whom practitioners conducted a risk communication
discussion and offered the self-monitoring resources for these
behaviors, participants receiving neither a risk communication
discussion nor an offer of resources, and participants receiving
either a discussion or an offer but not both. These analyses were
similar to those described earlier but with 4 groups. If the
participants were targeted with both interventions, we used the
higher intensity level to determine their group.

Analysis of Reach Outcome
The CDSS operated only when practitioners reported that they
were completing the baseline survey in the presence of the
patient. To test whether the implementation of CDSS changed
this reporting (as might be expected if clinicians were avoiding
the pathway), we fit a piecewise logistic regression model of
change over time, with a random intercept for the clinic. The
COVID-19 pandemic also began during data collection; as a
result, we fit a 3-part spline with two indicator variables, one
for the beginning of the study and one for the beginning of the
pandemic.

Sensitivity Analyses
To assess the effects of our treatment of missing data, we
conducted a complete-case sensitivity analysis for our primary
outcome by computing a chi-square statistic for the association
between group and smoking cessation. To test for an effect of
the COVID-19 pandemic on the effects of the study intervention,
we fit an additional logistic regression model such as an
interaction between the study arm and an indicator variable that
was 1 if the enrollment took place after the SOE declaration
and 0 otherwise.

Ethics Approval
This study was approved by the Research Ethics Board of the
Centre for Addiction and Mental Health (REB#:119-2018) and
is registered at ClinicalTrials.gov (NCT04223336).

Results

Overview
Between November 2019 and October 2020, we enrolled 5331
patients with low levels of fruit and vegetable consumption or
physical activity. Figure 1 provides a breakdown of the number
of participants allocated to the intervention and control groups
and included in our primary and secondary data analyses. We
randomized 2599 (48.8%) participants to the control group and
2732 (51.2%) to the intervention group.

There were no major differences in the baseline characteristics
of participants in the intervention and control groups (Table 1).
Nearly all participants were daily smokers and over half have
attempted to quit at least once in the year before their STOP
enrollment. A little over a third of the participants reported
being currently employed, and a quarter of the participants
reported a household income below CAD $40,000 (USD
$30,379.80).

In the intervention group, 853 (31%) participants reported low
levels of fruit and vegetable consumption only, 114 (4%)
reported low physical activity levels only, and 1765 (65%)
reported both low levels of fruit and vegetable consumption
and low physical activity levels. In the control group, 852 (33%)
participants reported low fruit or vegetable consumption only,
70 (3%) reported low physical activity levels only, and 1677
(65%) reported both.
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Table 1. Baseline characteristics of participants in study sample (n=5331).

P valueTotal missing, n (%)Control (n=2599)Intervention (n=2732)Baseline characteristics

.341 (<1)53.2 (13.7)52.9 (13.9)Age (years), mean (SD)

.091 (<1)1321 (51)1464 (54)Sex (female), n (%)

.78154 (3)170 (7)174 (7)First Nations, Metis, Inuit, n (%)

.33321 (6)1800 (74)1925 (75)High school diploma, n (%)

.3482 (2)882 (35)982 (36)Employed in past week, n (%)

.782357 (44)371 (25)377 (25)Household income CAD ≥$40,000 (US $30,379.80), n (%)

Smoking

.243 (<1)2430 (94)2576 (94)Daily smoker, n (%)

.920 (<1)1808 (70)1905 (70)Willing to set quit date, n (%)

.4622 (<1)9.2 (1.2)9.2 (1.2)Importance of quitting, mean (SD)

.2640 (<1)7.4 (2.0)7.5 (2.0)Confidence in ability to quit, mean (SD)

.77Past-year quit attempts

N/Aa1235 (48)1273 (47)None, n (%)

N/A1346 (52)1441 (53)≥1, n (%)

36 (1)N/AN/AMissing

.79BMI (kg/m2)

N/A70 (3)77 (3)Underweight (<18.5), n (%)

N/A745 (31)804 (32)Normal (≥18.5 and <25), n (%)

N/A785 (33)825 (33)Overweight (≥25 and <30), n (%)

N/A780 (33)786 (32)Obese (≥30), n (%)

459 (9)N/AN/AMissing

.5082 (2)899 (35)967 (36)At-risk drinking (AUDIT-Cb), n (%)

.01106 (2)2529 (99)2618 (98)Low fruit or vegetable consumption levels, n (%)

.34109 (2)1747 (69)1879 (70)Low physical activity levels, n (%)

.62184 (3)365 (15)396 (15)At risk of depressive symptoms (PHQ-2c score ≥3), n
(%)

Lifetime history of physical comorbid conditions

.1868 (1)922 (36)924 (34)Hypertension, n (%)

.34125 (2)875 (35)889 (33)High cholesterol, n (%)

.9088 (2)376 (15)393 (15)Heart disease, n (%)

.9461 (1)140 (5)149 (6)Stroke, n (%)

.4773 (1)435 (17)437 (16)Diabetes, n (%)

.32152 (3)734 (29)808 (30)COPDd, n (%)

.56140 (3)200 (8)199 (7)Rheumatoid arthritis, n (%)

.9166 (1)1002 (39)1050 (39)Chronic pain, n (%)

.7673 (1)245 (10)264 (10)Cancer, n (%)

Lifetime history of psychiatric comorbid conditions

.2878 (1)1056 (41)1149 (43)Depression, n (%)

.3182 (2)1096 (43)1191 (44)Anxiety, n (%)

.34164 (3)86 (3)78 (3)Schizophrenia, n (%)

.6794 (2)166 (7)184 (7)Bipolar disorder, n (%)
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P valueTotal missing, n (%)Control (n=2599)Intervention (n=2732)Baseline characteristics

Lifetime history of substance use disorder

.2179 (1)214 (8)252 (9)Drug use disorder, n (%)

.3974 (1)253 (10)284 (11)Alcohol use disorder, n (%)

.05Organization type

N/A1856 (71)2026 (74)Family health team, n (%)

N/A666 (26)622 (23)Community health center, n (%)

N/A77 (3)84 (3)Nurse practitioner–led clinic, n (%)

aN/A: not applicable.
bAUDIT-C: Alcohol Use Disorders Identification Test.
cPHQ-2: Patient Health Questionnaire.
dCOPD: chronic obstructive pulmonary disease.

Reach
Our model for health care practitioner engagement with CDSS,
which is a proxy for whether health care practitioners were
avoiding the intervention by enrolling patients on paper instead
of directly on the internet, showed that there was no change in
the probability of reporting that a patient was present during
enrollment following the beginning of the study (odds ratio
[OR] 1.11, 95% CI 0.90-1.35; P=.33). However, this model
also showed that this probability decreased sharply following
the onset of the pandemic (OR 0.46, 95% CI 0.35-0.60; P<.001)
but then increased (OR per month 1.46, 95% CI 1.38-1.54;
P<.001). From May 2020 onward, the proportion of enrollments
that were conducted directly on the internet was 68%
(2518/3701), compared with an average of 58% (46,263/79,505)
before the pandemic.

Effectiveness
Of the participants responding at the 6-month follow-up, 27.3%
(552/2020) in the control arm and 29.7% (634/2137) in the
intervention arm were abstinent from tobacco at the follow-up.
Our pooled estimates of proportions after multiple imputations
were 25.9% (95% CI 24.2%-27.6%) and 28.0% (95% CI
26.1%-29.8%), respectively, corresponding to an absolute group
difference of 2.1% (95% CI −0.5% to 4.6%). This difference
did not meet our threshold for significance (F1,1000.42=2.43;
P=.12). From baseline to the 6-month follow-up, the mean
exercise minutes changed from 32 to 113 in the control arm and
from 32 to 110 in the intervention arm (group effect: coef=−3.7
minutes, 95% CI −17.8 to 10.4; P=.61). The large apparent
overall increase in exercise minutes is likely due to regression
toward the mean resulting from the use of a cutoff point at
baseline. For servings of fruit and vegetables, group means
changed from 2.52 at baseline to 2.45 at 6 months in the control
group and from 2.64 to 2.42 in the intervention group (incidence
rate ratio for intervention group 0.98, 95% CI 0.93-1.02; P=.35).

Adoption
In the intervention group, 1765 participants reported both low
levels of fruit and vegetable consumption and low physical
activity levels. Of these participants, 1083 (61%) were offered
both physical activity and self-monitoring resources for fruit
and vegetable consumption. Of the 853 participants who

reported low levels of fruit and vegetable consumption (but met
the physical activity guidelines) 526 (62%) were offered the
self-monitoring resource for diet. Of the 114 participants who
reported low physical activity levels (but met the nutrition
guidelines) 66 (58%) were offered the self-monitoring resource
for physical activity.

Implementation
Of the 1765 intervention group participants who were offered
the appropriate self-monitoring resource for physical activity
or fruit and vegetable consumption, 624 (37%) accepted at least
one self-monitoring resource.

Maintenance
The proportion of participants in the intervention group who
received an offer of one or both interventions was 67%
(932/1402) during the pre–COVID-19 pandemic period; this
declined to 60% (791/1329) after the pandemic began in Ontario

in March 2020 (difference between these 2 periods: χ2
1=14.2,

P<.001).

Monthly proportions during the pandemic period did not differ

beyond chance variation (χ2
6=3.0; P=.81), and we did not find

evidence of a linear trend (point-biserial correlation=−0.02;
P=.51). Of the 552 control participants who achieved smoking
cessation at 6 months, 438 (79%) responded to a 12-month
follow-up. Of these, 322 (74%) were abstinent from smoking
at 12 months. In the intervention arm, 634 participants had quit
at 6 months. Of these participants, 507 (80%) responded at 12
months and 372 (74%) were not smoking at 12 months.

Per-Protocol Analysis
In the intervention group, 757 (27.7%) patients received neither
a risk communication discussion nor an offer of self-monitoring
resource, 810 (29.6%) received one or the other, and 1165
(42.6%) received both. The quit proportions were 27.5% (95%
CI 24.0%-31.0%) for those receiving neither resource, 27.6%
(95% CI 24.1%-31.0%) for those receiving 1 resource, and
28.5% (95% CI 25.8%-31.3%) for those receiving both
resources. The variability in outcomes across the 4 per-protocol
levels (including the control arm) was not significant
(F3,1289.78=0.956; P=.41).
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Sensitivity Analyses
Reanalyzing data using only complete cases showed, similar to
our main analysis, that the group difference in tobacco
abstinence at the 6-month follow-up did not meet our criterion
for significance (intervention group: 634/2137, 29.7%; control

group: 552/2020, 27.3%; χ2
1=2.8; P=.10). The intervention

effect also did not differ for people enrolling after the beginning
of the COVID-19 pandemic (test for interaction: z=0.58, P=.56).

Discussion

Principal Findings
The addition of a CDSS for physical activity and fruit and
vegetable consumption to a smoking cessation program did not
negatively affect 6-month smoking cessation outcomes and did
not negatively impact the reach of the smoking cessation
program. However, it did not have a significant impact on
participants’physical activity or fruit and vegetable consumption
at 6 months. That said, we saw that health care practitioners
adopted the intervention (offered a self-monitoring resource to
eligible participants) with approximately 60% (1083/1675) of
their participants. Among the participants who were offered a
resource, 37% (624/1675) accepted it. Of the participants who
had quit at 6 months and who answered the 12-month survey,
74% (372/507) remained smoke-free, regardless of the study
arm.

Given that most of this study took place during the initial phases
of COVID-19 pandemic, where many primary care sites partially
closed for nonurgent matters at the start of the lockdown and
then transitioned to offering virtual services [55], it was
important to examine how the pandemic may have impacted
the delivery of the intervention. Our analysis showed that the
proportion of baseline assessments being completed using the
portal decreased sharply at the beginning of the pandemic but
increased a couple of months later, exceeding the prepandemic
proportion. Our analysis also showed that, compared with before
the pandemic, a smaller proportion of participants received a
physical activity or diet intervention.

Interpretation and Comparison With Prior Work
Taken together, these results indicate that we can modify a
smoking cessation program to be more holistic without
negatively impacting smoking cessation, the single most
important behavior change for reducing chronic disease-related
mortality [52]. While there is ample evidence that modifying
multiple health behaviors improves population health and
reduces health care expenditures [56,57], there is insufficient
research on effective ways to implement these changes.
Furthermore, when multiple health behavior changes are
necessary, knowing the impact of changing one behavior on
another is important for health care practitioners as well as for
decision-makers. For example, some research findings show
that when physical activity and diet interventions were added
to smoking cessation programs, there is a reduction in smoking
[58,59]. However, other studies have reported either an adverse
effect or no effect when physical activity and diet was integrated
into a smoking cessation programming [60].

The results also showed that health care practitioners adopted
the intervention (offered a brief intervention or self-monitoring
resource) with approximately 60% (1083/1765) of their patients
who were eligible, and 37% (624/1765) of these patients
accepted the resource. The adoption outcome for this
intervention was considerably higher than what we have seen
for alcohol use in the STOP program, 21% of patients who
drank alcohol above guidelines were offered an educational
resource [33], and elsewhere for other health behavior
interventions [61]. The implementation outcome (acceptance
of resource by patient) in this trial was also higher than the ones
reported for delivering a mood management intervention [61,62].

COVID-19 Pandemic
The results of this study were likely affected by the onset of the
COVID-19 pandemic. As we mentioned earlier, most of this
study took place during the COVID-19 pandemic, which
affected the context in which this study occurred, including the
outer setting, the inner setting, and the health care practitioners
and the participants’ behavior. From previous studies, we know
that there were significantly fewer new enrollments and
subsequent visits to the STOP program during the initial phase
of the pandemic and that there was an increased number of
STOP participants who reported being unemployed, as well as
having substance use, mental health, and physical health
diagnoses [55]. We also know that in the STOP program, the
likelihood of successful smoking cessation after treatment
dropped during the pandemic [63]. All of these factors might
have affected both the implementation and effectiveness
outcomes. For example, practitioners might have been less likely
to recommend eating more fruit and vegetables if a participant
reported that they were recently unemployed but more likely
to recommend physical activity, which can be done without
incurring a financial cost. Practitioners were also impacted by
greater time constraints related to COVID-19 pandemic (ie,
redeployment) and may not have been able to spend as much
time addressing physical activity and diet with their participants
[45].

While there was a large drop in the use of the portal to complete
STOP enrollments during the SOE, within a couple of months
the proportion of enrollments using the portal exceeded the
prepandemic proportions (68%, compared with an average of
58% before the pandemic). This may be indicative of the
positive impact the virtual care can have on a patient’s treatment
experience, including minimizing logistical burdens around
appointment management [64]. Since the appointments can be
conducted over the phone, practitioners may have found it
convenient to do the enrollment directly on the portal, instead
of having the patient complete it on paper.

Strengths and Limitations
This study had several strengths: it tested a simple web-based
CDSS to facilitate the delivery of an intervention to address
physical activity and diet among people who smoke. The results
are generalizable given that we tested it in a large geographical
area, with sites offering different types of primary care with
varying staffing models and patient populations (family health
teams, community health centers, and nurse practitioner–led
clinics). By conducting a hybrid effectiveness-implementation
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trial, we showed that the addition of the CDSS did not negatively
affect the reach of the program or the effectiveness of smoking
cessation and that it was adopted by health care practitioners.
However, the results also show that there is room for
improvement with respect to implementation increasing the
likelihood of practitioners offering self-monitoring resources
to their patients.

There are a few limitations that need to be acknowledged. Our
primary and secondary outcomes use self-reported measures,
which may not accurately represent behavior changes in patients.
Historical self-reported outcomes rely on patients accurately
remembering their current behavior; thus, there is an increased
risk of error and bias. However, these self-reported measures
have been validated, and there is no reason to believe that any
self-report bias would differ between the intervention and
control groups. This study excluded French-speaking
participants. We might have reduced the representativeness of
our sample by excluding French-speaking participants; however,
French-speaking participants make up a very small proportion
of the STOP program, and we do not believe that their responses
to the intervention would have differed from the included
patients.

The fruit and vegetable question includes 100% fruit juice as
part of the servings, which is not in line with the latest Canada’s
Food Guideline [65], which was published after this study was
created. However, we were only looking for overall changes in
fruit and vegetable consumption as an indicator that could be
used in primary care and differences between the intervention
and control groups. In terms of limitations at the practitioner

level, we have no way of verifying whether the practitioners in
the intervention group actually acted on the CDSS
recommendations and guidance as intended. Furthermore, while
patients were blinded to their treatment allocation, health care
practitioners were not, as we used patient-level randomization.
Health care practitioners treating the control group participants
could still address physical activity and diet with these
participants. This lack of health care practitioner blinding
increases the risk of group contamination as the health care
practitioner could take their learnings from the intervention
group patients and apply it to the control group participants.
However, the physical activity and fruit and vegetable
consumption self-monitoring resources in the CDSS were only
available to participants in the intervention group, which
minimized the risk of any cross-contamination. Thus, future
studies should consider including additional process measures
to accurately track any potential cross-contamination in the
control group. This can be as simple as routinely asking control
group practitioners whether they provided their own intervention
to the patient.

Conclusions
The introduction of a CDSS that guides health care practitioners
to address multiple health behaviors among their patients does
not seem to affect smoking cessation success. Although
additional research is needed, these findings demonstrate that
the CDSS can be used to introduce holistic treatment approaches
within a primary care smoking cessation program. Thus, the
CDSS could be a potential solution to break with the siloed
approach of behavior change, which has dominated many care
treatment approaches.
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Abstract

Background: Information and communication technologies (ICTs) are changing the traditional health care model and redefining
personalized health. ICTs offer effective communication and real-time monitoring of patients and provide additional data to
support clinical decision-making, improve the quality of care, and contribute to the empowerment of patients. However, evidence
on the use of ICTs and digital preferences of immune-mediated inflammatory disease (IMID) patients is scarce.

Objective: The aim of this study is to describe the degree of use of ICTs in patients with IMIDs (including rheumatic diseases,
inflammatory bowel diseases, and psoriasis), identify their needs, and analyze their interest in the use of apps as tools for better
management of their disease.

Methods: A questionnaire was created by a multidisciplinary team including pharmacists, rheumatologists, gastroenterologists,
dermatologists, and nurses with experience in ICTs applied to the field of IMID. The survey included 27 questions organized
into 3 blocks: (1) sociodemographic characteristics, (2) ICT use for health-related information, and (3) patient expectations about
mobile health.

Results: A total of 472 questionnaires were analyzed. Overall, 52.9% (250/472) of patients were diagnosed with a rheumatologic
disease, 39.4% (186/472) with inflammatory bowel disease, and 12.3% (58/472) with psoriasis. The state of health was considered
good by 45.6% (215/472) of patients. Patients were interested in staying informed about health issues in 86.9% (410/427) of
cases and sought health-related information mainly from the internet (334/472, 70.8%) and health care professionals (318/472,
67.4%). Overall, 13.6% (64/472) did not trust the health information they found in internet. Of the patients, 42.8% (202/472) had
a health app, and 42.2% (199/472) had found it on their own. Patients would like a health app to help mainly to manage appointments
(281/472, 59.5%), obtain information about their diseases and treatments (274/472, 58.1%), and get in contact with health
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professionals (250/472, 53.0%). Overall, 90.0% (425/472) of patients reported they would use an app to manage their IMID if
their health professional recommended it, and 58.0% (274/472) would pay or probably be willing to pay for it.

Conclusions: IMID patients were very interested in finding health-related information via ICTs, especially using smartphones
and apps recommended by health professionals. Appointment management, advice on disease and treatment management, and
personalized communication with health professionals were the most desired app features identified. Health professionals should
play an essential role in recommending and validating these tools to ensure they are of high quality.

(J Med Internet Res 2022;24(9):e37445)   doi:10.2196/37445

KEYWORDS

mHealth; app; information and communication technologies; immune-mediated inflammatory diseases; IMID; cross-sectional
survey; survey; monitoring; clinical support; clinicians; quality of care; patient care; mobile app; tool; management tool

Introduction

Immune-mediated inflammatory diseases (IMID) are a large
group of chronic diseases of high prevalence and a high
socio-health impact [1]. Patients with IMID are generally middle
age, with diverse clinical manifestations, and reduced quality
of life what makes its handling complex [2,3]. These patients
often report a lack of understanding of their disease, demand
information in real time, and sometimes require unscheduled
health care due to clinical decompensations, causing a high
consumption of health care resources [4-6]. This situation
represents a challenge for the usual structure of health care
services, making it necessary to develop new models of clinical
management that allow making intensive and regular disease
monitoring as well as maintaining the sustainability of the
system.

The recent emergence of information technologies (ICTs),
concretely mobile health (mHealth), has been positioned as key
tools to improve the quality of health care since it helps both
professionals and patients. On the one hand, ICTs allow health
care professionals to access the patient’s clinical information
in real time, improving risk monitoring and enabling proactive
treatment. On the other hand, these tools facilitate connected
care and allow patients to have direct communication with their
health professionals [7-11]. Moreover, ICTs favored the
conciliation of patients with other activities of their daily life,
promoting their autonomy, and streamlining processes and
bureaucratic procedures. Thus, ICTs, especially apps, have the
potential for promoting self-management, improving standard
clinical care, and reducing the impact of the growing burden of
IMID on health care resource utilization [12-15].

There is a wide variety of apps for IMID patients on the market
with numerous features and functionalities but a lack of validity
and scientific reliability [12,14,16]. The lack of regulation of
these tools makes health care professionals primarily responsible
for ensuring the validity of the tools they recommend to their
patients. However, information and evidence about the real use
of ICTs in IMID patients and the needs and expectations patients
have for these technologies are scarce. This is essential for
further validation and improvement of health-related app, from
both a clinical and patient perspective [17-19]. With this study,
we aimed to describe the degree of use of information and
communication technologies in patients with IMID, identify
their needs, and analyze their interest in the use of apps as a
tool for better management of their disease.

Methods

Study Design and Setting
We performed a descriptive study in a tertiary care teaching
hospital of the Madrid Public Health Service (Spain). This
hospital has a coverage of the entire portfolio of services for a
population of 325,000 inhabitants distributed in 11 basic health
areas. This hospital has a comprehensive care center, a reference
center for the management of IMID care, for patients with IMID.

Study Patients
Patients diagnosed with IMID, including rheumatic disorders,
inflammatory bowel disease, and psoriasis and treated with
biological or targeted therapies, were eligible for the study.
Patients under 18 years, those treated in a clinical trial, and
those who had trouble understanding the questions due to
language or cultural barriers were excluded. All patients
provided written informed consent and agreed to participate.

Data Collection
Data were collected from December 2020 to July 2021 during
a single visit through an anonymous patient self-questionnaire.
To design the questionnaire, the survey created by Spanish
National Observatory of Telecommunications and Information
Society [20] was taken as a model and modified and adapted
to our population by a multidisciplinary team including
pharmacists, rheumatologists, gastroenterologists,
dermatologists, and nurses with experience in ICTs applied to
the field of IMID. Finally, a 27-item questionnaire was designed
(Multimedia Appendix 1). The survey comprised 3 main blocks.
Block I: patient sociodemographic characteristics (questions
1-6); block II: ICT use for health-related information (questions
7-17); and block III: patient expectations about mHealth
(questions 18-27). With respect to the types of questions, the
questionnaire comprised dichotomous statements (2, 10, 15-18,
20, 25, and 26) with true or false response options or polytomous
statements (3-9, 11-14, 19, and 21-24) categorical variables.
Some statements were multiple choice (5, 7-9, 11-13, 21-24).
Ten patients completed a draft paper questionnaire to validate
the fact that it was well understood. Regarding the question of
whether patients would be willing to pay to download an app,
the cost of the app was taken from the review published by
Collado-Borrell et al [21] who showed an average price of apps
for patients with cancer of 2.15€ (US $2.15).
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A paper copy of the questionnaire was handed to every patient
in the infusion center, in pharmaceutical consultation, or in the
waiting rooms of the comprehensive care center. Alternatively,
patients could take the questionnaire home and return the
completed form at their next appointment.

Statistical Analysis
Data were analyzed using SPSS for Windows (version 21.0,
IBM Corp) software. Variables were analyzed using descriptive
statistics. Normality was analyzed by means of the
Kolmogorov-Smirnov test. Numeric variables were compared
with the Student t test or the Mann-Whitney test. The association
between qualitative variables was studied using the Pearson
chi-square test or Fisher exact test. The corresponding measures
of association and risk were calculated along with their
confidence intervals. Results with a value of P<.05 were
considered statistically significant.

Ethics Approval
The study protocol was approved by the Ethics Committee of
the Hospital General Universitario Gregorio Marañón (approval
number: IMID-HGUGM.01), in accordance with the principles
of the Declaration of Helsinki. The questionnaire did not include
any information about the personal data of patients to ensure
data confidentiality.

Results

Patient Sociodemographic Characteristics
Of the questionnaires distributed, there was a participation of
95.2% (472/496). The remaining 24 questionnaires were not
analyzed because they were not understandable. Patient
sociodemographic characteristics are shown in Table 1. The
median age of patients was 50.5 years (IQR 40.0-59.8). Of all
participants, 53.2% (251/472) were women and 44.7% (211/472)
had a university education.

Overall, 52.9% (250/472) of patients were diagnosed with a
rheumatologic disease, 21.8% (103/472) rheumatoid arthritis,
16.7% (79/472) spondylarthritis, 13.1% (62/472) psoriatic
arthritis, and 1.3% (6/472) other. Among nonrheumatologic
patients, 39.4% (186/472) were inflammatory bowel disease,
71.5% (133/186) were Crohn disease, 28.5% (53/186) were
ulcerative colitis, and 12.3% (58/472) were psoriasis. Overall,
12.1% (57/472) of patients were diagnosed with more than one
concomitant IMID. Over half (269/472, 57.0%) of patients
considered their state of health was either good 45.6% (215/472)
or very good 11.4% (54/472).
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Table 1. Patient sociodemographic characteristics (n=472).

ValueDemographic characteristics

Sex, n (%)

251 (53.2)Female

221 (46.8)Male

49.9 (13.4)Age (years), mean (SD)

74 (15.7)≤35, n (%)

159 (33.7)36-50, n (%)

128 (27.1)51-60, n (%)

106 (22.4)≥61, n (%)

5 (1.1)No response, n (%)

Current occupation, n (%)

280 (59.3)Works

88 (18.6)Retired

53 (11.2)Unemployed

35 (7.4)Homemaker

15 (3.2)Study

1 (0.2)No response

Level of education, n (%)

10 (2.1)No education or incomplete primary education

80 (16.9)Primary education

167 (35.4)Secondary education

211 (44.7)University education

4 (0.8)No response

Type of IMIDa,b, n (%)

133 (28.2)Crohn disease

103 (21.8)Rheumatoid arthritis

79 (16.7)Spondyloarthritis

62 (13.1)Psoriatic arthritis

58 (12.3)Psoriasis

53 (11.2)Ulcerative colitis

48 (10.2)Other

57 (12.1)More than one IMID

How would you rate your overall health? n (%)

54 (11.4)Very good

215 (45.6)Good

172 (36.4)Average

27 (5.7)Poor

1 (0.2)Very poor

3 (0.6)No response

aMultiple choice question.
bIMID: immune-mediated inflammatory disease.
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ICT Use for Health-Related Information
Patients were questioned concerning internet use to address
their habits regarding information search (Table 2). Most of the
patients had heard the term app and smartphone (359/472,
76.1%, and 347/472, 73.5, respectively) before, but only 17.6%
(83/472) had heard the term wearable. Mobile phones and
desktops were the devices most used for searching for
information on the internet (433/472, 91.7%, and 308/472,
65.3%, respectively). The mobile phone was used daily to search
for information on the internet by 65.5% (309/472) of patients.
Figure 1 shows the frequency with which patients used different
ICTs to search for information on the internet.

Patients sought health-related information mainly from the
internet and health care professionals (334/472, 70.8%, and
318/472, 67.4%, respectively). Of patients who consulted the
internet, 73.5% (347/472) searched through Google and 33.3%
(157/472) through social networks (YouTube, Twitter, and
Facebook, among others) and 24.2% (114/472) used medical
societies. About half of patients looked for health information
to obtain information about disease prevention, healthy
lifestyles, and health care (239/472, 50.6%) and to find
information about the treatment their doctor had prescribed for
them (215/472, 45.6%).

We observed statistically significant differences depending on
the level of education, age, sex, and IMID type. First, patients
with secondary or university education and younger patients
searched for more information on health in the internet (P<.001).

Patients with secondary or university education sought more
information about health centers or health professionals
(P<.001), regarding symptoms and learning about potential
diseases (P=.003), and regarding their treatment (P=.02). Men
sought more information regarding symptoms and learning
about potential diseases (P=.02), while women wanted to get
in contact with other people with similar health problems
(P=.004). Patients with ulcerative colitis were most likely to
seek information about their treatment (P=.02).

Regarding understanding internet health information, patients
replied that it seemed easy always (49/472, 10.4%) or sometimes
(113/472, 23.9%). For the question as to whether participants
trusted the information they found on the internet, overall, 13.6%
(64/472) responded no, but it was a statistically more frequent
reply among young patients (P<.001) and homemakers and
retired people had less trust than others (P<.001). Patients with
secondary or university education reported more frequently than
other groups that they trusted the information they found on the
internet depending on the website (P<.001).

Overall, 16.7% (79/472) of patients turned to the internet for
information about their disease or treatment before their doctor’s
appointment, an action that was more common in younger
patients (P=.02) and in students (P=.049). After doctor
appointment, 18.8% (89/472) of patients always referred to the
internet and 31.6% (150/472) only when they had doubts, being
more frequent among student patients (P=.003) and those with
secondary or university education (P=.002).
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Table 2. Information technology use for health-related information (n=472).

Value, n (%)Use of information and communication technologies

Which of the following terms have you heard before?a

359 (76.1)App

347 (73.5)Smartphone

178 (37.7)Information and communication technologies

111 (23.5)eHealth

89 (18.9)Mobile health

83 (17.6)Wearable

53 (11.2)I have not heard any of these terms before

6 (1.3)No response

Which devices do you use to look for information on the internet?a

433 (91.7)Mobile phone

308 (65.3)Desktop or laptop computer

199 (42.2)Tablet

79 (16.7)Television with internet (SmartTV)

34 (7.2)Smartwatch

5 (1.1)Other

17 (3.6)I do not look for information on the internet

3 (0.6)No response

Are you interested in staying informed about health-related matters?

410 (86.9)Yes

36 (7.6)No

26 (5.5)No response

Where do you search for information on health?a

334 (70.8)Internet

318 (67.4)Health professionals

116 (24.6)People close to me (friends, relatives, workmates, etc)

89 (18.9)Newspapers, magazines, pamphlets

71 (15.0)Apps

12 (2.5)Other

27 (5.7)No response

If you use the internet to search for health information, which types of website do you use?a

347 (73.5)Google

114 (24.2)Medical societies

87 (18.4)Patient associations

72 (15.3)YouTube

64 (13.6)I do not search for medical information on the internet

49 (10.4)Facebook

37 (7.8)Blogs

27 (5.7)Twitter

15 (3.2)Other

10 (2.1)Other social networks
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Value, n (%)Use of information and communication technologies

29 (6.1)No response

For what purposes do you search for health information?a

239 (50.6)Disease prevention, healthy lifestyle, health care

215 (45.6)To find information about the treatment prescribed by my doctor

132 (28.0)To find symptoms and learn about potential diseases

126 (26.7)To find information about medical centers or health professionals

65 (13.8)To find information about alternative/complementary medicines (herbal products, acupuncture, etc)

65 (13.8)To get in contact with other people with health problems like mine

21 (4.4)Other

67 (14.2)No response

Is it easy to understand the health information you find on the internet?

232 (49.1)Usually

113 (23.9)Sometimes

49 (10.4)Always

20 (4.2)Never

58 (12.3)No response

Do you trust the health information you find on the internet?

321 (68.0)Depends on the website

64 (13.6)No

43 (9.1)Yes

44 (9.3)No response

Do you look up information on the internet about your disease or treatment BEFORE going to your doctor’s appointment?

367 (77.8)No

79 (16.7)Yes

26 (5.5)No response

Do you look up information on the internet about your disease or treatment AFTER going to your doctor’s appointment?

210 (44.5)No

150 (31.8)Only if I have still got doubts about something

89 (18.8)Yes

23 (4.9)No response

aMultiple choice question.
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Figure 1. Frequency with which patients used different information and communication technologies to search for information on the internet.

Patient Expectations About mHealth
Table 3 shows the results for preferences regarding the use of
mHealth. Overall, 92.2% (435/472) of patients had a
smartphone, and 42.8% (202/472) had installed at least 1 health
app. We observed that most (199/472) of the patients had found
the health-related apps for their will. Concerning mobile phone
use, 73.9% (349/472) of patients used them to access the
internet, and 66.5% (314/472) to use apps, among other
functions.

Figure 2 shows the reasons why our patients used health apps
and their use preferences. We found that patients used
health-related apps mainly to manage appointments with health
centers, hospitals, or health professionals (222/472, 47.0%) and
to obtain information about diseases and treatments (119/472,
25.2%).

We found that younger patients used apps to obtain information
about disease prevention, health problems, and improve their
lifestyle (P=.05) and to record and monitor their symptoms
(P=.01) with a greater frequency than the other
sociodemographic groups. Patients with secondary or university

education were statistically more inclined than other patient
groups to use apps to record and monitor their symptoms
(P<.04), record their medication (P=.04), and manage their
appointments (P=.03). Unemployed patients and homemakers
used apps more than those in other occupations to get in contact
with other patients (P=.03). Furthermore, women used apps to
obtain emotional support more frequently than men (P=.02).

When ask patients about what they would like a health app to
help, most of them answered to manage appointments (281/472,
59.5%), to obtain information about their diseases and treatments
(274/472, 58.1%), to get in contact with health professionals
(250/472, 53.0%), and for remote monitoring by health
professionals (226/472, 47.9%). We observed that women than
men would like to use apps more to get emotional support
(P=.001).

Overall, 90.0% (425/472) of patients reported they would use
an app to manage their IMID if their health professionals
recommended it, and 58.0% (274/472) patients would pay or
probably be willing to pay for it, being more frequent in patients
with secondary or university education (P<.001).
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Table 3. Use preferences for health apps (n=472).

Value, n (%)Use preferences for health apps

Is your mobile phone a smartphone?

435 (92.2)Yes

15 (3.2)No

22 (4.7)No response

Do you have health-related apps installed?

250 (53.0)No

202 (42.8)Yes

20 (4.2)No response

How did you find the health-related apps you use?a

76 (16.1)Prescription or medical advice

199 (42.2)On my own

73 (15.5)On the recommendation of a family member or friend

180 (38.1)No response

What do you use your mobile phone for?a

448 (94.9)Normal phone use (calls, messages, photos/videos, etc)

349 (73.9)To access the internet

323 (68.4)Schedule planner and alarms

314 (66.5)To use apps

245 (51.9)Social networks

19 (4.0)No response

How would you like to communicate with your health professional?a

353 (75.0)Telephone

202 (42.8)Videoconference

201 (42.6)Email

179 (37.9)Apps

25 (5.3)Website

4 (0.8)Blogs

16 (3.4)Social networks

36 (7.6)No response

Would you use an app if your health professional recommended it?

21 (4.4)No

425 (90.0)Yes

26 (5.5)No response

Would you download a health-related app if you had to pay approximately €2.15 (US $2.15)?

171 (36.2)No

174 (36.9)Probably

100 (21.2)Yes

27 (5.7)No response

aMultiple choice question.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e37445 | p.495https://www.jmir.org/2022/9/e37445
(page number not for citation purposes)

Chamorro-de-Vega et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Reasons why patients used a health app, and things they wish the app could help them with.

Discussion

Principal Findings
We have analyzed the needs and interests of a large cohort of
IMID patients in ICTs as a means of managing their disease.
We found that the most frequent ICTs used by far was the
mobile phone (91.7%) and the most frequent source of
information was the internet (70.8%; mainly in Google), ahead
of health care professionals.

We showed that patients searched for health information on the
internet mainly for disease prevention, healthy lifestyles, health
care, and treatments prescribed by their doctors. Most (67.9%)
of the patients trusted the information they found on the internet
but that depended on the website.

Regarding the use of health apps, 42.8% of patients had
health-related apps installed on their mobile phones, with only
16.1% found by medical advice. The most interesting features
that patients expected to find in an app were appointment
management, advice on disease and treatment management, and
personalized communication with health professionals. Most
(425/472, 90.0%) of the patients would use an app if their health
professional recommended it and more than half (274/472,
58.1%) of patients would be willing to pay for it.

Comparison With Prior Work

Patients Preferences in the Use of Apps
Digitization of health care and ICT has gained momentum in
recent years, mainly sparked by the COVID-19 pandemic [22],
changing the practice of medicine and the way in which health
information about health and manage diseases is accessed
[20,23,24]. However, data published about the use of mHealth
technologies in IMID patients is focused on interventions
regardless of the patient’s perspective, which is needed for
further validation and improvement of these technologies
[9-11,13,15]. To the best of our knowledge, this is the first
survey to identify the frequency of use and needs and interests
in ICTs as a mean of managing their disease in a
multidisciplinary cohort of IMID patients, including patients
with rheumatology disease, inflammatory bowel diseases, and
psoriasis among others, carried out in a comprehensive care
center for these patients. The characteristics of the questionnaire,
which contains transversal questions, facilitate its extrapolation

to other pathologies. Our colleagues had used a very similar
questionnaire in hematology-oncology patients to understand
the ICT use profile and identify their needs and interest [25].

ICT Use for Health-Related Information
The way in which people access health information is changing.
As observed by Knitza et al [18], the internet was the most
frequent source of health information, ahead of health care
professionals (70.8% vs 67.4%), contrary to what is traditionally
described, where more patients have tried to physically obtain
medical information from ordinary health professionals
[20,25,26]. Regarding the reasons why patients seek health
information, most of the patients showed interest in disease
prevention (50.5%) and in their treatments (45.6%), although
this result was lower compared with other authors (67%-80%)
[17,18]. A considerable percentage of patients (47.4%, 35.0%,
and 13.8% reported by Magnol et al [17], Knitza et al [18], and
in this study, respectively) seek information to get in contact
with other people with similar problems. However, when
patients were asked about what they would like a health app to
do, they showed less interest in getting emotional support or
direct exchange such as chats with peers with the same disease
[18]. Health professionals can encourage patients to enroll in
patient associations for a holistic approach to managing their
condition due to its beneficial effects [27,28], and apps could
be the platform for it.

The high complexity of managing IMIDs and their treatments,
as well as the limited health care resources in many cases, causes
patients to have many doubts that are not resolved by health
professionals. In our study, more than half (239/472, 50.6%) of
the patients consulted the internet after a medical visit. Knitza
et al [18] showed that 75% of patients had previously used the
internet to obtain health information during the last 3 months
prior to the clinical visit. The internet can be an unreliable source
of information if they don’t have the ability to make critical use
of it [20,26,29]. In our study, only a small percentage of the
patients found the information on the internet always easy to
understand (10.4%). In addition, 13.4% did not trust the
information they found. This highlights the need to establish
legislation that regulates this aspect and the role of health
professionals to provide guidance on where and how to look
for health information [21,30].
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Patient Expectations About mHealth
Regarding the use of mHealth, we found that 42.8% of our
patients used health-related apps, a higher rate compared with
21.6% showed by Magnol et al [17] or 4.1% reported by Knitza
et al [18] in rheumatology patients. This difference could be
explained by the younger age of the patients included in our
study or the heterogeneity of our patients with different IMIDs.
Other chronic diseases has been associated with higher eHealth
use [31-33]. In our study, most of the patients (42.2%) found
the app on their own. This highlights once again the importance
of health professionals in advising on the use of ICTs.

In general, the main interests of patients with apps were
information about medications and diseases. Regarding the
communication with health care professionals, our patients
preferred the more traditional means of communication such as
telephone, videoconferencing, and email, as also reported by
Knitza et al [18], who observed that patients preferred to receive
medical information on paper. However, we showed that one
of the app functions that patients would like the most was to
get in contact with health professionals (53.0%) and for remote
monitoring by health professionals (47.9%). Moreover, 37.9%
of patients would use an app as a means of communication with
health care professionals. Finally, 90% of our patients would
use an app to manage their IMID if their health professionals
recommended it, a higher result than showed by Magnol et al
[17] (69.9%). The widespread access and use of the mobile
phone by patients can help health care professionals increase
patient monitoring while improving patient convenience,
especially for those who are functionally incapacitated or who
live far away [34,35]. This fact, along with the significant
demonstrated benefits of apps in terms of clinical care
[12,33,36,37], cost-effectiveness [13,38], and versatility of its
features (such as including patient-reported outcomes) [39-41],
make apps a perfect tool for complement and improve the
standard clinical care of patients with IMID.

Limitations and Strengths
Our study has several limitations related to the characteristics
of studies under real clinical practice. First, our study is limited
by its single-center design. Consequently, these results might
not be obtained in centers or countries with different
characteristics. Second, the cross-sectional design, self-reported
data, and sampling method can affect extrapolation of the results.
However, a strength of this study is its multidisciplinary design
with a systematic inclusion of large numbers of consecutive
patients with different IMIDs, including rheumatology diseases,
inflammatory bowel disease, and psoriasis among others, which
resulted in a representative sample of patients with IMID. Third,
there is great variability in the price of health-related app that
can influence the response of patients to these new technologies
depending on the cost indicated in the survey. A review showed
that most apps were free, and specifically 82.2% of apps for
IMID patients were free [42]. However, in IMID apps requiring
payment, the cost is slightly higher (€9.10, or US $9.10) than
the average observed in other reviews (€0.90-4.20, or US
$0.90-4.20) [42]. Our patients are willing to pay for a health
app if their health care professional recommends it.

Conclusion
IMID patients were very interested in finding health-related
information via ICTs, especially using smartphones and apps
recommended by health professionals. We could successfully
identify unmet needs and patient priorities, with appointment
management, advice on disease and treatment management, and
personalized communication with health professionals the most
app features in which patients were interested. These ICTs,
presented as tools that cover these needs, are used as both a
source of information and a new communication channel
between patients and health professionals. Health professionals
should play an essential role in recommending and validating
these tools to ensure they are of high quality. Therefore, our
results may help in developing possible technological solutions
that favor the empowerment of patients and guiding ITCs in
routine IMID care.
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Abstract

Background: Physicians are increasingly using Twitter as a channel for communicating with colleagues and the public.
Identifying physicians on Twitter is difficult due to the varied and imprecise ways that people self-identify themselves on the
social media platform. This is the first study to describe a reliable, repeatable methodology for identifying physicians on Twitter.
By using this approach, we characterized the longitudinal activity of US physicians on Twitter.

Objective: We aimed to develop a reliable and repeatable methodology for identifying US physicians on Twitter and to
characterize their activity on Twitter over 5 years by activity, tweeted topic, and account type.

Methods: In this study, 5 years of Twitter data (2016-2020) were mined for physician accounts. US physicians on Twitter were
identified by using a custom-built algorithm to screen for physician identifiers in the Twitter handles, user profiles, and tweeted
content. The number of tweets by physician accounts from the 5-year period were counted and analyzed. The top 100 hashtags
were identified, categorized into topics, and analyzed.

Results: Approximately 1 trillion tweets were mined to identify 6,399,146 (<0.001%) tweets originating from 39,084 US
physician accounts. Over the 5-year period, the number of US physicians tweeting more than doubled (ie, increased by 112%).
Across all 5 years, the most popular themes were general health, medical education, and mental health, and in specific years, the
number of tweets related to elections (2016 and 2020), Black Lives Matter (2020), and COVID-19 (2020) increased.

Conclusions: Twitter has become an increasingly popular social media platform for US physicians over the past 5 years, and
their use of Twitter has evolved to cover a broad range of topics, including science, politics, social activism, and COVID-19. We
have developed an accurate, repeatable methodology for identifying US physicians on Twitter and have characterized their
activity.

(J Med Internet Res 2022;24(9):e37752)   doi:10.2196/37752

KEYWORDS

social media; internet; health informatics; internet use; public health; Twitter; physician

Introduction

Twitter has become a popular communication tool, with almost
200 million daily active users and more than 500 million tweets
being sent out every day [1]. Around the world, people have
used Twitter as a platform for sharing information, expressing
opinions, and engaging in social movements. It has democratized

communication, allowing everyday citizens to have a voice at
the same potential scale as the voices of global leaders,
politicians, and celebrities. The speed at which information is
shared on Twitter has transformed the way information spreads
and how communities create social movements. Studies have
shown that Twitter is one of the best sources of real-time
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information, outpacing traditional media outlets for reporting
natural disasters, crimes, and major events [2-6].

Over the past 15 years, physicians have started to use Twitter
as a platform for sharing scientific information, frontline
experiences, and opinions on various topics [7-12]. Studies have
shown that scientific papers obtain more visibility when shared
on Twitter, and impact metrics have started to incorporate social
media data as part of their calculations [13]. During the
COVID-19 pandemic, Twitter has given unprecedented visibility
to clinicians working on the front lines. Clinicians have engaged
in public discourse by sharing data and scientific information
on Twitter [14-17]. They have also engaged in dialogue with
each other, often sharing encouragement, empathy, and
compassion during challenging times [18,19].

Studies have already demonstrated the use of Twitter in building
early warning systems for adverse drug reactions, understanding
discussions about various diseases, and characterizing public
perceptions regarding COVID-19 [20-24]. One of the earliest
uses of Twitter among physicians was tweeting during
conferences, and a number of studies have analyzed what factors
make tweets more successful or more likely to be disseminated
during medical conferences [9,25]. Recent studies have
demonstrated that physician activity on Twitter is a potential
predictor of COVID-19 surges [26]. As more physicians join
Twitter and engage in dialogue across a wide range of topics,
health systems and academic medical centers that train and often
employ these physicians need to be aware of these trends to
teach them about professionally appropriate use and potential
repercussions. Physicians should be aware of the positive and
negative consequences of engaging in public discourse on
platforms such as Twitter, where content is instantly made public
and is often permanent and irreversible [23,27].

Although some studies have investigated the use of Twitter
among physicians in narrow use cases, such as a specific
specialty, no study has characterized the overall activity of US
physicians on Twitter across multiple years [11]. Part of this
can be attributed to the difficulty of identifying physicians on
Twitter. Physicians self-report their professional status in varied,
inconsistent, and sometimes vague ways, and there are limited
methods for verifying and validating the identity of a user based
on their profile and tweet content. Furthermore, the challenges
of combing through billions of tweets and bios to identify
physician accounts can be computationally and logistically
intensive. It is for these reasons that a process for identifying
US physicians and characterizing their activity has not been
published, to our knowledge. Given the widespread use of
Twitter by the general public and among physicians, it is
becoming increasingly important to understand the use of social
media among physicians, particularly with the backdrop of the
COVID-19 pandemic. The aims of this study are to describe a
reliable and repeatable methodology for identifying US
physicians on Twitter and to characterize their use of Twitter
and longitudinal trends across multiple years.

Methods

Process for Identifying US Physicians on Twitter
We conducted an in silico analysis of physicians’ Twitter usage
over a 5-year period. We identified physicians by using a 3-stage
process (Figure 1) comprising a geographic filter for excluding
accounts from outside of the United States, Boolean logic for
further identifying US physician accounts based on their
usernames and bios, and a custom algorithm for filtering out
false-positive accounts. The details of the algorithm developed
and the iterative refinement process are described in the
following sections.
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Figure 1. Identification and selection of physician tweets.

Algorithm Development and Refinement for Physician
Identification
Initially, a Boolean logic was developed (Multimedia Appendix
1) to scan all Twitter usernames (ie, @username), names (eg,
Jane Doe, M.D.), and bios for every tweet that was posted during
the 5-year study period (2016-2020). The Boolean logic
identified all tweets that included some indication of a Twitter
user’s status as a physician (eg, mentioning physician in the bio
or including a medical degree, such as M.D. or D.O., in the
name or username). The Boolean logic included a corpus that
contained every specialty and subspecialty listed by the

Accreditation Council for Graduate Medical Education and the
American Osteopathic Association. A third-party software
(Meltwater Explore; Meltwater, Inc) was used to review the
user accounts and tweets generated from the Boolean algorithm
to ensure the accuracy of the Boolean logic expression. With
each iteration, the first 1000 tweets were manually reviewed
for any tweets that did not originate from a physician-owned
account. Appropriate logic was added to filter out false positives.
Examples of false positives are provided in Table 1. This manual
review process was repeated until the false-positive rate
decreased to less than 5% in a 1000-tweet sample.
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Table 1. Examples of false positives and the associated Boolean logic.

Boolean logicExamplesDescription

MD is used in the username, in the profile,
or in both to indicate something other than
a medical degree.

•• Only identify tweets that are in English and
from the United States

MD in “@MDZeki” stands for “Muhammad”
• MD in “Student living in MD” and “@MDJobs”

stands for “Maryland” • Only include usernames that have “,M.D.,”
“,MD,” or “, MD”

• Remove all accounts that include jobs in the
username or profile

DO is used in the username, in the profile,
or in both to indicate something other than
a medical degree.

•• Only include names that have “,D.O.”DO in “@JUSTDOIT” does not indicate a DO
medical degree

Doctor is used broadly without specifying
an MD or DO degree.

•• The Boolean logic did not select handles with
Doctor; the user would have had to indicate
their status as a physician through more specif-
ic ways

@DoctorJones
• @aprokodoctor
• @DoctorsEMres

Premedical and medical students who in-
clude physician or doctor in their user-
name or profile.

•• Remove all accounts that include aspiring or
future in the profile

Profile includes “Aspiring Infectious Disease
Physician”

• Profile includes “aspiring physician working in
epi & vaccine research”

• Profile includes “future physician” or “Future
Physician Assistant”

Data Acquisition
Once the Boolean logic was finalized, all tweets that were
written in English; originated from the United States; were
posted between January 1, 2016, to December 31, 2020; and
met the Boolean criteria were acquired from a third-party vendor
(Meltwater, Inc, San Francisco, California).

Algorithm Refinement
The data were imported into RStudio (Version 1.2.5033;
RStudio, PBC), where additional rules were programmed in R
(R Foundation for Statistical Computing) and applied to filter
out nonphysician Twitter accounts. The next phase of algorithm
refinement involved filtering out more nuanced cases that the
Boolean logic could not catch. Accounts that used MD to
indicate the state of Maryland; accounts of physician recruiting
services that used variations of MD and jobs in their usernames
and profiles; and premedical and medical students who used
aspiring MD, aspiring physician, future physician, or similar
terms in their profile were filtered out by using logic coded in
R.

The algorithm was further refined by identifying patterns in the
tweet text itself and then applying filtering logic to the accounts
of those tweets. For example, to filter out more physician
recruitment accounts, tweets that used the hashtags #job or #jobs
in the text were identified. Among these tweets, any accounts
that included the word medical or surgery in the account name
were eliminated (eg, Goldfish Medical or Visage Facial Plastic
Surgery). This 2-step process of screening accounts—analyzing
the tweet text first and then identifying false-positive usernames
and names—was used to filter out the final batch of
nonphysician accounts.

Algorithm Accuracy and Validation
We used Twitter’s verified accounts (ie, those with a blue badge)
as the validation set to test the accuracy of the algorithm. Twitter

uses a rigorous verification process to confirm the identities of
verified account users, which includes checking for an official
government-issued identification document or an official email
address [28].

All of the tweets that originated from a verified Twitter account
were separated from the larger 5-year data set. A team manually
reviewed each unverified account by visiting the associated
Twitter profiles and searching the internet to confirm the details
of a user’s status as a physician (eg, checking the website of
their stated institution for their profile). A false-positive error
rate was calculated based on the number of verified accounts
that belonged to Twitter users who were not actually physicians.
In order to calculate the false-positive rate of unverified
accounts, around 5% (1978/43,328, 4.6%) of the unverified
accounts in the data set were randomly selected. The accounts
were manually reviewed by the team to calculate a false-positive
rate for the unverified physician accounts identified by the
algorithm.

Hashtag and Topic Analysis
The top 100 hashtags used by US physicians were identified,
tallied, and ranked for each year. Each tweet was tokenized,
stemmed, and normalized, and stop words were removed. This
was done by using the following R packages: stringi, stringr,
and tokenizers. All words that followed a pound sign were
identified and separately stored within a data frame in RStudio.
For every tweet, each hashtag was counted and tallied across
all tweets for each year (2016-2020). Researchers (KN and
NTY) reviewed the list and grouped any terms that were related.
For example, the COVID-19 topic was comprised of hashtags
such as #covid19, #coronavirus, #sarscov2,
#covid19coronavirus, and other related hashtags. Further, both
the #blacklivesmatter and #blm hashtags were used for the Black
Lives Matter topic’s tally and rank.
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We analyzed hashtags in two ways. First, we created word
clouds for a visual representation of Twitter activity. A word
cloud was generated for each year of the study period; words
were color-coded based on their frequency of use. Word clouds
were generated by using the following R packages: wordcloud,
wordcloud2, and ggplot2. Second, we identified the top 100
hashtags and categorized them into broad thematic areas. In
order to analyze thematic trends between years, hashtags were
organized into the following themes: general health care,
COVID-19 and public health, politics, social activism, mental
health and well-being, health technology, conferences, patient
groups, specialties and subspecialties, medical conditions and
procedures, and medical education. For the general health care
theme, tweets that included generic health care–oriented
hashtags like #healthcare, #doctor, #medtwitter, and #medicine
were combined and tallied, and the proportion of such tweets
was calculated as a percentage of all tweets for each year. For
the COVID-19 and public health theme, hashtags like #covid19,
as well as hashtags that conveyed public health messages like
#maskup, #socialdistancing, and #flattenthecurve, were
included. For the politics theme, any hashtag related to politics
and elections, such as #trump, #vote, #election2020, #tcot (ie,
top conservatives on Twitter), and #newsmax, were used [29,30].
Only the top 100 hashtags for each year were considered.

Ethical Considerations
No application for an ethics review board assessment was
submitted, since this study involved third-party data sets with
no experimental activities. Therefore, this study was deemed a
quality assurance/quality improvement activity [31].

Results

Algorithm Accuracy
Of the 216 Twitter-verified accounts that the Boolean algorithm
identified as physician accounts, 12 were not physician accounts,
resulting in an accuracy rate of 94.4% (204/216). Of the 43,328
unverified accounts in the data set (ie, regular Twitter accounts),
1978 accounts were randomly selected for manual review as
part of the 5% validation sample. Of the 1978 randomly-selected
unverified accounts, 204 were not physician accounts, resulting
in an accuracy rate of 89.7% (1774/1978; 95% CI 88.3%-91%).

Twitter Activity
The number of US physicians who were active on Twitter
increased from 2016 to 2020. The number of unique physician
accounts tweeting increased from 12,675 in 2016 to 26,897 in
2020—a 112.2% increase in the number of active physician
users over the 5-year period (Table 2). The number of new
physician accounts per year also increased from 1711 new
accounts in 2016 to 2215 new accounts in 2020—a 19.7%
year-over-year increase in the number of new physician accounts
created. Although the total number of US physician accounts
increased, the total number of tweets varied across the 5-year
period, with 1,461,753 total physician tweets in 2016 and
1,338,150 total physician tweets in 2020. The average number
of tweets per account decreased from 115.3 tweets per physician
account in 2016 to 49.8 tweets per physician account in 2020.
These trends were also reflected in a subgroup analysis of
verified Twitter accounts.

Table 2. Twitter activity among US physicians from 2016 to 2020.

20202019201820172016Twitter activity

US physicians on Twitter

1,338,1501,049,2791,205,0531,344,9111,461,753Tweets per year, n

26,89720,58417,93415,63312,675Unique accounts tweeting, n

22151760191721701711New accounts tweeting, n

49.851.067.286.0115.3Number of tweets per account, mean

Verified Twitter accountsa

77,60951,77649,74356,08257,255Tweets per year, n

208171155132107Unique accounts tweeting, n

28362New accounts tweeting, n

373.1302.8320.9424.9535.1Number of tweets per account, mean

aVerified accounts have a blue verified badge next to the Twitter user’s name to let people know that an account is authentic and has undergone rigorous
verification by Twitter. More information is available on the Twitter Help Center [28].

Hashtag and Topic Analysis
Among US physicians using hashtags in their tweets, #health,
#healthcare, #doctor, #medicine, #meded, #mentalhealth, and
#wellness consistently ranked among the most frequently used
hashtags across all 5 years of the study period (Multimedia
Appendix 2). In 2016, #digitalhealth and #realdonaldtrump
were trending hashtags, while #trump, #backfiretrump,
#diversity, and #inclusion were trending in 2018 and 2019.

Hashtags related to #blacklivesmatter and #covid19 represented
0.3% (3750/1,291,567) and 10.6% (137,107/1,291,567) of all
hashtags used in 2020, respectively. Donald Trump–related
hashtags were consistently ranked among the top 50 hashtags
from 2016 to 2019, and in 2020, US physicians used
COVID-19–related hashtags in 137,107 tweets, making them
the most used hashtags during the entire 5-year study period
(Multimedia Appendix 2), with #health being the second most
used hashtag across all 5 years (used in 64,092 tweets).
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The word clouds provide a visual representation of the frequency
and distribution of the hashtags used each year. The frequency
of words was color-coded; gray represents the most frequently
used hashtags, green represents the least used hashtags, and
other colors (light green, pink, purple, and orange) represent
the different levels of frequency in between the two extremes.
Multimedia Appendix 3 shows the word clouds for tweets from
2016 to 2019. The word clouds for 2016 to 2019 show a broad
distribution of words, as demonstrated by the wide variety of
colors and the varying sizes of words in the word clouds
(Multimedia Appendix 3). The 2020 word cloud shifts
drastically, showing just 1 hashtag in gray (#COVID-19) and 1
hashtag in orange (#medtwitter); all other hashtags are in green
(ie, the least used hashtags).

Once hashtags were organized into themes, the results showed
that the general health care topic was the most consistently
discussed topic across all 5 years and represented 5%
(64,701/1,291,567;2020) of the total tweets in 2020 (Figure 2).
In approximately 2% (29,964/1,291,567;2020) of tweets, US
physicians discussed specialties and subspecialties, and 0.5%
(8830; 1,291,567;2020) of tweets discussed medical education.
Public health topics were discussed in less than 0.5%
(1478/1,186,835; 2019) of the tweets from 2016 to 2019, but
in 2020, US physicians discussed COVID-19 and related public
health messages—the most dominant theme across all 5 years
of the study period—in over 10% of all tweets.

Figure 2. Trending themes by year.

Discussion

Study Overview
This is the first longitudinal report of physician activity on
Twitter. Physician activity on Twitter has been increasing over
the past 5 years, with more physicians creating accounts and
joining the platform every year. The diverse range of topics that
are discussed on the platform, from social activism and politics
to memes, demonstrate that Twitter is becoming a mainstream
communication tool for everyday physicians.

The trends in the last 5 years likely indicate that the early
adopters phase of Twitter use among physicians is sunsetting,
and Twitter is becoming a mainstream platform for physicians
[32]. This is supported by the decreasing average number of
tweets per user, which shows that the fraction of power users,
that is, users with a typically high number of tweets per year,
is decreasing in the population of US physician users while use
by mainstream physicians, who tend to have a lower number

of tweets per year, is increasing. The best example of this
occurred in 2020, which was when the content topics drastically
shifted toward the topic of COVID-19—a mainstream issue of
interest among physicians and the public. Similar trends were
seen during the election years (2016 and 2020) and around the
time of the Black Lives Matter movement in 2020. If Twitter
use among physicians was still in the early adopters phase, we
would expect to see less volatile shifts in topics from year to
year, since the interests of a niche group would be more stable
and consistent.

We also want to acknowledge the role of misinformation and
disinformation on the internet. Although this was not the focus
of this study, this topic is inextricably linked to the roles and
responsibilities that physicians have on Twitter, social media,
and the internet. The study period included the 2016 US
presidential election and the COVID-19 pandemic, of which
both involved the sharing of misinformation and disinformation
related to these events [33-36]. Physicians who are active on
social media have a disproportionately large influence on the

J Med Internet Res 2022 | vol. 24 | iss. 9 | e37752 | p.506https://www.jmir.org/2022/9/e37752
(page number not for citation purposes)

Nakagawa et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


public discourse around science, social movements, and politics,
which is supported by the findings in this study. We anticipate
that this trend will only continue to increase, placing more
importance on studying and understanding the role that
physicians play on social media in shaping society’s perceptions
and opinions.

Principal Findings
Physicians discuss a broad range of topics on Twitter and are
not shy about opining on topics that are relevant to society
beyond strictly medical topics. Physicians are unlikely to find
an equivalent platform (traditional or social media) where
ordinary clinicians’ voices can be shared and heard globally in
such a public, transparent way. This was illustrated by the
outsized influence that physicians like Bob Wachter
(@Bob_Wachter), physician influencers like Kevin Pho
(@kevinmd), and ordinary clinicians have had by using Twitter
during the COVID-19 pandemic. Among the hundreds of
millions of tweets shared in 2020 [1], the 137,107 (<0.001%)
physicians tweeting about COVID-19 may have had a
disproportionately outsized impact on public dialogues and
disease perceptions.

US physicians are increasingly using Twitter to teach and share
medical education materials. Hashtags like #meded and #foamed
(ie, free open-access medicine) were consistently ranked in the
top 10 and top 100 hashtags, respectively (Multimedia Appendix
2). This demonstrates a growing shift toward the democratization
of medical education through the sharing of materials, study
sheets, and illustrations. This shift toward democratizing medical
education is likely to continue, with Twitter and other social
media platforms, such as Instagram, playing an increasing role
in the future of medical education.

Tweeting during medical conferences continues to be a mainstay
of use cases among US physicians, but it has become less
prominent relative to more mainstream topics. The American
Academy of Pediatrics, American Society of Clinical Oncology,
and American College of Cardiology conference hashtags (eg,
#aap18, #acc19, and #asco20, respectively) were ranked in the
top 100 hashtags across the majority of the 5-year study period
(Multimedia Appendix 2). Social media continues to be a
powerful tool for disseminating scientific information through
medical conferences and scientific journals.

Another major trend in Twitter activity was its growing use for
marketing purposes. Hashtags like #healthcaremarketing,
#medicalmarketing, and #plasticsurgery were consistently
ranked in the top 50 hashtags (Multimedia Appendix 2). During
the filtering process, a large group of accounts had to be
removed that were associated with physician recruitment
services using hashtags like #jobs in the profile, in the tweet
text, or in both. We also observed individual physicians in
certain specialties, such as plastic surgery, cosmetic surgery,
and dermatology, using Twitter to market their practice, further
reinforcing the fact that Twitter is now accepted as a mainstream
platform that physicians can use to communicate directly with
patient populations.

Finally, mental health and well-being were consistently ranked
in the top 50 topics that US physicians discussed on Twitter.

Across a multitude of hashtags, including #mentalhealth,
#wellness, #depression, and #mindfulness, US physicians used
Twitter to engage in dialogue about wellness. These trends may
be particularly useful for monitoring physicians’ well-being at
a local, regional, or national level, since the mental health of
clinicians is notoriously challenging to measure on a regular
basis. We hypothesize that during stressful events, such as the
COVID-19 pandemic, Twitter may offer unprecedented insight
into the overall mental health status of physicians, and we are
following up this study with one involving a sentiment analysis
of all physician tweets that have been posted during the
pandemic.

Challenges, Strengths, and Limitations
During the planning of this study, it was clear to us how
challenging it would be to identify physicians on Twitter, hence
the lack of publications on this topic in the literature. Twitter
was designed to be fast and easy with regard to sign-up and use,
and the consequence of this focus on user experience is that
there are very few denominators for identifying subgroups
within Twitter. The most challenging task of this study was
identifying US physician tweets (n=6,399,146) from the trillions
of tweets generated worldwide.

Although numerous studies have analyzed the Twitter activity
of the entire Twitter population, the complexity of this task
increases significantly once subgroups need to be identified and
analyzed. We believe that the methodology outlined in this
study offers a robust, scalable, and repeatable method of
identifying physician accounts on Twitter. We also recognize
that this approach is not perfect and hope that this study serves
as a foundation for future work to further improve the
identification of physician accounts for future analyses.

The computational requirements for mining approximately 1
trillion tweets and analyzing millions of tweets should not be
underestimated. Once the data set reaches beyond a few months
of Twitter data, the data set is too large for manual assessment.
As such, algorithmic approaches to filtering and analyzing the
data are recommended. Analyzing this amount of data often
exceeds the computational limits of a typical laptop or desktop,
and more high-performance graphics processing units or
high-performance computing clusters in the cloud are
recommended to analyze the data in a reasonable amount of
time, particularly if a real-time analysis is desired.

This study had 3 main limitations. First, all physicians who
were identified as active users on Twitter were self-reported
physicians. One’s status as a physician can be very difficult to
validate unless this information is cross-referenced against state
licensing data. Physicians with verified accounts on Twitter (ie,
accounts with blue badges) are the most reliable, since Twitter
has a rigorous verification process that involves checking
credible sources, such as health system websites and media
sources, and using other means for verification [28]. Since
activity trends were similar between the nonverified and verified
accounts, we are reasonably confident that our approach
produced a reliable cohort of physicians. Second, while Twitter’s
official verification process via the blue badge offers the most
reliable method for validating physician accounts within
pragmatic means, this approach has its limitations. Twitter has
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accidentally verified fake accounts, has temporarily halted
verifications multiple times to improve their internal processes,
and has overall been slow to verify physicians—an issue Twitter
has recently addressed during the COVID-19 pandemic [37-40].
Third, it is very likely that our report underestimates the number
of active US physicians on Twitter because some physicians
may not indicate their status as a clinician. Although we
explored various methodologies for matching Twitter accounts,
such as using state licensing data, these approaches were not
practical for this study, and they will be considered for future
investigations.

Future Directions
There are many opportunities to build on this study. We are
planning future studies to focus on specific events, such as the
COVID-19 pandemic. For example, by segmenting the physician
tweets by state and correlating them with epidemiological data,
we plan to study whether there was increased physician activity
during pandemic surges. Similarly, machine learning and
statistical analyses could be used to explore whether physicians’
Twitter activity can be used as a predictor for public health
alerts in the future. Physician activity could also be used as a
potential real-time barometer for physician well-being at a
regional or national level; by applying natural language
processing techniques, such as sentiment analysis, such a data
set could provide a baseline measurement of physician morale

at any given point in time. We are exploring more in-depth
analyses of Twitter bios; topic modeling; and the correlation of
self-reported identities with validated physician registries, such
as medical licensing boards. Finally, we feel that our
methodology and this first comprehensive study of physician
activity on Twitter offer a foundation to building more accurate
and precise algorithms for identifying physician accounts
nationally and globally. We also provide a more complete
characterization of the social media activity of US physicians
than what has been possible in the past.

Conclusion
More physicians are using Twitter and covering a wider range
of topics in their tweets. Twitter is entering a new phase of
mainstream use among physicians, even though physician
activity still represents a tiny fraction of total Twitter activity.
These trends are evidence that Twitter can be a valuable source
of data that can be used to understand social trends, interests,
and the perceptions of the physician community. Unlike the
more stringent settings of clinical practice, physicians are
opening up on social media and showing a different side of
themselves that is typically protected in the professional clinical
setting. Physicians on Twitter may be offering a unique, more
comprehensive view into the physician psyche, making Twitter
an intriguing platform for further study and exploration.
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Abstract

Background: Dementia is a global public health priority due to rapid growth of the aging population. As China has the world’s
largest population with dementia, this debilitating disease has created tremendous challenges for older adults, family caregivers,
and health care systems on the mainland nationwide. However, public awareness and knowledge of the disease remain limited
in Chinese society.

Objective: This study examines online public discourse and sentiment toward dementia among the Chinese public on a leading
Chinese social media platform Weibo. Specifically, this study aims to (1) assess and examine public discourse and sentiment
toward dementia among the Chinese public, (2) determine the extent to which dementia-related discourse and sentiment vary
among different user groups (ie, government, journalists/news media, scientists/experts, and the general public), and (3) characterize
temporal trends in public discourse and sentiment toward dementia among different user groups in China over the past decade.

Methods: In total, 983,039 original dementia-related posts published by 347,599 unique users between 2010 and 2021, together
with their user information, were analyzed. Machine learning analytical techniques, including topic modeling, sentiment analysis,
and semantic network analyses, were used to identify salient themes/topics and their variations across different user groups (ie,
government, journalists/news media, scientists/experts, and the general public).

Results: Topic modeling results revealed that symptoms, prevention, and social support are the most prevalent dementia-related
themes on Weibo. Posts about dementia policy/advocacy have been increasing in volume since 2018. Raising awareness is the
least discussed topic over time. Sentiment analysis indicated that Weibo users generally attach negative attitudes/emotions to
dementia, with the general public holding a more negative attitude than other user groups.

Conclusions: Overall, dementia has received greater public attention on social media since 2018. In particular, discussions
related to dementia advocacy and policy are gaining momentum in China. However, disparaging language is still used to describe
dementia in China; therefore, a nationwide initiative is needed to alter the public discourse on dementia. The results contribute
to previous research by providing a macrolevel understanding of the Chinese public’s discourse and attitudes toward dementia,
which is essential for building national education and policy initiatives to create a dementia-friendly society. Our findings indicate
that dementia is associated with negative sentiments, and symptoms and prevention dominate public discourse. The development
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of strategies to address unfavorable perceptions of dementia requires policy and public health attention. The results further reveal
that an urgent need exists to increase public knowledge about dementia. Social media platforms potentially could be leveraged
for future dementia education interventions to increase dementia awareness and promote positive attitudes.

(J Med Internet Res 2022;24(9):e39805)   doi:10.2196/39805

KEYWORDS

dementia; public discourse; sentiment; Weibo; social media; machine learning; infodemiology; aging; elderly population; content
analysis; topic modeling; thematic analysis; social support; sentiment analysis; public discourse

Introduction

China has the largest population with dementia in the world.
An estimated 9.5 million Chinese adults aged 60 years and older
had dementia in 2015, accounting for roughly a quarter of the
entire population with dementia worldwide [1,2]. Due to China’s
aging population, the number of individuals with dementia is
projected to reach 23.3 million by 2030 [3]. However, previous
studies have found that in China, only around 10% of older
people with dementia have a clinical diagnosis, leaving the care
needs of a substantial number of families impacted by dementia
invisible [4]. Even in the metropolitan regions of China where
dementia-related health care services and workforce are
available, individuals wait 2 years on average between the onset
of symptoms and the first medical visit [5,6]. Such delays are
likely more common in underresourced regions and rural China.
Furthermore, receiving a clinical diagnosis does not often lead
to adequate care. One study reported that over 90% of patients
with a dementia diagnosis remain inadequately managed due
to a lack of training and knowledge among health care
professionals [4,7]. Delayed diagnosis and care impose
unnecessary burdens on individuals and family caregivers, as
well as increase health care expenditures [8,9]. Extensive
evidence indicates that limited knowledge of dementia is a
significant predictor of delays in seeking dementia diagnosis
and treatment [6,10,11]. An online survey of 10,562 Chinese
individuals found that just half of the sample was aware of
dementia risk factors [12].

Therefore, improving the public awareness of dementia has
been identified as a significant global public health priority.
Developing effective approaches to raising the public awareness
of dementia requires a solid understanding of current public
discourse and attitudes toward the the disease to identify
knowledge gaps and priority areas for intervention. However,
previous studies in China so far have relied on regional samples
or specific stakeholder groups (eg, older adults and their family
caregivers [13], mental health providers [14], and health care
professionals [15]), with most studies using small samples,
thereby providing limited generalizability. As a result, our
understanding of dementia awareness, sense making, and
comprehension among the Chinese population remains limited.

The phenomenal growth in social media users has provided new
avenues for public health research and strategies for health
promotion [16]. With 940 million internet users, China reached
an internet penetration rate of 67% in 2020 [17]. Obtaining
health-related information from social media has become a
common practice in China [18]. Not only have platforms such
as blogs, online forums, and social networking sites increased

patients’ access to information and support, they also have
offered a virtual arena in which the general public can express
views, opinions, and sentiments about various health conditions.
A previous study found that social media has provided a primary
avenue through which Chinese people freely share, receive, and
circulate knowledge about dementia [19]. Analyzing social
media data is a cost-effective and unobtrusive way to assess
public perceptions and attitudes toward dementia for 2 reasons.
First, compared with survey research, naturally created online
user-generated data on social media are less vulnerable to social
desirability and recall bias [20]. Using computational tools to
analyze social media data concerning dementia may reveal
additional information that epidemiological survey research
fails to uncover. For instance, social media provides unique
sources of information that might be challenging to measure in
conventional public health research (eg, personal opinions and
experiences), thereby offering new avenues for population health
research [21]. Second, utilizing social media data also allows
for a more complete understanding of the public’s knowledge
and attitudes than previous studies with regional samples, given
the high penetration of social media use. Machine learning of
user-generated data could identify macrolevel social
determinants of population health, which may offer critical
insights for public health research, policy, and practice [20].

Weibo (Sina Corporation), founded in 2009, is a Twitter-esque
microblogging platform in China. Weibo has 249 million daily
active users posting images and short personal stories and
perspectives of up to 140 Chinese characters per post. Weibo
has grown to be 1 of China’s most prevalent social media
platforms. Public opinions expressed on Weibo often reflect
current social concerns/sentiments and policy issues in China
[22]. Weibo users can follow others, be followed, and
create/share/receive information about social events (eg,
posting/reposting others’posts on homepages and broadcasting
personal posts to followers), and they can attach photos, videos,
universal resource locators (URLs), and emojis to posts [22].
Weibo offers individual (eg, members of the general population,
celebrities, and government officials) and organizational
accounts that share various information and opinions.

This study analyzed longitudinal user-generated microblogging
data from Weibo between January 1, 2010, and July 31, 2021,
using machine learning techniques. The study aimed to (1)
assess and examine public discourse and sentiment toward
dementia among the Chinese public, (2) determine the extent
to which dementia-related discourse and sentiment vary among
different user groups (ie, government, journalists/news media,
scientists/experts, and the general public), and (3) characterize
temporal trends in public discourse and sentiment toward
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dementia among different user groups during the past decade.
To the best of our knowledge, this study is the first to examine
the public discourse on dementia among Chinese social media
users. Findings from this study could inform the development
of public health campaigns and interventions aimed at increasing
dementia awareness and subsequently improve disease detection
and management. Moreover, this study’s findings will contribute
to concerted efforts to respond to the World Health
Organization’s (WHO) global action plan to raise dementia
awareness.

Methods

Data Collection and Preprocessing
We used the keyword-based advanced search function provided
by Weibo to retrieve relevant data. The selected keywords were
informed by sources that included existing studies on
media/social media discussions of Chinese dementia/Alzheimer
disease [23] and a careful review of 294 Weibo forums (#daily
routine of old age idiotic# and #age idiotic# among others) and
other social media forums (ie, Baidu Tieba, Zhihu) concerning
dementia and Alzheimer disease by 2 authors. Combinations
of dementia-related keywords, including “senile dementia” (“老
年痴呆” in Chinese), “dementia” (“失智症”), “Alzheimer” (“阿
茲海默症”), “brain atrophy” (“脑萎缩”), and their variations
(eg, “痴呆症,” “认知障碍,” “小脑萎缩,” “脑梗,” “失智症,”
“脑退化,” “阿尔茨海默,” “认知功能障碍”), were selected to
retrieve relevant posts between January 1, 2010 (4 months after
Weibo was launched in China), and July 20, 2021. After
removing duplicates, 983,039 original posts (posts that
started/initiated the thread, also known as thread posts; see
Multimedia Appendix 1, Figure S1) published by 347,599
unique Weibo users were obtained for analysis. Furthermore,
user information (eg, screen name, introduction, user-type status,
verification status, follower number, following number,
geolocation, education, marital status, gender, registration date,
and other information) was also retrieved. Before the subsequent
data analysis procedures occurred (ie, latent Dirichlet allocation
[LDA] topic modeling, sentiment analysis, and semantic network
analyses), we conducted text preprocessing [24] to clean the
data (see Multimedia Appendix 1, “Text Preprocessing
Procedures,” for detailed preprocessing procedures).

Data Analysis

Dementia-Related Themes
We conducted topic modeling using LDA to identify
dementia-related themes. Topic modeling is a computer-assisted
content analysis machine learning technique that is
semiautomated and unsupervised [25-29]. It is a form of
semantic analysis in which statistical algorithms are used to
identify abstract or hidden themes that arise from a large corpus
of text. This approach presumes that each collection of
documents has a given number of hidden themes and that terms

associated with a certain subject are used commonly in close
proximity to one another. LDA, 1 of the most widely used
topic-modeling techniques, classifies texts into latent topics,
each of which is represented by an extracted cluster of keywords
based on the computed probability of keyword co-occurrence
[30].

Based on the results of the LDA modeling process, we chose
the optimal and highly granular k value of 30 topics (for details,
see Multimedia Appendix 1, “Interpreted Topics With Top 10
Words and Associated Frames”). Specifically, we used statistical
indicators of model fit to determine the optimal number of
topics, during which a range of models containing 10-300 topics
were estimated. Models were examined using skips of 10 for
10-100 topics, skips of 20 for 101-200 topics, and skips of 50
for 201-300 topics. Next, a smaller range of k-topics was
selected based on 4 different model fit indicators. We chose the
k areas in which indicators of accuracy [31] and density [32]
were minimized, and indicators from latent concept modeling
and a Bayesian Markov chain Monte Carlo algorithm were
maximized [33,34]. For the chosen limited range, we reran the
models without skips (eg, after the first iteration pointed to the
range of 30-40, we modeled each of the possible 11 models for
this corpus). Next, we examined 3 types of information to
interpret and label topics and extract potential themes among
them, including words with the highest loading on each topic,
words that were both prevalent in and exclusive to each topic,
and full Weibo posts that were most representative of each topic.
Four coauthors, including a public health communication
specialist, read and labeled the topics. Next, 3 coauthors
independently extracted themes using open coding. Preliminary
themes were discussed, and a final set of themes was reached
via consensus building. This approach is consistent with the
assumption that LDA-generated subjects may be recoded or
regrouped into meaningful, condensed frames based on
conceptual similarity [35].

User Groups
Users were classified into 1 of 4 types based on user information
supplied and verified by Weibo (see Table 1 for a detailed
description of the user groups): (1) government, including all
levels and departments of the Chinese government; (2)
journalists/news media, including newspapers, broadcasting
companies, and news websites, as well as their affiliated
personnel (eg, journalists, editors, and hosts/hostesses); (3)
scientists/experts, including influential individuals and
organizations in bioscience, medicine, neuroscience, and related
fields (eg, scientists/researchers, research departments, and
nongovernment organizations in the related field); and (4) users
in the general public who were not included in the first 3
categories. Due to the Weibo data set’s longitudinal nature
(2010-2021), we performed analyses to determine temporal
changes in public discourse and sentiment across different user
groups.
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Table 1. User group typologies.

Posts (N=983,039), n (%)Users (N=347,599), n (%)ExamplesDescriptionUser type

70,171 (7.14)11,829 (3.40)Gansu Higher People’s Court,
the Publicity Department of the
Central Committee of the Com-
munist Party of China (CPC), the
Tianjin Public Security Bureau

Different levels and departments
of the Chinese government

Government

140,924 (14.34)24,601 (7.08)Cao Pusheng, director of oncolo-
gy and surgeon at the Nanning
Hospital of Integrated Traditional
Chinese and Western Medicine,
and Yang Jian, chief physician
of the Department of Neurology,
Capital Institute of Pediatrics

Users with expertise in neuro-
science, including scientists/re-
searchers in the related field,
health care providers, and medi-
cal experts

Scientists/experts

92,030 (9.36)12,138 (3.49)Beijing Youth Daily, National
Business Daily

Journalists and news media, in-
cluding newspapers, broadcast-
ers, and news websites

Journalists/news Media

679,914 (69.16)299,031 (86.03)Lin YinweiUsers outside the first 3 groups
or without specific identities

General public

Semantic Analysis
We conducted semantic network analysis to cross-validate the
results from topic modeling. Specifically, public perceptions of
dementia among Chinese netizens were characterized by
analyzing the semantic networks of dementia discussions on
Weibo among various user groups (eg, government,
scientists/experts, journalists/news media, and the general
public). Following previous studies’practices [36-38], this study
adopted the semantic network analysis method, an analytical
approach for deriving meaning from text. Microblogs were
analyzed to identify grammatical structures and relationships
between individual words [37]. The semantic networks of
dementia discussions on Weibo among different types of users
(ie, government, scientists/experts, journalists/news media, and
the general public) were analyzed using the ForceAtlas2 layout
configuration embedded in Gephi. The top 100 words by
frequency in each corpus were retained for concise visualization
and comprehension. Keywords used to search for data were
removed from the final networks because predominant words
are highly likely to link all the other words, which may distort
the results [36].

Sentiment Analysis
Sentiment analysis was conducted to ascertain the
positive/negative emotions or feelings conveyed in the

dementia-related posts. Sentiments were analyzed by using 2
emotion dictionaries (the Chinese DLUT-Emotion Ontology
developed by the Dalian University of Technology’s Information
Retrieval Laboratory and the Chinese Emotion Valence
Dictionary) in conjunction with dictionary-based techniques
[39-41]. For each post, the algorithm creates a continuous
sentiment score ranging from negative to positive, with the
number’s magnitude indicating sentiment strength. We further
assessed whether each sentiment was associated with user types
and post characteristics (eg, publication time and
dementia-related themes) in regression models.

Results

Top Words in Public Discourse Concerning Dementia
Figure 1 displays the occurrence of each search term over 12
years. Some keywords, including “痴呆” (“stupid” or “idiotic”)
and “Alzheimer” (“阿尔兹海默”), occurred more often than
others, such as “Alzheimer” (“阿兹海默”), “brain atrophy” (“脑
萎缩”), “cognitive impairment” (“认知障碍”), “cerebral
atrophy” (“小脑萎缩”), “cerebral infarction” (“脑梗”),
“dementia” (“失智症”), “Alzheimer disease” (“脑退化”), and
“cognitive dysfunction” (“认知功能障碍”). Figure 2 depicts
the temporal distribution of dementia-related posts on Weibo
from 2010 to 2021. Since 2018, dementia posts increased
significantly.
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Figure 1. Temporal distribution of search terms in collected posts. Note: “阿兹海默” and “阿尔兹海默” are 2 terms for Alzheimer disease used in
simplified Chinese. “脑萎缩,” “认知障碍,” “小脑萎缩,” “脑梗,” “失智症,” “脑退化,” and “认知功能障碍” are synonyms/variations of Alzheimer
disease, and 2 terms, including “老年痴呆” (“old age idiotic”) and “痴呆症” (“idiotic disease”) were merged into “痴呆” to display.

Figure 2. Temporal distribution of dementia-related posts on Weibo. Note: As a result of the sudden drop in data volume in 2021, the year’s data only
cover January 1-July 17.

Dementia Topics and Themes
We derived 30 latent topics related to dementia from the posts
by evaluating the 983,039 dementia-related Weibo posts and
reviewing prior research on social media discussions of dementia
[42-46]. Table 2 provides the 30 topics and top 10 unique
keywords for each topic (a native Chinese-speaking researcher
translated the words into English). As illustrated in Table 2, 8

main dementia-related themes were identified, namely social
support (n=143,505, 14.60%), advocacy and policy (n=55,905,
5.69%), prevention (n=213,453, 21.71%), media coverage
(n=114,949, 11.69%), symptoms (n=246,124, 25.04%),
treatment (n=90,959, 9.25%), personal experience (n=87,012,
8.85%), and raising awareness (n=31,132, 3.17%); see
Multimedia Appendix 1, “Interpreted Topics With Top 10
Words and Associated Frames,” for frame examples.
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Table 2. Frames identified from the 30 dementia-related topics on Weibo.

Representative keywordsSubtopicsDescriptionPosts
(N=983,039), n
(%)

Frame

mom, grandma, take care, children, grandpa, hospital, living, dad,
go home, hospitalization, parents, passed away, father, repost/for-
ward, good men/good Samaritan, hope, love, mother, Waterdrop
Inc., help, please, life, family, home, elderly/older people, suffering

0, 7, and
10

Support received from for-
mal and informal sources

143,505 (14.60)Social support

China, work, overturn, Bailao Yang, human right, street, income,
job, service, project, activity, community, society, center, provide,
concern, country, medical treatment, free, people with disability,
hard-working, temporary worker, Disabled Persons Federation,
civil affairs, alone, dismissal, homeless

1, 2, and
21

Discussions related to policy
issues/changes and advocacy
initiatives

55,905 (5.69)Advocacy and
policy

prevention, resolve toxin, brain cells, weight loss, detoxify, sup-
pression, antiaging, protection, effect, pitaya, memory, relaxing
bowels, risk, increase, incur, cause, hospitalization, decrease, food,
health, cardiovascular, senescence, disease, strengthen, chocolate,
emotion, exercise, improve, diabetes, efficacy, enhance, immunity,
contain, prevention, stay up all night, prevent, live to the old age,
exercise/movement, training, remind, share, expert, blood vessels,
sleep, diet, function, reduce, senile dementia/Alzheimer disease,
long-term

3, 5, 8, 16,
18, 20, 23,
26, and 27

Preventive biological and
lifestyle behaviors

213,453 (21.71)Prevention

news, Weibo, video, driver, recent, doctor, life, bus, send to hospi-
tal, one, passenger, an older person, patient, situation, emergency,
older persons, being lost, find, older spouse, repost/forward, family,
go home, search, tracing notice, phone, search people, help, wear,
height, older people, suffering, policeman, one, family members,
senile dementia, found, report to police, police station, son, home,
be informed of, getting lost, gender, movie, time, father, story,
world, trapped, U.S., diagnosis, Alzheimer disease, pass away

4, 9, 13,
and 24

Description of dementia on
media outlets

114,949 (11.69)Media coverage

forget, remember, brain, thing, memory, suspicion, ability to re-
member, a little, omen, patients, cause, diagnosis, decrease, func-
tion, usually, myocardial infarction, blood vessel, high blood
pressure, stroke, disease, thrombosis, cerebral hemorrhage, blood
pressure, heart disease, diabetes, garbage, fat, cardiovascular, blood
lipids, find, morning, feeling, come back, go home, go out, forget,
symptoms, result in, cognition, performance, influence, neuro,
decline, atrophy, dizziness, insomnia, cerebral thrombosis, spinal
disease, headache, hand numbness, head, qi and blood, cervical
spine, meridian, neck, relief, comfort, nausea

11, 14, 15,
17, 22, and
29

Discussion of different
manifestations of dementia

246,124 (25.04)Symptoms

treatment, brain atrophy, patient, symptom, cerebral infarction,
hospital, doctor, check, disorder, walk, limbs, state of illness,
condition, rehabilitation, recovery, traditional Chinese medicine,
body, talk, drug, disease, global clinical, protein, neuro, cognitive,
new drug

6 and 19Potential treatment options90,959 (9.25)Treatment

older people, suffering, forget, memory, grandma, remember,
restaurant, unforgettable, daughter, mother, grandpa, young, cog-
nition, life, barrier, time, one type, cognitive impairment/disorder,
understanding, emotion, ability, world, society, self, think, things,
change, like, way, learn

12 and 28Sharing individual/family
experiences with dementia

87,012 (8.85)Personal experi-
ence

Alzheimer disease, patient, World Alzheimer’s Day, China, older
people, health, memory, dementia, elderly, prevention, senile,
cognition, disease, our country, treatment

25Posts focusing on fostering
greater understanding, atten-
tion, and positive attitudes
toward dementia

31,132 (3.17)Raising aware-
ness

Temporal Distribution of Frames
As shown in Figure 3, symptoms, prevention, and social support
are the most prevalent dementia frames, while advocacy and

policy have been gaining obvious prominence since 2019. Posts
about raising awareness of dementia have consistently remained
the least used dementia theme in the past decade.
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Figure 3. Temporal distribution of dementia-related post frames.

Theme–User Group Analysis
To examine possible differences in dementia frames across
different user groups, we first conducted an 8 (frames) × 4 (user
groups) chi-square test, which revealed that dementia frame
adoptions significantly differed across the 4 types of users

(χ2
21=147,217.420, P<.001). Specifically, as shown in Table 3,

prevention (n=46,437, 32.95%), symptoms (n=30,238, 21.46%),
and treatment (n=31,137, 22.09%) frames were relatively salient,
with a high proportion for scientists/experts. With regard to the
government, media coverage (n=21,133, 30.12%), prevention
(n=16,707, 23.81%), and social support (n=9853, 14.04%) were

the most commonly used frames. For journalists/news media
users, media coverage (n=23,041, 25.04%), prevention
(n=19,264, 20.93%), and social support (n=16,267, 17.67)
ranked much higher than the other 5 dementia frames. With
regard to the general public, treatment (n=216,321, 31.82%),
prevention (n=131,978, 19.41%), and social support (n=111,431,
16.39%) were the most frequently adopted frames, followed by
media coverage (n=65,167, 9.73%), personal experience
(n=62,865, 9.58%), symptoms (n=45,208, 6.76%),
advocacy/policy (n=43,369, 6.78%), and raising awareness
(n=18, 0.003%). Overall, for dementia framing, the general
public is more aligned with scientists/experts, while the
government and journalists/news media users share a similarity.

Table 3. Differences in dementia frames among different user groups.

General public (n=679,914),
n (%)

Journalists/newsmedia (n=92,030),
n (%)

Scientists/experts (n=140,924),
n (%)

Government (n=70,171),
n (%)

Function

111,431 (16.39)16,267 (17.67)6494 (4.61)9853 (14.04)Social support

46,132 (6.78)4250 (4.62)4233 (3.00)3788 (5.40)Advocacy and policy

131,978 (19.41)19,264 (20.93)46,437 (32.95)16,707 (23.81)Prevention

65,167 (9.58)23,041 (25.04)4514 (3.20)21,133 (30.12)Media coverage

45,988 (6.76)10,303 (11.20)30,238 (21.46)4206 (6.00)Symptoms

216,321 (31.82)5909 (6.42)31,137 (22.09)3285 (4.68)Treatment

62,865 (9.25)8888 (9.66)7140 (5.07)7020 (10.00)Personal experience

32 (0.003)4108 (4.46)10,731 (7.61)4179 (5.95)Raising awareness

Themes in Public Discourse Concerning Dementia
Table 4 presents the clusters and top word associations, as well
as the percentage share of the network for each subcluster. We
identified 5 word clusters in the government semantic network.
Among them, cluster 3 (33.33% of the semantic network) was
the most prevalent frame, focusing on prevention, followed by
cluster 2 (25.00%) on social support; cluster 5 (20.83%) on
symptoms; cluster 1 (14.58%) on media coverage, treatment,
and social support; and cluster 4 (6.25%) on personal experience.
For scientists/experts, 4 clusters of words were identified: cluster
2 (30.53%) and cluster 3 (23.16%) focusing mostly on
prevention, cluster 4 (24.21%) on treatment, and cluster 1

(22.11%) on symptoms. For journalists/news media, media
coverage emerged as the most prevalent word cluster (37.76%),
followed by personal experience (ie, cluster 2: 27.55%), social
support (ie, cluster 4: 23.47%), and symptoms (ie, cluster 1:
11.22%). In terms of the general public’s semantic network,
personal experience (ie, cluster 4: 64.65% of the semantic
network) was the dominant cluster, followed by social support
(ie, clusters 1, 2, and 3: 10.10%, 16.16%, and 9.1% of the
semantic network, respectively).

As shown in Figure 4, the distance between 2 clusters indicates
their coshared words’ proportion and their association in the
semantic network. For the government, prevention was closer
to media coverage, treatment, and social support, although

J Med Internet Res 2022 | vol. 24 | iss. 9 | e39805 | p.517https://www.jmir.org/2022/9/e39805
(page number not for citation purposes)

Kong et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


symptoms shared more keywords with personal experience and
social support. For scientists/experts, prevention had more
connections with treatment and symptoms. For journalists/news
media, personal experiences were related more to media

coverage and symptoms, while symptoms also shared more
similarities with social support. For the general public, the most
prominent cluster association was between personal experiences
and social support.

Table 4. Summary results of network modularity analysis of semantic networks by 4 user groups.

Share of network, (%)Top termsAssociated framesNetwork and clusters

Government

14.58%CCTV, elder, news, go home, life, doctor, remember, treatment, police-
man, ask for help

Media coverage, treatment,
social support

1

25.00%pay attention to, son, disease, child, by your side, take care of, lead to,
healthy, parents, spouse

Social support2

33.33%prevention, forget, sick, father, mother, suffer from, patience, activity,
life, increase

Prevention3

6.25%disease, hope, body, children, chronic, forwardPersonal experience4

20.83%suffer from, memory, discover, hospital, brain, safety, research, emer-
gencies, risk, cognition, personal

Symptoms5

Scientists/experts

22.11%brain, memory, research, body, discover, cognition, early, symptoms,
hospital, effects, dysfunction

Symptoms1

30.53%reduce, publish, lead to, healthy, article, health care, blood, drug, expert,
control, cardiovascular, blood vessel, diabetes

Prevention2

23.16%improve, prevention, patient, medicine, food, performance, increase,
features, long-term

Prevention3

24.21%elderly, risk, treatment, life, science popularization, doctor, stroke,
factors, hypertension, diet

Treatment4

Journalists/news media

11.22%discover, brain, cognition, personnel, sleep, worldwide, publish,
symptoms, expert, drug

Symptoms1

27.55%suffer from, elder, family, memory, life, hope, body, treatment, hospital,
emergencies, risk

Personal experience2

37.76%news, patient, doctor, prevention, forget, go home, sick, state-of-art,
father, remember, work, increase

Media coverage3

23.47%work, healthy, China, time, disease, child, son, lead to, pay attention
to, occur, take care of, by your side

Social support4

General public

10.10%work, disabled, disabled people’s federation, child union, China Uni-
com, sweat, more than 30 years, repay debt, get back, flaunt, Kuom-
intang

Social support1

16.16%diabetes, China, suffer from, street, since ancient times, overthrow,
temporary worker, superiority, homeless, dismissal, kill for life

Social support2

9.1%income, nowadays, human rights, alone, civil affair, hard-earned money,
tens of millions, fabricated

Social support3

64.65%life, father, matter, elder, memory, mother, discover, degenerate, home,
life, hope, mother

Personal experience4
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Figure 4. Semantic network visualization of dementia-related discussions among different users on Weibo. Note: All words are in lowercase.

Sentiment Toward Dementia
Results from the sentiment analyses are presented in Table 5.
The findings revealed that dementia-related Weibo posts
published in 2011 (B=2.85, P=.002), 2012 (B=2.64, P=.002),
and 2016 (B=1.69, P=.05) were significantly more positive
compared with those published in 2010 (see Multimedia
Appendix 1, “Sentiment Analysis Results by Year, Frame, and
User Type,” for sentiment mean values for each year). In terms
of user groups, government users (B=5.81, P<.001),

scientists/experts (B=3.22, P<.001), and journalists/news media
(B=5.11, P<.001) tended to be more positive than the general
public concerning dementia discourse on Weibo. Moreover,
when compared to personal experiences, only posts on advocacy
and policy were associated with positive sentiments (B=3.16,
P<.001), whereas posts on social support (B=–5.27, P<.001),
prevention (B=–3.17, P<.001), media coverage (B=–3.52,
P<.001), symptoms (B=–3.55, P<.001), treatment (B=–9.49,
P<.001), and raising awareness (B=–4.34, P<.001) tended to
express more negative emotions.
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Table 5. Regression model predicting sentiment with dementia-related messages on Weibo (R2=6%, N=983,039).

P valuea95% CIEstimateYear, frame, and user type

Dementia-related frames (reference group=personal experience)

<.001 b–5.42 to –5.12–5.27Social support

<.001 b2.97-3.353.16Advocacy and policy

<.001 b–3.31 to –3.04–3.17Prevention

<.001 b–3.67 to –3.36–3.52Media coverage

<.001 b–3.71 to –3.38–3.55Symptoms

<.001 b–9.63 to –9.36–9.49Treatment

<.001 b–4.57 to –4.11–4.34Raising awareness

User groups (reference group=general public)

<.001 b5.67-5.955.81Government

<.001 b3.11-3.323.22Scientists/experts

<.001 b4.98-5.235.11Journalists/news media

Year (reference group=2010)

.002 c1.04-4.662.852011

.002 c0.94-4.342.642012

.07–0.13 to 3.241.562013

.53–1.15 to 2.230.542014

.14–0.40 to 2.991.292015

.05 d0.00-3.381.692016

.55–1.17 to 2.180.512017

.09–0.24 to 3.091.422018

.57–1.18 to 2.150.482019

.59–2.13 to 1.20–0.462020

.54–1.15 to 2.180.522021

.01d5.96-9.307.63Constant

aItalicized P values are significant.
bP<.001.
cP<.01.
dP<.05.

Discussion

Principal Findings
By analyzing 983,039 Weibo posts from January 1, 2010, to
July 20, 2021, using machine learning techniques, this study
discovered prominent themes and feelings tied to dementia
among the Chinese population, as well as noteworthy temporal
trends over the past decade. Specifically, between 2018 and
2021, dementia garnered an increasing amount of public
attention on social media. In particular, exponential growth in
dementia-related posts has been occurring since 2018. Several
explanations for this temporal shift are possible. First, the drastic
rise in public attention being paid to dementia could be attributed

partly to the celebrity effect. For instance, Sir Charles Kuen
Kao, the father of fiber optics and recipient of the Nobel Prize
in Physics, died in September 2018 following a decade-long
battle with Alzheimer disease. Kao and his family established
the Charles K. Kao Foundation for Alzheimer’s Disease in 2010
to raise public awareness about Alzheimer disease and dementia
in Chinese society. The Kao family’s public disclosure received
extensive coverage in Chinese media, which may have led to
the growing trend since 2018. Indeed, the results from the time
series analysis using the time of Sir Kao’s death as the time of
event indicated significant changes in monthly dementia post
counts (see Multimedia Appendix 1, “Interrupted Time Series,”
for detailed results). Similarly, a reality show “Forget Me Not
Café,” starring 5 older people with dementia, premiered in China
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in 2019 to raise public awareness about dementia. The show
received around 6.7 million views between its debut and
February 2021 [47]. Second, a succession of dementia-related
initiatives in China also may have contributed to increased
discussion of dementia on social media [10,48]. For instance,
Alzheimer’s Disease China (ADC) was founded in 2002 to
serve as the Alzheimer’s Disease International’s Chinese
affiliate. In 2011, China’s 12th Five-Year Development Plan
for Population Aging recognized the need for early dementia
intervention. In 2014, the first Memory Clinic Guide was
published to aid in the timely diagnosis and treatment of
dementia. In 2018, about 100 memory clinics were in operation.
Furthermore, the National Health Commission of the People’s
Republic of China launched the Alzheimer’s Disease Prevention
and Treatment Guide in 2019 [49]. Collectively, these national
initiatives may have contributed greatly to an upsurge in
dementia conversations on social media.

Our results indicate that the derogatory term for dementia in
China, “老年痴呆,” which roughly translates to “old and
stupid,” has remained the most frequently used term for
dementia on social media over the past decade. Although
alternative terms for dementia have been introduced and
advocated in China [50], this derogatory term continues to
dominate public discourse. Considering that existing research
suggests that derogatory local terms for dementia may result in
strong stigmatization and, thus, discourage people from seeking
help, multiple East Asian nations (eg, Japan, Hong Kong, and
Singapore) have launched campaigns to replace their negative
local terms for dementia with more neutral biomedical ones
[51], such as “cognitive disorder” (“認知障礙症”) and “brain
degeneration syndrome” (“腦退化症”) in Hong Kong and
“memory disorder” (“失智症”) in Singapore and Taiwan. A
national effort to rename dementia terms is essential in helping
to change public views and attitudes toward dementia in
Mainland China. Nevertheless, it is worth noting that advocacy
and policy have been gaining momentum on Chinese social
media since 2019. Collectively, these results indicate that
although dementia has been linked with stigmatizing local terms,
the future looks bright, as advocacy- and policy-related
discussions gain momentum.

Another noteworthy finding is that raising awareness (ie, posts
promoting greater understanding and positive attitudes toward
dementia) has remained the least discussed dementia-related
subject on social media. For example, a Weibo user published
a post that read, “To appeal to society, many elderly people in
rural areas are not simply old and confused; they are just sick,”
highlighting the need to eradicate prejudice toward older adults
with dementia. This is concerning, given the overwhelming
evidence supporting the importance of raising awareness to
promote early detection and treatment of dementia [10,52].
These findings underscore the urgent need for public health
campaigns on dementia in China. Improved awareness and
knowledge of dementia may help reduce stigmatization and
discrimination, as well as enhance social support for affected
individuals and their families [53,54], thereby helping to develop
dementia-friendly communities in which families affected by
dementia are supported and included [55]. Given the surge in
social media use, leveraging social media outlets offers a

cost-effective way to raise public awareness of dementia (eg,
sharing dementia experiences, stories, and knowledge via public
messaging and general communication). In some countries (eg,
Australia), media campaigns have been critical in gaining
government recognition of dementia as a national health priority
[53].

The consistent results from 2 typical text-mining methods (ie,
topic modeling and semantic network analysis) indicate our
findings’ robustness. Our findings suggest that symptoms,
treatment, and prevention, which often indicate deficits and
incapacities, are the most discussed aspects of dementia overall.
The dominance of such medical discourse may exacerbate
stigmatization and fear toward those with dementia [56,57].
Semantic analysis further revealed that various Weibo user
groups focus on distinct aspects of dementia. Specifically,
government users focused primarily on prevention, social
support, and symptom management, while prevention, treatment,
and symptoms dominated scientists/experts’ discourse. Media
coverage, personal experiences, and social support dominated
journalists/news media’s online discourse, while personal
experience and social support aspects were relatively more
prominent in the general public’s discourse. Furthermore,
dementia frame adoption differed significantly across the 4 user
groups. Government users and journalists/news media users
had a greater degree of agreement on dementia discourse, with
a particular emphasis on media coverage, prevention, and social
support. However, the general public and scientists/experts
mostly emphasized treatment, prevention, and social support.

Regarding sentiment toward dementia, our findings suggest that
the general public is more prone than other user groups (ie, the
government, journalists/news media, and scientists/experts)
toward harboring negative sentiments toward dementia.
Furthermore, compared with posts on personal experiences,
only microblogging posts with a policy and advocacy focus
indicated positive sentiments. All the remaining dementia
frames/themes were associated with negative sentiments.
Furthermore, an interesting temporal trend was discovered.
Specifically, our results reveal that compared with the baseline
in 2010, sentiments toward dementia on Chinese social media
were more positive from 2011 to 2017. Collectively, sentiment
analyses indicate that even though sentiment toward dementia
has become more positive over the years, it remains negative
overall, particularly among the general public. Owing to the
availability of advanced analytical tools, these findings add an
emotional dimension to our understanding of public opinion on
dementia in China.

Furthermore, this study’s results further reveal that a variety of
user groups (eg, the general public, health care providers, and
policymakers) utilize Weibo to receive and share information
related to dementia. This finding corresponds with earlier
research indicating that social media platforms are the primary
information-seeking and information-sharing medium for
dementia discourse [19,42]. Consequently, Weibo could serve
as a medium for dementia awareness-raising and educational
initiatives.
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Implications
The study’s findings carry significant implications for research,
policy, and practice. First, considering diverse user groups’
active engagement and the abundance of microblogging content
concerning dementia, Weibo could be leveraged as a primary
channel through which to disseminate dementia-related
educational programs to promote awareness and positive
attitudes toward dementia. Future research needs to evaluate
whether Weibo could be an effective modality for engaging the
general public in dementia education and other health promotion
activities related to dementia. Second, despite national policy
and awareness-raising campaigns, the most widely used Chinese
term for dementia is still one that carries considerable negative
connotations. Thus, a renaming campaign is needed urgently
in Mainland China. Third, the results reveal widespread
unfavorable attitudes toward dementia, particularly among the
general public, highlighting the critical need for public health
campaigns with multiprong approaches (eg, academic
institutions collaborating with community organizations and
health care delivery organizations, including hospitals and
clinics, to produce more dementia-friendly films, documentaries,
reality shows, and educational brochures). Furthermore,
computational social science is gaining prominence. Advanced
information processing analytical tools (eg, machine learning)
are being used to analyze vast amounts of data to acquire a better
understanding of social and public health issues. Future studies
need to deepen similar public health–computational social
science collaborations to advance our knowledge of a variety
of social challenges. Moreover, our findings reveal that dementia
is connected constantly with negative sentiments, with
symptoms and prevention dominating public discourse.
Developing interventions to combat such an overtly unfavorable
view of dementia requires policy and public health attention.
Finally, although keywords used in this study are in line with
common practices in the field, new terms or words that refer to
dementia may emerge on social media as online discourses may
evolve over time. Future researchers can build on our keyword
list and actively monitor and add new keywords to develop an
enhanced and dynamic understanding of dementia (eg,
leveraging “keywords-as-frames” as the discourse analysis tool
in future studies).

Limitations and Strengths
Several limitations of the study warrant discussion. First,
considering that the data used in this study were obtained only

from Weibo users, the study’s findings may not be generalizable
to the entire Mainland China’s population (eg, those without
internet access and non-Weibo users). Certain populations’
voices (eg, those with dementia and their caregivers) may not
be represented in this study, owing to possible difficulties with
social media navigation. The lived experiences of people with
dementia and their family caregivers require further investigation
to refute prevailing negative and biomedical discourses about
dementia [57]. Moreover, it is possible that some extreme views
on dementia and negative sentiments may not be available on
these social media platforms; thus, such views may not have
been captured in this study. Nevertheless, considering that
Weibo is China’s most popular social media site, the study’s
findings reflect population-level perceptions of dementia in
China. Future studies using large-scale data from other sources
are needed to corroborate our results. Furthermore, this study
examined the public perception of dementia only in Mainland
China; thus, further research into cross-cultural comparisons of
social media representations of dementia in other
countries/cultures is warranted.

Despite these limitations, this study overcomes other limitations
inherent in survey research on dementia, in which realizing a
national understanding of public discourse and opinion
concerning dementia remains challenging. The findings built
on existing research by adding a macrolevel understanding of
the Chinese public’s discourse and sentiment toward dementia,
which is critical for developing national education and policy
initiatives to create a dementia-friendly society. Furthermore,
our findings respond to the global call to expand dementia
research in low- and middle-income countries [53].

Conclusion
Dementia-related discussions have expanded rapidly on social
media in China during the past decade, most notably since 2018.
However, a derogatory local Chinese term for dementia remains
in common use; thus, a national renaming effort is imperative
to reform the public discourse on dementia. Discussions related
to dementia advocacy and policy are gaining momentum in
China, but promoting awareness of dementia has remained the
least discussed topic over time. The sentiment toward dementia
is negative overall in social media, particularly among the
general public, but social media platforms are part of a viable
medium for providing dementia education and awareness-raising
interventions in Mainland China.
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Abstract

Background: The incidence of Takotsubo syndrome (TTS), also known as the broken heart syndrome or stress cardiomyopathy,
is increasing worldwide. The understanding of its prognosis has been progressively evolving and currently appears to be poorer
than previously thought, which has attracted the attention of researchers. An attempt to recognize the awareness of this condition
among the general population drove us to analyze the dissemination of this topic on TikTok, a popular short-video–based social
media platform. We found a considerable number of videos on TTS on TikTok; however, the quality of the presented information
remains unknown.

Objective: The aim of this study was to analyze the quality and audience engagement of TTS-related videos on TikTok.

Methods: Videos on the TikTok platform were explored on August 2, 2021 to identify those related to TTS by using 6 Chinese
keywords. A total of 2549 videos were found, of which 80 met our inclusion criteria and were evaluated for their characteristics,
content, quality, and reliability. The quality and reliability were rated using the DISCERN instrument and the Journal of the
American Medical Association (JAMA) criteria by 2 reviewers independently, and a score was assigned. Descriptive statistics
were generated, and the Kruskal-Wallis test was used for statistical analysis. Multiple linear regression was performed to evaluate
the association between audience engagement and other factors such as video content, video quality, and author types.

Results: The scores assigned to the selected video content were low with regard to the diagnosis (0.66/2) and management
(0.34/2) of TTS. The evaluated videos were found to have an average score of 36.93 out of 80 on the DISCERN instrument and
1.51 out of 4 per the JAMA criteria. None of the evaluated videos met all the JAMA criteria. The quality of the relayed information
varied by source (All P<.05). TTS-related videos made by health care professionals accounted for 28% (22/80) of all the evaluated
videos and had the highest DISCERN scores with an average of 40.59 out of 80. Multiple linear regression analysis showed that
author types that identified as health professionals (exponentiated regression coefficient 17.48, 95% CI 2.29-133.52; P=.006)
and individual science communicators (exponentiated regression coefficient 13.38, 95% CI 1.83-97.88; P=.01) were significant
and independent determinants of audience engagement (in terms of the number of likes). Other author types of videos, video
content, and DISCERN document scores were not associated with higher likes.
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Conclusions: We found that the quality of videos regarding TTS for patient education on TikTok is poor. Patients should be
cautious about health-related information on TikTok. The formulation of a measure for video quality review is necessary, especially
when the purpose of the published content is to educate and increase awareness on a health-related topic.

(J Med Internet Res 2022;24(9):e39360)   doi:10.2196/39360

KEYWORDS

TikTok; short video apps; information quality; Takotsubo syndrome; patient education; social media; audience engagement

Introduction

Takotsubo syndrome (TTS), also known as the broken heart
syndrome or stress cardiomyopathy, is characterized by transient
ventricular dysfunction with typical wall motion abnormalities
[1,2]. The number of patients diagnosed with TTS has been
gradually increasing [3], with hospitalizations for TTS
increasing from 5.7 per 100,000 person-years in 2007 to 17.4
per 100,000 person-years in 2012 (P<.001) [4]. The clinical
manifestation of TTS is similar to that of acute coronary
syndrome (ACS) and frequently presents with chest discomfort
or dyspnea, ST segment deviation on electrocardiogram, and
cardiac biomarker abnormalities [2,5,6]. Given the overlap with
the clinical presentation of ACS, TTS can be easily
misdiagnosed. Previous reports [7,8] have shown that about
0.7%-2% of all patients with possible ACS were eventually
found to have had TTS. Ongoing research has shown that the
prognosis of TTS is not as benign as previously thought, with
in-hospital mortality of 4.1% and long-term mortality of 24.7%
[6,9].

The internet is a useful platform for effectively communicating
new information, and many new technological applications have
taken advantage of this to serve as a medium for patient
education on health-related topics. Seeking web-based health
information has become increasingly popular; many people rely
on web-based resources to obtain health information and aid
their medical decision-making [10]. Research has shown that
health outcomes can be positively impacted by appropriately
and effectively utilizing social media platforms [11]. One of
the many social media applications that has been used to reach
a large audience is TikTok [12]. However, the most important
limitation of such platforms is the unreliable quality of the
information presented. Anyone can present information on social
media platforms, most of which lack formal moderation for
authenticity and reliability of the presented material [13]. Recent
systematic reviews have suggested that the quality of web-based
health information is problematic and perhaps made worse when
considering information disseminated on social media platforms
[14].

Along with the quality of information, audience engagement is
another key component of effective web-based health
communication. Audience engagement in health-related topics
has been studied in traditional social media platforms such as
YouTube and Facebook [15-19]. The influence of many factors
such as video content, quality, and information sources on
audience engagement has been studied previously [15,16,18-20].
Several studies have shown that video content is associated with
audience engagement [15,18,20]. Szmuda et al [15] studied the
association between video content and audience engagement in

COVID-19 videos on YouTube, and they found that videos
showing the causes, management strategies, diagrams, and
structure anatomies were associated with a higher “like” ratio.
Another study [20] on audience engagement and COVID-19
short videos on TikTok found that content type (news, codebook,
etc) influenced the level of audience engagement.

Previous studies have yielded inconsistent conclusions on the
impact of video quality on audience engagement. A study on
videos of stroke on YouTube by Szmuda et al [16] showed that
there was no strong correlation between the DISCERN score
(an indicator of video quality) and audience engagement. Huang
et al [19] found that nephrolithiasis-related videos on YouTube
with inaccurate statements were associated with higher audience
engagement (viewer-generated comments, thumbs-up and
thumbs-down ratings) than videos without inaccuracies. The
source of information was also found to affect audience
engagement. Szmuda et al [16] found that higher engagement
was noted in stroke-related videos that were uploaded by an
educational channel on YouTube. Recently, studies [21,22]
have shown that the emerging short-video social apps can satisfy
people’s intrinsic motivations and elicit user engagement when
disseminating health information.

TikTok (DouYin in Chinese) is a short-video social app with a
sizable userbase wherein individual users create and publicly
post short videos on various subjects. Initially, when the
platform first became popular, the video length was limited to
short 60-second clips. However, with growing demand, the
length was extended to allow up to 5-minute-long videoclips
[23]. TikTok has attained significant popularity since its launch
in September 2016 and has since raked up more than 500 million
active users and 1 billion downloads [24,25]. Given its extensive
reach and better audience engagement than other traditional
social media platforms [23], TikTok has the potential to be a
great source of health information dissemination and become
increasingly popular among general health consumers as an
emerging health information source. Several studies evaluating
patient education videos regarding COVID-19 [26], skin-related
diseases [27], chronic obstructive pulmonary disease [28], and
aesthetic surgery procedures [29] posted on TikTok have been
published. These studies have revealed that the overall quality
of such videos presenting health information on TikTok is low,
and some even present overtly false information [27,29]. Very
few studies [15,16,18,20] have focused on audience engagement
with health care information on TikTok as compared to that
with health care information on other social media platforms.
We found a considerable number of videos regarding TTS on
TikTok; however, the quality and content of the presented
information and whether these factors may affect audience
engagement remain largely unknown. Therefore, this study aims
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to evaluate the content and quality of videos related to TTS on
TikTok and assess the qualitative metrics that drive audience
engagement (in terms of the number of likes) with a video.

Methods

Search Strategy
The search was conducted on August 2, 2021, in China. Six
specific hashtags（“#应激性心肌病” “#Takotsubo综合征”
“#Takotsubo心肌病” “#心碎综合征” “#章鱼壶心肌病” “#心
尖球形综合征”）that refer to TTS in Chinese were used to
retrieve TikTok videos related to TTS. TikTok provides 3 ways

to filter videos, that is, overall ranking, most recent, and most
liked. Considering that most users use the default sorting option,
“overall ranking,” we performed the search in TikTok under
the discover mode using the “overall ranking” sort option. All
the resultant videos for each keyword were retrieved and
screened. The initial search returned 2549 videos (441, 400,
433, 412, 439, and 424, respectively), of which 80 videos met
our criteria for analysis after screening. The exclusion criteria
were as follows: (1) videos not related to TTS or lacking
educational information, (2) duplicate videos, (3) videos not in
Chinese, and (4) videos that were not original. Figure 1
illustrates the selection process implemented in our study.

Figure 1. Selection process implemented in this study.

Data Extraction
Baseline characteristics were extracted directly from each video
and the video author’s public TikTok profile on the same day
of the data search. With respect to the video authors, we
collected their account ID, inauguration unit, number of both
followers and those they follow, overall number of posted
videos, and likes obtained. Additionally, we further ascertained
whether the public TikTok profile had photos, live broadcast
information, and contact details. For each individual video, we
also collected the uniform resource locator, the date posted, the
number of likes, comments, reposts, and duration. Based on the
abovementioned information and historical videos on their
profile page, the TikTok authors were classified into 6
categories: (1) individual science communicators, (2) news
agencies, (3) for-profit organizations, (4) health professionals,
(5) nonprofit organizations, and, (6) general users. Furthermore,
the content of each video was assessed for the following
characteristics: use of characters, background music, emoji,
flash, and video subtitles.

Coding Schema
We used the DISCERN instrument and Journal of the American
Medical Association (JAMA) criteria to evaluate the quality of
the selected TikTok videos. These instruments are commonly
used standards for health information evaluation [30,31]. The
DISCERN instrument (quality criteria for consumer health
information) consists of 16 questions, with each question scored
from 1 to 5 points. Questions are divided into 3 parts: reliability
of the publication (questions 1 to 8), quality of information
about treatment options (questions 9 to 15), and the overall
score of the publication (question 16) [32]. The JAMA
benchmarks were applied to evaluate health-related
information’s reliability, plausibility, and usefulness in the
internet [33]. The JAMA criteria consist of 4 main sections,
which are scored from 0 to 4. Six questions obtained from
reports of Goobie et al [34] were used to measure the quality
of the video content. The 6 questions assessed the definition,
signs or symptoms, risk factors, evaluation, management, and
outcomes of the disease discussed in the videos. Each aspect
was scored across 3 degrees from 0 to 2: not addressed, partially
addressed, and sufficiently addressed.
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Video Coding
All video contents evaluated using the DISCERN instrument,
JAMA benchmarks, and the 6 questions from the studies of
Goobie et al [34] were independently scored and coded by 2
study authors (JL and YX). Prior to coding, a training exercise
was conducted, during which 20 videos each were scored and
coded independently by the 2 coding authors, and any resulting
discrepancies were addressed and resolved to ensure
homogeneity in coding. An average of 2 points was assigned
by rounding to the nearest unit. Microsoft Excel (2019) was
used to extract, code the basic information of each video, and
process statistical data.

Statistical Analysis
Descriptive statistics for continuous variables, including the
mean, median, range, and standard deviation, were calculated.
SPSS version 22.0 (IBM Corp) was used to perform data
analysis. An intraclass correlation coefficient was used to assess
the interrater agreement. The average agreement by intraclass
correlation coefficient was 0.87 for content rating, 0.92 for
DISCERN scales rating, and 0.88 for the JAMA benchmark
rating. The average intraclass correlation coefficients for
interrater agreements all exceeded the recommended value of
0.75, indicating that the ratings had good reliability [35]. The
Kruskal-Wallis test was performed to identify differences
between the extracted variables. A P value <.05 was deemed
statistically significant. In our paper, we use the number of likes
as a proxy measure of audience engagement. Multiple linear
regression was performed to evaluate the association between

audience engagement and other factors such as video quality
and author types. The regression analysis was conducted on R
(R version 4.2.1; 2022-06-23 ucrt), with a log transformation
of the outcome variable audience engagement. This study did
not involve human subjects, and hence, the study was not
reviewed by the institutional review board.

Results

Video Characteristics
The average length of the evaluated videos was 59 seconds,
with a maximum duration of 700 seconds and a minimum
duration of 7 seconds. On average, a video received 5543 likes
and 635 reposts. The majority of the videos (49/80, 61%) had
the presence of people, 90% (72/80) had subtitles, and 70%
(56/80) of the videos had background music. Approximately
19% (15/80) and 23% (18/80) of the videos had emojis and
animations, respectively (Table 1).

With regard to content creation, users classified as health
professionals posted the most videos (22/80, 28%), followed
by general users (20/80, 25%), individual science
communicators (18/80, 23%), news agencies (11/80, 14%), and
for-profit organizations (6/80, 8%). Nonprofit organizations
posted the fewest videos (3/80, 4%) (Multimedia Appendix 1).
The average number of likes received per video, categorized
by video author types, from high to low were as follows: news
agencies, health professionals, for-profit organizations,
individual science communicators, general users, and nonprofit
organizations (Table 2).

Table 1. Basic characteristics of the Takotsubo syndrome–related videos on TikTok.

MedianMean

Author’s account information

188,0003,451,837Likes

48166Following

41,000622,697Followers

141743Videos

Characteristics of Takotsubo syndrome–related videos

4159Duration (min)

1085543Likes

8518Comments

8635Reposts

Information quality

N/Aa5.40Six questions

N/A36.93DISCERN score

N/A1.51Journal of the American Medical Association
criteria

aN/A: not applicable.
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Table 2. Characteristics of Takotsubo syndrome–related videos on TikTok categorized by source.

Nonprofit organizations
(n=3)

For-profit organizations
(n=6)

News agencies
(n=11)

General users
(n=20)

Individual science

communicators
(n=18)

Health professionals
(n=22)

Author’s account information (mean)

61,0004,066,70017,184,623115,5542,029,6571,764,734Likes

1911410434364168Follow-
ing

12,831288,8641,022,50726,012192,3881,513,977Followers

7401028396997101319Videos

Characteristics of Takotsubo syndrome–related videos (mean)

454657894647Duration
(min)

82476111,861163332610,048Likes

392131002102291066Com-
ments

43243111382941473Reposts

Video production, n (%)

1 (33)0 (0)9 (82)12 (60)7 (39)20 (91)Presence
of people

2 (67)4 (67)8 (73)15 (75)15 (83)12 (55)Back-
ground
music

0 (0)3 (50)0 (0)2 (10)4 (22)6 (27)On-
screen
emoji

0 (0)4 (67)0 (0)5 (25)8 (44)1 (5)Anima-
tion

2 (67)5 (83)9 (82)17 (85)18 (100)21 (96)Subtitles

Video Content
The average total score of Goobie et al’s [34] 6-question survey
by both raters was 5.40 out of 12, indicating that the overall
content quality of these videos was average (in our study, the
average total score of Goobie et al’s [34] 6-question survey ≥9.0
is considered excellent, ≥6.0-<9.0 is considered good, and <6.0
is considered average). The average scores for the videos given
by the 2 raters for each of the 6 criteria described by Goobie et
al [34] are shown in Multimedia Appendix 2. Of the 6 items,
“symptoms” was the most common, while “diagnosis” was the
least common. The average scores (total score for each item is

2), graded for each item and ranked from highest to lowest were
as follows: symptoms (1.42), risk factors (1.09), definition
(1.06), outcome (0.83), management (0.66), and diagnosis
(0.34). We further analyzed video authors by categorizing them
into the professional and nonprofessional group. Health
professionals comprised the professional group, while the
nonprofessional group included authors other than health
professionals, such as news agencies and for-profit
organizations. Health professionals scored higher in terms of
video content compared to the other 5 author categories (Table
3). Videos posted by professionals (6.20) scored higher on
average than those posted by nonprofessionals (5.09).

Table 3. Scoring on various instruments for videos related to Takotsubo syndrome categorized by sources.

P valueaNonprofit or-
ganizations

For-profit organiza-
tions

News agen-
cies

General
users

Individual science com-
municators

Health

professionals

<.0015.336.085.774.654.816.20Six questions

<.00139.6740.3338.3630.8036.7840.59DISCERN score

<.0012.001.831.771.081.081.91JAMAb criteria

aP value obtained by performing the Kruskal-Wallis test; null hypothesis: no difference among the average scores for the 6 groups. It assumes that the
2 coders performed a homogeneous assessment
bJAMA: Journal of the American Medical Association.
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Video Quality
The average score given for the videos on the DISCERN
instrument by both raters was 36.93 out of 80, indicating that
the overall quality of these videos was poor (average total score
of 16-26 is very poor, a score of 27-38 is poor, a score of 39-50
is fair, a score of 51-62 is good, and a score >63 is excellent
[36]). Among videos created by different author types, the
average score given to videos made by health professionals was
the highest (40.59), followed by for-profit organizations (40.33)
and non-profit organizations (39.67). Although the video scores
of the above 3 resources are relatively higher, the quality rating
level is only fair. The lowest average score was for those created
by general users (30.80), indicating that videos posted by general
users were the poorest in terms of quality. The comparison of
scores between the professional and nonprofessional group is
shown in Multimedia Appendix 3. Questions 3, 6, and 8 were
scored above 3 points, and these questions addressed relevance,
bias, and areas of uncertainty with reference to the selected
videos, respectively. Questions 5 and 9-14 were found to have
scores of less than 2 points. These questions mainly addressed
whether the date of the information used or reported in the
publication was clear; whether the mechanism, benefits, and
risks of each treatment, consequences of not treating, or impact
of different treatment options on the overall quality of life were
described; and whether the possibility of more than one
treatment choice being available was clear (Multimedia
Appendix 3).

Both raters agreed that 98% (78/80) of the videos provided the
latest information, 43% (34/80) of the videos provided
information regarding authorship, but none mentioned the
disclosure statement. None of the videos met all the JAMA
criteria. The average JAMA score was 1.51. By video author
categories, an average score of 1.91 was obtained by health
professionals, 1.08 by individual science communicators, 1.08
by general users, 1.77 by news agencies, 1.83 by for-profit
organizations, and 2.00 by nonprofit organizations. Based on
the Kruskal-Wallis test, there were statistically significant
differences in content, DISCERN instrument scores, and the
JAMA standard video assessment scores among the 6 author
groups (P<.05).

Analysis of Information Quality and Audience
Engagement
The results of our multiple linear regression analysis showed
that author types that identified as health professionals
(exponentiated regression coefficient 17.48, 95% CI
2.29-133.52; P=.006) and individual science communicators
(exponentiated regression coefficient 13.38, 95% CI 1.83-97.88;
P=.01) were significant and independent determinants of
audience engagement (in terms of the number of likes). Other
author types of videos, video content, and DISCERN document
scores were not associated with higher likes (Table 4).

Table 4. Multiple linear regression analysis on audience engagementa.

P valueOriginal audience engagementLog-transformed data on audience engagementVariable

95% CIEstimated intercept95% CIt (df)SEEstimated intercept

Author types

.110.41 to
10550.22

65.68–0.89 to 9.261.643 (70)2.54664.1848Intercept

.0062.29 to 133.5217.480.83 to 4.892.806 (70)1.01952.8609Health professionals

.011.83 to 97.8813.380.60 to 4.582.599 (70)0.99782.5937Individual science com-
municators

.560.21 to 16.831.89–1.55 to 2.820.582 (70)1.09570.638News agencies

.170.43 to 100.266.58–0.84 to 4.611.379 (70)1.36581.8838For-profit organizations

.630.06 to 88.562.40–2.73 to 4.480.483 (70)1.80970.8744Nonprofit organizations

.150.84 to 2.971.58–0.17 to 1.091.457 (70)0.31580.4602Video contentb

DISCERN instrument

.650.03 to 8.140.53–3.36 to 2.10–0.462 (70)1.3684–0.6326Reliability of the videos
(items 1-8)

.410.02 to 4.640.33–3.76 to 1.54–0.838 (70)1.3283–1.1136Quality of treatment
choices (items 9-15)

.680.28 to 7.011.40–1.28 to 1.950.413 (70)0.80900.3339Overall information
quality (item 16)

aResidual standard error: 2.632 on 70 degrees of freedom; multiple R2=0.2048; adjusted R2=0.1025; F9,70=2.003; P=.05.
b Six questions obtained from reports of Goobie et al [34] were used to measure the video content.
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Discussion

Principal Findings
Growing evidence suggests that TTS is a severe cardiac disorder
with a substantial mortality risk. A meta-analysis showed no
difference in the in-hospital and long-term mortality between
TTS and ACS [37]. Long-term recurrence rates of TTS have
been reported to be as high as 11.4% over 4 years [38]. Although
regional wall dysfunction is reversible in TTS, patients may
continue to experience chest pain, fatigue, and dyspnea even
after recovery of wall function [39]. Notably, traditional
cardiovascular risk factors are less commonly seen in TTS
compared with those seen in ACS [37]. TTS presentations are
often instigated by stress-related emotional and physical factors
preceding symptoms [1]. Although such factors may not always
be preventable, awareness of TTS as an entity by the general
population may improve the measures adopted by individuals
in its recognition and seeking prompt medical attention.
Additionally, it may improve the collateral history provided by
affected individuals, which may aid health care providers in its
diagnosis. This is especially important as patients who develop
TTS are known to be more apathetic with regard to their
mortality and their acute presentation, as evidenced by a study
[40] evaluating the psychology of patients with TTS and ACS.
That study [40] has also shown that patients with TTS were less
likely to be concerned about contracting diseases (P<.05) and
had fewer thoughts related to the acute cardiac episode that
interfered with their life (P<.001). It is still unclear whether
awareness of TTS will change these perceptions, but an increase
in awareness may certainly encourage individuals to adopt
measures to mitigate individual stressors, which, in turn, may
reduce the incidence of TTS. Some patients with TTS continue
to experience symptoms despite resolution of the acute phase.
Cardiac rehabilitation may be beneficial for these patients to
improve the quality of life and reduce episodes of ongoing chest
pain, but only few patients have been reported to receive cardiac
rehabilitation owing to the lack of awareness among patients
and even doctors [41]. Improving the awareness of TTS may
aid the rate of those seeking cardiac rehabilitation for persistent
symptoms as well. There is an increasing trend toward using
social media for patient education. Despite there being a lot of
relevant information on social media platforms from reliable
sources, there also exists a large amount of inaccurate
information. This poses a significant challenge to users seeking
easily accessible and comprehensible information regarding
their health. Moreover, low-quality information weakens the
ability of people to make informed decisions and can even lead
to harmful consequences.

Video Quality Analysis
To the best of our knowledge, this is the first study to analyze
the quality of TTS-related videos on TikTok. As a popular social
media platform, TikTok has the potential to become a valuable
and influential platform to disseminate health information,
especially in the context of the current COVID-19 pandemic
[42,43]. In our study, 80 TTS-related videos received 443,469
likes and were commented on and shared thousands of times,
which also affirms TikTok’s powerful communication
capabilities. However, there is significant concern regarding

the quality of these TTS videos on TikTok. Their scores on the
DISCERN instrument (36.93) and the JAMA criteria (1.51)
were generally low. These findings are similar to the results of
Śledzińska et al [44] in their study on YouTube videos (n=61)
on meningioma treatment. In their study, the mean total
DISCERN score was poor as well at 36.4. Part of the reason
for the poor quality may be that short-video platforms lack
scientific insight for health information dissemination.
Furthermore, there is no restriction on the type of content that
video authors may publish nor is there any restriction based on
author type to ensure content quality. Addressing these concerns
in the context of health information dissemination will be
invaluable [43]. Considering this, we further studied the quality
of videos based on author type. We found that health
professionals are the leading creators of popular science videos
(Multimedia Appendix 1). Videos created by health
professionals had higher average DISCERN scores than those
created by non–health professionals. This is consistent with
current literature reports that videos created by professionals
are likely to have higher quality [29,45,46]. Given the
inconsistency in the quality of videos based on the source, we
recommend that patients be cautious when obtaining
health-related information through platforms such as TikTok.

Notably, videos created by health professionals also received
the highest number of likes and reposts in our study, which is
in contrast to the results of other prior studies. In previous
studies evaluating videos on psoriasis and nephrolithiasis on
YouTube, poor-quality videos received greater attention [19,47].
Our study shows that higher health professional participation
in health-related short video productions results in higher
popularization ranks, having gained wider user attention.
Although the quality of the videos produced by health
professionals needs to be improved, it is undeniable that the
participation of medical professionals in the creation of
high-quality videos plays an essential role in promoting health
education [29].

Content and Optimization Analysis
In terms of video content, we found that very few videos
introduced the concept of diagnosis of TTS, and the display of
reference information sources was not common, which remains
an area to be addressed. The comprehensiveness and accuracy
of the video content is a necessary prerequisite to ensure reliable
transmission of information, especially when most TikTok users
do not have the ability to differentiate health information for
reliability. Therefore, we recommend that video producers
provide sources of reference information. In addition, in the
process of screening videos, we noticed that many videos
showed the causes of TTS to be mainly emotional factors, and
only a few videos emphasized physical factors, which are
important and cannot be ignored. A retrospective study on
patients with TTS showed that physical factors are considerable
risk factors for in-patient mortality [48]. It is appropriate for
video producers to ask experts for review before content creation
or check authoritative source materials to ensure that the
information published is comprehensive and accurate. As put
forward by Oh and You [49], it may be essential to form an
expert evaluation team to authenticate the reliability of
health-related videos prior to dissemination and provide
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corresponding identification certificates. In addition,
organizational formats of health information can affect the health
intervention. Therefore, video authors should fully understand
individuals’ needs regarding health information and organize
information effectively to provide targeted health information
[50]. The video monitoring platform should also design a
recommendation algorithm that filters higher-quality videos for
users as much as possible, especially with reference to medical-
and health-related information.

Audience Engagement Analysis
Through multiple linear regression analysis, we found that,
compared with videos made by general authors, those made by
health professionals and individual science communicators were
more likely to obtain likes. Interestingly, no correlation was
found between audience engagement and a video’s DISCERN
scores. The number of likes is commonly viewed as a collective
filter and as an indicator of popularity, which may reflect video
quality [19,51,52]. However, our findings suggested that, similar
to that in other platforms, the audience on the TikTok platform
pay more attention to the identity of the author rather than the
content and quality of the video. This finding echoes with those
of previous studies [16,19], which show that consumers should
remain cautious of using such indictors to judge a video’s
credibility and that health professionals and individual science
communicators have a significant role in video production in
TikTok. By providing high-quality videos through these
professional authors, TikTok can allow for accelerated health
care information dissemination and even potentially improve
outcomes in certain diseases.

Limitations and Future Directions
Our study has some limitations. First, this was a cross-sectional
study with a small sample size, despite attempts to include all
relevant videos. Second, we only evaluated Chinese videos,

which may not be representative in a global context. Future
research studies can target characteristics of videos in various
languages and regions. In addition, we utilized common
standards that are currently used for health information video
evaluation, namely, the DISCERN instrument and the JAMA
criteria [30,34]. However, some scholars have suggested that
these 2 standards were developed relatively early and were
initially used to evaluate website information and may have
limitations when used to evaluate video information [53]. It is
vital that a new video information evaluation tool is developed
to adapt in this era of rapidly proliferating video content. Finally,
we did not analyze the user comments addressed in each video,
and we were unable to track the behavioral and psychological
changes of the end user or the information recipient. How these
videos affect patient behavior in reality is an area that needs to
be studied in the future.

Conclusion
By analyzing the quality of TTS-related videos on TikTok, we
found that videos produced by health professionals were found
to have the highest DISCERN scores. However, the overall
quality of the videos related to TTS on TikTok is poor. The
multiple linear regression analysis showed that author type
categories of health professionals (P=.006) and individual
science communicators (P=.01) were significant and
independent determinants of consumer engagement (in terms
of the number of likes). Our study indicates that the formulation
of a measure to review video quality and reliability, especially
with respect to health-related information dissemination on
TikTok platform, is imperative and patients should be cautious
when obtaining health-related information through TikTok.
Medical professionals and individual science communicators
should be encouraged to create high-quality health-related
videos, which may potentially have higher audience engagement
and promote health education.
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Multimedia Appendix 1
Video authorship of Takotsubo syndrome–related videos.
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Multimedia Appendix 2
Takotsubo syndrome–related videos on TikTok scored per criteria described by Goobie et al [34].
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Multimedia Appendix 3
The average DISCERN score per question categorized by groups.
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Abstract

Background: Although videoconferencing between oncology patients and nurses became routine during the pandemic, little
is known about the development of clinician-patient rapport in this care environment. Evidence that virtual visits may challenge
nurses’ ability to form connections with patients, demonstrate empathy, and provide support suggests that videoconferencing
may not ensure optimal care for persons with cancer. Establishing rapport during videoconferencing visits (VCVs) is important
in oncology nursing, as rapport enables the nurse to provide emotional support and assistance to patients as they navigate their
cancer journey.

Objective: This study investigated the nature of nurse-patient rapport in ambulatory cancer care videoconferencing telehealth
visits. Objectives included exploring (1) how patients with cancer and nurses describe experiences of and strategies for cultivating
rapport and (2) similarities and differences between rapport in videoconferencing and in-person visits (IPVs).

Methods: In this qualitative descriptive study, interviews were conducted from October 2021 to March 2022 with 22 participants,
including patients with cancer (n=10, 45%) and oncology nurses (n=12, 55%), about their experiences of rapport building during
VCVs. All interviews were analyzed using conventional content analysis. Data from nurses and patients were analyzed separately
using identical procedures, with a comparative analysis of patient and nurse results performed in the final analysis.

Results: Most patients in the study had experienced 3-5 video visits within the past 12 months (n=7, 70%). Half of the nurse
participants (n=6, 50%) reported having participated in over 100 VCVs, and all had experiences with videoconferencing (ranging
from 3 to 960 visits) over the past 12 months. In total, 3 themes and 6 categories were derived from the patient data, and 4 themes
and 13 categories were derived from the nurse data. Comparisons of themes derived from participant interviews identified
similarities in how nurses and patients described experiences of rapport during VCVs. Three themes fit the collective data: (1)
person-centered and relationship-based care is valued and foundational to nurse-patient rapport in oncology ambulatory care
regardless of how care is delivered, (2) adapting a bedside manner to facilitate rapport during VCVs is feasible, and (3) nurses
and patients can work together to create person-centered options across the care trajectory to ensure quality care outcomes. Barriers
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to relationship building in VCVs included unexpected interruptions from others, breaks in the internet connection, concerns about
privacy, and limitations associated with not being physically present.

Conclusions: Person-centered and relationship-based approaches can be adapted to support nurse-patient rapport in VCVs,
including forming a personal connection with the patient and using active listening techniques. Balancing the challenges and
limitations with the benefits of videoconferencing is an essential competency requiring additional research and guidelines.

International Registered Report Identifier (IRRID): RR2-10.2196/27940

(J Med Internet Res 2022;24(9):e39920)   doi:10.2196/39920

KEYWORDS

clinician-patient relationship; nursing; oncology ambulatory care; rapport; telehealth; videoconferencing visits; videoconferencing;
telemedicine; ambulatory care; cancer care; oncology nurse

Introduction

Background
During the COVID-19 global pandemic, the use of telehealth
to provide oncology care as safely as possible increased
dramatically. Some National Cancer Institute (NCI)–designated
cancer centers reported that 33%-50% of all cancer patient
encounters were telehealth visits, with utilization increases as
high as 4693% compared to prepandemic rates [1]. Although
telehealth includes a variety of technologies that support
long-distance clinical health care, the use of videoconferencing
visits (VCVs) as a modality to care for patients during the
pandemic rapidly expanded in oncology during the pandemic
[2]. Despite initial logistical challenges, many patients and
oncology health care clinicians have decided that
videoconferencing provides an innovative and effective way to
receive and deliver care, yet little is known about how this
modality of care affects patient-clinician relationships.

Review studies of videoconferencing in telehealth indicate that
this computer-mediated modality has utility and comparable
outcomes to in-person visits (IPVs) for patients with various
chronic conditions [3-6]. Systematic reviews in oncology
suggest that VCVs are feasible and can be effective for certain
types of cancer care [7,8]. Prepandemic studies focused on
videoconferencing for palliative care consultation and provision
of support between patients, family caregivers, and
community-based care clinicians [9-11] indicated that VCVs
are often preferable for palliative care consultations [11,12],
hospice family meetings [13,14], and support groups [15].
Recent studies suggest that patients are similarly satisfied with
cancer care received via videoconferencing [16-18] and that
oncology clinicians are increasingly receptive to
videoconferencing and acknowledge its numerous benefits to
patients [2].

Knowledge Gaps
Although videoconferencing is feasible and can be effective for
certain types of care, nurses, doctors, and mental health
clinicians across health disciplines have expressed concern that
the two-dimensional nature of videoconferencing interactions,
including the loss of physical proximity, presence, and touch,
depersonalizes and inhibits care and the clinician’s ability to
understand the patient fully [19-22]. In palliative care studies,
clinicians have indicated a reluctance to initiate emotional topics
during VCVs as they cannot be physically present to provide

necessary support [23,24] or ensure that patients have adequate
privacy [14]. Suggestions for adapting in-person rapport
techniques, such as small talk, eye contact, and body language,
for VCVs have been discussed in the popular press and clinical
commentaries [25-28]; however, little research has evaluated
these modalities [29-32] or more advanced relational skills for
providing presence [33-35], conveying caring [36] or empathy
[37], and delivering person-centered care [38].

Importance of Nurse-Patient Rapport
Rapport can be defined as a connection established with another
person based on respect, acceptance, empathy, and a mutual
commitment to engagement [39,40]. Interpersonal interventions
that cultivate rapport between patients and clinicians can
potentially improve patient health outcomes and satisfaction
[41]. For persons with cancer, feeling personally known and
connected with nurses and health care clinicians on a level
beyond their disease process reduces suffering and improves
satisfaction, health outcomes, and quality of life [42-45].
Research suggests that rapport facilitates a trusting and
therapeutic relationship [46,47], enabling the clinician to become
a source of emotional support for patients with cancer
[39,48-50]. The literature supports that nurse-patient rapport
facilitates the trusting relationship necessary to ensure holistic
assessment of needs, personalization of care, and adaptive work.

Critical Need for Research
COVID-19 necessitated a rapid adoption of VCVs into the
standard care of patients with cancer, leaving little time to create
thoughtful guidelines based on quality improvement or research
focused on the impact of VCVs on patient-clinician relationships
or care outcomes. Clinicians are seeking guidance regarding
ways to transfer interpersonal skills to computer-mediated forms
of care [51]. Studies comparing IPVs and VCVs indicate that
(1) clinicians use less empathetic, supportive, and facilitating
statements [37]; (2) exchange of information is reduced; and
(3) patients present fewer problems [52] in VCVs; however,
evidence regarding the effect of these findings on rapport and
clinical care outcomes is lacking.

Research Aim and Questions
The purpose of this qualitative descriptive study was to explore
the experiences of nurses and patients participating in oncology
telehealth VCVs, specifically in relation to the cultivation of
rapport. This study explored rapport-building strategies as well
as similarities and differences between rapport in VCVs
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compared to IPVs, with the aim of providing a foundation for
relationship-building guidelines for telehealth
videoconferencing.

Methods

Study Design
This qualitative descriptive design included interviews with
patients with cancer and oncology nurses from October 2021
to March 2022. Semistructured interviews were conducted
through the secure videoconferencing platform Zoom (Zoom
Video Communications Inc). Participants were asked to share
their general thoughts and feelings about VCVs; follow-up
questions probed more deeply into their experiences of rapport
during these visits. This descriptive qualitative approach, as
described by Sandelowski [53,54], focused on experiences as
directly reported by participants, while limiting deeper
interpretation. This study included a sufficient number of nurse
and patient participants to describe comprehensively the
experiences of nurse-patient rapport in the new context of
videoconferencing in ambulatory oncology [53,54], thus
providing rich interpersonal experiences of VCVs. A brief
description of the study components follows; details are
available in the published protocol [55].

Setting, Recruitment, and Eligibility Criteria
The study was conducted at an NCI-designated comprehensive
cancer center in a northeastern metropolitan area of the United
States. The scheduling and management of VCVs was
centralized and standardized on the oncology center’s approved
secure Zoom communication platform. As few VCVs occurred
in the oncology center prior to COVID-19, in the winter of 2020,
nurses were provided with tip sheets on the logistics of virtual
visits and a recorded training session that included strategies
for completing a physical examination virtually as well as
suggestions for enhancing the “webside” manner (the manner
in which a clinician interacts with a patient in VCVs) [26].

Purposive sampling was used to recruit participants who had
recently used videoconferencing for their ambulatory care visits.
Both patients with cancer and oncology nurses were included
to enhance the understanding of how rapport building occurs
within a nurse-patient dyad. Recruitment for the study began
in September 2021. Nurses and patients were recruited remotely
through a combination of efforts, including announcements at
virtual nursing staff meetings and requests that participating
nurses recommend colleagues and patients for the study. Efforts
to recruit underrepresented participants were undertaken in the
institution’s community-based satellite clinics. Patient
recruitment focused on individuals who had nurse VCV teaching
sessions or had seen their advanced practice nurse within the
past 12 months. Participants were not compensated for their
participation.

Patient inclusion criteria were (1) adult (18 years or older), (2)
able to read and converse in English, (3) currently receiving
care at the oncology institute, (4) current or former participant
in at least 1 VCV with a nurse from the oncology center, and
(5) enrolled in the oncology center’s patient portal. Patients
with cognitive impairment or any condition that prohibited their

ability to provide informed consent (eg, Alzheimer disease or
related dementias) were excluded. Nurse inclusion criteria were
(1) licensed registered or advanced practice nurse employed at
the cancer institute for at least 1 year postorientation and (2)
current or former participant in VCVs with patients at the
oncology center. No restrictions on the length of nursing practice
were necessary, as competency in developing rapport with
patients is a foundational skill [56].

Ethical Considerations
Approval was obtained from the Dana-Farber Cancer Institute
Institutional Review Board (IRB) (protocol number: 21-318)
and the Duke University Health System IRB for Clinical
Investigations (protocol identification number: Pro00108787)
prior to beginning the study. Written consent was obtained by
the first author (PK) from all participants prior to the collection
of any data.

Data Collection Procedures
All interviews were conducted through the institution-approved
platform by the first author (PK), a trained nurse scientist with
3 years of experience in qualitative methods. Although
interviews were conducted in a videoconference format, only
the audio portion was recorded. Audio recordings were
transcribed verbatim. All identifiable participant information
was removed, and records were assigned participant IDs to
ensure confidential analysis of the text-based data.

Semistructured interviews were conducted. Participants were
given an opportunity to tell complete stories about their
experiences before the interviewer asked probing follow-up
questions from a guide developed by the research team. Similar
questions were asked of patient and nurse participants. The
interview procedures and guide are published elsewhere [55].
By March 2022, the data collected were large enough to capture
the rich experiences of nurses and patients but small enough to
permit a thorough analysis [57]. The final interviews identified
no new themes related to the research questions, indicating data
saturation [58].

Data Management and Analysis
Conventional content analysis was performed to analyze the
narrative qualitative data, given how little is known to date and
the consequent need for robust descriptive data. Codes were
derived directly from the transcribed text data and kept close
to participants’ descriptions [53,59]. Nurse and patient
interviews were analyzed separately using identical procedures.
Elo and Kyngas’ [56] content analysis management process
was used to organize the analysis process into three phases: (1)
preparation, (2) organization, and (3) reporting. This analysis
process included creating, defining, and recording codes,
categories, and themes and matching themes with exemplar
quotations in a codebook using the data analysis management
tool NVivo 12.0 (QSR International Pty Ltd). Initially, 2
research team members (authors PK and JDG) independently
coded the same cases while compiling the codebook. Once
agreement was reached on the codebook and coding of 20% of
the transcripts, 1 team member (PK) completed coding the
remaining transcripts while meeting with the team to discuss
new codes and revise the codebook weekly. After coding 4
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transcriptions from each group, the team decided to use 1
codebook to analyze nurse and patient data as the interview
questions and responses were similar. Most of the codes were
defined to capture both nurse and patient responses, but a small
number were specific for each group. Although a common
codebook was used, nurse and patient data were initially
analyzed separately and then compared to explore similarities
and differences. This process led to the discovery of a model
to explain the overall research findings. Exemplar quotes from
participants provide the evidence for our findings. Both
individual and comparative analyses are reported to provide a
rich and deep understanding of the data [56,59]. Findings are
evaluated within the context of related theories, models, and
evidence-based research. The study’s rigor, also described as
trustworthiness in qualitative research [58,60], was enhanced
by (1) conducting all analyses as a team with 18 combined years
of qualitative research experience; (2) using weekly coding
meetings to discuss and define all codes, categories, and themes;
(3) collecting and analyzing the data concurrently [60]; (4) using
detailed memos to create an audit trail of analytical decisions
[58,61]; (5) confirming categories representing expansive and
diverse experiences with exemplar quotations from multiple
participants [58,62]; and (6) using member checking techniques
by asking participants to clarify questions during interviews
[58]. The consolidated criteria for reporting qualitative research
(COREQ) checklist guided the reporting of results [63].

Results

Participant Characteristics
The NCI-designated comprehensive cancer center and satellite
locations from where patients and nurses were recruited has an
academic affiliation and Magnet Recognition for nursing
excellence; per its primary care model, patients usually interact
with the same nurse or advanced practice nurse. During the
pandemic, the center used VCVs to follow patients during active
treatment, provide education, and facilitate emotional support
to online groups. The study sample included 22 participants (10
persons with cancer, 45%; 12 oncology nurses, 55%). Interviews
with nurses lasted between 18 and 43 minutes and those with
patients from 16 to 48 minutes. Persons with cancer were aged
36-67 years (mean 54.3, SD 8.31). The patient sample included
more women (n=7, 70%) than men (n=3, 30%), and all
participants identified as White/Caucasian. All patient
participants had some college education, with half having
graduate or professional degrees (n=5, 50%). Most participants
were married (n=7, 70%), employed full-time (n=7, 70%), and
had an annual income of US $100,000 or more (n=6, 60%).
Patient participants were evenly split between those with a
recent diagnosis and treatment of less than 1 year (n=5, 50%)
and those having received treatment for over 1 year (n=5, 50%).
Most patients had experienced 3-5 VCVs over the past 12
months (n=7, 70%) and at least 1 within the past 3 months (n=7,
70%). All patient participants reported spending at least 1 hour
per day on their computers, with the majority spending 4 or
more hours per day (n=7, 70%). Half of the participants reported
having participated in at least 50 VCVs for work or personal
connections within the past year (n=5, 50%). Multimedia

Appendix 1 displays detailed characteristics of the patient
participants.

Nurse participants (n=12, 55%) were mostly female (n=10,
83%) and identified as White/Caucasian (n=11, 92%). Their
average age was 42.25 years (SD 8.62), with most aged either
31-40 years (n=5, 42%) or 41-50 years (n=5, 42%). All had
attended at least some college, with the majority having a
master’s degree (n=8, 67%). Nursing experience within the
sample ranged from 4 to 35 years (mean 16.54, SD 8.67). Half
of the participants had worked at the cancer center for over 10
years (n=6, 50%). Their experiences with VCVs ranged from
less than 15 visits (n=5, 42%) to over 50 visits (n=3, 25%)
within the past 3 months. Half of the nurse participants (n=6,
50%) reported having participated in over 100 VCVs within
the past 12 months. Multimedia Appendix 2 displays detailed
characteristics of the nurse participants.

Qualitative Analysis of Patient Interviews
The data showed that patients view VCVs with their health care
clinicians positively and appreciate having a personal
relationship with their nurses, which they find is achievable in
videoconferencing. Three key themes were identified during
the analysis of patient interviews: (1) building rapport in VCVs
and IPVs requires a personal touch, (2) rapport can facilitate
trust in VCVs and impact how patients feel about their care,
and (3) videoconferencing works well for some visits but is not
ideal for others. Multimedia Appendix 3 displays a narrative
description of each theme, associated categories, codes, and
additional participant quotations.

Theme 1: Building Rapport in Videoconferencing Visits
and In-Person Encounters Requires a Personal Touch
Theme 1 relates to the personal level, focusing on the patient’s
description of the nurse’s (1) understanding of their life and
feelings, apart from their diagnosis and treatment and (2)
willingness to take time to present information and answer
questions.

Being Known as a Person, Not a Patient

Some patients expressed that establishing rapport in
videoconferencing is harder and that small talk at the beginning
of the visit is more important than during IPVs. One participant
said:

Things that help build the rapport would just be
establishing the connection and relationship, like
asking those little family questions and taking a
moment to get a little bit beyond just the medical
piece. [Patient 9 (P9)]

They appreciated being asked questions about their families,
occupation, and things that brought them joy and appreciated
the nurses remembering these. One participant said the
following:

Through conversations, my nurse remembered that
my wedding anniversary was in May, my kid's
birthday was coming up in July…you build that
relationship, and…it makes it that much easier when
you go through your treatment. [P5]
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One participant indicated that knowing their nurse on a personal
level contributed to their sense that the nurse viewed them as a
person, not just a patient. They appreciated the nurse’s
willingness to share a few things about themselves and glimpses
of the nurse’s personal environment when videoconferencing
was done from the nurse’s home.

Being Heard and Knowing What Is Important

Participants expressed feeling heard, known, understood,
validated, and valued when the nurse used active listening
techniques. They had more confidence that the nurse understood
what was uniquely important to them. One participant remarked:

A big part of rapport is that you want to feel heard
and feel responded to in a way that acknowledges
that you are heard. [P6]

Taking Time to Provide Information and Answer Questions
Thoughtfully

Participants felt the nurse was competent and cared about them
as a person when they were given time to ask questions and
received comprehensive, personalized answers. One participant
noted:

I want to…ask as many questions as I need to,
[without] a rush on the time…I don’t want a pat
answer. I want it customized to me or to my situation.
[P6]

Theme 2: Rapport Can Facilitate Trust in
Videoconferencing and Impact How Patients Feel About
Their Care
This theme (1) focuses on how affect and nonverbal
communication impact patients’ability to develop rapport, trust,
and confidence with their nurses during VCVs and (2)
incorporates the outcomes that participants felt result from
rapport, including enhanced comfort and healing.

Creating an Open Atmosphere With Positive Affect and
Nonverbal Communication

Participants described the importance of the nurse having a
friendly demeanor and using eye contact, facial expressions,
vocal tones, and other types of body language to convey care,
concern, attentiveness, and active listening. Participants felt
these behaviors help establish rapport and set the tone in VCVs.
One participant stated:

Facial cues help establish a good rapport. When
you’re nodding your head, I realize that you are
hearing me, understanding me, and maybe agree or
at least sense my viewpoint. [P6]

Participants felt the nurse’s ability to incorporate these behaviors
and attributes influences the success of the VCV and encourages
open engagement. One participant said:

A relationship…has to be two ways. The
patient[’s]…willing[ness] to engage as well and be
open [is] encouraged by the nurse. [P9]

Building Confidence in the Plan of Care

Patients described how rapport and trust affect the sharing of
information and build confidence. One patient explained:

If I don't have a good relationship with somebody, I
don't feel comfortable enough to trust them, to tell
them things, be open and honest. [P9]

Patients described having confidence in their care when they
felt their nurse understood what was important to them. One
participant stated:

If you have a good rapport with them, you know that
every decision they're making and everything they're
doing is in your best interests. [P2]

Promoting Comfort and Healing

Patients expressed that rapport with their nurses creates a sense
of comfort. One participant indicated that rapport contributes
to healing:

When you feel the [nurse] is looking at you in a
compassionate way and caring about you as a human,
it contributes to a positive outcome because you're
taking in positive energy, and that's how it aids the
healing process. [P6]

One patient was equally enthusiastic about IPVs and VCVs and
described in detail a seamless sense of knowing with their nurse:

My primary nurse, when she would see me, would
have an intuition for how I was doing that particular
day, and accommodate quickly, and that's because
we'd built a rapport to know that. She could just say
one thing to me, and I would know, “Oh, I've got to
do this today,” because we had established the
rapport, and I knew where she was coming from as
well, so it allows for ease of the communication and
a bidirectional understanding of what the needs are.
[P4]

Theme 3: Videoconferencing Works Well for Some Visits
but Is Not Ideal for Others
The third theme focuses on the best circumstances for VCVs
and IPVs. All the patient participants (1) expressed that VCVs
are beneficial in certain situations, increase convenience, and
improve access to clinicians and (2) hoped they would remain
available post–COVID-19 for persons with cancer; however,
they acknowledged that some oncology care needs to be
provided in person.

Leveraging the Advantages of Videoconferencing Visits and
Technology

Participants indicated that they find videoconferencing
convenient and easy and that it saves time, money, and energy.
One patient described the ease of reviewing test results with
their nurse without disrupting their day:

Going over test results with me,…he's showing me
the pictures. If you were in person, you'd have to try
and peek around the computer…it really is a benefit,
and then like 15 minutes are over, and I feel good
about myself, and I can go on about my day. I don't
need to get in a car and drive somewhere. [P5]

Participants felt VCVs improve access to their nurses and other
health care clinicians.
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It allows me to go to the site that I want to for the labs
and then I can do a video call for the appointment
itself. So, it just gives me flexibility [and] more
options. [P10]

One participant indicated their nurse was able to be more
attentive during their VCVs:

It's more relaxed, and people are under less of a time
constraint. At the hospital…people seem more rushed.
[P7]

VCVs reduced the stress associated with travel to appointments,
as 1 participant noted:

There's so many appointments [for which] you do
have to actually be there in person, so to have some
things that are taken off that, it really does reduce
stress. [P8]

Patients appreciated the ability to have supportive family
members or friends participate in VCVs. Overall, the
participants were willing to accept the challenges of a new
technology to leverage its advantages.

Accepting the Challenges of a New Technology

Challenges included learning to use the technology, managing
internet connectivity issues, and minimizing distractions. Older
participants acknowledged their lack of confidence with
videoconferencing technology but seemed empowered by
learning to use it. One older participant noted:

People my age gets scared by the [idea of]
technology…We’re getting better…every time it gets
easier. [P7]

Internet connectivity problems were acknowledged as challenges
rather than barriers. One participant noted:

Losing the connection…That's the way of the world.
[P7]

Participants also mentioned the importance of managing
distractions during VCVs. One participant stated:

If there's a lot of…distractions on both sides, you're
not going to really feel like you're able to talk. [P3]

All the patients interviewed recognized that some visits are not
feasible in videoconferencing. One explained:

If you physically have to be there…[for] your cancer
treatment, chemo, radiation, anything like that, or…an
examination…you can't do some of those things over
a video. [P5]

Others favored an IPV when visualizing physical conditions
was important:

In person, you can see the struggles physically that
the person has. If they’re using a wheelchair. If they
need assistance to go to the bathroom…but not
virtually. [P1]

Patient participants identified the type of information to be
shared as another important determinant of VCV
appropriateness. One patient stated:

I'm thinking if it was positive news, it's great on Zoom.
Negative news might be not so great on Zoom. That
might be…a little impersonal. [P9]

Another participant indicated:

I would default to teleconferences over in person if
everything else were equal…[an] exception might be
if the decision or something you needed to learn was
very complex. [P4]

Another participant commented that they felt less comfortable
sharing confidential matters in videoconferencing:

If you had something highly personal to discuss, I
would feel less comfortable doing it virtually…we
don't know how secure it is…[I]f I had problems that
I didn't want to say out loud, I'd feel more comfortable
saying it with [my] nurse in a little room…somebody
else might also be listening. [P6]

One participant had a difficult time describing why they
preferred IPVs:

I don't know why [IPVs and VCVs are] different, but
I suspect some of it has nothing to do with words or
body language or anything [but] just wanting to be
in the same room with the person. [P10]

Of note, this participant had been receiving care over a long
period, and videoconferencing meant they lost the support
experienced by being in the cancer center and interacting with
team members.

Although positive about VCVs, participants recognized the
challenges of comprehending complex emotions and situations
in their entirety in a virtual environment. They emphasized the
importance of combining VCVs and IPVs:

You can build a good rapport through Zoom meetings,
but it's important that there be face-to-face meetings
intermingled. They don't have to be as often, but a
combination of the two would be most beneficial. [P2]

Finding Minimal Differences in Terms of Communication
Effectiveness

Participants largely felt communication with their nurses in
VCVs is comparable to that in IPVs. Most of the patients
interviewed indicated that they felt comfortable expressing
emotions and asking questions in VCVs. One participant
expressed:

If that rapport is there, if [the nurse and patient are]
paying attention to each other, it's just as good as an
in-person visit. [P3]

Another noted the following:

I didn't find there was much difference between the
two…You could feel the concern. You could feel the
genuineness in [the nurse’s] voice even though it was
on the Zoom, which makes it so much easier to be
able to deal with…a fresh diagnosis of cancer. [P2]

However, some subtle aspects of communication during
emotionally charged conversations may be compromised in
videoconferencing. As 1 participant explained:
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Communication [about scan results]…I feel like
they're harder to do over video…It's sort of the
contextual meaning of the words, if that makes
sense…there's going to be a lot of words about the
disease, and my question is, “How much time do I
have?” That's really at the heart of it, right?... “What
does this mean in terms of my quality of life and my
quantity of life?” And nobody knows the answer to
that, but the doctors and nurses…can give some
contextual information. It's in the body language, it's
in the tone of voice. It may not be in the words
themselves. [P10]

Qualitative Analysis of Nurse Interviews
The data from nurse interviews demonstrated that rapport
develops when nurses know their patients as persons and is
achievable in VCVs with some adaptations. Four key themes
were identified during the analysis of the nurse data: (1) rapport
building begins with nurses knowing their patients as persons,
(2) much of the bedside manner can be translated into the
webside manner, (3) differences in videoconferencing that may
impact rapport are important to recognize, and (4) cultivating
nurse-patient rapport in VCVs is essential for quality care and
nurse job satisfaction. Multimedia Appendix 4 displays each
theme, associated categories, codes, and additional participant
quotations.

Theme 1: Rapport Building Begins With Nurses
Knowing Their Patients as Persons
This theme focuses on how nurses build rapport with their
patients. Nurse participants described the importance of getting
to know their patients holistically as individuals with needs,
priorities, and lives apart from their cancer diagnosis. This
connection facilitated trust and a sense of being well cared for
that was valued by the nurse, the patient, and the patient’s
family.

Viewing the Patient From a Holistic Perspective

Oncology nurses must be knowledgeable about their patients’
diagnoses and treatment plans and understand the impact of the
disease on their quality of life. This holistic knowing was
described by 1 participant:

We are here to talk about their health,…go through
the review of systems and how they're feeling,…the
labs,…the scan results, but I also like to say, “When
you're not here, what are you doing outside of your
cancer? Are you getting out of the house?” or
“What's your family situation like? Are you
working?” Just to know them on a more personal
level and their families…the whole person, not just
the cancer. [Nurse 10 (N10)]

Attentiveness and Listening to Know the Patient and
Understand Their Perspective

Nurses described how getting to know patients on a personal
level creates a sense of bonding or rapport that facilitates
understanding patient needs and allows the nurses to be
empathetic and good patient advocates. One nurse participant
explained:

Over the time that you spend with a patient in the
clinic, you get to know them…their family, their likes,
their dislikes, where they've traveled to. You make
bonds. You might have similar situations or families.
They tell you a lot of stories…I almost feel like I'm
able to ask the physician a question on their behalf,…I
try to be the patient advocate and put myself in the
patient's shoes…It's like having a new friend that you
just kind of learn everything about, and you want the
best for them. [N6]

Shared Experiences Enhance Trust, Open Communication,
and Quality of Care

Nurses described intentionally asking patients questions about
things they might have in common to facilitate a sense of
connection. They often described rapport as foundational to
building trust and open communication. One nurse noted:

Trust goes both ways. The patient has to trust the
nurse to give them the correct care, and the nurse has
to trust the patient to tell [them] when things are
different or problematic. Some patients don't want to
complain, and so they don't speak up when they have
new pain or are more nauseous. If you have that
rapport, you can kind of get to those underlying issues
a little easier. [N2]

Relationships built on rapport and trust were valued by nurses,
in part because they believed this facilitates their ability to make
good clinical decisions. One nurse stated:

When you connect with a patient, it’s easier to
navigate their care because you understand them.
You understand if they’re having certain symptoms,
what it does and doesn’t mean. Rapport really helps
in terms of clinical judgment. [N10]

Theme 2: Much of the Bedside Manner Can Be
Translated Into the Webside Manner
Theme 2 focuses on how nurses are adapting communication
and relationship-building techniques to the videoconferencing
setting, recently termed the “webside manner.” Most of the
nurses felt some extra effort is necessary to enhance connection
and ensure humanization during VCVs. Many expressed
confidence in their ability to create and maintain strong
nurse-patient relationships in VCVs, especially with patients
they knew from IPVs.

Similar Ability to Communicate as In-Person Visits

Nurses viewed their communication with patients in VCVs
comparable to in-person communication. One nurse practitioner
stated:

The rapport remained heavily intact throughout
videoconferencing. I didn’t feel I missed anything.
Our conversations were very fruitful. We still had the
same abilities to cover every topic. [N5]

Some nurses even felt communication is enhanced as it allows
them to schedule a VCV to share results or check on symptoms,
which in the past might have been done by phone or email. One
participant stated:
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It actually improves our ability to communicate with
patients. Oftentimes a patient I'm seeing virtually is
not someone I would have brought into the office…so
it allows a patient to communicate more with us than
perhaps they would have otherwise. [N3]

Another participant suggested that small adaptations to teaching
are required for videoconferencing to be most effective:

If I'm doing a chemotherapy teach, I send them written
instructions so that they can review them with me,
and they can relay back. It helps if you communicate
in multiple different ways at the same time. [N8]

Making Extra Efforts to Connect

Many strategies mentioned for creating a comfortable
environment applied to VCVs and IPVs. One nurse explained:

I make more of an effort to have small talk over video.
I need to bring everyone in, calm everyone down, and
make this seem as comfortable as possible before we
get to what we need to talk about. [N2]

Some nurses related a need to take extra measures to connect
with patients on videoconferencing to avoid a dehumanizing
effect. One participant expressed:

If you don't come off human in a virtual box, then it
just becomes like an automated survey type of
appointment. “Where are you experiencing pain?
What is the pain now? Okay, are you taking
medications?” [N12]

Nurses described asking patients about their home environment,
family, and important personal events and using humor. One
participant described helping patients feel at ease:

[Videoconferencing is] more awkward than real life,
but…you can kind of have a laugh over [it]: “Oh,
this is so awkward, but isn't nice that we didn't have
to go out in the cold today?” Just stating the obvious
is one way to kind of break the ice. [N9]

All the nurses described the importance of using eye contact
and body language to demonstrate attentiveness and compassion.
As 1 participant described:

[By] maintaining eye contact, nodding, trying to use
hand gestures, trying to limit distractions so that I
can really focus, I can be more outward with my
emotions and…convey compassion and empathy with
my face. [N3]

Some nurses described being extra alert and attentive during
VCVs to compensate for cues that might be more obvious in
an IPV.

Ability to Form Relationships and Develop Rapport Remains
Intact

Nurses reported an ability to build relationships and rapport
over videoconferencing. One nurse stated:

We did the initial nursing assessment. We would talk
about the emotional aspects, how patients were
handling the diagnosis, how to start the treatments,

and what that looked like. Overall, the rapport with
the patients was not problematic. [N1]

However, some nurses preferred IPVs for the initial visit and
met patients in person whenever possible. One participant
explained:

If it's a patient that I'm familiar with, it's a little easier
[to establish rapport], but if it's a new patient that
I've only met virtually during COVID, it's harder to
build that rapport virtually, and if they're here to see
the doctor and I can pop in, I try to pop in to meet
them in person because I feel like it just adds to the
rapport when you actually see them face to face. [N4]

One benefit to video visits during COVID-19 was that nurses
and patients could interact without wearing the face masks
required for IPVs. Many nurses described the value of the
unmasked interactions with patients afforded by VCVs. For
example, a nurse noted:

I felt like we were able to develop that trusting
relationship…Now that we are seeing people more
regularly in person, some patients have actually said
they appreciated the telehealth because I didn't have
a mask on. [N7]

Theme 3: Differences in Videoconferencing Visits That
May Impact Rapport Are Important to Recognize
This theme focuses on how nurses described some unique
characteristics of videoconferencing and their personal
experiences of how videoconferencing creates barriers to or
facilitates care.

There Is Only So Much You Can Do on Zoom

Nurses described clinical evaluations (eg, assessment techniques
requiring hands-on physical examination) that were unfeasible
in a VCV. As 1 nurse described:

There's no doubt about the fact that when you're in
person, you know, you can put your hands on people.
You can check an incision. You can listen to
someone's lungs if they have a complaint. You can
look in their mouth if they have a mouth sore. You
can look at a rash. [N9]

Participants considered some aspects of patient care, such as
difficult or emotional conversations, best suited to IPVs. Nurses
wanted to be with patients physically to evaluate their response
and provide comfort and support. One nurse explained:

[What is lost in VCVs is] the body language and the
cues that you would do in person. If you're having a
difficult conversation, I would roll my chair over and
bridge the gap physically…[During] a hospice talk,
I might put a hand on a shoulder or on an arm or on
a knee, offer tissues…show [in] nonverbal ways that
I care, I'm concerned, and I'm really listening and
engaged. I feel like you can only do so much on a
Zoom [call]. [N4]

For many of the nurses, not being in the same physical space
as the patient inhibited their ability to assess the encounter (eg,
how the patient received information) thoroughly. The abrupt
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endings of video visits made some participants uncomfortable.
One nurse participant explained:

Sometimes I leave a virtual visit not knowing how
things landed with the patient because I'm not there,
so if it's a big conversation, or a difficult
conversation, or we're talking about a lot of things
at once, sometimes it's harder to read the patient and
how things are being processed. Whereas in person,
before I leave a room, I usually make sure that things
[are okay]. [N3]

There’s No Place Like Home

Nurses observed that patients seem more comfortable in their
own homes during VCVs and appreciated the opportunity to
see into the patients’ home environment. As 1 nurse stated:

[Patients] may feel they have more time to answer
questions when they're on the computer in their own
environment and they’re not stressed about coming
into an appointment in an unfamiliar situation. [N6]

Barriers Related to Technology, Language, and Hearing

Nurses noted that the patient’s level of experience with
videoconferencing technology could present a barrier, and they
had mixed impressions about its impact on rapport building.
One nurse noted:

Patients have different levels of comfort and
knowledge about the technology. Some…can't figure
it out. Sometimes those barriers, like not being able
to see them or make the eye contact, diminish rapport.
[N4]

Some nurses acknowledged difficulties but felt they do not
interfere with rapport building:

If the Wi-Fi’s bad or the connection’s bad or…they
can’t hear me or I can’t hear them, or if they’re trying
to bring up audio or the video. I think those can
impact [the patient’s stress level], but I’d say for the
most part, I don’t think I’ve had difficulty developing
rapport with patients. [N7]

Videoconferencing with patients who have hearing impairments
or do not speak English presented an additional challenge
according to some nurse participants. One nurse noted:

We have taken care of [some]ethnically diverse
patients lately, and I find that's definitely more
challenging on video because they're often not sitting
in front of me. There could be a language barrier or
they're just not quite understanding what you're trying
to communicate. That definitely takes extra work,
[and] you have to be sensitive to those things. [N11]

Theme 4: Cultivating Nurse-Patient Rapport in
Videoconferencing Is Essential for Quality Care and
Nurse Job Satisfaction
This theme focuses on practice adaptations to accommodate the
addition of videoconferencing as a modality of care. Nurses
expressed a desire for guidelines related to balancing patient
convenience with the clinician’s need to accomplish clinical

goals. Maintaining a sense of connection or rapport with patients
was described as important in ensuring quality care and the
nurse’s sense of fulfillment.

Everyone Is Still Learning, but We Are Finding Ways to
Adapt

Nurses acknowledged that using videoconferencing requires
them to adapt, and some expressed mixed feelings. Overall,
participants’ descriptions suggested that they and their patients
are acclimating. One participant said:

The pandemic taught us a lot…In health care at least,
we learned there's a lot of things we can do, and how
quickly we all acclimated is amazing, and so I just
hope [VCVs] stay around. [N5]

Another nurse described their experience of adapting to VCVs
more tentatively:

It's kind of bumpy…I do prefer an in-person visit…but
a telehealth visit with video is a lot better than just
the telephone…It's still new, so I have mixed feelings
about it. [N6]

Determining What Is Best for the Person and the Patient

Nurses recognized the advantages and limitations of
videoconferencing, expressing that the best option differs from
patient to patient and nurse to nurse, even for difficult
conversations. Nurses commonly described a preference for
sharing bad news with patients in person. One participant shared:

Someone asked me today, “Am I going to die?” and
I moved closer to her…these moments of eye contact
where you really have to make a connection with
someone so that they know you're telling them the
truth, that's hard over Zoom. [N9]

However, 1 nurse described that patients and nurses are
acclimating:

When we were at the beginning of the pandemic, we
were worried that having a hospice conversation
would be really hard over video…[but] if the patient's
not feeling well, they don't want to come in. They have
their family there,…the world is changing, and people
are more and more used to having hard conversations
over Zoom. [N10]

Nurses reported a need to balance patient preferences with
clinical evaluation, communication, and rapport factors. Some
felt patients are the major beneficiaries of videoconferencing,
with clinicians left to figure out how to adapt. Participants did
view videoconferencing as an opportunity to follow patients
more closely. Nurses felt that granting patients a choice over
the format of visits is a means of empowering them.

The nurses interviewed hoped that VCVs would continue to be
an option for seeing patients after the pandemic. As 1 nurse
stated:

I hope...[for] sort of a hybrid where we can connect
with our patients virtually, and…in person. We can
be there in multiple ways, but always constantly there.
[N8]

J Med Internet Res 2022 | vol. 24 | iss. 9 | e39920 | p.545https://www.jmir.org/2022/9/e39920
(page number not for citation purposes)

Koppel et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


The Unique Challenges Presented by Videoconferencing
Require Professional Development and Practice Guidelines

The collective experiences of the nurses in the study revealed
a need and desire for practice guidelines for nurses and patients
and professional development. As 1 nurse explained:

It is important to have guidelines…on an institutional
level,…for patients to understand that it isn't the sole
way that we can take care of them, . . . they do need
to still see someone in person, because [otherwise]
that could be dangerous. Things can be missed, so
having those guidelines from an institutional level
would…set the boundaries and the safety checkpoints
to ensure that we're providing the best care we can
for patients and in proper intervals. [N5]

Several nurse participants expressed disappointment that as the
pandemic waned, they were encouraged to bring patients to the
clinic for IPVs when a VCV would have been sufficient. One
nurse stated:

I think that [VCVs] serve a purpose for a very specific
group of our patients…I'm not sure why it took the
pandemic for us to realize that they were a really
useful and appropriate way [to provide
care]...They've been incredibly successful for
providers and for patients, in certain settings, and I
wish that we could use them more. I was kind of
expecting a revolution to happen, and I'm really
disappointed [this has not] played out. [N9]

Developing Rapport With Patients Is Important to Oncology
Nurses

Without exception, the nurses interviewed described rapport as
important to nursing practice and essential to high-quality care.
Nurses described a sense of professional satisfaction from
developing close relationships with their patients. As 1 nurse
stated:

[Rapport] really can make my day. It's one of the best
parts of the job, and that's probably what brings
people to this line of work…It's a job with a lot of
stress and it can be emotionally taxing…[H]aving
that level of satisfaction and warmth and looking
forward to seeing our patients really makes the job
so enjoyable. It's very helpful in…grounding me in
what I do and why I do it every day. [N5]

Comparison of Patient and Nurse Analyses

Comparison of the themes derived from the interviews showed
similarities in how the nurses and patients described the
experience of rapport during VCVs. Taken in totality, the data
from all participants demonstrated that a person-centered and
relationship-based approach can support nurse-patient rapport
and the development of guidelines in videoconferencing for
persons with cancer. Three themes fit the collective data: (1)
person-centered and relationship-based care is valued and
foundational to nurse-patient rapport in oncology ambulatory
care regardless of how care is delivered, (2) adapting a bedside
manner to facilitate rapport in VCVs is feasible, and (3) nurses
and patients can work together to create options across the care

trajectory that are person-centered and ensure quality care
outcomes.

Theme 1: Person-Centered and Relationship-Based Care
Is Valued and Foundational to Nurse-Patient Rapport
in Oncology Ambulatory Care Regardless of How Care
Is Delivered
This theme focuses on the importance of person-centered and
relationship-based care to both the nurse and the patient. The
synergy between the patient’s desire to be known on a personal
level and the nurse’s desire to know the patient provides a
foundation for rapport building in oncology care delivered in
an ambulatory care setting in both IPVs and VCVs. Patients
and nurses used the words “treated as a person not just a patient”
to describe a desire for holistic and personalized knowing. One
patient emphasized the importance of the nurse and patient
being authentic:

It's about me being a person and the nurse being a
person rather than a job and a patient. You can't build
rapport around a job and a patient. That's not doable,
so anything that makes the nurse more of a
person…She asks how things are going. I ask how
things are going, and she answers…that little bit of
back and forth makes a big difference…I trust a
person, and I feel more seen as a person. [P10]

Nurses and patients emphasized the importance of the
nurse-patient relationship being built on mutual trust and
understanding. This evolved out of knowing each other and the
shared experience of managing a cancer diagnosis. One patient
noted:

[Rapport is] having developed a relationship of trust
and understanding…like you’re on the same page.
You understand each other…It’s very important to
have rapport because there are times when you really
need somebody who understands what you’re going
through…so [you]’re not feeling alone and isolated.
[P1]

Theme 2: Adapting a Bedside Manner to Facilitate
Rapport in Videoconferencing Visits Is Feasible
This theme focuses on common strategies identified by patients
and nurses to facilitate rapport and communication during
VCVs. The behaviors nurses and patients described as important
were the same for VCVs and IPVs; however, both nurses and
patients seemed acutely aware of how body language in
particular communicates attentiveness, compassion, and empathy
in videoconferencing. One nurse described the importance of
“maintaining eye contact, nodding, trying to use like hand
gestures while I'm talking, trying to limit distractions in the visit
so that I can really focus and…convey compassion and empathy
with my face” [N3].

Most of the participants expressed that cultivating rapport and
communicating in a VCV is feasible but that being able to have
at least some IPVs is best for nurturing the nurse-patient
relationship. As 1 nurse stated:

We see a lot of our patients frequently, and the ability
to be able to alternate visits, like every other or every
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second visit in person and do the other ones on video
has been a great benefit. [N7]

Theme 3: Nurses and Patients Can Work Together to
Create Options Across the Care Trajectory That Are
Person-Centered and Ensure Quality Care Outcomes
This theme highlights how both patients and nurses recognized
that not all care can be provided in VCVs but that, when used
selectively, good care can be provided in VCVs. As 1 nurse
stated:

Patients [who] are established and they're just coming
in for a scan review or a quick lab check, it just makes
their life so much easier. You already have an
established relationship, so it doesn't change
anything. [N10]

Similarly, a patient stated:

I  find i t ' s  a  real ly  good way for
communicating…[F]or certain visits, it really works.
[P10]

Discussion

Principal Findings
The purpose of this qualitative study was to describe the
experiences of nurses and patients participating in oncology
telehealth VCVs, with a focus on their ability to cultivate
rapport. The findings suggest that rapport building is achievable
within VCVs, with many traditional bedside, in-person strategies
transferrable to the videoconferencing environment. There was
a striking similarity in the descriptions of rapport building by
patients and oncology nurses; both described a personal
connection as foundational to building a trusting relationship
and important for high-quality, satisfying care. Patients and
nurses acknowledged that videoconferencing has benefits,
challenges, and limitations but were interested in determining
when and how to make optimal use of this new care modality.

Few studies to date have focused on ambulatory oncology
nurse-patient rapport in VCVs. Consistent with previous
research on relationship building in oncology IPVs [42-45], all
participants in our study described the importance of the patient
being known as a person rather than solely as a patient. Nurses
described strategies to know the patient more holistically, and
some patients appreciated knowing the nurse in a more personal
way. Nurses described using self-disclosure, a common strategy
for building relationships in nursing practice [64], to create a
personal connection with their patients. Self-disclosure has been
described as beneficial in building rapport with persons who
have cancer [44,65].

Patients in our study valued being heard and appreciated the
nurse taking time to provide information and answer their
questions thoughtfully, and nurse participants described the
importance of being attentive and listening closely. The
importance of these behaviors is well described in the literature
[39,44,48-50,66]. In a recent study exploring nursing listening
behaviors, 70% of patients described nurse eye contact and
attentiveness as an indication that the nurse was listening [66].
Conversing with patients on a personal level by asking and

answering questions and providing a welcoming environment
was described as a way to “transform an otherwise inauspicious
moment into a powerful connection” [66]. Studies in oncology
ambulatory care note that the absence of these caring behaviors
leads patients to describe care as dehumanizing [67,68].

Our findings reflect attributes used to define rapport in the
literature, including a shared experience comprising positive
affect; mutual respect, acceptance, care, and concern; and
behavioral synchrony [39,40,69]. Patient and nurse participants
indicated that a shared connection facilitates outcomes similar
to those described in the literature, including trust [46,66], open
communication [39], comfort [66,70], confidence in the plan
of care, and improved clinical judgment. Studies have suggested
that rapport not only influences the patient’s perception of care
but also has a tangible impact on care outcomes [41,71].

Both nurses and patients in our study felt that many of the
strategies that build rapport in IPVs are effective in VCVs.
Similarly, Elliott et al [72] suggested that patients who are
satisfied with telemedicine encounters value their relational
experience. The terms associated with their study’s code for
“build rapport” align with the findings in our study, including
“affective connection/comments of appreciation, trust-building,
caring, concerned bedside manner, used nonverbal gestures that
show care and concern, provided emotional support,
understanding, developed a partnership, helpful, nice, friendly,
easy to talk to” [72]. Other studies of videoconferencing have
described the importance of knowing the patient as a person
[73] and using eye contact, facial expressions [74,75], and other
body language [76] in conveying attentiveness and emotions,
including empathy. Our participants described the importance
of nonverbal behaviors during VCVs to enhance communication
and connection.

Although limited studies have explored relationship building
in oncology VCVs, our study had findings similar to a
qualitative study by van Gurp [24], which involved interviewing
patients receiving care via videoconferencing with a palliative
care team of whom over half were nurses. This study found that
personalized patient-clinician relationships during
videoconferencing are facilitated by consistent, empathetic
engagement with the same clinician, and like our study,
relationships were facilitated by clinicians who listened
attentively and exchanged a mixture of medical and personal
information during conversations.

Other nursing studies have described technology failures as a
barrier to rapport [33,77]. Some participants in our study noted
that disruptions in the home environment or internet connectivity
have the potential to interfere with rapport, although this was
not a significant concern. One patient participant expressed a
preference to share confidential information with their nurse in
person, due to uncertainty about videoconferencing security. In
van Gurp’s [24] study, the ability to see but not touch made
some palliative care clinicians reluctant to share difficult news
(eg, a nurse expressed a desire to be able to provide physical
comfort in these situations); however, for some patients, this
physical separation made it easier for them to express feelings.
These different perspectives were articulated by nurses and
patients in our study. Some participants felt being in the comfort
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of their own homes made sharing emotions and concerns easier,
while others felt it was important to have difficult news shared
in person.

Although van Gurp’s study [24] was the only research we
identified that focused on rapport and videoconferencing in an
oncology population, incidental findings from other nursing
studies prepandemic suggest that setting up the environment to
allow mutual attentiveness (eg, adjusting the camera position
and audio volume) and ensuring privacy facilitate rapport in
video visits [9,14,24,33,78-81]. Other studies show that a nurse’s
positive attitude toward technology [78] and the availability of
others to assist patients onsite are helpful [33,78,82-84]. In our
study, nurses and patients seemed equally willing to accept the
challenges associated with videoconferencing, given the
perceived benefits. There were relatively few concerns expressed
about using the technology or its impact on relationship building.
This phenomenon may be due to the increased need for and
utilization of videoconferencing during the pandemic, especially
for persons with cancer. In a study using videoconferencing
with older adults experiencing depression, patients described
the technical challenges as “little things,” which the authors
suggested was because the patients benefited from
videoconferencing in many ways [85]. A central finding of this
study was that an optimistic outlook on videoconferencing
influenced the expectations and attitudes of both patient and
clinician participants, mitigating negative feelings about
technological challenges [85].

Concerns that videoconferencing would depersonalize care
[19-22] were not supported by our findings. Although patients
and nurses expressed that IPVs are more desirable in certain
situations, none of the participants described their VCVs as
impersonal; on the contrary, many described their ability to
develop rapport and communicate effectively during VCVs.
According to Barrett’s [33] ground theory, the primary function
of the nurse in videoconferencing is to provide an operational,
clinical, therapeutic, and social presence. The nurse cultivates
rapport in the nurse-patient relationship during
videoconferencing by providing reassurance and support
(therapeutic presence) and creating connection, thus “giving
the patient the sense they are ‘in the room’ with them” (social
presence) [33]. Although the word “presence” was not used to
describe behavior or attributes by any of our participants, the
need to have more focused attention was described by several
of the nurses and 1 patient. The importance of telepresence,
generally described as feeling physically present during a
computer-mediated encounter [86], has been the focus of some
research [21,33,36].

Our findings suggest that oncology nurses and persons with
cancer are receptive to integrating videoconferencing into the
care trajectory but feel it is important to determine what type
of visit will best serve the patient for each care encounter. This
like-mindedness bodes well for nurse-patient collaboration on
decisions about whether a visit should occur virtually or in
person at the cancer center. Similar to our results, recent studies
indicate that both patients and clinicians are increasingly
receptive to oncology care provision through VCVs and want
the option of videoconferencing to extend post–COVID-19
[87,88]. As in previous nursing studies, both patients and nurses

in our study acknowledged that video visits could not replace
all in-person encounters [24,33,79,83,85,89]. This was felt to
be especially true for serious conversations [14,24] and initial
encounters [83,85]. At least 1 nurse in the study looked for
opportunities to physically see patients during their
chemotherapy treatments whom they had only met in VCVs in
order to enhance their connection. Although the study did not
ask patients during the interview about how long they had
known their nurses, 50% of the patient participants had been in
treatment for less than a year. Most, though not all, patients and
nurses in the study, felt IPVs visits are better for more difficult
conversations. Our findings and those of previous studies
suggest that decisions about whether to use videoconferencing
must consider the patient’s preferences and everchanging needs.
This conclusion is supported by the Institute for Healthcare
Improvement’s (IHI) recent white paper on telemedicine [90],
leading some to suggest that decisions regarding virtual care
require the following amendment to the precision medicine
maxim: “Provide the right treatment, to the right patient, at the
right time, and in the right place” [91].

Implications for Practice, Policy, and Professional
Development
We recommend that policy and practice guidelines be person
centered, allowing clinicians to assess in real time the type of
visit that can best meet the patient’s holistic needs. The IHI has
proposed a framework for telemedicine that is safe, equitable,
and person centered: “Honoring the patient’s wishes as long as
those desires are consistent with delivering safe and effective
care” [90]. Our results suggest that nurses and persons with
cancer have an appreciation for the challenges as well as the
benefits of VCVs and understand that this environment may
not always provide the best option for high-quality, safe care.

Although the pandemic forced a rapid adoption of video visits,
clinicians remain uncertain about how best to provide virtual
care. In a recent mixed methods study by Elsevier Health of
3000 nurses and doctors, over half of the clinicians felt telehealth
would negatively impact their ability to demonstrate empathy
and requested guidance on learning webside skills [51].
Although most of our participants felt able to transfer many
bedside skills into VCVs, there is mixed evidence in the
literature on whether videoconferencing can produce the same
empathetic experience as an IPV [92]. Notable efforts have been
made to provide guidance on a webside manner [26-28,93,94],
but additional research is needed to ensure that professional
development and practice guidelines are evidence based, and
our findings provide data regarding relationship-based care and
patient-centered communication in a videoconferencing
environment. Schools of nursing and medicine need to prepare
future practitioners to care for patients in a virtual health care
environment, with competencies specific to these digital tools
[92,95]. Fortunately, nursing theories [22,33,35] and conceptual
models [96] exist to support this important work, and
relationship-based care has been successfully incorporated into
health care clinician curriculum and professional practice models
[97,98], showing improvement in health care delivery
[41,99,100].
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Our findings identified barriers to rapport building in
videoconferencing that have been previously identified in studies
on videoconferencing, including interruptions due to breaks in
the internet connection [32,33,77,85,90], concerns about privacy,
[9,12,24,83], and the limitations imposed by a lack of physical
presence [24,32,33,83,90]. Nurses and patients in our study
recognized that balancing these challenges and limitations with
the benefits of videoconferencing is an essential competency
requiring additional research and guidelines.

Future Research
Research is needed to better understand how specific
rapport-building strategies can be translated or adapted to VCVs,
including nonverbal communication and active listening
techniques. Additionally, exploring how various types of visits
(eg, first encounters, delivery of bad news) and contextual
factors (eg, virtual backgrounds, quality of connectivity, sensory
and language barriers) influence rapport building in
videoconferencing would be useful.

Ensuring adequate access to VCVs is multifaceted and requires
not only that adequate devices and Wi-Fi resources be available
and affordable but also that patients and providers have the
skills and support to incorporate them into their care services
[87,101]. Investigating how digital literacy and access to
telehealth technology influence patient and nurse utilization of
VCVs, while not addressed in this study, must be a focus of
future studies if videoconferencing is to become a mainstay of
health care. Existing health and technological disparities became
more apparent during COVID-19 [101,102], and future studies
are needed to better understand the relationship between the
services offered and the needs and abilities of patients and
providers. For example, the lack of access to adequate devices
and Wi-Fi resources for VCVs is well documented [1,103,104],
but the impact of other factors, such as language barriers and
availability of privacy and safe spaces for VCVs [105], require
better understanding and accommodation. Specifically in
relationship to rapport, there is some evidence that qualitative
differences between type of device, strength of broadband, and
level of literacy impact the level and quality of empathetic
communication within VCVs [92]. Addressing these factors is
essential if we are to avoid increasing the digital divide among
populations who may already be at a higher risk for cancer due
to social and economic disparities [106,107]. Infusing a health
equity lens as we generate new knowledge about VCVs can
help prevent the augmentation of health disparities and promote
health and scientific equity, especially for groups that are
underrepresented.

Other interesting questions generated from our findings include
the role of nurse self-disclosure on the development of rapport
and whether videoconferencing can create a safer space or
reduce the power differential between clinicians and patients.
Our study shows the importance of rapport in the nurse-patient
relationship and its impact on patient care and nursing job
satisfaction, highlighting the need for additional research in this
area.

Strengths and Limitations
The strengths of this study include the collection of data from
persons with cancer and oncology nurses. Multiple strategies
were used to improve the trustworthiness of findings. The
analysis included categories covering a wide range of
participants’ responses to achieve credibility. Dependability
was ensured by selecting quotations from multiple participants
and identifying how these were linked to results. To allow the
findings to be transferred or applied to other settings or groups,
the context of the study and participant characteristics were
thoroughly described.

This study has several limitations. First, the data analysis and
its interpretation depended on the researchers’ skills,
assumptions, and experience. Second, data were collected from
1 cancer center and were therefore influenced by the
organizational system and its practices. Third, to minimize the
burden on the participants, member checking was not used after
the data were analyzed; however, the researcher conducting the
interviews frequently validated their understanding of
participants’ answers during the interview. Fourth, despite our
efforts to include nurses and patients who might otherwise have
been underrepresented in the study, the study participants mostly
self-identified as female, were White/Caucasian, and were
employed full-time, with at least some college education. There
was a wide range of experience with VCVs among the
participants; however, most were using computer technology
and videoconferencing for work and personal affairs, suggesting
their technological skills, devices, and internet access might not
be representative of most patients with cancer and their nurses.
This limits the ability to generalize the study findings to patients
and providers with less access to and experience with VCV
technology.

Conclusion
Although providing care within the videoconferencing
environment may require adapting practices, the essential nature
of nursing need not be affected. In this study, the overall synergy
between the nurse and patient data and the specific descriptions
from patients and nurses on ways to establish rapport were
striking. Patients and nurses considered rapport essential to the
nurse-patient relationship and high-quality care, thus affirming
nursing’s commitment to person-centered care and the
profession’s capacity to understand patient needs holistically.
Nurses are well positioned to assume an advocacy role for care
across the cancer continuum and leadership in the development
of guidelines, policies, and future research inquiry on VCVs.
Contrary to concerns that videoconferencing would be
impersonal and inhibit rapport and relationship building, this
study indicated that rapport can be established during VCVs
and that many of the strategies used during IPVs are equally
successful in videoconferencing. Findings from this study
provide some of the descriptive research necessary for the
development of evidence-based practice guidelines and
interventions to support nurse-patient therapeutic relationships
during VCVs.
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Abstract

Background: In obstetric and gynecologic practices, synchronous telehealth services via chat message, voice calls, and video
calls have been increasingly equipped to improve patients’health care accessibility and clinical outcomes. Nevertheless, differences
in clinical outcomes between communication tools remain unknown, especially in terms of safety.

Objective: This study compared the occurrence of emergency visits and hospitalization after telehealth services through different
communication tools, including chat messages, voice calls, and video calls.

Methods: We collected data on obstetric and gynecologic concerns of women who consulted specialized doctors and midwives
through a telehealth consulting service in Japan (Sanfujin-ka Online) between January 1, 2019, and December 31, 2020. The
outcomes were emergency visits or hospitalizations at night after the consultation. Chi-square test and multivariate logistic
regression analysis were performed to compare the clinical outcomes between the groups who received telehealth services via
chat message, voice calls, and video calls.

Results: This study included 3635 participants. The mean age of the participants was 31.4 (SD 5.7) years, and the largest age
group (n=2154, 59.3%) was 30-39 years. The numbers (or proportions) of those who received telehealth services via chat message,
voice calls, and video calls were 1584 (43.5%), 1947 (53.6%), and 104 (2.9%), respectively. The overall incidence of the outcome
was 0.7% (26/3635), including 10 (0.3%) cases of chat message, 16 (0.5%) cases of voice calls, and no video calls. There were
no emergency visits that happened due to inappropriate advice. No significant difference in the proportions of the outcomes was
observed between the communication tools (P=.55). The multivariate logistic regression analysis showed no significant differences
in the outcome between those who used chat message and those who used voice calls (odds ratio 1.63, 95% CI 0.73-3.65).

Conclusions: The communication tools of telehealth services in obstetrics and gynecology did not show a significant difference
in terms of emergency visits or hospitalizations after using the service.

(J Med Internet Res 2022;24(9):e35643)   doi:10.2196/35643
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Introduction

Telehealth refers to various health care services that use digital
information and communication technologies. They are
categorized into synchronous or asynchronous approaches;
synchronous approaches comprise real-time virtual
communication and monitoring by health care professionals,
whereas asynchronous approaches, also called store-and-forward
telehealth, use electronic recording and screening of
patient-generated health data [1]. The World Health
Organization has highlighted telehealth’s potential to improve
patients’ access to health care services and reduce medical costs
[2]. The demand for telehealth services has been expanding,
especially in response to the COVID-19 pandemic and physical
movement restrictions [3].

In obstetric and gynecologic practices, telehealth has been
increasingly equipped to improve patients’accessibility to health
care services. Past studies have demonstrated the effectiveness
of telehealth services in obstetrics and gynecology, including
an improvement in health behaviors [4,5], weight management
[6], mental health issues [7], and postpartum depression [8] in
pregnant women. Another review has reported the association
between telehealth and the improvement of health outcomes in
high-risk obstetric patients, such as women with hypertensive
disorders, diabetes mellitus, fetal anomalies, and pregnancy in
underserved areas [9].

Despite the accumulated knowledge of telehealth in obstetrics
and gynecology, scant attention has been paid to safety per the
service characteristics. It is especially critical to closely evaluate
the safety of synchronous telehealth services, as medical
practitioners directly intervene in patients’ medical behaviors,
while communication via synchronous telehealth tools may
limit the information that a medical practitioner can obtain from
a patient. The existing literature has reported no significant
difference in health outcomes between synchronous telehealth
services and traditional in-person services. For example, the
Antenatal and Neonatal Guidelines, Education, and Learning
System, one of the largest telehealth obstetric care programs
providing a phone consultation service for pregnant women in
the United States, was as effective as traditional in-person
services [10,11]. Text-4-Baby is another telehealth service for
pregnant women, and its text messaging service was associated
with an improvement in women’s health behaviors and attitudes
toward child-rearing [12,13]. Additionally, programs with
synchronous videoconferences were not associated with
increased risks of health complications and medical adherence
in comparison with traditional outreach programs [14,15].

The remaining knowledge gap is the comparison between
communication tools. Each communication tool (ie, chat
message, voice calls, and video calls) may provide different
amounts and quality of patients’ information to medical
practitioners, which can result in divergence in interventions
and health outcomes. Thus, we analyzed the secondary data of
an online synchronous medical consultation service to compare
and evaluate the safety of communication tools (ie, chat
message, voice calls, and video calls). Although there are no
established safety indicators for online consultations, we defined

emergency visits and hospitalization as postconsultation clinical
outcomes because emergency hospital visits resulting from
inappropriate advice at the time of telehealth services are an
important clinical concern.

This study analyzed data from Kids Public Inc, a Japanese health
care company providing an online health consultation service
in obstetrics and gynecology (Sanfujin-ka Online). The service
allows women to consult specialized doctors and midwives
about obstetric and gynecologic concerns. Women can use this
consultation service at any time before and during pregnancy
as well as after childbirth. In Japan, there are no restrictions or
regulations regarding the provision or use of telehealth
consultations based on the weeks of pregnancy. The users
complete a medical questionnaire before each consultation, and
medical professionals monitor the urgency based on their
responses and the consultations. This service provides only
consultations with medical professionals and does not offer
medical services such as diagnosis or prescription. Therefore,
apart from questions regarding symptoms and medical
examinations, the service receives consultations regarding small
concerns and questions about health-related daily life issues. In
total, 171 medical professionals (ie, obstetrician-gynecologists
and midwives) were registered as consultants and responded to
consultation requests from 6 PM to 10 PM on weekdays. As
Kids Public Inc mainly works with corporations and local
governments, most users can avail of the service without
payment. This service was approved as a commissioned project
by the Ministry of Economy, Trade and Industry in Japan in
May 2020 and provided free service to all Japanese citizens
until the end of August 2020.

Methods

Recruitment and Data Description
We collected data from Kids Public Inc users who responded
to a survey between January 1, 2019, and December 31, 2020.
Kids Public Inc developed the web-based survey, and some
authors were involved in its development as members of Kids
Public Inc. This voluntary survey was sent to the users via email
automatically within 24 hours of the consultation. The survey
was password protected, and service users could carry out data
entry via the internet. Other than this one-time self-reporting
survey, no protocols for monitoring the patients’
postconsultation health behaviors and hospital visits were
implemented. There were no incentives for respondents, but
they were allowed to skip the questions if they were not
comfortable with answering. The data collected through the
survey contained the communication tools for consultation (ie,
chat message, voice call, or video call), emergency visits or
hospitalization at night after the consultation, the consultant
category (ie, obstetrician or midwife), the user’s situation at the
time of consultation (eg, pregnancy, post partum, or other), and
whether the hospital visit was unexpected. Data on users’ age
were also collected because several studies on telehealth services
during the pandemic identified that older age was associated
with lower use of digital health services [16,17]. Although the
demographic distribution of telehealth service use has not been
closely explored in Japan, the government report in 2021
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addressed that age disparities may have been critical in telehealth
use [18]. Consent to use the data anonymously was obtained
from all participants at the time of consultation.

Statistical Analysis
We conducted a secondary analysis of anonymized data to
examine differences in the proportion of emergency visits or
hospitalizations after consultations according to the
communication tools (ie, chat message, voice call, or video
call). The exposures, in this study, were the 3 types of
communication tools, and the outcomes were the emergency
visits or hospitalizations at night after the consultation. Further,
consultation records were reviewed to assess whether the
emergency visits were unexpected and whether they were caused
by inappropriate advice. A chi-square test was used to compare
the proportions of the groups. Additionally, multivariate logistic
regression analysis was performed with the outcome as the
objective variable. Other acquired information was used as a
covariate to adjust the users’ background. Odds ratios (ORs)
and 95% CIs were calculated. The model’s goodness of fit was
confirmed using the Hosmer-Lemeshow test. All values included
in the multivariate analysis were evaluated for correlations, and
the absence of multicollinearity was confirmed.

All statistical analyses were performed using Stata software
(version 16.0; StataCorp LP). All 95% CIs and P values were
based on 2-sided hypothesis tests, where P<.05 was considered
to denote statistical significance.

Ethics Approval
This study was approved by the Institutional Review Board of
the University of Tokyo for joint research between Kids Public
Inc and the University of Tokyo (number 2020043NI). Two
faculty members of the Department of Clinical Epidemiology
and Health Economics at the Graduate School of Medicine,

University of Tokyo, conducted and confirmed the analyses to
ensure the study’s neutrality and transparency. Moreover,
CHERRIES checklist was followed, as this is a useful guideline
for investigators reporting results of web surveys [19].

Results

We collected 3635 responses from the web-based survey after
the consultations, and the response rate was 40.9%. Table 1
shows the characteristics of the eligible participants. As for the
communication tools, voice call was the most common (n=1947,
53.6%), followed by chat message (n=1584, 43.5%). Video call
was used by a small proportion of participants (n=104, 2.9%).
Overall, the mean age was 31.4 (SD 5.7) years, and the largest
age group (n=2154, 59.3%) was 30-39 years. Women under 30
years of age tended to choose chat message. During the
consultation, more than half of the participants (n=1883, 51.8%)
were in the postpartum period, followed by participants during
pregnancy (n=1062, 29.2%), and others (n=690, 19%). Women
in postpartum period were the most common users of each tool,
but pregnant women were relatively more common in the chat
message group. Approximately 60% (n=2174) of the participants
consulted obstetrician-gynecologists. In the chat message group,
most consultations were with doctors, whereas, in the video call
group, most consultations were with midwives. In the voice call
group, the proportion of doctors and midwives was almost equal.

Table 2 shows the incidence of primary outcomes divided by
communication tools. Of the 3635 responses, 26 (0.7%) cases
were reported, including 16 (0.5%) emergency hospital visits
and 10 (0.3%) emergency hospitalizations. Of these 26 cases,
10 (0.7%) used chat message, and 16 (0.8%) used voice calls.
No outcome incidence was observed among participants using
video calls. No significant differences in outcome incidence
between communication tools were observed (P=.55).

Table 1. Participants’ characteristics (N=3635).

P valueVideo call (n=104, 2.9),
n (%)

Voice call (n=1947, 53.6),
n (%)

Chat message (n=1584, 43.5),
n (%)

Total (N=3635), n (%)Variables

<.001Age (years)

3 (2.9)54 (2.8)73 (4.6)130 (3.6)<20

21 (20.2)564 (29)517 (32.6)1103 (30.3)20-29

72 (69.2)1178 (60.5)905 (57.1)2154 (59.3)30-39

8 (7.7)151 (7.8)89 (5.6)248 (6.8)≥40

<.001Perinatal situation

11 (10.6)518 (26.6)533 (33.7)1062 (29.2)Pregnant

83 (79.8)1088 (55.9)712 (44.9)1883 (51.8)Post partum

10 (9.6)341 (17.5)339 (21.4)690 (19)Other

<.001Consultant

39 (37.5)1006 (51.7)1129 (71.3)2174 (59.8)Doctor (obstetrician-
gynecologist)

65 (62.5)941 (48.3)455 (28.7)1461 (40.2)Midwife
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Table 2. Incidence of emergency night visits or hospitalizations within 24 hours after the consultation via communication tools (N=26).

P valueParticipants, n (%)Variables

.55Communication tool

10 (0.7)Chat message

16 (0.8)Voice call

0 (0)Video call

Table 3 shows the results of the multivariate logistic regression
analysis of the primary outcomes. No significant difference in
the OR for outcome incidence was observed between chat
message and voice calls. Video calls were not included in the
regression analysis because the number of outcome occurrences
was zero. No significant association was shown with age (OR
0.97, 95% CI 0.90-1.05), consultant occupation (OR 0.63, 95%
CI 0.17-2.31), or postpartum period (OR 0.57, 95% CI

0.11-2.96) at the time of consultation, while pregnancy status
was significantly associated with the outcome (OR 3.54, 95%
CI 1.11-11.3).

In all cases that resulted in emergency visits or hospitalizations,
the consulted physician or midwife explained the necessity of
emergency visits or seeing a doctor when symptoms worsened,
which meant there were no emergency visits or hospitalizations.

Table 3. The multivariate logistic regression analysis of emergency night visits or hospitalizations within 24 hours after consultation via communication
tools.

ORa (95% CI)Variables

0.968 (0.869-1.05)Ageb (years)

Communication tool

RefcChat message

1.63 (0.731-3.65)Voice call

Perinatal situation

3.54 (1.11-11.3)Pregnant

0.57 (0.11-2.96)Post partum

Ref (1.08-2.03)Other

Consultant

RefDoctor (obstetrician-gynecologist)

0.63 (0.17-2.31)Midwife

aOR: odds ratio.
bContinuous variable.
cRef: reference group.

Discussion

Principal Results
This study was designed to investigate the safety of online
consulting services in obstetrics and gynecology using
communication tools (ie, chat message, voice calls, and video
calls). Of 3635 collected samples from an online consultation
service, 26 (0.7%) cases of emergency visits or hospitalization
at night after consultation use were reported. There was no
significant difference in the primary outcome incidence between
communication tools. Additionally, the results of the
multivariate logistic regression analysis indicated no significant
differences in the OR of outcome incidence between chat
message and voice calls, even when adjusting for the
participants’ age, consultants’ occupation, and participants’
situation at the time of consultation. The findings of this study
suggest that there are no significant differences in clinical safety
among communication tools. However, video calls could not

be evaluated in the regression analysis because the number of
outcome occurrences was zero. Moreover, the low rate of
hospital visits after service use could be attributed to the
characteristics of the service; this telehealth service provides
only consultations with medical professionals and does not offer
medical services such as diagnosis or prescription, so the main
users tend to be women who have small concerns and daily-life
issues rather than those who have visible symptoms that
potentially require hospital visits. Although the service monitors
the level of urgency through the completion of a questionnaire
before service use and online consultation with a specialist, this
finding suggest that the monitoring protocols and method of
evaluating consultations after service use may need to be
improved. It is important to design service improvements and
further research based on this finding.

In this study, users were allowed to choose one of three
communication tools, and most participants selected either voice
calls (n=1947, 53.6%) or chat message (n=1584, 43.5%). The
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proportion of video calls was very low (n=104, 2.9%). These
results indicate the importance of setting up remote consultation
services equipped with a variety of communication tools. In the
field of obstetrics and gynecology, video calls were not favored
by users, suggesting low compatibility with online consultations.
In addition, differences in user background were observed
among the three tools: young people under 30 years and
pregnant women chose chat message more often. From this
perspective, it is preferable to have a variety of communication
tools.

The novelty of our study is that we have shown the clinical
safety of online obstetric and gynecologic consulting services.
Despite the emerging knowledge about synchronous telehealth
services, few studies have addressed the clinical safety of
telehealth services using multiple communication tools like chat
message and voice calls. Past studies have analyzed telehealth
programs without categorizing them by the nature of the
program (ie, synchronous and asynchronous) or communication
tools [10-15]. However, it is worth noting that studies with a
single communication tool reported no clinical differences
between traditional and telehealth approaches, which is logically
consistent with the findings in our study. Nevertheless, as video
calls were associated with only approximately 100 cases and
no outcomes, adequate evaluation could not be conducted using
regression analysis in this study. We hope to reevaluate the
safety of video calls when more data are available.

Limitations
The generalizability of this study is subject to certain limitations,
owing to the characteristics of the study population. The age
distribution of the participants was slightly different from that
of the nationwide population. According to a recent government
report, the age distribution of pregnant women in Japan is as
follows: 0.83% for those under 20 years of age, 33.84% for
those between 20 and 29 years, 59.44% for those aged 30-39
years, and 5.90% for those aged 40 years or older [20].
Compared to the national distribution, the study participants
had a larger proportion of people aged under 20 years and
between 20 and 29 years. This may be because using online
services are more common among the younger generation.
Additionally, the service was funded by the government and
became available for those who were not members of client
organizations between May and August 2020. This could have
influenced the user demographics during the study period
because the awareness about the service might have increased
among the younger generation, who are less likely to work in

a corporation or be involved in pregnancy and childbirth. Thus,
the findings are limited to this telehealth service and may not
be generalized to other telehealth services.

Other limitations of this study need to be acknowledged,
particularly in data collection. First, the survey response rate
was 40.9%, which may be insufficient to evaluate the behavioral
patterns of all service users. Second, due to the small number
of video call consultation cases, the analysis could have
insufficient statistical power. Third, users’ selection of
communication tools may be subject to self-selection bias. The
very low number of users who chose video calls may be
explained by users’ circumstances during the call, such as not
having sufficient equipment or calling while on the go, when
they could not use the camera. Fourth, although the survey
queried participants’ emergency visits and hospitalization at
night after service use, the outcomes may contain hospital visits
that are not technically emergencies, which may have led to
overestimation. Fifth, the survey questions were not validated
to ensure a precise record of patients’hospital visits after service
use. Sixth, we could not analyze multiple hospital visits after
service use because neither the survey items nor other
monitoring protocols tracked the study participants’ frequency
of and reasons for hospital visits after the consultation. Other
variables, such as medical history, pregnancy and delivery
situations, gestational weeks of pregnancy, socioeconomic
status, and family environment could also not be adjusted for
this study due to the lack of data. In addition, the final pregnancy
outcomes could not be evaluated in this study. Therefore, further
research needs to examine the clinical outcomes of telehealth
services more closely and with larger data sets, including these
contextual factors and the course of pregnancy. Specifically,
the use of validated questionnaires and monitoring protocols to
document detailed information regarding patients’hospital visits
after service use is encouraged.

Conclusions
Our analysis suggests that different communication tools for
telehealth services in obstetrics and gynecology may not be
associated with clinical safety among service users. However,
there were several limitations, and the results require
interpretation in light of the characteristics of telehealth service
provided to the participants. Future research should analyze the
data with more emergency cases and relevant variables to
examine the consequences of synchronous telehealth
consultation services.
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Abstract

Background: Health-related misinformation can be propagated via social media and is a threat to public health. Several quality
assessment tools and principles to evaluate health-related information in the public domain exist; however, these were not designed
specifically for social media.

Objective: This study aims to develop Principles for Health-related Information on Social Media (PRHISM), which can be
used to evaluate the quality of health-related social media content.

Methods: A modified Delphi approach was used to obtain expert consensus on the principles and functions of PRHISM. Health
and social media experts were recruited via Twitter, email, and snowballing. A total of 3 surveys were administered between
February 2021 and May 2021. The first survey was informed by a literature review and included open-ended questions and items
from existing quality assessment tools. Subsequent surveys were informed by the results of the proceeding survey. Consensus
was deemed if ≥80% agreement was reached, and items with consensus were considered relevant to include in PRHISM. After
the third survey, principles were finalized, and an instruction manual and scoring tool for PRHISM were developed and circulated
to expert participants for final feedback.

Results: A total of 34 experts consented to participate, of whom 18 (53%) responded to all 3 Delphi surveys. In total, 13
principles were considered relevant and were included in PRHISM. When the instructions and PRHISM scoring tool were
circulated, no objections to the wording of the final principles were received.

Conclusions: A total of 13 quality principles were included in the PRHISM tool, along with a scoring system and implementation
tool. The principles promote accessibility, transparency, provision of authoritative and evidence-based information and support
for consumers’ relationships with health care providers. PRHISM can be used to evaluate the quality of health-related information
provided on social media. These principles may also be useful to content creators for developing high-quality health-related social
media content and assist consumers in discerning high- and low-quality information.

(J Med Internet Res 2022;24(9):e37337)   doi:10.2196/37337

KEYWORDS

social media; health information; information quality; quality assessment; research tool; credibility indicator; credibility; credible;
eHealth; Delphi; social media; assessment tool; measurement tool; web-based information; mobile phone

Introduction

Background
Health information–seeking behavior can influence an
individual’s decision-making and overall health [1]. The internet

is a popular source of health-related information for the general
public [2-5], and its popularity has been growing [6]. The
internet has facilitated web-based environments where
information can be published and accessed with tremendous
speed and ease [7]. Technological innovations have led to the
widespread use of devices such as smartphones, tablets, and
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computers, especially in high- and middle-income countries,
and consumer access to the internet and information is now
ubiquitous [3,8,9]. Consequently, web-based environments have
become highly accessible and efficient sources of health-related
information.

Social media is a prominent component of web-based
environments. Social media refers to internet-based applications
that facilitate user-generated content, allow individuals to create
user profiles and identities, and develop web-based networks
by connecting user profiles and groups [10]. Each social media
platform has unique characteristics; however, all platforms share
these common features [10]. Users can amass large followings,
and information in the form of text, images, and videos can be
instantaneously published and viewed by many people [10,11].
Approximately half of the global population comprises active
social media users, and rates of social media use are steadily
and continuously increasing [12]. As social media has grown
in popularity, so too has its use by consumers for health-related
information [13,14]. Consumers not only actively seek
health-related information on social media but are also passively
exposed to it in their social media feeds [15,16].

The spread of health-related misinformation on social media
has been identified as a serious threat to public health [17-19].
All social media users have the freedom to publish and share
information on almost any topic, regardless of their credentials,
and consequently, information on social media is of variable
quality and veracity. In addition, previous research has identified
low levels of media literacy among consumers [20], which is
the ability to access, understand, and critically evaluate
information presented in the media [21]. These factors have
combined and contributed to the propagation of health-related
misinformation on social media, which has the power to
undermine credible public health messaging [17,18]. For
example, it is believed that the publication and spread of
misinformation on social media have amplified and accelerated
the transmission of the SARS-CoV-2 virus [18,22], contributing
to decreased vaccination rates and the re-emergence of
previously eradicated diseases such as the measles [23,24].
Communication of high-quality health information via social
media has potential benefits, such as increased accessibility of
information, improved communication between health
professionals and patients, and social and emotional support for
patients [25]. However, social media health information is
generally not of high quality, particularly in relation to cancer,
diabetes, and dental care [26].

The quality of health-related information refers to the reliability
of information compared against a set of defined quality criteria
[27]. There is a large body of literature on health information
quality, and many tools and principles have been developed to
evaluate the quality of health-related information in specific
contexts [27]. The DISCERN instrument [28,29], Journal of
the American Medical Association (JAMA) benchmarks [30],
and the Health on the Net (HONcode) principles [31] are most
commonly used to evaluate internet-based health-related
information [27]. The DISCERN instrument was established to
judge the quality of written health-related information [28], and
the JAMA benchmarks and HONcode principles were designed
to evaluate and guide the development of information provided

on websites [30,31]. These tools were developed by experts,
have been extensively used throughout the literature, and have
been shown to be reliable and valid measures of information
quality across a wide range of health-related topics
[27,28,30,31].

Existing quality assessment tools such as the DISCERN
instrument, JAMA benchmarks, and HONcode principles and
other established tools share common criteria to evaluate health
information. Criteria to assess the disclosure of advertising
policies, sponsorships, and financial conflicts of interest are
included in the most frequently used tools for evaluating
internet-based health information [27]. Similarly, existing tools
for websites assess whether the date of the information’s
publication and last update have been disclosed and whether
references to the original sources of information have been
included [27]. The commonalities between these tools
demonstrate the agreement in the literature regarding the
fundamental elements of high-quality health information.
Therefore, there is now a need to evaluate the quality of
health-related social media content. Thus far, in the literature,
studies that have evaluated the quality of social media content
have used quality assessment tools designed for different
contexts [26]. For example, the DISCERN instrument, designed
for written information, and HONcode principles, designed for
websites, have both been used to evaluate the quality of
YouTube and Facebook content [26]. However, the use of these
tools to evaluate social media content may not be suitable, given
the unique characteristics of social media and that quality
principles from existing tools require adaptation to suit social
media.

The widely used DISCERN instrument, JAMA benchmarks,
and HONcode principles were developed between 1996 and
1998 and have since undergone minor revisions or have not
been updated at all [28-32]. To illustrate some of their
limitations in the social media setting, consider that content on
social media is usually kept brief to increase user engagement
and that some platforms place limits on the number of
characters, images, or length of videos in posts [33]. The existing
quality assessment tools assume that there are no limits to the
length or amount of information provided. As such, it is unlikely
that health-related social media content can comprehensively
address the quality criteria outlined in these existing tools. In
addition, disclosure of funding and conflicts of interest are
emphasized in prominent quality assessment tools [28-31].
However, the operationalization of the principles of financial
disclosure in previous tools does not consider the covert
advertising and influencer marketing that exist on social media
and, therefore, may not be sensitive enough to be applied to
social media.

The DISCERN instrument, JAMA benchmarks, HONcode
principles, and similar tools were developed with static
information environments in mind, such as patient information
pamphlets, websites, and books. In such environments, the
public searches for information to consume it, and experts are
better able to act as gatekeepers for credible information [32].
Conversely, in dynamic social media environments, users often
consume information passively, and there is an emphasis on
user-generated content, which blurs the boundaries between
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information producers and consumers [32]. As a result, it is
more challenging to discern authoritative sources, and previous
methods of judging a source’s credibility may lack relevance
in the context of social media.

Objective
There is an increasing number and diversity of social media
platforms, and the use of social media for health
information–seeking is also increasing. The quality of health
information can affect public health communication in both
positive and negative directions. As such, the need to measure
the quality of health-related social media content has become
increasingly important in research settings. Thus far, no quality
assessment tool has been developed to suit the particular context
of social media. Furthermore, there is a scarcity of literature
that has outlined standards for high-quality health-related social
media content that can be used to inform the development and
selection of credible content. The research gap regarding
information quality on social media has also been identified in
2 systematic reviews, which have both described the need for
a suitable tool to evaluate the quality of social media content
[25,26]. Therefore, the aim of this study was to develop
Principles for Health-related Information on Social Media
(PRHISM), which defines high-quality health-related
information and can be used to evaluate the quality of
health-related social media content posted by any public account
across all social media channels.

Methods

Study Design
This study used a modified Delphi technique, which is a group
facilitation method that aims to attain consensus among a panel
of experts through iterative surveys and controlled feedback
[34,35]. This methodology was selected as it is widely used in
health research and is appropriate for facilitating
decision-making when there is incomplete knowledge, multiple
disciplines involved, or a diversity of opinions on the topic of
investigation [34,35]. Furthermore, the Delphi method has been
shown to be effective for developing new concepts and is a
suitable method for establishing definitions for use in research
and practice tools [36-38].

The number of surveys, herein referred to as rounds, was
determined a priori [35]. A total of 3 rounds are considered
optimal in Delphi studies; therefore, 3 rounds were set to gain
consensus and develop PRHISM [35]. Qualtrics software
(Qualtrics) was used to host all of the surveys in this study, and
surveys were administered between February 2021 and May
2021.

Ethics Approval
This study was approved by the Deakin University Human
Research Ethics Committee (HEAG-H 242_2020).

Participants and Recruitment
Purposive sampling was used to recruit experts in human health
or social media with experience using ≥1 social media platform
in a professional capacity for health promotion, research
dissemination, or representing a health-related organization.

This study used multiple recruitment strategies. Advertising via
Twitter was conducted through the accounts of each of the
authors and their research institutes based in Melbourne,
Australia. An invitation to participate was emailed to the
communications departments of 19 Australian and 27 global
health organizations that were identified as having a social
media presence through Twitter. Snowballing was also used
with the recruited participants.

All recruitment materials directed interested parties to a
web-based survey to determine their eligibility, register their
details, and provide informed consent. To be considered eligible,
individuals must have had a minimum of 3 years of experience
working anywhere in the world as (1) a health professional
registered with a professional body, (2) a researcher or an
academic in a health-related field, or (3) a communications or
social media specialist in a health-related organization. Such
experts were selected as they were familiar with health-related
social media content and the characteristics of social media
platforms because of their professional experience using social
media. Furthermore, it is common for academic institutions,
professional bodies, and health-related organizations to have
policies or position statements regarding ethical and credible
communication on social media. The involvement of eligible
individuals with such organizations and the professional use of
social media indicated that they were likely to be familiar with
issues relating to credible and ethical health communication.
Recruitment materials and surveys were provided in only
English, and participation was voluntary, with no compensation
offered.

Round 1
Round 1 was informed by a review of the literature. Participants
were presented with items from 4 tools. The DISCERN
instrument, JAMA benchmarks, and HONcode principles were
included as they are the most consistently used instruments in
research assessing the quality of health-related information on
the internet [27]. The Quality Evaluation Scoring Tool (QUEST;
developed to assess internet-based health-related information)
was also included as it is highly cited, and its more recent
development means that it may cover relevant elements that the
older tools do not [39]. All 4 tools included items that can be
applied to evaluate a source of health information. The source,
assessed for accuracy against the items, is ultimately scored to
establish its overall quality.

A total of 33 items from the 4 tools were included in round 1.
The participants were asked to rate the importance of each item
in the context of health-related information provision specifically
on social media. Importance was rated on a 5-point Likert scale
ranging from not at all important to very important. Likert scales
are highly recommended for rating statements in Delphi studies,
and the 5-point scale was chosen as the optimal number of
response categories is between 4 and 7 in Delphi research
[34,35,40].

Round 1 also included 6 open-ended questions that probed
respondents for deeper insights and provided them with the
opportunity to provide written comments about the items. At
the end of round 1, participants were also asked to suggest
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principles not already covered in the presented items to include
in PRHISM.

Round 2
Round 2 comprised a second opportunity for rating the original
33 items, with participants having access to the feedback and
results from round 1. In addition, participants rated (on the
5-point Likert scale) 9 new principles and 11 comments, both
generated from the open-ended questions in round 1. A summary
of all verbatim responses to the open-ended questions from
round 1 was also provided. Participants were asked to consider
the written responses from other group members when
responding to the survey. There were no open-ended questions.

Feedback about group responses to Likert scale questions was
provided as the median response and IQR of each question.
This feedback method for Likert scale questions is consistently
recommended in the literature [34,35,40]. Feedback was
presented alongside its corresponding question, and as suggested
by Trevelyan et al [35], a visual aid, by way of a bar graph, was
also provided to assist participants’ understanding of how the
group responded to the preceding round. In line with best
practice Delphi methods [27], participants were asked to
consider how the rest of the group responded before rating the
importance of the quality assessment items again.

In addition to the existing 33 items, 9 new principles suggested
from round 1 were added for round 2. These principles were
proposed by participants in response to an open-ended question
in round 1, which asked for suggestions of additional principles
to be included in PRHISM. Suggestions of new principles were
content analyzed following the procedure outlined by Keeney
et al [40]. Responses that were the same or very similar were
initially merged by the first author (ED) before all the authors
met to discuss. Disagreements regarding the merging of
principles were discussed among the authors until an agreement
was reached. Participants were asked to rate the importance of
the new principles in round 2 on the 5-point Likert scale.

In addition to the quality principles (33 original items and 9
new principles), 11 comments were included, and participants
were asked to rate their level of agreement on a 5-point Likert
scale ranging from strongly disagree to strongly agree. These
comments were generated from the responses to the remaining
open-ended questions from round 1, which were content
analyzed, and merged where similar, following the same method
that was used for the newly suggested principles. Comments
about items from round 1, which could be used to inform
adaptations to the principles that may ultimately be included in
PRHISM, were provided to participants in round 2.

Round 3
A total of 22 principles were included in round 3, comprising
13 adapted principles, 6 principles from pre-existing quality
assessment tools, and 3 new principles suggested by participants
in round 1. Principles (ie, the items) from round 2 achieving
consensus on being important to include in PRHISM were
adapted where necessary and presented to participants in round
3 following a method similar to Mete et al [38]. Principles were
adapted to make them relevant to social media and incorporate
participant comments that were agreed upon in round 2. Similar

principles where consensus was reached in round 2 were
merged, as the 4 original tools have comparable aims and
applications and, hence, some similar items. The adaptation and
merging of principles were initially performed by the lead author
(ED). Once updated, principles were circulated to the authors,
and disagreements about the changes were discussed until an
agreement was reached. Several principles were deemed
appropriate and did not need to be amended. These were omitted
from round 3 as consensus had already been reached in round
2.

A summary of how the principles had been adapted and merged
was provided at the start of round 3. Participants were asked to
rate their level of support for the inclusion of the adapted
principles in the final PRHISM tool on a 5-point Likert scale
ranging from strongly oppose to strongly support. Principles
that did not achieve consensus in round 2 were also included
in round 3. Participants were presented with feedback in the
same format as in round 2 and asked to consider the groups’
responses when rating the importance of these items again.

Consensus
Consensus was calculated after rounds 2 and 3 for each survey
item. It was deemed that consensus had been met if ≥80% of
participants selected 4 or 5 (important) or 1 or 2 (not important)
on the Likert scale. Although determining consensus varies in
Delphi methods [34,35,40], the 80% cutoff point was chosen
as it has been suggested as an appropriate figure in some of the
Delphi literature [40] and has been used in a similar Delphi
study [38]. Stability of responses between survey iterations is
often assessed in Delphi studies to aid in determining whether
a consensus has been achieved [40,41]. There is a limited
agreement in the literature on how to measure the stability of
participant responses, and increasing weighted κ values is the
most consistently advised method [40,41]. Owing to the
adaptation of the principles included in the iterative surveys, it
was not possible to calculate the κ values, and no measure of
response stability was included. This approach is consistent
with a recent Delphi study with aims and methods similar to
this study [38].

Development of PRHISM and Scoring Tool
Principles that reached a consensus were included in the final
PRHISM tool. If consensus was not achieved by round 3, it was
concluded that the principle was not relevant to be included in
PRHISM. For those principles where consensus emerged only
in round 3 (and not in previous rounds), the process of adapting
and merging the principles was repeated. Once agreement about
the adaptation of principles had been reached among the authors,
the updated principles were also included in PRHISM.

A scoring system with instructions was also developed, which
outlines the criteria to define what can be considered low-,
moderate-, or high-quality information. This was based on the
handbook and scoring system of the DISCERN instrument,
which uses a 5-point Likert scale for rating the degree to which
each quality principle has been met [29]. Participant comments
where consensus was reached in round 2 were also used to
inform the instructions for how each principle should be scored
when evaluating health-related information on social media.
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After the draft of the PRHISM instructions and scoring tool had
been finalized, participants who had completed at least round
1 were invited to provide final feedback. Although not an official
survey round, this step enabled communication of the agreed
principles and captured any final expert perspectives on the
applications and utility of the tool.

Results

Overview
A total of 34 eligible experts consented to participate in this
study, of whom 26 (76%) completed round 1, a total of 23 (68%)
completed round 2, and 18 (53%) participants completed round

3 (69% retention rate from round 1). Participants were from
Australia, Italy, China, New Zealand, the United Kingdom, the
United States, and Vietnam and had expertise in a range of
health-related disciplines (Table 1). Participants who completed
all 3 Delphi rounds had an average of 10 (SD 8) years of
experience in their health-related discipline, with a minimum
of 3 and a maximum of 21 years of experience. The participants
used a range of social media platforms (Table 1). Holding a
personal social media account for professional purposes,
managing the social media account of a health-related
professional organization, and creating blog content were
reported as participants’ professional health-related uses of
social media.
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Table 1. Participant characteristics across 3 rounds of the Delphi process (N=26).

Round 3 (n=18), n (%)Round 2 (n=23), n (%)Round 1 (n=26), n (%)Characteristics

Eligibility criteria meta

12 (67)14 (61)15 (58)Researcher or academic

5 (28)8 (35)10 (38)Health professional

3 (17)4 (17)4 (15)Communications or social media staff

Health-related fielda

5 (28)7 (30)9 (35)Allied health

8 (44)9 (39)10 (38)Public health

2 (11)3 (13)4 (15)Medicine and clinical care

11 (61)14 (61)14 (54)Preventive health

Highest level of education

7 (39)9 (39)10 (38)Doctorate

8 (44)9 (39)10 (38)Master’s degree

——b1 (4)Graduate diploma

1 (6)2 (9)2 (8)Bachelor’s degree with Honors

2 (11)3 (13)3 (12)Bachelor’s degree

Location

13 (72)17 (74)20 (77)Australia

5 (28)6 (26)6 (23)Otherc

Social media usea

17 (94)21 (91)24 (92)Personal account for professional use

7 (39)10 (43)12 (46)Management of professional organization’s account

2 (11)4 (17)5 (19)Blog writing

Social media platforms useda

13 (72)17 (74)19 (73)Facebook

15 (83)18 (78)21 (81)LinkedIn

2 (11)3 (13)3 (12)Snapchat

11 (61)16 (70)18 (69)Instagram

6 (33)8 (35)9 (35)YouTube

17 (94)21 (91)24 (92)Twitter

1 (6)1 (4)1 (4)Pinterest

1 (6)1 (4)2 (8)Reddit

1 (6)1 (4)2 (8)TikTok

——1 (4)Clubhouse

aParticipants could fall under >1 category or select >1 option.
bNot available.
cOne participant from Italy, China, New Zealand, United States, United Kingdom, and Vietnam each.

Round 1
The Delphi process is summarized in Figure 1 [38]. Participants
rated a total of 33 items from 4 pre-existing quality assessment
tools and were presented with 6 optional open-ended questions.
A total of 54 comments were received in response to the
open-ended questions in round 1. Participants also suggested

12 new principles that they considered important to the provision
of quality health-related information on social media and that
had not already been outlined in the quality assessment tools
presented to them. After the content analysis was performed on
the open-ended responses from round 1, a total of 11 comments
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about existing principles and 9 new principles were carried forward to round 2.

Figure 1. Flowchart of Delphi process adapted from Mete et al [38]. PRHISM: Principles for Health-related Information on Social Media.

Round 2
A total of 6 new principles, 27 principles from existing tools,
and 8 participant comments reached consensus in round 2. All
principles reaching consensus achieved consensus with ≥80%
of participants selecting 4 or 5 on the Likert scale (ie, important),
and none of the principles achieved consensus for participants
selecting 1 or 2 (ie, unimportant). Similarly, all comments with
consensus had ≥80% of participants selecting 4 or 5 on the
Likert scale (ie, agree). Of the 33 principles that reached
consensus, 30 (91%) were updated to incorporate consensus
comments and merged where similar to form 13 adapted
principles, which were included in round 3. The 3 remaining
principles with consensus did not require updating and were
thus omitted from round 3. The consensus items from round 2
and their adaptations are summarized in Multimedia Appendix
1.

Round 3 and Development of PRHISM
Consensus was reached on a total of 16 principles. Of these 16
principles, 10 (62%) were adapted principles, 4 (25%) were
principles from existing quality assessment tools, and 2 (13%)
were new principles suggested in round 1. Similar to round 2,
all principles with consensus in round 3 achieved ≥80%
agreement through participants selecting 4 or 5 on the Likert

scale (ie, important). One of the items from an existing tool
reached consensus in round 3 (83% agreement) but was not
included in PRHISM (“Does the information achieve its aims?”
DISCERN instrument, question 2) [29]. It was excluded as it
depended upon an adapted principle that did not achieve
consensus (78% agreement) in round 3 (“The aims of
health-related information provided on social media should be
clearly outlined.” Adapted from the DISCERN instrument,
question 1). The research team excluded both items from
PRHISM as the importance of stating and achieving aims was
only mentioned by 1 of the 4 tools in the surveys. Therefore, it
was less likely to be critical to the provision of quality
health-related information.

Of the remaining 15 principles that achieved consensus in round
3, a total of 6 (40%) were kept consistent and included in
PRHISM, and 9 (60%) were further merged and adapted before
being included in PRHISM, including 1 principle, which was
merged with a consensus principle from round 2 that was not
tested in round 3. The additional 2 principles that achieved
consensus in round 2, and thus not tested in round 3, were also
included, providing a total of 13 principles in PRHISM (Textbox
1). These 13 principles outline the gold standard for high-quality
health-related social media content. The consensus items from
round 3 and their adaptations are summarized in Multimedia
Appendix 1.
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Textbox 1. Final principles of the Principles for Health-related Information on Social Media tool.

Principle and description

Principle 1: authorship

When providing health-related information on social media, the authors and contributors, their credentials, and their affiliations should be clearly
stated on the social media profile. If this information cannot fit on a profile, crediting an authoritative institution is sufficient, if relevant. If not, all
the contributors, their credentials, and their affiliations should be included.

Principle 2: authoritative

Health-related information provided on social media should be provided by qualified professionals, including health and medical scientists, and
information should be within the scope of practice of the author’s qualifications. If information is provided by an unqualified person, this should be
clearly indicated.

Principle 3: action oriented

Health-related information provided on social media should be action oriented and include clear, succinct messages to support decision-making and
provide context for the consumer.

Principle 4: financial disclosure

Sponsorship, advertising, funding arrangements, and financial support or any potential conflicts of interest should be fully disclosed in a prominent
and clear manner. Financial support and conflicts of interest can be disclosed on the social media profile. However, if a post has been sponsored, paid
for, and contains advertising or a product that has been gifted, this needs to be clearly and prominently disclosed in the social media post.

Principle 5: attribution

Health-related information on social media should include clear references and hyperlinks to the original source of information used to compile the
post. It should be clear when the original source of information was published. If all references cannot fit into the social media post, a link to the
references and further information should be provided.

Principle 6: balance and justifiability

Health-related information provided on social media, which includes claims relating to the benefits or performance of a particular treatment, product,
service, or behavior, should be balanced, unbiased, and supported by appropriate and quality evidence. The use of causative language and “shock
tactics” should be avoided, and information about limitations or contrasting findings should be included.

Principle 7: risks and benefits

Health-related information provided on social media about a particular treatment, product, service, or behavior should clearly outline associated risks
and benefits.

Principle 8: privacy

Health-related information on social media should respect principles of privacy and confidentiality. For example, if information, images, or videos
of or about others are shared, they should be shared with permission.

Principle 9: complementary information

Health-related information provided on social media should provide support for individuals’ relationships with their physicians and other professional
health care providers and should not be designed to replace such relationships. Support for discussion of options with the individuals’ health care
provider should be included in posts containing health-related information.

Principle 10: referrals and support

Health-related information provided on social media should include referrals to additional sources of support and information. Where possible, links
to such resources should be included.

Principle 11: readability and comprehensibility

Health-related information on social media should avoid the use of technical language and medical jargon. Plain language should be used, and
information should be easily understandable by the general public and written at a grade 5 reading level.

Principle 12: accessibility

Medical and health information provided on social media should be accessible to individuals with vision and hearing impairments. For example, where
relevant, social media posts that include images should provide alternative text in the caption, and videos should include closed captions.

Principle 13: images

Images included in health-related social media posts should be visually appealing and reflect rather than contradict the information provided in the
post.

Final Comment Stage
A total of 13 principles and instructions on the operationalization
and scoring of each principle was sent to 26 participants. One

of the participants responded with minor feedback and questions.
No objections to the wording of the principles or instructions
were received, and the principles were not adapted any further.
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The final PRHISM Guide and Scoring Tool is provided in
Multimedia Appendix 2 [39,42-48].

Discussion

Principal Findings
This study used a Delphi approach to develop PRHISM. A total
of 13 principles were established to define high-quality
information and evaluate the quality of health-related social
media content. PRHISM can be used to evaluate health-related
social media posts intended for nonspecialist audiences, which
are posted by public accounts on any social media platform or
blog, and can be used as a research tool or to inform the
development and selection of high-quality content. Many of the
principles included in PRHISM are similar to principles and
concepts from other tools [28-31,39]. However, their content
and operationalization have been adapted to suit social media.
The items in PRHISM can be broadly categorized into 4 themes:
accessibility, transparency, authoritative and evidence-based
information, and complementary relationships between patients
and health professionals. These principles were agreed upon by
experts recruited into the Delphi process and are well supported
by the literature.

PRHISM Themes
Accessibility is covered in principles 3, 11, and 12 of PRHISM.
Principle 3 stipulates that health-related information should be
action oriented, clear, succinct, and facilitative of
decision-making. This is in line with evidence that recommends
providing practical and simple health-related information that
can be easily implemented [38,49]. Improving accessibility by
providing health-related information in readable and plain
language is outlined in principle 11. It is widely agreed that
written health-related information should not be above an
eighth-grade reading level [50,51], and for greater inclusivity,
no higher than fifth grade has been suggested [52]. Generally,
readability has not been included in widely used quality
assessment tools, although it has often been evaluated alongside
information quality in health research [27]. The inclusion of
principle 11 in PRHISM is supported by literature that
emphasizes the importance of providing written and nonwritten
health-related information in simple and plain language [42,52],
and recent research indicates that this is also pertinent to social
media [53]. For the information to be accessible, it should be
easily understood the first time it is heard or read [42].

Principle 12 specifies that health-related social media content
should be accessible to individuals with vision and hearing
impairments. Those living with vision and hearing impairments
typically have poor health literacy and face challenges when
accessing health-related information [54]. There have been
recent calls to address this issue and provide guidance to health
professionals to deliver accessible information [54].
Interestingly, principles 3, 11, and 12, which relate to various
components of accessibility, were new principles suggested by
the participants, and such considerations have not been included
in previous tools [28-31,39]. This may reflect a greater
understanding among experts regarding the importance of
health-related information that meets the needs of all members
of the population. The need for accessible health-related

information has been advocated in the literature and supports
the inclusion of principles related to accessibility in PRHISM
[38,42,49-52,54]. If adhered to, principles 3, 11, and 12 may
assist consumers with diverse needs and improve their overall
accessibility to health advice provided on social media.

Of the 13 principles included in PRHISM, 7 (54%) pertained
to transparency. Principles 1 and 5 state the need for authors to
specify their credentials and qualifications and provide details
about the original sources of information used to compile the
social media content, respectively. The components of
information quality outlined in principles 1 and 5 were covered
in all the tools included in the Delphi surveys [28-31], as well
as several other commonly used quality assessment tools [27],
indicating their importance. Providing financial and conflict of
interest disclosures is specified in principle 4 of PRHISM and
received very strong support from participants (34/34, 100%
rated as important or very important). As social media marketing
and influencing has expanded, advertising associations have
released statements declaring the need for prominent and clear
disclosures of advertisements and other conflicts of interest in
social media content [43,44]. The importance of providing such
disclosures in health-related social media content has also been
echoed in recent literature [53], and failure to disclose relevant
conflicts of interest has the power to erode the public’s trust in
authoritative voices [55].

Transparency through the provision of comprehensive and
balanced information is stipulated under principles 6 and 7 of
PRHISM. These principles state that health-related claims
should provide complete information on risks and benefits and
clearly outline the limitations or areas of uncertainty.
Comprehensive and balanced information provision is
fundamental to the DISCERN instrument [28] and QUEST [39].
Furthermore, disclosing all relevant contexts and limitations in
health-related social media content has been outlined as
necessary to ensure that consumers can reach informed
conclusions [53]. Others have acknowledged that although
transparency in health communication is important, it is complex
and, in some instances, may work against public understanding
[56]. For example, research has shown that transparent
information on scientific uncertainties and the risks and benefits
of certain health behaviors has led to consumer confusion, which
can undermine the public’s trust in science [56,57].
Transparency is emphasized throughout all prominent quality
assessment tools [27-31] and has been highlighted as critical to
the credibility of health-related information sources on social
media [53,58], supporting its centrality to most of the items
included in PRHISM. This creates a challenge for content
creators in balancing elements of transparency and accessibility
to ensure that information is complete, credible, and
understandable.

The need for quality health-related information on social media
to be evidence based and authoritative is covered in principles
2 and 6 of PRHISM. Such considerations are not new and have
long been recognized as fundamental to the provision of
high-quality science and health-related information [27].
Recently, authoritative sources and evidence-based information
have been identified as key credibility attributes for
health-related social media content [53,58]. Others have
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highlighted the need for propagation of evidence-based
information on social media to curtail the influence of
misinformation on health issues such as vaccine hesitancy [59]
and have also noted the responsibility of authoritative voices
to combat and refute sources of misinformation on social media
[60].

Finally, principles 9 and 10 are centered on supporting the
relationships between patients and their health care providers.
The DISCERN instrument, HONcode principles, and QUEST
all express the importance of health-related information that is
complementary to advice from health professionals
[28,29,31,39]. Although social media can be a useful and
powerful tool for the dissemination of health-related information
[60], most information is not personalized and does not consider
individuals’ medical history or health needs. Codes of conduct
apply to registered health care providers, and the provision of
personalized health advice via social media is considered
unethical and has resulted in the formal investigation of medical
professionals [61,62]. Principles 9 and 10 accord with the health
information–seeking behavior literature, which acknowledges
that although web-based information environments can be
interactive, they are not sufficient to replace the tailored care
and advice that professionals can provide in a health care setting
[6,63]. Research has shown that discussing web-based
health-related information with a relevant professional can help
strengthen patient-physician relationships and bolster shared
decision-making [63,64].

Strengths and Limitations
This study had a number of strengths. First, the Delphi technique
was a highly appropriate method for meeting the aim of this
research, and the sample size was suitable to produce meaningful
results [35,40]. Second, the retention rate (69% retention of
round 1 participants) was high, particularly given the generally
low retention rates observed in Delphi studies [35,40]. Third,
most of the principles included in PRHISM were adapted from
tools that are widely used and have been shown to have good
reliability [27-31,39]. Fourth, PRHISM is suitable for the
evaluation of information from all health-related disciplines,
and the accompanying scoring tool and guide for use will assist
researchers when using the tool. Finally, PRHISM can also be
used by health professionals to guide the development of quality
health-related social media content and inform consumers about
the attributes of quality information.

This investigation also had a number of limitations. First,
academics, researchers, and respondents from Australia were
overrepresented in the study sample, which may have limited
the range of the perspectives captured. In addition, a general
limitation of the Delphi method is that consensus does not
necessarily mean that the correct answer has been chosen [35],
which was evident in this study when 2 opposing principles
remained after round 3. The research team conferred and
discussed the face validity of these principles, informed by the
literature and the overall Delphi process to mitigate the impact,
to form a final decision. Fourth, principle 13 focused on
image-based content and did not mention video content. This
principle may have been more comprehensive if it also focused

on video content; however, this was not considered until after
the principles and PRHISM guide had been sent to participants
for final comment. Finally, although PRHISM has been designed
to be flexible to the changing social media landscape, the tool
may require updates as social media continues to evolve.

Implications and Future Directions
PRHISM may contribute to measuring and improving the quality
of health-related information on social media. However, other
strategies will also be required. Greater efforts by social media
platforms to prevent the propagation of misinformation and
direct consumers to credible information are needed. Some
social media companies have taken steps to remove or provide
warnings about health-related misinformation on their platforms
[65,66]. Nevertheless, their impact is likely insufficient, and
greater regulation, moderation, and fact checking by social
media platforms are needed [53,59]. A practical implication of
PRHISM is that the principles may be used to inform such
regulation of social media platforms to make high-quality health
information more prominent and limit the propagation of
low-quality information. Greater efforts are also required to
provide education to improve consumers’ health and media
literacy so that they are better able to identify credible
health-related information from dangerous misinformation. A
further practical implication of this study is that the principles
may form the basis of educational materials to help develop
health and media literacy. Finally, PRHISM is the first quality
assessment tool for health information specific to social media
and provides a standardized measure of information quality.
Future studies that aim to assess the quality of health-related
social media content should use PRHISM, instead of quality
assessment tools that are not specific to social media, to improve
the measurement of health information in social media research.

Conclusions
Previously developed quality assessment tools for evaluating
health-related information are not appropriate for evaluating
social media content as they do not consider the unique
characteristics of social media, and this study served to address
this gap. Resulting from a comprehensive Delphi process,
PRHISM comprised 13 principles that can be used by
researchers to evaluate the quality of health-related information
on social media. The principles promote accessibility,
transparency, and authoritative and evidence-based information
provision, supporting relationships between consumers and
health care providers. The information contained in the PRHISM
guide (Multimedia Appendix 2) defines what can be considered
low-, moderate-, and high-quality information and sets out
instructions for use in a research setting. Information from the
PRHISM guide can also be used by health professionals and
content creators to inform the provision of high-quality
health-related social media content and by consumers to help
identify high- and low-quality information. Further research is
needed to improve the media and health literacy skills of the
general population and regulate misleading poor-quality
health-related information on social media platforms to reduce
the threat of misinformation to public health.
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Abstract

Background: Internet and social media platforms offer insights into the lived experiences of survivors of cancer and their
caregivers; however, the volume of narrative data available is often cumbersome for thorough analysis. Survivors of gynecological
cancer have unique needs, such as those related to a genetic predisposition to future cancers, impact of cancer on sexual health,
the advanced stage at which many are diagnosed, and the influx of new therapeutic approaches.

Objective: This study aimed to present a unique methodology to leverage large amounts of data from internet-based platforms
for mixed methods analysis. We analyzed discussion board posts made by survivors of gynecological cancer on the American
Cancer Society website with a particular interest in evaluating the psychosocial aspects of survivorship.

Methods: All posts from the ovarian, uterine, and gynecological cancers (other than ovarian and uterine) discussion boards on
the American Cancer Society Cancer Survivors Network were included. Posts were web scraped using Python and organized by
psychosocial themes described in the Quality of Cancer Survivorship Care Framework. Keywords related to each theme were
generated and verified. Keywords identified posts related to the predetermined psychosocial themes. Quantitative analysis was
completed using Python and R Foundation for Statistical Computing packages. Qualitative analysis was completed on a subset
of posts as a proof of concept. Themes discovered through latent Dirichlet allocation (LDA), an unsupervised topic modeling
technique, were assessed and compared with the predetermined themes of interest.

Results: A total of 125,498 posts made by 6436 survivors of gynecological cancer and caregivers between July 2000 and
February 2020 were evaluated. Of the 125,489 posts, 23,458 (18.69%) were related to the psychosocial experience of cancer and
were included in the mixed methods psychosocial analysis. Quantitative analysis (23,458 posts) revealed that survivors across
all gynecological cancer discussion boards most frequently discussed the role of friends and family in care, as well as fatigue,
the effect of cancer on interpersonal relationships, and health insurance status. Words related to psychosocial aspects of survivorship
most often used in posts included “family,” “hope,” and “help.” Qualitative analysis (20 of the 23,458 posts) similarly demonstrated
that survivors frequently discussed coping strategies, distress and worry, the role of family and caregivers in their cancer care,
and the toll of managing financial and insurance concerns. Using LDA, we discovered 8 themes, none of which were directly
related to psychosocial aspects of survivorship. Of the 56 keywords identified by LDA, 2 (4%), “sleep” and “work,” were included
in the keyword list that we independently devised.

Conclusions: Web-based discussion platforms offer a great opportunity to learn about patient experiences of survivorship. Our
novel methodology expedites the quantitative and qualitative analyses of such robust data, which may be used for additional
patient populations.
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Introduction

Background
Gynecological cancer is a broad disease category that includes
cervical, uterine, ovarian, vaginal, and vulvar cancers, which
are distinct in their presentation, pathology, treatment, prognosis,
and survivorship trajectories. It is estimated that there were
approximately 116,760 new cases and 34,080 new deaths from
gynecological cancers in 2021 [1]. The 5-year overall survival
rates for uterine and ovarian cancer are now 81% and 48%,
respectively [1]. Although there is vast room for improvement
in these survival rates through earlier detection and improved
treatment, there has been notable progress in the management
and survival of those with gynecological cancer over time. Thus,
there is a larger population of survivors of gynecological cancer
now than ever before. With this growing population of survivors
of gynecological cancer, there is a paramount need to investigate
methods to both assess and implement survivorship-focused
care among survivors diagnosed and living with gynecological
cancer.

Cancer survivorship was first described in 2006 in the landmark
publication “From Cancer Patient to Cancer Survivor: Lost in
Transition” [2], which outlined the gap in care between active
cancer treatment and life after completion of active cancer
treatment. Much work has been conducted in survivorship since
2006, with an emphasis on survivorship beginning on the day
of the cancer diagnosis. This is reflected in the National Cancer
Institute’s definition of survivorship: the “health and well-being
of a person with cancer from the time of diagnosis until the end
of life” [3]. Thus, survivorship care is focused on every aspect
of health and wellness that is not directly related to treating the
cancer itself.

The National Comprehensive Cancer Network provides
guidelines on the delivery of survivorship care and outlines 7
aspects of survivorship care, including preventing new and
recurrent cancers, preventing late effects of cancer and treatment,
surveillance for return of cancer, screening for new cancers,
assessing and treating late effects of cancer and treatment,
coordinating care among providers, and planning for ongoing
survivorship care [4]. Additional guidelines, such as those by
the American Cancer Society (ACS), the American Society of
Clinical Oncology, and Cancer Care Ontario, assert similar
components as essential aspects of survivorship care [5-7]. The
Quality of Cancer Survivorship Care Framework defines
domains of survivorship care through an iterative review of
survivorship care guidelines that was bolstered with key expert
interviews [8]. All guidelines emphasize the importance of
considering the psychosocial aspects of survivorship, which the
National Cancer Institute defines as the “mental, emotional,
social, and spiritual effects of a disease” with the psychosocial
effects of cancer, including “changes in how a patient thinks,
their feelings, moods, beliefs, ways of coping, and relationships

with family, friends, and co-workers” [9]. The psychosocial
effects of cancer and cancer treatment are an important area for
exploration as they are unique to each cancer type, cancer
treatment, and individual patient.

Digitalizing Survivorship
As survivorship is a relatively new component of oncologic
care, the field continues to develop new interventions and
modify existing initiatives to best meet the needs of survivors.
Learning directly from the voices of survivors is an essential
step to inform these survivorship services. Web-based discussion
boards and social media platforms have become tools for
researchers and clinicians to harness publicly available
discussions on cancer survivorship, offering extremely large
quantities of candid and spontaneous thoughts and opinions
from survivors [10]. Gao et al [11] recently demonstrated the
utility of investigating posts made on Instagram related to head
and neck cancer, where they reported that most of the posts
made by patients were focused on appointments, treatment, and
side effects. Similar analyses have been conducted on Twitter
[12] and Facebook [13] posts for additional cancer types.
Discussion-based forums, including Facebook groups [14] and
those on the ACS website [15], have also been analyzed by
researchers to acquire a better understanding of survivorship
from the perspective of survivors of cancer. Although these
prior studies demonstrated the utility of analyzing posts and
discussions among survivors, each was conducted with manual
thematic analysis. The feasibility of organizing and analyzing
text-based posts and discussions by hand has an upper limit,
which undermines one of the greatest strengths of exploring
such posts—the volume of data available. To overcome this,
other researchers have used automated technology such as
unsupervised topic modeling to determine the most prevalent
themes in web-based and social media posts [16-18]. However,
this process does not necessarily identify themes that are of
importance to the researcher, such as when the themes are
related to particular aspects of survivorship care, and does not
detect predetermined themes of interest.

Objective
The ACS Cancer Survivors Network has discussion boards
specific to types of cancer, where survivors and caregivers can
interact through posts. To demonstrate a novel methodology to
scan through an extensive compilation of these posts and
thematically organize them, we analyzed the ACS gynecological
cancer discussion boards, including the ovarian, uterine, and
gynecological cancers (other than ovarian and uterine)
discussion boards. Our methodology automated the analysis of
>125,000 discussion board posts using the previously described
Quality of Cancer Survivorship Care Framework, with a specific
focus on the themes within the framework’s Surveillance and
Management of Psychosocial Effects Domain [8]. Our goal was
to demonstrate the utility of this novel methodology to expedite
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the guided quantitative and qualitative analysis of a robust
amount of discussion-based data from survivors of gynecological
cancer and caregivers based on predetermined themes of interest,
such as those in the Quality of Cancer Survivorship Care
Framework.

Methods

Study Design
This study uses a mixed methods approach, specifically a
sequential explanatory design [19]. Sequential explanatory
studies involve two phases in the analysis. First, a quantitative
analysis is conducted, which informs a second, qualitative
analysis phase [19,20]. The information from the first
quantitative analysis and second qualitative analysis is combined
using integration strategies. Per the standard sequential
explanatory study design, there are 2 stages to data integration,
with the first taking place after the conclusion of quantitative
analysis. This was completed by determining which themes
were most prevalent in the data set, which allowed us to connect
the quantitative component of the study to the qualitative
component. The second stage of data integration took place
after the completion of qualitative analysis, during which we
compared the quantitative and qualitative findings to share the
reported findings [19,20]. Viewing both the findings from the
quantitative analysis and those from the qualitative analysis as
contributing equally to the results but in different ways is
referred to as complementary stance integration [21]. To
implement this, we completed the following iterative process
that will be detailed in the paragraphs that follow: identify
predetermined themes of interest, web scrape, develop keywords
to capture themes in the web-based text, verify the validity and
reliability of the keywords, apply the keywords to the data set,
and analyze the data output.

This process was developed after an initial exploration of topic
modeling, specifically latent Dirichlet allocation (LDA). Topic
modeling is an unsupervised machine learning approach to
determine patterns of related words in large quantities of text,
thus independently discovering themes that the program
determines to be of significance based on probability [22]. The
Python packages gensim and LDAvis were used to facilitate
theme discovery. To determine the best number of topics for
our data set, the metric of coherence (CV) was used [23]. Models
of varying numbers of topics ranging from 2 to 40 were
developed in increments of 2, and the highest CV score of 0.52
was observed with 8 themes. A relevance metric in the LDAvis
package was used to evaluate the most relevant keywords rather
than just the most prevalent as there was a high frequency of
particular words (eg, “cancer”) based on the nature of the
discussion board data. On the basis of correlation with human
interpretability, the value of λ was set to 0.6 [24]. Consensus
was reached among the study team on the semantic meaning of
the 8 topics. These topic modeling–generated themes were
compared with those in the Quality of Cancer Survivorship Care
Framework [8]. A second attempt at LDA was used to generate
a model with 16 themes, which had the second highest CV score,
as a means of more closely mimicking the number of

psychosocial themes in the Quality of Cancer Survivorship Care
Framework to obtain topics with more narrow themes.

Predetermined Themes of Interest
The Quality of Cancer Survivorship Care Framework [8] has
multiple quality domains, including the Surveillance and
Management of Psychosocial Effects Domain; Surveillance,
and Management of Physical EffectsDomain; and Care
Coordination Domain, among others. In this analysis, we
focused on the Surveillance and Management of Psychosocial
Effects Domain. Each domain contains several proposed quality
indicators to assess different aspects of survivorship care; for
example, within the Surveillance and Management of
Psychosocial Effects Domain, the proposed quality indicators
to assess cancer survivorship care include “fatigue” and “stress,”
as well as “financial toxicity” and “fertility.” Although these
indicators may be used to assess the quality of survivorship
care, we felt that they encapsulated all of the relevant themes
of interest that survivors of gynecological cancer may discuss
on the web on the ACS discussion boards. Therefore, for the
purposes of our study, we will be referring to the indicators
listed in the framework’s Surveillance and Management of
Psychosocial Effects Domain as “themes.” We use these themes
to demonstrate the utility of our novel methodology by detecting
the presence of these themes in communications between
survivors of gynecological cancer and caregivers.

Web Scraping
All 125,498 posts from the ovarian, uterine, and gynecological
cancers (other than ovarian and uterine) ACS discussion boards
were evaluated. The posts included in the analysis were created
from July 21, 2000, through February 24, 2020, the date when
web scraping was completed. Posts were either responses that
were added to an existing conversation or the
“conversation-starters” on the discussion board. Web scraping,
or simply “scraping,” is a technique used to extract the content
of interest from web-based platforms so that it can be analyzed
using computer software, essentially “downloading” it in a way
that can be used by researchers. Python is a computer
programming language that automates specific actions
performed on the computer, such as the process of web scraping.
By creating a custom Python script, the process of scraping
>125,000 posts was automated. Python has multiple packages
that allow for the software to perform different actions. In our
analysis, we specifically used the Python packages urllib and
Beautiful Soup 4 to navigate and extract the text from discussion
posts on the ACS discussion boards. First, urllib was used to
interface with the ACS website and scrape the web page. Next,
Beautiful Soup 4 was used to parse the HTML code obtained
from the ACS web pages. Together, this allowed us to extract
the submitted text contained in a post, the date of the post, and
the username of the poster. After the posts were scraped from
the ovarian, uterine, and gynecological cancers (other than
ovarian and uterine) discussion boards, they were saved to a
CSV data file that was used for further downstream analyses.

Capturing Themes of Interest Using Keywords
We devised a list of “keywords” that captured each of the
predetermined themes from the Quality of Cancer Survivorship
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Care Framework’s Surveillance and Management of
Psychosocial Effects Domain (Textbox 1). Every theme had
multiple keywords that were created from synonyms, related
phrases, and related words. The keyword list used truncated,
root words to capture all variations of a given keyword; for
example, 1 theme in the Surveillance and Management of
Psychosocial Effects Domain is “underemployment,
unemployment, return to work.” One of the numerous keywords
to capture this theme is based on the root word “unemploy.”
By using the root word “unemploy,” the methodology captures
all variations of it, including “unemployment,” “unemployed,”
and “unemployable.” This allows us to capture all instances
when survivors may have discussed topics related to the base
word “unemploy.”

The purpose of the keyword list was to be able to determine
which ACS posts discussed any of the predetermined themes

of interest. Our methodology scans through data, detecting when
the keywords were used. The use of a particular theme’s
keywords indicated to us that the ACS post discussed that
particular theme. The software noted how many times the
keywords were present from every single predetermined theme
across every single evaluated ACS post. Thus, each ACS post
was assigned a “theme score” for every theme. This allowed us
to determine which themes were most prevalent in a given post
without reading it first based on the number of times that
theme’s keywords appeared in it. Simultaneously, the theme
score allowed us to immediately identify which ACS posts
discussed specific themes of interest. This expedited the process
as we were able to quickly pull up all of the posts relevant to
particular themes, thus expediting additional review and
qualitative analysis.
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Textbox 1. Keyword list.

Surveillance and Management of Psychosocial Effects themes and keywords

Psychological

“Psychological” and “psychology”

Fatigue

“Fatigue,” “tired,” “tiring,” “fatiguing,” “exhaust,” “nap,” and “rest”

Stress

“Stress” and “stressed”

Posttraumatic stress

“Posttraumatic stress,” “trauma,” and “traumatized”

Posttraumatic growth

“Posttraumatic growth,” “trauma,” and “traumatized”

Distress

“Distress,” “depression,” “depressed,” “feel down,” “feeling down,” “sad,” “sadness,” “tear,” “cry,” “upset,” “heartbroken,” “heartbreaking,” “wrench,”
“guilt,” and “cried”

Anxiety

“Anxiety,” “anxious,” and “panic”

Fear of recurrences

“Fear of recurrence” and “recurrence”

Sleep disturbances

“Sleep,” “insomnia,” “wake,” “asleep,” “disturb,” “restless,” and “sleep disturbance”

Coping

“Coping,” “cope,” and “coped”

Worry

“Worry,” “worried,” “worrying,” and “worries”

Illness intrusiveness

“lifestyle,” “intruding,” “illness intrusiveness,” “interfere,” “embarrass,” “ashamed,” “shame,” and “disrupt”

Cognitive changes

“Fog,” “memory,” “concentrate,” “concentrating,” “concentration,” “cognitive,” “cognition,” and “foggy”

Educational problems

“Educational problem,” “student,” “learning difficult,” and “problems in school”

Social withdrawal

“Social withdraw,” “withdraw socially,” “social isolation,” “socially isolating,” “lonely,” and “social withdrawal”

Financial and employment

“Financial,” “finances,” “employ,” “job,” “fulltime,” “full-time,” “part-time,” and “workload”

Financial toxicity

“Financial toxicity,” “debt,” “cost,” “bill,” “expensive,” “expense,” “money,” “money trouble,” and “financial trouble”

Underemployment, unemployment, and return to work

“Underemploy,” “unemploy,” “return to work,” “return fulltime,” “return full-time,” “return part-time,” “laid off,” “lay off,” “fire,” “quit,” and “fired”

Work productivity

“Work productivity,” “productive at work,” “working hard,” “work hard,” “falling behind,” “fall behind,” and “fell behind”

School productivity

“School productivity,” “learning,” and “school college”

Insurance status
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“Insurance,” “insured,” “Medicaid,” “Medicare,” and “copay”

Interpersonal

“Interpersonal,” “boyfriend,” “husband,” “spouse,” “girlfriend,” “wife,” “significant other,” “fiancé,” “partner,” and “relationship”

Sexuality and intimacy

“Sex,” “intimacy,” “intimate,” “intercourse,” “sexuality,” and “sexual”

Fertility

“Fertility,” “fertile,” “infertility,” “infertile,” “preservation,” “pregnancy,” “pregnant,” “conceiving,” “conceive,” “miscarriage,” “miscarry,” “IVF,”
“in vitro,” “oocyte,” “embryo,” “freeze,” “froze,” “egg,” “sperm,” and “frozen”

Family and caregiver relationships

“Mother,” “mom,” “father,” “dad,” “sister,” “brother,” “son,” “daughter,” “friend,” “spouse,” “husband,” “wife,” “partner,” “kid,” “child,” “family,”
“caregiver,” “relationship,” “friendship,” “partnership,” “marriage,” “divorce,” “separate,” “engage,” and “fiancé”

Recommended evaluation provided (eg, laboratory testing, imaging, or referral to specialty care)

“Psychological evaluation,” “social history,” “referral to a therapist,” “referral to a psych,” “referral to psych,” “social work referral,” “referral to
social work,” “referred to social work,” “referred to a social work,” and “referred to a psych”

Treatment provided (eg, medication, therapy, or exercise)

“Psychological treatment,” “psychological medication,” “counseling,” “therapy,” “support group,” “Zoloft,” “Xanax,” “Lexapro,” “Celexa,” “Wellbutrin,”
“Desyrel,” “Prozac,” “Adderall,” “Ativan,” “Cymbalta,” “Effexor,” “Seroquel,” and “Depakote”

Assessment of adherence to treatment completed

“Adherence,” “adhere,” “as instructed,” “stick to,” and “stuck with”

Reassessment of symptoms and conditions at defined intervals or treatment phases

“Reassessment of psychological symptoms,” “reassess psychological symptoms,” “review psychological symptoms,” and “reviewed psychological
symptoms”

Keyword Verification
To determine whether our keywords were effective, a 2-step
verification process was completed on 20 randomly selected
posts from the gynecological cancer discussion boards. The
goal of the verification process was to (1) check that the
computer program appropriately categorized the keywords into
their intended themes of interest based on the number of
keywords present in the post and (2) verify that an individual
naïve to the keywords would categorize the posts as being most
related to the same theme that the computer program determined
based on which theme had the greatest number of keywords
represented. For the first step of keyword verification, a research
team member (EA) manually assigned the 20 randomly selected
posts to their psychosocial themes using the keyword list and
noted which theme had the greatest number of keywords present
in the post. EA created the keyword list and was therefore
familiar with the keywords. This step was used to verify that
the computer program properly captured each theme in a given
post based on the number of keywords present for it.

The second step of the keyword verification process was
completed by another research team member (MH), who had
never seen the keyword list before. MH blindly assigned each
of the posts to a theme within the Surveillance and Management
of Psychosocial Effects Domain without the use of keywords.
This step was used to verify that the keywords EA had created
for each of the themes within the Surveillance and Management
of Psychosocial Effects Domain were properly captured.

To determine whether the responses of EA and MH aligned
with the computer program’s responses for categorizing the 20

posts into their most relevant theme (the theme with the highest
theme score), another research team member (DT) compared
the 20 posts’ theme designations by EA, MH, and the computer
program. This keyword verification process was successful with
a few minor discrepancies that were deemed acceptable as some
of the predetermined themes were very closely related (eg, a
survivor may be concerned that their “work productivity” could
lead to them losing their job and becoming “unemployed,”
which are 2 different but strongly related themes). In the few
occurrences of a discrepancy between the program and the
researchers, the program still scored the posts very highly in
the themes the researchers chose, meaning that the post still
largely reflected the theme selected by the researchers and the
computer program. Thus, a query to find ACS posts discussing
themes designated by either the researchers or the computer
program would have highlighted the post.

Applying the Keywords
Once we were confident that our keywords and methodology
captured the themes from the Surveillance and Management of
Psychosocial Effects Domain, we used the methodology at large
for all 125,489 posts. To automate the generation of the “theme
score” for all posts and all of the predetermined themes of
interest, we created another Python script using the base string
library. Each post had a theme score calculated for every theme,
with the theme score reflecting the number of times the theme’s
keywords appeared in the post.

Next, we were able to sort the posts’ theme scores for every
theme. This was done so that we could find the most relevant
posts within a given theme. Simultaneously, we could see which
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themes were most prevalent in a given post. For us to consider
a post to be “related” to a particular theme, we set a minimum
theme score of 3 (a post must contain ≥3 instances of a theme’s
keywords). Setting a minimum theme score minimized the
number of times someone used a keyword spuriously in a way
that was not necessarily relevant to the predetermined theme of
interest; for example, a survivor writing “unemployed” once in
their post would not prompt the computer program to label it
as being related to the “Underemployment, unemployment,
return to work” theme.

Ethics Approval and Data Use
Publicly available data, such as the posts contained on the ACS
discussion boards, do not constitute research with human
subjects per the Office for Human Research Protections. Thus,
institutional review board review approval was not required for
the conduction of data analysis, interpretation, and dissemination
of findings, as supported by 45CFR46:102 [25]. This is in line
with the institutional review board process of all affiliated
institutions involved in this analysis.

Analysis

Quantitative Analysis
The process of web scraping and data collection using our
methodology generated various quantitative data points to
analyze and describe graphically using R and the ggplot2
package for plotting; for example, we determined which
predetermined themes of interest were most frequently discussed
on the ovarian, uterine, and gynecological cancers (other than
ovarian and uterine) discussion boards. We also examined trends
over time across the discussion boards in terms of discussed
themes. We determined the prevalence of each theme by taking
the number of posts related to a particular theme and dividing
it by the total number of posts that year.

Predetermined themes of interest and their respective keywords
aside, we wished to pictorially display the words that survivors
and caregivers used in their posts. To capture this, we created
a graph depicting the 40 most frequently used words in the ACS
posts from all 125,498 posts.

Qualitative Analysis
By using the keyword list and capturing the most salient
predetermined themes in a given post through its theme score,
we could easily determine which ACS posts were related to
particular themes of interest. This facilitated further qualitative
analysis; for example, if we wished to see how survivors and
caregivers spoke about the theme “Underemployment,
unemployment, return to work,” then we could sort through all
125,498 ACS posts to determine which had the greatest theme
scores for “Underemployment, unemployment, return to work.”
Thus, this would streamline qualitative review such that the
select posts related to the theme of interest were already
identified and could promptly be analyzed.

To demonstrate how our methodology expedites qualitative
analysis in a very large discussion-based data set, we
qualitatively analyzed 20 posts. A sample size of 20 was selected
based on previously described qualitative research
recommendations [26,27]. We selected these 20 posts as they

had the absolute greatest number of keyword instances across
all of the predetermined themes. Stated another way, for each
ACS post, we added up all of the “theme scores” (number of
times the keywords were present for a given theme) from all of
the themes. The 20 posts that were qualitatively reviewed had
the greatest total when adding together all of the individual
theme scores. As a number of ACS posters were quite active
on the discussion boards, a maximum of 5 posts per user was
included in the analysis. If the sixth post from a poster qualified
for inclusion based on its theme score, it was instead excluded,
and the next post from another unique user was included.

These qualitative analyses were completed by 2 research team
members (EA and MH). Each post was individually examined,
and the reviewers noted quotes that they deemed to be the most
relevant to the themes in the Surveillance and Management of
Psychosocial Effects Domain. Any discrepancies between the
reviewers (EA and MH) that could not be resolved between
them were resolved by a third reviewer (ML) to determine the
final assigned themes. EA and MH also collected any
demographic information available within the ACS posts about
the survivor or caregiver who posted.

Results

Quantitative Analysis
A total of 125,498 posts were analyzed quantitatively, with
61,699 (49.16%) posts from the uterine cancer discussion board;
57,011 (45.43%) from the ovarian cancer discussion board; and
6788 (5.41%) from the gynecological cancers (other than ovarian
and uterine) discussion board. These posts were created by a
total of 6436 unique posters, with each unique poster creating
an average of 19.5 (SD. 107.4, range 1-2397) posts over the
20-year period that was evaluated. The total number of posts
experienced a large boost in 2008 and reached its maximum in
2011, with the ovarian cancer discussion board being the most
prolific. The uterine cancer discussion board experienced a
notable rise in posts in 2011 and 2016, and the gynecological
cancers (other than ovarian and uterine) discussion board had
a steady number of posts over time, as depicted in Figure 1.
After this point, the number of posts on the ovarian cancer
discussion board markedly decreased, whereas the uterine cancer
discussion board maintained its higher number of posts and
remained on an upward trend after this point.

Of the 125,489 total posts, 23,458 posts (18.69%) were related
to the psychosocial experience of cancer and were further
investigated based on the presence of at least a theme score of
3 from the Surveillance and Management of Psychosocial
Effects Domain. As illustrated in Figure 2, the themes from the
Surveillance and Management of Psychosocial Effects Domain
had become more prevalent within the uterine cancer discussion
board over time. The prevalence of these psychosocial themes
of interest within the ovarian cancer and gynecological cancers
(other than ovarian and uterine) discussion boards had decreased
over time; however, this may be due in part to the decreasing
number of overall posts within these 2 discussion boards. The
most frequently discussed predetermined themes that survivors
posted about across all of the gynecological cancer discussion
boards were related to (1) the role of friends and family in care,
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(2) fatigue, (3) the impact of interpersonal relationships, and
(4) health insurance status. Additional prevalent themes of
interest that were noted were related to stress, sexuality, and
fertility.

The most prevalent words seen in the posts from all evaluated
discussion boards, regardless of their relatedness to the

predetermined psychosocial themes, are depicted in a graph
(Figure 3). Most words used by survivors and caregivers in the
ACS posts pertained to the treatment of cancer, including
“cancer,” “chemo,” “treatment,” “surgery,” and “radiation.”
Many words were used by survivors that were related to
survivorship based on psychosocial themes, including “family,”
“hope,” “help,” and “pain.”

Figure 1. Number of posts by discussion board over time.

Figure 2. Prevalence of psychosocial themes over time.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e37757 | p.584https://www.jmir.org/2022/9/e37757
(page number not for citation purposes)

Adams et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 3. Most frequently used words in posts.

Qualitative Analysis
The 20 posts included in our proof-of-concept qualitative
analysis included 238 quotes that were determined to be of
interest. These 20 posts came from 8 different users who were
either survivors or caregivers of patients with ovarian or uterine
cancer. Of the 20 posts, most concerns that were related to the
predetermined themes of interest in the Surveillance and
Management of Psychosocial Effects Domain were related to
coping with distress and worry, family or caregiver relationships,
and the financial hardships of cancer. Textbox 2 includes
representative quotes that discuss these highlighted themes.

In exploring the qualitative aspects of the observed psychosocial
posts, additional nuances came to light. A notable amount of
the discussion that was related to the psychosocial themes of
distress and worry was related to concerns regarding the disease
returning, progressing, or metastasizing. This gave us insight
into the theme of coping as well, where we observed two salient
approaches: taking an active role in care and the role of
spirituality. Coping by taking an active role in care was evident
as posters requested opinions on therapeutic options, shared
and interpreted primary literature with one another, asked for
help devising questions for their physician, and brainstormed
strategies to self-advocate. A distinct element of this was
encouraging others to seek a second opinion, as demonstrated
by a uterine cancer discussion board poster:

A second opinion may prove lifesaving for you. There
are options out there for you in spite of this
disappointing news, so don’t let a busy doctor write
you off. Don’t write yourself off either. If you have to

go down, go down fighting. Do it for yourself, do it
for your husband, and do it for those dreams you
have.

In addition to augmenting self-efficacy, another component of
coping was spirituality. Many shared the way that faith provided
them reassurance in adjusting to a terminal diagnosis and
accepting one’s mortality. A patient with metastatic ovarian
cancer shared the following:

Contrary to what others may choose to believe, while
I know that God can and does heal many, He isn’t
obligated to do so. And I’m not here to challenge
anyone else’s beliefs, just telling you where I come
from as it relates to my own Stage IV diagnosis.

Survivors also frequently discussed the relationships they had
with family and caregivers, with 1 important element being
focused on helping loved ones adjust emotionally to the patient’s
cancer diagnosis, treatment, and prognosis. A survivor of ovarian
cancer created a post on how spouses, parents, adult children,
friends, and colleagues may support a loved one with cancer,
which included (1) rallying the support network to delegate
tasks and increase overall support, (2) remembering to take care
of oneself so that they are better able to support the patient, and
(3) attending support groups for caregivers. Another striking
post was from the husband of a woman with ovarian cancer
who asked for advice on how to speak to his wife about her
cancer and prognosis while she anecdotally was in denial. A
survivor replied, suggesting the following:

tell her you’re researching her cancer. If she asks
more, tell her more. If she wants to live in denial,
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that’s her choice...if she becomes curious enough to
ask more, that could be an opening for a deeper
conversation. Ideally the two of you need to be able
to face the truth together. She will be the one suffering
the physical and emotional aspects of this diagnosis.
You will certainly be suffering emotionally...and
believe me, she wants to live as much as you want her
to live...As a caregiver, I know your heart aches.

Another theme that was prevalent and provided interesting
insights into the lived experience of survivorship was the
intersection of financial toxicity and insurance status.
Conversations were particularly focused on accessing treatment
options. A survivor of uterine cancer posted the following:

During all this I’m going though, now my insurance
is denying paying for the Avastin. I have no idea how
much it would cost out of pocket.

Another survivor replied with the following advice:

They will just deny almost as a matter of course unless
they’re disputed. People are denied all the time and

get it overturned after some dispute...They start off
with denial and then see if the doctor really means it
or not...You really really really have to be on your
doctor’s office to find out exactly what was submitted,
exactly what your insurance requires and exactly why
it was denied, and getting your doctor to fight. You
shouldn’t have to...but you really really really do.

This provided insights into the experiences that patients may
be facing, which affect their quality of life outside of cancer
itself.

As demonstrated, the qualitative analysis provided insights into
how survivors discussed particular themes of interest and gave
insights into how these themes are related to one another.
Notably, the vast majority of the analyzed quotes from the 20
posts touched on >1 theme in the Surveillance and Management
of Psychosocial Effects Domain. The least commonly observed
psychosocial survivorship themes of interest were related to
adherence to treatment, educational and occupational hardships,
and social withdrawal.

Textbox 2. Quotes from the qualitative analysis.

Themes and quotes from discussion board posts

Coping

“I’m 42. I weep for the years I’m likley to lose to this cancer and at the rate it’s growing I fear I only have months now.”

Distress and worry

“I speak as a Stage IV cancer patient, and know the effects I have already suffered through, and I’m not about to ‘try one more’ for only 3 more months
of survival, which would not be absent side effects which are many, during that time. I speak only for myself, but my mind is made up!”

Psychological aspect of physical effects

“Often it’s quite debilitating. And we may even despair at times when side effects seem intolerable.”

Insurance status and financial toxicity

“Boy what a pain in the butt. I’m sorry you have to fight this money stuff. You have enough to worry about. Boy don’t they know how urgent and
important this is. At the same time this just shows what a great fighter you are. I really hope you get this cleared so you can get the treatments you
need.”

Family and caregiver relationships

“[as a caregiver], allow them to vent, don’t take it personally, know it’s the confusion and disease that's talking and all of their fears...Be strong. Don’t
borrow trouble, but be realistic to the prognosis and day-by-day plan, attitude is huge in the battle and living in the now and positivity is key”

Topic Modeling
Although LDA was able to separate the posts into different
themes, the resulting themes were broad. Investigating a model
that discovered 16 rather than 8 themes led to more specific
topics, although many were deemed random and irrelevant;
therefore, analysis of the 8-theme model was continued. The 8
themes that LDA discovered from greatest theme prevalence
to least theme prevalence were support, treatment side effects,
diagnosis, research and clinical trials, treatment, ovarian cancer,
help, and time. These findings are summarized in Multimedia
Appendix 1, as well as the keywords the topic modeling paired
together for each theme. Notably, there was an overlap of 2
keywords among the LDA-generated keywords and the
keywords developed using our primary mixed methods
methodology: sleep within the “treatment side effects”
discovered theme and work within the “time” discovered theme.

Discussion

Principal Findings
This study was conducted to apply a novel methodology that
was developed to examine a large web-based, narrative-based
data set using mixed qualitative and quantitative methods. This
methodology offers both the ability to describe and leverage
extremely large quantities of data using quantitative techniques
while simultaneously guiding and streamlining qualitative
analysis. We demonstrated the utility of this methodology in
the context of the previously published Quality of Cancer
Survivorship Care Framework, with a focus on the framework’s
Surveillance and Management of Psychosocial Effects Domain.
We were able to observe both the number of posts made per
year across each discussion board, as well as the trends in
particular themes of interest across time since the discussion
boards’ inception. This provided us with a broad overview of
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engagement on the platform. Quantitative analysis revealed that
survivors frequently discussed the role of friends and family in
care, as well as fatigue, the impact of interpersonal relationships,
and health insurance status. The most frequently used words
that survivors wrote in their posts were related to diagnosis and
treatment. The most frequently used words related to the themes
that we were interested in from the framework’s Surveillance
and Management of Psychosocial Effects Domain were
“family,” “hope,” and “help.” Qualitative analysis also
demonstrated that survivors frequently discussed coping, worry,
distress, and family and caregiver relationships, as well as
insurance and financial aspects of care. The qualitative analysis
provided deeper insights into how survivors were affected by
these themes and provided greater insights into the nuances of
survivors’ unmet concerns.

Comparison With Prior Work
Social media and discussion-based platforms can provide
invaluable information from people affected by cancer and other
health conditions; however, the magnitude of data available in
social media posts poses a barrier to its use in research [11,28].
Although there are other automated methods to thematically
categorize large quantities of written text data in addition to
those we have presented in this paper, such as topic modeling
[16,17], they often use computer software to generate and cluster
themes that the software deems to be of importance.
Unfortunately, as we experienced in our analysis, these themes
are often not meaningfully relevant enough to answer a specific
research question or explore known themes. As we desired to
explore the psychosocial aspects of survivorship, the themes
that LDA discovered were not specific enough to meaningfully
inform our research question. To that end, our methodology
ensures that themes of interest are captured while still being an
automated process. Another approach to thematically analyzing
large quantities of text-based data, which ensures that themes
of interest are accurately captured, involves manually extracting
data by hand [11-13,15]. However, manual abstraction is often
not feasible when wishing to analyze the entirety of the great
magnitudes of data that are available on web-based platforms.
The methodology we present in this report offers the efficiency
of automated thematic analysis while retaining the accuracy
and thoughtfulness of manual data abstraction.

The methodology presented in this report may be used to provide
clinicians and researchers with invaluable insights, opinions,
and suggestions made by survivors of cancer themselves in an
efficient and low-cost manner. The candid conversations among
survivors publicly available on discussion boards and social
media platforms may inform future survivorship efforts and
programs, as they reveal the honest and spontaneous concerns,
attitudes, and preferences of survivors. This report contributes
to the growing body of knowledge extracted from the ACS
discussion boards, including a prior publication from our group
[15,29]. Additional articles support the richness of the
opportunity to explore the perspectives of survivors of cancer
through ACS discussion board posts, as demonstrated by Fallon
et al [30], who found that 25% of ACS Cancer Survivors
Network users return to the site at least monthly, with most
interacting with the discussion boards. Harnessing the candid
words of survivors will provide survivorship initiatives with an

understanding of what is most important to survivors and could
perhaps inform clinicians of what is currently missing in
survivorship care.

Prior work has explored the unique survivorship needs of those
with gynecological cancers. DeRooij et al [31] explored the
unmet survivorship needs of patients with gynecological cancers
from the perspective of patients, caregivers, and health care
providers using semistructured interviews. Almost all
participants wished to receive more resources on the side effects
of treatment, the anticipated follow-up plan, and psychosocial
support. Our analysis contributes to the understanding of what
psychosocial supports could be most useful to survivors of
gynecological cancer and their caregivers. In fact, Beesley et
al [32] distributed a survey to determine the number of survivors
of gynecological cancer who had unmet survivorship needs and
found that 43% did, with most of their concerns being related
to the psychosocial aspects of survivorship. The most common
unmet needs included fear of cancer progressing, helping friends
and family adjust to their cancer diagnosis, future unknowns,
fatigue, and being unable to perform the tasks and activities
they enjoyed previously [32]. These findings are very similar
to ours, particularly as we found that the greatest worries that
survivors discussed on the ACS discussion boards were related
to fear of their cancer progressing, metastasizing, or returning.
Moreover, the concerns regarding how cancer affects loved
ones were salient as multiple posts were related to giving advice
on how to help caregivers adjust to their loved one’s diagnosis
or how caregivers can best support their loved ones with cancer.
Together, our work complements and further informs the
available literature on the unmet psychosocial needs of survivors
of gynecological cancer.

Limitations
Although our analysis is strengthened by the data set that
included 20 years of posts from the ACS discussion boards, we
acknowledge that the cancer care and survivorship needs of
patients have greatly changed over this time. Thus, the findings
must be independently evaluated to determine how they may
be applied to current and future survivorship initiatives. As the
qualitative analysis served as a proof of concept, we wish to
emphasize that the qualitative analysis of this project is not a
comprehensive analysis of all of the posts; rather, it
demonstrates how this technique can be used to discuss how
particular topics are discussed. Thus, the quotes explored in the
qualitative analysis may not be reflective of all posts in the data
set. Moreover, we acknowledge the limited diversity in the
authors of the 20 posts qualitatively analyzed.

Conclusions
Internet-based discussions among survivors of gynecological
cancer offer valuable insights into the unmet psychosocial
survivorship needs that can be addressed in future survivorship
initiatives. Most often, survivors of gynecological cancer
discussed the role of friends and family in care, as well as
fatigue, the effect of cancer on interpersonal relationships, and
health insurance status, as discovered through the quantitative
phase of the analysis. The complementary qualitative analysis
informed how these themes affect survivors, showing the
specific gaps in survivorship care that may be addressed. This
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informative and customizable methodology may continue to be
applied across clinical settings and patient populations,

harnessing the abundance of patient-generated and
patient-centered internet data for empirical inquiry.
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Multimedia Appendix 1
Themes and keywords discovered via latent Dirichlet allocation.
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Abstract

Background: Early access to antenatal care and high-cost technologies for pregnancy dating challenge early neonatal risk
assessment at birth in resource-constrained settings. To overcome the absence or inaccuracy of postnatal gestational age (GA),
we developed a new medical device to assess GA based on the photobiological properties of newborns’ skin and predictive
models.

Objective: This study aims to validate a device that uses the photobiological model of skin maturity adjusted to the clinical
data to detect GA and establish its accuracy in discriminating preterm newborns.

Methods: A multicenter, single-blinded, and single-arm intention-to-diagnosis clinical trial evaluated the accuracy of a novel
device for the detection of GA and preterm newborns. The first-trimester ultrasound, a second comparator ultrasound, and data
regarding the last menstrual period (LMP) from antenatal reports were used as references for GA at birth. The new test for
validation was performed using a portable multiband reflectance photometer device that assessed the skin maturity of newborns
and used machine learning models to predict GA, adjusted for birth weight and antenatal corticosteroid therapy exposure.

Results: The study group comprised 702 pregnant women who gave birth to 781 newborns, of which 366 (46.9%) were preterm
newborns. As the primary outcome, the GA as predicted by the new test was in line with the reference GA that was calculated
by using the intraclass correlation coefficient (0.969, 95% CI 0.964-0.973). The paired difference between predicted and reference
GAs was −1.34 days, with Bland-Altman limits of −21.2 to 18.4 days. As a secondary outcome, the new test achieved 66.6%
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(95% CI 62.9%-70.1%) agreement with the reference GA within an error of 1 week. This agreement was similar to that of
comparator-LMP-GAs (64.1%, 95% CI 60.7%-67.5%). The discrimination between preterm and term newborns via the device
had a similar area under the receiver operating characteristic curve (0.970, 95% CI 0.959-0.981) compared with that for
comparator-LMP-GAs (0.957, 95% CI 0.941-0.974). In newborns with absent or unreliable LMPs (n=451), the intent-to-discriminate
analysis showed correct preterm versus term classifications with the new test, which achieved an accuracy of 89.6% (95% CI
86.4%-92.2%), while the accuracy for comparator-LMP-GA was 69.6% (95% CI 65.3%-73.7%).

Conclusions: The assessment of newborn’s skin maturity (adjusted by learning models) promises accurate pregnancy dating
at birth, even without the antenatal ultrasound reference. Thus, the novel device could add value to the set of clinical parameters
that direct the delivery of neonatal care in birth scenarios where GA is unknown or unreliable.
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Introduction

Background
Being born before 37 weeks of gestation, which is preterm birth,
is the leading cause of childhood mortality. The global preterm
birth rate is approximately 11%, with a particularly high
frequency in low- and middle-income countries, in association
with maternal education, race, and ethnic origin [1]. However,
adverse neonatal outcomes affect newborns unevenly according
to the birth scenario and gestational age (GA) [1]. Mortality on
the first day of life is 30 times higher in low- and
medium-income countries than in high-income countries [2].
The first step in caring for preterm newborns is to identify them,
which remains challenging in scenarios with scarce resources
[3]. An accurate assessment of preterm newborns at birth can
allow practical decisions regarding support, such as keeping
the lungs airing, keeping the body warm, regulating metabolism
and nutrition, or making decisions to transfer them to an
intensive care unit, otherwise avoiding unnecessary interventions
for term newborns [4]. Preterm neonates are more prone to death
or survival with neurological sequelae. Long-term surviving
preterm infants are at risk of death before the age of 5 years and
at risk of presenting cognitive and motor sequelae compared
with term infants [1]. The need to pinpoint early risks at birth
faces the issues of reduced early access to antenatal care and a
lack of access to high-cost technologies for pregnancy dating,
such as obstetric echography in resource-constrained settings
[5].

Some pregnancy-dating troubles arise from antenatal care.
Government policies and best practices advise pregnant women
to plan pregnancy to include early access to antenatal care for
pregnancies to be safely monitored until birth [6]. However,
many barriers to covering all pregnancies and births with due
care have not been overcome, particularly in scenarios lacking
well-equipped facilities [7]. Early obstetric ultrasound currently
offers the best method for the establishment of GA [8].
However, lack of access to high-cost equipment, poor training,
lack of skills of health professionals, and delayed antenatal care
limit pregnancy dating and, consequently, detection of
prematurity [5,9]. In addition, GA calculation based on the last
menstrual period (LMP) is affected by memory bias,

hormone-based contraception, and breastfeeding [10].
After-birth approaches for pregnancy dating, which are also
extensively used, rely on professional skills for physical and
neurological maturity assessment. Nevertheless, maturity scores
have failed in terms of reproducibility and accuracy [3].
Meanwhile, birth weight is a helpful predictor of risk to the
newborn and not GA, as size at birth results from the dynamic
process of past intrauterine growth beyond the gestation length
[9,11].

Reliable pregnancy dating has an impact on measuring the global
burden of preterm birth and the associated risks [3,12].
Improving preterm birth outcomes requires accurate assessment
of GA to instruct timely decision-making regarding neonatal
care [10]. Approaches for the enhancement of the accuracy of
pregnancy dating through more accurate and accessible
technologies can improve pregnancy outcomes and neonatal
survival rates [8,13]. Health technology development is critical
for supporting health care systems. Medical devices and digital
health technologies have brought innovative solutions with the
potential to save lives [14], mitigating quality gaps among
disparate health care scenarios [15]. Furthermore, digital health
technologies have the potential to impact the equality of health
care, creating new landscapes of opportunities, such as
application of data science to improve prediction models [16].
Currently, computer science has advanced, with improvements
to medical practice, detecting patterns by processing data sets
through layered mathematical models [17], and fostering the
skills and competences of professionals in support of the best
health care decisions [14].

The new test explored in this study is an innovative approach
used to estimate GA based on the photobiological properties of
the newborn’s skin and by learning predictive models enhanced
with clinical variables [18]. It being usable as a medical device,
we developed this technology to easily assist health
professionals in the care of newborns whenever the pregnancy
dating is unknown or doubtful, adding relevant information for
classification and better management of the newborn.

Objective
This study aimed to validate a new medical device used to assess
GA through the photobiological model of skin maturity adjusted
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to clinical data and to determine its accuracy in detecting
preterm newborns. We tested the hypothesis of equivalence
between GA measured by this new test and by pregnancy-dating
comparators calculated using ultrasound examinations and the
LMP.

Methods

Study Design and Participants
This study was a multicenter, prospective, intention-to-diagnosis
clinical trial investigation with a single group, single-blinded,
and single-arm, using a reference standard. This paper adheres
to the Transparent Reporting of a Multivariable Prediction
Model for Individual Prediction or Diagnosis for completeness
and clarity [19]. Intention-to-diagnosis is a method for
prospective studies in which all participants are considered in
the statistical analysis, allowing us to reach unbiased conclusions
regarding the effectiveness of an intervention [20]. To assess
the risk of bias and applicability, the development and validation
methods followed guidance from the Prediction Model Risk of
Bias Assessment Tool [21]. The clinical trial protocol was
disclosed in the World Health Organization’s International
Clinical Trial Platform—Brazilian Clinical Trials (registered
under trial number RBR-3f5bm5).

This report examined the primary and secondary outcomes of
data concerning GA prediction and clinical safety of the novel
device. Secondary outcomes related to lung maturity prediction
are currently under analysis for further publication. The
following five Brazilian urban referral centers for
high-complexity perinatal care took part in the study: Clinical
Hospital—Universidade Federal de Minas Gerais (as
coordinator), Minas Gerais State; Sofia Feldman
Hospital—Minas Gerais State; Hospital da Universidade
Luterana do Brasil—Rio Grande do Sul State; Hospital
Materno-infantil de Brasília—Federal District; and Hospital
Universitário da Universidade Federal do Maranhão—Maranhão
State.

A prospective concurrent and sequential process enrolled
newborns during the first 24 hours of life. The first enrollment
occurred on January 2, 2019, and the last occurred on May 30,
2021. Eligibility criteria, participants’ timeline, and procedures
followed the research clinical protocol [22]. In short, we
assessed the skin maturity of live newborns with at least ≥24
weeks of GA. All had reports of antenatal ultrasound, one from
7 to 13 weeks and 6 days and the other from 14 to 23 weeks
and 6 days of gestation. Anhydramnios, hydrops, congenital
skin diseases, or chorioamnionitis were the exclusion criteria,
owing to their potential to modify the skin structure.

Procedures
The coordinating unit trained 15 health professional examiners
following good clinical practice as set forth by the Brazilian
Regulatory Health Agency’s recommendations. Standard
operating procedures were mandatory to guide the enrollment
process, skin assessment, and data collection [22]. Clinical
information was collected through structured questionnaires,
using a software program dedicated to this project. The
framework of the clinical variables and skin acquisitions is

available in Multimedia Appendix 1. Textual information was
saved on a tablet with internet access, individually associated
with the respective skin assessment acquired using the medical
device [23].

An automated algorithm in the data collection system [24]
blinded to the examiner calculated the reference GA. Established
rules for redating GA at birth provided our reference for GA
using data from the ultrasound reports or antenatal care books
or other clinical document [8]. For data curation, the
investigator’s data entries were confronted with information
from photographed digital images of clinical documents. In the
case of multiple birth gestations with different ultrasonographic
crown-rump length values, the average of each embryo or fetal
value was considered. A double-check system, paper-based and
electronic, allowed verification of the reliability and validity of
clinical data as well as skin reflectance acquisition. In addition,
the data quality of antenatal pregnancy dating was evaluated by
comparing the frequency of days in dates of LMP, as they should
be random with no preference for digits. For this purpose, in
cases of multiple gestations, we retained only the first twin
information for the day digit evaluation.

Intervention
The intervention in this clinical trial was a test performed with
a novel device that processes the backscattered signal acquired
from the skin of the newborn’s sole with clinical variables to
predict the GA. Its development includes steps from the
workbench to clinical experimentation, as described earlier [18].
Similarly, we previously analyzed the best body position to
assess skin reflectance for pregnancy dating and environmental
influences such as humidity, temperature, ambient light, and
the newborn’s skin hue [18,25]. Regarding the characteristics
of the components, wavelengths from 400 nm to 1200 nm of
the light emitter placed the safety level of this medical device
in class II (noninvasive and medium risk), according to the
regulatory agency in Brazil. When the light-emitting sensor
touches the skin of the sole for a few seconds, it triggers 10
automated measurements. The device-emitted error warning
signals were caused by the involuntary movement of the
newborn or examiner under the input of ambient light by the
sensor; these were events that required a new attempt [18]. The
device output was blinded to the examiners. The reliability of
skin reflection acquisition was assessed during the certification
visit of a senior researcher in the collaborating units (Multimedia
Appendix 2 [26]).

Skin assessments occurred with the newborn inside incubators,
incubators-radiant warmers, warming pad-bassinets, standard
cribs, or in the mother’s lap to ensure minimum manipulation
and to avoid unbalancing the clinical conditions. The sensor
touched the sole 3 times, following complete disinfection with
alcohol. A total of 14 minimum viable products were produced
in this study (Figure 1). At the beginning and end of the clinical
trial, the irradiance emitted by each device and the reflection
against a standard white wavelength calibration standard
provided values for calibration. The adjusted value was the raw
value of the acquisition divided by the irradiance of the
light-emitting diode of each device.
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The device used an algorithm to predict GA, as previously
described, and was duly patented [18]. We assessed the Pearson
coefficient to confirm the correlation between skin reflectance
and the reference GA. Skin reflectance had a strong positive
correlation with the reference GA (r=0.79, P<.001; Figure 2).

The standalone newborn skin reflectance value was adjusted
for clinical variables. The current data set the groundwork for
improvements in the model for prediction of GA with the use
of machine learning models as part of the research protocol.
The analytical pipeline is detailed in Multimedia Appendix 3
[27-29]. The nonlinear machine learning method, Extreme
Gradient Boosting (XGBoost) [27], created no more than 50
trees with a maximum depth of 3. The models were validated
using a 10-fold cross-validation approach repeated 30 times.
Clinical variables used as predictors of the models were
available at the time of testing, which is a part of the routine of
care. Therefore, they can be used in real scenarios from user
input into the medical device interface.

Models’ performance with different covariates, including
intermediate analysis considering factors such as incubator stay,
sex, and jaundice, is presented in Multimedia Appendix 4 [18].
These new tests were performed to validate the elimination of
intervenient variables after technological improvements and
were added to the current version of the device [18]. Skin
acquisition, duly adjusted for antenatal corticosteroid therapy
for fetal maturation (ACTFM) exposure information, achieved

a coefficient of determination, R2 of 0.732 and a mean absolute
error (MAE) of 1.688 weeks (11.8 days). In addition,
considering birth weight, the model achieved an even better

performance in terms of R2 of 0.878, with an MAE of 1.147
weeks (8.0 days). This new model, with 3 predictive variables,
was the one validated in this study. However, 3 GA predictions
had ACTFM data imputation by the machine learning model
owing to missing information because of failures in the antenatal
record available at maternity admission.

Figure 1. The new device and its simulated application on a newborn doll.

Figure 2. Correlation plot between the skin reflectance of the newborn and the reference gestational age at birth.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e38727 | p.594https://www.jmir.org/2022/9/e38727
(page number not for citation purposes)

Reis et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Outcomes
The primary outcome was the agreement between the GA
predicted by the device and reference GA. The secondary end
point was the accuracy of the device in the identification of
preterm newborns, considering thresholds at 37, 32, and 28
weeks of pregnancy. Moreover, the proportion of preterm
newborns correctly detected at birth within a 1-week error
margin. Another secondary end point was the comparison of
differences between predicted GA and GA calculated by a
second ultrasound examination after 13 weeks and 6 days of
gestation and before 22 weeks via comparator-ultrasound-GA
and with the comparator-LMP-GA. This outcome was intended
to simulate the performance of the device in scenarios without
the reference and to compare the agreement between the
established methods for GA calculation and the new test. The
safety of the device is still a derived end point which refers to
the reporting of unexpected medical events, unintended illness
or injury, or adverse clinical signs in newborns, users, or others,
regardless of whether they are related to the investigated
product. The users answered 9 questions regarding issues with
the medical device, after each skin acquisition (Multimedia
Appendix 1).

Statistical Analysis
Descriptive analyses of the newborn’s clinical characteristics
and intervention measurements were performed. Regarding the
primary end point, the agreement among different methods for
GA at birth determination was calculated using the intraclass
coefficient (ICC) correlation, Bland-Altman intervals, and the
paired day difference to reference GA. Regarding the accuracy
of the predicted GA by the device in identifying premature
newborns, the area under the receiver operating characteristic
curve (AUROC) at a CI of 95% described the new test’s
discrimination and diagnostic parameters. The chi-square test,
Mann-Whitney U test, and mean paired differences were used
to compare interest groups of preterm and term newborns. P
values of <.05 were considered suggestive of statistical
significance. SPSS software (version 19.0; IBM Corporation)
was used for statistical analysis of the data.

Ethics Approval
The local independent ethics review board approved the research
protocol, registered under the number CAAE
81347817.6.1001.5149 at the Brazilian National Research
Council. In addition, parents signed an informed consent form
on behalf of the newborns before participating.

Results

Study Design and Participants
Of the 791 potentially eligible newborns, 2 were under Rh
alloimmunization during pregnancy, which was considered an
exclusion criterion (Figure 3). In this figure, the test is the
prediction of GA with the device using the XGBoost algorithm,
which includes skin reflectance, birth weight, and ACTFM
exposure predictors. The positive sign (“+”) represents preterm
and negative sign (“−”) represents term. Among the 789
newborns who had their skin assessed with the optical probe of
the device, 8 had no reference standard to assess the dependent
variable, 4 had no antenatal first-trimester ultrasound, 3 had no
comparator ultrasound, and 1 had an unsolved digit date error.
All 781 newborns who met the eligibility criteria for the clinical
trial were included in the analysis.

The study group comprised 702 pregnant women who gave
birth to 781 newborns. Despite early access to antenatal care
with a median value of 12 (IQR 4) weeks (Table 1), only 296
(42.2%) women met the criteria for reliable LMP among 613
who were able to provide such a date. According to the reference
GA at birth, 53.1% (415/781) of newborns were born at term.
Among 366 (46.9%) preterm newborns, 235 (30.1%) had a GA
at birth of 32 to 37 weeks, 131 (16.8%) had a GA of 28 to 32
weeks, and 42 (5.4%) had a GA of less than 28 weeks. Some
newborns (273/781, 35.1%) received ACTFM following local
protocols, and in 3 (0.4%), the data were missing. The frequency
of abnormal fetal growth classification at birth was 115 (14.7%)
in the small for GA group and 59 (7.6%) in the large for GA
group. Approximately one-third (280/781, 35.9%) of the
newborns were in the intensive care unit at the time of skin
assessment.

Figure 3. Flow diagram of participants throughout the study with results for the predictive model. GA: gestational age; US: ultrasound.
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Table 1. Baseline characteristics of the pregnancies and newborns.

StatisticsValues, nCharacteristics

N/Aa702Maternal data

27 (9)702Maternal age (years), median (IQR)

12 (4)616First antenatal care assessment (weeks), median (IQR)

89 (12.7)702Absent recall of last menstrual period, n (%)

296 (42.2)613Reliable last menstrual period, n (%)

103 (14.7)701Diabetes, n (%)

1103 (14.7)702Hypertensive disturbance during pregnancy, n (%)

273 (35.1)698ACTFMb, n (%)

74 (10.5)702Multiple gestation, n (%)

N/A781Neonatal data

37.3 (6.3)781Reference gestational age at birth (weeks), median (IQR)

10.1 (3.6)781Gestational age at the first ultrasound assessment (weeks), median (IQR)

19.4 (4.3)781Gestational age at the second ultrasound assessment (weeks), median (IQR)

273 (35.1)777ACTFM exposure, n (%)

8 (1.1)781Major malformation, n (%)

8 (1)7751-min Apgar score, median (IQR)

9 (1)7775-min Apgar score, median (IQR)

2740 (1498)781Birth weight (g), median (IQR)

390 (49.9)781Sex (male), n (%)

239 (30.6)781Incubator accommodation at skin assessment, n (%)

280 (35.9)781NICUc at skin assessment, n (%)

255 (32.7)779Jaundice at skin assessment, n (%)

32 (4.1)774Phototherapy at skin assessment, n (%)

14 (1.8)781Newborn mortality within first 72 hours, n (%)

215 (27.5)781Respiratory distress syndrome until 72 hours, n (%)

Classifications of newborns based on reference gestational age

366 (46.9)781Pretermd, n (%)

235 (30.2)781Moderate to late preterme, n (%)

89 (11.4)781Very pretermf, n (%)

42 (5.4)781Extremely pretermg, n (%)

115 (14.7)781Small for gestational age, n (%)

607 (77.7)781Appropriate for gestational age, n (%)

59 (7.6)781Large for gestational age, n (%)

aN/A: not applicable.
bACTFM: antenatal corticosteroid therapy for fetal maturation.
cNICU: neonatal intensive care unit.
dLess than 37 weeks.
eMore than 32 to less than 37 weeks.
fMore than 28 to less than 32 weeks.
gLess than 28 weeks.
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Procedures: GA at Birth by Established Methods
The distribution of GA as calculated according to the different
references corroborated some differences among the established
methods of antenatal dating, as shown in the overlapped
histogram, in weeks of gestation (Figure 4). In this figure, the
red dotted line corresponds to the limit between preterm and
term newborns. The green dotted line corresponds to the limit
between term and postterm newborns. Reference GA had a
median of 37.3 (IQR 6.3) weeks, above that of the
comparator-ultrasound-GA, which had a median of 37.1 (IQR
6.1) weeks, P<.001 (paired Wilcoxon test). However, when
available, the comparator-LMP-GA had a median of 37.4 (IQR
6.8) weeks, similar to the reference GA, P=.282 (paired
Wilcoxon test). The frequency of preterm birth was 46.9%
(366/781), 47.1% (368/781), and 45.6% (310/680) according
to the reference GA, comparator-ultrasound-GA, and
comparator-LMP-GA, respectively. The frequency of postterm
birth was 0.1% (1/781), 0.3% (2/781), and 4% (27/680) with
reference to GA, comparator-ultrasound-GA, and
comparator-LMP-GA, respectively. On the other hand, the data
quality of the LMP recall revealed that the most frequent digit
preferences were for days 5 (8.3%), 15 (6.7%), 20 (7.2%), and

25 (4.7%). These frequencies had significant differences when
compared with the day adjusted to the reference GA (P<.008;
Cochran Q test for k-related samples).

Digit preference analysis searched for the tendency of
round-numbered days of the menstrual period, considering
digits, typically multiples of 5 and 10. This was determined by
comparing the observed and expected counts for each day of a
month. The Cochran Q test for k-related samples compared the
LMP with the day adjusted to the reference GA. We removed
duplicate data from twins, and observations on day 31 were
removed during the statistical test. The dotted line corresponds
to the frequency expected for each day for 30 days per month.

Analyzing the day digit of the LMP informed by the woman,
the most frequent digit preferences were for days 5 (8.3%), 15
(6.7%), 20 (7.2%), and 25 (4.7%). These frequencies had
significant differences when compared to the day adjusted to
the reference GA (P=.008). Analyzing the day digit of the LMP
adjusted by the second ultrasound examination performed on
data after 13 weeks and 6 days of gestation and before 22 weeks
(comparator ultrasound), there were no significant differences
when compared with the day adjusted to the reference GA
(P=.20).

Figure 4. The distribution of estimated gestational age at birth by the established methods evaluated in this study. GA: gestational age; LMP: last
menstrual period; US: ultrasound.

Primary Outcome: GA Estimation at Birth
The agreement between the predicted GA, reference, and
comparators was high considering the ICC (Table 2).
Considering the CI of 95%, the GAs provided by the device
had an ICC similar to those calculated between the reference
GA and the comparator-ultrasound as well as comparator-LMP.
Moreover, the ICC of predicted GA using the established
methods had exceptional values (Figure 5).

The device underestimated the reference GA 1.34 (95% CI
−2.04 to −0.64) days, as well as by 0.81 (95% CI −1.50 to −0.11)

days, and by 2.35 (95% CI −3.49, −1.21) days in relation to the
ultrasound and LMP-GA comparators, respectively. In the
meantime, the ultrasound GA comparator underestimated the
reference GA by −0.53 (95% CI −0.88 to −0.19) days. The end
points of the Bland-Altman 95% limits of agreement were the
2.5th percentile and 97.5th percentile for the distribution of the
difference between paired measurements (Figure 5). Therefore,
95% of the differences between the new test and the reference
GA were within the range of −21.2 to 18.4 days. This range
was shorter than that of the comparator-LMP-GA, −25.0 to
29.0, in relation to the reference GA.
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Table 2. Agreement between predicted gestational age and the established references.

P valueReference GAb,cP valueTestaStatistic

N/A1N/Ae0.969 (0.964 to 0.973)ICCd with reference GA (95% CI)

N/A0.993 (0.992 to 0.994)N/A0.969 (0.965 to 0.973)ICC with comparator-ultrasound-GAf (95% CI)

N/A0.958 (0.951 to 0.964)N/A0.927 (0.916, 0.938)ICC with comparator-LMPg-GAh (95% CI)

N/A0<.001−1.34 (−2.04 to −0.64)Day paired difference with reference GA (95% CI)

.002−0.53 (−0.88 to −0.19)<.0010−.81 (−1.50 to −.11)Day paired difference with comparator-ultrasound-GA (95% CI)

.0710.83 (−0.07 to 1.74)<.001−2.35 (−3.49 to −1.21)Day paired difference with LMP GA (95% CI)

N/A−21.2 to 18.4N/AN/ABland-Altman 95% limits for the medical device (days)

N/A−10 to 8N/A−8.7 to 8.4Bland-Altman 95% limits for comparator-ultrasound (days)

N/A−25 to 29N/A−30 to 23.4Bland-Altman 95% limits for comparator-LMP (days)

aMedical device gestational age predicted using the Extreme Gradient Boosting model, based on newborn skin reflectance values, birth weight, and
antenatal corticosteroid therapy for fetal maturation exposure information.
bGA: gestational age.
cReference gestational age is the best due date.
dICC: intraclass correlation coefficient.
eN/A: not applicable.
fComparator-ultrasound-GA: gestational age calculated using a second antenatal ultrasound exam after 13 weeks and 6 days of gestation and before 22
weeks.
gLMP: last menstrual period.
hComparator-LMP-GA: the gestational age calculated using the last menstrual period.
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Figure 5. Correlation between GAs as measured using medical devices, established methods of pregnancy dating, and Bland-Altman plots. GA:
gestational age; LMP: last menstrual period; US: ultrasound.

Secondary Outcomes

GA Detection With 1-Week Error
The boxplots in Figure 6 show the proportion of preterm
newborns correctly detected at birth, considering an error of 1
week. We included 101 missing data points in the calculation

of the rate agreement for the comparator-LMP-GA. The device
achieved 66.6% (95% CI 62.9%-70.1%) of 1-week error
agreement with reference pregnancy dating. This value was
similar to the value of 64.1% (95% CI 60.7%-67.5%) of the
comparator-LMP-GA 1-week error considering the
intention-to-diagnose analysis.
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Figure 6. Box plot of day differences between methods and reference GA, with the proportion of agreement within 7 days. GA: gestational age; LMP:
last menstrual period; US: ultrasound.

Accuracy of the New Test for Identification of Preterm
Newborns
Considering an overlap of 95% CIs in AUROC, the new test
using the device had similar performance to
comparator-LMP-GA in discriminating preterm against term
newborns at all cutoffs, respectively, AUROC 0.973 (95% CI
0.963-0.982) and 0.957 (95% CI 0.941-0.974; Figure 7). At
cutoffs after 28 and 32 weeks, the new test had similar
performance compared with the comparator-ultrasound-GA.

A comprehensive analysis of the prediction accuracy for preterm
newborns using the method of GA estimation and the medical
device for different prematurity cutoffs is shown in Multimedia
Appendix 5. Here, we draw attention to the relevant likelihood
ratio, positive at 37 weeks 13.2 (95% CI 9.2-19.0) when the
medical device predicts GA, showing overlaps between the
comparators in terms of 95% CI 25.0 (15.4-40.4) for
comparator-ultrasound-GA and 17.1 (11.0-26.6) for
comparator-LMP-GA.
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Figure 7. Receiver operating characteristic curves for the models to distinguish between term and preterm newborns. AUROC: area under the receiver
operating characteristic curve; GA: gestational age; LMP: last menstrual period; US: ultrasound.

Intent to Perform Preterm Newborn Discrimination by
the Device
Birth care settings, where the device is to be applied, deserve
an intent to perform preterm newborn discriminant analysis,
simulating the existence of baseline references for GA
calculation. Therefore, we considered newborns whose mothers
had no recollection of LMP or unreliable information as scenario

1, corresponding to 451 (57.7%) newborns. In scenario 2, we
grouped the newborns whose mothers had reliable LMP (Table
3). Concerning missing data, 3 test values for GA obtained using
ACTFM machine learning imputation were valid results for this
analysis. At the same time, 101 missing data items for LMP
were newborns who had no comparator-LMP-GA owing to
unknown menstrual dates.
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The lack of a reliable LMP in scenario 1 resulted in low
discrimination accuracy of 69.6% (95% CI 65.3%-73.7%) with
the comparator-LMP-GA. Nevertheless, 89.6% (95% CI
86.4%-93.1%) of the newborns were correctly classified as
preterm or term using the device. Great accuracy using any
available method for GA estimation was observed in scenario

2, where the LMP was reliable. In such a scenario, we see
similar device accuracy of 93.9% (95% CI 90.8%-96.3%) when
compared with the accuracy of comparator-ultrasound-GA of
97% (95% CI 94.5%-98.5%) and comparator-LMP-GA of
93.4% (95% CI 94.5%-97.9%). The overall analysis includes
crosstabs in Multimedia Appendix 6.

Table 3. Intent to perform preterm newborn discrimination according to simulated scenarios (N=781).

Scenario 2: reliable LMP (n=330, 42.3%)Scenario 1: absent or unreliable LMPa (n=451, 57.7%)

ACU, n/N;
(95% CI)

Spec, n/N;
(95% CI)

Sens, n/N;
(95% CI)

Preterm
newborns

ACUd, n/N;
(95% CI)

Specc, n/N;
(95% CI)

Sensb, n/N;
(95% CI)

Preterm
newborns

N/AN/AN/A167N/AN/AN/Ag199Reference GAe,f

(n=781)

310/330;
93.9%
(90.8%-
96.3%)

157/163;
96.3%
(92.2%-
98.6%)

153/167;
91.6%
(86.3%-95.3)

159404/451;
89.6%
(86.4%-
92.2%)

230/252;
91.3%
(87.1%-
94.5%)

174/199;
87.4% (82%-
91.7%)

196Test, medical device
(n=781)

320/330; 97%
(94.5%-
98.5%)

158/163;
96.9% (93%-
99%)

162/167; 97%
(93.2%-99%)

167431/451;
95.6%
(93.2%-
97.3%)

241/252;
95.6%
(92.3%-
97.8%)

190/199;
95.5%
(91.6%-
97.9%)

199Comparator-ultra-

sound-GAh (n=781)

317/330;
93.4%
(94.5%-
97.9%)

157/163;
96.3% (93%-
99%)

160/167;
95.8%
(91.6%-
98.3%)

167314/451;
69.6%
(65.3%-
73.7%)

183/252;
72.6%
(66.9%-
77.9%)

131/199;
65.8%
(59.1%-
72.2%)

154Comparator-LMP-

GAi (n=680)

aLMP: last menstrual period.
bSens: sensitivity.
cSpec: specificity.
dACU: accuracy (newborn correctly classified).
eGA: gestational age.
fReference GA: is the best due date.
gN/A: not applicable.
hComparator-ultrasound-GA: gestational age calculated using a second antenatal ultrasound exam after 13 weeks and 6 days of gestation and before 22
weeks.
iComparator-LMP-GA: the gestational age calculated using the last menstrual period.

Safety of the Device
There were no reports of unexpected medical events, unintended
illness or injury, or unfortunate clinical signs in subjects, users,
or others related to the investigational product. Two devices
were replaced because of an unintentional drop.

Discussion

Principal Findings
The main contribution of this clinical trial is the validation of
a new approach for GA estimation, regardless of fetal ultrasound
measures by demonstrating accurate outcomes. Based on birth
weight, ACTFM exposure data, and use of a handled medical
device to assess skin maturity and process algorithms, 91.4%
(714/781) of newborns were correctly classified. A reliable
antenatal age is a prerequisite for preterm newborn classification
in birth care settings and is the first step in delivering the
necessary care, considering the risks of prematurity. A term
newborn, together with good tonus, breathing, or crying, is an
essential element to determine steps of newborn resuscitation

[30]. Although that statement seems very simple, it is quite far
from reality. Without certainty as to the day in the female cycle
on which conception occurred, ultrasound measurement of the
crown-rump length is a consensual reference for redating
pregnancy estimated by the LMP [8]. This dependence on early
echographic scans has deprived many pregnant women and their
babies of trustable GA [10]. Such a technological gap causes
even more disparities than the difference between childbirth
scenarios in fully equipped facilities and those ill-equipped with
scarce technology. Moreover, it can impair the correct
classification of infants as premature or growth restricted [31].
Whereas the underestimation of GA by 1.34 days on average
in our results could reverberate in over care of a newborn with
device implementation, neglecting a newborn at risk owing to
the lack of GA data is still the worst. We believe that the risks
attributed to preterm infants and the benefit of early diagnosis
outweigh overdiagnosis. In addition, the delivery of neonatal
care at birth is based on a set of clinical parameters, including
GA [32].

In this combined study covering the enhancement of the
prediction model for postnatal GA and validation of the device,
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we believe that the application of k-fold cross-validation with
the use of machine learning algorithms provided accurate
predictions [33]. While large data samples are unavailable, the
process of training and testing was able to estimate the
performance of algorithms until we have finished other ongoing
clinical trials for external validation [34]. Furthermore, the
quantification of uncertainty intervals regarding the predicted
GA (calculated in days) and comparisons with established
references allowed the simulation of realistic scenarios for
application. Besides, the CIs accompanying AUROC accuracy
contributed to revealing the forecast’s limits for discriminating
terms from preterm newborns at different cutoff points with
clinical relevance. Such strengths are critical for ensuring the
potential value of the device in facing the challenges of postnatal
identification of preterm newborns [35]. Postnatal approaches
for GA assessment had characteristically shown higher errors
than antenatal approaches [36]; however, studies using
first-trimester ultrasound as the standard for postnatal GA
comparisons were uncommon until recently. In a recent study
comparing the accuracy of postnatal GA assessment, the New
Ballard Score obtained −2.93 to 2.65 weeks of error compared
with early ultrasound reference, analyzing a sample with 78.3%
of preterm newborns [37]. In our study, the limits were −21.2
to 18.4 days, even though we did not compare the results from
the medical device with any postnatal reference, it was a
promising result.

Thus, data science algorithms have thus emerged with the aim
of qualifying pregnancy dating. High-performance reports using
learning models based on antenatal ultrasound predictors [38]
contradistinguished meager outcomes from those using other
morphometric postnatal predictors [3]. Moreover, valuable
algorithms with postnatal combinations on the maturity scores
of newborns are promising, even demanding special skills to
apply [12]. Underqualified birth attendants represent a challenge
in developing countries, further limiting the use of existing birth
care solutions [39]. One advantage of our device is the skin
assessment automation that notifies measurement errors caused
by the movement of the newborn or examiner. Previous reports
have detailed the human skin’s light-skin interaction and optical
properties that benefit this technology [18,25].

The device’s predictive XGBoost algorithm used information
that health professionals could quickly obtain in childbirth
settings—the birth weight and the ACTFM exposure—and that
could add value to the visual appearance of skin maturity.
Explaining the model used during development, we have already
demonstrated that the multivariate model for predicting GA,
combining the skin reflection with birth weight, was better than
these variables apart [18]. In this clinical trial, the choice had
biological plausibility extending beyond mathematical reasons.
Birth weight assessment is a universal step of primary routines
in childbirth settings [6]. Meanwhile, predicting preterm birth
based on birth weight when lacking a gold standard is far from
a perfect solution. There is prior scientific evidence that birth
weight is not sufficient to predict GA or a preterm newborn [9].
The weight at birth results from the dynamic process of past
intrauterine growth beyond the gestation length [11]. Otherwise,
the physical and neurological characteristics of maturity of the
newborn adding value to predict GA are already extensively

used and validated in the postnatal scores [36]. Meanwhile, the
postnatal scores of newborn maturity, as the only method, have
shown low accuracy in determining GA and identifying
prematurity [36]. We combined birth weight and skin maturity
adjusted to the ACTFM to predict GA, representing the clinical

rationale with high R2 and low MAE, thereby avoiding the
standalone model with birth weight (Multimedia Appendix 4).

In this trial, the GA estimated through using the device had
great agreement with the reference GA at birth. The
Bland-Altman test (95% limit) was lower than the
comparator-LMP-GA. Moreover, this device could provide a
GA to handle situations without ACTFM information as a
potential tool in low-resource birth settings. Considering the
simulated scenario with LMP either absent or unreliable (n=451
newborns), the new test had a better performance than the
comparator-LMP for the estimation of GA. This result
highlighted the context of use of this medical device, as the GA
based on memory recall of the LMP missed 68 out of 199
preterm newborns, expressing a lower sensitivity when we
applied the intent-to-discriminate analysis.

Strengths and Limitations
Exposure to ACTFM played an uncertain role in the predictive
model. Nevertheless, there was a rationale to consider its
importance to adjust the skin reflection. Antenatal
corticosteroids to improve newborn outcomes are an
evidence-based intervention recommended for women at risk
of preterm birth [32]. However, in addition to the acceleration
of lung maturity, the effect of the drug occurs in other organs.
The early fetal presence of receptors of corticosteroid hormone
receptors in skin epithelial cells indicates that glucocorticoids
may play an important role in the differentiation and
development of human skin [40]. However, clinical evidence
of the effect of ACTFM exposure on skin maturity remains
unsubstantiated [41]. Thus, the adoption of the new test warrants
caution. Thus, until proven otherwise, we consider that the
importance of ACTFM exposure data to adjust the GA modeling
is related to an effect on skin maturity. Even so, we cannot deny
that antenatal exposure to corticoid therapy is more common
in premature infants—264 (72.3%) of the preterm newborns in
this study. In this respect, this regressor variable could imply a
bias toward preterm newborn detection. The aforementioned
ongoing study for external validation of the algorithms could
further elucidate this issue because the enrollment process of
newborns introduced the Mozambican birth scenario, where,
unfortunately, ACTFM is not guaranteed for every woman at
risk of preterm birth [34]. Furthermore, the accuracy is unknown
for newborns with diseases that alter skin structure, which is an
exclusion criterion in this study.

Current approaches to calculating GA are sensitive to data
quality, resulting in an inappropriate classification of prematurity
[9]. This study was committed to representing a realistic scenario
regarding data quality, as stated in the research protocol, with
data collection and curation to ensure the best reference and
comparators for analysis. Before opening the blinding of the
trial, a consistent process confronted data entries with digital
images of the clinical documents taken during enrollment.
Furthermore, dedicated software was developed exclusively for
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clinical trials, considering the quality and constraints of the
variables. Part of the enrollment occurred during the COVID-19
pandemic, resulting in a minimal amount of missing data, such
as yes or no for ACTFM) information (3/781, 0.4% of
newborns). The lack of an LMP reference, antenatal care without
early antenatal ultrasound, and unqualified date recollection for
pregnancy dating at birth justify efforts to enhance the reliability
of pregnancy dating through more accurate and accessible
technologies to improve pregnancy outcomes and neonatal
survival [10]. In our study, qualifying the LMP at birth with
questions about memory regarding dates and menstrual cycles,
and checking antenatal clinical documents at birth provided an
estimation of GA to identify 160 preterm newborns among 167,
when available.

Regarding the generalizability of the outcomes, this multicenter
trial gathered referral perinatal units from Brazil’s northern,
central, southwestern, and southern regions. This collaborative
evaluation contributed to obtaining a sample of a mixed
population of newborns with high miscegenation and involved
15 examiners who attended good clinical practice training. Both
intraobserver and interobserver errors of the measurements were
low, in line with previous results [18]. The number of preterm
newborns was sufficient to analyze subcategories of prematurity
as extreme preterm (n=42); however, the overall rate of preterm
newborns was 46.9%, values observed in referral facilities for
high-complexity perinatal care and not in the general population

of Brazilian newborns [42]. Thus, such a high frequency might
limit the representativeness of the results for the general
population of newborns in low-complexity settings, where the
prematurity rate is approximately 11% [1]. Among the 781
newborns, neonatal deaths during 72 hours of follow-up
occurred in 14 (1.8%), with 12 deaths occurring in newborns
with GA <28 weeks owing to complications arising from
extreme prematurity. We expect to target the worst childbirth
scenarios for this technology implementation [39]. In addition,
the safety of this device is similar to that of other optical
technologies already used in neonatal care [30].

Conclusions
The assessment of newborn’s skin maturity adjusted by learning
models promises accurate pregnancy dating at birth, even
without the antenatal ultrasound reference. Identifying preterm
newborns is the first step toward meeting their needs. The global
rate of neonatal mortality is approximately 6700 neonatal deaths
daily, mostly from preventable or treatable conditions in
scenarios without adequate health care [43]. Without proper
comparisons, the device had a lower error range than after-birth
maturity scores. To provide future evidence, comparisons are
expected based on postnatal approaches for GA estimation, such
as scores of maturity and foot length, or image combinations
[3]. We hope that strengthening the data sources of health care
facilities with a reliable GA can help identify vulnerable
newborns in situations without such information.
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Abstract

Background: Frail older people use emergency services extensively, and digital systems that monitor health remotely could
be useful in reducing these visits by earlier detection of worsening health conditions.

Objective: We aimed to implement a system that produces alerts when the machine learning algorithm identifies a short-term
risk for an emergency department (ED) visit and examine health interventions delivered after these alerts and users’ experience.
This study highlights the feasibility of the general system and its performance in reducing ED visits. It also evaluates the accuracy
of alerts’ prediction.

Methods: An uncontrolled multicenter trial was conducted in community-dwelling older adults receiving assistance from home
aides (HAs). We implemented an eHealth system that produces an alert for a high risk of ED visits. After each home visit, the
HAs completed a questionnaire on participants’ functional status, using a smartphone app, and the information was processed in
real time by a previously developed machine learning algorithm that identifies patients at risk of an ED visit within 14 days. In
case of risk, the eHealth system alerted a coordinating nurse who could then inform the family carer and the patient’s nurses or
general practitioner. The primary outcomes were the rate of ED visits and the number of deaths after alert-triggered health
interventions (ATHIs) and users’ experience with the eHealth system; the secondary outcome was the accuracy of the eHealth
system in predicting ED visits.

Results: We included 206 patients (mean age 85, SD 8 years; 161/206, 78% women) who received aid from 109 HAs, and the
mean follow-up period was 10 months. The HAs monitored 2656 visits, which resulted in 405 alerts. Two ED visits were recorded
following 131 alerts with an ATHI (2/131, 1.5%), whereas 36 ED visits were recorded following 274 alerts that did not result in
an ATHI (36/274, 13.4%), corresponding to an odds ratio of 0.10 (95% IC 0.02-0.43; P<.001). Five patients died during the
study. All had alerts, 4 did not have an ATHI and were hospitalized, and 1 had an ATHI (P=.04). In terms of overall usability,
the digital system was easy to use for 90% (98/109) of HAs, and response time was acceptable for 89% (98/109) of them.
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Conclusions: The eHealth system has been successfully implemented, was appreciated by users, and produced relevant alerts.
ATHIs were associated with a lower rate of ED visits, suggesting that the eHealth system might be effective in lowering the
number of ED visits in this population.

Trial Registration: clinicaltrials.gov NCT05221697; https://clinicaltrials.gov/ct2/show/NCT05221697.

(J Med Internet Res 2022;24(9):e40387)   doi:10.2196/40387

KEYWORDS

emergency department visits; home care aides; community-dwelling older adults; smartphone; mobile phone; predictive tool;
health intervention; machine learning; predict; risk; algorithm; model; user experience; alert; monitoring

Introduction

The aging human population is increasing worldwide, and their
health is characterized by high prevalence of chronic diseases
and multimorbidity and a high vulnerability to acute diseases
[1,2]. A large proportion of older adults go through emergency
department (ED) visits and unplanned hospitalizations, and this
proportion increases with advancing age and frailty [3]. In the
United States, almost one of every three US emergency medical
services responses involves an older adult [4]. In 80% of cases,
an older adult’s ED visit is followed by an unscheduled
hospitalization, and therefore, has a high medical and economic
cost [4]. ED visits and hospitalizations can have a negative
impact on the health status of frail older patients by decreasing
their functional capacities, which may persist for a long time
thereafter [5,6]. Since a large proportion of ED visits are
avoidable (range 8%-62%) [7-10], strategies to identify high-risk
patients and enable them to be treated in outpatient care settings
might help improve the appropriate use of ED visits and control
health expenditures [11].

Patient (or family)-reported outcome measure (PROM) systems
benefit patients with chronic diseases by improving quality of
life, reducing mortality, reducing ED visits, and hospitalizations
[12-14]. In 2019, we conducted an observational cohort study,
enrolling 301 older individuals who received regular visits by
home aides (HAs); we developed a machine learning algorithm
to predict the risk of emergency visits, with a prediction window
of 7-14 days and a predictive performance (ie, the area under
the receiver operating characteristic curve) of 0.70 after 7 days
and 0.67 after 14 days [15]. This algorithm opens the possibility
of mobilizing health professionals to intervene early in an acute
illness or in the decompensation of a chronic illness before they
lead to an ED visit and unplanned hospitalization. This
represents a significant advance over existing scores with a
predictive window of 6-24 months [16-18], which can lead to
preventive actions that are temporally distant from events that
lead to emergencies.

Today, attending physicians or nurses no longer have time and
opportunity to regularly visit older people at home. HAs are
key professionals in maintaining older adults at home. They
have regular contact with them and can provide important
information for decompensation prevention. The idea of this
system is to optimize medical interventions when they are really
necessary and to find alternatives via health recommendations
or other interventions that do not require attending physicians
when their presence is dispensable. It allows us to value HAs’
job, and it is based on their proximity with older adults to

optimize the care pathway and avoid ED visits. Very few studies
in the literature have analyzed the effectiveness of
community-based interventions to prevent avoidable emergency
hospitalizations of older individuals [16,17]. Recently, Nord et
al [18] obtained a 17% decrease in hospitalization rate of older
adults in primary care settings, by providing a nurse visit based
on comprehensive geriatric assessment among older adults
considered at risk for an ED visit by a 12-month predictive tool.

We have conducted a real-world pragmatic trial that included
older adults receiving assistance from HAs. We aimed to
implement a system that produces alerts when the machine
learning algorithm identifies a short-term risk for an ED visit
and examine health interventions required after these alerts and
users’ experience. This study highlights the feasibility of the
general system, the levers for compliance improvement, and its
optimal effectiveness in reducing emergency hospitalizations
among older people living at home.

Methods

Study Design and Recruitment
This multicenter uncontrolled pragmatic trial (NCT05221697)
was conducted with 3 home aid facilities participating in the
study, located in 3 French cities: Marseille, Versailles, and
Dinan. To be eligible, participants should be aged ≥75 years
and living at home, receive the help of a social worker from
these facilities, have seen their general practitioner within the
last 12 months and had a mild or moderate level of dependency
according to French national dependency tool, the AGGIR scale
[19]. Written consent was obtained before inclusion in the study.
Screening and enrollment started on July 1, 2020, and data were
collected from September 1, 2020, to August 31, 2021.
Participants’ family caregivers and general practitioners received
information about the participation of their proxy or patient in
the study, as well as the patient’s nurse if the patient received
nursing care at home. Participants’ demographics, housing,
family situation, dependency level, hospitalization (dates), and
death information were collected by the managers of the home
aid facilities.

Intervention
The intervention is summarized in Figure 1. HAs of these
facilities were equipped with a smartphone app and were
provided with a user manual, defining the app functioning. HAs
were asked to complete a simple questionnaire after each home
visit, via the smartphone app (Multimedia Appendix 1), which
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included a user manual, defining the different items in the
questionnaire and the answer options.

This questionnaire focused on functional and clinical autonomy
(ie, activities of daily life), possible medical symptoms (eg,
fatigue, falls, and pain), changes in behavior (eg, recognition
and aggressiveness), and communication with the HA or their
surroundings. This questionnaire is composed of very simple
and easy-to-understand questions, giving a global view of the
person’s condition. For each of the 23 questions, a yes/no answer
was requested. Data recorded by HAs were sent in real time to
a secure server to be analyzed by our machine learning
algorithm, which predicted the risk level and displayed it on a
web-based secure medical device called PRESAGE CARE,
which is CE marked. A simplified diagram of the processing
system and the description of data processing system can be
found in Multimedia Appendix 2. Particularly, when the
algorithm predicted a high-risk level, an alert was displayed in
the form of a notification on the screen to the coordinating nurse
of the health care network center of the district (Dispositif
d’Appui à la Coordination of the Agence Régionale de Santé).
This risk notification was accompanied by information about

recent changes in the patients’ functional status, identified from
the HAs’ records, to assist the coordinating nurse in interacting
with family caregiver and other health professionals.

In the event of an alert, the coordinating nurse called the family
caregiver to inquire about recent changes in the patient’s health
condition and for doubt removal and could then decide to ask
for a health intervention according to a health intervention model
developed before the start of the study. In brief, this
alert-triggered health intervention (ATHI) consisted of calling
the patient’s nurse (if the patient had regular home visits of a
nurse) or the patient’s general practitioner and informing them
of a worsening of the patient’s functional status and a potential
risk of an ED visit in the next few days according to the eHealth
system algorithm. The ATHI was performed with the natural
resources of the health system and not with the physicians or
nurses employed in the study. No specific instruction or protocol
was given to these health professionals, and they were free to
make their own decisions. This model of ATHI had been
presented and approved by the Agences Régionales de Santé
of the regions involved in our study (Figure 1).

Figure 1. The application of the intervention protocol for alert management. ED: emergency department.

Outcomes
The primary outcomes were the rate of ED visits and the number
of deaths recorded by the coordinating nurses, as well as the
users’ experience with HAs and coordinating nurses recorded
by the questionnaires. The eHealth system’s organizational
outcomes in accordance with the guidelines for the evaluation
of eHealth systems of the Haute Autorité de Santé, the French
national health agency [20], were as follows: the number of
monitored visits, defined as home visits with HAs observations;
the alert rate, defined as the ratio of the number of alerts to the
number of monitored visits; the intervention rate, defined as the
proportion of alerts that led to health interventions; the response
time, defined as the length of time from the day of the alert to
the day of the intervention; and the nature of the health

interventions. To analyze HAs adherence to the eHealth system
application, we calculated the rate of HA-monitored visits as
the ratio of the number of visits that resulted in observation
records to the total number of HA visits recorded by the home
care facility managers. Users’ experience with this system was
assessed according to Basch et al [21], using 2 self-administered
anonymous questionnaires, one for the HAs and the facility
managers, and one for the coordinating nurses who participated.

The secondary outcomes were to confirm the predictive capacity
of the AI in real-world conditions. The diagnosis accuracy of
the eHealth system alerts to predict ED visits was assessed by
sensibility, specificity, positive and negative predictive values,
and likelihood ratios. Accuracy analysis and reporting was
conducted according to Standards for Reporting Diagnostics

J Med Internet Res 2022 | vol. 24 | iss. 9 | e40387 | p.611https://www.jmir.org/2022/9/e40387
(page number not for citation purposes)

Belmin et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Accuracy Studies guidelines. Occurrences and dates of ED visits
and hospitalizations were recorded by the HAs in each visit and
by the home aid facility manager.

Statistical Analysis
Continuous variables were described by means and SD, or
medians and IQRs, if not normally distributed; categorical
variables were described by relative frequencies. The 2-tailed
t test or Wilcoxon test was used to compare quantitative
variables and the chi-square or Fisher exact test was used for
qualitative variables. Sensitivity, specificity, positive and
negative predictive value, and positive and negative likelihood
ratios were estimated for each one of the alert visits (by an index
test) in relation to an ED visit, that was considered the target
condition of the reference standard. P values <.05 were
considered statistically significant. Statistics were conducted
using Stata software (version 16; StataCorp LLC).

Ethics Approval
The research protocol was approved by the national French
ethics committee for biomedical research, the Comité de
Protection des Personnes, and the French Agency for the Safety

of Health Products (2021-A02131-40–CPP 1-21-072 /
21.02093.000019).

Participants and the HAs and the home aid facilities’ managers
were informed about the nature and purpose of the study and
provided their written consent accordingly.

Results

Participants and Home Aid Professionals Involved
Among beneficiaries of the home aid facilities, 293 individuals
were eligible, and 206/293 (71%) agreed to participate in the
study and were included. Their mean age was 85 (SD 8) years,
161 of 206 (78%) participants were women, and 94 (45%) had
a dependency level of GIR 3 or 4 (ie, moderate dependence
level; Table 1).

The mean follow-up period was 10 months with no patient loss
during the trial. In total, 10 care managers of the home aid
facilities (9 nurses and 1 pharmacist) and 109 HAs were
involved in the study. From the 4753 home visits, 2656 (56%)
were monitored by the app and provided inputs for the eHealth
system (Figure 2).

Table 1. Participants’ characteristics, activity, and the eHealth system; staff involved in their functioning; and alert-triggered health interventions.

Total (N=206)Center 3 (n=123)Center 2 (n=16)Center 1 (n=67)Participants characteristics

86 (5)86 (5)88 (6)86 (4)Age (years), mean (SD)

176 (85)106 (86)13 (80)57 (86)Gender (women), n (%)

17 (8)4 (3)3 (19)10 (15)Mild dependency (GIR 5 or 6), n (%)

94 (46)63 (51)8 (50)23 (34)Moderate dependency (GIR 3 or 4), n (%)

14 (7)13 (11)1 (6)0 (0)Severe dependency (GIR 1 or 2), n (%)

81 (39)43 (35)4 (25)34 (51)Unknown dependency level, n (%)

eHealth system activity

109 (100)52 (48)11 (10)46 (42)Home aides, n (%)

10 (100)2 (20)2 (20)6 (60)Care managers, n (%)

2656 (100)1202 (45)324 (12)1130 (43)Visits monitored through the app, n (%)

56.052.867·556.2Compliance rate, %

405 (100)170 (42)47 (12)188 (46)Alerts, n (%)

16.914.114.516.6Alert rate per monitored visits, %

Alert-triggered health interventions

131 (100)40 (31)46 (35)45 (34)Interventions, n (%)

32.323.597.923.9Intervention rate per alerts, %
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Figure 2. The flowchart of alerts (index test), health interventions, and emergency department (ED) visits (reference standard).

Emergency Visits During the Study
Of 206 participants, 29 (14%) visited EDs during the study. Of
these, 11 made 2 or more visits (up to 6 visits), and the total
number of ED visits was 46; a total of 32 ED visits (for 19
people) were followed by hospitalization.

Hospitalization by direct admission without passing through an
ED visit was recorded in 5 participants (Figure 2).

Health Interventions and ED Visits Occurring After
an Alert Display
As a result of the 405 alerts generated by the eHealth system,
131 ATHI by health professionals were performed: 96 (73%)

by nurses and 35 (27%) by physicians. After the 131 ATHI,
only 2 ED visits (2/131, 1.5%) were recorded, whereas after the
272 alerts that did not result in a health intervention, we recorded
32 ED visits (13.2%), corresponding to an odds ratio of 0.10
(95% IC 0.02-0.43; P<.001; Table 2). These health interventions
were performed by the patient’s nurse or general practitioner.

Five patients died during the study. All had alerts, 4 did not
have ATHI and were hospitalized, and 1 had an ATHI (P=.04;
Table 3).

Table 2. Emergency department (ED) visits that occurred within 14 days of alerts generated by the eHealth system, according to the implementation
of a health intervention triggered by the alerts.

Odds ratio (95% CI)No ED visits (n=367)ED visits (n=38)Characteristics

Reference238 (86.9)36 (13.1)No alert-triggered health intervention, n (%)

0.10 (0.02-0.43)a129 (98.5)2 (1.5)Alert-triggered health intervention, n (%)

aP<.001; P<.05 is considered statistically significant.

Table 3. Association between intervention and death.

P valueAlert-triggered health interventions

Yes (n=132)No (n=74)

.04Death, n (%)

131 (99.2)70 (94.6)No (n=201)

1 (0.8)4 (5.4)Yes (n=5)
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Reports of Users’ Experience
Users’ experience surveys were completed by 81 of 109 (72%)
HAs involved in the study and 8 of 10 (80%) coordinating
nurses. In terms of understanding the approach, 83% (90/109)
of HAs reported that the screening questions were easy to
understand. In terms of overall usability, the digital system was
easy to use for 90% (73/81) of HAs, and the response time was
acceptable for 89% (72/81) of them (Figure 3).

The eHealth system was also well perceived by the coordinating
nurses (Figure 4). Most of them found the app questions
relevant; they believed the eHealth system had clinical utility
and might improve interactions with patients and their family
caregiver, and they mentioned that they would like to use it in
the future and would recommend it to other facilities.

Figure 3. The satisfaction of home aides about the eHealth system.

Figure 4. User’s experience with 8 coordinating nurses who received the alerts and completed the questionnaire.

The Alerts and Their Prediction of Emergency
Department Visit
During the study, 405 alerts (between 22 and 49 per month)
were displayed, corresponding to 15.2% (405/2656) of the
monitored visits. Of the 46 ED visits, 8 (17%) were not preceded
by alerts in the previous 14 days and 38 (82%) were preceded
by alerts within that time frame (P<.001; Figure 1). The

sensitivity and specificity of alerts for predicting ED visits that
occurred within 14 days following the alerts were 83% (95%
CI 72-94) and 86% (95% CI 85-87), respectively. The positive
and negative predictive values were 9.4% (95% CI 6.5-12.2)
and 99.6% (95% CI 99.3-99.9), respectively, and the positive
and negative likelihood ratios were 5.87 (95% CI 4.99-6.92)
and 0.20 (95% CI 0.11-0.38), respectively (Table 4 and 5).
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Table 4. Contingency table for alerts generated by the eHealth system following home health aide visits and for emergency department visits occurring
within 14 days of the alerts, and accuracy assessment.

P valuesHome aides’ visits with subsequent alerts (n=2656)Characteristics

No (n=2251)Yes (n=405)

<.0018 (0.3)38 (18.5)Emergency department visits, n (%)

<.0012243 (99.7)367 (81.5)No emergency department visits, n (%)

Table 5. Characteristics of alerts for predicting emergency department visits.

Accuracy assessment (95% CI)Home aides’ visits with subsequent alerts (n=2656)

83 (72-94)Sensitivity, % (95% CI)

86 (85-87)Specificity, % (95% CI)

5.87 (4.99-6.92)Positive likelihood ratio

0.20 (0.11-0.38)Negative likelihood ratio

9.4 (6.5-12.2)Positive predictive value, % (95% CI)

99.6 (99.3-99.9)Negative predictive value, % (95% CI)

Discussion

Principal Results
In this intervention study, we successfully implemented an
eHealth system based on HAs’ observations and a prediction
algorithm that is capable of informing health care professionals
of the risk of an ED visit in the next two weeks. In total, 109
HAs were involved in the study for 4753 visits. More than half
of the visits were monitored. Alerts automatically displayed by
this eHealth system accurately predicted emergency room visits,
and 32% (131/405) of them were followed by interventions by
the patients’ nurses or their general practitioners.

This eHealth system was well accepted and appreciated by HAs
and their managers, and the accuracy was very good.

Potential Bias and Levers
The evaluation of the accuracy of the alerts could have been
biased by the transmission of the alert to a care manager.
Nevertheless, it was shown that the interventions of the care
managers allowed for a reduction in emergency hospitalizations,
confirming the high predictive capacity of the system.

Balance between false negatives and false positives rates has
been the subject of much reflection. In order to avoid a potential
unnecessary ED visit (for a false positive, which is extremely
rare), while avoiding as much as possible the loss of chances
(false negative), the F1-score has been chosen for the best
optimization between false positives and false negatives rates.

Comparison With Prior Studies
The eHealth system reported in this study overcame the classic
obstacles faced by such systems. First, the completion of the
smartphone-based, customer-centered diagnostic tool was good,
and 90% (72/81) of the HAs found it acceptable. This is in
contrast to studies that have highlighted that barriers to the use
of e-PROMs for caregivers or clinicians are primarily related
to long completion time and poor usability [22]. Second,
acceptance of the alerts was satisfactory, and the health

professionals who received them produced a high response rate
for health interventions. This is probably related to the
reasonable number of alerts and the ratio of alerts per visit that
did not overwhelm practitioners, achieved through the good
specificity of the machine learning algorithm. These results
contrast with those of other studies that report that practitioners,
overburdened by automatic alerts, no longer contact patients to
intensify treatment of symptoms despite appropriate daily
monitoring [21,23,24]. Other features of the machine learning
algorithm have contributed to the acceptance of this eHealth
system; its supervised nature provided health care professionals
with indications of changes in beneficiaries’ functional status
(eg, ability to get up, move around, and eat, their mood, and
loneliness) in addition to the alert alone; it helped them relieve
their doubts and probably induced trust in the relevance of the
alerts, since all the coordinating nurses found that information
provided with alerts was clinically useful. It is likely that the
acceptability rate would have been lower with deep learning
algorithms that often have excellent predictive capabilities [25]
because their operation is obscure to the users who receive the
results, and that is a limitation when critical decisions need to
be made.

Interestingly, in our study, the probability of an ED visit was
very low after nurse or physician interventions following an
alert, with a 10-fold decrease, compared to when alerts were
not followed by such interventions. Even if this trial was not
designed to examine such an outcome, this observation is very
promising and prompts us to implement a controlled trial to
document the effectiveness of the eHealth system. In addition,
this device improves communication between professionals and
promotes the empowerment of HAs. It responds to real public
health issues for the prevention of the loss of autonomy in older
people at home.

Limitations
Our study faced some limitations. First, the study was conducted
during the COVID-19 pandemic, which increased the risk of
isolation for frail older adults and impacted primary care habits
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and HAs’ working conditions. In addition, the incidence of ED
visits was lower compared to previous studies of participants
with similar characteristics (13% vs 40%). This may be due to
factors other than our intervention, such as reticence to attend
EDs for fear of exposure to COVID-19 [26]. This also raises
the question of lack of data on hospitalization or death causes,
which could have allowed a more detailed analysis according
to the context (eg, COVID-19). Investigations are in progress
to understand death causes and the patient’s trajectory. Second,
there is a limitation regarding deaths analysis; time of death
was not taken into account, and it was not compared with the
intervention’s date. Therefore, a causal link between the two
cannot be made. Third, for the moment, the alert is displayed
only when it is reliable (ie, with enough data); however, to avoid
a potential loss of chance, the person’s condition and risks
(geriatric and health) are transferred to the coordinating nurse,
who can then assess the seriousness of the person’s situation
(ie, informing the coordinating nurse that it will be necessary
to have other questionnaires to display an alert). Finally, this
trial was not controlled, and a trial with a randomized controlled
design should be conducted to document its clinical efficacy
and cost-effectiveness.

Perspectives
This study opens up broad prospects for optimizing the relevance
of emergency visits for frail older adults. The predictive

algorithm based on longitudinal observations of HAs could be
improved by other types of input, such as patient’s clinical or
biological records or measurements from connected devices. In
addition, our approach could be applied to new target events in
older adults in specific health contexts, including oncogeriatrics,
cardiogeriatrics, or postsurgery. Clinical investigations are
currently in progress and will allow for investigating the
transferability of this system to certain clinical contexts. Finally,
the system might evolve to a decision support system to help
health professionals to optimize and personalize ATHI.

Conclusions
The eHealth system that we have successfully implemented
offers an innovative approach to optimize the care of frail older
adults. This approach is based on three paradigms: recording
of the functional characteristics of daily life and their evolution
over time, mobilization of nonprofessional health informants,
and the use of a machine learning algorithm to monitor the level
of individual risk and produce alerts that support health
professional decisions for interventions. This means that
multiple observers (not just social workers or nurses) could be
trained to identify people at risk for ED visits. Such a predictive
approach could form the basis for personalized health
interventions that are designed to deliver early appropriate care
and improve health outcomes.
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Abstract

Background: Quality patient care requires comprehensive health care data from a broad set of sources. However, missing data
in medical records and matching field selection are 2 real-world challenges in patient-record linkage.

Objective: In this study, we aimed to evaluate the extent to which incorporating the missing at random (MAR)–assumption in
the Fellegi-Sunter model and using data-driven selected fields improve patient-matching accuracy using real-world use cases.

Methods: We adapted the Fellegi-Sunter model to accommodate missing data using the MAR assumption and compared the
adaptation to the common strategy of treating missing values as disagreement with matching fields specified by experts or selected
by data-driven methods. We used 4 use cases, each containing a random sample of record pairs with match statuses ascertained
by manual reviews. Use cases included health information exchange (HIE) record deduplication, linkage of public health registry
records to HIE, linkage of Social Security Death Master File records to HIE, and deduplication of newborn screening records,
which represent real-world clinical and public health scenarios. Matching performance was evaluated using the sensitivity,
specificity, positive predictive value, negative predictive value, and F1-score.

Results: Incorporating the MAR assumption in the Fellegi-Sunter model maintained or improved F1-scores, regardless of
whether matching fields were expert-specified or selected by data-driven methods. Combining the MAR assumption and data-driven
fields optimized the F1-scores in the 4 use cases.

Conclusions: MAR is a reasonable assumption in real-world record linkage applications: it maintains or improves F1-scores
regardless of whether matching fields are expert-specified or data-driven. Data-driven selection of fields coupled with MAR
achieves the best overall performance, which can be especially useful in privacy-preserving record linkage.

(J Med Internet Res 2022;24(9):e33775)   doi:10.2196/33775
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Introduction

Quality patient care requires comprehensive health care data
from a broad set of sources. Electronic medical record (EMR)
data are increasingly distributed across many sources as the era
of digital health care is accelerated in the United States.
However, EMR data from independent databases often lack a
common patient identifier, which impedes data aggregation,
causes inefficiencies (eg, tests repeated unnecessarily), affects
patient care, and hinders research. Record linkage is a requisite
step for effective and efficient patient care and research. Without
a unique universal patient identifier, linkage of patient records
is a nontrivial task. The simplest class of approaches is the
deterministic method, which requires the strict identity of the
selected data elements of a pair of records, such as name,
birthdate, gender, and Social Security number. Although
deterministic algorithms are generally simple to implement and
achieve excellent specificity, they have low sensitivity, are not
robust to missing data, cannot quantify the uncertainty of the
matching process, and are inflexible to changing data
characteristics.

The Fellegi-Sunter (FS) [1] model is widely used for
probabilistic record linkage based on the binary agreement or
disagreement of a select set of fields of record pairs, such as
Social Security number, first name, middle name, last name,
and date of birth. The FS model is in essence a latent class model
applied to record linkage problems. The latent class variable is
the unobserved true match status, and the parameters in the
model are the match prevalence, probabilities of field
agreements among true matches (m-probabilities), and
probabilities of field agreements among nonmatches
(u-probabilities). A record pair’s matching weights are defined
as the logarithms of the m- and u-probability ratios, and the sum
of the weights is the matching score of the pair. Record pairs
were then classified into matches and nonmatches based on
their matching scores for a given threshold. The linking
algorithm based on the FS model is shown to outperform the
deterministic algorithm [2]. However, methodological gaps
exist in configuring and applying the FS model.

First, it is well known that missing data are prevalent in
real-world data in EMRs [3]. Data necessary for matching
records are often missing from clinical data for many reasons:
values may be coded as “unknown,” nonexistent (a person with
no middle name), or omitted due to privacy concerns (such as
Social Security number). Missing field values decrease the
information content in the data and consequently hinder
matching accuracy. Matching only records with full information
is undesirable because it excludes many records and thus misses
matches. One study found that mother’s date of birth was often
absent because it was not the focus of pediatricians’ attention
[4]. However, this information significantly improved the
linkage procedure when present. Therefore, effective
accommodation of missing data is needed to maximize linkage.
Common strategies in practice involve excluding records with
missing values in any of the matching fields when estimating
match weights [5] or considering the missing field’s agreement
pattern as disagreement [6] (missing as disagreement [MAD]).
The former lacks efficiency because of the loss in sample size

due to exclusion. The latter does not account for the fact that
true matches can contain missing fields and is deficient in a
theoretical justification. Another strategy is to model missing
data in a matching field as the third category, in addition to the
categories of agree and disagree [7]. However, it is well
established that including missing data by adding a category
“missing” causes serious biases, even when data are missing
completely at random [8-13]. In a model-based approach,
Enamordo et al [14] assume that data in matching fields are
missing at random (MAR) conditional on the true match status.
Their comprehensive simulation studies show that the FS model
with MAR incorporated outperforms deterministic linkage in
social science when linking voter files. How the FS model with
MAR incorporated compares with the FS model using zero-filled
data in which missing values in the original data are replaced
by 0 by MAD has not been evaluated. Furthermore, while MAR
is evaluated and applied to voting registries, its performance in
linking EMR files is not known.

Second, although there may be numerous fields (or attributes)
across record files not all of them are useful for matching. For
example, if matching 2 obstetrics and gynecology databases,
the field “gender” is not informative. In real-world data, there
are likely also dependencies among the data fields. As we have
demonstrated [15], the FS model exhibits poor matching
accuracy when the fields are highly correlated. As more fields
are used in the FS model, more dependencies may be introduced.
Ideally, the FS model should be able to use a minimally
sufficient set of fields. However, we are unaware of data-driven
methods for matching field selection. In practice, the expert
input is solicited to identify an appropriate subset matching
fields. Several iterations may be required to achieve the desired
match accuracy using a manually reviewed data set with known
match statuses among record pairs. This process is neither
scalable nor generalizable and is infeasible in privacy-preserving
record linkage [7]. We are also unaware of any work that
evaluates the effects of missing data treatment and field selection
for matching simultaneously.

We will evaluate the effects of incorporating missing data
treatment and matching field selection into the FS algorithm on
linkage performance using 4 real-world use cases in our local
operational data aggregation system—a health information
exchange (HIE) environment, into which different data sources
are integrated. The 4 use cases included health information
exchange record deduplication (labeled as Indiana Network for
Patient Care [INPC]), linkage of a public health registry Marion
County Health Department records to HIE (labeled as MCHD),
linkage of Social Security Death Master File records of the
Social Security Administration to HIE (labeled as SSA), and
deduplication of newborn screening records (labeled as NBS).
We hypothesize that proper treatment of missing data and
data-driven matching field selection will enhance linkage
performance.

Methods

Blocking
Records need to be compared in record linkage to ascertain
whether they belong to the same entity. Forming record pairs
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by Cartesian product from the 2 files (or to a file itself in the
case of deduplication) results in an enormously large number
of pairs. For example, the data set from the INPC (the INPC
use case) has 47,334,986 records (Table 1) and will form 2.24
quadrillion record pairs by the Cartesian product. A common
strategy is “blocking on” certain fields (blocking variables) to
reduce the number of record pairs; that is, retaining only those
record pairs with exact agreement in blocking variables.
Blocking helps to enrich matches by restricting the search space.
We applied 5 blocking schemes to each use case. In the INPC
use case, the five blocking schemes are the Social Security
number (SSN); first name and telephone number (FN-TEL);

day, month, and year of birth and zip code (DB-MB-YB-ZIP);
first name, last name, and year of birth (FN-LN-YB); and day,
month, and year of birth and last name (DB-LN-MB-YB). These
five blocking schemes contained 613 million record pairs, with
the number of pairs in each block listed in Table 1. Within each
block, record pairs are compared field by field for a collection
of matching fields, yielding a vector of comparison results for
each pair. For example, if only 3 matching fields are compared
by exact comparison (for agreement or disagreement), the

vectors will have 23 possible patterns when there are no missing
data. In general, if K matching fields are compared, there will

be 2K total agreement patterns.
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Table 1. Summary of four use cases, Indiana Network for Patient Care (INPC), newborn screening (NBS), Social Security Administration (SSA), and
Marion County Health Department (MCHD), with information on the number of records in each use case, blocking schemes, and the numbers of record
pairs in blocking schemes.

PairsBlock

INPC (47,334,986 records)

53,054,690SSNa

41,729,402FN-TELb

133,553,036DB-MB-YB-ZIPc

193,865,283FN-LN-YBd

191,181,498DB-LN-MB-YBe

NBS (765,813 records)

4,147,098MRNf

2,644,454TELg

8,083,396MB-DB-ZIP

3,005,368LN-FNh

1,217,736NK_LN-NK_FNi

SSA (89,556,520 records)

805,331SSN

18,103FN-LN-ZIP

1,395,395FN-LN-MI-YB

547,376FN-LN-MI-DB-MB

722,167FN-LN-DB-MB-YB

MCHD (471,298 records)

869,454SSN

28,238TEL

5,083,429DB-MB-YB-zip

3,378,017FN-LN-YB

3,701,460DB-LN-MB-YB

aSSN: Social Security number.
bFN-TEL: first name and telephone number.
cDB-MB-YB-ZIP: day, month, and year of birth and zip code.
dFN-LN-YB: first name, last name, and year of birth.
eDB-LN-MB-YB: day, month, and year of birth and last name.
fMRN: medical record number.
gTEL: telephone no.
hLN-FN: last name, first name.
iNK_LN, NK_FN: next of kin last name and first name.

The FS Model
Formally, for the ith pair of records, let δi denote the unobserved
true match status (a latent binary class variable) with a value of
1 indicating a match and 0 indicating a nonmatch (ie, the class
label for match and nonmatch classes), Yi=(Yi1, … ,YiK) be the
vector of agreements in K fields, and yi=(yi1, … ,yiK) be the
observed agreements. In addition, let n be the total number of
pairs and ρ=P(δ=1), the match prevalence in the total n pairs

of records. Assuming independent observations (yi, δi), i=1,...,n,
we express its complete data likelihood and the marginal
distribution of yi, i=1,...,n as follows:

and . For a given i, the posterior probability of δi=1 is

. If the true match status δi’s are known, then the MLE of ρ

for the complete data likelihood is . When δi’s are unknown,
this problem is known as the latent class modeling because the
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model parameters are estimated without the class label being
observed.

A popular algorithm, named after Fellegi and Sunter [1] in the

probabilistic record linkage literature, further assumes ; that
is, the assumption of conditional independence of Yi1, ... ,YiK

within each latent class. The FS model greatly simplifies the
estimation process, producing estimates for field-specific
probability of agreement given that a pair is a match,
mk=P(Yik=1|δi=1), and the field-specific probability of
agreement given that a pair is a nonmatch, uk=P(Yik=1|δi=0).
Model estimates can be obtained by using the
Expectation-Maximization (EM) algorithm [16] on the complete
data likelihood or by using standard optimization routines on
the marginal likelihood. The FS approach allows the model
parameters to be estimated based on the observed agreements
of pairs without the use of a training set, qualifying it as an
unsupervised learning algorithm.

Classification of Record Pairs
Match scores are defined as the logarithm of likelihood ratios,

. Under the conditional independence assumption, the match
score for the ith pair is the sum of the logarithms of the

field-specific likelihood ratios, . Match scores are computed
using the estimated mk and uk from the FS model and are in turn
used to rank all record pairs, with a high score indicating a
higher likelihood of a record pair to be a match. In our study,
we used the estimated match prevalence ρ to set the threshold
as the upper ρ-th quantile of the scores. A record pair is then
declared as a match if its score is greater than the threshold;
otherwise, it is declared as a nonmatch.

Treatment of Missing Data
Formally describing the missing data mechanism is important
for devising an approach to account for missing data. Missing
data are generally classified into 3 types [17]. First, the most
restrictive type of missing data is missing completely at random
(MCAR), which assumes that the missingness in a variable is
independent of all observed or unobserved variables. In this
situation, the parameter estimates are unbiased when record
pairs with any missing data are excluded. However, omitting
missing data may lower the precision of estimated parameters
due to the smaller sample size. In addition, MCAR is a strong
assumption that cannot be verified with the data at hand. Second,
MAR is a less-restrictive yet more realistic missing data model
that assumes that the missingness in a variable is independent
of unobserved data, although it can depend on other observed
variables. Finally, missing not at random (MNAR) asserts that
the missingness of a variable is related to the unobserved
variable itself. To handle MNAR, knowledge of the missing
mechanism is required to model the missing process in the
estimation of the parameters and matching scores.

In record linkage applications, missing values in matching fields
are typically handled by excluding records with missing values
on one of the matching fields when estimating match weights
[5] or considering the field’s agreement pattern as a
disagreement [6]. Excluding records with missing values is
justifiable only when the data are MCAR. Thus, excluding

records when the MCAR assumption does not hold leads to
inaccurate results due to bias and low precision; the bias arises
from the wrong model assumption and the low precision from
the reduced sample size. Alternatively, treating missing data as
disagreement (MAD) is implicitly invoking the assumption of
MNAR, which may yield inaccurate results when the MAD
assumption that all missing data represent disagreement is
incorrect. This strong assumption is likely false for data to be
linked. For example, if the middle name is absent because it
does not exist, a missing value from both records of the record
pair can provide information that the 2 records belong to the
same person. On the other hand, the assumption of MAR is the
least restrictive among the 3 types of missing mechanisms, and
we hypothesize that it will yield superior match performance.
Assuming MAR, the missing data are handled using the full
information likelihood approach that uses all available data
(ignoring the matching fields with missing values) in the FS
model under the assumption of conditional independence of the
matching fields.

The predictive results are obtained the same way for the FS
model with MAR and MAD. The difference lies in the manner
in which missing data are treated. When MAD is used, fields
with missing data are set to “disagreement” (coded as 0), and
the FS algorithm as is can proceed on the data with missing
values replaced by zeros. When MAR is used, the FS algorithm
is used on nonmissing data. In either cases, parameters mk,uk

and the match prevalence are estimated, and match scores are
calculated for all pairs. The threshold for a pair to be a match
is set to be the upper -th quantile of the scores. A record pair is
then declared as a match if its score is greater than the threshold;
otherwise, it is declared a nonmatch.

Selection of Matching Fields
Fields missing 100% within a blocking scheme contain no
information and will not be considered further. We examined
2 approaches selecting matching fields: the standard practice
of subject matter expert-guided field selection and a data-driven
approach. In the data-driven approach, all fields were considered
to be putative matching fields. A necessary condition for a field
to be useful in matching is that it should exhibit variability. For
example, if the value of a field is fixed (no variation), it cannot
separate matches from nonmatches. Thus, a blocking variable
can no longer be used as a matching field in a block formed
using the blocking variable. When running an FS model, we
started with the largest possible set of fields; more fields may
be dropped from the model, starting with fields with the least
variations, until the FS algorithm converges.

Data Sets of 4 Use Cases and Gold Standards
We evaluated the matching performance of the missing data
treatment (MAD and MAR) and matching field selection
(expert-specified fields vs data-driven fields) by conducting a
2-by-2 factorial design using 4 real-world use cases in our local
HIE environment. The 4 use cases contain data that were
generated as part of clinical or public health processes.

The 4 use cases included deduplicating clinical records in a
state-level HIE, linking a public health registration file to clinical
data in the HIE, linking death records to clinical data in the HIE,
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and deduplication of the Health Level Seven International (HL7)
messages for newborns less than 1 month of age from the HIE.
For each use case, blocking was performed to confine the total
number of record pairs to be compared with a subspace of record
pairs enriched with true matches [18]. Five blocking schemes
were selected for each use case based on expert input from our
laboratory. The total number of records for each use case and
the number of record pairs per blocking scheme are listed in
Table 1. To assess the matching performance, we selected record
pairs for human review by performing proportional sampling
from the union of record pairs with strata defined by the five

blocking schemes. To compare the sensitivity of the algorithms,
a total of 5884 true matches were necessary to test a 2% absolute
difference in discordant rates of the 2 algorithms among the
true matches with an 80% power at a 2-sided significance level
of .05. The same number of true nonmatches was required to
test the 2% difference in specificity. We sampled record pairs
until we reached at least 5884 pairs in the class of true matches
and the class of true nonmatches. Each record pair was reviewed
by 2 reviewers; in the case of a disagreement in the classification
of the pair, a third reviewer adjudicated the pair. Table 2
summarizes the manually reviewed sets for the 4 use cases.

Table 2. Manual review results for the 4 use cases.

Match prevalencebNumber of pairs deemed as nonmatchesNumber of pairs deemed as matchesNumber of pairsaUse case

0.5237160784015,000INPCc

0.36110,550595016,500SSAd

0.5317033796715,000NBSe

0.3829573592715,500MCHDf

aNumber of pairs is the total number of pairs sampled for manual review, which determines the pairs as either matches or nonmatches.
bMatch prevalence is the ratio of the number of pairs deemed as matches and the total number of pairs for manual review for each use case.
cINPC: Indiana Network for Patient Care.
dSSA: Social Security Administration.
eNBS: newborn screening.
fMCHD: Marion County Health Department.

Deduplicating HIE (INPC)
This data set reflected demographic records from geographically
proximal hospital systems that participate in HIE. Blocking is
as described earlier. The data contained a subset of 15,000
sampled gold standard pairs with 7840 (52.3%) true positives
and 7160 (47.7%) true negatives. Patients from hospitals in
close proximity cross over to nearby institutions, creating the
need to identify common records. New value-based purchasing
models such as Accountable Care Organizations dramatically
increased the need to identify and capture information on
patients seeking care from other institutions.

HIE and Vital Records for Ascertaining Death Status
(SSA)
These data reflect a combination of the Social Security Death
Master File and HIE data. We applied five blocking schemes
(Table 1): SSN; first name, last name, and zip code
(FN-LN-ZIP); first name, last name, middle initial, and year of
birth (FN-LN-MI-YB); first name, last name, middle initial,
and day and month of birth (FN-LN-MI-DB-MB); and first
name, last name, and day, month, and year of birth
(FN-LN-DB-MB-YB). This data set contained a subset of
16,500 sampled gold standard pairs with 5950 (36.1%) true
positives and 10,550 (63.9%) true negatives. Accurately and
comprehensively updating health records with patients’accurate
death status is critical for robust clinical quality measurement,
public health reporting requirements, and high-quality clinical
research.

Deduplicating Newborn Registration Data (NBS)
This data set included demographic data for newborns derived
from multiple hospitals, clinics, and within the HIE. These data
were limited to patients aged <2 months. We applied five
blocking schemes (Table 1): medical record number (MRN),
telephone number (TEL), month, day of birth, zip code
(MB-DB-ZIP), last name and first name (LN-FN), and next of
kin’s last name and first name (NK_LN-NK_FN). This data set
contained a subset of 15,000 sampled gold standard pairs, with
7967 (53.1%) true positives and 7033 (46.9%) true negatives.
Matching in this cohort is important because not all infants
receive appropriate screening for harmful or potentially fatal
disorders that are otherwise unapparent at birth [4]. Public health
screening tests must be linked to patient records to avoid harmful
delays in diagnosis.

Public Health Registry Linked to Clinical Registrations
(MCHD)
This data set comes from the MCHD, Indiana’s largest public
health department. The registry contains a master list of
demographic information for clients who receive public health
services such as immunization; Women, Infants, and Children’s
nutrition support; and laboratory testing [19,20]. The registry
also tracks population health trends and supports other public
health activities. Duplicate patient records are often
unintentionally added. We applied five blocking schemes (Table
1): SSN; telephone number (TEL); day, month, and year of birth
and zip code (DB-MB-YB-ZIP); first name, last name, and year
of birth (FN-LN-YB); and day, month, and year of birth and
last name (DB-LN-MB-YB). This data set contained a subset
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of 15,500 sampled gold standard pairs with 5927 (38.2%) true
positives and 9573 (61.8%) true negatives. We linked the
complete patient registry to patient records in the
aforementioned HIE.

The 4 data sets contained subsets of the following fields: MRN,
SSN, last name (LN), first name (FN), middle initial (MI),
nickname (NICK_SET), ethnicity (ETH_IMP), sex, month of
birth (MB), day of birth (DB), YB, street address (ADR), city,
state (ST), zip code (ZIP), telephone number (TEL), email, last
name of next of kin (NK_LN), first name of next of kin
(NK_FN), last name of treating physician (DR_FN), and first
name of treating physician (DR_LN). The last 4 fields were
used only in the NBS use case.

Analyses of Use Cases
For each use case, blocking was performed first, and five blocks
of record pairs were generated. The blocking schemes are listed
in Table 1. The FS model is applied 4 times in each block based
on the 2-by-2 factorial design, where missing data are either
treated using MAD or MAR, and matching fields are either
expert-specified or selected by the data-driven method. The
parameters of the FS model can be estimated using the Newton
Raphson approach or the EM algorithm, both of which maximize
the likelihood function of the model. The exact agreement on
the following fields (when available for a use case) was
considered in the matching in INPC, MCHD, and SSA use
cases: street address, city (in address), DB, MB, YB, EMAIL,
ethnicity, FN, LN, MI, MRN, nickname, sex, state, ZIP, and
TEL. MCHD and SSA do not have MRN; all 4 use cases include
the nickname and ethnicity as derived fields. The fields used in
the NBS use case were slightly different. The exact agreement
on the following fields was considered in the matching in the
NBS use case: street address, city, DB, MB, YB, physician’s
FN, physician’s LN, email address, ethnicity, FN, LN, MI, nick
name, MRN, NK_FN, NK_LN, sex, SSN, state, TEL, and ZIP.
The fields of exact agreement available for matching and their
percentages of missing values are summarized in Multimedia
Appendices 1-4 for the 4 use cases.

Within each run of the FS model, the estimate of block-specific
prevalence under each missing treatment was used to classify
record pairs as matches and nonmatches (see Classification of
Record Pairs); the union of matches from all 5 blocks is the set
of matches obtained.

Evaluation of Record Linking Performance
To evaluate the accuracy of these matching models, we
calculated the following metrics: sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and
F1-score, as well as their respective 95% CIs based on 999
bootstrap samples. The abovementioned metrics were estimated
from gold standard sets for which manual reviews established
the true match status. Our primary evaluation metric was the
F1-score.

Ethics Approval
This study was reviewed and approved by the Indiana University
Institutional Review Board (IRB#: 1703755361).

Results

The 4 use cases contained missing data to various extents.
Notably, 45.8% of the 47,334,986 records in the INPC use case
had no SSN, making it necessary to add other blocking schemes
that do not rely on the SSN. For the NBS use case, the SSN is
typically missing because infants do not receive an SSN for at
least 2 to 6 weeks after birth and often later if parents do not
initially request the identifier. When linking the other 2 use
cases SSA and MCHD to INPC, due to the INPC data set
missing SSN in 45.8% of its records, blocking on SSN alone
yielded only 4547 out of 5950 (76%) and 1531 out of 5927
(26%) of true matches in SSA and MCHD, respectively, based
on the manually reviewed subsets (Multimedia Appendices 5
and 6).

Additional blocking schemes are essential to increase match
sensitivity. As the FS algorithm is performed using paired data
per blocking scheme, its performance is directly affected by the
extent of missing values in the agreement vectors obtained by
comparing pairs of records within each block. We summarized
the proportions of missing data in the 5 blocking schemes of
each use case in Multimedia Appendices 1-4. The proportion
of missing values per block ranges from 0% to 100%. Fields
that were missing 100% within a blocking scheme contained
no information and, therefore, were not considered further. The
extent of missing values in a matching field does not necessarily
negatively correlate with the discriminating power of the field.

Matching fields with even substantial missing values nonetheless
proved to be useful in discriminating matches from nonmatches.
For example, the agreement status of email address comparison
is missing for 99% of record pairs in the DB-LN-MB-YB
blocking scheme of the INPC use case; the m- and
u-probabilities were estimated to be 0.01147 and 0.000204
under MAD and 0.3830 and 0.02553 under MAR, respectively.
The large ratios of the m-probability over the u-probability in
either case indicate the utility of email address in linkage. As
another example, the agreement status of zip code comparison
is also missing for 99% of record pairs in the FN-LN-MI-YB
block of the SSA use case, and the m- and u-probabilities were

estimated to be 0.02073 and 8.49×10−7 under MAD and 0.7538
and 0.000137 under MAR, respectively. In both examples, the
estimates of m- and u-probabilities are much larger under MAR
than under MAD, suggesting that a downward bias might be
incurred by artificially setting missing values to disagreement
in the MAD approach.

The fields used by the final FS models, either expert-specified
or data-driven per block per use case, are summarized in Table
3. Except for the SSA use case, where the number of fields that
could be used for matching is limited, the number of data-driven
fields is greater than the number of expert-specified fields for
the remaining 3 use cases.
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Table 3. Summary of modeling information by data use case and by blocking scheme.

Data-driven fieldsaExpert-specified fieldsaData and block

INPC

MRN FN SEX TEL ADR ZIP SSN CITY EMAIL ETH MI NICK STjMRNc FNd SEXe TELf ADRg ZIPh

SSNi
DB-LN-MB-YBb

MRN LN FN SEX TEL ADR SSN CITY EMAIL ETH MI NICK STMRN LN FN SEX TEL ADR SSNDB-MB-YB-ZIP

MRN SEX DB MB TEL ADR ZIP SSN CITY EMAIL MI ST ETH NICKMRN SEX DB MB TEL ADR ZIP
SSN

FN-LN-YB

MRN LN SEX DB MB YB ADR ZIP SSN CITY EMAIL ETH MI NICK STMRN LN SEX DB MB YB ADR ZIP
SSN

FN-TEL

MRN LN FN SEX DB MB YB TEL ADR ZIP CITY EMAIL ETH MI NICK STMRN LN FN SEX DB MB YB TEL
ADR ZIP

SSN

SSAk

SSN MI ZIPSSN MI ZIPFN-LN-DB-MB-YB

ZIP YB SSNZIP YB SSNFN-LN-MI-DB-MB

DB MB ZIP SSNDB MB ZIP SSNFN-LN-MI-YB

MI DB MB YB SSNMI DB MB YB SSNFN-LN-ZIP

LN FN MI DB MB YB ZIPLN FN MI DB MB YB ZIPSSN

NBSl

MRN SEXm DB MB YBm TEL ADR ZIP CITY DR_FN DR_LN MI NK_FN
NK_LN

MRN SEX DB MB YB TEL ADR ZIPLN-FN

MRN LN FN SEX YB TEL ADR CITY DR_FN DR_LN ETH MI NK_FN NK_LN
NICK

MRN LN FN SEX YB TEL ADRMB-DB-ZIP

LN FN SEXm DB MB YB TELm ADR ZIP CITY DR_FN DR_LN ETH MI NK_FN
NK_LN ST

LN FN SEX DB MB YB TEL ADR
ZIP

MRN

MRN LNm FN SEX DB MB YB TEL ADR ZIP CITY DR_FN DR_LN ETH LN
MI NICK ST

MRN LN FN SEX DB MB YB TEL
ADR ZIP

NK_LN-NK_FN

MRN LN FN SEX DB MB YBm ADR ZIP CITY DR_FN DR_LN ETH MI NK_FN
NK_LN ST

MRN LN FN SEX DB MB YB ADR
ZIP

TEL

MCHDn

MRN SEXm DB MB YBm TEL ADR ZIP CITY DR_FN DR_LN MI NK_FN
NK_LN

MRN SEX DB MB YB TEL ADR ZIPLN-FN

MRN LN FN SEX YB TEL ADR CITY DR_FN DR_LN ETH MI NK_FN NK_LN
NICK

MRN LN FN SEX YB TEL ADRMB-DB-ZIP

LN FN SEXm DB MB YB TELm ADR ZIP CITY DR_FN DR_LN ETH MI NK_FN
NK_LN ST

LN FN SEX DB MB YB TEL ADR
ZIP

MRN

MRN LNm FN SEX DB MB YB TEL ADR ZIP CITY DR_FN DR_LN ETH LN
MI NICK ST

MRN LN FN SEX DB MB YB TEL
ADR ZIP

NK_LN-NK_FN

MRN LN FN SEX DB MB YBm ADR ZIP CITY DR_FN DR_LN ETH MI NK_FN
NK_LN ST

MRN LN FN SEX DB MB YB ADR
ZIP

TEL

aColumns “Expert-specified fields” and “Data-driven fields” display the fields used in the Fellegi-Sunter (FS) model.
bDB-LN-MB-YB: day, month, and year of birth and last name.
cMRN: medical record number.
dFN: first name.
eSEX: sex.
fTEL: telephone number.
gADR: address.
hZIP: zip code.
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iSSN: Social Security number.
jFields (italicized) selected only by data-driven methods.
kSSA: Social Security Administration.
lNBS: newborn screening.
mFields not selected by the data-driven method but specified by experts.
nMCHD: Marion County Health Department.

The matching metrics of the 4 use cases evaluated on their
respective ground truth sets of randomly selected and manually
reviewed record pairs are displayed in Table 4. Multimedia
Appendices 5-7. From Table 4, we observe the following:

1. MAR improves the F1-score in general, whether matching
fields are expert-specified or data-driven; the improvement
in the F1-score comes from improved sensitivity with
comparable or better PPV. The largest improvement in the
F1-score occurred in the NBS use case, 0.874 with MAR
using data-driven fields compared with 0.837 with MAD
using expert-specified fields.

2. MAD using expert-specified fields had higher F1-scores
than F1-scores using data-driven fields (except for NBS).
As the number of data-driven fields is usually greater than
the number of expert-specified fields in a block, we
hypothesized that the artificial correlations among the large
number of data-driven fields induced by MAD adversely
affect the match performance.

3. MAR coupled with data-driven fields yielded F1-scores
comparable to or larger than those of MAR with
expert-specified fields and larger than the F1-scores of
MAD with both methods of field selection.

In the SSA use case, the F1-scores of both methods were similar,
0.873 for MAD and 0.875 for MAR, with either expert-specified
matching fields or data-driven matching fields, because both
field-selection approaches selected the same set of matching
fields. We examined the classification results within the classes
of true matches and true nonmatches in the ground truth set, on
whether the classified matches and nonmatches were similar or
whether the 2 methods made different mistakes. From the
diagonals in Table 5, we can see that the 2 methods produce
roughly congruent classification results in the classes of true
matches and true nonmatches. FS under MAR is slightly more

sensitive than FS under MAD: 26 true matches that are
misclassified as nonmatches by MAD are recovered as matches
by MAR; only 3 nonmatches are misclassified as matches by
MAR, but 1 nonmatch that is misclassified as a match by MAD
is correctly classified as a nonmatch by MAR. In summary, the
classification results are similar in the SSA use case; FS under
MAR is slightly more sensitive than FS under MAD, while
maintaining PPV, NPV, and specificity (Table 4).

The algorithms performed differently, partly because of the
different data quality of the use cases. The F1-score was 0.979
for INPC but only 0.874 for NBS (Table 4). First, INPC and
NBS use cases have very different patterns of missing data
across matching fields; for example, SSN is missing from 52.6%
to 69.7% of record pairs (except for the SSN block, which by
definition has no missing SSN) across the 5 blocks in INPC,
whereas SSN is missing in more than 98% of record pairs in
NBS (Multimedia Appendices 1 and 3). Second, the
discriminating powers of the same fields were different in the
2 use cases. A field has high discriminating power if its
agreement rate is high among matches and low among
nonmatches; otherwise, the data quality is indicated as low. For
example, the probabilities of agreement in the fields of the LN
and FN in the same DB-MB-YB and ZIP blocking scheme for
INPC and NBS show differential data quality: 94.45% of
matches of INPC agree on the LN, while only 89% of matches
of NBS do; on the other hand, only 0.45% of nonmatches of
INPC agree on the LN but 2.70% of nonmatches of NBS do;
94.36% of matches of INPC agree on the FN, while only 66.99%
of matches of NBS do; only 0.40% of nonmatches of INPC
agree on the FN but 3.45% of nonmatches of NBS do
(Multimedia Appendix 8). As the matching score is a summation
of the ratios of the agreement probabilities of the matches versus
the nonmatches on the log-scale across all matching fields, data
quality directly affects matching performance.
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Table 4. Matching results of the four use cases evaluated on their respective ground truth sets of random-selected and manually reviewed record pairs.

F1-score (95% CI)
Negative predictive
value (95% CI)

Positive predictive
value (95% CI)Specificity (95% CI)Sensitivity (95% CI)Value, NData

Expert-specified fields

INPCa

0.976 (0.974-0.978)0.960 (0.955-0.964)0.990 (0.988-0.992)0.990 (0.987-0.992)0.962 (0.958-0.967)15,000MADb

0.980 (0.977-0.982)0.968 (0.964-0.972)0.989 (0.987-0.991)0.988 (0.986-0.991)0.970 (0.966-0.974)15,000MARc

SSAd

0.873 (0.866-0.879)0.890 (0.884-0.895)0.989 (0.986-0.992)0.995 (0.994-0.996)0.781 (0.770-0.792)16,500MAD

0.875 (0.869-0.882)0.892 (0.886-0.897)0.989 (0.985-0.991)0.995 (0.993-0.996)0.785 (0.775-0.796)16,500MAR

NBSe

0.837 (0.830-0.843)0.791 (0.782-0.801)0.883 (0.876-0.891)0.881 (0.874-0.889)0.795 (0.786-0.804)15,000MAD

0.872 (0.866-0.878)0.846 (0.838-0.855)0.885 (0.877-0.892)0.873 (0.865-0.881)0.860 (0.852-0.868)15,000MAR

MCHDf

0.963 (0.959-0.966)0.966 (0.962-0.969)0.982 (0.979-0.986)0.989 (0.987-0.991)0.944 (0.937-0.949)15,500MAD

0.963 (0.959-0.966)0.967 (0.964-0.971)0.980 (0.976-0.983)0.988 (0.986-0.990)0.946 (0.940-0.952)15,500MAR

Data-driven fields

INPC

0.729 (0.719-0.737)0.682 (0.672-0.690)0.982 (0.978-0.985)0.988 (0.986-0.991)0.579 (0.568-0.590)15,000MAD

0.979 (0.976-0.981)0.968 (0.964-0.972)0.988 (0.985-0.990)0.987 (0.984-0.989)0.970 (0.966-0.974)15,000MAR

SSA

0.873 (0.866-0.879)0.890 (0.884-0.895)0.989 (0.986-0.992)0.995 (0.994-0.996)0.781 (0.770-0.792)16,500MAD

0.875 (0.869-0.882)0.892 (0.886-0.897)0.989 (0.985-0.991)0.995 (0.993-0.996)0.785 (0.775-0.796)16,500MAR

NBS

0.845 (0.839-0.852)0.805 (0.796-0.814)0.880 (0.873-0.888)0.875 (0.867-0.883)0.813 (0.805-0.822)15,000MAD

0.874 (0.868-0.880)0.851 (0.842-0.859)0.883 (0.876-0.890)0.870 (0.863-0.878)0.865 (0.858-0.873)15,000MAR

MCHD

0.754 (0.745-0.764)0.811 (0.804-0.818)0.929 (0.921-0.937)0.970 (0.967-0.974)0.635 (0.622-0.648)15,500MAD

0.967 (0.963-0.970)0.972 (0.968-0.975)0.979 (0.976-0.983)0.988 (0.985-0.990)0.954 (0.948-0.959)15,500MAR

aINPC: Indiana Network for Patient Care.
bMAD: missing as disagreement.
cMAR: missing at random.
dSSA: Social Security Administration.
eNBS: newborn screening.
fMCHD: Marion County Health Department.
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Table 5. Cross-tabulation of ground truth and classification results by the Fellegi-Sunter model under missing as disagreement (MAD) and missing at
random (MAR) for the Social Security Administration use case.

Values, NMARMAD

MatchNonmatch

Man_Rev_Status: matches

1303261277Nonmatch

464746470Match

595046731277Value, N

Man_Rev_Status: nonmatches

10,498310,495Nonmatch

52511Match

10,5505410,496Value, N

Discussion

The US health care system will likely not have a unique and
universal patient ID in the near future, so innovations such as
incorporating missing data under MAR and data-driven field
selection in the linkage algorithms are necessary to optimize
existing methods to ensure accurate patient identity and support
patient safety. Our findings are important because they
demonstrate improvements in linkage performance among 4
different but representative use cases. Our HIE-based
patient-matching laboratory has experience matching clinical
data from heterogeneous sources, including hospitals (inpatient
and emergency departments) [21,22], ambulatory care settings
[23], public health syndrome as captured by surveillance systems
[24], electronic laboratory reporting in case detection systems
[25], and NBS data [26]. Thus, we can specifically measure
variations in patient-matching performance across different use
cases for the same patient-matching approaches. Through this
work, we have shown that the performance of the 2
enhancements in patient-matching algorithms may have additive
values across different clinical use cases.

Although the assumption of missing at random is not verifiable,
the success of the FS algorithm coupled with MAR in our four
different use cases indicates that missing at random is a
reasonable assumption. As MCAR is a special case of MAR,
our algorithm works when data are MCAR. These results will
inform future research and development in patient-matching
spaces.

Furthermore, the superior performance observed with MAR
using data-driven fields over other combinations in the 2×2
design and four use cases suggests its potential value for
incorporation into privacy-preserving record linkage (PPRL)
methods. In PPRL, to preserve privacy, fields can be tokenized
(eg, using bigrams) into smaller parts and compared [27]. As
the tokens do not reveal the actual nature and content of the
field, an expert cannot specify matching fields as they can with
fields such as names, DB, SSN, etc. PPRL is a scenario in which
data-driven field selection coupled with MAR in the FS model
appears useful.

Finally, many data-driven fields may lead to model overfitting,
which is a prominent cause of the poor performance of machine

learning algorithms. In many applications in medical research
using latent class models, many covariates are available, and
the number of covariates overwhelms the number of
observations. This is the main motivation for most of the
variable selection literature to identify a subset of variables to
(1) estimate the association between the covariates and the
response variable and (2) obtain a parsimonious model that
describes the covariates and the response variable [28].
However, in record linkage, the primary concern is not
estimation but rather the prediction of the unknown response
variable—the class label of match or nonmatch, model
parsimony is irrelevant. Sample sizes in record linkage are
generally large: in our four use cases, even the sample size of
the smaller class of our smallest use case, MCHD, is
approximately 180,035 (Tables 1 and 2). Hence, the number of
matching fields used relative to the overall samples and the
within-class sample sizes were small, without concern for
overfitting. The FS model for record linkage is an unsupervised
algorithm in that the response variable indicates whether a pair
of records belonging to the same entity is unknown and is to be
inferred. As such, the veracity of any unsupervised classification
algorithm applied to a set of record pairs is tested on a
representative ground truth set in which the class labels are
obtained through manual reviews. As described in the Methods
section, we created a gold standard set of randomly selected
record pairs for each of the 4 use cases. Most importantly, the
match status of those record pairs in the gold standard sets was
not used in the FS model fitting process (including field
selection). As the data-driven fields used in the FS model under
MAR uniformly perform the best for all four use cases,
overfitting is not a concern because overfitting tends to hurt
performance.

While we strive to generate results that are applicable to the
broadest possible audience using a health informatics research
laboratory that captures a diverse set of data elements with
varying data characteristics, we cannot assure generalizability
with complete certainty. If our data are not representative of
other health systems, then our linkage results may not be
applicable. If the missing data mechanism is not MAR or MCAR
(eg, if the missingness of a data element is related to its value),
our algorithm will likely not work. Before applying our methods
to a data environment with missing data, we recommend creating
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a ground truth set of randomly selected record pairs whose
match status is manually reviewed to determine whether our
methods are applicable to a specific data environment.

Finally, our results suggest that accommodating missingness in
patient-matching algorithms can improve accuracy. While the
FS model is widely used, different FS implementations and
completely different models (eg, decision trees or boosting
algorithms) may exhibit a greater or lesser effect. We will
explore the potential of these machine learning tools in our
future work.

In summary, the combination of data-driven matching field
selection and MAR methods produced the best overall

performance for four real-world matching use cases. The MAR
method maintained or improved F1-scores regardless of whether
matching fields were expert-specified or data-driven, suggesting
that MAR is a reasonable assumption for patient-record linkage
in real-world settings. As the implementation of MAR requires
minimal effort and improves or maintains linkage accuracy, we
advocate using this approach over MAD in record linkage,
provided that adequate evaluation using manually reviewed
data is performed to ensure method generalizability to a specific
data environment. These methods can be useful for PPRL, where
expert field selection may not be possible.
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Multimedia Appendix 1
Table S1 Proportion of missing values by matching field in the Indiana Network for Patient Care (INPC) use case. For each
blocking scheme (column) the unshaded fields are used for matching in the final Fellegi-Sunter (FS) model for that block in the
data-driven approach.
[DOCX File , 38 KB - jmir_v24i9e33775_app1.docx ]

Multimedia Appendix 2
Table S2 Proportion of missing values by field in the Social Security Administration (SSA) use case. For each blocking scheme
(column) the unshaded fields are used for matching in the final Fellegi-Sunter (FS) model for that block in the data-driven
approach.
[DOCX File , 39 KB - jmir_v24i9e33775_app2.docx ]

Multimedia Appendix 3
Table S3 Proportion of missing values by field in the newborn screening (NBS) use case. For each blocking scheme (column)
the unshaded fields are used for matching in the final Fellegi-Sunter (FS) model for that block in the data-driven approach.
[DOCX File , 39 KB - jmir_v24i9e33775_app3.docx ]

Multimedia Appendix 4
Table S4 Proportion of missing values by field in the Marion County Health Department (MCHD) use case. For each blocking
scheme (column) the unshaded fields are used for matching in the final Fellegi-Sunter (FS) model for that block in the data-driven
approach.
[DOCX File , 39 KB - jmir_v24i9e33775_app4.docx ]

Multimedia Appendix 5
Table S5 Matching results of the SSA use case evaluated on a set of 16,500 randomly selected and manually reviewed record
pairs. The first two rows are the overall results combined from all blocks on the manually reviewed sample, with the first row
for MAD (missing as disagreement) and the second row for MAR (missing at random). Every subsequent two rows pertain to a
specific block, with the first containing the results of MAD and the 2nd row the results of MAR. Columns N, SEN, SPE, PPV,
NPV and F1 are the total number of manually reviewed record pairs, sensitivity, specificity, positive predictive value, negative
predictive value and F-score.
[DOCX File , 42 KB - jmir_v24i9e33775_app5.docx ]
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Table S6 Matching results of the newborn screening (NBS) use case evaluated on a set of 15,000 randomly selected and manually
reviewed record pairs. The first two rows are the overall results combined from all blocks on the manually reviewed sample, with
the first row for MAD (missing as disagreement) and the second row for MAR (missing at random). Every subsequent two rows
pertain to a specific block, with the first containing the results of MAD and the 2nd row the results of MAR. Columns N, SEN,
SPE, PPV, NPV, and F1 are the total number of manually reviewed record pairs, sensitivity, specificity, positive predictive value,
negative predictive value and F-score.
[DOCX File , 42 KB - jmir_v24i9e33775_app6.docx ]

Multimedia Appendix 7
Table S7 Matching results of the Marion County Health Department (MCHD) use case evaluated on a set of 15,500 randomly
selected and manually reviewed record pairs. The first two rows are the overall results combined from all blocks on the manually
reviewed sample, with the first row for MAD (missing as disagreement) and the second row for MAR (missing at random). Every
subsequent two rows pertain to a specific block, with the first containing the results of MAD and the 2nd row the results of MAR.
Columns N, SEN, SPE, PPV, NPV, and F1 are the total number of manually reviewed record pairs, sensitivity, specificity, positive
predictive value, negative predictive value and F-score.
[DOCX File , 42 KB - jmir_v24i9e33775_app7.docx ]

Multimedia Appendix 8
Table S8 Data quality of fields of last name and first name in the DOB-ZIP block of the Indiana Network for Patient Care (INPC)
and newborn screening (NBS) use cases.
[DOCX File , 36 KB - jmir_v24i9e33775_app8.docx ]
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Abstract

Background: With the increase in the use of the internet to search for health information about health-related problems, there
is a need for health care professionals to better understand how their patients search for and use the online health information
that may influence their medical decision making.

Objective: The aims of this study are to explore laypeople’s online health information search strategies and examine the
relationships between their search strategies and utilization behavior of online health information.

Methods: Two scales, namely match and elaboration, were used to measure patients’basic search strategies (ie, simple approach)
and advanced search strategies (ie, integrative approach), respectively. In addition, the consultation scale was used to evaluate
the participants’ use of online health information to consult doctors and others. A total of 253 outpatients without university
education were purposely selected and surveyed. The participants were outpatients at a university-affiliated teaching hospital.
Partial least squares-structural equation modeling (PLS-SEM) was performed to analyze the measurement model to specify the
measurement validation. In addition, the structure model of PLS-SEM was evaluated to examine the path correlations between
variables and to execute interaction effect and curvilinear relationship analyses.

Results: The results of the path correlation analysis by PLS-SEM showed that both elaboration strategy (path coefficient=0.55,
P<.001) and match strategy (path coefficient=0.36, P<.001) were positively correlated with consultation on online health
information with doctors and others. In addition, interaction effect and curvilinear relationship analyses indicated that there was
a significant interaction effect between elaboration and match on consultation (path coefficient=–0.34, P<.001) and a significant
curvilinear relationship between match and consultation (path coefficient=–0.09, P=.046).

Conclusions: Increasing patients’ exposure to online health information through both a simple search approach (ie, match
strategy) and a complex search approach (ie, elaboration strategy) may lead them to appropriately use the information to consult
doctors and others. However, the results of interaction effect and curvilinear relationship analyses highlighted the essential role
of the elaboration strategy to properly locate, evaluate, and apply online health information. The findings of this study may help
health care professionals better understand how to communicate with their patients through the health information on the internet.

(J Med Internet Res 2022;24(9):e29609)   doi:10.2196/29609

KEYWORDS

decision making; eHealth literacy; information search strategy; internet; patient; information-seeking behavior; laypeople; online
health information; patient communication
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Introduction

Background
With its convenient and widespread access to abundant
information, the internet has become the major source for
patients and the general population to retrieve health information
[1]. As reported by the Pew Research Center, approximately
80% of American internet users search the internet for online
health information [2]. In Taiwan, it is estimated that 83.4% of
residents aged 12 years and above have internet experience [3].
As reported by the Taiwan National Health Interview Survey,
1766 (64.4%) of the 2741 surveyed individuals used the internet
to search for online health information or services [4]. The issues
regarding online health information–seeking behaviors of
patients have attracted a great deal of attention, since the health
information located on the internet obviously influences patients’
medical decision making [5-7].

Having better access to health information on the internet
provides internet users with more possibilities to actively
manage their own health and medical utilization behaviors [8].
The internet is regarded as a powerful and influential tool
through which retrieving online health information may benefit
patients’empowerment, well-being health change, and healthier
behaviors [9,10]. Compared to infrequent users, frequent internet
users prefer more health-related information and decision
making and the internet enables them to make more informed
medical decisions [11]. In addition to medical decision making,
online health information influences patients’ communication
with physicians [12]. The result of a systematic review study
showed that online health information improves
patient-physician relationships as patients gain better access to
online health information and discuss it with their physicians
[13].

Despite the use of the internet to search for health information
making internet users more knowledgeable, patients seldom
discuss the information they find on the web with their doctors
[14]. The credibility of the diverse range of health information
on the internet has been of great concern, as its inappropriate
use may be potentially harmful to patients’ health and waste
medical resources [15,16]. In sum, online health information
without verification by experts could generate misinformation
and inappropriate health behaviors and hinder the
physician-patient relationship [16,17].

According to systematic review studies, it has been concluded
that the overall quality of online health information remains
problematic and should be considered [18,19]. However, a high
percentage (77%) of internet users tend to search for health
information through search engines due to the decentralized
nature of the internet [2]. An observational study on health
information–seeking behaviors showed a high tendency of using
search engines to look for health information [20]. As indicated
by an experiment, the most popular method for seeking health
information was to rely on the results of only 1 search engine
page and to use unaccredited information to answer health
questions without comparing and justifying them with other
sources [5]. Because of the high heterogeneity of online health
information sources, rather than merely relying on the first few

results provided by the search engine, the need to check certain
information against other information sources while searching
for online information about medical problems has been strongly
recommended [21,22]. The impacts of internet search strategies
on information retrieval and how patients use online health
information have been of great concern; however, the
information search strategies for health-related problems have
seldom been studied [7,23]. As suggested, there is a need to
conduct more in-depth surveys to better understand how online
health information–seeking behaviors influence the use of
information in health-related decision making [24].

With respect to the role of education in the use of the internet
for health information searching, it was reported that higher
education is significantly connected to a higher probability of
using the internet as the first source of health information [1].
The results of a population-based survey showed that
respondents with lower education levels less frequently access
health information from internet websites, while individuals
with university or higher education more frequently search the
internet for health information [10,25]. Regarding the use of
online health information, the role of education has been linked
to the use of credible information in health-related decision
making [26]. While looking for health care providers to solve
their medical problems, adult individuals with less formal
education are less likely to use online resources to consult online
rankings and reviews of doctors, hospitals, drugs, and medical
treatments [27]. In a study on health information–related seeking
and sharing behaviors among baby boomers and older adults,
the results showed that college graduates and postgraduates are
more likely than non-high-school graduates to seek and share
health information over the internet [24].

According to a systematic review on studies that measured
online health information usage, it was found that online health
information can support desired health decisions, including
increasing professional visits, asking questions during medical
consultations, and adhering to physicians’ advice [28]. This
review paper suggested that future studies strictly validate
instruments for investigating online health information–seeking
behaviors and carefully examine their impacts on health
decisions. Using the concept analysis methodology, 1 study
conducted a systematic review on the past 10 years of research
to analyze the concept of health information–seeking behavior.
The concept analysis results pointed out that the internet has
become a common and preferred channel for retrieving health
information. In addition to the importance of investigating how
individuals from different communities seek information on the
internet, the results of this study highlighted the lack of scales
that can further measure and understand health
information–seeking behaviors. They also concluded that there
is a need to advance individuals’ ability to adequately acquire
online health information and properly act on the acquired
information to make health decisions [29].

Research Purposes
Low levels of education have been correlated with undesirable
online health information–seeking behaviors [24,27]. Research
on the health information–seeking behaviors of the general
population without a university education has been an issue of

J Med Internet Res 2022 | vol. 24 | iss. 9 | e29609 | p.635https://www.jmir.org/2022/9/e29609
(page number not for citation purposes)

Chiu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


concern [22]. In addition, it was indicated that laypeople without
a university background may receive less training in information
search strategies and have difficulties searching for health
information on the internet [5]. However, it was argued that
either simple or complex search strategies would benefit general
health information seekers to gather useful health information
[5,20]. However, it was reported that those with low educational
levels may not benefit from online health information, since
they do not access alternative health information from health
care providers [30]. As suggested, it is a major topic to explore
how laypeople conduct either basic or advanced search strategies
to obtain online health information to investigate and solve their
health problems [20,31].

Therefore, this study examined in which manners patients
without a university degree search for health information over
the internet and how they use that information to answer their
health-related questions. Thus, the correlations between patients’
health information search strategies and utilization behaviors
were explored. Since the variables of search frequency, age,
and sex were regarded as influential demographics in patients’
health information–seeking behaviors as well as doctor-patient
consultations [32,33], these variables were also measured and
recruited in the analyses and treated as control variables. Based
on the aforementioned objectives, this study aimed to examine
the following research questions:

• Question 1: Are there correlations between laypeople’s
health information search strategies and their health
information utilization?

• Question 2: Are there interaction relationships between
health information search strategies and health information
utilization?

• Question 3: Are there curvilinear relationships between
health information search strategies and health information
utilization?

Methods

Recruitment
To examine laypeople with a low-level education background,
a probable sample of outpatients without university education
was purposefully selected and surveyed in a large-scale,
university-affiliated teaching hospital. The criterion for
recruiting participants was having experience of searching for
online health information. All the participants surveyed were
patients who visited an outpatient clinic for health-related
problems and consulted a doctor about their problems. All the
participants voluntarily participated in this study by responding
to the survey. Informed consent for the survey was obtained
from individual participants. In addition, their privacy has been
strictly protected.

Instruments

Procedure for Developing and Validating the
Measurements
According to the process suggested, the measurement
development of this study was conducted in several steps
involving theoretical and practical considerations [34]. With

respect to the theoretical aspect, 2 measurements, the
Information Commitment Survey (ICS) and Online Health
Information Utilization (OHIU), were adopted from previous
works that have involved clearly conceptual definitions and a
theoretical basis for these measurements [7,35]. After receiving
permission from the corresponding authors of these studies, the
Chinese versions of the ICS and the OHIU were obtained and
used in this study. Next, the wording of the items relating to the
elaboration strategy, match strategy, and consultation were
carefully modified to assess individuals’ opinions on searching
for and using online health information. To ensure content
validity, we requested 2 medical experts and 1 expert in
information science to evaluate the correspondence between
the individual item and its theoretical construct. In addition, we
purposively recruited 10 representative participants in a pilot
test to subjectively check whether the wording and readability
of the ICS and OHIU were appropriate. Finally, we conducted
partial least squares-structural equation modeling (PLS-SEM)
to analyze the measurement model and examine the reliability,
discriminant validity, and convergent validity of the
measurements.

Demographic Variables
Demographic variables, including age, sex, and search
frequency, were measured and recruited in the statistical
analyses. Age was the participants’ actual age. For sex, males
were coded as 1, while females were coded as 2. The search
frequency, that is, the patients’ frequency of using the internet
to search for health information for health-related problems,
was measured with a 6-point scale ranging from 1 (rarely) to 6
(always).

Information Commitment Survey
Two constructs retrieved from the ICS signified web users’
information search strategies, namely the elaboration strategy
and the match strategy [34,35]. These 2 constructs were
modified and used to assess patients’ online information search
strategies for answering their health-related questions. These
measurements were evaluated with a 6-point Likert scale ranging
from 1 (strongly disagree) to 6 (strongly agree), indicating
participants’ opinions on each item of the search strategy. The
details of the elaboration and match strategies are as follows.

• Elaboration as a search strategy (elaboration): evaluating
the extent to which web users have metacognitive thinking
and integrate information from diverse websites to find the
best solution to fulfill their purposes. Example item: I can
integrate the information retrieved from various websites.

• Match as a search strategy (match): assessing the extent to
which web users wish to find a few websites containing
fruitful and relevant information to match their searching
purposes. Example item: I wish to find a single website
containing the most fruitful information.

Online Health Information Utilization
The online health information consulting scale, named
consultation, which is a subscale of the OHIU questionnaire,
presented patients’ behaviors of using the health-related
information retrieved from the web to consult doctors, experts,
and relatives [7]. The items of consultation were measured with
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a 6-point Likert scale ranging from 1 (strongly disagree) to 6
(strongly agree), indicating participants’ opinions on their
consulting behaviors. The definition of consultation is as
follows:

• Consulting scale (consultation): measuring the extent to
which patients consult others about the online health
information they retrieve. Example item: I will discuss with
a physician the issues regarding the medical information
retrieved on the internet.

Data Analysis
Statistical software packages for social science SPSS Statistics
version 22 (IBM Corp) and SmartPLS3 (SmartPLS GmbH,
Germany) were used to conduct statistical analyses. Using partial
least squares-structural equation modeling (PLS-SEM) analysis,
the measurement model of 2 instruments and the structural
model of the research hypotheses were examined based on the
2-stage procedure recommended by Hair et al [36]. The
statistical software SmartPLS3 was used to execute the
PLS-SEM procedure. First, this study evaluated the reliability
and validity of the ICS and OHIU instruments, including factor
loadings, composite reliability (CR), average variance explained
(AVE), and the Fornell-Lacker criterion [37]. Next, we executed
path correlation analysis to examine the relationships among
the participants’ age, sex, search frequency, elaboration, match,
consultation, moderating term of elaboration and match,
quadratic term of elaboration, and quadratic term of match. P
values less than .05 indicated significant loadings and significant
correlations between variables. Moreover, CR values greater
than 0.7 and AVE values greater than the threshold value of 0.5
were considered as having adequate construct reliability and
acceptable convergent validity, respectively [38].

Ethical Considerations
This study was exempt from Institutional Review Board
oversight in accordance with Article 5 of the Human Subjects

Research Act of the Ministry of Health and Welfare, Republic
of China (Taiwan) [39], and the “Scope of Human Research
Cases Exempt from Ethical Review Board Review” announced
by Ministry of Health and Welfare, Taiwan on 5 July 2012,
pursuant to Wei-Shu-Yi-Zi (#1010265075) [40].

The research involved the use of questionnaires and survey
procedures and was conducted in a public setting. The
information obtained was recorded in such a manner that human
subjects cannot be identified, directly or through identifiers
linked to the subjects. Informed consent was obtained from all
participants involved in the study, and the participants were
subjected to no medical interactions or interventions other than
ongoing usual care. The study was also conducted in accordance
with the ethics standards required by the Declaration of Helsinki
issued in 2013.

Results

Participants
A sample of 253 outpatients without a university academic
degree was recruited for this study. The participants included
134 (53%) males and 119 (47%) females, who were outpatients
at a university-affiliated teaching hospital in the northern area
of Taiwan. Their average age was 45.73 (range 30-69) years.

Results of Correlation Analysis
Table 1 provides the means and SDs of the variables and the
Pearson correlation coefficients between them. As shown in
Table 1, elaboration was linked to age (r=0.17, P<.01) and
search frequency (r=0.24, P<.001) with positive correlation
coefficients. In addition, both elaboration strategy (r=0.55,
P<.001) and match strategy (r=0.31, P<.001) were positively
correlated with consultation. That is, patients with high intent
to conduct elaboration and match searches were more likely to
consult others about the online health information they retrieved.

Table 1. Means (SDs) and correlations of variables.

CorrelationMean (SD)Variables

MatchElaborationSearch frequencyAge

N/AN/AN/AN/Aa45.73 (7.70)Age

N/AN/AN/A–0.073.41 (1.07)Search frequency

N/AN/A0.24c0.17b4.68 (0.74)Elaboration

N/A0.09–0.060.114.36 (0.84)Match

0.31c0.55c0.090.18b4.38 (1.07)Consultation

aN/A: not applicable.
bP<.01.
cP<.001.

PLS-SEM Analysis of the Measurement Model
PLS-SEM analysis of measurement model showed that the 9
items of 3 factors (elaboration, match and, consultation) had
significant and satisfactory factor loadings ranging from 0.60
to 0.92. The CR value of each construct was fairly good, ranging
from 0.81 to 0.89. Moreover, the AVE values were larger than

the threshold value of 0.5, ranging from 0.59 to 0.74, showing
acceptable convergent validity [41]. Based on the Fornell-Lacker
criterion, the square root of the AVE for each factor (ranging
from 0.77 to 0.86) was higher than the corresponding interfactor
correlations (ranging from 0.09 to 0.55), suggesting reasonable
discriminant validity [37]. For details of the measurement model
analysis, please refer to Multimedia Appendix 1.
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Path Correlation Analysis of the Structural Model
Combined with main variables, demographic variables,
moderating term, and 2 quadradic terms, path correlation
analysis was performed using SmartPLS3. The main variables
containing elaboration, match, consultation, and demographic
variables, including sex, age, and search frequency, were
involved in the structural model to evaluate the path coefficients
between the variables. To further examine the nonlinear effects
of elaboration and match on consultation, following the
procedure suggested, we used the 2-stage approach to create a
moderating term (interaction effect between elaboration and
match) and 2 quadratic terms (quadratic effects of elaboration
and match) on the basis of standardized data [42].

Figure 1 presents the path coefficients of the structural model.
The elaboration (path coefficient=0.55, P<.001) and match (path
coefficient=0.36, P<.001) showed positive correlations between
consultation, while the moderating term (path coefficient=–0.34,
P<.001) and quadratic terms of match (path coefficient=–0.09,
P=.05) showed negative correlations with consultation.
Regarding demographics, sex, age, and search frequency did

not have significant correlation with consultation. Overall, the

R2 value for consultation was 0.49, while the adjusted R2 value

was 0.47. In addition, the f2 values of elaboration, match,
moderating term, and quadratic terms ranging from 0.18 to 0.43
were higher than 0.025, showing large effects of independent
variables [42]. Moreover, the values of the variance inflation
factor (VIF) for independent variables ranged from 1 to 2.84,
indicating that there was no problem of collinearity [41].

To further illustrate the curvilinear relationship of match with
consultation, we used the means of latent variables calculated
by PLS to estimate the quadratic equation of consultation on
match. The scatter plot with its trend curve is plotted in Figure
2. As presented, the coefficient of x was positive, while the

coefficient of X2 was negative, indicating a concave downward
relationship between match and consultation. That is, an increase
in match had an initial positive effect on consultation, but the
effect became weaker and even changed direction when match
reached a high level, suggesting that match has a decrement of
positive effect on consultation.

Figure 1. Path correlations of the structure model. *P<.05, ***P<.001

Figure 2. Nonlinear graph of the match variable.

To better understand the interaction effect between elaboration
and match, we used the standardized latent means of elaboration

and match calculated by PLS to analyze the regression of
consultation for representative groups. As suggested, the low-

J Med Internet Res 2022 | vol. 24 | iss. 9 | e29609 | p.638https://www.jmir.org/2022/9/e29609
(page number not for citation purposes)

Chiu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


and the high-match group were chosen at low (–1 SD from the
mean) and high (1 SD from the mean) values of match,
respectively [43,44]. To observe the crossover interaction, the
consultation scores for the low- and high-match groups were
calculated at a low level (–1.5 SD) and a high level (1.5 SD) of
elaboration, respectively [44]. Next, the predicted values for
each group were produced by multiplying the respective
unstandardized regression coefficients for each variable at an
appropriate value (eg, high match=1, high elaboration=1.5).
Figure 3 shows the plot of interaction between match and
elaboration. The solid line is for the low-match group (at a value

of –1), while the dotted line is for the high-match group (at a
value of 1). The result indicates that elaboration had a positive
effect on consultation for both the low- and the high-match
group. However, the slopes show that when the match was low,
the effect of elaboration on consultation was stronger than that
of a high match. Furthermore, the crossover interaction shows
that when elaboration was low, the high-match group had a
higher consultation score than that of the low-match group. On
the contrary, when elaboration was high, the low-match group
had a higher consultation extent than that of the high-match
group.

Figure 3. Interaction effect between match and elaboration on consultation.

Discussion

Principal Findings

Role of Education in Health Information Seeking
It has been reported that online health information may
potentially benefit individuals by making them better informed,
resulting in more effective health outcomes; on the contrary,
misinformed health information may result in inappropriate use
of medical resources [15]. In addition, studies have indicated
that individuals with lower education levels are less likely to
access websites for health information and show unsuitable
utilization behaviors, while people with university degrees more
frequently access online health information using complex and
expanded information search strategies [10,25,26]. Therefore,
the population without university degrees has been regarded as
an important target group to examine their online health
information navigation behaviors [22]. Accordingly, the results
of this study may provide expanded views on the online health
information search behaviors of those with low educational
backgrounds.

Positive Influences of Health Information Searching on
Consultations
As can be seen from the results presented in Table 1, the
correlations between information search strategies and
consultation showed that both match strategy and elaboration
strategy have positive influences on the usage of online health
information to consult others. That is, no matter what search
strategy the patients used to gather online health information,
they were willing to further discuss the information with medical
experts or others. Despite an advanced search strategy, such as
an analytic approach, being considered an important factor
connected with accurate search results, it was emphasized that
simple strategies, such as the browsing approach, which may
be efficient and successful, need not necessarily be rejected
[23]. As was expected, patients with more exposure to health
information through information communication technology
(both advanced and simple approaches) were more likely to
perform healthier behaviors, suggesting a potential way for
health care professionals to encourage their patients to access
online health information and communicate health information
with them through digital media [10].
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Curvilinear Relationship of Match With Consultation
Curvilinear analysis of the match strategy indicated that it was
positively linked to consultation willingness, but the correlation
became weaker and even changed direction as the match strategy
reached a high level. That is, accessing online health information
through the match strategy is necessary and helpful for
consulting health care professionals about the retrieved
information, but too much use of this simple approach may
disadvantage consultation behaviors. Similarly, it was reported
that health information seekers without medical expertise are
more likely to use search engines to perform a simple search;
although it would be useful to engage them in the information
discovery process, it also may become a barrier to further
obtaining the most suitable solution [20].

Based on the theory of planned behavior (TPB), it was indicated
that abundant information may overload information seekers
and result in their psychological ill-being (eg, depression and
anxiety), which may discontinue their intention to use the online
health information [45]. Accordingly, it may explain why the
match strategy has a positive influence on consultation behavior,
implying that gathering relevant information from a few
resources may support information seekers’ continuous use of
online health information. Nevertheless, an overwhelming
amount of information retrieved by the match strategy without
the skills of evaluating and integrating such information may
discourage its continuous use. To summarize prior research,
there are interesting findings on health information seekers’
health information–seeking behaviors and responses to the
gathered information [5,20,31]. Simple lookup search strategies
may have both advantages and disadvantages for individuals’
health information–seeking behaviors [5,20,31]. Furthermore,
it was demonstrated that multiple health information sources
through an instant search approach can lead to information
overload and result in information avoidance, suggesting the
need for training on advanced health information–seeking skills
to manage and integrate diverse information sources [46].

The Elaboration Strategy Is Essential to Desired
Health-Seeking Behavior
As laypeople do not have medical expertise, they tend to adopt
basic search strategies to look up online health information for
retrieving facts and answering health questions [20,47].
However, the correlation analyses in this study showed that the
elaboration strategy has more positive influences on consultation
than the match strategy. In addition, interaction effect analysis
indicated the important role of the elaboration strategy in
reinforcing patients’ willingness to further consult medical
experts or others with the online health information they have
found, especially patients with a tendency to adopt a low-match
strategy. In conclusion, the elaboration strategy may be a better
choice than the match strategy through which to encourage
patients to gather and integrate numerous types of health
information and use such information appropriately. To further
understand and interpret health information, health information
seekers have to adopt advanced search strategies to scan and
justify the search results [47]. As suggested, patients and their
relatives were encouraged to conduct more advanced search

strategies to recognize credible and appropriate health
information sources [32].

The Importance of eHealth Literacy for Advancing
Health-Seeking Behavior
In Taiwan, an investigation on health information–seeking
behaviors showed that internet users with high educational levels
(university and above) are more likely to use the internet for
health information searching. Regarding the effects of health
information searching, a majority of the respondents used such
health information to ask physicians questions and to make
decisions on disease treatment and whether to consult a
physician [4]. Therefore, online health information seeking can
be regarded as a channel through which health care professionals
can enhance patient-physician relationships and help patients
by recommending credible health information sources.

In conclusion, there is a need to investigate how to stimulate
internet users with low educational levels (without a university
education) to use health information to consult health care
professionals and to have positive effects on their treatment
decisions and health outcomes. Based on the results of this
study, health care professionals may better know how
medicine-related information search strategies (ie, match and
elaboration strategies) can benefit patients with low educational
levels when turning to the internet for making health decisions
[26]. In sum, this subpopulation (those with less education) may
benefit from online information only when they have access to
alternative health information sources, such as health care
providers [30].

When compared with the low-level-eHealth-literate group,
high-level-eHealth literate individuals who have a good ability
to seek, locate, evaluate, and apply online health information
were recognized as more frequent health information seekers
and were better at using effective online health information
search strategies to address their health concerns [5]. As
suggested, improving eHealth literacy may promote individuals’
use of effective online information-seeking strategies and
identify high-quality health information sources. In the case of
this study, for patients in both the low- and the high-match group
(in particular, those with a low tendency to adopt the match
strategy), developing their eHealth literacy may encourage their
intent to use the elaboration strategy and consult health care
professionals.

Limitations
Several limitations of this study should be noted. First, this
study targeted laypeople without a university education in order
to examine their online health information search behaviors
rather than other populations with a university degree or higher
educational background. That is, the results of this study should
be cautiously interpreted and inferences should be made with
care. The second limitation is the sampling method used in this
study. The participants included in this study were purposefully
recruited from 1 university-affiliated teaching hospital rather
than from other clinical settings, such as small hospitals or
private clinics. Therefore, the generalizability of the study results
is limited to other clinic settings and regions in Taiwan. Third,
instead of objective data, such as log files, the data of this study
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were collected from patients’ subjective opinions and attitudes.
Thus, the self-reported bias should be considered. Finally, a
few predicting factors, including age, sex, search frequency,
and search strategies, were explored in this study and recruited
in the regression analysis model. Although the results of PLS
path analysis indicated that a high proportion of variances was
explained by the predictors, there is still a need to further
consider other predictors or confounding factors, such as severity
of illness and accessibility of medical resources, which may
influence how patients use online health information.

Conclusion
Although there are challenges for laypeople, who are not
medical experts, and who do not have a university degree to
properly access and evaluate the credibility and accuracy of
health information retrieved from the internet [10,22],
understanding their online health information search strategies
and use of such information may help health care professionals
better know how to lead their patients to appropriately search
for and communicate about online health information with
medical experts. Certainly, the internet is an essential tool
through which patients may approach the low-cost wealth of
health information; however, it is an additional source of health
information, which should not necessarily replace traditional
health information offered by health care professionals [9].

Based on the findings of this study, we provided practical
suggestions in several aspects. As suggested, the public
population and patients were encouraged to gather health
information from multiple sources, including medical experts’
advice, as well as alternative opinions from the internet [7,25].
It has been indicated that patients use online medical information
to integrate with advice from friends, family, and physicians in
order to confidently make their medical decisions [12].
According to the results of this study, patients without a
university degree should be supported to obtain more exposure
to online health information through both complex and simple
search approaches, which in turn may induce them to consult
medical experts about such information. In addition, it was
suggested that health care providers should recognize that their
patients are using the internet as a medical information source,

and should be prepared to help patients to carefully identify the
quality of online health information and appropriately use such
information [48]. That is, medical professionals must be aware
that they are eligible to direct patients’health information search
behaviors and empower them to engage in an informed and
active way in their own medical decision-making process.
Finally, we recommend that health care providers offer
high-quality information on well-designed medical websites.
To assist patients in adopting simple searches and becoming
advanced explorers, there is a need to provide better information
tools and quality content for them to surf the internet full of rich
information and many pitfalls [47]. While conducting a heuristic
search, patients sometimes reject credible websites with
high-quality content due to poor visual appeal and unclear
interface design [12]. In other words, well-designed websites
built by medical professionals containing a clear interface and
quality health information can draw the attention of patients
and lead them to access trustworthy information while looking
up health information on the internet.

Meanwhile, the results of the interaction and curvilinear analyses
suggested that the elaboration strategy is a more recommendable
approach than the match strategy through which patients are
more likely to use online health information to consult with
their doctors or others about their health-related problems. To
stimulate patients’ online health information search strategies
in more advanced ways, it has been suggested that advancing
patients’ eHealth literacy (ie, ability to search, locate, evaluate,
integrate, and apply electronic health information) may support
them to conduct appropriate information search strategies, justify
reliable and useful information, and use such information in an
effective manner [5,45].

In summary, this study acknowledges how patients without a
university degree search for health information over the internet,
how they share the information with doctors and others, and
how to guide them to accurately use the information sources.
As patients have better access to additional medical advice over
the internet and can discuss such information with health care
professionals, they are expected to be more involved in
appropriate health information and engaged in their medical
decision making.
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Abstract

Background: A Trusted Research Environment (TRE; also known as a Safe Haven) is an environment supported by trained
staff and agreed processes (principles and standards), providing access to data for research while protecting patient confidentiality.
Accessing sensitive data without compromising the privacy and security of the data is a complex process.

Objective: This paper presents the security measures, administrative procedures, and technical approaches adopted by TREs.

Methods: We contacted 73 TRE operators, 22 (30%) of whom, in the United Kingdom and internationally, agreed to be
interviewed remotely under a nondisclosure agreement and to complete a questionnaire about their TRE.

Results: We observed many similar processes and standards that TREs follow to adhere to the Seven Safes principles. The
security processes and TRE capabilities for supporting observational studies using classical statistical methods were mature, and
the requirements were well understood. However, we identified limitations in the security measures and capabilities of TREs to
support “next-generation” requirements such as wide ranges of data types, ability to develop artificial intelligence algorithms and
software within the environment, handling of big data, and timely import and export of data.

Conclusions: We found a lack of software or other automation tools to support the community and limited knowledge of how
to meet the next-generation requirements from the research community. Disclosure control for exporting artificial intelligence
algorithms and software was found to be particularly challenging, and there is a clear need for additional controls to support this
capability within TREs.

(J Med Internet Res 2022;24(9):e33720)   doi:10.2196/33720

KEYWORDS

data safe haven; health data analysis; trusted research environment; TRE

Introduction

A Trusted Research Environment (TRE), sometimes also known
as a Data Safe Haven, Virtual Research Data Center, or Virtual
Data Enclave, is a secure environment designed for approved
and named researchers to access sensitive data, where access
to specific data sets is provided to approved research projects.
To protect the confidentiality and privacy of the data, TRE
providers and researchers using the environments generally
follow a set of TRE principles. Such principles have developed
over time, for example, the Scottish Safe Haven Charter and

the Health Data Research Alliance Trusted Research
Environment Green Paper [1-3].

The objective of a TRE is to provide safe and trustworthy access
to data for research. Controls are generally applied to both the
import and export of data to protect the privacy of data subjects
and the integrity of the environment itself. For example, a
researcher may be given access to a data table listing the age,
medication taken, and hospital admission information on each
of 5000 people. They will be allowed to identify and publish
aggregate statistical observations that people aged >60 years
who are taking a particular drug were x% less likely to be
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admitted to the hospital with heart problems, but the details of
each individual will never leave the TRE.

Within the secure environment, researchers can analyze these
data using a set of advanced analytics tools, for example, R and
SPSS. Some TREs also offer the researcher the capability to
program within the environment, support the development of
new artificial intelligence (AI), and apply natural language
processing for the analysis of unstructured text.

Many TREs have been developed to host health data. For
example, in the United Kingdom, several TREs are established
to host health records from the National Health Service (NHS),
the publicly funded health care system of the United Kingdom
[4-8]. A similar model has since been adopted to provide secure
access to many other non–health-related data sets [9-11]. Many
TREs now regularly host both health-related and
non–health-related data. Providing researchers access to
sensitive data sources without compromising the privacy and
security of the data is a complex process. Historically, TREs
have mainly supported observational studies on text-based
structured data using standard statistical packages. There is a
growing requirement from the research community (academic
and industrial) for TREs to provide additional capability beyond
simple support for observational data statistical analysis, but
without compromising the security or privacy of the data. In
this paper, we term these requirements as next-generation TRE
capabilities. These include the following:

1. Support for big, nonstructured data (such as genomic and
imaging data, which can be several terabytes in size)

2. Ability to parallelize computational jobs to either a
high-performance computing cluster or a graphics
processing unit (GPU) farm

3. Support for software development within the TRE
4. Freedom to install software packages of researcher choice
5. Ability to export software and AI algorithms from the

environment
6. Ability to connect to certain internet locations, for example,

code repositories (GitHub)

This study aims to understand the state of the art in supporting
next-generation TRE capabilities; existing technical security
measures that have been adopted and how widely; and
limitations in existing controls and processes, where active
studies are required to develop novel methods.

Methods

Participant Recruitment
A total of 73 individuals from 42 different organizations (n=22,
52% in the United Kingdom and n=20, 48% overseas) were
invited to participate, but response rates were substantially
higher in the UK cohort (20/73, 27% responses vs 7/73, 10%
responses), perhaps owing to greater familiarity. A few
respondents either declined or were unable to participate for
practical reasons, and 3% (2/73) of them felt that their situation
was already covered by other participants from related
institutions, so they were not counted separately.

The findings are based on interviews conducted with 84%
(16/19) of TRE providers in the United Kingdom and 16%
(3/19) of TRE providers across Canada, Australia, and Europe.
Each interview took approximately 2 hours, using a set of
questions that were designed to cover TRE controls and
next-generation capabilities (Multimedia Appendix 1).

Building upon the Five Safes model [12], the recent HDR UK
Green Paper [2] describes seven “Safes”: safe people, safe
projects, safe setting, safe computing (an extension of safe
setting), safe data, safe outputs, and safe return (extending the
TRE definition). This study focuses on a subset of the controls
that will support next-generation TRE capabilities (data, outputs,
settings, computing, and people). Textbox 1 provides a summary
of the topics that were discussed with the participants during
the interview, under each of our subset of the 7 Safes.

The interview participants were recruited mainly from the
technical TRE infrastructure teams. A nondisclosure agreement
was signed by the project parties, to provide assurance for any
participant who chooses to disclose information of confidential
or proprietary nature. We have anonymized the responses in
this paper and grouped them under different Safes. There were
some differences in some controls and measures from TREs
from different countries, but we could not directly highlight
these as they may have affected the anonymity of participants.

Where relevant, we also present our analysis of the TRE
limitations identified and recommendations that we believe can
help improve TREs.
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Textbox 1. Safes and discussion points.

Safe data

• Tools and techniques used to manage and reduce the potential risk of reidentification by applying disclosure control to all data imported to the
Trusted Research Environment (TRE)

Safe outputs

• Types of data that can be exported from the TRE

• Future plans to enable export of additional types of data

• The process used for checking disclosure control on data to be exported, including frequency and restrictions

• Software and any manual checks used for disclosure control

Safe settings

• Standard build of the TRE (including computing power, operating system, and software)

• Maximum computing power offered to TRE “power” users

• Security measures used to mitigate the risk of unauthorized access, data loss, and misuse

• Rules regarding the import of data or code (including libraries) into the environment

• Support for federated queries of data from external sources

Safe computing

• Use of private (dedicated hardware) or public cloud (paying for capacity from a service such as Amazon Web Services or Azure)

Safe people

• The controls put on the people who use the TRE

• Whether access to the environment must be via a recognized “trusted” organization

Ethics Approval
The work presented in this paper was considered by Abertay
University Ethics Committee on May 28, 2020, and granted full
approval, with reference number EMS3012.

Results

Safe Data

Overview
The principles of safe data relate to the data allowed to be
imported into the TRE. Good practice indicates that such data
should be of high quality and pseudonymized or anonymized
[2]. Researchers accessing the TRE should only be able to access
the data necessary for their research project; the work of
protecting data begins by applying disclosure control to control
and assess data provided to the researchers within the TRE,
before a second pass at the export stage regulates the data those
researchers are allowed to disclose publicly within their research
output.

Many TREs provide a service to link and anonymize data from
different data sources. Such research projects often require data
governance approval before researchers can access the data.
TREs often require researchers to sign data user agreements,
which reinforce the rules and consequences of violations. During
the interviews, participants were asked to discuss the existing
tools used to support safe data and their views on future
solutions. These are discussed in the following sections.

Breaches or Near-Miss Incidents
Each participating TRE has processes in place for incident
response, including reporting to the appropriate authorities when
required. None of them reported any actual reportable incidents.
In total, 9% (2/22) of the participants acknowledged that there
can be lapses of procedure (these are different from data
breaches and do not need to be reported to the Information
Commissioner’s Office), where a researcher may request to
export data that are not permitted, perhaps owing to researcher
error. In these cases, the incident will be addressed with a
process for review, formal warning, and retraining, if necessary.
One participant described an incident in which a field that
normally contains facility or hospital names was provided to a
researcher, and some records included private addresses in this
field. Then, these data were retracted and resupplied with a
placeholder for private addresses. In this example, the data were
not released outside the TRE, but researchers saw the potentially
identifiable data within the TRE environment.

Tools and Techniques Used to Manage the Risks of
Reidentification

Overview

Most participants (16/22, 73%) do not rely on special purpose
disclosure control tools, but on their analysts’ knowledge and
communication about the purpose of the project and the nature
of the data. Ultimately, TREs exist with the aim of providing
“safe data” sufficient for the project’s needs. Generally, patient
IDs are replaced with either TRE-specific or project-specific
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identifiers; where possible, other identifying information is
redacted or reduced in resolution, for example, replacing a date
of birth with a year or month of birth. The combination of data
across projects is not allowed and is made impractical through
the use of project-specific pseudonyms in place of original
identifiers.

A total of 18% (4/22) of the participants explicitly measure
disclosure risks at the import stage for each project; however,
all participants (22/22, 100%) acknowledged that disclosure
risk is an important factor when evaluating a new project
application. As part of this process, a TRE has all data
scrutinized by an external organization, using the k-value (the
minimum number of individuals sharing any combination of
identifying characteristics) to quantify the reidentification risk
for each data set [13]. For example, a data set classifying patients
by age and gender, with a minimum of 4 patients in each
category, has k=4. Grouping patients into larger age bands will
increase the k-value, thus reducing risk at the expense of reduced
data resolution. TREs apply a similar measure as part of the
export process, usually requiring a minimum of 5 to 10
individuals in any output grouping to ensure that no individual
can be reidentified, as detailed in section 3.2.

A total of 18% (4/22) of the participants reported using tools
to support checks during the import and export processes. Each
of them used a different tool, as follows:

1. sdcMicro (as discussed in section 2.6) is a free R-based
open-source package that assesses the risk of a data set
containing identifiable data using various risk estimation
methods [14].

2. Privitar’s Data Privacy Platform product applies
user-defined policies for filtering and transforming data,
including adding random “noise” to numerical values in
configurable ways to reduce identifiability [15].

3. Custodix Anonymisation Tool Services deidentification
platform [16] provides both assessment and deidentifying
transformation of various types of data (eg, comma
separated variables and Digital Imaging and
Communications in Medicine).

4. Privacy Analytics Risk Assessment Tool [17] is used by a
TRE to assess risk, redact, and deidentify source data and
to assess export requests.

Recommendations

There is a need for affordable tools that can be used in TREs to
support deidentification of data and assess the risk of
reidentification; in particular, building on the existing use of
the free sdcMicro toolkit should be considered. Data
identifiability is not binary [18], and data can be identified
indirectly by combining attributes, which is known as a
triangulation attack [19].

Safe Outputs

Overview
Participants were asked which data types can be exported from
their TRE and what controls are placed on the export of data.
These checks are more extensive than those for imported data,
adding checks for deliberate attempts to hide data, for example,

as white text in the document or embedded in Stata code and
generic checks on the actual data going further than the input
checks—usually an absolute prohibition on data regarding any
individual (“row-level”).

Generally, the researcher explicitly requests the export of
specific files, which are then reviewed by TRE staff, and in
some cases, other relevant external parties (eg, data owners)
before the permission to export is granted. All the participants
have instructions that document the manual checks required.
The team determines the extent of checks required at the data
or project level based on the sensitivity of the data. For example,
openly available, public data sets will not typically require an
independent referee, but clinical data may require more
consideration. To obtain highly sensitive data, multiple members
of the review team may be required to check each file.

The checks needed varied between TREs and sometimes
between projects, depending on the nature of the data, including
how sensitive it is and whether it was consented or not, with
release criteria being agreed upon between data owners and
TRE operators, sometimes consulting with research teams for
specific situations and then enforced by TRE staff. Many TREs
have developed a rule-based framework to categorize projects
and data into specific types. For example, open public data can
be exported with minimal checks, whereas for clinical data,
only aggregate-level summary data can be exported. Others
used a simpler one-size-fits-all approach.

Export of Individual-Level Data
Generally, export of row or individual-level data is permitted
only for projects where the data are already openly available in
the public domain or where specific consent had been provided
by the study participants to collect and share the data. In the
latter case, respondents indicated that the data controller was
most likely to be the principal investigator of the project, and
they will typically use the TRE to securely manage access to
their data by different researchers involved in the project, but
will choose not to place restrictions on data export. Otherwise,
only aggregate statistics can be exported.

Export of Aggregate-Level Statistical Analysis
Most TREs only allow export of aggregate-level statistical
analysis. For example, in clinical data projects where the data
controller is an NHS board or trust, researchers are not permitted
to export any data related to specific individuals (even if
pseudonymized).

All participants (22/22, 100%) indicated that their TREs allow
the export of aggregate-level data as graphs or tables, with a
minimum number of data points in any table cell or graphical
output to reduce the probability of reidentification of data from
small sample sizes (“small cell risk”). Of the 22 participants,
17 (77%) participants have set policies in place: 32% (7/22) of
the participants reported using a minimum of 5 individuals in
a cell, with 9% (2/22) of the participants using 10 and 36%
(8/22) varying the limit depending on the context of the study
and the nature of the underlying data.

All participants (22/22, 100%) acknowledged that there was a
potential risk of reidentification if sufficient data points are
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exported from the TRE, known as jigsaw identification or
triangulation [20]. Although there is a clear need for researchers
to export aggregate-level statistical analysis, the mitigations
used for these risks vary across different data sets [3]. Software
tools can be used to estimate the probability of reidentification,
as discussed in section 2.2.

Introducing new types of data as export options brings new
risks, particularly AI models and software, where statistical
analysts will be unfamiliar with the nature of such files and
manual inspection is ineffective, difficult, and time-consuming,
thus introducing new security risks. Data can be intentionally
concealed within such files and recovered by a third party from
an exported model created innocently through means such as
membership inference attacks [21] or, with some internal
knowledge or collusion with a researcher, inversion attacks to
deduce additional information about the training data [22].

In the following section, we discuss the different data types that
can be exported from the participants’ TREs and how this is
managed.

Export of AI Algorithms, Software, and Scripts

Overview

Participants were asked about policies regarding the export of
software and AI models developed within their TREs. Of the
22 participants, 5 (23%) allow export of AI models, 8 (36%)
specifically prohibit this, and 5 (23%) are prepared to consider
it in the future.

Some participants also plan to support the export of R and Stata
scripts in the future, if they have established a suitable process
for reviewing.

A total of 74% (14/19) of the TREs permit the export of software
source code developed within the TRE. None of them (0/19,
0%) have been asked to allow compiled executables, 11% (2/19)
are prepared to consider this with safeguards. However, it should
also be entirely avoidable by developing the source code outside
the TRE and then deploying it into the TRE for testing [23].

Limitations

Many participants (9/22, 41%) indicated that checking
algorithms, software, and scripts is very challenging because a
malicious individual can “hide” individual-level data within the
files. For example, the weights of an AI algorithm are a set of
numbers and sensitive data can be embedded in them. This is
very difficult to detect, particularly if a malicious user disguises
the data. It is also possible to include individual-level data
inadvertently, for example, if the AI algorithm is overtrained,
the weights correspond to the data underneath, or if an R script
incorporates the underpinning data. Checking a substantial
software project manually is unrealistic.

Recommendations

Developing AI models in TREs without compromising patient
privacy requires tools such as those proposed by Nicolae et al
[24] and Liu et al [25] to quantify their risk and vulnerability
to attacks (eg, membership inference attacks [26,27],
deanonymization attacks [28], reconstruction attacks [29], model
extraction attacks [30,31], and model inversion attacks [23,32])

and consider integrating privacy mechanisms in the model
development to counter these attacks [33]. Best practice
guidelines can also help users to design robust and safe
algorithms, including through auditable and explainable AI [34].
Software tools to check for nonmalicious export by comparing
individual data within the TRE with those in the export files is
a possibility, but such tools are not currently routinely used by
any of the TREs. Barriers to their use by TREs include the
attack-specific nature of such tools and their high price. For
software development (as opposed to AI models, where the
training data are essential input for the end product), exporting
the software from the TRE can be avoided entirely by
developing it outside.

Automation of Data Export Checks

Overview

Although software can theoretically be used to facilitate the
data export process, none of the participants (0/22, 0%) believed
that software can currently replace the role of humans for
checking export files. A participant questioned whether it would
ever be feasible to fully automate all aspects of the process,
largely owing to concerns about trusting the software to perform
all the necessary checks without human oversight. Some
participants (8/22, 36%) felt that the software available is
currently not sufficiently mature to manage all the risks and
humans are better at the task; however, they indicated that they
would be willing to incorporate software of this nature into the
process in the future as the technology evolves.

Of the 22 participants, 2 (9%) participants reported using
automated tools for export checks. As noted in section 2.2, one
participant used the proprietary Privacy Analytics Risk
Assessment Tool product and another participant used a simple
in-house tool to detect the project-specific identifiers they use,
but the main disclosure checks are manual. Currently, the use
of automated tools seems to be more prevalent for import checks
than for export checks.

Limitations

Manual checks are time-consuming and error-prone, with a risk
of missing concealed data (steganographic, white-on-text, and
undo buffers) and delays in data release. Although the
participants acknowledged that the current data center process
can be enhanced with automated tools, there are significant
concerns with relying solely on technology to check export
requests, based on the potential ramifications for any unapproved
data to accidentally leave the environment and the challenges
with checking algorithms. Proprietary tools are expensive, and
TREs try to keep the costs low for academic research.

Recommendations

A hybrid model with automated checks can facilitate and
accelerate export and reduce the risk of reidentification,
checking more thoroughly for inadvertent and malicious
inclusion of data. The tools mentioned in section 2.2 may also
be useful in this role. Best practice guidance regarding methods
to reduce the opportunities for malicious data exfiltration can
also help. Although governance (section 6) can help to ensure
that researchers are trustworthy, malicious attempts to hide data
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should be considered, for example, in the event of stolen
researcher credentials.

Frequency of Data Exports

Overview

All participants (22/22, 100%) reported that researchers can
request data to be exported from the TRE at any time; however,
the frequency of requests varied significantly per project, with
some requiring daily exports and others exporting only at the
end of a project.

Participants were keen to explore how the review process of
data export can be improved and automated to decrease the
review team’s workload. However, there was concern that more
frequent exports increased the risk of data leakage. For example,
2 consecutive releases featuring a subgroup of 26 and 27
patients, respectively, will each be acceptable in isolation, but
comparing the 2 subgroups discloses additional information
about the additional patient in the second release.

Limitations

As the manual export checking process uses significant staff
time, some TREs apply limits on the number of exports or
charge projects more for frequent use. A participant explained
that the volume of export requests allowed is related to the cost
model of the tenancy. For example, a TRE allowed only 2
releases for MSc or BSc projects.

Recommendations

Owing to the different types of data used across the different
TREs and the different types of projects it is evident that there
is no “one-size-fits-all” solution, but rather a solution needs to
be sufficiently flexible to facilitate these differences between
projects, data sets, and TREs. Automation can help to address
these resource concerns and increase the speed and frequency
at which researchers are able to export data. Although human
checks are useful, the process has limitations and the risk of
human error.

Potential Gaps in Export Checks

Overview

Participants were asked whether they perceived any gaps in the
export process and how they thought it can be improved. Of the
22 participants, 15 (68%) were not aware of any gaps or security
concerns. The following concerns were raised by the other
participants:

1. Researchers can be creative in finding a way to remove
data, for example, by using screen capture to exfiltrate data,
which will be difficult to detect.

2. Manual checks have the potential for human error.
3. Owing to the variety of data types that will be requested

for export, it was difficult to find software that had the
functionality to check all the file types. This variety also
makes it challenging to bring together a review team with
knowledge of where data may be accidentally or
deliberately hidden, particularly for novel data types. None
of the TREs were aware of any existing software tools that
can be used for checking algorithmic data export requests.

4. Deficiencies in the audit trail make it impossible to see what
the researchers have done in the TRE, because, sometimes,
studies may have deviated from the original goal, and this
was difficult to detect.

A participant mentioned that the manual process can be greatly
enhanced by the following:

1. Effective training
2. Ensuring that staff rigorously check outputs
3. Applying the principles of appropriate frameworks, such

as the Seven Safes, and nationally recognized “best
practice” (eg, the Canadian essential requirements for
operating data trusts [35])

4. Having a collaborative relationship with researchers
throughout their project to mitigate and prevent malicious
behavior

Recommendation

Typically, the 2 different models for output checking are
principle-based and rule-based models [36,37]. The
principle-based model better ensures confidentiality protection
and utility of outputs from a statistical perspective, at the
expense of being hard to standardize, automate, and verify.

Safe Settings

Overview
The safe setting controls cover the infrastructure and associated
security measures that should be adopted by TREs. These
controls specify that computing power and operating systems
should enable a safe setting to sustain both economical
scalability of compute for analysis (eg, images and genomics)
and integral data security. Safe setting controls describe the best
practices of policies, techniques, and security measures and
strategies that are required when sharing data for analysis.

Computing Power and Operating System Offered to a
“Standard” User

Overview

Generally, TREs take the form of a virtual desktop
infrastructure—each user receives remote access to a desktop
environment with access to their project’s data and appropriate
software to analyze that data. Most TREs provide each user
with their own virtual machine (VM), with fixed resources
(particularly memory and processing) isolated from other
projects and users, whereas a few TREs share a multiuser system
more directly (known as “session-based” virtual desktop
infrastructure), allowing a user to exploit the full hardware
capacity of the host system when needed, at the expense of
reduced isolation between users and projects.

Alternative approaches also exist; for example, the
OpenSAFELY platform [38] provides indirect access to patient
data. Rather than manipulating the data interactively, researchers
develop analysis scripts against synthetic dummy data and then
submit those scripts for remote execution. None of the groups
that provide access via such alternative approaches agreed to
participate in this study; therefore, they were not included in
the analysis.
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Most respondents (18/20, 82%) indicated that standard templates
were usually used for the TRE and the computing power offered
for a project will depend on the number of users who need to
access it. Of the 22 participants, 1 (5%) creates custom
configurations for every project, 2 (9%) have no flexibility
available, and 12 (55%) reported that their TREs can scale-up
depending on the researcher’s requirements. Heavy compute
usage will have high costs associated with it, which can be a
barrier for many research projects. A participant mentioned that
the maximum computing power configurations depend on each
individual project’s budget constraints. Table 1 lists the different
computer power available across the TREs (some of the

participants were not able to answer this question and some use
the public cloud, so that resources are effectively limited only
by budget).

A total of 53% (10/19) of the TREs reported that Windows
(including Windows 10, Windows Server 2012, Windows Server
2019) was the standard build operating system. Of the 19 TREs,
4 (21%) responded that they can provide both Windows and
Linux based on the researcher’s request. In a TRE, Ubuntu was
the only standard build. From the participants’ responses, it was
evident that there was great variety in the specifications
available, with some having multiple orders of magnitude more
capacity than others.

Table 1. Available computing power.

AllocationStorage spaceProcessing power and RAM

VMb5 TB8 GB1 CPUa

VM250 GB (fast scratch)8 GB2 CPUs

VM—c16 GB4 CPUs

VM1 TB18 GB1.5 cores

VM60 to 80 GB32 to 64 GB4 to 8 cores

Host8 GB to 2 TB—4 to 64 cores

Host96 GB—16 cores

Dual Xeon processor

VM120 GB—

Host—~2000 cores

GPU d cluster

Host200 TB—

Host32 TB4 TB

aCPU: central processing unit.
bVM: virtual machine.
cInformation not available or no predetermined value.
dGPU: graphics processing unit.

Limitations

Although most current researcher needs are met by existing
TREs, it is clear from Table 1 that some TREs can find it
challenging to support processor-intensive projects. Furthermore,
most, but not all, of the TREs provide each project its own
isolated VM, which can have implications for isolation and pose
an increased security risk if malicious code was able to run and
potentially access other projects and their data within a shared
system as opposed to a project-specific VM.

Recommendations

TREs should consider the scalability of their infrastructure to
support resource-intensive projects in the future. Use of public
cloud infrastructure enables much greater flexibility, for a price,
and incorporates robust isolation between VMs as standard.

Data Security Measures Used in TREs to Mitigate the
Risk of Unauthorized Access, Data Loss, and Misuse by
Researcher

Unauthorized Access

The participants discussed different measures that were
implemented to help prevent unauthorized access. Different
controls were implemented across the participating TREs,
depending on the underlying infrastructure. We present a full
list of the controls that were discussed during the interview;
however, not all the TREs implemented the full list of controls
described in this paper:

1. Best practice password policy (which will include lockout
after 2 or 3 incorrect attempts)

2. Access controls
3. Access to TRE only permitted via white-listed IP addresses
4. Fully automated account management
5. Sensitive projects may have restrictions on the location of

the researcher (in its strictest form, this can include
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permitting access only from a specific room [on campus]
and via managed devices [restricted machines], or more
generally, permitting IP addresses only from particular
countries)

6. Manage file access
7. Active Directory hierarchical privileges
8. Session recording
9. Monitoring or audit system, such as IBM Guardium, SIEM,

and Splunk
10. Multifactor authentication
11. Network segmentation
12. Compartmentalization to limit access to information to

entities on a need-to-know basis to perform certain tasks,
to protect information vendor firewalls (3 different vendors)

13. Patch management
14. Biannual pen testing

Data Loss

In the TREs, internet access is blocked, and users have limited
access rights. The remote access is designed to prevent moving
data in and out of the environment, except via the official
channels, with appropriate controls in place: virtual hardware
ports and copying data to the client system’s clipboard are
disabled. Some TREs also take steps to impede pasting;
however, this is not reliably achievable (the direct paste
shortcuts can be disabled, but it is trivial for a knowledgeable
user to bypass this with a single command on client systems).
Measures are also established to detect attempts to export data
via other routes. Antimalware or antiransomware software and
data loss prevention software are used.

Misuse by Researcher

The main countermeasure to misuse by researchers is training.
Generally, this reinforces key principles to ensure that
researchers understood their responsibilities and what activities
are permitted or not permitted within the environment. Other
significant mitigation strategies are checking the outputs and
reviewing the project’s scope. In 11% (2/19) of the TREs,
researchers must be accredited by a particular organization
before they are granted access to the environment (this
accreditation requires the researchers to prove that they have
appropriate qualifications and experience). Furthermore,
researchers must sign an investigator’s declaration stating that
they will not misuse the environment, and the line managers
and organizations will be held accountable if a user attempts to
do anything malicious.

A TRE uses session recordings to help detect misuse. In this
TRE, researchers’behavior such as keystrokes can be monitored.
Another TRE uses a monitoring program from Darktrace to
detect a user running a tool on their laptop to take screenshots
[39]. Other 2 TREs have a full audit log from log-on to log-off,
and another TRE plans to log activities to enable reconstruction
in the event of a breach.

Many other controls were discussed, which included the
following:

1. Researchers are not granted admin access in the TRE.
2. Researchers have access only to their own project’s TRE

storage.

3. Printing, mapping drives, and accessing external drives are
not allowed.

4. Command prompt access is disabled.
5. ISO27001 policy rules via a cloud security posture

management system.

Recommendations

The previously mentioned examples of current practices to
detect and prevent instances of unauthorized access, data loss,
and researcher misuse should be considered by all TREs to
further improve security, where appropriate for the specific TRE
infrastructure. Furthermore, TREs must have a legal agreement
constraining access and use as their data security measure to
mitigate the risk of misuse by the researcher. Programs to
monitor and record researchers’ behavior are also useful to
reduce misuse.

Importing of Data or Code

Overview

Participants were asked if they allow researchers to import data
or code (including libraries) into the environment and, if so,
what security measures (eg, software) are used to support this
process:

1. A total of 63% (12/19) of the TREs allow the import of
both code and data.

2. A total of 16% (3/19) of the TREs allow code (with some
restrictions), but not external data sets.

3. A total of 11% (2/19) of the TREs allow data, but not code.
4. A total of 5% (1/19) of the TREs allow neither.

The import of data or code is subject to gatekeeper approval
with a check that the import does not contain hidden data and
that the code does not pose a threat to the security of the TRE.
This gatekeeper approval process varies between TREs, but
typically involves manual checks. In addition to scrutinizing
the security risk posed by the data or code, this process can also
involve checking the file size, file type, magic numbers, and
known suffixes. In general, this process is supported by virus
scans, static code analysis tools, and sample code execution in
a sandboxed environment.

Some participants discussed the important role of “trust,” and
how training the researchers and trusting that they have no
malicious intent is sufficient, based on the low risk of potential
damage from malicious code and subject to low sensitivity of
the data (refer to the Safe People section for more detail).
Finally, a participant mentioned the role of monitoring to detect
any malicious behavior, so that inappropriate or malfunctioning
software can be identified.

Limitations

There was substantial reliance on manual checks to support this
process. Furthermore, participants had clear concerns about the
security implications of importing malicious code. The main
concerns regarding the process of supporting code or data egress
were highlighted as follows:

1. Ensuring that the AI algorithms or software imported into
the environment do not include sensitive data.
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2. It can be extremely time-consuming for the TRE staff or
researchers to manually import code after each small
change.

Recommendations

Some of these security concerns can be mitigated by isolating
each project within the TRE to minimize potential damage and
limiting the privileges of the researchers in the environment,
using virtualization or containerization techniques. Similar to
the recommendations for data checks, there is a clear need for
tools that can support the TRE team in checking the data and
code that researchers wish to bring into the environment.
Although there are clear concerns about fully automating this
process, developing tools to support these checks can
significantly speed up the process and assist with the detection
of malicious code.

Support for Federated Queries of Data From External
Sources

Overview

A total of 79% (15/19) of the TREs did not currently support
federated queries from external sources, whereas the remaining
TREs (4/19, 21%) confirmed that their TRE supported this. A
participant described how their TRE can support federated
queries via an integration tool on the Health and Social Care
Network, using application programming interfaces, XDS.b
cross-enterprise document sharing [40], and the Image Exchange
Portal (Sectra AB) for imaging.

A federated query entails sending a request to ≥1 external data
sources and receiving only the results of that query, as opposed
to the usual pattern of the operators copying an entire data set
into the TRE for later analysis. This can be more
efficient—avoiding the need to prescreen all data on ingress to
the TRE and allowing use of live data sources rather than static
copies—and allowing easy aggregation of multiple sources;
however, it is hard to implement securely and efficiently.

Limitations

Federated queries are difficult to support while maintaining
effective privacy and security controls, and they are not currently
available in most TREs.

Recommendations

Federated queries enable federated learning that can train
machine learning (ML) algorithms from diverse data sets
without exchanging data. Federated learning can be effective
in diagnosing uncommon diseases, and it can also reinforce data
privacy and security if the process of data being stored and
processed is supported by privacy-preserving and cryptographic
techniques [41-43]. Furthermore, federated learning complies
with data protection regulations including General Data
Protection Regulation (GDPR). However, federated learning is
vulnerable to different attacks such as inference attacks (eg,
membership and reconstruction attacks) [44] and poisoning
attacks [45,46], which can violate GDPR. The possibility of
some of these attacks can be mitigated by the application of
privacy-preserving mechanisms including secure multiparty
computation, differential privacy, and encrypted transfer
learning methods [47]; however, differencing attacks remain

difficult to guard against [48]. Supporting federated queries of
data from external sources is a feature of interest for the
next-generation TREs.

Audit and Workflow Management

Overview

Audit and monitoring are key aspects of a TRE. Many
participants reported that they use project management tools to
automate functions such as Jira [49], which can be customized
to record transitions, such as a request being made by a user,
review of the data to be exported, and subsequent acceptance
or rejection of the export. Most TREs (13/19, 68%) reported
that they keep a copy of the exported data.

The level of automation and functionality of auditing differs
between TREs. The state of the art includes the following:

1. Real-time alerting on the digital airlock, providing a verbose
description of user activity. The reports and alerts generated
from this provides the IP address of the user and their
username, along with the time, date, file name, file size,
and few other supplementary fields.

2. All the activities in the TRE are logged, dashboards are
used to support the monitoring of the activities, and reports
are automatically generated.

3. If a user attempted to export data that was not permitted,
this will be logged. If abnormal patterns are observed, the
antimalware software (eg, Sophos plus quest tools [50])
will trigger alerts and log tickets on the system. The
technical team and data owner will receive an email alert
advising them that abnormal patterns had been detected.

Limitations

Many TREs have little or no automation and automated auditing
in place, thus limiting the available reporting and operational
insights.

Recommendations

Incorporating a logging and monitoring system into the TRE is
important. This system can include log-in attempts, including
username, time and date of access, IP address, type of activity
conducted during the session (eg, which tools were used, for
how long, and any processes that were running), details of any
imports and exports (including file name and file size), and
access type (successful or denied). Furthermore, having a
real-time alert system can warn the TRE team promptly in case
of any malicious attempts and assist in preventing unwanted
disclosure and blocking access.

Safe Computing
Participants were asked whether their TRE uses private
(on-premises) or public cloud infrastructure (“Infrastructure as
a service,” such as Amazon’s Amazon Web Services or
Microsoft’s Azure). In total, 64% (14/22) of the participants
reported that their TREs use a private cloud. There were some
concerns from these participants that data governance
restrictions may make switching to a public cloud difficult. In
all, 21% (4/19) of the TREs were already hosted in public
clouds, and 10% (2/19) of the participants reported that they
aim to switch to a public cloud in the future. Although costs are
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generally high in public clouds, the extra functionality and
flexibility make this an attractive option when possible.

In comparison with local (“on-premise”) servers, storing data,
especially sensitive data (eg, health data), in the public cloud
can be considered more secure because of its enhanced security
measures and the expert advice available from the cloud service
providers. However, most TREs currently use on-premise
servers, which simplify data governance and data locality issues
and provide consistent performance and predictable costs. It
was interesting to see that some TREs plan to switch to public
cloud in the future, as the public cloud can scale more easily
and provide access to next-generation services such as AI or
ML, containers, and so on.

Safe People
The safe people controls are measures and policies to ensure
that trusted researchers will use the platform in an appropriate
manner.

Controls on the People Who Use the TRE

Overview

Best practices for ensuring that the researchers accessing the
environment are trustworthy and understand the importance of
correct use of the TRE include the following: signing legal
documents to agree that a researcher will avoid attempting to
reidentify any individual, rapid disclosure of any vulnerabilities
detected by a researcher, keeping log-in credentials private, and
notification to the TRE if a researcher was leaving their
institution. A participant reported that financial penalties can
be a useful deterrent to misuse.

Moreover, 85% (17/20) of the participants responded that
researchers using their TREs are required to complete training.
This training typically consists of information governance,
GDPR, awareness of issues related to privacy, ethics, security,
information security, Medical Research Council training, and
statistical disclosure control. Researchers are typically required
to complete the training annually or before the beginning of
each project. The nature of this training and subsequent contract
or terms of use are typically determined by the data owner. For
example, government security clearance is requested by the
Defence Science and Technology Laboratory for access to their
data.

In 79% (15/22) of TREs, researchers sign an agreement not to
misuse the environment or the data. This agreement is also
signed by a senior member within each organization. A
participant stated that if a researcher is a student, a supervisor
also needs to sign the agreement. There was a range of penalties
applied across the TREs for violating the user agreement, which,
in the most extreme form, can result in job loss, disciplinary
measures, or, in some cases, compulsory retraining. Project
approval is also required by the relevant data controller, and in
some cases, the project also has to be signed by an ethics
committee. According to a TRE, conditions specified in a
nondisclosure agreement or access request form will impose
constraints regarding appropriate use of the data and can pass
all responsibilities for ensuring that the data were being used
correctly on to the sponsoring organization.

Recommendations

Training, such as information governance training, is vital to
ensure that researchers understand their responsibilities and
should be considered by all TREs. Through training, researchers
will clearly understand what they are allowed to do with the
data. TREs must implement suitable review and management
processes to further ensure that researchers are using the TREs
appropriately. Best practice approaches to delivering effective
training for TRE researchers, which not only support the use of
the TRE but also facilitate building shared attitudes and
responsibilities in protecting data, are widely available
[36,37,51].

Controlling Access to the Environment for Trusted Users
Only
Overall, 76% (14/22) of the participants stated that access to
their TREs is limited to those researchers who are associated
with an approved (trusted) organization. Furthermore, 14%
(2/14) of these participants stated that access was limited to
organizations in the same country as the TRE, as specified by
the data custodian. For 7% (1/14) of them, commercial
organizations were not allowed to access the TRE under any
circumstances. For other TREs that permit commercial
organizations to access the environment, the criteria for
approving these organizations were generally set higher than
those for other organizations (eg, universities). In a TRE,
although requests from commercial organizations were
considered, they needed a university sponsor or health sponsor
to be approved. Another participant responded that commercial
customers did not need to be associated with an academic
institution. In this case, a review committee determines which
projects will be approved for commercial customers.

In a TRE, access is granted only to the users of their own
university. In this TRE, an external visitor account will be
granted access only if the visitor was sponsored by university
staff. In another TRE, researchers can access the environment
from a university or NHS-based organization (ie, using
white-listed IP addresses). A TRE adopted additional restrictions
for the researchers, for example, ensuring that access was
permitted only from a safe room or that the device used to access
the TRE was a managed device and not a personal device. In
this case, these restrictions were set by the data controller.

Participants’ Recommendations for TRE
Enhancements
In all, 27% (6/22) of the participants indicated that they would
like improved support for programming capabilities in the
environment (eg, Python and R), to advance the analytical
capabilities of their TRE and subsequently support large-scale
studies. Support for importing data, algorithms, and code to the
environment was frequently described as another high-priority
feature. However, the licensing of proprietary software tools
presents a further limitation regarding the incorporation of
software into the environment, because not all licenses cover
use within a TRE.

Overall, 9% (2/22) of the participants confirmed that they would
like to support federated learning to advance data movement
among TREs, where data sets need to be shared and accessible.
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Support for additional data modalities, such as imaging and
genomic data, needs to follow a proper risk assessment, and
TREs would have to ensure that they liaise with data custodians
regarding the specific risks. It was widely acknowledged by the
participants that there were many security challenges around
allowing researchers to bring their own data and code into the
environment, and until solutions to these challenges have been
developed, many TREs will be reluctant to support this.

A total of 23% (5/22) of the participants indicated that they
would like to simplify the process for researchers to access data
within their TRE in the future. The process and checks required
before researchers are granted access to the data were perceived
as cumbersome and slow. Sometimes, this administrative process
is further delayed owing to backlog of project review requests,
committees being slow to make decisions, ethics board approval,
and researchers completing relevant training courses and privacy
training. Researchers are eager to have access to the TRE and
its data promptly; hence, TREs desired to simplify this process.
Overall, 36% (8/22) of the participants discussed how they
would like to improve the governance processes. A participant
stated that all data sets in their TRE were treated as high risk
and had to go through the same governance process, even though
some data sets were actually low risk. A participant suggested
that it will be useful to conduct a national risk-benefit analysis
of sharing standardized data sets for research. The participant
acknowledged that there was no systematic approach to review
data sets to determine if there were certain conditions under
which these can be used by researchers without the full
governance checks.

Some TREs are considering migrating to a public cloud for
improved scalability and flexibility, including GPU access,
great on-demand computing power, and reduced management
overheads, whereas several TREs have already made this
transition.

A TRE is looking to enhance their security through improved
logging of activities, such as data copying between machines,
and better behavior tracking.

Finally, a participant discussed concerns about intellectual
property when the code was developed within the TRE. The
participant acknowledged that researchers may have concerns
regarding how the code that they develop or test in a TRE can
be accessed by the TRE operators. Policies and practices to
govern this should be established to protect both parties.
Technical solutions to this problem, such as trusted computing
and enclave approaches, can also be explored.

Discussion

This study reviewed the existing controls used by UK and
international TREs that participated in our structured interviews.
These controls cover a subset of the seven “Safes,” comprising
safe people, safe setting, safe computing (an extension of safe

setting), safe data, and safe outputs. The features that most need
further work for next-generation TREs are the following:

1. Advancing analytical power (high-performance computing
clusters and GPUs) available within the environment to
support large-scale studies

2. Bringing data, algorithms, or code into the environment
and addressing the security challenges arising from this

3. Being able to develop ML and AI algorithms within the
TRE and export them

4. Supporting federated queries of data from external sources
5. Supporting additional data modalities such as imaging and

genomic data
6. Simplifying the process of accessing data for researchers
7. Scalability

This study analyzed the extent to which TREs can support the
import and export of different data types. The process used is
largely manual, with some TREs using software to support this
process. Finding suitable software to support the automation of
the data center process was identified as a key priority for most
TREs. Furthermore, the application of ML techniques in TREs
can be useful for predicting the malicious use of accessed data
by researchers. It was evident that most TREs do not have
specific tools to manage and mitigate the potential risk of
reidentification, and they rely on analysts’ knowledge and
judgment and communication with the data controller.

There is a lack of support for AI and ML development in TREs,
and there is a concern that researchers can perform malicious
activities owing to the AI and ML structure, for example,
exporting sensitive data that can be vulnerable to exposure
following attacks against the AI model or overtraining the AI
algorithm. The difficulties in detecting these exports were
acknowledged as a significant challenge by the participants.

The computing power available to researchers is generally
adequate for current needs (observational studies using statistical
analysis tools); however, there was a clear desire to ensure that
this was scalable to meet researcher’s requirements for analyzing
big data and for AI development. Some TREs already appear
to be significantly constrained. There is significant variety in
the extent of the security measures used to mitigate the risk of
unauthorized access, data loss, and misuse by the researcher,
and there are some concerns regarding the implications of
next-generation capabilities on the security of the TRE and
protecting the data. Furthermore, there is a need for advanced
information governance for TREs encompassing incoming and
outgoing automated data feeds, ad hoc incoming data and
algorithms, and ad hoc outgoing data and algorithms. Finding
appropriate solutions to meet these needs should be explored
in future studies.

Alternative approaches to the remote desktop approach exist,
and further exploration of the relative merits of these alternatives
will be valuable, particularly in the context of new and evolving
types of data.
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Abstract

Background: Deep learning–assisted eye disease diagnosis technology is increasingly applied in eye disease screening. However,
no research has suggested the prerequisites for health care service providers and residents willing to use it.

Objective: The aim of this paper is to reveal the preferences of health care service providers and residents for using artificial
intelligence (AI) in community-based eye disease screening, particularly their preference for accuracy.

Methods: Discrete choice experiments for health care providers and residents were conducted in Shanghai, China. In total, 34
medical institutions with adequate AI-assisted screening experience participated. A total of 39 medical staff and 318 residents
were asked to answer the questionnaire and make a trade-off among alternative screening strategies with different attributes,
including missed diagnosis rate, overdiagnosis rate, screening result feedback efficiency, level of ophthalmologist involvement,
organizational form, cost, and screening result feedback form. Conditional logit models with the stepwise selection method were
used to estimate the preferences.

Results: Medical staff preferred high accuracy: The specificity of deep learning models should be more than 90% (odds ratio
[OR]=0.61 for 10% overdiagnosis; P<.001), which was much higher than the Food and Drug Administration standards. However,
accuracy was not the residents’ preference. Rather, they preferred to have the doctors involved in the screening process. In
addition, when compared with a fully manual diagnosis, AI technology was more favored by the medical staff (OR=2.08 for
semiautomated AI model and OR=2.39 for fully automated AI model; P<.001), while the residents were in disfavor of the AI
technology without doctors’ supervision (OR=0.24; P<.001).

Conclusions: Deep learning model under doctors’ supervision is strongly recommended, and the specificity of the model should
be more than 90%. In addition, digital transformation should help medical staff move away from heavy and repetitive work and
spend more time on communicating with residents.

(J Med Internet Res 2022;24(9):e40249)   doi:10.2196/40249

KEYWORDS

discrete choice experiment; preference; artificial intelligence; AI; vision health; screening

Introduction

Vision loss, defined as either visual impairment or blindness,
is becoming a vital aspect of public health [1], affecting
economic, educational, and employment opportunities, reducing

the quality of life, and increasing the risk of death [1]. Therefore,
according to the recent eye care competency framework by the
World Health Organization, the continuum of eye care across
all levels of the health system should be highlighted, particularly
primary health care, to support universal health coverage [2].
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High-quality eye disease prevention health care, such as
effective screening, can help eliminate almost 57% of all
blindness cases [3]. Nowadays, artificial intelligence (AI) is
gradually adopted in eye disease screening and may assist in
addressing the limited and difficult-to-sustain resources in
screening capacity, personnel costs, and diagnosis expertise [4].
The accuracy of AI models greatly affects the cost-effectiveness
of eye disease screening [5]. Unfortunately, though the US Food
and Drug Administration (FDA) had set a mandatory level of
accuracy with a sensitivity of more than 85% and a specificity
of more than 82.5% [6], the accuracy of AI-assisted eye disease
screening systems in the real world were far worse than that
reported in the model development phase [7]. Therefore, it is
essential to make clear the medical staff and resident
requirements of the accuracy of AI models in the
community-based eye disease screening in the real world.
However, no related research has been conducted thus far.

To fill this evidence gap, we conducted discrete choice
experiments (DCEs) for health care providers and residents in
Shanghai, China, from August 2021 to January 2022. We aimed
to reveal the preferences of medical staff and residents for using
AI technology in community-based eye disease screening,
particularly their preference for accuracy. The DCE technique,
originating in mathematical psychology, has been introduced
in health economics to elicit preferences for health and health
care [8]. Additionally, the DCE technique is predictive of
choices, mimicking real-world decisions in health care
decision-making (correctly predicting >93% of choices) [9].

Methods

Study Setting
Shanghai, with a population of 24 million in 2019, is the
economic, science, and technology innovation center in China.
It is also one of the first cities in the world to adopt deep learning
(DL) models to establish affordable and sustainable
community-based eye disease screening systems. Since 2015,
a teleophthalmology-based eye disease screening system
covering all community health service centers has been
developed in Shanghai. Residents can take free fundus
photographs once a year by the trained general practitioners
(GPs) in community health service centers. The fundus photos
are then sent to the designated eye disease diagnosis centers
through a dedicated information system. After the
ophthalmologists in the diagnosis centers read the fundus photos
and make diagnoses, the screening results are returned to the
community health service centers. The GPs may inform residents
of the screening results and provide medical advice.

In 2020, an AI-assisted eye disease screening system was
established using DL model on cloud servers instead of
ophthalmologists in the diagnosis centers making the screening
diagnoses (Figure 1) [10-12]. The accuracy of DL models used
for community-based eye disease screening has been reported
widely [6,11,13,14]. Thus far, 56 community health service
centers have shifted to the AI-assisted eye disease screening
system. In 2021, these community health service centers
screened over 40,000 residents with the help of the DL model
and found over 7000 residents with suspected eye diseases.
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Figure 1. Process of community-based eye disease screening in Shanghai. A: teleophthalmology-based eye disease screening system; B: deep
learning–assisted eye disease screening system. The photograph in the lower right corner of process B is a sample of the operation interface of the deep
learning–assisted eye disease diagnosis system. AI: artificial intelligence.

Discrete Choice Experiments and Participants
Inclusion
We conducted 2 DCEs to assess medical staff’s preferences
(experiment 1) and residents’ preferences (experiment 2) for
using the DL model in community-based eye disease screening.
The main reason for using a DCE is that simply asking the
respondents to rate the screening strategy attributes or choose
their preferred item from a scale generally yields no more
information than the fact that they want all the benefits and none
of the indirect or direct costs [15]. Choosing between
alternatives forces them to make a trade-off and choose, as in
real life, between options that may increase utility (eg, improved
diagnosis accuracy) and decrease utility (eg, screening cost of
40 CNY [US $6.15] per resident instead of being free).

Based on previously published literature [4-7,16-18], 4 attributes
were identified initially to describe the outline of the
community-based eye disease screening, including the accuracy,
screening result feedback efficiency, level of ophthalmologist’s
involvement, and cost. It was worth stating that “screening result
feedback efficiency” was included in the attributes because
nearly instantaneous feedback might increase compliance [18];
moreover, “level of ophthalmologists involvement” was included
because algorithmic aversion might exist [19]. To assess the
appropriateness of these potential attributes and their levels, 5
experts on eye care were interviewed face-to-face in the
Shanghai Eye Disease Control and Treatment Center. Based on

these interviews, the attribute accuracy was divided into the
following 2 attributes: “missed diagnosis rate” and
“overdiagnosis rate,” as they might have different impacts on
the acceptability of eye disease screening. In addition, 2 new
attributes were added: “organizational form” and “screening
result feedback form,” as the adoption of the DL model had the
potential to reform the screening programs. As a result, 7
attributes were used to describe the outline of the
community-based eye disease screening, and each attribute was
divided into 3-6 levels (Table 1). Three SAS (SAS Institute Inc)
procedures—“%mktruns,” “%mktex,” and “%choiceff”—were
used to develop the questionnaire [20]. The questionnaire
consisted of the following two parts: the respondent’s basic
information, such as sex and age, and a few choice sets, each
of which contained 2 options with different screening attribute
levels (Figure 2). The respondents were asked to choose the
more favorable option in each choice set, and they were not
allowed to choose both or neither in a set [21].

In Experiment 1, one municipal and 16 district-level eye disease
control centers and over 250 community health service centers
in Shanghai were enrolled. To receive rational rather than
imaginary choices, the following two strict inclusion criteria
were set: (1) they had over 5 years of experience in
teleophthalmology-based eye disease screening and (2) they
had over 1 year of experience in DL-assisted eye disease
screening. A total of 34 institutions met the criteria, including
1 (3%) municipal, 16 (47%) district-level eye disease control
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centers, and 17 (50%) community health service centers (Figure
3). All the 40 key persons in charge of community-based eye
disease screening in these 34 institutions were invited and agreed
to participate in the experiment. Due to the limited number of
respondents, we had to ask each one to answer a relatively large
number of questions. According to the rule of thumb, as
proposed by Johnson and Orme [22], we divided the alternative
screening strategies into 30 choice sets of 2 options to ensure
that the sample size of 40 people met the statistical requirements.
The experiment was conducted in the form of a self-administered
questionnaire, with a trained investigator on standby to interpret
the questionnaire. One respondent quit because of temporary
work arrangements. Therefore, data from 39 medical staff were
available in the final analysis.

In Experiment 2, we randomly selected 2 from the 17
community health service centers involved in Experiment 1 and
conducted the residents’ investigation when carrying out the
AI-assisted community-based eye disease screening. All the
residents who participated in the screening were invited to the
experiment. Because the number of residents was relatively
large, we divided the alternative screening strategies into 10
choice sets of 2 options to reduce the response burden for each
respondent. According to the rule of thumb, as proposed by
Johnson and Orme [22], the minimum of the required sample
size was 125. A total of 318 residents were investigated (Figure
3). To help the residents understand the questionnaire, the
experiment was conducted using face-to-face questioning by
trained investigator.

Table 1. Attributes and levels in the discrete choice experiments.

LevelsAttributes

654321

Performance expectancy

—a2015105NoneMissed diagnosis rate (%)

—2015105NoneOverdiagnosis rate (%)

———In 1 monthIn 2 weeksImmediatelyScreening result feedback efficiency

Effort expectancy

———Fully manual diagnosiseSemiautomatedd DL modelFully automatedb DLc

model

Level of ophthalmologist involvement

Facilitating conditions

———Opportunity screening in

outpatienth
Residents’health self-exam-

ination cabing
Centralized screeningfOrganizational form

200
CNY

160
CNY

120
CNY

80 CNY40 CNYiFreeCost

———Screening results, medi-
cal advice, and oral expla-

nation by GPl,m

Screening results and medi-

cal advicek
Screening resultsjScreening result feedback form

aNot available.
bThe screening results were provided entirely by the deep learning model, and the ophthalmologists were not involved in the diagnostic process.
cDL: deep learning.
dThe deep learning model performed the initial screening of fundus photographs and then the ophthalmologists reviewed the results.
eThe screening results were provided entirely by the ophthalmologists and the deep learning model was not involved in the diagnostic process.
fThe community health service center informed the residents to undergo the screening at a uniform place and time.
gThe equipment needed for screening was placed in a specific cabin in the community health service center, and residents could go to the cabin for
self-examination at any time.
hResidents with chronic diseases and other risk factors would be recommended by general practitioners for eye disease screening during their outpatient
follow-up.
iUS 1$=6.5 CNY.
jThe report with only the screening results would be given to the residents without any recommendations or explanations.
kThe report with the screening results and referral recommendations would be given to the residents without explanations.
lBesides the report with the screening results and referral recommendations that would be given to the residents, a general practitioner would also explain
the meaning of the report.
mGP: general practitioner.
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Figure 2. Example of the choice sets applied. Both options include the same 7 attributes. Health care service providers and residents were asked to
decide between options A and B (in 2021, 1 USD=6.5 CNY). AI: artificial intelligence; GP: general practitioner.

Figure 3. Medical staff and residents inclusion process. DL: deep learning.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e40249 | p.663https://www.jmir.org/2022/9/e40249
(page number not for citation purposes)

Lin et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Statistical Analyses
Mean, median, and standard deviation were calculated for the
quantitative variables. For categorical variables, the number in
a specific category was calculated as a percentage. Pearson
chi-square test for nominal variables and Mann-Whitney U test
for continuous variables were used for statistical analysis.
Conditional logit models with the stepwise selection method
were used to explore the significant preferences for each
attribute level, with the choice responses as the binary dependent
variable and the difference in levels for each of the attributes
as the independent variables [21]. Two models were used to
estimate the medical staff’s and residents’ preference
respectively, expressed as odds ratios (ORs) for each attribute
level. SAS 9.4 (SAS Institute Inc) were used for statistical
analysis. The level of significance was set at P<.05.

Ethics Approval
All participants were adults. Written informed consent from all
participants was obtained before enrollment. The study adhered
to the principles of the Declaration of Helsinki on Ethics. This
study was approved by the Shanghai General Hospital Ethics
Committee (2022SQ272).

Results

The medical staff’s mean age was 39.67 (SD 6.98) years, and
they had been responsible for eye disease screening for 6.73
(SD 5.76) years on average. The residents’ mean age was 68.62
(SD 6.96) years; Of the 318 participants, 120 (37.74%) were

male and 198 (62.26%) were female. Detailed characteristics
of the respondents are shown Table 2.

Table 3 presents the results of the conditional logit models,
evaluating the influence of the tested attribute levels on medical
staff’s and residents’ preferences. Among the 39 medical staff,
the impact of selected attributes on preferences was statistically
significant for 4 of the 7 attributes. Generally, medical staff
prefer attribute levels with AI technology, lower overdiagnosis
rates, lower screening costs, and higher screening result
feedback efficiency. The results for the attribute “organizational
form,” “missed diagnosis rate,” and “screening result feedback
form” were inconclusive—none of the attribute levels were
associated with statistically significant utility differences.

Further, we focused on the accuracy of the diagnosis. For the
missed diagnosis rate, there were no significant differences of
medical staff’s preferences for a missed diagnosis rate between
0% and 20%. However, for the overdiagnosis rate, compared
with no overdiagnosis, medical staff’s preference for the 10%
overdiagnosis rate significantly decreased (OR=0.61; P<.001).

Among the 318 residents, the influence of selected attributes
on preferences was statistically significant for 3 of the 7
attributes. Generally, residents were in disfavor of the attribute
level with a fully automated DL model (OR=0.24; P<.001), but
they preferred attribute levels with lower screening costs and
oral explanations by GP. The results for the attributes
“organizational form,” “missed diagnosis rate,” “overdiagnosis
rate,” and “screening result feedback efficiency” were
inconclusive. None of the attribute levels were associated with
statistically significant utility differences.
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Table 2. Characteristics of respondents.

ValueRespondent and characteristics

Medical staff (n=39)

39.67 (6.98)Age (years), mean (SD)

Institution level, n (%)

1 (2.56)Municipal eye disease control center

15 (38.46)aDistrict-level eye disease control center

23 (58.97)Community health service center

Position, n (%)

7 (17.95)Institution leader

22 (56.41)Department leader

10 (25.64)Eye disease screening mainstay

6.73 (5.76)Years in the current position, mean (SD)

Resident (n=318)

68.62 (6.96)Age (years), mean (SD)

Sex, n (%)

120 (37.74)Male

198 (62.26)Female

Education level, n (%)

216 (67.92)Junior high school and below

72 (22.64)Senior high school

21 (6.6)Junior college

9 (2.83)Undergraduate and above

Eye disease, n (%)

73 (22.96)Suspected

245 (77.04)None

aOne respondent from a district-level eye disease control center quit the experiment because of temporary work arrangements. Therefore, although 16
district-level eye disease control centers were included in our study, only 15 key persons from these institutions finished the questionnaire.
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Table 3. Preferences for using deep learning in community-based eye disease screening.

ResidentsMedical staffaAttribute and level

OR (95% CI)ORb (95% CI)

Diagnostic technology

0.89 (0.68, 1.15)2.08 (1.71, 2.52)dSemiautomated DLc model

0.24 (0.20, 0.29)d2.39 (1.97, 2.90)dFully automated DL model

ReferenceReferenceFully manual diagnosis

Organizational form

ReferenceReferenceCentralized screening

Not significantNot significantResidents’ health self-examination cabin

Not significantNot significantOpportunity screening in outpatiente

Missed diagnosis rate

ReferenceReferenceNone

Not significantNot significant5%

Not significantNot significant10%

Not significantNot significant15%

Not significantNot significant20%

Overdiagnosis rate

ReferenceReferenceNone

Not significant0.88 (0.68, 1.15)5%

Not significant0.61 (0.46, 0.81)d10%

Not significant0.63 (0.48, 0.83)f15%

Not significant0.51 (0.38, 0.68)d20%

Costg

ReferenceReferenceFree

0.75 (0.56, 1.01)0.61 (0.46, 0.83)f40 CNY

0.56 (0.42, 0.74)d0.47 (0.35, 0.64)d80 CNY

0.82 (0.51, 1.31)0.39 (0.28, 0.54)d120 CNY

0.78 (0.46, 1.32)0.27 (0.19, 0.38)d160 CNY

0.57 (0.46, 0.71)d0.21 (0.15, 0.29)d200 CNY

Screening result feedback form

0.52 (0.44, 0.61)dNot significantScreening results

0.75 (0.65, 0.87)dNot significantScreening results and referral recommendations

ReferenceReferenceScreening results, referral recommendations, and oral explanation by GPh

Screening result feedback efficiency

ReferenceReferenceImmediately

Not significant0.68 (0.56, 0.82)dIn 2 weeks

Not significant0.58 (0.48, 0.70)dIn 1 month

aIn each grid, an OR value over 1 means that the health care services providers were more inclined to this level, while the value less than 1 means that
they disliked this level even more.
bOR: odds ratio.
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cDL: deep learning.
dP<.001.
eResidents with chronic diseases and other risk factors would be recommended by general practitioners for eye disease screening during their outpatient
follow-up.
fP=.001.
gIn 2021, US $1= 6.5 CNY.
hGP: general practitioner.

Discussion

Principal Findings
To the best of our knowledge, this study is the first to
quantitatively estimate both medical staff’s and residents’
preferences for using DL in community-based eye disease
screening in the real world. Since one of the most important
questions for achieving universal health coverage in a digital
world is whether digital technologies help increase the
acceptability of health care services [23,24], our study is
significant for the transformation, application, and promotion
of this new technology. It was based on the multicenter practices
of AI-assisted eye disease screening from 34 medical
institutions, where both medical staff and residents under
investigation had real service experience of AI. We showed that
when compared with a fully manual diagnosis, AI technology
was more favored by the medical staff, even after adjusting for
the impacts of diagnosis accuracy, cost, and efficiency.
However, the residents were in disfavor of the AI technology
without doctors’ supervision. Furthermore, to meet the medical
staff’s preference, the accuracy of the AI-assisted eye disease
screening technology should be much higher than the FDA’s
standards. On the contrary, accuracy was not a priority for the
residents. They prefer to have the doctors involved in the
screening process and leave the choice of accuracy to their
general practitioners.

The adoption of DL model for community-based eye disease
screening is necessary. Before the development of DL model,
the screening relied on ophthalmologists heavily, regardless of
conducting traditional face-to-face screening or a telemedicine
system [25]. At this stage, continuous eye disease screening
was not affordable in most of the countries [6] for two reasons.
On the one hand, the limited human resources of the
ophthalmologists resulted in extremely high screening costs [5].
On the other hand, the organization of the screening was
challenging, requiring the coordination of ophthalmologists,
community health centers, and residents at the same time [25].
As a result, in Shanghai, before the adoption of the DL model,
each community only could provide screening service to
approximately 300 residents per year. On the contrary, after the
adoption of DL model, as the ophthalmologist resources were
no longer the bottlenecks, the screening use volume dramatically
increased to 800 residents per community per year.

Accuracy is regarded as one of the most important
considerations in the adoption of DL model. When screening
populations with a substantial disease, achieving both high
sensitivity and specificity is critical in minimizing both
false-positive and false-negative results [26]. The previous
studies have shown that it is feasible to meet the mandatory
level of accuracy as the primary endpoint with a sensitivity of

more than 85% and a specificity of more than 82.5%, which
was recommended by the FDA [6,22,27,28]. However, when
the DL models were applied in the real world, their accuracy
greatly reduced [7]. Therefore, the question is, “what are the
medical staff and residents’ requirements of the accuracy of AI
models in the real world?”

Our study attempted to answer this question from the perspective
of medical staff’s and residents’ preferences in the real-world,
community-based eye diseases screening. Although the ideal
state is 100% accuracy, under the existing technical conditions,
health care service providers must make a trade-off between
higher sensitivity and specificity. Both outcomes are
important—positive cases should be identified, but this should
not come at the cost of overly sensitive screening systems [29].

We showed that if the overdiagnosis rate exceeded 10%, the
preferences of the medical staff decreased significantly.
Therefore, the specificity of the DL model should be controlled
with over 90% accuracy. This does not mean that sensitivity is
not important, but rather that the sensitivity standard of the FDA
is sufficient. On the one hand, sensitivity is a patient safety
criterion, because the primary goal of eye disease screening is
to identify the people who are likely to have eye disease and
require further evaluation by ophthalmologists [22]. One GP in
our study claimed that “the missed diagnosis may harm
residents’ trust in eye disease screening and reduce their
enthusiasm for screening,” whereas trust acts as a critical
element in medical care [30]. On the other hand, the
overdiagnosis rate affects the number of residents who receive
an unnecessary referral [22]. A higher overdiagnosis rate means
more unnecessary specialist visits, which may lead to
unnecessary psychological stress for suspected patients and add
further referral costs [31]. Therefore, our results indicated that
overdiagnosis would cause resentment from both
decision-making and executive agencies.

However, though accuracy is critical for medical staff, results
show that the residents do not regard it as a priority. They rather
focus on whether the doctors are at the center of medical
decision-making [32]. Humans are notoriously poor at
comprehending probability and evaluating risk, especially when
it pertains to their health or the health of a loved one [33]. In
the AI era, although medical knowledge—which forms the basis
of decision-making—will be as accessible to the patient as the
doctor, most patients need a doctor to understand risk and to
communicate this to them [33]. Patients look to the doctors for
advice when facing uncertainty in their medical decisions [34].
A study of patient attitudes toward AI use has shown that
patients felt their doctors should have the final say in their
treatment plans to avoid experiencing the potential harm that
might result from mistakes made by health care AI [32].
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Therefore, AI tools should be used as decision support tools for
human diagnosticians, but not in place of them [35].

When it comes to the other attributes, AI technology with a
lower cost and higher feedback efficiency is logically preferable.
Cost is an important issue in the adoption of AI-assisted eye
disease diagnosis technology. Therefore, it is necessary to
conduct health economics evaluation [36]. Fortunately, evidence
has shown the cost of screening could be saved by using AI
technology, which is mainly attributable to the substantial
reduction in human assessment time and workforce without
sacrificing screening performance [5].

Traditional ophthalmological diagnosis is heavily dependent
on the interpretation of images, which is often subjective and
qualitative [37]. Reading these images by trained personnel is
neither sustainable nor an efficient use of expertise, and AI
technology is essential in facilitating the capture, storage, and
interpretation of photographs [17]. From the health system’s
perspective, the addition of the DL model to fundus photography
provides an opportunity to improve this platform for detecting
and monitoring retinal diseases on a large scale, and satisfactory
results have been obtained [13]. In addition, AI algorithms may
bridge the clinical gap [4]. The DL method used for
discriminative tasks in ophthalmology, such as diagnosing
diabetic retinopathy or age-related macular degeneration, could
enhance existing data sets of common and rare ophthalmic
diseases without concern for personally identifying information
[38]. Other than helping address the limited screening capacity,
the DL model may reduce workforce costs and relieve the
burden placed on teleophthalmology health care staff [4,39].
The inadequacy of health resources and the vast medical burden

may be important reasons for the rapid acceptance the DL
method by medical staff.

Regarding feedback efficiency, recent studies have shown that
nearly instantaneous feedback may lead to increased patient
compliance [5,18]. The most obvious context for the application
of AI-assisted diagnosis technology is in primary eye care where
the data to be analyzed are complex, the outcomes are simple
and well-defined, and the number of people to process is large
[18]. In this context, manual diagnosis requires extensive time
and energy, whereas AI can work tirelessly and quickly.

Limitations
The most obvious limitation of our study was that DCE was
conducted only in Shanghai. However, as mentioned, Shanghai
is one of the pioneers in eye care digital transformation.
Therefore, our study is valuable for other regions of the world.
The second limitation was that the residents in our experiment
were mainly older adults. However, this was consistent with
the population that participated in the community-based eye
screening in Shanghai because young people mostly participated
in physical examinations at their workplace.

Conclusion
In conclusion, to meet the actual preferences of medical staff
and residents for using AI in the community-based eye disease
screening, the DL model under doctors’ supervision is strongly
recommended, and the specificity of the model should be more
than 90%, which is higher than the FDA standard. In addition,
digital transformation should help medical staff move away
from heavy and repetitive work; however, it should not reduce
their involvement in the health care service. Instead, medical
staff should spend more time on communicating with residents.
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Abstract

Background: Web-based personal health records (PHRs) have the potential to improve the quality, accuracy, and timeliness
of health care. However, the international uptake of web-based PHRs has been slow. Populations experiencing disadvantages are
less likely to use web-based PHRs, potentially widening health inequities within and among countries.

Objective: With limited understanding of the predictors of community uptake and use of web-based PHR, the aim of this study
was to identify the predictors of awareness, engagement, and use of the Australian national web-based PHR, My Health Record
(MyHR).

Methods: A population-based survey of adult participants residing in regional Victoria, Australia, was conducted in 2018 using
telephone interviews. Logistic regression, adjusted for age, was used to assess the relationship among digital health literacy,
health literacy, and demographic characteristics, and the 3 dependent variables of MyHR: awareness, engagement, and use. Digital
health literacy and health literacy were measured using multidimensional tools, using all 7 scales of the eHealth Literacy
Questionnaire and 4 out of the 9 scales of the Health Literacy Questionnaire.

Results: A total of 998 responses were analyzed. Many elements of digital health literacy were strongly associated with MyHR
awareness, engagement, and use. A 1-unit increase in each of the 7 eHealth Literacy Questionnaire scales was associated with a
2- to 4-fold increase in the odds of using MyHR: using technology to process health information (odds ratio [OR] 4.14, 95% CI
2.34-7.31), understanding of health concepts and language (OR 2.25, 95% CI 1.08-4.69), ability to actively engage with digital
services (OR 4.44, 95% CI 2.55-7.75), feel safe and in control (OR 2.36, 95% CI 1.43-3.88), motivated to engage with digital
services (OR 4.24, 95% CI 2.36-7.61), access to digital services that work (OR 2.49, 95% CI 1.32-4.69), and digital services that
suit individual needs (OR 3.48, 95% CI 1.97-6.15). The Health Literacy Questionnaire scales of health care support, actively
managing health, and social support were also associated with a 1- to 2-fold increase in the odds of using MyHR. Using the
internet to search for health information was another strong predictor; however, older people and those with less education were
less likely to use MyHR.

Conclusions: This study revealed strong and consistent patterns of association between digital health literacy and the use of a
web-based PHR. The results indicate potential actions for promoting PHR uptake, including improving digital technology and
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skill experiences that may improve digital health literacy and willingness to engage in web-based PHR. Uptake may also be
improved through more responsive digital services, strengthened health care, and better social support. A holistic approach,
including targeted solutions, is needed to ensure that web-based PHR can realize its full potential to help reduce health inequities.

(J Med Internet Res 2022;24(9):e35772)   doi:10.2196/35772

KEYWORDS

eHealth; mobile health; mHealth; health literacy; health equity; electronic health records; vulnerable populations; disadvantaged
populations

Introduction

Background
Digital technologies have enabled the storage of personal health
information in a web-based environment where people can keep
track of and access their health records as needed [1-4]. The
World Health Organization considers a national web-based
personal health record (PHR) an important component of
universal health coverage, given its potential to improve the
quality, accuracy, and timeliness of health care [5]. In 2016,
half (47%) of the member states responding to a survey indicated
that they had introduced a national web-based PHR system
[5,6].

In 2012, Australia, a country with universal health coverage,
rolled out a national web-based PHR system, My Health Record
(MyHR), aiming to provide Australians with safer, faster and
more efficient health care [7,8]. MyHR is a secure web-based
summary of a person’s health information, allowing people to
control and share personal health information with their health
care providers anytime and anywhere, thereby improving
communication between clinicians and patients. The system is
available in more than 18 languages and is enabled for people
with low vision and blindness to ensure access to people with
various needs [9]. However, MyHR uptake was slow. Only
approximately 21% (5.2 million out of 24.6 million) of
Australia’s total population signed up for MyHR in 2017, after
5 years of rollout [10]. In 2018, the Australian Government
announced that MyHR would become an opt-out system,
meaning that people would automatically be enrolled in MyHR
unless they elected not to be during the opt-out period between
July 2018 and January 2019 [11].

The slow uptake of web-based PHRs is not unique to Australia
[1]. A study in the United States reported that only 20% of
survey participants used web-based PHRs [12]. After an
investment of £8 million (approximately US $11 million) in a
web-based PHR in the United Kingdom in 2007, the system
HealthSpace was abandoned in 2011 owing to low adoption.
The postevaluation report commented that the lack of health
literacy and digital literacy in some users might be one of the
reasons for nonadoption [13].

Digital Health Literacy
Digital health literacy (also called eHealth literacy) can be one
of the deciding factors when determining whether to use a digital
health system [14-16]. Digital health literacy refers to an
individual’s “ability to seek, find, understand, and appraise
health information from electronic sources and apply the
knowledge gained to addressing or solving a health problem”

[14]. This concept has continued to evolve with the
ever-changing digital landscape since it was first conceived in
2006. Nevertheless, it is grounded in health literacy, which is
defined as “people’s knowledge, confidence, and comfort, which
accumulate through daily activities, social interactions, and
across generations, to access, understand, appraise, remember,
and use information about health and health care for the health
and wellbeing of themselves and those around them” (World
Health Organization, unpublished data, September 2022).

PHRs have the potential to reduce health inequities [17,18].
However, this potential may be derailed by the digital divide
[2,3], which refers to inequitable access, use, and outcomes of
technology use among subgroups of society, because people
with higher income or education are more likely to have better
access or skills to use technology than other groups, such as
culturally diverse minorities, rural residents, or people with
lower income or education [19-22]. These groups are also less
likely to use web-based PHRs [3,23] and face more digital health
literacy challenges [24-27]. Hence, well-intentioned efforts to
reduce health inequities must be implemented with care to
ensure that they do not worsen health disparities [2,3,23].
Understanding the predictors of using web-based PHRs is an
essential first step to avoid this pitfall.

To date, research on the predictors of web-based PHR uptake
is limited. Only a few studies could be identified, and they
mostly focused on age, education, health status, computer skills,
and experiences in web-based information seeking [28-33].
Only one study has specifically examined digital health literacy
[33]. Given the limited understanding of the predictors of uptake
and use of web-based PHR, the aim of this study was to
determine the predictors of awareness, engagement, and use of
the Australian personal web-based health record MyHR during
the MyHR opt-out period, with a focus on digital health literacy.
Regarding predictors, this study referred to the statistical
procedure used to identify factors associated with PHR uptake
and use, not as an indication of the causal relationship with
these factors.

Methods

Study Design
This study was part of a larger study conducted in the city of
Ballarat and the surrounding regional area in Victoria, Australia
[34]. Victoria is the second most populous state in Australia,
with a population of approximately 6.7 million as of June 2021
[35]. The city of Ballarat is situated in the regional area of
north-central Victoria. This area was selected as it was a trial
site for the early implementation of the MyHR [36] and chosen

J Med Internet Res 2022 | vol. 24 | iss. 9 | e35772 | p.673https://www.jmir.org/2022/9/e35772
(page number not for citation purposes)

Cheng et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/35772
http://www.w3.org/Style/XSL
http://www.renderx.com/


in partnership with the Australian Digital Health Agency, the
commonwealth entity established to oversee the operation and
evolution of Australian digital health capability [37]. The aim
of the larger study was to generate insights into how to maximize
the uptake and use of MyHR and other digital technologies.
The study was an application of the Optimizing Health Literacy
and Access (Ophelia) process, which involved identifying local
needs and then using a co-design approach to engage
stakeholders (consumers, practitioners, and managers) to
generate fit-for-purpose solutions through insights from local
wisdom [38]. This paper presents the findings from the needs
assessment phase of the study.

Data Collection
A computer-assisted telephone interview (CATI) survey was
administered from October 1, 2018, to October 31, 2018, to
participants from the general population. Participants were
eligible for inclusion if they were aged >18 years, able to
complete a telephone survey in English, and resided in the
Ballarat Goldfields region of Victoria, Australia. There were
no quotas for age or sex. The interviews were conducted by a
contract research company (Strahan Research Pty Ltd). The
interviewer team underwent specialized training with the project
team. A pilot phase was conducted, with the responses reviewed
before the formal implementation of the survey. Each interview
started with a description of the project requirements and the
consent process, followed by the survey. Only respondents who
consented to participate were included in this study. Each
interview lasted approximately 17 minutes. The completed
CATI surveys were deidentified before being provided to the
project team.

To ensure the sample was stratified by socioeconomic position,
it was drawn using systematic random sampling: all postcodes
of the region were ordered by an area-level marker of
socioeconomic position based on the Index of Relative
Socioeconomic Disadvantage, an index that summarizes the
economic and social conditions of people within an area [39].
A database of both landline telephone and mobile phone
numbers was matched to the postal areas, and the sample was
drawn using a random start fixed interval sampling technique.
The fixed interval was calculated by dividing the total population
of the Ballarat Goldfields region by the desired sample size of
1000.

Ethics Approval
Ethics approval was obtained from the Deakin University
Human Research Ethics Committee (HEAG-H 157_2018).

Survey Instruments
To examine the possible predictors of awareness, engagement,
and use of MyHR, digital health literacy assessment,
demographic data, and use of health services data were collected.
Digital health literacy was assessed using the eHealth Literacy
Questionnaire (eHLQ) [40], complemented by the Health
Literacy Questionnaire (HLQ) [41] to provide context for the
eHLQ results. The CATI survey consisted of all 7 scales of the
eHLQ and 4 scales from the HLQ, followed by questions about
the participants’ demographics, health status, use of physical
and digital health services, and experience of MyHR.

The eHLQ and HLQ were developed using a grounded
validity-driven approach [42] to assess the multidimensional
concepts of digital health literacy and health literacy. Both tools,
at construction and initial validity testing, were found to be
psychometrically robust [40,41], with later studies presenting
acceptable to strong psychometric properties when the tools
were used in different contexts [43-51]. The eHLQ consists of
35 items, with 7 scales representing the 7 dimensions of digital
health literacy (see Multimedia Appendix 1 for scale
definitions):

1. Using technology to process health information
2. Understanding of health concepts and language
3. Ability to actively engage with digital services
4. Feel safe and in control
5. Motivated to engage with digital services
6. Access to digital services that work
7. Digital services that suit individual needs

A 4-point response option of strongly disagree, disagree, agree,
and strongly agree was used in the eHLQ. Scale scores were
calculated by averaging the item scores within each scale with
equal weighting, yielding 7 scale scores, each with a score range
of 1 to 4 [40].

The full HLQ consists of 44 items across 9 scales [41] (see
Multimedia Appendix 1 for scale definitions). However, to
reduce the length of the telephone interviews, only 4 scales were
used in this survey (in italics as follows):

1. Feeling understood and supported by health care providers
2. Having sufficient information to manage my health
3. Actively managing my health
4. Social support for health
5. Appraisal of health information
6. Ability to actively engage with health care providers
7. Navigating the health care system
8. Ability to find good information
9. Understand health information well enough to know what

to do

Scales 1 and 4 of the HLQ reflect a social orientation that is
positive in managing one’s health, and a PHR is a potentially
valuable tool for this, and scale 1 also reflects the quality of
communication and trust in health care providers, which is
regarded as potentially important as health care providers are
likely to be a key source of information for people about whether
they use the MyHR. Scales 3 and 7 reflect general engagement
with health and health care and are expected to provide context
regarding a person’s level of interest in MyHR.

The HLQ was subjected to rigorous validity testing in the initial
validation study. The unidimensionality of each scale was
established with evidence of satisfactory fit for each of the nine
1-factor models, and composite reliability of each scale ranged
from 0.77 to 0.90 [41]. Validity evidence for the English version
was further confirmed in subsequent validation studies in
Australia [43,47,52,53], the English version in other contexts
[54] and elsewhere [44-46,55-57], confirming that the HLQ
scales can be used independently to measure different
dimensions of health literacy.
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Similar to the eHLQ, scales 1, 3, and 4 of the HLQ also use the
4-point response options of strongly disagree to strongly agree.
For items of scale 7, a 5-point response option of cannot do or
always difficult, usually difficult, sometimes difficult, usually
easy, and always easy is used. The calculation of scale scores
is the same as that of the eHLQ, except for HLQ scale 7, which
has a score range of 1 to 5.

For the assessment of demographic background, age was
measured as a continuous variable (years); sex was measured
as female or male; highest educational attainment was measured
in 4 categories (did not complete secondary school; completed
secondary school; trade, apprenticeship, certificate, or diploma;
and university); number of chronic health conditions was a
discrete variable, calculated as the sum of any of the 8
conditions—asthma, arthritis, anxiety, cancer, cardiovascular
disease or heart problems, chronic pain, depression, and diabetes
(no condition; 1 condition; and 2 or more conditions); self-rated
health was measured on a discrete scale with 6 options, ranging
from excellent to very poor; number of contacts with a health
professional in the past 12 months was measured in 4 categories
(≥13 times; 7-12 times; 2-6 times; and 0-1 time); and use of the
internet to search for health-related information in the past 12
months was measured as a binary variable (yes or no).

The 3 variables—MyHR awareness, MyHR engagement, and
MyHR use or intention to use—were determined by 3 questions
in the survey. MyHR awareness was measured in the total
sample using the question Do you have a My Health Record?
(yes, no, or not sure). Participants who answered not sure were
classified as unaware, and those who responded either yes or
no were classified as aware, because it was a clear indication
that they were aware of the existence of MyHR. For MyHR
engagement, participants who answered yes to the
aforementioned question were classified as engaged, and those
who answered no, as not engaged. MyHR use was measured in
the engaged subpopulation, who were asked, Do you use your
My Health Record? (yes and no). Participants who answered
yes were categorized as user, whereas participants who
responded with a no were directed to the question, Do you intend
to use My Health Record? (yes, no, or not sure). Participants
who responded yes to this final question were classified as
intend to use and were categorized as user. Those who
responded that they did not intend to use MyHR were
categorized as nonuser. To ensure that the variable gave a clear
signal, engaged participants who chose the not sure option were
excluded from analysis. Figure 1 shows the flow diagram for
identifying awareness (aware or unaware), engagement (engaged
or not engaged), and use or intention to use (user or nonuser).

Figure 1. Flow diagram for identifying My Health Record awareness (aware or not aware), engagement (engaged or not engaged), and use or intention
to use (user or nonuser; N=998).

Statistical Analysis
As this was an exploratory study, a sample size of 1000 was
chosen to provide ample power to detect small to moderate
differences across target sex, age, education, and other
subgroups (ie, 0.1-0.2–unit differences among subgroups on
the 4-point response range on the eHLQ scales, with a power
of at least 0.8, α of .05, and SD of 0.7), conservatively based
on sample characteristics reported in the validity testing paper
by Kayser et al [40].

The data were analyzed using Stata (version 15; StataCorp)
[58]. Descriptive statistics of demographics and mean and 95%
CIs were calculated for eHLQ and HLQ scores. The
demographics of the sample were compared with those of the
population of the Ballarat Goldfields region of the Western
Victoria Primary Health Network (WVPHN) [59] to determine
the representativeness of the sample. Primary health networks
are independent primary health care organizations established
throughout Australia by the Australian Government in 2015 to
reform the primary health care system using a patient-oriented
approach to medical services in their regions. The Ballarat
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Goldfields region of Victoria is part of the WVPHN, covering
21 areas in the western district of Victoria, Australia.

Logistic regression, adjusted for age, was performed to assess
the relationship among independent variables, including
demographic characteristics, digital health literacy, and health
literacy, and the 3 dependent variables of MyHR: awareness,
engagement, and use. Data collected via the eHLQ and HLQ
were treated as continuous variables. The study was explorative,
and no hypothesis was established, with independent variables
for analysis selected based on factors plausibly associated with
engagement with digital health technologies.

To ensure that the assumptions of the logistic regression were
met, independent variables were collapsed as required to ensure
that there were 20 or more people in each stratum. As such, the
self-rated health variable was collapsed into 5 categories for all
3 dependent variables, with poor and very poor combined. The
number of contacts with a health professional was collapsed
into 3 categories for MyHR engagement and 2 categories for
MyHR use. Education was collapsed into 3 categories, and
self-rated health was 2 categories for MyHR use.

Results

Sample Characteristics
A total of 2839 calls were made and 1000 responses were
recorded, resulting in a response rate of 35.2%. Of the 1000
CATI survey responses, 2 participants were found to be
ineligible for the survey because of age, leaving the data to 998
participants for analysis. For these 998 participants, there were
no missing data for any of the variables. Table 1 presents the
descriptive statistics of the final sample. Compared with the
Ballarat Goldfields region population, the sample had a similar
proportion of people who were identified as Aboriginal or Torres
Strait Islander (18/998, 1.8% for the survey compared with

2204/157,472, 1.4%) and a similar proportion of women
(536/998, 53.7% for the survey compared with 80,594/157,472,
51.18%). However, the survey sample had a higher proportion
of people aged 55 to 70 years (384/998, 38.5% for the survey
vs 31,344/157,472, 19.9%) and >70 years (441/998, 41.2% for
the survey vs 20,091/157,472, 12.76%), and a higher proportion
of people with a university education (307/998, 30.8% for the
survey vs 26,770/157,472, 17%; see Multimedia Appendix 2).

Approximately half of the sample (462/998, 46.3%) were male
participants, and 79.7% (796/998) were aged >55 years.
Approximately one-fourth of the sample (272/998, 27.3%) were
living with 1 chronic condition, and 14.1% (141/998) reported
having 2 or more of the 8 chronic conditions presented, with
arthritis (144/998, 14.4%) and cardiovascular disease or heart
problems (129/998, 12.9%) being the most commonly reported.
More than half of the sample (578/998, 57.9%) reported having
used the internet in the past year to search for health-related
information (Table 1). Approximately two-thirds of the
participants (639/998, 64%) were aware of MyHR, and 32.1%
(320/998) were engaged with MyHR. However, only 6.3%
(63/998) were current users of MyHR, and 10.3% (103/998) of
the participants indicated that they intended to use the system
(Figure 1).

For digital health literacy, participants generally disagreed (for
mean score of <2.5 on a scale, ranging from 1=strongly disagree
to 4=strongly agree) that they were using technology to process
health information (eHLQ scale 1), had the ability to engage
with digital services (eHLQ scale 3), were motivated to engage
with digital services (eHLQ scale 5), and had digital services
that suit their needs (eHLQ scale 7). However, they reported a
generally good understanding of health concepts (eHLQ scale
2). For health literacy, participants agreed that they had good
social (HLQ scale 4) and health care support (HLQ scale 1) and
were actively managing their health (HLQ scale 3; Table 1).
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Table 1. Participant characteristics (N=998).

ValueCharacteristics

Sex, n (%)

536 (53.7)Female

462 (46.3)Male

Age (years), n (%)

33 (3.3)18 to <35

169 (16.9)35 to <55

562 (56.3)55 to <75

234 (23.4)≥75

8 (0.8)Spoke English at home, n (%)

18 (1.8)Aboriginal or Torres Strait Islander, n (%)

Education level, n (%)

91 (9.1)Completed primary school or below

218 (21.8)Did not complete secondary school

136 (13.6)Completed secondary school

246 (24.6)Trade, apprenticeship, certificate, or diploma

307 (30.8)University

Reported long-standing conditionsa, n (%)

144 (14.4)Arthritis

42 (4.2)Asthma

53 (5.3)Cancer

129 (12.9)Cardiovascular disease or heart problems

84 (8.4)Diabetes

29 (2.9)Anxiety

45 (4.5)Depression

87 (8.7)Chronic pain

Number of long-standing conditions reportedb, n (%)

585 (58.6)0

272 (27.3)1

102 (10.2)2

39 (3.9)3 or more

Number of contacts with a health professional in the past 12 months, n (%)

269 (27)12 or more

196 (19.6)7 to 11

446 (44.7)2 to 6

61 (6.1)Once

26 (2.6)Not at all

Self-rated health, n (%)

170 (17)Excellent

270 (27.1)Very good

293 (29.4)Good

165 (16.5)Fair
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ValueCharacteristics

76 (7.6)Poor

24 (2.4)Very poor

Whether internet is used to search for health-related information, n (%)

578 (57.9)Yes

420 (42.1)No

eHealth Literacy Questionnaire scales (score range 1 to 4), mean (95% CI)

2.34 (2.31-2.38)1. Using technology to process health information

2.93 (2.91-2.96)2. Understanding of health concepts and language

2.46 (2.42-2.49)3. Ability to actively engage with digital services

2.59 (2.56-2.63)4. Feel safe and in control

2.40 (2.37-2.44)5. Motivated to engage with digital services

2.51 (2.48-2.54)6. Access to digital services that work

2.39 (2.35-2.42)7. Digital services that suit individual needs

Health Literacy Questionnaire scales (score range 1 to 4), mean (95% CI)

3.20 (3.10-3.20)1. Feeling understood and supported by health care providers

3.02 (2.99-3.05)3. Actively managing my health

3.05 (3.02-3.08)4. Social support for health

Health Literacy Questionnaire (score range 1 to 5), mean (95% CI) scale

3.95 (3.90-3.99)7. Navigating the health care system

aParticipants might select more than one condition.
bNumber based on long-standing conditions selected by participants (range 0-8).

Predictors of MyHR Awareness, Engagement, and Use
or Intention to Use

Awareness
Among all independent variables tested, digital health literacy
was a strong predictor of MyHR awareness (Table 2 and
Multimedia Appendix 3). With the exception of the eHLQ scale
2, Understanding of health concepts and language, a 1-unit
increase in each of the other 6 eHLQ scales was associated with
a 1.28- to 1.99-fold increase in the odds of MyHR awareness,

with scale 6, Access to digital services that work, being the
strongest. However, the 4 HLQ scales, representing health
literacy, were not predictors of MyHR awareness.

For demographic factors, only sex and internet use to search
for health-related information in the past 12 months were
moderately strong predictors of MyHR awareness. Being female
(odds ratio [OR] 1.44, 95% CI 1.11-1.87) and using the internet
for health information (OR 1.52, 95% CI 1.15-2.01) were
associated with higher odds of MyHR awareness compared with
being male and not using the internet (Multimedia Appendix
3).
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Table 2. Logistic regression predicting likelihood of My Health Record awareness, engagement, and use or intention to use, as measured by the eHealth
Literacy Questionnaire and Health Literacy Questionnaire Scales.

Use or intention to use (user n=166;
nonuser n=86)

Engagement (engaged n=320; not
engaged n=319)

Awareness (aware n=639; unaware
n=359)

Scale used

P valueOdds ratio (95% CI)P valueOdds ratio (95% CI)P valueOdds ratio (95% CI)

eHealth Literacy Questionnaire scales

<.0014.14 (2.34-7.31).0011.81 (1.35-2.42)<.0011.77 (1.42-2.22)1. Using technology to process
health information

.032.25 (1.08-4.69)<.0012.62 (1.70-4.03).141.28 (0.92-1.77)2. Understanding of health
concepts and language

<.0014.44 (2.55-7.75)<.0012.12 (1.60-2.81)<.0011.53 (1.25-1.89)3. Ability to actively engage
with digital services

.0012.36 (1.43-3.88).0011.61 (1.20-2.14).0011.47 (1.17-1.85)4. Feel safe and in control

<.0014.24 (2.36-7.61)<.0012.00 (1.48-2.71)<.0011.75 (1.40-2.19)5. Motivated to engage with
digital services

.0052.49 (1.32-4.69)<.0011.90 (1.33-2.70)<.0011.99 (1.51-2.64)6. Access to digital services
that work

<.0013.48 (1.97-6.15)<.0011.89 (1.40-2.55)<.0011.63 (1.30-2.04)7. Digital services that suit indi-
vidual needs

Health Literacy Questionnaire scales

.021.89 (1.10-3.27).0021.63 (1.19-2.22).261.15 (0.90-1.48)1. Feeling understood and sup-
ported by health care providers

.012.28 (1.18-4.38).241.23 (0.87-1.80).460.89 (0.66-1.21)3. Actively managing my health

.022.10 (1.15-3.84).0011.74 (1.25-2.42).891.02 (0.78-1.33)4. Social support for health

.231.24 (0.87-1.75).201.15 (0.93-1.42).291.10 (0.92-1.31)7. Navigating the health care
system

Engagement
All 7 dimensions of digital health literacy, as assessed by the
eHLQ, were strongly associated with MyHR engagement (Table
2 and Multimedia Appendix 4) compared with the other
independent variables. A 1-unit increase on each scale was
associated with a 1.61- to 2.62-fold increase in the odds of
MyHR engagement. Unlike MyHR awareness, in which scale
2, Understanding of health concepts and language, was not a
predictor; this dimension demonstrated the strongest association
with engagement among all the digital health literacy
dimensions.

Although the 4 health literacy dimensions assessed by the HLQ
were not predictors of awareness, HLQ scale 1, Feeling
understood and supported by health care providers, and scale
4, Social support for health, were significant predictors of
MyHR engagement. A 1-unit increase in each scale was
associated with 1.63-fold and 1.74-fold increase in the odds of
engagement (Table 2 and Multimedia Appendix 4).

The use of the internet to search for health-related information
continues to be an important predictor of MyHR engagement,
in addition to awareness. Other strong predictors of engagement
included age and the number of chronic conditions. Younger
people were significantly more likely to engage with the MyHR,
with every 10-year grouping increase being associated with a
20% reduction in the odds of MyHR engagement (OR 0.98,
95% CI 0.97-0.99). Having 2 or more chronic diseases or

conditions was associated with a 1.88-fold increase in the odds
of engagement compared with having no chronic conditions
(OR 1.88, 95% CI 1.16-3.07; Multimedia Appendix 4).

Use or Intention to Use
Digital health literacy was again a strong predictor of MyHR
use or intention to use (Table 2 and Multimedia Appendix 5).
A 1-unit increase in each of the eHLQ scales was associated
with a 2.25- to 4.44-fold increase in the odds of using or
intending to use MyHR, with scale 3, Ability to engage with
digital services, being notably strong, followed by scale 5,
Motivated to engage with digital services, and scale 1, Using
technology to process health information.

Health literacy was also a significant predictor of MyHR use.
A 1-unit increase in HLQ scale 1, Feeling understood and
supported by health care providers, scale 3, Actively managing
my health, and scale 4, Social support for health, was associated
with a 1.89-, 2.28-, and 2.1-fold increase in the odds of using
or intending to use MyHR.

Being female (OR 1.78, 95% CI 1.05-3.00), having a university
education (OR 2.48, 95% CI 1.23-5.02), and using the internet
to search for health-related information in the past year (OR
2.96, 95% CI 1.64-5.37) were more likely to use or intend to
use MyHR compared with being male, not completing secondary
school, or not using the internet to search for health-related
information (Multimedia Appendix 5).
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Discussion

Principal Findings
This study used a population-based survey to explore the
predictors of awareness, engagement, and use of a national
web-based PHR, MyHR, using multidimensional measures of
health literacy. Digital health literacy was strongly and
consistently associated with MyHR awareness, engagement,
and use. Most notably, people who reported that they were using
technology for health, had the ability and motivation to engage
with digital services, and found that digital services met their
individual needs were 3 to 4 times more likely to use or intend
to use MyHR compared with their counterparts. Other clear
associations included dimensions of health literacy relating to
positive relationships with health care providers and social
support and using the internet to search for health information.

Comparison With Prior Work
The limited number of studies on the predictors of PHR uptake
and the use of digital health literacy as a general concept in
previous studies make it difficult to compare the findings of
this study with those of prior studies. Nevertheless, this study
found that only one-third of the sample (320/998, 32.1%) was
engaged with MyHR, and only a very few participants (63/998,
6.3%) were current users. This is in line with the data revealed
at an Australian Senate estimate hearing in December 2019 that
only 4% of Australians logged into MyHR more than once [60].

In a qualitative study of 66 Australian women who were regular
users of web-based health information, Lupton [61] found that
factors such as lack of interest, security, and privacy concerns
or not seeing any benefits of using MyHR were potential barriers
to using MyHR. This study also identified eHLQ scale 4, Feel
safe and in control, and scale 5, Motivated to engage with digital
services, as strongly associated with MyHR awareness,
engagement, and use or intention to use. Another notable finding
is the eHLQ scale 2, Understanding of health language and
concepts, which was not associated with awareness but was the
strongest predictor of engagement and a moderately strong
predictor of use. This finding echoes the October 2021 statistics
from MyHR, which showed that the documents most viewed
by Australians were pathology reports, with >1.6 million views,
a huge jump of 613% compared with the views 12 months earlier
[62]. The immunization report, introduced in early 2021, was
also one of the top 10 items people looked at in October 2021,
with 2.7 million views, an increase of 68% compared with views
a month earlier [62]. This could indicate that a better
understanding of one’s health is one of the purposes for
engaging with MyHR.

Digital Health Literacy
An important finding of this study is the potential role of digital
health literacy in the adoption and use of web-based PHR.
Instead of simply reporting that higher or lower digital health
literacy is linked to the uptake of PHR, as in the study by Noblin
et al [33], this study examined the 7 dimensions of digital health
literacy and the relative strengths of the association of digital
health literacy with awareness and engagement of PHR. By
using a multidimensional instrument, this study provided more

nuanced insights into people’s MyHR awareness, engagement,
and use or intention to use. The dimensions of using technology
for health (eHLQ scale 1, Using technology to process health
information) and ability (eHLQ scale 3, Ability to actively
engage with digital services) as well as motivation to use
technology (eHLQ scale 5, Motivated to engage with digital
services) are all strongly associated with using MyHR, with a
4.14- to 4.44-increase in the odds of using or intention to use
web-based PHR. This is further confirmed, because using the
internet to search for health information was another strong
predictor, especially in use or intention to use.

When interpreting the results of this study, it is useful to
consider the 7 dimensions of digital health literacy measured
and ask the question, “How does a person develop in this
dimension?” It is clear that a person’s digital health literacy will
develop along with their experiences of using digital health
technologies; for better or worse, positive experiences will
increase their trust, confidence, and perceptions of value,
whereas negative experiences will do the opposite. Therefore,
digital health literacy is clearly not just a predictor of the use
of technologies but also, if not more so, a consequence,
especially among people with few prior experiences of using
digital health technologies.

However, the direction of causality was not assumed in this
study. Although initiatives to develop digital skills may be an
effective way to increase the adoption of MyHR (and is a
commonly used strategy to improve digital health literacy [63]),
an alternative is to use the assessment of health literacy as a
means to understand and shape the experiences of people as
they engage with digital health technologies and the processes
that build (or undermine) trust, confidence, and perceived
benefits. This would lead to a process of designing both the
features and rolling out of digital technologies in such a way as
to maximize virtuous cycles and minimize confidence eroding
cycles, guided by an understanding of the digital health literacy
of users. This overall process can be described as “health literacy
development.”

Implications and Recommendations
Although digital skill training may have the potential to increase
the likelihood of using web-based PHR and is likely to be
practical and easy to implement, it should also be noted that
other potential predictors identified in this study may also be
important to consider when developing community-based
interventions and leveraging the important role that health
professionals may have in influencing people’s knowledge and
confidence in engaging with digital records. With eHLQ scale
4, Feel safe and in control, being a strong predictor, addressing
people’s privacy concerns is an action that may be a key building
block to engagement. The eHLQ scale 2, Understanding of
health language and concepts, while was not associated with
being aware of MyHR, was moderately associated with
engagement and use, suggesting that initiatives to promote the
benefits of using the system to better understand and manage
people’s own health should be considered. In fact, it is likely
that when people see the benefits of using web-based PHR, they
may become more motivated to use digital technologies, leading
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to cyclical growth in both confidence and intent to use MyHR
along with digital health literacy.

Besides, the notion of including other nondigital actions is
further supported by the finding that predictors of engagement
and use included the health literacy dimensions represented by
the HLQ scale 1, Feeling understood and supported by health
care providers, scale 3, Actively managing my health, and scale
4, Social support for health. This indicates that public health
education should not only target individual users of MyHR but
also provide supportive health care and social networks to
encourage the use of web-based PHR. Hence, an approach that
considers the social factors surrounding the use of web-based
PHR is a critical aspect of health literacy development.

In a review of the information quality and usability of MyHR
in 2018 using a health literacy framework, Walsh et al [64]
found that only 16% of such resources could be rated as easy
to read, 88% were text based, images to assist learning were
limited, and color and large buttons to facilitate engagement
and navigation were missing. They concluded that people at
risk of lower health literacy did not have equitable access to the
system, potentially increasing health disparities between users
and nonusers. Although the MyHR website is regularly updated,
the MyHR website as of March 2022 features a small button to
listen to the website, and translation to other languages is
available only for some pages, not the full website. As this study
found that digital services that suit individual needs were
associated with a 3.5-fold increase in the odds of using or
intending to use MyHR, actions such as improving the
readability, usability, and accessibility of MyHR to ensure that
the system is responsive to all users’ needs may maximize
equitable access to web-based PHR. An easy-to-use digital
system may boost people’s confidence and motivation to use
digital health technologies and, in turn, reinforce their
engagement with the system and perhaps develop the digital
health literacy of individuals.

Furthermore, this study found that older people and those with
less education were less likely to engage in or use MyHR. These
findings indicate that there are population groups that may
become disadvantaged as countries move to web-based PHR,
leading to a potential widening of health disparities. Special
initiatives with targeted and tailored interventions are needed
to ensure that no group remains left behind. A co-design
approach to developing these initiatives with those with lived
experience in diverse communities is also recommended,
because this approach has been considered the best practice “to
reduce inequality and empower vulnerable communities” [65].

Future Directions
This study was the needs assessment phase of a larger study
that used the Ophelia process to identify solutions to maximize
the use of digital technologies, including MyHR. The Ophelia
process takes a co-design approach to create and implement
solutions to understand and improve access, equity, and
outcomes by addressing health literacy needs [38]. It has been
shown to be effective in various studies [66-69] and is easy to
apply in diverse settings from European hospital settings to
Egyptian fishing villages [70-73]. In addition to identifying the
predictors of PHR use, the data of this study were also used to

identify digital health literacy profiles among community
members. These profiles reflect the digital health literacy
challenges, preferences, and strengths of respondents regarding
the adoption and use of MyHR. The next phase of this study
involved integrating quantitative data profiles with demographic
and interview data to create vignettes (or stories) of typical
community members about their use of digital health systems.
The vignettes were then presented at idea generation workshops
attended by community members and frontline health
professionals. This process allows for co-design opportunities
using local wisdom to generate clear and actionable
recommendations to increase the uptake and use of MyHR and
achieve widespread participation in the process of health literacy
development.

The finding that only 6.3% of the survey sample were MyHR
users indicates that attempts to engage the Australian population
with MyHR might not have been successful at that time. Since
the opt-out period when around 10% (approximately 2.5 million)
of Australians opted out of the system [74], approximately
90,000 people who previously opted out or canceled their
records had registered for a record by June 2021 [75]. Further
population-based surveys should be undertaken to measure
changes in and predictors of awareness, engagement, and use
of MyHR, especially as the use of digital health services has
become more common during the COVID-19 pandemic. The
findings will inform further actions to improve the uptake rate
of active MyHR users.

Limitations
A limitation of this study is that it was conducted in a regional
area of Victoria, which may not be representative of the
Australian population. However, the aim of this study was to
identify digital health literacy needs, and rural residents were
found to be among the population groups with greater digital
health literacy needs than urban residents [19,21]. It is also
noted that there were some demographic groups that were not
well represented in the sample when compared with that of
residents of the Ballarat Goldfields region; this included a lower
representation of younger people and those with lower
education. The impact of this discrepancy is that the findings
may not be generalizable to the general adult population in the
region. However, it is important to note that this study sought
to understand people’s experience with digital health services.
Given that people in middle to late adulthood have the highest
burden of chronic health conditions and tend to have
multimorbidity, this population group may have more to gain
from the engagement and use of web-based PHR.

Groups experiencing vulnerabilities who are most at risk of
digital inequities were also not well represented. Only 1.8%
(18/998) of the respondents identified as Aboriginal or Torres
Strait Islanders and only 0.8% (8/998) spoke a language other
than English at home. Although the proportion of Aboriginal
and Torres Strait Islanders was similar to the population of the
Ballarat Goldfields region (Multimedia Appendix 2), the
proportion of people who spoke a language other than English
at home was lower than that in the 2016 Australian Bureau of
Statistics Census (39,743/576,802, 6.9%) [76]. Future studies
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should focus on these 2 groups to better understand their needs
and barriers to digital health.

Another limitation is that the sample included only adults who
had a landline telephone or mobile phone number registered to
a postcode in the Ballarat Goldfields region. Consequently,
individuals who did not have access to a phone, who lived in
the region but had a phone registered to a different postcode,
or who had an unlisted number were not sampled. Such
individuals may have had different experiences with health
technologies and services than the study sample, and their
experiences were not captured in the data. Furthermore, CATI
as an administration mode can lead to some cognitive burden
and recall bias, which may in turn affect the ways in which
people respond [77]. However, the use of a telephone survey is
a cost-effective way to undertake a large population survey in
a short period.

Conclusions
This study provides insights into the predictors of the use of a
national web-based PHR, MyHR, in Australia, and advances
the understanding of the mechanism behind the use of web-based
PHRs. These findings suggest that actions to improve the uptake
and use of web-based PHRs need to look beyond improving
individual digital skills. Of equal importance are initiatives to
provide access to digital technologies, develop responsive digital
services, provide a better understanding of the benefits of using
web-based PHRs, and establish health care and social support
networks. Therefore, a holistic approach is essential for
enhancing the rate of web-based PHR engagement and use. This
study also identified subgroups that are likely to be nonusers
of web-based PHRs; targeted solutions need to be put in place
to ensure that a web-based PHR can realize its full potential to
help reduce health inequities.
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Abstract

Background: Clinical pathways (CPs) are usually expressed by means of workflow formalisms, providing health care personnel
with an easy-to-understand, high-level conceptual model of medical steps in specific patient conditions, thereby improving overall
health care process quality in clinical practice. From a standardized perspective, the business process model and notation (BPMN),
a widely spread general-purpose process formalism, has been used for conceptual modeling in clinical domains, mainly because
of its easy-to-use graphical notation, facilitating the common understanding and communication of the parties involved in health
care. However, BPMN is not particularly oriented toward the peculiarities of complex clinical processes such as infection diagnosis
and treatment, in which time plays a critical role, which is why much of the BPMN clinical-oriented research has revolved around
how to extend the standard to address these special needs. The shift from an agnostic, general-purpose BPMN notation to a
natively clinical-oriented notation such as openEHR Task Planning (TP) could constitute a major step toward clinical process
improvement, enhancing the representation of CPs for infection treatment and other complex scenarios.

Objective: Our work aimed to analyze the suitability of a clinical-oriented formalism (TP) to successfully represent typical
process patterns in infection treatment, identifying domain-specific improvements to the standard that could help enhance its
modeling capabilities, thereby promoting the widespread adoption of CPs to improve medical practice and overall health care
quality.

Methods: Our methodology consisted of 4 major steps: identification of key features of infection CPs through literature review,
clinical guideline analysis, and BPMN extensions; analysis of the presence of key features in TP; modeling of relevant process
patterns of catheter-related bloodstream infection as a case study; and analysis and proposal of extensions in view of the results.

Results: We were able to easily represent the same logic applied in the extended BPMN-based process models in our case study
using out-of-the-box standard TP primitives. However, we identified possible improvements to the current version of TP to allow
for simpler conceptual models of infection CPs and possibly of other complex clinical scenarios.

Conclusions: Our study showed that the clinical-oriented TP specification is able to successfully represent the most complex
catheter-related bloodstream infection process patterns depicted in our case study and identified possible extensions that can help
increase its adequacy for modeling infection CPs and possibly other complex clinical conditions.

(J Med Internet Res 2022;24(9):e29927)   doi:10.2196/29927

KEYWORDS

openEHR task planning; business process model and notation; BPMN; clinical pathways; catheter-related bloodstream infection;
CR-BSI; clinical guidelines
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Introduction

Background
The interoperability of clinical information is a major issue that
hinders data exchange and knowledge reuse between clinical
institutions [1]. An important type of clinical information is the
representation of institution-specific care protocols, known as
clinical pathways (CPs), defined as “task orientated care plans
which detail essential steps in the care of patients with a specific
clinical problem and describe the patient’s expected clinical
course” [2]. This definition has been reviewed in the studies by
De Bleser et al [3] and Vanhaecht et al [4] and further refined
in the study by Kinsman et al [5] through five criteria: “(1) a
structured multidisciplinary plan of care; (2) used to channel
the translation of guidelines or evidence into local structures;
(3) detailed the steps in a course of treatment or care in a plan,
pathway, algorithm, guideline, protocol or other inventory of
actions; (4) had timeframes or criteria-based progression (that
is, steps were taken if designated criteria were met); and (5)
aimed to standardise care for a specific clinical problem,
procedure or episode of healthcare in a specific population.”
CPs often rely on medical evidence expressed in clinical
guidelines (CGs), which standardize abstract best practices for
the diagnosis and treatment of specific medical conditions based
on both medical evidence and expert consensus to ultimately
improve the quality and uniformity of care, describing the strict
temporal order in which clinical work needs to be carried out.
For this purpose, many clinical task-oriented tools have been
used over the years, such as Asbru, GLIF, GLARE, PROforma,
EON, or GUIDE [6], but none of them seem to have reached
the popularity of general-purpose process management tools
such as the business process model and notation (BPMN) from
the Object Management Group (OMG) [7], probably because
of their complexity and narrow use limited to high-technology
institutions with enough financial and technical means. In the
last years, BPMN, which is widely used in other industry
domains, has also emerged in clinical domains as a process
management standard. Many studies describe the use of BPMN
to represent clinical processes to improve efficiency or serve
as a basis for the development of clinical decision support
systems, which require seamless integration between electronic
health record (EHR) data, decisions, and the specific workflow
of a medical institution [8-12]. Although BPMN has proven to
be effective in representing clinical processes, the transition to
process execution in real clinical institutions is still scarce [13].
Indeed, although BPMN can effectively help clinicians visually
understand clinical processes and detect possible inefficiencies,
the implementation of otherwise complex, stepwise clinical
workflows in an ordered manner is not easy to accomplish as
temporal interrelations between tasks are crucial. In the last
years, new clinical-oriented process representation standards
have emerged that address the specific needs of clinical
workflows, such as openEHR Task Planning (TP) [14]. Our
work is based on the hypothesis that the clinical-oriented
business process management (BPM) tool TP provides a more
adequate way to represent CPs, bridging the gap between
abstract CG logic and clinical workflow and offering essential
tools for the representation of complex health care processes

such as infection treatment. In our research, we analyze how
TP can represent complex infection CPs taking as a case study
the catheter-related bloodstream infection (CR-BSI) CGs
developed by the Johns Hopkins Hospital (JHH) Antimicrobial
Stewardship Program, an international gold standard that
includes recommendations aiming to standardize clinical
practice around antibiotic prescription, thereby helping minimize
antibiotic resistance [15].

The structure of this paper is as follows: in the Introduction
section, we explain the background; in the Methods section, we
illustrate the methodology used; in the Results section, we
describe our experiments; and, in the Discussion section, we
discuss the relevance and limitations of the results.

Related Work
The best up-to-date evidence-based clinical knowledge is usually
expressed in CGs, defined as “systematically developed
statements to assist practitioner and patient decisions about
appropriate healthcare for specific clinical circumstances” [16],
often used in a paper-based mode. Many studies have
successfully represented CG knowledge using different
notations, such as the procedural medical-oriented Arden Syntax,
rule-based systems such as Drools, guideline definition
languages (Graphic Language for Interactive Design [GLIDE]
and the openEHR Guideline Definition Language), or Semantic
Web rule systems such as SPARQL Inferencing Notation (SPIN)
or Shapes Constraint Language (SHACL) [17]. However,
knowledge representation technologies do not suffice to
represent a specific patient evolution over time, which has led
to the development of medical-oriented task-based systems such
as PROforma [18], Asbru [19], or Prodigy [20], which have
been successfully used in many clinical scenarios but are
effectively limited to a few medical institutions owing to the
high costs and efforts associated with their implementation.
This has favored the introduction in the last years of popular,
easy-to-use, general-purpose BPM standards in the health care
landscape as a working alternative to complex, medical
task-oriented knowledge systems. However, modeling specific
constraints in clinical processes remains a challenge because of
the intrinsic domain complexity. Much research has been
conducted over the years to eliminate or compensate for the
temporal shortcomings of generic BPM notations, such as with
Petri nets (a graphical workflow formalism for conceptual
modeling of distributed systems [21,22]), Process Mining for
Healthcare [23], or improved integration with data or decision
support [9,10,24].

Clinical Context
CR-BSI is a highly recurring infection and a major cause of
morbidity and costs in hospitals. The leading cause of CR-BSI
is gram-positive bacteria present in intravascular catheters,
especially the coagulase-negative Staphylococcus species, which
must be treated with a multidisciplinary approach based on
catheter removal or catheter salvage combined with an
antimicrobial lock therapy. Only in the United States, >150
million intravascular catheters are purchased by hospitals each
year [25,26]. In addition, >250,000 intravascular CR-BSI cases
happen each year, with an attributed mortality rate of 12% to
25% [27]. Of these, approximately 80,000 CR-BSI cases take
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place in intensive care units, where “more than 15 million central
vascular catheter (CVC) days occur each year” [28]. This
happens in a context of insufficient research on new antibiotics
and limited supply of the existing ones, which narrows down
the possible therapies for highly recurring bacterial infections,
many of which are still susceptible to generic antibiotics with
lower toxicity levels and lower risk of resistance development
[29]. The treatment options for CR-BSI depend on the
microorganism causing the infection, which determines the type
of antibiotic and the time, frequency, and dosage of its intake.
Furthermore, the type of catheter, the way it is handled, the
duration of its placement, and the patient conditions codetermine
the risk of a hospital-acquired CR-BSI, increasing the length
of hospital stay and mortality figures especially in patients who
are critically ill and whose catheter is not removed [30].
Therefore, specific CGs have been developed for health care
staff to prevent the development of CR-BSI and issue
recommendations regarding the most suitable course of
treatment. The JHH CGs, based on current literature, Infectious
Diseases Society of America national guidelines [31], and JHH
medical evidence, cover the entire infection course from
diagnosis through antibiotic treatment and assist clinicians in
the selection of the optimal antibiotic therapy in an attempt to
fight antibiotic resistance and still remain effective [15].

BPMN Process Formalism
BPMN is a mature, general-purpose BPM graphical
representation and ISO standard developed by OMG based on
an unstructured graph-oriented language combined with features
from other workflow languages that can be represented using
Petri nets [32]. In BPMN, a process is a free sequence of
activities or events ordered in a sequence flow and connected
through split or merge gateways that redirect the flow into one
or multiple paths. This standard has been widely used by
business process managers in many different application
domains owing to its simplicity. Despite not being specifically
designed for clinical processes, BPMN has proven its value in
the health care domain to represent CPs, allowing for an
easy-to-understand representation of CP recommendations
[12,13,33,34]. However, its use in clinical domains is still scarce
owing to the complexity of clinical processes and organizations,
the critical relevance of care protocols, the difficulties in
handling temporal constraints, and the uncertainty surrounding
patient evolution and treatment effectiveness [13]. Furthermore,
the integration of BPMN process models with EHR data is
usually modeled using Unified Modeling Language [35] to
address the BPMN shortcomings in that regard [24]. In addition,
BPMN provides a limited set of capabilities for modeling
temporal constraints [34,36] as the standard lacks out-of-the-box
temporal semantics. Therefore, many extensions of the BPMN
metadata model have been proposed over the years to address
the specific demands of clinical processes [11,34,36-44].

openEHR TP
openEHR is an initiative of the openEHR Foundation working
closely with the European Committee for Standardization
(CEN), the International Organization for Standardization (ISO),
Health Level 7 (HL7), OMG, and other organizations on EHR
and clinical modeling standards that provides an archetype-based
standard data model for EHR systems designed with
interoperability in mind [45]. In 2016, the openEHR Foundation
released a new clinical-oriented workflow management standard,
the TP specification, that includes a Visual Modeling Language
(TP-Visual Modeling Language [TP-VML]) backed up by
formal semantics, which ultimately would allow for the
automatic translation of graphical workflow models into
executable models [14,46]. TP complements openEHR by
allowing modeling orders and actions in the future, structured
as work or task plans, as well as their eventual execution in
distributed environments, improving features partially present
in other workflow languages (BPMN, Yet Another Workflow
Language [YAWL] [47], Case Management Model and Notation
[CMMN] [48], or Decision Model and Notation [DMN] [49]).
The TP engine executes both TP work plans and openEHR
Decision Language (DL) rules [50]. Moreover, TP allows for
the specification of complex times in medication orders (eg, “3
times a day before meals” [51]), and it is conceived as a clinical
process navigator, empowering users to perform ad hoc
modifications at the time of execution to reflect real-time
changes and supporting auditing, reporting, and billing to
analyze task performance, execution, and eventual deviations
from the original plan. Although openEHR has a wide coverage
as a research area [52-54], the TP specification has been used
in fewer studies [55-57] and is still under development. The
contributions of our work to support our hypothesis of the native
suitability of clinical-oriented BPM formalisms for infection
CPs are as follows: (1) identification of key features required
for modeling infection CPs, as laid out in the literature, the JHH
CGs, and the successive BPMN extensions; (2) theoretical
analysis of how TP addresses the identified key features; (3) a
case study to empirically show the native TP adequacy by
modeling typical CR-BSI infection patterns using TP; and (4)
analysis and proposal of potential extensions of the current
version of TP for improved modeling of infection CPs and
possibly of other complex CPs.

Methods

Overview
Our research aimed to explore and identify key features to
represent infection CPs to then analyze how they are present in
the TP standard. The analysis can lead to a potential list of
benefits and possible improvements for the representation of
infection CPs using TP. For this purpose, in this study we adopt
the methodology illustrated in Figure 1.
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Figure 1. Methodology followed. BPMN: business process model and notation; CR-BSI: catheter-related bloodstream infection; TP: Task Planning;
TP-VML: Task Planning Visual Modeling Language.

Step A
We identified key features required for modeling infection CPs
by reviewing scientific literature, BPMN extensions in clinical
settings, JHH CGs, and an extended BPMN-based model of
JHH CR-BSI. The identified key features formed a basic set of
requirements that served as a starting point to analyze the
theoretical adequacy of TP for the representation of infection
CPs.

Step B
We conducted a theoretical analysis of the presence of the
previously identified key features in the TP specification by
performing an in-depth evaluation of the current version of TP
to understand how these capabilities were addressed by the
standard. When possible, a one-to-one comparison of both
standards’capabilities was performed, which could help identify
possible improvements. In addition, when new, potentially
interesting TP capabilities were detected, we discussed their
relevance.

Step C
We conducted an empirical test of the suitability of the current
version of TP for conceptual modeling of infection CPs. To that
end, we modeled typical infection treatment patterns from the
JHH CR-BSI CGs using the same logic used in the extended
BPMN version [44]. When opportunities for improvements
were detected, we proposed alternative TP models.

Step D
Taking the output of steps B and C, we proceeded with the
analysis of benefits and potential enhancements to the current
version of the TP standard and made a proposal of possible
extensions to improve the representation of infection CPs. For
this purpose, we followed the steps of the methodology for
BPMN extensions laid out in the study by Braun and Schlieter
[58], which we consider adequate for TP.

Results

Step A: Identification of Key Features for Infection
CPs
BPMN has been extended over the years with domain-specific
concepts to meet the main requirements of process

representations in clinical domains. Therefore, an analysis of
the BPMN missing capabilities through its extensions in clinical
settings is essential to identify key features that any CP
representation should fulfill. Furthermore, any language for
modeling CPs should contain (1) concepts for medical business
process modeling (patient state, treatment step, decision, or
process flow) plus the ability to integrate information objects
and responsibilities, (2) indefinite order relations as well as
compulsory parallel relations between treatment steps and
iterating treatment steps, (3) the evidence class of any
recommendation and decision and a link to the source of the
evidence, and (4) temporal dependencies and explicit time events
[58].

The key features proposed in this study were derived from an
analysis of existing literature selected based on quality and
content regarding (1) BPM extensions in clinical domains
affecting the representation of, among others, time, resources,
and coordination of CPs by multidisciplinary teams working
together in a care process [8,36-39,41,58-63]; (2) review studies
of BPMN extensions both in clinical and nonclinical domains
[13]; and (3) analysis of JHH CG features for infection
management [15,43,44], such as parallel work, synchronization
with EHR data, or uncertainty in the course of an infection
treatment. Although broadly inclusive, our criteria were
proposed as a set of minimum requirements to represent
infection CPs. First, the well-structuredness of a process
conceptual model helps increase its legibility and understanding
by clinical staff, thereby enabling the detection and analysis of
possible process improvements. In addition, it is a requirement
to avoid deadlocks and inconsistencies in and between processes,
thereby facilitating the future maintenance and evolution of the
process representation. Process modularity allows for the
decomposition of large, complex clinical processes with many
involved parties in their constituent subprocesses, thereby
allowing for increased readability, process reuse, and faster
model building and verification of soundness across the
organization. Events allow for conceptual modeling of facts that
take place at the time of execution, the occurrence of which is
possibly unknown at the time of design. Events deal with
uncertainty and are always present in the treatment of infections,
whose course depends on factors unknown at the time of design,
such as the patients’ eventual response to medication. Parallel
execution of tasks optimizes execution time to promptly react
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to clinical happenings as clinical institutions consist of complex
multilayered organizational units, possibly externalized and
interacting with each other. Task duration allows for the
expression of a constraint, a deadline, or simply information to
all process actors. For example, a blood test can take a minimum
of 1 day and a maximum of 2 days to complete. If purely
informational, workflow execution should not wait for this task
to complete but, if meant as a constraint, the model should
include semantics to hold the execution of subsequent tasks.
The time distance between nonconsecutive tasks can be specified
using relative time constraints such as edge duration between
the starting or ending instant of a predecessor task A and the
starting or ending instant of a successor task B. These constraints
are determined by best practices or the institution’s average
figures to define a minimum or maximum waiting time when
dispatching work to other organizational units. Synchronization
between subprocesses is ultimately reduced to the
synchronization between their inner tasks. Use of resources is
relevant in infection CPs as catheters are a main cause of
infection in hospitalized patients, requiring both catheter lock
therapy (CLT) and systemic therapy (ST) applied repeatedly
and alternatively but not simultaneously through the existing
catheter, which must therefore be used in exclusive mode by
the executing task. Multiple instances of a task might be required
to unfold repeatable tasks such as therapy or follow-up tasks,
although, in many cases, their multiplicity level is unknown at
the time of design and can only be determined at the time of
execution (either by the user or by the process logic) as it
depends on the clinical evolution of a patient or the adequacy
of the prescribed treatment. Delays between iterations of looping
activities, executed as long as a loop condition evaluates to true,
allow for the expression of things such as “Vancomycin every
8 hours during 7 days” [7]. Furthermore, the integration of
clinical data is useful for reviewing the availability of
process-required data, their location, or the detection of
inconsistencies or potential improvements. Data are used for
input or output to make decisions, initiate a process, coordinate
tasks, or inform process actors, whereas data stores allow for
data persistence beyond the execution of a process model. In
addition, in infection CPs, a close relationship between EHR
information and model metadata is required to be able to
dynamically adapt to clinical happenings. Finally, overrides at
execution time, either by the user or the system’s logic, are
required to deal with unexpected happenings during the course
of an infection, which can unleash relevant changes in the care
process.

Step B: Identification of Corresponding TP Features
for Infection CPs
The TP specification is natively oriented toward the conceptual
modeling of clinical processes, thus theoretically providing
out-of-the-box capabilities that are present in BPMN only after
successive extensions. In this section, we analyze how TP
supports the key features identified in the previous section. First,

well-structuredness is a built-in feature in the TP standard
semantics, which impose implicit restrictions on a process
model. Process modularity is achieved in TP by the intrinsic
grouping of reusable pieces of work in work plans, task plans,
and, optionally, subplans for fine-grained work details. TP events
regulate the temporal behavior of TP tasks or task groups by
means of task-waits that prevent task execution until facts occur
that satisfy a wait condition, such as the occurrence of a task
transition or changes in global tracked variables. Parallel
execution of tasks can be achieved in TP using the execution
type attribute of the plan item top-level class. In addition,
conditional decision structures exist to represent if-elseif-else,
case, or event-based conditions, and the optional
concurrency-mode attribute defines 4 possible states of a task
group during and after the execution of its conditional paths.
However, task duration, either as constraint or merely
informative, does not exist in the current version of TP. When
duration is meant as a constraint, TP implements this behavior
through task-waits associated with events instead. Relative time
constraints between tasks are managed in TP through task-waits
for both deterministic and nondeterministic events combined
with the use of dispatchable tasks. Resources are minimally
represented in TP through Resource_Participation objects
required for task execution. The allocation and tracking of
workers to a task or task group is done at the time of execution
as part of the materialized model (ie, the M* classes, which are
only minimally specified in the current TP version). Multiple
instances of a TP task can be dynamically generated at the time
of execution if they are marked as repeatable in the process
model by the optional repeat-spec attribute, which specifies the
minimum and maximum number of iterations, and an optional
terminate condition to exit the repeat loop. Each iteration is
unrolled into literal sequential copies in the materialized image
of the work plan. Delays between iterations of looping tasks or
task groups are possible with the optional period attribute of a
repeat-spec associated with a repeatable task or task group to
be able to express things such as daily every 8 hours, acting as
a spacer between the execution of the literal copies of each
iteration. Furthermore, clinical data integration is indirectly
achieved through the capture data set attribute, a data set
template or form via which data can be introduced during task
execution. As TP is part of the openEHR standard, data
references are encapsulated using archetypes, so the template-id
attribute specifies the archetype human-readable identifier
(HRID) to be used, triggering the population of a data set [64].
Finally, overrides at execution time are built-in in TP, which
by default assumes that, at the time of execution, users can have
information that is unknown to the system for any number of
reasons. The designed process model is performed in an
advisory, adaptive way, allowing for logical deletion and
addition of tasks at runtime and override of plan parameters
such as task execution time or preconditions [64]. Table 1 shows
the list of the identified key features and their coverage in
extended BPMN and TP.
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Table 1. Coverage of key features in the extended business process model and notation (BPMN) and Task Planning (TP).

TPExtended BPMNFeature

Built-inSESEa restrictionsStructured workflow definition

Dispatchable tasks or task hierarchy or subplansCall activityProcess modularity

Specialized task transition and state trigger events, among othersTimer or signaling eventsEvents

Execution type and concurrency modeGatewaysParallel execution

N/AbBPMN extensionTask duration

Built-in task-waitsBPMN extensionRelative time constraints between tasks

Minimally definedMinimally definedUse of resources

Repeatable tasksMultiplicity markerMultiple tasks

Repeat attribute “period”N/ADelays between task iterations

Capture data sets or subject’s proxy servicesN/A, uses UMLcData integration

Built-in (remove or add tasks, plan parameters, or subject preconditions)Only add activities and eventsOverrides at the time of execution

aSESE: single entry, single exit.
bN/A: not applicable.
cUML: Unified Modeling Language.

Step C: CR-BSI Case Study

Typical Process Patterns in Infection Treatment
The treatment of infections shares some common distinctive
patterns that are typical of diseases caused by bacterial
microorganisms. First, all types of infections require laboratory
tests to determine the pathogen causing the infection in the first
place to decide on the most effective antibiotic treatment. In
addition, infections must be treated readily to avoid
complications that could become life-threatening, following
empirical evidence laid out in CGs even though laboratory
results are not yet known. Furthermore, antibiotic treatment
must follow strict administration rules to be effective, such as

dosage, frequency, and duration. Finally, patients must be
monitored throughout the entire process to quickly adjust the
treatment in case problems arise. We represented some of these
distinctive patterns of CR-BSI in TP to empirically check the
suitability of TP for modeling infection CPs. The CR-BSI
process patterns were originally elicited from the JHH Antibiotic
Guidelines [15]. The BPMN-based CR-BSI process models
[43,44] contain both standard BPMN flow objects and extended
elements such as task and edge duration. For modeling the
CR-BSI TP flows, we used the open-source draw.io tool,
importing the TP-VML libraries [65]. Table 2 shows the
correspondence of the extended BPMN process models from
the studies by Zerbato [43] and Zerbato et al [44] with the TP
process models depicted in this study.

Table 2. Correspondence between extended business process model and notation (BPMN) and Task Planning process models of catheter-related
bloodstream infection.

DescriptionBPMN figure numberPattern

ETa (generic)5 [44]1

Determination of ETNone2

Staphylococcus aureus treatment3 [44]3

CLTb in coagulase-negative Staphylococcus4.1 [43]4

aET: empiric treatment.
bCLT: catheter lock therapy.

Process Patterns in CR-BSI Treatment
We modeled the process patterns of CR-BSI (Textbox 1) using
TP, maintaining the same logic and assumptions made in the
study by Zerbato et al [44] when interpreting the JHH CGs.
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Textbox 1. Process patterns of catheter-related bloodstream infection (CR-BSI).

Process patterns

• Empiric treatment (ET): when suspicion of an infection exists, the clinical approach is to immediately start treating the patient with a wide-spectrum
antibiotic following the empirically gained knowledge laid out in clinical guidelines (CGs) while laboratory tests are ordered in parallel to identify
the causing microorganism. As soon as laboratory tests are available, the ET is revised and adjusted if required, either by changing its dosage or
duration or replacing it with an organism-specific antibiotic for the concrete pathogen causing the infection.

• Determination of ET: this is typically a cognitive decision task that allows clinicians to select the best course of treatment based on CGs or
clinician knowledge, clinical facts, and available culture results, if any.

• Staphylococcus aureus treatment adjustment: infection treatment usually involves strict management of temporal constraints as antibiotics need
a specific administration pace and duration to be effective. During infection treatment, patient evolution and vital signs are continuously monitored
to quickly adjust the originally prescribed therapy (eg, its dosage or duration).

• Catheter lock therapy (CLT): many infections are caused by the use of catheter implants in hospitalized patients, of which CR-BSI or urinary
tract infections are typical examples. Intravascular catheters routinely develop microbial communities (biofilms) upon contact with environmental
or skin pathogens. When such infections occur and the catheter cannot be removed as it can be counterproductive, antibiotic locks are recommended
by CGs as complementary therapy so that both the systemic infection caused by the catheter and the area around the catheter are treated. This
means that the systemic therapy must be repeatedly but not simultaneously applied with the CLT during a certain period. Both therapies use the
same catheter as the vehicle for treatment, so the catheter becomes a shared resource that must be locked exclusively by each therapy task to
prevent simultaneous use.

Pattern 1: Empiric Treatment
The empiric treatment pattern (Figure 2) illustrates the relevance
of repeat loops and nondeterministic events in infection CPs.
We represented a TP parallel AND-all-paths task group with 2
distinct branches: branch 1 represents the ordered set of
laboratory tests, whereas branch 2 represents the ET
administration. As more than one laboratory test is ordered, a
second inner AND-all-paths task group is modeled to indicate

that all cultures need to be completed to be able to interpret the
results. Once they become available, a nondeterministic task
transition event is fired, signaling the ET repeatable task, which
has the laboratory tests transition event to the complete state
as repeat terminate condition, ultimately interrupting the ET
task.

This pattern was represented in extended BPMN [44] using
deterministic events instead.

Figure 2. Catheter-related bloodstream infection empiric treatment (ET) pattern 1 using Task Planning Visual Modeling Language.

Pattern 2: Determination of Empiric Treatment
This pattern shows the relevance of encapsulating decisions in
rules, which was not possible in BPMN. In case of CR-BSI
being suspected, the determination of the empiric treatment
requires gathering epidemiology information from the hospital.
If methicillin-resistant bacteria have high prevalence, a
wide-spectrum antibiotic (Vancomycin) is usually recommended.
Otherwise, a decision between different antibiotic treatments
is taken (empiric treatment 1-4 for simplicity) based on the
suspicion of a pathogen and on patient conditions. Figure 3

shows a representation using a gate task group for the binary
decision high–methicillin-resistant bacteria present, which, if
positive, includes a nested case task group with multiple
exclusive treatment choices and an inner second binary gate to
decide between empiric treatment 2 and empiric treatment 3.

However, this pattern can be easily representable via a decision
table, so we would rather model it in TP using a DL rule evoked
from a determine ET task, which would encapsulate the
knowledge associated with this decision in a single rule to be
further maintained and evolved by knowledge experts, allowing
for the separation of concerns (Figure 4).
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Figure 3. Catheter-related bloodstream infection determination of empiric treatment (ET) pattern 2 using Task Planning Visual Modeling Language.

Figure 4. Catheter-related bloodstream infection determination of empiric treatment (ET) pattern 2 using Task Planning Visual Modeling Language
with a Decision Language rule.

Pattern 3: Staphylococcus aureus Treatment Adjustment
This pattern showcases the importance of overrides in dealing
with uncertainty during the course of an infection treatment.
The JHH CGs state the following: “Criteria for a 14-day course
of therapy: patient is clinically stable; follow-up blood cultures
drawn 2-4 days after the initial cultures are negative for S.
aureus; the patient defervesces with 72 hours of initiation of
effective antistaphylococcal therapy. All other patients should
receive 4-6 weeks of therapy based on extent of infection” [15].

Figure 5 shows a possible TP model using deterministic events,
as in the study by Zerbato et al [44]. The decision review
duration is a subplan that decides whether therapy duration
should continue as planned or be prolonged to a minimum of
28 days and a maximum of 42 days. We used a parallel
and-all-paths task group with 2 branches: the first branch is a
parallel task group follow-up representing the measure
temperature and check culture results timeline-driven tasks
executed at day 3 and 4, respectively, after treatment start and
the second branch is a repeatable task group that executes the
initial 14-day short therapy. Once the follow-up branch ends,
the review duration subplan is launched asynchronously to
determine if the short therapy should be prolonged. When the
short therapy ends, and only if a longer therapy was decided,
a therapy extension repeatable task is launched until the

minimum number of iterations (14) is reached. From that
moment on, therapy can be interrupted through a repeat-spec
terminate condition if a state trigger event signals positive
patient evolution. The therapy extension cycle will end either
when patient evolution is positive or, in the most extreme
scenario, when the repeat.upper limit (28 in our case) is reached.
Although this is a good example of how repeatable tasks are of
great value for the representation of the course of treatment of
infections, we had to perform some calculations with the days
to faithfully represent the CPs. For simplicity, we assumed that
the treatment was applied once daily but, in reality, antibiotics
must be taken in strict time intervals expressed in hours rather
than days. Alternatively, a DL rule can be introduced to assess
patient evolution as part of the decision logic that determines
either a short or a long therapy.

The previous deterministic scenario could be improved, as
shown in Figure 6. The main difference is that, in case treatment
duration is prolonged by the adjust treatment task, a capture
data set (form) would collect the new treatment information,
update the EHR subject’s proxy relevant variables accordingly,
and trigger a new repeat override-condition that would reset the
repeat attributes to repeat.lower=28 (instead of 14) and
repeat.upper=42. However, this behavior has several
implications that will be discussed in the following section.
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Figure 5. Catheter-related bloodstream infection Staphylococcus aureus (S. aureus) treatment adjustment pattern 3 (P3) using Task Planning (TP)
Visual Modeling Language. JHH: Johns Hopkins Hospital.

Figure 6. Catheter-related bloodstream infection Staphylococcus aureus (S. aureus) treatment adjustment pattern 3* using extended Task Planning
(TP) Visual Modeling Language. JHH: Johns Hopkins Hospital.

Pattern 4: CLT
This pattern illustrates task synchronization when sharing a
common resource in exclusive mode. CLT is a technique meant

to reduce treatment failure that fills up a catheter with an
antimicrobial agent and lets it dwell for a long-enough period.
CLT must be administered through the same catheter used for
ST, so task synchronization is essential to guarantee catheter
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availability. Owing to the lack of details in the JHH CGs
regarding the alternation and frequency of CLT, we made a few
assumptions: (1) both therapies are repeated within fixed but
possibly different periods, (2) their timing is independent from
each other, and (3) they take place at random but predictable
times. With these premises, we modeled 2 repeatable parallel
task groups: one including the CLT task and the other including
the ST task. Both task groups first execute an instrumental
“catheter lock” plan to issue an exclusive hold on the catheter
as soon as it becomes available and end with a catheter release.
The catheter lock includes a repeatable task group that checks

catheter availability and ends as soon as the catheter becomes
available, moment at which the catheter is locked, and a callback
notification is sent to the calling task (either ST or CLT). Once
the corresponding therapy task is executed, the trailing catheter
release task is called to release the catheter (Figure 7).

Ideally, this lock mechanism should be a built-in behavior in
TP when a resource is defined as exclusive, greatly simplifying
the process model as both the instrumental catheter lock and
the catheter release task plans would not be necessary (Figure
8).

Figure 7. Catheter-related bloodstream infection catheter lock therapy (CLT) pattern 4 using Task Planning Visual Modeling Language. CG: clinical
guideline; JHH: Johns Hopkins Hospital; ST: systemic therapy.

Figure 8. Catheter-related bloodstream infection catheter lock therapy (CLT) pattern 4* using extended Task Planning Visual Modeling Language.
JHH: Johns Hopkins Hospital; ST: systemic therapy.
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Step D: Analysis and Possible Extensions

Overview
We were able to model typical process patterns of CR-BSI in
TP (Figures 2-8) keeping the logic applied to the interpretation
of the JHH CGs in the study by Zerbato et al [44] with no
amendments or extensions to the current version of the TP
standard. According to the 4 requirements for CP languages
[58], the TP specification fulfills requirement 1 with the
openEHR architecture and foundation classes as well as many
of the requirements 2, 3, and 4 by means of parallel concurrency
modes extensible with specific rules, dispatchable and
performable tasks associated with defined actions, or temporal
constraints between tasks using advanced events. In this study,
we in fact analyzed the suitability of domain-specific features
of requirements 2 to 4 for infection CPs. However, in some
cases, we depicted alternative process models using a different
approach (eg, pattern 3* and pattern 4*) by proposing extensions
that enhance the TP standard capabilities for modeling infection

CPs, such as new annotation capabilities of tasks, enhanced
cyclic constructs, new override behavior of the TP engine, new
events, and enhanced resource management. To determine these
potential TP extensions, we followed the methodology proposed
in the study by Braun and Schlieter [58] for BPMN extensions,
which we consider applicable for TP, consisting of 6 steps that
extend the approach of Stroppi et al [66], resulting in an
equivalence or no equivalence conclusion. A no equivalence
conclusion can have 3 reasons: (1) the entire concept is missing
(extension concept), (2) a relationship between 2 concepts is
missing (association between concepts), or (3) attributes owned
by a concept are missing (property of a concept).

Textbox 2 shows a summary of the main TP constructs used in
the CR-BSI models. Models where an extended approach was
proposed are denoted by a trailing *.

In the following sections, we analyze the most frequently used
TP constructs and their possible improvements, which could
lead to potential extensions of the standard.

Textbox 2. Main Task Planning (TP) constructs used in each use case.

TP construct and patterns in which it was used

• And-all-paths parallel task group (TG): pattern 1, pattern 3, pattern 3*, pattern 4, and pattern 4*

• Repeat task or TG: pattern 1, pattern 3, pattern 3*, pattern 4, and pattern 4*

• Gate binary decision group: pattern 2, pattern 3, and pattern 3*

• Timeline event: pattern 3 and pattern 3*

• Asynchronous dispatchable task: pattern 3 and pattern 3*

• Task transition event: pattern 1 and pattern 3*

• Synchronous dispatchable task: pattern 4

• State trigger event: pattern 3

• System notification event: pattern 4

• Case decision group: pattern 2

• Decision Language rule: pattern 2*

Parallel Execution and Decision-making Constructs
The 4 TP concurrency modes associated with the parallel
execution type cover a wide range of situations that might arise
in actual clinical scenarios and were expressive enough for the
representation of CR-BSI patterns. The and-all-paths
concurrency mode was most frequently used, followed closely
by the gate decision group construct, for single binary decisions.
Occasionally, we used a case decision group in pattern 2, a
cognitive diagnosis decision-making task that can be better
represented as a single DL rule. Throughout the modeling
process, we did not detect any need for improvements in the
existing TP decision constructs or in parallel execution.
However, the standard allows for the definition of rules if more
sophisticated parallel behavior is required in complex scenarios.

Repeatable Task Constructs
The second most used TP construct was the task or task group
repeat, widely used for medication plans, therapy administration,
or monitoring of patients’ vital signs. Antibiotic treatments
usually have the form Ciprofloxacin 400 mg IV Q8H, which

can be represented in TP using the repeat attribute of a plan
item, which unfolds copies of the successive antibiotic intakes
in the TP execution engine. This attribute specifies a minimum
and, optionally, a maximum number of iterations, a time interval
or period between iterations, and a terminate condition evaluated
as soon as the minimum number of iterations is reached before
the execution of new iterations. The terminate condition can be
any plan definition event exiting the repeat loop whenever event
conditions are met. The TP repeat construct is a hybrid loop as
it mimics both a for programming loop until the repeat.lower
limit is reached and, after that, a while programming loop. This
construct has proven to be essential for modeling CR-BSI CPs,
which is why it could be further enhanced to achieve its full
potential. For example, in pattern 3, treatment duration is
adjusted on the fly when the patient does not evolve as
expected—the treatment starts as a 14-day–long repeatable short
therapy task and transitions smoothly to a 28- to 42-day therapy
extension. The model is improved in the alternative pattern 3*
to avoid the need to represent 2 distinct therapy tasks by
proposing a mechanism to signal a repeatable task not to
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terminate but to modify its attributes while still running; that
is, an override of the TP metadata model triggered by the process
intrinsic logic. The main advantage of pattern 3* is a much
simpler visual representation and a more powerful repeat
construct with adaptive capabilities to respond to events not
known at the time of process design. However, this behavior
assumes a few things: first, the patient’s medication record is
stored in the EHR and available to the TP engine; second,
whenever treatment is adjusted, it first updates the EHR through
a capture data set, generating a new medication instruction;
third, there is some predefined mapping mechanism between
the medication instruction and the repeat metadata, used by the
TP engine upon the execution of the adjust treatment task (eg,
taking the information in the ORDER REF class, which
“represents a logical tracking reference to one ‘order’ in the
real world” [14]); finally, the pattern 3* model would also
require modifications in the TP abstract syntax, a new repeat
override condition attribute in the Task_Repeat class to trigger
the reset of the repeat attributes using the new treatment
information in the subject’s proxy (Figure 9), and changes in
the TP engine to keep internal state records of repeat iterations

and dynamically update the materialized literal copies, unfolding
pending iterations and considering the ones already consumed.

The Task_Repeat attributes would be automatically bound to
the patient’s EHR medication record through a defined action
associated with the task and its corresponding prototype based
on its turn on a medication archetype containing a structured
description of the therapy administration and time. When the
adjust treatment task is performed, an action instance would
be created from the prototype reflecting any divergences from
the planned form of the task. To support this scenario, we
suggested the extension of the Task_Repeat class, as outlined
in Table 3.

The execution logic of our extended Task_Repeat class would
be as follows: if start-condition is true and repeat.lower is >0,
a loop is started of 1 to repeat.lower iterations (the for part of
the repeat loop). This minimum number of iterations is executed
unconditionally unless a skip-condition is met in any of the
iterations. Only when iteration number repeat.lower+1 is
reached the rest of the conditions could apply; that is, an
override or terminate condition.

Figure 9. Possible mechanism of Staphylococcus aureus treatment adjustment pattern 3* with repeat override condition. EHR: electronic health record;
GUI: graphical user interface.
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Table 3. Proposed new attributes of Task Planning classes.

Possible valuesExplanationClass and attribute

Task_Repeat

N/AbAdd more elaborated expressions or rules, possibly using DLaTerminate-condition

N/ANew condition, expressed in a similar manner as the terminate-condition, would
allow the first iteration to occur only if both the minimum iteration is not 0 and this
condition evaluates to true

Start-condition

N/ANew condition, expressed in a similar manner as the terminate-condition, would
skip the currently executing iteration if it evaluates to true by eliminating the mate-
rialized literal copy both in the “for” and the “while” parts of the loop.

Skip-condition

N/ANew condition, expressed in a similar manner as the terminate-condition, would
allow for the overriding of Task_Repeat metadata at the time of execution

Override-condition

Resource_Participation

Categorize resources with clinical process relevanceCategory • External or implant
• Medical device

Exclusive or shared modeMode • Exclusive or shared

State of clinically relevant resourceState • Allocated or locked
• Deallocated or unlocked

Plan_Item

N/AMinimum duration of Plan_ItemminDuration

N/AMaximum duration of Plan_ItemmaxDuration

N/AUnits of time to express duration valuestimeUnits

Specifies if the Plan_Item duration is information or also constraintdurationUse • Informative or prescriptive

aDL: Decision Language.
bN/A: not applicable.

Resource Constructs
In infections, catheters are used as a vehicle for the
administration of different therapies sometimes incompatible
with each other, as we have seen in pattern 4 with CLT and ST,
where we had to define 2 instrumental catheter lock and catheter
release tasks, unnecessarily increasing flow complexity. In the
alternative pattern 4* model, we eliminated the need for them
by extending the resource participation class with new attributes
to represent clinically relevant resources, the state of which can
change at the time of execution owing to unexpected clinical
happenings. This would require a resource state machine in the
TP materialized model, similar to the TP engine task state
machine, that would help improve the resource perspective of
the TP standard, similar to how it was done for BPMN [59].
Accordingly, the TP engine should adopt a new specific
behavior for resource allocation or deallocation at the time of
execution. In the pattern 4* model, the catheter resource could
be tagged as of exclusive mode so that the TP engine can
exclusively allocate the resource to the executing task,
implementing a built-in exclusive lock and release strategy to
avoid deadlocks. Table 3 shows the proposed new attributes of
the Resource_Participation class.

The proposed extensions affect the abstract syntax; that is, the
TP standard metadata model and the TP engine logic. In
addition, the EHR could document resources used in the

patients’ medical procedures, especially those implanted that
can cause or aggravate an infectious disease. For example, in
CR-BSI or urinary tract infection, it is relevant to know if the
catheter has been removed, irrigated, replaced, or salvaged to
determine treatment duration.

Events
The TP task-waits allow for the introduction of dynamically
determined delays between tasks, adding fundamental modeling
capabilities through the use of specialized, nondeterministic
events: task transition, state trigger, callback, manual, and
system notification. The task transition event makes use of the
TP engine state machine representing all possible states and
transitions between tasks, which is essential for dynamically
detecting task completion in infection treatment processes. The
state trigger event signals changes in the values of global
monitored variables representing patients’ vital signs. Together
with the set of TP deterministic events, they provide advanced
modeling capabilities in TP, greatly optimizing workflow
execution times. We made use of a task transition event in
pattern 1 or a state trigger event in pattern 3, which is consistent
with the uncertainty and time-driven nature of the course of
infection treatments. To complement these nondeterministic
capabilities, we suggest the addition of a new resource state
event to improve the resource perspective of TP, signaling tasks
when resource allocation, deallocation, or exclusive locks or
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releases occur through a new resource state machine in the TP
engine.

Temporal Constraints Between Tasks
The treatment of infections requires a rather strict regime of
temporal constraints to optimize its effectiveness and, at the
same time, limit antibiotic intake to the strictly necessary levels
to avoid the development of antibiotic resistance. The BPMN
duration extension, widely used in the study by Zerbato et al
[44], does not currently exist in TP, and it has been replaced in
our models with dynamic nondeterministic events, as in pattern
1, where a task transition event triggers a repeat
terminate-condition to interrupt the empiric treatment loop. A
nondeterministic event-driven model can speed up a treatment
process (eg, when laboratory tests are ready earlier than
expected, the pathogen-specific treatment can be started).
Despite not being strictly required in our TP models, there could
be other thinkable scenarios in which task duration could be
useful, either as a constraint owing to regulations or in
high-precision treatments. Arguably, medication records with
duration information are already documented in the EHR; thus,
a task duration attribute in the TP meta model could be seen as
redundant. However, we think that a workflow task should have
an intrinsic duration inherent to any piece of work which can
be relevant for prescriptive tasks and overrides at the time of
execution (eg, in a treatment adjustment) to dynamically change
the number of antibiotic intakes. Consequently, we suggest
adding optional duration attributes to the TP Plan_Item parent
class (Table 3). The new attributes should be able to be
overridden on demand at the time of execution and leave the
corresponding accounting records for both audit and
process-mining purposes. In addition, the concrete syntax (ie,
the TP-VML graphical representation) could be enhanced with
new annotation capabilities.

Furthermore, TP uses different waits to hold task execution:
task-, timer-, and callback-waits. A list of events to be waited
on can be specified in the events-list attribute of the task-wait
class, both deterministic and nondeterministic. The task-wait
ceases when any of the events in the events-list becomes true
and is currently evaluated as a logical OR (cursive). We propose
to add an attribute event-list-relation in the task-wait class with
possible values OR and AND so that a task can wait on the
simultaneous occurrence of more than one event, a typical
behavior of complex event processing systems. However, this
requires other possibly deep-going adaptations of the TP logic
to evaluate the occurrence of multiple events within a given
time window, so a thorough cost-benefit analysis should be
performed on this specific feature. Furthermore, TP has an
optional event-relation attribute in the Task-wait class for
increased time granularity, intended to “allow a task to be
specified as commencing before, with or after the triggering
event (such as a meal)” [14]. In the case of deterministic events,
this attribute could be further refined with a new offset attribute

expressed in positive or negative time units relative to the
triggering event as a time quantifier. As a task-wait can wait
for more than one event, we would interpret the newly quantified
event-relation as transition task t1 to the available state x hours
before|after the events-list via which t1 task-wait is ceased in
AND or OR logic; that is, all triggered events (AND) or just 1
(OR). The effect of this is to add or subtract a concrete amount
of time (the offset x) to the firing time of the triggering event
or events associated with the task-wait, causing the task to either
be delayed or advanced. In the case of nondeterministic events,
the event-relation attribute cannot have quantifiers, at least for
the before operand, as the time of occurrence of such events is
unknown, so the task can only become available immediately
before or after the set of triggering events.

We have more generally analyzed TP time dependencies
between tasks from a pragmatic point of view, checking if they
meet the 13 Allen time interval operands [67], as summarized
in Table 4. We focused on performable tasks as dispatchable
tasks have their own synchronization mechanism through
specific waits and events. We found that three pairs of the 6
symmetric Allen interval operands on task execution are
naturally implemented in the TP standard: (1) precedes or
preceded by is built upon the default behavior of the TP
execution type sequential, which allows a task t2 to become
available when the predecessor task t1 is completed plus an
additional task-wait in the successor task t2; (2) meets or met
by is a generalization of the previous case also built upon the
execution type sequential, which allows a task t2 to become
immediately available for execution when the predecessor task
t1 is completed provided that no task-waits are included (this
is the default behavior of sequential tasks); and (3) starts or
started by is a temporal behavior achieved by modeling a
parallel task group with tasks t1 and t2 and no task-waits
included, so tasks t1 and t2 start at the same time.

The other 3 pairs of symmetric Allen interval operands plus the
equals operand impose restrictions upon the tasks’ end or start
times, always in parallel execution settings, and need more
fine-grained time expressions, which is not always easy to
achieve in the current version of the TP standard (Textbox 3).

Table 5 shows a list of the proposed TP extensions for modeling
infection CPs, which we believe could also be of interest in
other complex clinical settings. Most of the suggested extensions
are labeled as either “property of a concept,” enriching already
existing concepts, or as “extension concept” [58], mostly
referring to a new behavior of the TP engine or materialized
classes model.

Finally, Table 6 shows a comparison of the initially identified
key features in extended BPMN, standard TP, and our proposed
extended TP (represented in the TP* column) providing an
overview of the possible areas of enhancement.
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Table 4. Possible Task Planning (TP) representation of 13 Allen time relation operands.

Implementation in TPGraphicTemporal relation

Sequential execution with “task-wait” or “period” in repeatable tasksPrecedes (p) and preceded by (P)

Sequential execution with no “task-wait” or “period” in repeatable tasksMeets (m) and met by (M)

“Plan-time-origin” extension with new attribute “plan item”Overlaps (o) and overlapped by (O)

“Plan-item” class with new attribute “end time” or extended “task-wait to complete”Finishes (f) and finished by (F)

“Task-wait to complete” with triggering event “t2 completed”, plus time quantifierContains (D) and during (d)

Parallel “task group” with no “task-wait” or with the same “task-wait”Starts (s) and started by (S)

Parallel “and-all-paths” “task-group” with no “task-wait” and same task durationEquals (e)

Textbox 3. The remaining 3 pairs of symmetric Allen interval operands plus the equals operand.

The remaining operands

• Overlaps or overlapped by: this relation can be modeled using a parallel task group (TG) and inserting task-waits either on the overlapping or
the overlapped task. If the overlapping part of both tasks needs to be specified more accurately, this pattern should either include global
timeline-specified task-waits for each task relative to the work plan start time or, ideally, time-lined task-waits with an offset relative to the first
starting task (t1 or t2). However, this last scenario would require an extension of the Plan_time_origin enumeration class with a new attribute
plan-item to specify a list of plan items of the parallel TG to be used as a relative reference for the timeline offset.

• Finished by or finishes: in this temporal pattern, parallel tasks t1 and t2 need to end at the same time. Generally speaking, an and-all-paths parallel
task group could be used as it ends only when all TG branches are finished. However, the time to completion cannot be enforced as it depends
on the longest executing branch, and it does not allow for the limitation of this behavior to 2 branches, for example. Thus, for a compulsory end
time for t1 and t2, a deterministic end time restriction should be applied to each task of the parallel TG. We could not find a way to implement
this in the current Task Planning (TP) version, so a possible solution could require an extension of the plan item class with a new attribute end
time: ISO 8601 duration or, alternatively, task-waits should apply to transition a task not only to the available state but also to any state or, at
the very least for this specific scenario, to the completed state.

• Contains or during: this temporal relation states that t2 must be started after t1 has started and must end before t1 ends (or vice versa). The start
of t2 after t1 can be implemented as in the overlaps or overlapped case. However, the end of t2 before t1 is not that obvious to implement as
task-waits are not an option because both tasks are already being executed by then. In the current TP version, we could not find a reasonable way
to express that t2 must end x units of time before the end of t1 as a relative time constraint. To make it feasible, task-waits should apply to transition
a task not only to available state but also to any state or, at the very least, to the completed state, as in the finished by or finishes pattern. In that
case, a combination of a task-wait to complete having as a triggering event the end of t2 with a time quantifier would allow for a more fine-grained
expression of this pattern.

• Equals: this temporal constraint states that tasks t1 and t2 must start and end at the exact same time. For example, this can be achieved with a
parallel TG with no task-waits and a specific restriction on each task duration. Thus, a possible solution would require the duration extension
proposed previously.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e29927 | p.701https://www.jmir.org/2022/9/e29927
(page number not for citation purposes)

Iglesias et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 5. Summary of proposed Task Planning (TP) extensions for infection clinical pathways.

TypeAffectsOriginReasonClassExtension

PoCbASaPattern 1Informational, support Allen “equals”
pattern

Plan_ItemNew “duration” attribute

PoCASPattern 3*Enrich “repeat” constructRepeat-specNew repeat condition at-
tributes

PoCASPattern 3Allow DLc ruleRepeat-specNew repeat “terminate-
condition” value

ECeLdPattern 3*Override “repeat” metadata at the
time of execution

TP engineNew repeat behavior

PoCASPattern 4*Extend resource perspectiveResource-participationNew resource attributes

ECASPattern 4*Implement behavior for exclusive re-
sources

TP engineNew resource allocation

ECAS and CSfPattern 4*Detect resource state transitionsEventsNew resource transition
event

ECASPattern 4*Specify transition between possible
states of resources

TP engineNew resource state ma-
chine

PoCASLiterature reviewAllow for the specification of the
logical relation between multiple
triggering events (OR and AND)

Task-waitNew “event-list-relation”
attribute

PoCASLiterature reviewAllow for the delay or advancement
of a deterministic event

Task-waitNew “offset” attribute

PoCASLiterature reviewAllow for a rule as “resume-type”Resume-actionNew “resume-type” val-
ue

PoCASAllenSupport Allen “finished by” or “fin-
ishes” and “contains” or “during”

Plan_ItemNew “end-time” attribute

PoCASAllenStart time of a plan item as reference
for timeline in “overlaps”

Plan_Item_OriginNew “start-time” at-
tribute

ECLAllenTask-waits on task transition to com-
pleted (“finished by” or “finishes”
and “contains” or “during”)

TP engineNew “task-wait” behav-
ior

aAS: abstract syntax.
bPoC: property of a concept.
cDL: Decision Language.
dL: logic.
eEC: extension concept.
fCS: concrete syntax.
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Table 6. Comparison of key features of extended business process model and notation (BPMN), Task Planning (TP), and extended TP.

TP*TPExtended BPMNFeature

—bBuilt-inExtension SESEaStructured workflow defini-
tion

New “resume-type” in synchronous dispatchDispatchable tasks in synchronous or asyn-
chronous mode or subplans

Call activityProcess modularity

New “resource transition event”Specialized task transition and state trigger
events

Timer and signaling eventsEvents

—Concurrency modeGatewaysParallel execution

New task duration attributesN/AcBPMN extensionTask duration

New “event-list-relation,” offset,
“Plan_Item,” “plan-item-origin” attributes,
and “TP engine” behavior

Built-in “task-waits”BPMN extensionRelative time constraints
between tasks

New resource attributes and “TP engine”
behavior

Minimally definedMinimally definedUse of resources

New repeat conditionsRepeatable tasksMultiplicity markerMultiple tasks

—Repeat attribute “period”N/ADelays between iterations of
looping tasks

Mapping between EHRse and TP metadata“Capture data sets” and “subject’s proxy”
services

N/A, uses UMLdData integration

On-the-fly override of model metadata (re-
peat) information

By design to remove or add tasks, plan pa-
rameters, and subject preconditions

Few exceptions (add activi-
ties or events)

Overrides at the time of exe-
cution

aSESE: single entry, single exit.
bNone.
cN/A: not applicable.
dUML: Unified Modeling Language.
eEHR: electronic health record.

Discussion

Principal Findings
The results of our experiments show, on the one hand, the native
suitability of TP for infection management and possibly for
other complex clinical scenarios, confirming our initial
hypothesis, and, on the other hand, the potential of the TP
standard to simplify complex CPs by extending some of its
native capabilities following the methodology for BPMN
extensions laid out in the study by Braun and Schlieter [58],
which we consider applicable to TP. The proposed TP
extensions are mainly focused on increased synchronization
between tasks, supporting Allen temporal relations, new
dynamic behavior of repeat constructs, and enhancements in
the resource perspective to emphasize the relevance of
medical-associated devices, such as implanted catheters, in the
course of infectious diseases. When applicable, we also proposed
the use of complementary specifications such as DL.

In pattern 1, we saw how the rich set of nondeterministic TP
events is better suited to represent uncertainty about task
duration than the deterministic events used in the corresponding
BPMN model, allowing for a dynamic response to unknown
clinical happenings and, as a result, faster process execution.
Nevertheless, we proposed to enhance the TP abstract syntax
with new task duration attributes to allow for fine-grained fixed
temporal constraints that could be of use in specific scenarios.

In the case of pattern 2, we initially modeled it in the depicted
pattern 2 model as a cognitive decision-making task expressed
as a multiple decision tree type of task, as done in BPMN.
However, we proposed an alternative pattern 2* TP model to
encapsulate the complexity of the cognitive decision-making
task in a single rule instead. To this end, the TP standard is
complemented by the DL specification, allowing for the
evocation of DL rules from within a task or task group, which
is not possible using BPM alone, resulting in simpler workflows
and improved maintenance and evolution of task-related
knowledge.

Pattern 3 highlights the need for a more advanced adaptive
behavior of the TP execution engine to address new facts or
clinical happenings that cannot be foreseen in advance in static
BPM models, allowing for dynamic changes in the process logic
at the time of execution. The pattern 3 TP model mimics the
corresponding BPMN model, with 2 distinct cyclic therapy
tasks. However, in the alternative pattern 3* model, we proposed
extending TP to enhance the override capabilities of the repeat
loop, which is widely used in infection CPs to represent, for
example, cyclic medication tasks. Dynamic overrides were not
available in BPMN, resulting in an unnecessary increase in the
workflow complexity.

Finally, pattern 4 shows the synchronization between 2 tasks
that cannot be executed simultaneously through the same device;
in our case, a catheter. This pattern could not be represented in
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BPMN owing to its complexity. We could represent it easily in
the pattern 4 TP depicted model using out-of-the-box TP
constructs by modeling 2 instrumental tasks for synchronization
purposes complemented with the rich set of nondeterministic
TP events. However, in the alternative pattern 4* model, we
showed how enhancing the TP standard with a resource
extension could greatly simplify the pattern 4 representation by
adding new attributes to the Resource_Participation class and
proposing both a new nondeterministic resource_transition
event and a new state machine in the TP engine. The proposed
TP extension could be generally used to represent medically
relevant devices such as catheters, mechanical ventilators, or
any other disease-associated devices, thus improving the TP
native resource perspective.

Furthermore, we theoretically analyzed other possible extensions
that could be of use in infection management and other clinical
scenarios, such as adding complex event processing capabilities
to the standard, an enhanced task-wait condition logical
expression using the newly proposed event-list-relation and
offset attributes, and a new Resume_type in a task synchronous
dispatch. Finally, we examined the TP temporal restrictions
between tasks from a theoretical point of view, analyzing how
the TP standard addresses the 13 Allen temporal relations and
proposing extensions to support 3 of the 6 symmetric Allen
relations plus the equals temporal operator. However, the
proposed temporal extensions must be weighed against their
implementation costs as they require an enhanced task-wait
logic for a task to transition not only to the available state but
also to the completed state, as well as new time reference
attributes to be able to express more sophisticated time
constraints between tasks.

Strengths and Limitations
The proposed extensions provide a more consistent approach
to dealing with uncertainty, thereby improving overall workflow
efficiency and duration by adding dynamic response capabilities
during workflow execution. They also acknowledge the
importance of clinically relevant resources in the course of
infection treatment, improving their visibility and clinical role.

A possible limitation is that many of the proposed extensions
require changes in the abstract syntax and the behavior of the
TP engine; for example, in pattern 3* to dynamically monitor
and reset the repeat loop count. These changes in the standard
should be weighed against the expected benefits. In addition,
the use of rules within CPs to represent knowledge-intensive
tasks requires further definition of the DL specification, which
is still under development. Furthermore, the use of resources
in CPs should be synchronized with the resource information
defined in the EHR through specific mechanisms. Finally, the
overall suitability of the standard for other complex clinical
domains should be further assessed in future studies addressing
the specific domain constraints.

Future Directions
Future work will focus on analyzing the DL specification [50]
in relation to TP, a new openEHR formalism for evoking rules
from TP expressed using the openEHR Expression Language
[68] and based on the openEHR Basic Meta Model [51]. We
will also analyze the new OMG BPM+ Health initiative aiming
to promote the use of the 3 OMG standards—BPMN, Case
Management Model and Notation, and Decision Model and
Notation—in health care domains [69].
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Abstract

Background: Internet-based cognitive behavioral therapy (iCBT) has been demonstrated to be cost- and clinically effective.
There is a need, however, for increased therapist contact for some patient groups. Combining iCBT with traditional face-to-face
(FtF) consultations in a blended format may produce a new treatment format (B-CBT) with multiple benefits from both traditional
CBT and iCBT, such as individual adaptation, lower costs than traditional therapy, wide geographical and temporal availability,
and possibly lower threshold to implementation.

Objective: The primary aim of this study is to compare directly the clinical effectiveness of B-CBT with FtF-CBT for adult
major depressive disorder.

Methods: A 2-arm randomized controlled noninferiority trial compared B-CBT for adult depression with treatment as usual
(TAU). The trial was researcher blinded (unblinded for participants and clinicians). B-CBT comprised 6 sessions of FtF-CBT
alternated with 6-8 web-based CBT self-help modules. TAU comprised 12 sessions of FtF-CBT. All participants were aged 18
or older and met the diagnostic criteria for major depressive disorder and were recruited via a national iCBT clinic. The primary
outcome was change in depression severity on the 9-item Patient Health Questionnaire (PHQ-9). Secondary analyses included
client satisfaction (8-item Client Satisfaction Questionnaire [CSQ-8]), patient expectancy (Credibility and Expectancy Questionnaire
[CEQ]), and working (Working Alliance Inventory [WAI] and Technical Alliance Inventory [TAI]). The primary outcome was
analyzed by a mixed effects model including all available data from baseline, weekly measures, 3-, 6, and 12-month follow-up.

Results: A total of 76 individuals were randomized, with 38 allocated to each treatment group. Age ranged from 18 to 71 years
(SD 13.96) with 56 (74%) females. Attrition rate was 20% (n=15), which was less in the FtF-CBT group (n=6, 16%) than in the
B-CBT group (n=9, 24%). As many as 53 (70%) completed 9 or more sessions almost equally distributed between the groups
(nFtF-CBT=27, 71%; nB-CBT=26, 68%). PHQ-9 reduced 11.38 points in the FtF-CBT group and 8.10 in the B-CBT group. At
6 months, the mean difference was a mere 0.17 points. The primary analyses confirmed large and significant within-group
reductions in both groups (FtF-CBT: β=–.03; standard error [SE] 0.00; P<.001 and B-CBT: β=–.02; SE 0.00; P<.001). A small
but significant interaction effect was observed between groups (β=.01; SE 0.00; P=.03). Employment status influenced the
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outcome differently between groups, where the B-CBT group was seen to profit more from not being full-time employed than
the FtF group.

Conclusions: With large within-group effects in both treatment arms, the study demonstrated feasibility of B-CBT in Denmark.
At 6 months’ follow-up, there appeared to be no difference between the 2 treatment formats, with a small but nonsignificant
difference at 12 months. The study seems to demonstrate that B-CBT is capable of producing treatment effects that are close to
FtF-CBT and that completion rates and satisfaction rates were comparable between groups. However, the study was limited by
small sample size and should be interpreted with caution.

Trial Registration: ClinicalTrials.gov NCT02796573; https://clinicaltrials.gov/ct2/show/NCT02796573

International Registered Report Identifier (IRRID): RR2-10.1186/s12888-016-1140-y

(J Med Internet Res 2022;24(9):e36577)   doi:10.2196/36577
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Introduction

Background
Depression is a prevalent and disabling disorder with a high
risk of relapse and large individual and societal costs [1-6].
Effective treatments do exist [7], although a large gap is seen
between the need for and use of treatments [8]. This gap has
led researchers to explore alternative modes of treatment
delivery. One such novel treatment format is internet-based
cognitive behavioral therapy (iCBT) [9-17], in which the patient
is administered access to an online treatment program based on
CBT. The highest clinical effect is seen when clinical guidance
is provided during the course of treatment [18-20]. However,
despite the evidence for the effect of guided iCBT, there is a
need for increased therapist contact among some patient groups
as well as a need to provide a treatment format, which is more
compatible with, and thus easier to implement in, the existing
health care services [21-24].

Combining iCBT with traditional face-to-face (FtF)
consultations in a blended CBT format (B-CBT), in which both
online components and FtF sessions are included in 1 coherent
CBT protocol, may alleviate some of the difficulties associated
with iCBT for depression, while preserving some of the
advantages of both iCBT and FtF-CBT alike. First, by including
FtF sessions, the therapist can individualize the therapy taking
the idiosyncratic case formulation of the patient, the specific
disorder, and possible comorbidity into account. Second, as
B-CBT in the format tested in this study only provides half the
number of sessions as traditional FtF-CBT, the capacity of the
treating clinician is increased compared with traditional CBT.
Third, the burden and cost of travel by the patient can be reduced
compared with FtF-CBT. Fourth, the online modules are
available at the time and place needed by the patients—and they
can be re-viewed multiple times. Fifth, the inherently structured
format of the online modules ensures high treatment fidelity,
for example, by delivering the same psychoeducation and
exercises to all patients. Sixth, one of the principal barriers for
the uptake of iCBT seems to be skepticism concerning allotting
the majority of therapy to a computer [25], a barrier possibly
alleviated by the B-CBT [26]. Finally, the blended format is

more compatible with the existing health care services and as
a consequence should be easier to implement than iCBT [27].

Few studies have investigated the use of blended care combining
internet-based psychotherapeutic modules and FtF sessions into
1 coherent treatment manual to treat adult depression [28-31].
Generally, however, they do indicate positive outcomes. In a
randomized controlled trial conducted in primary care in
Tromsø, Norway, clinical psychologists delivered 30-minute
sessions following each online module [29]. They were able to
document a significant difference with a moderate to large effect
size (d=0.65) on depressive symptoms (Beck Depression
Inventory II [BDI-II]) favoring blended care over waiting list.
The intervention predominantly received positive evaluations
suggesting acceptability and satisfaction with the treatment. In
addition, a qualitative study found that the FtF consultations
increased motivation to persist with the iCBT program [32].
Another recent example is the development and initial evaluation
of a program for B-CBT in The Netherlands. This was tested
at an outpatient clinic of a specialized mental health care center
in Amsterdam. The study was designed as a feasibility study
and included only 9 patients. However, the patients perceived
the intervention as positive, although the authors rightly noted
that no conclusion can be derived from such a small sample
[31]. A cohort study from the United States found a significant
and large reduction in symptoms of depression but had no
comparison group [33].

In this study we compared directly the clinical effect on adult
depression of B-CBT and FtF-CBT in a randomized, controlled,
noninferiority study in parallel groups, recruiting from a routine
care iCBT clinic in the Region of Southern Denmark.

Aims and Hypotheses
The primary aim of this study was to compare the clinical
effectiveness of B-CBT for major depressive disorder in adults
with treatment as usual (TAU) defined as 12 sessions of
FtF-CBT. It is hypothesized that B-CBT will be no less clinically
effective than FtF-CBT, and that it will be acceptable and
satisfactory to patients and clinicians.
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Methods

Design
The study was a randomized, controlled, noninferiority trial
comparing B-CBT with FtF-CBT. It was part of the research
program e-Mental Health Research (ENTER) located in and
coordinated from the Centre for Telepsychiatry in the Mental
Health Services of Southern Denmark, Odense. Additionally,
this study was affiliated with the European Union (EU) study
E-COMPARED [34]. However, the E-COMPARED study
ended prior to this, and thus does not include the total sample.
In this article we explore the full data set of the trial.

Ethics Approval
The trial was approved by the Ethics Committee of the Region
of Southern Denmark (registration number S-20150150) prior
to instigation. The trial followed the Declaration of Helsinki on
Ethical Principles for Medical Research Involving Human
Subjects [35]. All participants received both written and oral
information about the trial and signed written informed consent
before entering the study.

Trial Registration
The trial was registered with ClinicalTrials.gov NCT02796573.
The trial protocol was published previously [36].

Study Funding
Funding was granted from the Research Fund of the Mental
Health Services of Southern Denmark, and from the Innovation
Fund Denmark, as part of the project ENTER (ID:
5159-00002B). Both are public funds. None of the funds have
had any role in the design of the study nor in the collection,
analysis or interpretation of the data, or writing of the
manuscript.

Participants

Eligibility Criteria
All participants were 18 years of age or older and met the
diagnostic criteria for major depressive disorder according to
the Diagnostic and Statistical Manual of Mental Disorders 4th
edition text revision (DSM-IV-TR) [37] as assessed by clinical
psychologists. The diagnosis was confirmed by the research
team using the semistructured interview Mini-International
Neuropsychiatric Interview version 5.0 (M.I.N.I.) [38].
Furthermore, a score of at least five on the 9-item Patient Health
Questionnaire-9 (PHQ-9) [39,40] was required. Patients were
excluded in case of current high risk of suicide or if they had a
comorbid substance dependence, bipolar disorder, psychotic
illness, or obsessive-compulsive disorder. Additionally,
participants were excluded if they concurrently received
psychological treatment for depression. They were also required
to comprehend the Danish language and have access to a
personal computer and internet connection. Finally, they needed
to be able and willing to travel to the physical location of the
trial even if they were randomized to the FtF condition.

Recruitment
Participants were recruited from March 1, 2016, to April 1,
2018, from the iCBT clinic “Internetpsykiatrien,” which is

situated within secondary mental health care (Centre for
Telepsychiatry) at the Mental Health Services of the Region of
Southern Denmark [41,42]. Internetpsykiatrien offers guided
iCBT treatment for anxiety and depression with self-referral.
Psychologists or master students in psychology interviewed all
participants using M.I.N.I. [38] to confirm diagnosis. The
interviews were administered either FtF or by telephone. In case
the participants were on antidepressant medication, they were
asked to keep it stable during treatment if possible. They were
asked to report any changes in medication to the research team.
Access to the program was provided by the research team.

Randomization and Blinding
An independent researcher from the EU study E-COMPARED
[34], who was not involved in the trial, performed the
randomization at an individual level, stratified by country after
eligibility and baseline measurement. A random number
generator (Random Allocation Software) was applied with an
allocation ratio of 1:1. Block randomization was used with block
sizes varying from 8 to 14 allocations per block.

It was not possible to blind the patients nor the treating clinicians
to the allocated treatment. However, those assessing the
participants were blinded to allocation as were the researchers
and statisticians involved up until the point of interpretation of
the results. Some questionnaires were only administered to the
B-CBT group and were kept in a separate data set.

Interventions

Blended Treatment (B-CBT)
In the blended condition, 6 individual FtF-CBT sessions were
alternated with 6-8 online CBT modules delivered through an
internet-based treatment program. The FtF consultations were
provided by a psychologist at the Centre for Telepsychiatry
with physical presence by the participants and the therapists.

The program (NoDep) was previously developed (2015) as part
of a public private innovation project between The Region of
Southern Denmark and Context Consulting. It was based on
CBT for depression and included 6 mandatory modules and 2
optional ones. The core components of the mandatory modules
were psychoeducation, cognitive restructuring, behavioral
activation, behavior experiments, and relapse prevention. The
optional modules comprised coping with rumination and
restructuring of core beliefs. All online modules were introduced
in the FtF sessions. Modules the participants had previously
worked with could be addressed in the FtF sessions if needed.
The decision as to whether any optional modules need to be
added was taken jointly by the patient and the psychologist
based on patient needs, motivation, and possible time
constraints. See Table 1 for an overview of the intervention.
All modules were delivered via multimedia elements including
video, audio, interactive exercises, calendar, and PDF
summaries. The program had a build-in workflow
predetermining the order in which the modules were presented.
All data were stored in Europe and encrypted during storage
and transmission.
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Table 1. Overview of interventions.

Example of exerciseContentFormat of deliveryIntervention and session
number

B-CBTa

Find a helperIntroduction and psychoeducation about depres-
sion and the treatment

FtFb1

Problem/goal listIntroduction to the program, psychoeducation
about depression, and goals for the treatment

Online module2

Cognitive case formulationIdiosyncratic model of the disorderFtF3

Activity registrationPsychoeducation about behavior in depressionOnline module4

Simple exercise for cognitive restructuringAccordance between personal values and behav-
ior. Introduction to cognitive restructuring

FtF5

Activity planningChanging behavior based on activity registration
and personal values

Online module6

Cognitive restructuring exercisePsychoeducation about negative automatic
thoughts and cognitive restructuring

FtF7

Cognitive restructuring exercisePsychoeducation about negative automatic
thoughts and cognitive restructuring

Online module8

Behavioral experimentPsychoeducation about behavioral experiments.
Decision is made as to whether to include either
or both of the extra modules

FtF9

Behavioral experiment (A: challenge core
beliefs; B: test 3 techniques for coping with
rumination)

Behavioral experiments (A: psychoeducation
about core beliefs, B: coping with rumination)

Online module (A, B)10

Continuation of preferred exercisesSumming up, relapse preventionFtF11

Personal relapse prevention planSumming up, relapse preventionOnline module12

TAUc

Find a helperIntroduction and psychoeducation about depres-
sion and the treatment

FtF1

Problem/goal listPsychoeducation and goals for the treatmentFtF2

Cognitive case formulationIdiosyncratic model of the disorderFtF3

Activity registrationPsychoeducation about behavior in depressionFtF4

Simple exercise for cognitive restructuringAccordance between personal values and behav-
ior. Introduction to cognitive restructuring

FtF5

Activity planningChanging behavior based on activity registration
and personal values

FtF6

Cognitive restructuring exercisePsychoeducation about negative automatic
thoughts and cognitive restructuring

FtF7

Cognitive restructuring exercisePsychoeducation about negative automatic
thoughts and cognitive restructuring

FtF8

Behavioral experimentPsychoeducation about behavioral experimentsFtF9

Challenge core beliefs or behavioral exper-
iment

Psychoeducation about core beliefs or continue
working on behavioral experiments

FtF10

Test 3 techniques to cope with rumination
or start personal relapse prevention plan and
continuation of preferred exercise

Psychoeducation about rumination or beginning
of relapse prevention

FtF11

Personal relapse prevention planSumming up, relapse preventionFtF12

aB-CBT: blended cognitive behavioral therapy.
bFtF: face-to-face.
cTAU: treatment as usual.
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To provide technical support to the participants, the existing
procedures at the Centre for Telepsychiatry were used, which
consisted of 2 levels: the first was handled by the clinicians, the
second went through an error report system to the company that
provided the software (Context Consulting).

No important changes were made to the program or the protocol
during the trial.

Treatment as Usual
TAU defined as 12 sessions of FtF-CBT was also provided by
a psychologist at the Centre for Telepsychiatry with physical
presence and comprised the same core components as the
B-CBT condition. Additionally, interventions on core beliefs
and rumination could be included according to the same criteria
as in the B-CBT condition. See Table 1 for an overview of the
intervention.

Both treatment conditions were described in a single common
treatment protocol, thus ensuring similar treatment content and
order of interventions across the 2 groups. They were both
intended to last approximately 12 weeks.

Safety Procedures
Patients in either condition were monitored weekly for
symptoms of depression including suicidal ideation and intent.
In case a participant’s condition deteriorated or showed signs
of suicidal intent, a standard assessment procedure used in all
of the secondary mental health care services in the Region of
Southern Denmark was conducted. The patient was discontinued
if necessary and referred to other relevant treatment.

Adherence and Fidelity
Licensed clinical psychologists or psychologists under
supervision of the primary researcher (KM), who is also a
licensed clinical psychologist, delivered all FtF consultations.
To assess clinician fidelity [43], all FtF sessions were audio
recorded and 20 sessions were randomly selected and evaluated
by an external clinical expert (clinical psychologist and PhD
with many years’ experience). Clinician adherence was defined
as the number of prescribed interventions that were proscribed
in the session. The level of agreement between the 2 were rated
on a 5-point scale ranging from none (1) to all (5) [44].

To increase adherence, participants received automated
reminders of homework assignments and questionnaires.
Furthermore, in case a participant was inactive, he or she would
be contacted by telephone or email. Additionally, in case a
participant was unwilling or unable to engage with the program
at home, a computer was set up at the clinic, for participants to
engage with the online program on-site. This was never used,
however.

Outcome Measurements
After consent was granted, baseline measures were administered
prior to randomization. Follow-up measurements were
conducted 3, 6, and 12 months after baseline. Additionally,
weekly measures were provided during treatment. The
questionnaire packages were administered online using a secure
web application for building and managing online surveys
(REDCap), except for the weekly monitoring of the B-CBT

group, for which the packages were administered automatically
by the treatment program.

Data were stored by the Odense Patient data Exploratory
Network (OPEN) [45]. Data were collected, transferred, and
stored securely electronically as approved by the Danish Data
Protection Agency (journal number: 14/26634, registration
number: 2008-58-0035).

The PHQ-9 [39] was used as the primary outcome measure.
The PHQ-9 is a 9-item questionnaire developed to measure
depressive symptomatology in the primary health care sector.
The 9 items are each scored on a 0-3-point scale with the total
score ranging from 0 to 27, with higher scores indicating more
severe depression. The authors suggest using cut-off points of
5, 10, and 15 for mild, moderate, and severe levels of depression,
respectively, in the guide to the instrument substantiated by a
review [40]. The PHQ-9 has been shown to have good
psychometric properties [46].

A number of additional measures were administered to assess
different aspects of the participants’ symptomatology and
experience during the treatments. The 16-item Quick Inventory
of Depressive Symptomatology Self-Report (QIDS-16-SR)
[47,48] was used in addition to the PHQ-9 because it is a
promising questionnaire for assessing depressive symptoms,
especially in specialized mental health care and to conduct
secondary analyses of primary latent construct of interest:
depression. To measure the participants’ satisfaction with the
treatments, the 8-item Client Satisfaction Questionnaire (CSQ-8)
[49,50] was used. The Credibility and Expectancy Questionnaire
(CEQ) [51] was used to measure the participants’ expectancy
and judgment of credibility of the treatments. Finally, the level
of therapeutic alliance was measured using the Working Alliance
Inventory-Short Revised (WAI-SR) [52-54] and was rated by
both the participants and the clinicians. For further description
of the measures used, we refer to Mathiasen et al [36].

Statistical Analyses

Baseline Characteristics
Characteristics of the sample at baseline was described using
descriptive statistics and compared across groups using unpaired
t tests for continuous variables and chi-square tests for
categorical variables. If continuous variables violated the
assumption of normality, nonparametric tests were used
(Kruskal-Wallis/Wilcoxon signed-rank test). In cases of small
cell sizes, exact tests were used (Fisher exact test).

Primary Analysis
For the primary analyses a linear multilevel mixed effects model
with restricted maximum likelihood estimator was used as
intention-to-treat analyses. PHQ-9 scores were used as response
variable. Time was included as a fixed effect and as a random
effect nested within participant (random slope and intercept)
[55]. Correlation between slope and intercept was assumed. All
available data were included. Missing values were handled by
use of mixed effects models including all available data.

All inferences assumed normally distributed error terms and
heteroscedasticity, which were substantiated by visual inspection
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of a q-q normality plot and a plot of fitted values versus
standardized residuals.

Remission was defined as a score of <5 on the PHQ-9. Response
to treatment was defined as 50% or more reduction on the
PHQ-9.

The noninferiority margin was set to d=0.2.

Acceptability
Acceptability was estimated from measures of client satisfaction
(CSQ-8) and working alliance as reported by the participants
(WAI-SR and Technical Alliance Inventory [TAI]) and the
clinicians (WAIc). Means were compared across groups using
unpaired t tests on raw scores using case-wise deletion in case
of missing data.

Predictor Analyses
Mixed effects models using all available data were applied for
analyses of interactions between group and baseline variables
by the intention-to-treat principle. One model per predictor was
used with PHQ-9 as the response variable in a series of
univariate analyses. This was done to test whether baseline
characteristics affected outcome differently in the 2 treatments.
Inclusion of all parameters would have overfitted the model
due to sample size. Time was included as both a fixed effect
and a random effect nested in individuals (similar to the primary
analysis).

Second, analyses of predictors of symptomatic change in the
total sample were also conducted using a mixed effects model
with PHQ-9 as response variable. Both multivariate and a series
of univariate analyses were conducted. No group interaction
was included in these analyses.

Completion
Having completed 9 or more (75%) sessions (out of 12) was
counted as completion and mean completion rates were
compared between groups by unpaired t test. The completion
rate of the B-CBT group included the sum of online modules
and FtF sessions attended.

To assess the odds of noncompletion predicted from the
participants’ baseline characteristics, a multivariate logistic
regression analysis was conducted. As the response variable, a
dichotomous variable for completion was used. Additionally,
univariate logistic regression analyses were conducted using 1
model per predictor to investigate whether noncompletion was
predicted differently between the FtF-CBT treatment and the
B-CBT, which included an interaction term with group.

All calculations were performed using R version 3.4.4 (R
Foundation for Statistical Computing) [56]. Mixed effects linear
models were calculated using the ImerTest package [57], which
fits models by use of the lme4 package [58] and provides P
values by use of the Satterthwaite degrees of freedom method.
Two-way analyses were used with P<.05 as the threshold for
significance for inferential statistics. All CIs were calculated
by bootstrapping using boot.ci [57].

Results

Description of Participants
Table 2 shows the baseline characteristics of all participants
and Figure 1 shows the patient flow. In total, 76 were
randomized, with 38 allocated to each group. Attrition was
somewhat unevenly distributed between groups with 8 being
lost to follow-up in the FtF-CBT group and 16 in the B-CBT
group. Nonetheless, due to the weekly measurement scheme
and the use of mixed effects models, all but one was included
in the primary analyses.

The included sample was predominantly female (56/76, 74%)
and young with a mean age of 35.0 (SD 13.96) years (median
30 years), although a large age range was seen (18-71 years).
Most had moderate to highly severe levels of depression (66/76,
87%) with a mean score of 15.25 (SD 4.04) on the PHQ-9.

No significant differences were observed between the 2 groups
on baseline characteristics except for scores on the CEQ
measuring the participants’ expectations and credibility of the
treatments (see Table 2 for P values). The participants in the
B-CBT group scored lower on treatment credibility and
expectancy of treatment outcome. This raised suspicion as to
whether the difference could have been caused by the
participants being aware of their group allocation prior to
responding to the questionnaire. However, when investigated,
it did not seem to be the case. Likewise, no obvious outliers
were driving the difference and the distribution of scores seemed
reasonable upon visual inspection. A sensitivity analysis of the
primary analysis was conducted controlling for the credibility
and expectancy scores, but it did not change the outcome.

Among the included sample, 7 were on the brink of violating
exclusion criteria, 3 were in psychological treatment at the point
of assessment, 2 had some obsessive compulsive disorder
symptoms, and 2 were not depressed according to MINI, but
scored 9 and 17 on the PHQ-9, respectively. When comparing
analyses including or excluding these cases, the outcome did
not change. To avoid causing any changes to the analysis plan,
all analyses were performed including these participants.
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Table 2. Characteristics of participants (N=76)a.

P valueB-CBTcFtF-CBTbCharacteristics

Baseline description

.9134.78 (13.98)35.16 (14.14)Age, mean (SD)

.7927/37 (73)29/37 (78)Female gender, n/N (%)

.0814.42 (4.14)16.05 (3.83)PHQ-9d, mean (SD)

.009e–0.69 (2.28)0.67 (2.01)Credibility, mean (SD)

.02f–0.72 (2.88)0.70 (2.22)Expectancy, mean (SD)

Marital status, n/N (%)

14/37 (38)13/37 (35)Single

6/37 (16)5/37 (14)Divorced

0/37 (0)0/37 (0)Widow/widower

8/37 (22)9/37 (24)Cohabiting

8/37 (22)10/37 (27)Married

1/37 (3)0/37 (0.0)Prefer not to answer

Highest education, n/N (%)

8/37 (22)7/37 (19)Further education <3 years

13/37 (35)13/37 (35)Further education 3-4 years

3/37 (8)4/37 (11)Higher education >4 years

0/37 (0)0/37 (0)Fundamental school <8 years

3/37 (8)3/37 (8)Fundamental school 9-10 years

5/37 (14)9/37 (24)Gymnasium (3 years)

5/37 (14)1/37 (3)Skilled worker

.34Employment status, n/N (%)

4/34 (12)9/36 (25)Full-time employed

9/34 (27)5/36 (14)Part-time employed

9/34 (27)11/36 (31)Sick leave

0/34 (0)2/36 (6)Leave of absence

1/34 (3)1/36 (3)Retired

11/34 (32)8/36 (22)Unemployed

.82Treatment preference, n/N (%)

18/36 (50)16/37 (43)No preference

7/36 (19)9/37 (24)Blended care

11/36 (31)12/37 (32)Face-to-face

Depression severity, n/N (%)

0/36 (0)0/37 (0)No

4/36 (11)3/37 (8)Mild

14/36 (39)9/37 (24)Moderate

16/36 (44)19/37 (51)Severe

2/36 (6)6/37 (16)Highly severe

aPercentages calculated considering attrition.
bFtF-CBT: face-to-face cognitive behavioral therapy.
cB-CBT: blended cognitive behavioral therapy.
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dPHQ-9: 9-item Patient Health Questionnaire.
eP<.01.
fP<.05.

Figure 1. Patient flow. *We did not store any data on any patients who had not provided informed consent. Consequently, no reasons can be provided
for this category. **Treatment was regarded as completed when more than 9 sessions were completed. B-CBT: blended cognitive behavioral therapy;
FtF-CBT: face-to-face cognitive behavioral therapy.
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Treatment Effect

Overview
Initially, we report observed means (Figure 2), standard errors

(SEs), and standardized mean differences (Cohen d) on the
primary outcome measure (PHQ-9). Following this we report
results of the mixed effects models.

Figure 2. Change in depression on PHQ-9. B-CBT: blended cognitive behavioral therapy; FtF-CBT: face-to-face cognitive behavioral therapy; PHQ-9:
9-item Patient Health Questionnaire.

Observed Means
In both groups, large changes in the mean scores within groups
were observed on the primary outcome measure (PHQ-9; Table
3). Within the FtF-CBT group, the mean score decreased from
16.05 (SE 0.63) at baseline to 4.67 (SE 0.62) at 12 months’
follow-up. Likewise, in the B-CBT group, the mean score
reduced from 14.42 (SE 0.69) to 6.32 (SE 0.95). In both groups
the within-group changes in mean scores from baseline to
12-month follow-up revealed large, standardized effect sizes
(dFtF-CBT=–2.04, dB-CBT=–1.57) [58-61].

Between groups, a trend in effect size was noted favoring the
FtF-CBT group at 3 months’ follow-up (d=–0.5, CI –1.62 to
0.62) but not at 6 months (d=0.03, CI –1.43 to 1.49), where the
difference had all but disappeared, amounting to just 0.17 points
on the PHQ-9 and stayed well within the noninferiority margin
of d=0.2. At 12 months’ follow-up, a difference could be
observed slightly favoring FtF-CBT (d=–.42, CI –1.49 to 0.65).
However, at all measurement points, the CIs were overlapping
and were stretching beyond the noninferiority margin, rendering
it impossible to infer generalizability of the results of
noninferiority. A similar picture was seen on the secondary
outcome of the QIDS (Figure 3).
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Table 3. Observed means for PHQ-9a.

B-CBTcFtF-CBTbTimepoint

d (CI)Mean (SE)d (CI)Mean (SEd)

Baseline

14.42 (0.69)16.05 (0.63)Mean

Three months

9.93 (0.92)7.71 (0.7)Mean

–0.5 (–1.62 to –1.17)Between-groups effect sizee

–1.57 (–2.68 to –0.46)–2.04 (–2.91 to –1.17)Within-group effect sizef

Six months

6.8 (0.99)6.97 (1.09)Mean

0.03 (–1.43 to 1.49)Between-groups effect sizee

–1.52 (–2.67 to –0.37)–2.09 (–3.29 to –0.89)Within-group effect sizef

Twelve months

6.32 (0.95)4.67 (0.62)Mean

–0.42 (–1.49 to 0.65)Between-groups effect sizee

–1.57 (–2.68 to –0.46)–2.04 (-2.91 to –1.17)Within-group effect sizef

aPHQ-9: 9-item Patient Health Questionnaire.
bFtF-CBT: face-to-face cognitive behavioral therapy.
cB-CBT: blended cognitive behavioral therapy.
dSE: standard error.
eIndependent samples [60].
fFormula 3 in Dunlap et al [61] for dependent samples.
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Figure 3. Change in depression on QIDS. B-CBT: blended cognitive behavioral therapy; QIDS: Quick Inventory of Depressive Symptomatology;
TAU: treatment as usual.

Primary Analyses
As can be seen in Table 4, the primary analyses using linear
mixed effects models with the PHQ-9 as outcome variable
confirmed the within-group improvements in both groups being
significant (FtF-CBT: β=–.03; SE 0.00; P<.001 and B-CBT:
β=–.02; SE 0.00; P<.001), which was also the case for the QIDS
scores (FtF-CBT: β=–.02; SE 0.00; P<.001 and B-CBT: β=–.01;
SE 0.00; P<.001). The β values are small, as they represent the
change in the outcome measure per day. Between groups, a very

small but significant interaction effect was observed on the
PHQ-9 (β=.01; SE 0.00; P=.03), indicating a slight advantage
of the FtF-CBT group. However, this was not the case on the
QIDS (β=.01; SE 0.00; P=.05), which was just above the
significance level.

A negative correlation was observed between intercept and
slope in the primary model (r=–0.29), indicating that a higher
initial score (intercept) correlated with a steeper negative slope
(symptomatic improvement).
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Table 4. Results of the mixed effects linear regressions.

Within-group B-CBTbWithin-group FtF-CBTaPrimary analysisFixed effects

P valueSEEstimatesP valueSEEstimatesP valueSEcEstimates

<2 × 10–16d0.6412.472 × 10–16d0.6012.71<2 × 10–16d0.6112.71(Intercept)

3.59 × 10–9d0.00–0.022.24 × 10–11d0.00–0.033.12 × 10–16d0.00–0.03Time

N/AN/AN/AN/AN/AN/Ae.800.89–0.23Group B-CBT

N/AN/AN/AN/AN/AN/A.03f0.000.01Time × group B-
CBT

aFtF-CBT: face-to-face cognitive behavioral therapy.
bB-CBT: blended cognitive behavioral therapy.
cSE: standard error.
dP<.001.
eN/A: not applicable.
fP<.05.

Acceptability
There was no significant difference in client satisfaction between
groups (mean difference –2.18; t39.36=2.16; P=.15). Furthermore,
no significant difference in working alliance was observed when
reported by the participants (mean difference 2.31; t50.08=1.14;
P=.26). However, the difference between groups was larger and
significant when rated by the treating clinicians (mean difference
6.27; t58.51=3.68; P<.001).

The rates of participants responding to treatment at 12 months
based on the PHQ-9 were 83% (25/30) in the FtF-CBT group
and 64% (14/22) in the B-CBT group. The remission rates at
12 months were 60% (18/30) for the FtF-CBT group and 50%
(11/22) for the B-CBT group. When inspecting all individual
slopes of the primary model, we found no negative individual
slopes, indicating that none of the participants’ depressive
condition deteriorated.

Finally, 20 randomly selected audio-recorded sessions were
examined for treatment fidelity by an external expert in clinical

psychology. Among the sample, session numbers ranged from
3 to 12, 3 of 4 therapists were represented, and both groups were
well represented, with 14 sessions being from the FtF-CBT
group. The mean score of treatment fidelity was 4.25 (SD 0.71)
on a scale ranging from 1 (not compliant with the protocol) to
5 (completely compliant with the protocol).

Predictor Analyses
In a multivariate analysis of the total sample, only being on sick
leave and preferring blended care predicted outcome. Being on
sick leave added to the slope (3.96; SE 1.54; P=.02), that is,
produced a smaller reduction in symptom change. Preferring
blended care subtracted from the slope estimate (–3.25; SE 1.53;
P=.04), thus signifying an increase in symptom reduction. Table
5 summarizes all predictor variables with SEs and P values
from a multivariate analysis of the total sample.

In a series of univariate interaction analyses of each parameter
× group, there was a significant interaction effect of being
part-time employed (β=–5.83; SE 2.68; P=.03) or unemployed
(β=–7.59; SE 2.52; P=.004), with both favoring B-CBT.
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Table 5. Predictor analysis.

P valueSEaEstimateVariables

<.0014.1116.85(Intercept)

<.0010.00–0.02Time

.980.070.00Age

.710.07–0.51Female sex

Marital status

.642.07–0.98Divorced

.871.390.23Cohabiting

.062.06–4.08Married

.733.98–1.41No answer

Highest education

.231.45–1.76Further education 3-4 years

.091.76–3.08Higher education > 4 years

.373.14–2.85Fundamental school 9-10 years

.061.76–3.41High school (3 years)

.762.55–0.80Skilled worker

Employment status

.531.701.09Part-time employed

.02b1.543.96Sick leave

.643.121.48Leave of absence

.883.48–0.53Retired

.871.630.26Unemployed

Preference and expectancy

.04b1.53–3.25Blended care

.361.28–1.18Face-to-face

.450.310.24Credibility

.200.28–0.37Expectancy

Usability

.730.11–0.05System usability

aSE: standard error.
bP<.05.

Completion
In total, 53 (70%) completed the treatment; 27 (71%) from the
FtF-CBT group and 26 (68%) from the B-CBT group.
Completers as well as noncompleters showed a significant effect
of time (completers: β=–.03, P<.001 and noncompleters: β=–.03,
P<.001). In an analysis of the total sample including a binary
interaction term for completion, no significant interaction was
seen (β=.00, P=.43), which indicated that there was no
difference in effect between completers and noncompleters.

In the FtF-CBT group, a mean of 9.8 sessions was completed.
In the B-CBT group, a mean of 9.2 sessions was completed.
The mean difference was not significant (t74=–0.70, P=.49).
Table 6 presents the reasons for noncompletion.

We did not find any variables that significantly predicted
noncompletion in multivariate analyses of the total sample nor
did we find any interaction effect between any of the baseline
characteristics and groups in a series of univariate analyses,
indicating no difference in risk of noncompletion on any baseline
characteristic between groups.
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Table 6. Reasons for noncompletion (n=15).

Value, nReasons for noncompletion

2Inactive

7No reason given

1Felt it was too strenuous

2Referred to other treatment

2Wished to end the treatment

1Felt unable to profit from the treatment

Discussion

Principal Findings
The main aim of this study was to compare the clinical
effectiveness of B-CBT with traditional FtF-CBT, because the
blended format may hold the promise to combine advantages
of the traditional and the new format of delivery. In this study,
we found very similar trajectories of improvement in both
groups as well as on measures of other parameters, such as
working alliance and retention. However, it was possible to
detect a significant difference between groups in slight favor
of FtF-CBT.

The sample corresponded well with what is seen among patients
with depression in the primary health care sector in Denmark
regarding gender and age distribution [3,62]. Further, the
distribution of the highest education level resembles that of the
general Danish population [63].

The mean symptomatic change observed in the B-CBT condition
closely approximated that of the FtF-CBT group. This is in line
with meta-analyses of guided iCBT for depression [16,64] and
exceeded what has been observed at the clinic
“Internetpsykiatrien,” from which this study recruited [17]. It
also aligned well with the large effect (d=1.08) seen in the study
of B-CBT by Lungu et al [33]. Nonetheless, an interaction effect
could be detected between the 2 groups favoring FtF-CBT,
although the effect was very small. This effect seems to be
driven by the FtF group experiencing a faster symptom reduction
during treatment, an effect that disappeared at 6 months’
follow-up. However, at 12 months’ follow-up, the FtF group
showed a larger reduction compared with B-CBT. It is important
to note, though, that none of these differences were statistically
significant, thus a difference between groups cannot be inferred.
Unfortunately, with the variance observed, it is not possible to
infer noninferiority either (a difference no bigger than d=.02),
due to the CIs stretching beyond the noninferiority margin.
Consequently, although promising, the study is inconclusive
regarding noninferiority but may support no superiority of either
treatment.

The working alliance between the patient and clinician has often
been argued to be one of the most important nonspecific factors
of psychotherapy [65]. It is, therefore, very interesting that
although half of the sessions in B-CBT were computerized, the
therapeutic alliance was rated equally well in both groups. There
was a tendency among the clinicians to rate it higher in the FtF
group, but the difference was not significant. Similar findings

are also emerging in other studies of blended care [66].
Furthermore, these studies are starting to point to details
differing between B-CBT and FtF-CBT, for example, therapist
ratings sometimes correlating more with treatment outcome
than patient ratings conflicting with research on the working
alliance in FtF-CBT [65]. Further study detailing the dynamics
of the therapeutic alliance in B-CBT and the difference between
that and FtF-CBT is needed.

Acceptability of the blended format seemed to be high as judged
by levels of client satisfaction and working alliance, where no
significant differences were observed. Furthermore, high
retention rates among participants and high treatment fidelity
rates for the clinicians indicated satisfaction and acceptability
with the treatment.

As is commonly found [67-69], a negative correlation between
intercept and slope was seen, indicating that a higher baseline
severity of depression was associated with larger symptom
reduction.

Interestingly, 1 variable was able to distinguish between the 2
groups in predicting outcome differently. An interaction effect
was observed between employment status and group. Being
part-time employed or unemployed both favored the blended
care group. We speculate that this may be due to the B-CBT
treatment always being available, possibly increasing the chance
of treatment engagement if the participant has more free time.
Consequently, this is a potential candidate variable for
stratification of treatment or a prescriptive variable. In a different
approach comparing variables predicting outcomes separately
for the 2 groups in a larger sample across 4 countries [70], a
lower quality of life and being widowed predicted lower
treatment outcome in the blended condition. However, this
approach does not include the parameters in a single model
comparing the conditions directly in an interaction term.
Nonetheless, these findings are encouraging and prompt the
need to further study potential variables for stratification of
patients.

This study is well aligned with previous observations of
completion rates in both guided iCBT and traditional CBT
[71-74]. The reasons provided by either therapists or patients
for treatment dropout varied and there were too few to
differentiate between the groups.

In disagreement with what has previously been found in guided
iCBT, we observed that no baseline characteristics predicted
noncompletion [25,75,76]. It may be speculated to be caused
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by the increased therapist contact in the blended format, which
may serve as a protective factor against noncompletion.

Limitations
This study compared directly the formats of delivery with a
minimum of the variance explained by differences in therapeutic
methods, which is both a strength and a weakness of the design.
While it lends itself well to compare the 2 treatment formats, it
also somewhat limits the ecological validity, making it more
difficult to make inferences about the clinical effect in routine
care. Furthermore, because the study recruited from
Internetpsykiatrien, which offers self-referral, even though the
clinic is situated in secondary care, it can be difficult to
generalize to future implementations. Additionally, only the
B-CBT group received reminders about homework assignments.
This might be a confounder, for example, there is a risk
participants in this group grew weary of the reminders, thus
affecting the perception of the treatment negatively. Finally,
due to the small sample size, we had difficulty inferring
noninferiority, although the many observations and advanced
statistical procedures appear to have compensated for that to
some degree. The large EU study E-COMPARED will be able
to pool data from many studies, including this one, and may

thus be able to reach more robust conclusions about
noninferiority.

Conclusions
In this study, feasibility of B-CBT was demonstrated as well as
large and significant within-group effect sizes were produced.
In fact, it was seen that practically without loss of treatment
effect, completion rates, and therapeutic alliance, it was possible
to substitute half of the FtF consultations with online modules
when treating adult depression. This is remarkable and lends
support to the hypothesis of noninferiority of B-CBT and should
lead to the further study of this promising treatment format.
However, it should also be noted that small differences were
observed favoring the FtF-CBT group. Although not significant,
it may be that FtF treatment works faster, and has a better
long-term effect for some patients. The results, therefore, need
to be replicated in larger samples or with pooled data from
multicenter trials as will be done in the E-COMPARED study.
Additionally, further studies should explore the applicability of
B-CBT in different patient populations and clinical settings.
Furthermore, participants’ digital health literacy should be
measured in future studies.
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Abstract

Background: The demand for health services to meet the chronic health needs of the aging population is significant and remains
unmet because of the limited supply of clinical resources. Specifically, in managing heart failure (HF), digital health sought to
address this gap during the COVID-19 pandemic but highlighted an access issue for those who could not use technology-mediated
health care services without the support of their informal caregivers (ICs). The complexity of managing HF symptoms and
recurrent exacerbations requires many patients to comanage their illness with their ICs in a care dyad, working together to optimize
patient outcomes and health-related quality of life. However, most HF programs have missed the opportunity to consider the
dyadic perspective despite interdependencies on HF outcomes.

Objective: This study aims to characterize the value of technology in supporting caregiving for individuals living with HF.

Methods: Motivated by an observed unique pattern of engagement in patients enrolled in our Medly HF management program
at the Peter Munk Cardiac Centre in Toronto, Canada, we conducted 20 semistructured interviews with a convenience sample of
ICs. All interviews were analyzed using the iterative refinement of a codeveloped codebook. The team maintained reflexivity
journals to reflect the impact of their positionality on their coding. Themes were first derived deductively using HF typologies
(patient-oriented dyads, caregiver-oriented dyads, and collaboratively oriented dyads) and then inductively refined and recategorized
based on concepts from the van Houtven et al framework.

Results: We believe that there is a need to formally and intentionally expand HF technologies to include dyadic needs and goals.
We suggest defining 3 opportunities in which value can be added to technological design. First, identify how technology may be
leveraged to increase psychological bandwidth by reducing uncertainty and providing peace of mind. We found that actionable
feedback was highly desired by both partners. Second, develop technology that can serve as a member of the dyad’s support
system. In our experience, automated prompts for patients to take measurements can mimic the support typically provided by
ICs and ease their workload. Third, consider how technology can mitigate the dyad’s clinical knowledge requirements and learning
curve. Our approach includes real-time actionable feedback paired with a human-in-the-loop, nurse-led model of care.

Conclusions: Our findings identified a need to focus on improving the dyadic experience as a whole by building IC functionality
into digital health self-management interventions. Through a shared model of care that supports the role of the patient in their
own HF management, includes ICs to expand and enhance the patient’s capacity to care, and acknowledges the need of ICs to
care for themselves, we anticipate improved outcomes for both partners.
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Introduction

Background
The demand for health services to meet the chronic health needs
of the aging population is significant but remains unmet because
of the limited supply of clinical resources. Although the
pandemic-induced scale and spread of digital health sought to
address this gap and widen access to care [1], it also highlighted
a portion of the population who could not use or benefit from
technology-mediated health care services without the support
of their informal caregivers (ICs). Defined as individuals who
provide unpaid care and assistance to friends or family members
because of a health condition, 2.7 million Canadians aged ≥45
years identify as ICs and provide approximately 75% of home
care services to support aging in place [1,2]. In this context, we
use the general term ICs to refer to either primary or secondary
ICs to account for the intricacies of family-oriented care and
the ecosystem that the broader circle of care provides within
the context of a patient’s care community.

Within digital health and the broader health care system, having
support from an IC is particularly important for individuals
living with heart failure (HF). As the most complex and costly
chronic condition to manage in health care, HF is the single
most common reason for hospital admissions and readmissions
in Canada [3]. As a result, patients require constant care, largely
because of the complexity of HF symptom management and
recurring exacerbations [4,5]. This leads many individuals living
with HF to comanage their illness with their ICs in a dyadic
arrangement, with dyads working together to optimize patient
outcomes and health-related quality of life.

Although substantial work has been conducted on patient
self-care interventions, most HF programs have missed the
opportunity to consider the broader perspective of the dyad
[6,7]. As each member of the dyad influences the behavior and
well-being of the other, integrating dyadic considerations into
the design of HF interventions has been shown to enhance
patient health outcomes [6-11]. Most existing HF interventions
geared toward dyads have emphasized peer support and
mentoring programs, patient education programs, face-to-face
education and visits, brochures, and voice calls [7,12]. Although
largely unexplored, we anticipate technology to be well
positioned to help support dyads to (1) perform several complex
tasks associated with the daily demands of HF, such as planning
appointments and managing medications; (2) receive real-time
feedback as a supplementary support system; and (3) access
tailored educational resources to address the high degree of
caregiving uncertainty experienced because of insufficient
knowledge and training.

We were motivated to pursue this research as our Medly clinical
and implementation team observed a unique pattern of
engagement in certain patients enrolled in our Medly HF
management program at the Peter Munk Cardiac Centre in

Toronto, Canada [13]. Patients within the program use the Medly
platform as the standard of care to capture daily health measures,
including weight, blood pressure, heart rate, and HF-related
symptoms. The embedded Medly algorithm immediately
analyzes the entered readings against set personalized thresholds
and provides the patient with instant feedback and instructions.
The algorithm also alerts the patient’s care team on the Medly
dashboard for further assessment and triage [14]. Owing to the
unacceptably high risk to patients living with HF coming into
the hospital at the height of the pandemic, cardiologists in the
program began enrolling patients into Medly who would
typically not be eligible for the program. The team observed
that this new cohort of patients had low digital health literacy
and English language proficiency but could be enrolled as they
were onboarded with an IC who had agreed to use Medly on
their behalf. This off-label dyadic use of an HF digital
therapeutic (DTx) allowed us to further explore how we could
provide better support for dyads to engage in effective shared
care through technology.

Objective
This study sought to characterize how technology, specifically
DTx, might support ICs engaged in the dyadic management of
HF to optimize their caregiving practices and improve shared
outcomes. We define DTx as the “evidence-based, clinically
evaluated software [used] to treat, manage, and prevent a broad
spectrum of diseases and disorders” [15]. Specifically, we sought
to answer two research questions: (1) what are the challenges
of caregiving for an individual living with HF, and (2) how can
technology support the dyadic management of HF to enable
improved outcomes for both partners?

Methods

Conceptual Frameworks
To structure our research strategy and approach, we began by
conducting an environmental scan of the existing literature on
the dyadic management of HF. We also sought a framework
that could help examine the relationship between dyad type and
the value of technology in HF management. Buck et al [16,17]
conceptualized an HF care dyadic typology by integrating and
applying 2 theoretical models, the actor-partner interdependence
model and interdependence theory, to the dyadic management
of HF. They described 4 categories of dyadic relationships,
which we collapsed into 3 to align with our approach:
patient-oriented dyads, caregiver-oriented dyads, and
collaboratively oriented dyads. In patient-oriented and
caregiver-oriented dyads, the person living with HF or the IC
takes on most of the self-care responsibilities of the patient
living with HF. Conversely, in collaboratively oriented dyads,
both the patient and IC have joint involvement in HF self-care
[16]. This framework allowed us to strengthen the theoretical
basis of our work, add to the evidence base in the validation of
this model, and advance our understanding of the role that dyad
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type plays in the use of technology in HF management. We
continually returned to this framework during the course of data
collection and analysis, reflecting on the ways in which our data
were bounded by the typology and the use of the dyadic
relationship as the main frame of analysis.

Upon completing the initial analysis of our data using the
typologies outlined by Buck et al [16,17], we sought an
organizing framework to further consider and optimize future
evaluation efforts. The van Houtven et al [18] framework
considers how the baseline characteristics of the
patient-caregiver dyad influence the way an intervention is
designed and how the caregiver engages with it. The efficacy
of an intervention is then evaluated based on the changes it
contributes to (1) caregiver activities and (2) caregiver and
patient outcomes, which include psychological and physical
health, health care use, and financial status. Although this study
aimed to create rather than evaluate an intervention, we felt that
the work by van Houtven et al [18] provided a strong,
standardized framework for determining which factors need to
be considered when designing an effective intervention that
optimizes patient and caregiver outcomes.

Study Design

Overview
This qualitative descriptive study was conducted at the
University Health Network (UHN) between April 2021 and
March 2022 during the COVID-19 pandemic. All recruitment
and data collection activities were conducted virtually. Data
collection was conducted by authors NE and CB, and the data
analysis team comprised research staff (NE and CB) and
research students (KY and KG).

Positionality of the Data Analysis Team
The term positionality refers to the ways in which individuals
identify and relate to various social dimensions (ie, gender, race,
and ethnicity) [19]. A key element of high-quality qualitative
research is sincerity, achieved through self-reflexivity and
transparency on the part of the researcher [20]. Being able to
openly recognize the researcher’s positionality, experiences,
and assumptions and center the active role that the researcher
plays in the interpretation of data is a central tenet of reflexive
thematic analysis [21]. In alignment with the related concept
of researcher subjectivity as a valuable resource, the authors
maintained a reflexivity journal and described their social
positionalities to understand how their backgrounds and
experiences intersected with data analysis [22].

NE’s experiences as a caregiver, woman of color, and health
equity researcher contributed to how she interacted with and
analyzed the interview data. Having conducted interviews and
built a relationship with interviewees, she felt a personal
connection to the data and worked to ensure that the invaluable
extent of caregiver support in the context of HF was thoroughly
reflected in the analysis. Her identities also drove her to achieve
representation of diverse racial and ethnic groups within the
study sample and balance the representation of all participants
within the analysis while also centering the stories, experiences,
and suggestions of those who are often underrepresented in
health and caregiving research.

CB’s social positionality as a young adult, first-generation
Canadian, and member of an ethnocultural minority group
largely influenced her ability to empathize with, and understand,
the caregiver experience. Although her deeply rooted and
culturally embedded moral values surrounding shared familial
care allowed her to relate to the motivations behind providing
care to a loved one, CB’s lack of firsthand experience in the
caregiving space posed a unique challenge to understanding the
true extent of daily caregiving and its unique physical, mental,
and emotional demands. As an interviewer, CB found that
having vulnerable conversations with the participants allowed
her to subconsciously build a personal connection and empathize
more effectively with the participants and their lived
experiences. The personal bond, combined with the emotional
recollection experienced by CB, led to unique opinions and
perspectives while conducting data analysis.

KY is a second-generation Canadian settler and a woman of
color. She has acted as a caregiver, translator, and health care
intermediary for multiple family members with chronic illnesses.
During the analysis, these identities and labels led her to be
conscious and emotionally responsive to how her experiences
intersected with each participant’s caregiving story, especially
regarding the cultural context of caregiving. She did not
complete any interviews during the data collection phase and
was only familiar with the participants to the extent to which
they provided personal information in each interview transcript.

KG’s positionality as a second-generation Canadian and a
woman of color informed her analysis. Although she has not
acted directly as a caregiver, her experiences with and
observations of the challenges of navigating health care and
digital health tools supported her understanding and connections
to the participants. Her experiences with equity-focused digital
health research and university coursework in the social
determinants of health also led to heightened attention to the
limitations of technology in the context of complex health
systems. She did not conduct interviews during data collection
but contributed to the interpretive analysis of transcripts.

Sample
We obtained a convenience sample of adult ICs (aged ≥18 years)
of patients enrolled in the Medly HF management program at
UHN. First, the research coordinators reviewed the Medly
patient list and reached out to the patient care team for additional
screening to identify those who had or may have had ICs
engaged in their care. An email was then sent to the Medly
patients by the research coordinators, introducing the study and
asking for a referral to connect with the IC. A total of 255
patients were approached. All ICs referred by their patient
partners expressing interest in being interviewed by the research
team were eligible to participate in this research.

Data Collection

Overview
We conducted 20 semistructured individual interviews with a
group of ICs across various age groups, ethnic backgrounds,
relationship types, and additional social dimensions, as
demonstrated in the Results section. Our sampling strategy was
guided by the exploratory nature of our research aims, pragmatic

J Med Internet Res 2022 | vol. 24 | iss. 9 | e40108 | p.731https://www.jmir.org/2022/9/e40108
(page number not for citation purposes)

El-Dassouki et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


judgment, and the concept of information power, which suggests
that the sufficiency of the sample size can be determined based
on the pertinence and salience of the information shared by
participants [23,24]. In the approach described in the following
sections, we aimed to identify common patterns of beliefs and
behaviors from participant interviews that were relevant to our
research questions. These patterns painted a rich and complex
picture of their experiences of caregiving for patients living
with HF and how these experiences intersected and interacted
with their use of Medly. Demographic information was collected
from all participants on age, gender, language, ethnicity,
education, living arrangement, area of residence, marital status,
employment status, and annual household income.
Questionnaires were completed electronically using the REDCap
(Research Electronic Data Capture; Vanderbilt University) tool
hosted at UHN [25,26]. Demographics are described thoroughly
in the Results section.

Interviews
Using a semistructured interview guide (Multimedia Appendix
1), interviewers NE and CB guided caregivers through questions
that explored three main themes: (1) caregivers’ relationship
with their care recipient and their experience with caregiving,
(2) the caregiver’s role in and views on the Medly program, and
(3) opportunities to improve the Medly experience to further
support the dyad. Caregivers were asked to reflect on the
rewards and challenges of the caregiving experience and provide
insights into how they would define a better future. Interviewers
guided caregivers through discussions about their personal goals
and the barriers they faced in achieving them.

Owing to the COVID-19 pandemic restrictions, all interviews
were conducted virtually, either using Microsoft Teams or over
the phone. The interviews were audio recorded, and a
professional service transcribed the recordings. As expected,
the virtual setting of the research posed unique challenges,
including establishing rapport with participants and addressing
technical issues. Participants chose to conduct their interviews
over a video call or over the phone (audio only) based on
personal preference. Although phone calls were more accessible
to the participants, it was more challenging to build rapport
using this modality. Rapport was more effectively built during
video call interviews because of the ability to use body language
to communicate and create a more human-centered and less
formal research environment. To address the nuances of virtual
meetings and their associated challenges, our team encouraged
participants to complete their sessions through video calls and
started all interviews with rapport-building conversations to
foster a safe space.

In both phone and video modalities, participants often
encountered technical frustrations with electronic consent
methods and technical issues associated with navigating
Microsoft Teams. To mitigate these frustrations, our team
developed a step-by-step guide on how to navigate the
teleconferencing tool, which was distributed to the participants
via email before their session. For those who continued to
experience technical issues, a study team member was able to
successfully troubleshot and provide technical support via
phone.

Codebook Development
The preliminary codebook was developed by 3 team members
(NE, CB, and KG) using data from the first 6 interviews based
on IC activities outlined by Buck et al [16] and the initial themes
identified through familiarization with the transcripts.
Specifically, the first 3 interviews were used to conduct a
preliminary group listening activity with authors NE, CB, RL,
and QP to discuss key ideas, thoughts, and potential feature
suggestions for the family-centered model of dyadic digital
health. NE, CB, and KG used the remaining 3 interviews to
perform a preliminary analysis using the initial codes, with each
transcript coded by 2 research team members. Iterative
refinement of the codebook was continued with the aim of
condensing existing codes, removing ambiguity, and establishing
consensus in the codes. This process yielded the final version
of the codebook for use in formal data analysis.

Data Analysis

Transcript Coding
We conducted a thematic content analysis of the interview data
[27]. A total of 4 research team members (NE, CB, KY, and
KG) used the NVivo (QSR International) software to code all
the transcripts individually. First, the coders independently read
each transcript to familiarize themselves with the data. The
transcripts were then assigned and coded independently, while
the coding team met weekly to discuss questions, resolve
differences, and refine the codebook through an iterative review
of the themes derived from additional interviews. The team
maintained reflexivity journals to reflect on how their
experiences, background, and positionality affected and
intersected with their coding work. Themes were first derived
deductively based on the structure of the interview guide and
using HF typologies, as defined by Buck et al [16]. We then
inductively refined the analysis to incorporate the identified
themes, borrowing from the approach outlined by Braun and
Clarke [27]. Finally, the themes identified from the transcript
coding were recategorized based on concepts from the van
Houtven et al [18] framework, which provides a structure for
evaluating caregiver interventions.

We used a multitude of practices and methods to ensure the
quality of our study, as described in the 8 big-tent criteria for
high-quality qualitative research conceptualized by Tracy et al
[20]. Specifically, we aimed to build methodological rigor
through the use of relevant frameworks, rich descriptions of the
context and sample from which data were collected, and the use
of appropriate and theoretically informed data collection and
analytical methods. Sincerity, another key criterion, is spoken
to in our description of our reflexivity processes and the filter
of our positionality statements; that is, we seek to uncover and
make ourselves and our readers aware of our motivations for
pursuing this work and honestly put forward the biases we may
have held in the process of data collection and analysis.

Statistical Analyses
Descriptive statistics are reported for all demographic data
collected from the study sample. The number and percentage
of participants who responded to each question, as well as the
mean age of participants (reported with the SD), were calculated
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and are presented in the Results section. Missing responses were
removed from the total count when calculating the percentage
and mean age and were noted where applicable.

Ethics Approval
All recruitment and data collection activities were approved by
the UHN Research Ethics Board (REB 20-5238).

Results

Overview
A total of 20 ICs were interviewed in this study. The average
age of the participants was 63 (SD 7.5) years, and most
identified as women (17/20, 85%) and White (14/20, 70%).
However, our sample also included 25% (5/20) of participants
who spoke English as a second language and 25% (5/20) who
identified with diverse racial and ethnic groups. We
acknowledge that this sample experienced favorable

socioeconomic conditions, with 65% (13/20) of participants
educated above the high school level and 40% (8/20) earning
an annual household income of >CAD $100,000 (US $77,170).
Most caregivers in our sample were assessed to belong to a
collaborative dyad typology (10/20, 50%; 5/20, 25%
patient-oriented; 5/20, 25% caregiver-oriented). Approximately
55% (11/20) noted that they were wives caring for their
husbands who lived with HF. For a detailed breakdown of the
demographic information, refer to Table 1.

Interviewers and participants were able to connect through
shared experiences and the ease of conversation about the
interview topics. Our qualitative analysis yielded two salient
themes pertaining to (1) IC experiences with HF caregiving
activities and (2) the role of technology in facilitating HF
caregiving activities within a dyad. Consistent with the study
by van Houtven et al [18], these themes encompassed the
amount of caregiving, psychological skills, support-seeking
activities, and domains of clinical knowledge.
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Table 1. Demographic characteristics of informal caregiver participants (N=20).

ValueIndividual-level variable

Agea (years)

19 (95)Values, n (%)

63 (7.5)Values, mean (SD)

Genderb, n (%)

17 (85)Woman

3 (15)Man

Patient-caregiver dyad typology, n (%)

5 (25)Patient-oriented

5 (25)Caregiver-oriented

10 (50)Collaborative

Care relationship, n (%)

11 (55)Wife caring for husband

3 (15)Husband caring for wife

4 (20)Daughter caring for parent

1 (5)Mother caring for daughter

1 (5)Friend caring for friend

5 (25)English as a second language, n (%)

Race or ethnicity, n (%)

1 (5)South Asian

2 (10)Black: African or Caribbean

1 (5)Indigenous or Aboriginal

1 (5)Latin American

14 (70)White: European or North American

1 (5)Other(s)

Highest level of education, n (%)

4 (20)High school diploma

5 (25)College trade or technical diploma

6 (30)University undergraduate degree (eg, BA or BEng)

2 (10)University professional designation (eg, MD or MBA)

3 (15)Other(s)

Employment status, n (%)

9 (45)Retired

1 (5)Unemployed

8 (40)Working full-time or part-time

2 (5)Other

Annual household income (CAD $ [US $])a, n (%)

2 (10)<49,999 (<38,537)

8 (40)50,000–100,000 (38,538–77,075)

8 (40)>100,000 (>77,075)

aIndicates missing responses.
bParticipants were provided with the option to select “non-binary” or “prefer not to answer,” of which no selections were made.
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IC Experiences With HF Caregiving Activities

Overview
A critical factor that inherently influences the amount of
caregiving that an IC engages in is the nature of their dyadic
typology. Our sample included patient-oriented (patient performs
most tasks), collaborative (patient and caregiver share care
tasks), and caregiver-oriented (caregiver performs most tasks)
dyad typologies, each conferring distinct caregiving
requirements. Specifically, a caregiver-oriented dyad often
provides a greater amount of caregiving as the patient requires
more support with activities of daily living along with improving
and maintaining self-care. In addition, compared with
patient-oriented and collaborative dyads, patients in
caregiver-oriented relationships are often much more dependent
on their caregivers:

I basically do all of it. I make sure her appointments
are done; I take her to all her appointments...I do all
her medications, I fill her pill boxes, I call her on the
phone when it’s time to take her medications...I do
all her vitals in the morning, I do her blood pressure,
her heart rate, her temperature twice a day. I look
after anything health. [C05, caregiver-oriented]

In contrast, patients in patient-oriented dyads were able to
maintain their independence with most of their self-care tasks
while receiving support from the caregiver when needed:

The other ways that I help him is I try to encourage
him to go for walks or to, like, be more—a little bit
more active...But other than that, he’s pretty
self-sufficient in doing his own [care]—he cooks and
[eats] the right things. [C08, patient-oriented]

The level of involvement of ICs in the care can also depend on
the extent of the barriers that the care recipient experiences in
interacting with the health care system (eg, visual impairments,
cognitive implications, and language barriers) and the desire to
provide their own care. In some instances, caregivers provide
more care and are able to cope well with this arrangement,
whereas others provide less care than desired because of the
patient’s preference to be self-sufficient and manage their own
care:

My husband wants to be engaged. If he feels, he
always feels left out. And his favourite comment to
me is, “it’s my body. It’s my medical condition, and
everyone is making decisions without my being
involved.” My husband is colourblind, so he can’t
see. He can’t participate. He couldn’t input the
information [into Medly], because when it comes up
[it’s in] red...So this is why I’m managing it. [C09,
caregiver-oriented]

The amount of caregiving influences the overall IC experience
as dyads continually adapt and navigate effective strategies to
manage living with a diagnosis of HF within their unique
circumstances. Participants from all typologies shared their
caregiving experiences, the uncertainty embedded in the role,
and the specific challenges they faced around (1) living with
pervasive unpredictability and lack of control, (2)
support-seeking behaviors to mediate the degree of IC burden,

and (3) the high-stakes learning curve associated with HF
diagnosis and management. Each of these is expanded in the
following sections.

Living With Pervasive Unpredictability and Lack of
Control
Across all dyadic typologies, the sudden onset and unpredictable
nature of an HF diagnosis often leave caregivers feeling helpless
and reporting a lack of control over the patient’s HF prognosis.
In addition, the severity and impact of HF exacerbation events
throughout the HF journey can be traumatic:

It was a scary moment having her collapse in my arms
that day and then seeing them work on her for over
half an hour trying to get her to come back to life.
That was really scary. The doctor said to her that she
had a 3% chance of surviving and the fact that she
didn’t have any brain damage or organ damage was
another miracle. [C17, collaborative]

For me as a caregiver, at times it can be
frustrating—I guess because of the fear. The fear of
what if this [cardiac arrest] happens again? I
certainly don’t want it to happen again, but living
with heart failure, it’s...you just don’t know. [C10,
patient-oriented]

The challenge of uncertainty makes every day unique and
difficult to anticipate for caregivers:

We don’t know what to expect day-to-day. It’s not
like we can say “Well it’s been a good week, you
know, he’ll be fine tomorrow,” because tomorrow he
may not be fine...You can’t make long-range plans.
[C13, collaborative]

The IC’s sense of self is often affected by sudden and
unexpected changes in the care recipient’s health arising from
an HF diagnosis or exacerbation event. The lack of time to
grieve and process the change results in caregivers feeling
overwhelmed and helpless:

It took a couple of years to get over [my husband’s
cardiac arrest]. You’re doing CPR on your husband.
So it was just the trauma of going through that
experience. And then when he did come home, seven
weeks later, he’s so weak. He ended up collapsing on
the floor. It [wasn’t until] a couple years later we had
gone to the ICD Clinic and one of the doctors there,
he said, “Well how did you feel?” That was the first
time someone had asked me how I had felt through
that experience. So I was ready to break down in tears
at that time. [C10, patient-oriented]

These rapid changes also affect the dynamic within the dyad
and may confer additional stress on the IC as they work to
balance caregiving for patients engaging in self-care activities.
There is often guilt associated with the latter, as the caregiver
struggles to take time away from the caregiving role to focus
on their own physical health and well-being. These intersecting
feelings of self-neglect and grief are especially amplified in
caregiver-oriented and collaborative dyads, as caregivers are
required to adjust their lifestyle and activities to a larger degree
to accommodate the care recipient’s needs:
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Unfortunately, what happens is as one partner
becomes less active, the second person also becomes
less active because you feel guilty. For example, we
could go out for a walk, which is recommended. But
obviously, my husband doesn’t feel the same way
every day...So if he can’t go out, I’m not going to go
out and leave him. [C09, caregiver-oriented]

I don’t do what I used to do at all. And I don’t want
to sound selfish or anything but it seems like anything
I need or I want to do is always second. Everything
is always based around him, which is how it should
be, but sometimes emotionally that gets to you where
you just kind of, like, want to run away and have a
date with yourself sort of thing. [C18, collaborative]

The lack of control that the caregiver has over the patient’s
health behaviors, reactions, and perceptions may contribute to
additional stress on the IC and add further strain on the dyad’s
relationship. The degree of congruence between the IC and care
recipient regarding expectations of how to engage in care tasks
and who is responsible for different tasks affects their appraisal
of the caregiving experience. A dyad with similar expectations
generally predicts a more sanguine approach to caregiving,
which may reduce the psychological toll of the experience.
However, discrepant views on dyadic expectations and the
patient’s care plan may result in additional stress for the IC, as
the dyad shifts between being independently oriented, as in
caregivers providing support, and a collaborative approach to
care where care recipients are empowered and their
independence is fostered:

We have this back and forth because he’ll just take
[his Medly readings] and leave [the paper that has
the readings written on them] and then expects me to
look for it and put it in [the Medly app]. And I say,
“No. You [do it]’ because I just like him to be a little
bit on the up and up, like to being responsible in doing
that.” [C08, patient-oriented]

The psychological toll associated with discrepant views is
especially heightened for caregivers in caregiver-oriented and
collaborative dyads, where the caregiver is more heavily
involved in the patient’s care.

Support-Seeking Behavior to Mediate the Degree of IC
Burden
Outlets that diffused stress or acted to alleviate caregiver burden
were crucial components of caregivers’ support systems and,
by extension, the dyad as a whole. Outlets included family,
friends, health care providers, financial stability, respite hours,
and disease management tools among others.

Experiencing a high level of uncertainty in the caregiving
journey without the presence of a support system decreased the
ICs’ ability to provide quality care and increased caregiver
burden and burnout. This was most salient for caregiver-oriented
dyads, whereby ICs were significantly relied on for support
from their care recipients.

We don’t have extended family here. Or friends. So
it’s just my family and that’s it. Him and I and my son
and that’s it...I have been to the point where I can’t

take it anymore, overloaded, overwhelmed. And it
affects me a lot. [C20, caregiver-oriented]

Conversely, the dyadic relationship typically improved when
caregivers had the ability to know when to seek support and
had support available to diffuse the stress and responsibility
they experienced. In this way, support systems aided the whole
dyad; the care recipient continued to receive quality care, and
the caregiver was able to receive respite from caregiving
responsibilities:

So what I personally do is...one of my sisters...comes
down and spends two nights with me every week...And
it gives me a bit of relief, it gives me a bit of
socializing that’s just for me, where I can go outside
and be in the bush for an hour and she stays in the
house [with the patient]...So she’s like a second me
when she’s here...And if it wasn’t for her doing that
I’m not sure what state I would be. [C18,
collaborative]

Finding appropriate support systems enables dyads to find a
balance and simultaneously contributes to improved self-efficacy
and resiliency among caregivers. Furthermore, the opportunity
to share experiences with others who have had similar HF
experiences can provide an invaluable source of support. It
provides caregivers with reassurance, guidance, and a look into
their future:

I was completely lost [caregiving for my daughter
with HF]. And out of the blue, a friend of mine
revealed to me that she had lived with heart failure
for 20 years...She gave me so much hope, so much
courage. That call came to me at a time when I didn’t
know what to expect. She used to call [my daughter
to] ask her how she was feeling and give her own tips
of how she had coped. So I’ve been lucky to have
supportive friends as well as family. And that’s what
has really kept me going as a caregiver. And as a
mother. It’s not just a caregiver hired, but a caregiver
because she’s your child. [C21, collaborative]

The High-Stakes Learning Curve Associated With HF
Diagnosis and Management
Caregivers described a high degree of uncertainty in their care
experience, often derived from their fundamental lack of HF
knowledge and professional training. This lack of knowledge
inherently left caregivers feeling less confident in their ability
to support their loved one with appropriate symptom
management. Although knowledge can be a powerful tool to
help reduce uncertainty, caregivers also shared that finding
high-quality, trustworthy resources is difficult. Navigating where
to turn and what to trust is complex, especially when sourcing
evidence-based and up-to-date guidance on HF management.
Self-doubt weighs heavily on these caregivers. The yearning
for practical knowledge and greater direction on how to support
their care recipient is a common sentiment felt among ICs who
have more hands-on experience and those who are responsible
for several care tasks. There are numerous opportunities to doubt
their own subjective assessment:
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He had an infection. But what’s normal? What isn’t?
And we’ve heard every individual is different, but
even to have the ability for me as a caregiver to say
oh, there seems to be more discharge at the driveline
site. What are you looking for? Or what would be a
red flag for that? [C14, collaborative]

Sometimes I’ll just say, “Ok, well just lie down.” But
who knows if that’s the right thing to do. [C06,
collaborative]

The only thing in the beginning was the medication.
Because all the words are so foreign to me. I just take
notes and it’s up to him to take the medication...I was
afraid that I would mess up on that...miss a time when
he was supposed to have it. [C13, collaborative]

Moreover, the frequency of HF exacerbations and the need for
ongoing supportive care to prevent and manage them leaves
ICs with a sharp, high-stakes learning curve as they navigate
and manage the HF journey:

I have to understand or accept that fact that this is
who he is right now, this is what he can do right now,
this is what I can expect from him, no more. It’s been
a learning curve for me. [C20, caregiver-oriented]

The Role of Technology in Facilitating HF Caregiving
Activities Within a Dyad

Overview
Although Medly was designed to be used independently by the
patient, many ICs took over the Medly user role on their behalf
to enable participation in the program during the COVID-19
pandemic. Other dyads collaboratively engaged in the use of
Medly to provide supportive shared care. Although caregivers
tended to trust the medical guidance provided by Medly as it
came from a trusted institution, this was not always the case for
some care recipients. Dealing with nuanced perceptions of trust
within the dyad posed unique challenges for the caregiver as
they attempted to address the patient’s hesitancy. As Medly is
a prescription-based DTx, pre-existing relationships with clinical
staff and the patient’s health care team also contributed to a
sense of trust within the program. Building on this foundation
of trust fostered an environment in which Medly could serve
as both a DTx and a component of the IC’s support system. The
remainder of this section outlines the dyads’ experiences and
the potential role of technology in supporting ICs by (1)
reducing uncertainty and providing peace of mind, (2) acting
as a member of the dyad’s support system, and (3) mitigating
the dyad’s clinical knowledge requirements.

Technology May Reduce Uncertainty and Provide Peace
of Mind
Earlier, we noted the magnitude, impact, and weight that
uncertainty imparted to ICs. Medly’s regular check-ins and
accessible connection to clinical staff provide a release valve
to diffuse stress associated with the care recipient’s unknown
disease progression and acute status. In this way, technology
can reduce uncertainty by providing dyads with personalized
directions on what they need to do to best manage the patient’s
condition on a day-to-day basis:

When I put in the data if there’s anything a little bit
off with it, it’ll tell me, this is too high, this is too low,
this is a concern. I like that. Because then I know that
it’ll tell me if I should make him redo the
measurements in the afternoon. [C08,
patient-oriented]

The quick response to the information that’s inputted
is fabulous. It tells me whether we’re on track or
we’re not on track. And then I could modify on a day
to day basis...it also provides me [with] a trend
line...if I want to look at the last week and see what
the trend is, I can see what we’re doing. [C09,
caregiver-oriented]

The ability to connect with experts through Medly also provides
invaluable peace of mind to the dyad:

Sometimes they’ll just notice that [her weight is]
starting to creep up and they’ll [advise], “OK you
should take that drug and go get the blood tests
done.” And so it’s nice knowing that somebody is
keeping an eye out. [C17, collaborative]

Through Medly, the care recipient’s health is monitored on an
ongoing basis where they would otherwise be left alone to
manage the condition without expert oversight outside of
synchronous touchpoints with the clinical team. This peace of
mind has a profound impact on relieving a significant proportion
of caregiver burden:

I mean she came home from the hospital...her
procedure was a bit critical in the hospital...Just being
able to come home and hook [Medly] up, it just really
gave us a good sense of security and comfort just
knowing that she was being monitored on the other
end as well. [C06, collaborative]

Technology Can Act as a Member of the Dyad’s Support
System
Medly is a key element of the dyad’s support system for 3
reasons: the support provided by Medly is instantaneous; there
is a direct point of contact with clinic staff available through
the service during business hours; and it facilitates symptom
tracking, which reduces the dyad’s burden of monitoring:

I’m not [asking] every morning, “Well what is it?
What are your numbers today?” I might do that for
a week or so and then it wears off. I know that if I
haven’t asked what the numbers are...the
coordinator’s going to call me and say this has
happened and this is what you need to do. [C13,
collaborative]

I kind of feel like [Medly]’s almost taking that role
of being kind of her caregiver. I’m here for everything
else if she ever needed anything, but I almost feel like
it’s kind of my mom’s caregiver to be quite honest.
It’s kind of taken a bit of that off of me. [C24,
patient-oriented]

Medly’s daily input requirements and feedback mechanisms
often serve as discussion prompts between the caregiver and
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care recipient, thus enabling better communication within the
dyad:

It’s also become like there’s something in common
for both of us to discuss, to analyze, to find out how
he feels, is there any difference today and look at the
values every day when he takes his reading, are we
within the parameters they have given us. And I know
that it’s not just the value, it also depends on how he
feels so there’s a conversation always going around
that. [C11, collaborative]

The ICs appreciated Medly for its ability to provide continuity
of care while taking over some of the organizational skills that
caregiving typically requires, such as providing medication
prompts during exacerbation events and medical care in
emergencies.

Technology Can Mitigate the Dyad’s Clinical Knowledge
Requirements
Empowering patients and formalizing the off-label use of Medly
by caregivers can facilitate positive dyadic changes. The
knowledge and medical guidance provided by Medly enable a
greater understanding of the patient’s daily HF status within
the dyad:

Before being on Medly, he wasn’t even sure if he was
feeling well or wasn’t. So...having some kind of ability
to punch in numbers and have an expert look at them
and know if they’re good or not good was just crucial.
[C14, collaborative]

On the other side of the app there are human beings
who are very well trained and who are specialized in
heart failure. I think this program is amazing because
of the knowledge base that it has. [C04,
caregiver-oriented]

The constant feedback mechanism associated with Medly’s
daily check-in prompts facilitates greater awareness of the
patient’s HF status between care recipients and caregivers:

It’s really been a very handy tool and it’s provided
him with the ability to care for himself too. When he’s
not feeling well, he [uses] this tool as a means of
keeping connected with health professionals...He’s
using it every day, recording his symptoms. It helps
him keep in line with, “OK. I need to watch my diet,
my fluids, take my medication, check my blood
pressure, check my weight,” so it’s been a very useful
tool for him. For me too, because then I know that
he’s taking check of what’s going on with how he’s
feeling. [C10, patient-oriented]

Technology can empower ICs to feel more competent and
confident in their caregiving abilities by providing a medium
to access evidence-based information and actionable feedback
for the patient’s dynamic HF status. In this way, technology
can act as a dyadic self-efficacy tool for HF management.

Discussion

Principal Findings
Underlying many of the experiences and anecdotes shared by
ICs of patients with HF was the stress of uncertainty regarding
a patient’s future disease status. HF is a progressive chronic
disease that naturally worsens over time. However, progression
is nonlinear, and HF exacerbation events cannot always be
predicted. This uncertainty is more difficult to cope with if a
caregiver within a dyad perceives that they lack the knowledge
or support to effectively or adequately care for their care
recipient.

Although several IC-facing health technologies exist within the
private sector, very few have been formally tested through
traditional research. Of the existing technologies that have been
evaluated, many have shown to be efficacious in their ability
to improve primary and chronic care access, especially in older
ethnic adult populations [26]. A systematic review of telehealth
interventions built to support ICs showed significant benefits
across dyads. The benefits included improved psychological
health, confidence, knowledge, patient management,
communication with providers, and physical health [28].
Similarly, an experimental study that engaged patients living
with HF and family caregivers in an interactive voice response
intervention demonstrated the positive effects of dyadic
engagement, which resulted in enhanced patient medication
adherence, caregiver communication, and quality of life among
patients while decreasing the likelihood of HF exacerbations
[29].

Therefore, there is an opportunity for technology to better
support improved outcomes in HF dyads. For patients
experiencing cognitive decline, language barriers, visual
impairments or possessing minimal digital literacy, caregivers
often stepped in as Medly proxy users on the patient’s behalf.
In contrast, caregivers in dyads with patients who had few
accessibility challenges generally took on a more supportive
role and did not directly interact with Medly. Our results suggest
that ICs in caregiver-oriented dyads may be more likely to act
as proxy users of digital health interventions. With their
involvement, patients can overcome this digital divide and adopt
digital health interventions. In our study, the ICs across all 3
dyad typologies expressed myriad benefits, from reduced care
burden and improved family functioning to an improved sense
of security in the care provided to their patient and improved
ability to cope with caregiving-related stress. Our findings are
aligned with other studies on digital health interventions that
formally engage ICs in shared dyadic care and demonstrated
improved outcomes; however, this avenue of research remains
nascent in application and practice [28].

Our findings further identified a need to focus on improving
the dyadic experience as a whole by building IC functionality
into digital health self-management interventions. An avenue
to address this need would be to formalize the IC role within
Medly to address dyadic needs across the spectrum of caregiver
engagement (ie, primary or secondary ICs). This approach was
supported by the scoping review by Park et al [29] assessing
the quality of family-targeted caregiver apps, which highlighted
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that appraised apps commonly neglect caregiver needs by
focusing solely on improving the patient’s provision of care.

Although Medly was designed to be patient facing, we have
presented scenarios in which Medly was used off label by the
IC as a proxy. The dyadic nature of HF caregiving was not
initially incorporated into Medly as a design consideration, and
we acknowledge that targeted caregiver technology may be
more beneficial for certain dyadic typologies. Indeed, feedback
from caregivers indicates that the addition of a caregiver account
to Medly would be beneficial in diffusing the caregiving burden
across the patient’s circle of care in times of decline in the health
of the patient when the demands of caregiving typically rise.
However, the desire for caregiving functionality varied across
dyadic typologies. ICs in caregiver-oriented typologies saw less
added value in a proxy account as they already used Medly on
behalf of the patient through the primary patient account. For
them, new caregiver functionality would have limited the utility
without additional features that extended beyond the current
Medly offering (eg, caregiver mental health support). In contrast,
caregivers in collaborative and patient-oriented dyads expressed
greater interest in having a caregiver account so that they could
remain informed of the care recipient’s health status without
having to ask the patient directly:

It would be great for me to be able to jump on the app
and just have a look and see, well, how many pillows
did she sleep with last night? Is she having a hard
time doing the stairs, that kind of thing...I think she
doesn’t want to worry me. [C24, patient-oriented]

Considering the role technology can play in providing peace of
mind to dyads, design considerations for accessibility must be
prioritized. Inclusive design should be the standard for digital
health as it significantly influences the uptake of innovations
such as Medly. Failing to proactively consider and design for
how older adults and their ICs might use technology for HF
management might prevent dyads from meeting their care goals.
The ICs in our study informed that their patient partners relied
on them to engage with the Medly app because of visual
impairments that made it difficult for them to use the app
independently. This feedback motivates the need to implement
design changes and ensure that the Medly app provides sufficient
color contrast, audio commands, font size options, and
responsive screen compatibility:

My husband is colorblind. So if...there’s an alert that
comes out in red, for example, he could not see that
it’s red, and there’s a problem. There are programs
that you can actually speak and the computer will
type it up for you or send a message...I’m wondering
if they [could] engage Medly [and it would say],
“patient X, what is your weight today? What is your
blood pressure today?” and you can verbally
respond? And the output would be verbal as well.
“Your blood pressure is fine today. Your weight is
fine today or your weight is high today, please take
two additional ABC medications.” [C09,
caregiver-oriented]

Viewing the results, it’s really hard to look at things
historically because the screen is so small. It’s hard

to figure out where he was at certain points because
you can’t see it on such a small screen. [C03,
caregiver-oriented]

In cases of patient mistrust of the health care system or
technology, caregivers may be required to step in and facilitate
acceptance of and access to digital health. Such mistrust is
especially important to consider in patients belonging to
communities that have historically experienced, and continue
to experience, challenging and traumatic interactions with these
systems, including older adults and those from ethnocultural
minority communities. Cultural safety and language accessibility
are critical to support the management of chronic conditions
that disproportionately affect ethnocultural minority
communities [28]. Promoting inclusivity in digital health
through equitable design and implementation strategies may
simultaneously improve the uptake of remote HF management
using technology while mitigating the burden of caregiving on
ICs in dyads and enhancing care recipients’ autonomy.

Strengths and Limitations
Although research on IC engagement with DTx is scarce and
still emerging, our research team was uniquely positioned and
able to explore the experience of ICs with partners enrolled in
the Medly program at the UHN. This position allowed us to
elucidate the complexity of care needs within the dyadic unit
as they sought to comanage HF. These perspectives have not
been well represented in prior research, and the portrayal of the
experiences of ICs within their HF dyads is a strength of our
study. However, this study has several limitations. As a result
of our focus on ICs, patient perspectives were not directly
assessed as part of this initial phase of our exploratory research.
Gathering insights from both entities within the dyadic unit
would have provided more holistic insights and is planned for
the future phases of this study. In addition, the research team
originally sought to explore novel ways of supporting older
ethnic adults with limited English proficiency and their ICs in
the use of DTx. However, we recognize that most of our IC
sample was skewed toward those who self-identified as White
(14/20, 70%). Further research on the barriers to accessing
digital health within ethnocultural minority populations, which
integrates intentional, culturally safe recruitment strategies, is
necessary to warrant a more diverse and generalizable sample.
In response to this limitation, detailed descriptions of the study
results were provided to contextualize the study findings. More
generally, future work at the intersection of dyadic HF
management and technology use is warranted with other digital
health platforms to further evaluate the generalizability of our
findings.

Conclusions
We observed the value of an off-label implementation of the
Medly HF DTx in improving the dyadic HF management
experience. We believe there is a need to formally and
intentionally expand HF technologies to include dyadic needs
and goals, considering both the caregiver and the care recipient.
When planning technology design and the value of technology
to support care dyads in managing chronic conditions, we
suggest defining 3 opportunities for support. The first is to
identify how technology may be leveraged to increase
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psychological bandwidth by reducing uncertainty and providing
peace of mind. We found that actionable feedback was highly
desired by both partners. The second is to develop technology
that can serve as a member of the dyad’s support system. In our
experience, automated prompts for patients to take
measurements can mimic the support typically provided by ICs
and ease their workload. The third is to consider the ways in
which technology can mitigate the dyad’s clinical knowledge

requirements and learning curves. Our approach was to have
real-time actionable feedback paired with a human-in-the-loop,
nurse-led model of care. Through a shared model of dyadic care
that supports the role of the patient in their own HF
management, includes ICs to expand and enhance the patient’s
capacity to care, and acknowledges the needs of ICs to care for
themselves, we anticipate improved outcomes for both partners.
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(J Med Internet Res 2022;24(9):e40848)   doi:10.2196/40848

In “Ethical Issues in Social Media Recruitment for Clinical
Studies: Ethical Analysis and Framework” (JMIR
2022;24(5):e31231) the authors made one addition to the
Acknowledgments section.

The funding note was missing in the originally published article.
Therefore, the corrected version of the Acknowledgements’
section reads as follows:

This work was supported by the European Union's
Horizon 2020 research and innovation program

(grant agreement no. 848223). The authors thank Dr
Nina Goldman for her critical revisions and language
editing.

The correction will appear in the online version of the paper on
the JMIR Publications website on September 7, 2022, together
with the publication of this correction notice. Because this was
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories.

 

Acknowledgments
This work was supported by the European Union's Horizon 2020 research and innovation program (grant agreement no. 848223).
The authors thank Dr Nina Goldman for her critical revisions and language editing.

Submitted 07.07.22; this is a non–peer-reviewed article;accepted 11.07.22; published 07.09.22.

Please cite as:
Zimmermann BM, Willem T, Bredthauer CJ, Buyx A
Correction: Ethical Issues in Social Media Recruitment for Clinical Studies: Ethical Analysis and Framework
J Med Internet Res 2022;24(9):e40848
URL: https://www.jmir.org/2022/9/e40848 
doi:10.2196/40848
PMID:36074800

J Med Internet Res 2022 | vol. 24 | iss. 9 | e40848 | p.743https://www.jmir.org/2022/9/e40848
(page number not for citation purposes)

Zimmermann et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:theresa.willem@tum.de
https://www.jmir.org/2022/5/e31231
http://dx.doi.org/10.2196/40848
https://www.jmir.org/2022/9/e40848
http://dx.doi.org/10.2196/40848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36074800&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Bettina M Zimmermann, Theresa Willem, Carl Justus Bredthauer, Alena Buyx. Originally published in the Journal of Medical
Internet Research (https://www.jmir.org), 07.09.2022. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly
cited. The complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright
and license information must be included.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e40848 | p.744https://www.jmir.org/2022/9/e40848
(page number not for citation purposes)

Zimmermann et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Corrigenda and Addenda

Correction: Share to Seek: The Effects of Disease Complexity on
Health Information–Seeking Behavior

Ashwag Alasmari1,2, PhD; Lina Zhou3, PhD
1Computer Science Department, King Khalid University, Abha, Saudi Arabia
2University of Maryland, Baltimore County, Baltimore, MD, United States
3University of North Carolina at Charlotte, Charlotte, NC, United States

Corresponding Author:
Ashwag Alasmari, PhD
University of Maryland, Baltimore County
1000 Hilltop Cir
Baltimore, MD, 21250
United States
Phone: 1 (410) 455 1000
Email: ashwag1@umbc.edu

Related Article:
 
Correction of: https://www.jmir.org/2021/3/e21642/
 

(J Med Internet Res 2022;24(9):e42949)   doi:10.2196/42949

In “Share to Seek: The Effects of Disease Complexity on Health
Information–Seeking Behavior” (J Med Internet Res
2021;23(3):e21642), the authors noted two errors.

In the originally published article, affiliations of the first author,
Ashwag Alasmari, appeared in the following order:

Ashwag Alasmari1,2

1University of Maryland, Baltimore County,
Baltimore, MD, United States
2King Khalid University, Abha, Saudi Arabia

Moreover, the original Affiliation 2 inadvertently did not specify
any department.
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University, Abha, Saudi Arabia
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Baltimore, MD, United States
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Abstract

Background: The COVID-19 pandemic increased the use of digital tools in health care (eg, patient portal, telemedicine, and
web-based scheduling). Studies have shown that older individuals, racial/ethnic minority groups, or populations with lower
educational attainment or income have lower rates of using digital health tools. Digitalization of health care may exacerbate
already existing access barriers in these populations.

Objective: This study evaluated how use of digital tools to asynchronously communicate with clinicians, schedule appointments,
and view medical records changed near the beginning of the pandemic.

Methods: Using 2020 Health Information National Trends Survey (HINTS) data, we examined internet use and 7 digital health
technology use outcomes (electronic communication with a provider, electronic appointment scheduling, electronic test result
viewing, patient portal access, portal use to download health records, portal use for patient-provider communication, and portal
use to view test results). The HINTS surveyors designated surveys received after March 11, 2020, as postpandemic responses.
Using weighted logistic regression, we investigated the impact of the pandemic after adjusting for sociodemographic traits (age,
race/ethnicity, income, education, and gender), digital access (having ever used the internet and smartphone/tablet ownership),
and health-related factors (insurance coverage, caregiver status, having a regular provider, and chronic diseases). To explore
differences in changes in outcomes among key sociodemographic groups, we tested for significant interaction terms between the
pandemic variable and race/ethnicity, age, income, and educational attainment.

Results: There were 3865 respondents (1437 prepandemic and 2428 postpandemic). Of the 8 outcomes investigated, the pandemic
was only significantly associated with higher odds (adjusted odds ratio 1.99, 95% CI 1.18-3.35) of using electronic communication
with a provider. There were significant interactions between the pandemic variable and 2 key sociodemographic traits. Relative
to the lowest income group (<US $20,000), the highest income group (≥US $75,000) had increased growth in the odds of ever
having used the internet in postpandemic responses. Compared to the most educated group (postbaccalaureates), groups with
lower educational attainment (high school graduates and bachelor’s degree) had lower growth in the odds of using electronic
communication with a provider in postpandemic responses. However, individuals with less than a high school degree had similar
growth to the postbaccalaureate group in using electronic communication with a provider.
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Conclusions: Our study did not show a widespread increase in use of digital health tools or increase in disparities in using these
tools among less advantaged populations in the early months of the COVID-19 pandemic. Although some advantaged populations
reported a greater increase in using the internet or electronic communication with a provider, there were signs that some less
advantaged populations also adapted to an increasingly digital health care ecosystem. Future studies are needed to see if these
differences remain beyond the initial months of the pandemic.

(J Med Internet Res 2022;24(9):e35828)   doi:10.2196/35828
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Introduction

In response to the COVID-19 public health emergency, many
American health centers transitioned to telemedicine almost
overnight, with most visits conducted over the phone or video
and only a limited number of visits were conducted in person
[1]. As more health care became web-based, digital health tools
became even more important [2]. However, studies have shown
that individuals who are older, identify as persons of color, or
have lower educational attainment or income are less likely to
use a variety of digital health tools (eg, mobile health apps,
telemedicine, and web-based medical records) [3-5].

Many of these differences in the use of digital health tools stem
from structural factors—including the cost of internet access,
broadband infrastructure, and digital literacy skills [6,7]—that
were largely unaddressed during the pandemic. Advocates for
health care equity therefore worried that requiring health care
services to be accessed through digital tools without
interventions to address structural barriers to digital equity in
diverse populations would exacerbate preexisting differences
in the use of digital health tools [8].

Although much of the focus on digital health equity since the
start of the COVID-19 pandemic has been on web-based visits
(or telemedicine) and increasingly remote patient monitoring
tools, digital tools support a variety of other health-related tasks.
Digital health technologies have been defined to include “mobile
health (mHealth), health information technology, wearable
devices, telehealth and telemedicine and personalized medicine”
[8]. Patients can perform many health care–related tasks using
digital health technologies; for example, patients can use digital
tools to asynchronously communicate with clinicians, view their
web-based medical records or test results, or schedule
appointments.

The Health Information National Trends Survey (HINTS) is a
nationally administered annual survey from the National Cancer
Institute, which collects information about health
communication, including patients’use of technology for health
care–related tasks outside of web-based visits [9,10]. Beginning
in 2008, HINTS began including questions related to the use of
the internet and other digital tools for supporting health
care–related tasks. Therefore, the HINTS survey data provided
an opportunity to gain insights into whether digital equity
concerns were created in the early stages of the pandemic for
non–telemedicine-related digital health tasks (eg, messaging
with a clinician, scheduling appointments, and viewing
web-based medical records).

Using HINTS data, we investigated whether disparities increased
in the use of digital tools to conduct health care–related tasks
after the start of the COVID-19 public health emergency.
(Within this paper, we will use the term “disparity” to describe
differences between groups.)

We focused on 4 sociodemographic factors previously
documented to be associated with disparities in using digital
health tools: age, race/ethnicity, education, and income
[3-5,11-13]. We specifically hypothesized that in the early stages
of the pandemic during which HINTS 2020 data were collected,
there may have been increased disparities in the use of the
internet and digital tools for health care–related tasks, with
lower use in populations who are older, are in racial/ethnic
minority groups, have lower educational attainment, or have
lower income.

Methods

Survey Administration
Details about the HINTS administration and design are publicly
available [10]. In brief, English and Spanish surveys are sent
out randomly to US residential addresses and returned via mail
or the internet. HINTS collects information on internet use and
the use of digital tools to conduct health care tasks such as
communicating with doctors, making appointments, and viewing
test results [10]. We used HINTS 5 cycle 4 data, which were
collected between February and June 2020 [14]. These surveys
were sent to a random sample of addresses with an oversampling
of areas with high minority populations to increase precision
for inference on minority populations. Survey sample weights
are provided in the data to allow for inferences about the whole
US population. The 2020 HINTS included a variable to indicate
if the survey was returned before or after the COVID-19
pandemic; surveys received after March 11, 2020, were flagged
by the HINTS surveyors as postpandemic. The survey response
rate for HINTS in 2020 was 37%, which was consistent with
prior years.

Outcomes
We selected 8 dichotomous (yes/no) outcome variables from
questions about having ever used the internet and the use of
digital tools for health-related tasks (see Multimedia Appendix
1). The internet use outcome asked if respondents had ever used
the internet. There were 3 outcome variables that focused on
the use of electronic means to talk to a doctor, make an
appointment with a health care clinician, or view test results
within the past 12 months. The last 4 outcome variables
pertained to patient portal use: accessing their web-based patient
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portal, downloading health records, communicating with a
provider, or viewing test results within the past 12 months. The
last 3 outcome variables on the use of patient portals for various
tasks were only asked of respondents who reported having
accessed their patient portal.

Model Design
To guide our analysis, we conceptualized the predictors that
could impact each of these outcomes. In addition to having the
pandemic as a key predictor variable in all models, we identified
3 groups of predictors (sociodemographic traits, digital access,
and health-related factors) drawn from prior literature and
described below [15-18]. Of note, the having ever used the
internet outcome was included as 1 of the digital access predictor
variables for modeling the other 7 outcomes.

Predictor Variables and Covariates

The COVID-19 Pandemic
The pandemic was a key predictor variable that indicated if the
survey response occurred after (survey received after March
11, 2020) or before the COVID-19 pandemic. This designation
was made by the HINTS surveyors.

Sociodemographic Traits
The sociodemographic traits included in the model were age
(18-34, 35-49, 50-64, 65-74, and ≥75 years), race/ethnicity
(Asian, Black, Hispanic of any race, non-Hispanic White, and
other), education (less than a high school degree, high school
graduate, some college, bachelor’s degree, and
postbaccalaureate), income (<US $20,000, US $20,000-$34,999,
US $35,000-$49,999, US $50,000-$74,999, and >US $75,000),
and gender (male and female). All predictors were categorical
variables. Missing values in the income data were imputed and
supplied by the HINTS data set. For the logistic regression
models, the reference groups for age, race/ethnicity, education,
income, and gender were the following, respectively: aged 18-34
years, non-Hispanic White, postbaccalaureate education,
income<US $20,000, and male.

Digital Factors
There were 2 dichotomous variables included in this group:
owns a tablet or smartphone and having ever used the internet.
Having ever used the internet was an outcome in 1 model but
was included as a covariate in the other models.

Health Care Factors
There were 3 dichotomous health care–related variables:
functions as a caregiver for another individual, has access to a
regular provider, and has insurance. We also included 1
categorical variable: the number of chronic diseases (0, 1, 2, or
≥3) based on self-reported diagnoses of depression,
hypertension, diabetes, heart disease, or lung disease, with 0
chronic diseases used as the reference value.

Analysis
We report descriptive statistics of predictor variables, covariates,
and outcomes unweighted. To infer population-level statistics,
we report weighted proportions using weights provided by the
HINTS data set. Using weight adjusted survey data, we
constructed bivariate and multivariable logistic regression
models for each of the 8 outcomes. The models for all outcomes
used all the predictor and covariate variables listed above; we
did not conduct variable selection, since all variables have been
shown to impact these outcomes in the literature.

To determine the impact of the pandemic, we focused on the
pandemic variable and the interaction terms between the
pandemic variable and the 4 sociodemographic traits of interest
(race/ethnicity, age, education, and income). The Wald test was
used to evaluate the interaction between pandemic status and
these 4 sociodemographic traits. Interactions at P<.10 were
included in the final overall model. The final overall model was
used to generate marginal expected odds and SE of each
outcome for each sociodemographic and pandemic interaction
pair at P<.10.

All analyses were performed using R statistical software (version
4.1.0; R Foundation for Statistical Computing). To adjust for
complex survey design, we used a survey adjustment via the
survey package (version 4.0) to apply sampling and jackknife
replicate weights [19]. The survey package was also used to
conduct the statistical Wald test for interaction variables. All
regression models were created with complete cases. The
emmeans package (version 1.6.0) was used to compute the
expected means and SEs of odds [20], and the ggplot2 package
(version 3.3.3) was used for plot generation [21].

We used P<.05 to determine statistical significance for all
outcomes. We did not adjust for multiple hypothesis testing due
to having planned few comparisons rather than every possible
comparison and to avoid increasing type II error [22,23].

Results

Survey Respondents and Outcomes
Of the 3865 survey respondents, 1437 responded before the
pandemic indicator and 2428 responded post the pandemic.
Table 1 describes the survey participants and outcomes. A large
portion (3148/3865, 86%) of participants reported having ever
used the internet, but less than half of them reported using any
of the digital health tools. The most common uses of digital
tools for health care–related tasks were using electronic means
to schedule a health care appointment (1891/3865, 49%) and
communicate with a provider (1800/3865, 47%). Only 39%
(1553/3865) of respondents reported having ever accessed their
patient portal. (As noted in table 1, percentages are weighted
so may not align with the n/N presented.) Of those who accessed
their patient portal, 87% (1349/1553) reported viewing their
test results, and 59% (920/1553) reported messaging their
clinicians.
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Table 1. Traits of included participants (N=3865).

2020, total, n (weighted %b)2020, postpandemic

(n=2428), n (weighted %b)

2020, prepandemic (n=1437),

n (weighted %b)
Trait, variablea

Sociodemographic

Gender

2204 (50.22)1400 (51.59)804 (47.71)Female

Age (years)

484 (25.47)333 (28.89)151 (19.21)18-34

703 (24.80)491 (26.37)212 (21.93)35-49

1142 (26.95)709 (24.25)433 (31.88)50-64

869 (11.62)508 (10.42)361 (13.81)65-74

540 (8.36)303 (7.61)237 (9.74)≥75

Race/ethnicity

161 (4.83)110 (5.37)51 (3.84)Asian

481 (10.32)346 (11.75)135 (7.70)Black

596 (15.73)426 (17.84)170 (11.86)Hispanic

2133 (7.34)1229 (7.31)904 (7.37)White

119 (3.09)70 (2.45)49 (4.25)Other

Income (US $)

764 (16.58)506 (17.38)258 (15.13)<20,000

491 (11.48)302 (11.73)189 (11.02)20,000-34,999

516 (12.39)336 (12.74)180 (11.74)35,000-49,999

649 (17.79)392 (17.98)257 (17.44)50,000-74,999

1427 (41.08)880 (39.67)547 (43.66)≥75,000

Education

273 (7.81)183 (8.25)90 (7.01)Less than a high school degree

705 (21.89)454 (23.09)251 (19.69)High school graduate

1081 (38.10)666 (37.82)415 (38.61)Some college

979 (18.26)621 (17.32)358 (19.97)Bachelor’s degree

684 (11.18)399 (10.70)285 (12.05)Postbaccalaureate

Digital Factors

3148 (85.80)1961 (85.09)1187 (87.09)Having ever used the internet

3239 (88.25)2029 (88.58)1210 (87.63)Owns a tablet or smartphone

Health Factors

3604 (89.78)2252 (89.42)1352 (90.43)Has insurance

2628 (61.39)1582 (56.91)1046 (69.60)Has a regular provider

576 (15.91)378 (16.66)198 (14.53)Is a caregiver

Number of Chronic Disease

1428 (44.44)922 (45.45)506 (42.58)0

906 (19.61)550 (18.98)356 (20.76)1

895 (21.42)560 (21.88)335 (20.58)2

591 (13.82)362 (12.79)229 (15.71)≥3

Outcomes

1800 (46.53)1141 (45.61)659 (48.22)Electronic communication with a provider
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2020, total, n (weighted %b)2020, postpandemic

(n=2428), n (weighted %b)

2020, prepandemic (n=1437),

n (weighted %b)
Trait, variablea

1891 (48.75)1211 (48.73)680 (48.78)Electronic means to make Appointments

1629 (41.63)995 (39.42)634 (45.67)Electronic means to view test results

1553 (39.49)948 (38.57)605 (41.18)Having ever accessed their patient portal

920 (59.24)570 (60.13)350 (57.85)Patient portal to message a providerc

1349 (86.53)819 (86.39)530 (87.60)Patient portal to view test resultsc

455 (29.30)284 (29.95)171 (28.26)Patient portal to download health recordsc

aEach variable had less than 10% missing data.
bThe percentage rates were calculated using weighted data to represent the US population.
cPatient portal tasks were only asked of those who had accessed the patient portal. Therefore, the proportions are reported only out of those that reported
having ever accessed their patient portal.

Impact of the Pandemic
All bivariate models and multivariable analysis are shown in
Multimedia Appendices 2 and 3, respectively. In the adjusted
analysis, older age, lower income, lower educational attainment,
and race/ethnic minority groups were associated with lower
odds of having ever used the internet (Multimedia Appendix
3). The same patterns for age, income, and educational
attainment were seen for the other outcomes, but the findings
were mixed by race/ethnicity (Multimedia Appendix 3).

After accounting for other variables, the pandemic variable was
only significant for using electronic means to communicate with
a provider. Postpandemic respondents had higher odds (adjusted
odds ratio [aOR] 1.99, 95% CI 1.18-3.35; P=.01; see Multimedia
Appendix 3) of using electronic means to communicate with a
provider than responses from the prepandemic period.

The interaction between the pandemic variable and 4
sociodemographic variables (age, race/ethnicity, education, and
income) was only significant for 2 outcomes: having ever used
the internet and electronic communication with a provider (see
Multimedia Appendix 3.). These significant interactions are
shown in Figures 1 and 2.

For the outcome related to internet use, there was a significant
interaction between the pandemic variable and income (see
Figure 1). Specifically, respondents in the ≥US $75,000 income
group had an increase in the odds of having ever used the
internet post the pandemic, which was significantly different
from the <US $20,000 income group (P=.02).

The use of electronic communication with a provider was
notably increased in the highest educational attainment group
(postbaccalaureate). As seen in Figure 2 (and detailed in
Multimedia Appendix 3), the highest educated group
(postbaccalaureate) had a significantly greater growth in odds
of conducting this digital task than both the groups with a
bachelor’s degree (P=.02) and high school education only
(P=.01). There was also a trend toward greater growth compared
to the group with some college education (aOR 0.54, 95% CI
0.27-1.06), but this result was not statistically significant
(P=.07). The growth in using electronic communication with a
provider in the most educated group was not significantly
different from patterns seen in conducting this task by the
respondents who reported less than a high school education
(P=.80).
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Figure 1. Odds of having ever used the internet before (pre) and after (post) the pandemic among income groups (in US $).
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Figure 2. Odds of using electronic communication with a provider among different education groups before (pre) and after (post) the pandemic. Bacc:
baccalaureate; HS: high school; Postbacc: postbaccalaureate.

Discussion

Principal Findings
Overall, we found mixed results on how the pandemic affected
internet use, the use of digital tools to communicate with
clinicians or schedule appointments, and patient portal use. For
most of the outcomes, there were no significant differences
before and after the pandemic in the early months of the
pandemic and no significant changes in disparities in the uptake
of digital health tools.

Consistent with prior literature, we did find that populations
with a history of digital exclusion (older, lower income, lower
educational attainment, and racial/ethnic minority groups)
continue to have lower odds of using the internet and a variety
of digital health tools. These disparities, particularly in

telemedicine use, have been repeatedly documented since the
start of the pandemic [24-29]. However, unlike most other
studies, we did not study telemedicine use. In prior studies, we
have found that the accessibility and use of 1 digital health tool
does not translate to other tools [4]; that is, the lessons learned
about disparities in telemedicine use may not be applicable to
disparities in patient portal use or the use of web-based
communication and scheduling tools. By focusing on web-based
scheduling, electronic communication, and patient portal
use—tools that were relatively widely available both before and
after the pandemic, we were able to explore how the pandemic
immediately changed the use of these tools and if there was an
increase or decrease in disparities in using these digital tools.
This comparison of disparities before and after the pandemic
on nontelemedicine digital health technologies is different from
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much of the literature that has largely provided only a static
look at the disparities in telemedicine uptake post the pandemic.

With this focus in mind, we did find that immediately after the
pandemic, after adjusting for other factors, there were increased
odds overall in the use of electronic communication with a
provider. One reason for this finding may be that the policies
enacted by the Centers for Medicare and Medicaid Services to
incentivize the use of telehealth [30,31] created a digital health
care environment that made electronic communication more
accessible to all populations. Alternatively, it may also suggest
that the move to telehealth made it more necessary or important
for all individuals, including those who had not previously used
electronic communication with their clinicians, to use these
telecommunication tools to seek health care or advice from a
medical professional.

Our study had mixed findings on how differences in the uptake
of these digital tools were immediately impacted by the public
health emergency. Immediately after the start of the pandemic,
the highest income group (≥US $75,000) had a greater rate of
growth in having ever used the internet than the lowest income
group (<US $20,000), suggesting a widening of the disparity
between income groups. This finding may reflect that higher
income earners were more likely to have jobs that could be
performed remotely through the internet than lower income
groups [32]. A 2019 survey from Pew Research showed that
98% of respondents with an income >US $75,000 used the
internet in contrast to 82% of respondents with an income <US
$30,000; given the already high rate of internet use in
high-income households, it seemed that there should be little
room for additional growth among high-income earners. This
finding reinforces the need to ensure that structural barriers to
accessing the internet for low-income households are mitigated
[7].

In contrast to the findings among income groups, there was
some suggestion of the gaps closing between groups with
different levels of educational attainment. Both the lowest
educational attainment respondents (less than high school) and
highest educational attainment respondents (postbaccalaureate)
had similar rates of growth in the use of electronic
communication tools (eg, smartphones, internet, and email)
with their doctors. However, the bachelor’s degree holders and
high school graduates had decreases in the odds of using
electronic communication with their doctors after the pandemic,
which were significantly different from the most educated group.
Together, these findings suggest that although some disparities
in the use of electronic communication with clinicians were
closing, others were widening. It is worth highlighting that the
most vulnerable group from an educational attainment
perspective (less than high school education) had a larger growth
in using electronic communication tools with their clinician
relative to most other respondents, which defies a frequent
pattern of innovations disseminating the most slowly to the most
disadvantaged.

Given the rapid move of health care to telehealth settings [1],
we hypothesized there would be increased inequities after the
pandemic in most of our outcomes related to the use of digital
tools for health care tasks. However, we had few significant

findings except for respondents who reported having ever used
the internet or using electronic communication with a provider.
Since these data are from early in the pandemic, these 2 digital
tasks likely serve as the earliest indicators of how populations
were adapting to an increasingly digital health care ecosystem.
We anticipate that as more data become available, we may see
more changes in the use of the other digital health technologies,
including those evaluated in this study as well as other tools
such as telemedicine or remote patient monitoring. Although
we are somewhat reassured that in the early days of the
pandemic, these data do not suggest a consistent widening of
inequities between more advantaged and less advantaged
populations [2,6,8,33], we also believe it is necessary to
reevaluate these outcomes later in the pandemic once health
care teams and patients had become more accustomed to
conducting more health care tasks remotely. Researchers have
documented that the use of telemedicine immediately at the
beginning of the COVID-19 pandemic did not reflect the more
long-term patterns on telemedicine use [34]. We suspect that
similar patterns for other digital health technologies may also
emerge.

We believe it important to specifically highlight that we found
no changes in any of the patient portal tasks, despite patient
portals being the primary digital health tool that has been
adopted by health systems to increase patient engagement and
care accessibility. Many health care systems already had patient
portals in place and tried to use their patient portals to address
health care needs during the pandemic; however, studies have
repeatedly showed the significant barriers to using a patient
portal, including the lack of technical skills, usability, privacy
concerns, and the lack of physician encouragement [35,36].
This study suggests that even in an environment where the use
of a patient portal may be even more important, patient portal
products did not address patients’ needs early in the pandemic;
this finding is reinforced by the multiple health care systems
that found that when they used patient portals to address
COVID-19–related care needs (testing and vaccine scheduling),
there was inequitable access to care [37]. Since the start of the
pandemic, patient portal products have attempted to become
more patient-centered [38], and health care teams have increased
efforts to improve access for historically excluded populations
[39]; future studies should evaluate if these efforts have had the
intended impact of reducing disparities in patient portal use.

Limitations
This study has several limitations. Since the 2020 HINTS
responses were collected in a 5-month period between February
and June 2020, the results only reflect the early impact of the
pandemic. In addition, most outcome questions inquired about
electronic communication over the last 12 months, hence
outcomes may be less sensitive to the immediate behavior
changes resulting from the pandemic. For patient portal–related
outcomes, the sample size was limited to respondents who had
accessed their patient portal; therefore, there may have been
inadequate power to detect statistically significant changes in
patient portal use. Although the survey weights are designed to
extrapolate these data to the American population, owing to the
limited sample size in some subgroups, there may not be enough
variability to accurately evaluate the outcomes. For example,
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all Asian individuals in the postpandemic group reported the
use of the patient portal for viewing a test result (Multimedia
Appendix 3), suggesting an inadequate diversity of HINTS
respondents, and these results should be considered with caution
[40]. Furthermore, some studies have shown that postpandemic
survey respondents are different from prepandemic survey
respondents, and therefore, caution must be used when
comparing responses in this survey to those in prior HINTS
cycles [41]. However, we are reassured that the response rate
for this HINTS cycle was similar to prior years [14]. Despite
these limitations, this study adds value to the literature by
evaluating early changes in the use of digital health tools during
the pandemic and focusing explicitly on changes in use among
historically excluded populations.

Conclusions
Our study finds that early within the pandemic, there was not
widespread increase in the use of digital health tools or in
disparities in the use of digital health tools. Although these data
were only from the first 3 months of the pandemic, we did find
an increase in odds of using electronic communication with a
provider after the pandemic and some mixed results on whether
preexisting inequities between groups in the use of digital health
increased. Despite health care systems’ reliance on patient
portals to increase patient access and engagement, we did not
see changes in the use of patient portals during the early stages
of the pandemic. These early data from the pandemic support
the need to explicitly study a wide range of digital health
care–related tasks. Changes in the use of 1 digital task may not
translate to other health care–related digital tasks.
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Abstract

Background: Geosocial networking (GSN) apps play a pivotal role in catalyzing sexual partnering, especially among men who
have sex with men.

Objective: To quantify the prevalence and disparities in disclosure of pre-exposure prophylaxis (PrEP) use and COVID-19
vaccination among GSN app users, mostly men who have sex with men, in the United States.

Methods: Web-based Grindr profiles from the top 50 metropolitan areas as well as the 50 most rural counties in the United
States by population were randomly sampled. Grindr provides an option to disclose current PrEP use (HIV positive, HIV negative,
or HIV negative with PrEP use). The free text in all profiles was analyzed, and any mention of COVID-19 vaccination was
recorded. Multivariable logistic regression to assess independent associations with PrEP disclosure and COVID-19 vaccination
was performed. Imputation analyses were used to test the robustness of the results.

Results: We evaluated 1889 urban and 384 rural profiles. Mean age among urban profiles was 32.9 (SD 9.6) years; mean age
among rural profiles was 33.5 (SD 12.1) years (P=.41). Among the urban profiles, 16% reported being vaccinated against
COVID-19 and 23% reported PrEP use compared to 10% and 8% in rural profiles, respectively (P=.002 and P<.001, respectively).
Reporting COVID-19 vaccination (adjusted odds ratio [aOR] 1.7, 95% CI 1.2-2.4), living in an urban center (aOR 3.2, 95% CI
1.8-5.7), and showing a face picture as part of the Grindr profile (aOR 4.0, 95% CI 2.3-7.0) were positively associated with PrEP
disclosure. Self-identified Black and Latino users were less likely to report PrEP use (aOR 0.6, 95% CI 0.4-0.9 and aOR 0.5,
95% CI 0.4-0.9, respectively). Reporting PrEP use (aOR 1.7, 95% CI 1.2-2.4), living in an urban center (aOR 2.5, 95% CI 1.4-4.5),
having a “discreet” status (aOR 1.6, 95% CI 1.0-2.5), and showing a face picture (aOR 2.7, 95% CI 1.5-4.8) were positively
associated with reporting COVID-19 vaccination on their profile. Users in the southern United States were less likely to report
COVID-19 vaccination status than those in the northeast United States (aOR 0.6, 95% CI 0.3-0.9).

Conclusions: Variations in PrEP disclosure are associated with race, whereas COVID-19 vaccination disclosure is associated
with geographic area. However, rural GSN users were less likely to report both PrEP use and COVID-19 vaccination. The data
demonstrate a need to expand health preventative services in the rural United States for sexual minorities. GSN platforms may
be ideal for deployment of preventative interventions to improve access for this difficult-to-reach population.
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Introduction

Pre-exposure prophylaxis (PrEP) is a highly effective and safe
strategy to prevent the acquisition of HIV [1-3]. The efficacy
of oral PrEP is dependent on adherence; a long-acting injectable
PrEP agent was recently shown to be superior to daily oral PrEP
and received US Food and Drug Administration approval on
December 21, 2021 [4]. Despite these advances, men who have
sex with men continue to represent 65% of new HIV diagnoses
in 2019 in the United States [5]. Among this group, Black or
African American and Hispanic or Latino men who have sex
with men are disproportionately affected, especially within the
southern United States [5]. These disparities in HIV transmission
reflect many complex, psychosocial phenomena, including
insular networks, social and HIV-related stigma, differential
access to medical services, poverty, housing instability, racism,
victimization, trauma, and discrepant PrEP awareness, access,
and advocacy [6,7]. Although public disclosure of PrEP use
within the men who have sex with men community may serve
as a mechanism of educating others and serve as confirmation
of an HIV-negative status, concerns about stigma or being
labeled as sexually promiscuous limit widespread disclosure
[8].

Lifetime usage of geosocial networking (GSN) apps among
men who have sex with men is increasingly common, with
Grindr being the frequently used by this population in the United
States [9]. In a survey of adolescent men who have sex with
men, 53% of them reported using apps specific to this population
to meet partners for sexual intercourse [10]. Grindr allows users
to locate other users within close proximity and is recognized
as a “hookup” app, indicating that users seek casual, often
anonymous sexual partners. More than twice as many
Grindr-using men who have sex with men report 5 or more
partners within the past 12 months than those who do not use
the app (60% vs 27%, respectively) [11]. Many GSN apps,
including Grindr, allow disclosure of HIV and PrEP status on
user profiles, which may contribute to sero-sorting behaviors
[12]. In fact, many users judge trustworthiness and perceived
risk by observing others’profile characteristics. Lack of pictures,
minimal bios, grammatically incorrect bios, or lack of linked
social media accounts are viewed as less trustworthy [13]. In a
nationwide survey of urban Grindr profiles, 18.1% of users
reported PrEP use, and 61% reported their HIV status [14].
PrEP disclosure was 40% less common among Black users than
among White users and 30% less common among users in the
southern United States than in the northeastern United States
[14]. These disparities in PrEP disclosures on GSN apps mirror
those reported by the Centers for Disease Control and Prevention
(CDC) and, as such, may provide a real-world avenue for
epidemiological surveillance.

Since the emergence of SARS-CoV-2 (the virus causing
COVID-19) in 2019, HIV prevention and sexually transmitted
infection (STI)–testing services have been disrupted [15].
Additionally, the pandemic has impacted sexual behavior by
mostly reducing the number of sexual partners among men who
have sex with men and has caused some to self-discontinue
PrEP entirely or to selectively skip doses [16,17]. However,
many men who have sex with men did not change sexual
practices during the pandemic [18]. Reported rates of
condomless anal sex with casual partners have declined;
however, the association between drug use and risky sexual
behavior increased [19]. Despite variations in overall sexual
activity, the pandemic may be interrupting access to
antiretroviral therapy, which has implications for HIV
transmission [20,21]. Since implementation of social distancing
and widespread closures of bars and clubs, usage of GSN apps
specifically among men who have sex with men has increased,
and 37% of men who have sex with men who participated in a
web-based survey (N=2562) reported spending more time on
apps searching for sexual partners than in prepandemic times
[18]. Others have turned to GSN apps for social connectivity
during lonely quarantine periods [22]. Overall, the COVID-19
pandemic has shifted sexual behavior, and GSN apps appear to
play a pivotal role in catalyzing sexual partnering.

Any close contact, including but not limited to sexual
intercourse, increases the risk of COVID-19 infection;
vaccination against SARS-CoV-2 mitigates this risk [23,24].
How vaccination impacts the selection of sexual partners among
the community of men who have sex with men remains
understudied. In response to the intersection of the COVID-19
and HIV pandemics, we aimed to assess health promotional
strategies, including PrEP use and COVID-19 vaccination, in
web-based in a national sample of Grindr users. We sought to
determine geographical and demographic trends in PrEP use
and COVID-19 vaccination status disclosure to suggest
geographic areas for targeting health promotion interventions.
We hypothesized that men who have sex with men in rural areas
would report less use of PrEP and lower disclosure of
vaccination against COVID-19.

Methods

Sample Population
Grindr profiles from the 50 most populated metropolitan areas
as well as the 50 least populated rural counties in the United
States were randomly sampled [25,26]. Data collection occurred
from September through December 2021 between 3 PM and 8
PM local time to ensure standardization of data collection and
to eliminate time of day as a confounding factor. Each city or
rural county was sampled in a random order determined by a
random number generator. The number of profiles sampled
from each city was proportional to the percentage of reported
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individuals identifying as lesbian, gay, bisexual, or transgender
within that city [25]. Rural county users represented 17% of the
sample, which reflects the US population [27]. Profiles were
collected in the order in which they appeared within the city
center or the geographic center of the rural county. A profile
was created to collect the data. The profile was blank, did not
contain any information, and no users were messaged. Based
on previous research, we expect 18% of urban users to report
PrEP use [14]. If we estimate a 6% difference as clinically
significant between urban and rural users, we estimated a need
to sample 2100 profiles with an 80% power and a 2-tailed α of
.05.

Exposures
All information provided within the profile was systematically
abstracted into a REDCap database independently by 2 authors
(TWG and JTS). REDCap is a browser-based electronic data
capture software and workflow to organize and store clinical
and translational research data. All geographic locations were
categorized into US census region (Northeast, Midwest, South,
and West) and as urban versus rural regions [27]. Available
demographic characteristics included age, race and ethnicity,
BMI (calculated from height and weight), gender, and
relationship status. Variables were collected as presented on the
app and are all self-reported. Race and ethnicity were
categorized as Asian, Black, Latino, Middle Eastern, Mixed,
Native American, White, South Asian, other; gender as man,
cisgender man, transgender man, woman, transgender woman,
nonbinary, nonconforming, queer, and crossdresser; and
relationship status as single, dating, exclusive, committed,
partnered, engaged, married, and open relationship. Owing to
small numbers, gender was dichotomized as cisgender male or
gender diverse, and relationship status was similarly
dichotomized as single or relationship. Irrespective of whether
the user profile presented a face picture, a body picture, other
photos (neither face nor body), or no picture (blank) were
abstracted. Picture status was considered a surrogate for
willingness to share, as those who share a face picture have
been found to be associated with a likelihood of reporting more
data about themselves, including PrEP use [14,28].

Outcomes
Disclosure of PrEP and vaccination status were the primary
outcomes of interest. Grindr provides an option to disclose
current PrEP use (HIV positive, HIV negative, or HIV negative
and on PrEP). Profiles not reporting PrEP use were assumed
not to be taking PrEP. The most common reason why users do
not report PrEP status on GSN profiles is that they are not taking
PrEP [12]. Grindr does not provide an option to report
COVID-19 vaccination status. However, all free text of profiles
were read and any mention of being vaccinated against
COVID-19 was recorded. No profiles explicitly stated that they
were not vaccinated. As such, both PrEP and vaccination
outcomes in our study may represent engagement with HIV or
COVID-19 prevention rather than actual PrEP use or vaccination
status. Date of the last reported STI or HIV testing was recorded
when available (n=934). Thus, our secondary outcome was the
calculated time between data collection and the last STI or HIV
test (in months).

Other Variables
Other available self-reported variables were abstracted, including
body type (toned, average, large, muscular, slim, or stocky),
sexual position (bottom, versatile bottom, versatile, versatile
top, or top), app use intent (chats, dates, friends, networking,
relationship, or “right now”), and gay tribe, which is
representation of certain subcultures (bear, clean-cut, daddy,
discreet, jock, leather, otter, poz, rugged, trans, twink, and
sober). .

Statistical Analysis
Demographic characteristics between urban and rural profiles
were compared to understand statistical correlates and to
describe the population. Multivariable logistic regression was
used to assess the independent factors associated with PrEP use
and COVID-19 vaccination. Covariates were statistically
selected (P<.01) on the basis of bivariate analysis. Age was
included in all models owing to the availability of this variable.
Because age, BMI, and race and ethnicity were not available in
all profiles, the robustness of our base model was assessed with
2 imputed models—this was done to prevent the exclusion of
observed data and estimate the range of selection bias [29]. The
base model included only nonmissing data.

Imputed Model A
Stepwise linear regression was used with all known variables
within the data set to predict age and BMI. Actual age and BMI
values were used preferentially over imputed values. Race and
ethnicity were imputed using the previous known value. This
approach assumes data were missing at random. A distribution
of the imputed values in model A is provided in Multimedia
Appendix 1.

Imputed Model B
Data are unlikely to be missing at random. For example, older
users, those with overweight or obesity, and racial minorities
are more likely to experience discrimination in social
environments on the internet and thus may omit this information
intentionally [30]. To understand the uncertainty in the data,
we used the same aforementioned imputation model but added
10 years of age to all imputed age values and +5 units to all
imputed BMI values. Profiles with missing race and ethnicity
data were imputed to the most common racial minority within
the US census region of where the profile was found [27]. A
distribution of the imputed values in model B is provided in
Multimedia Appendix 1.

For our secondary outcome, the number of months since the
users’ last STI or HIV test was compared among the
demographic and sexual characteristics collected. Because the
number of months since last testing was not normally
distributed, Mann-Whitney U tests were used for bivariate
comparisons and Kruskal-Wallis tests were performed for
nominal variables. All statistical tests were 2-sided, and P<.05
was considered statistically significant in the final multivariable
models. Analyses were completed in Stata (version 17;
StataCorp).
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Ethics Approval
The institutional review board of the University of California,
Los Angeles exempted the study from review as no participant
protected health information was collected and no contact with
users via their profiles was made.

Results

We randomly sampled 1889 urban and 384 rural profiles. Table
1 shows the comparison of demographics by urban versus rural
status. The mean age among urban profiles was 32.9 (SD 9.6)
years and that among rural profiles was 33.5 (SD 12.1) years
(P=.41). Consistent with census data, 84% of rural counties
were concentrated in the western United States, whereas urban

centers were distributed across US regions, (P<.001). Among
the urban profiles, 296 (16%) reported being vaccinated against
COVID-19 and 426 (23%) reported PrEP use compared to 37
(10%) and 30 (8%) in rural profiles, respectively (P=.002 and
P<.001, respectively). Black users comprised 15% of urban
users compared to 4% in rural areas, and Native American users
comprised 0.5% in urban areas compared to 7% in rural areas.
Urban users had lower BMIs than rural users (25.2 vs 27.2;
P<.001). There were no statistically significant differences
between urban and rural profiles regarding gender, relationship
status, HIV disclosure status, or sexual position preference. On
average, urban profiles reported STI or HIV testing within
approximately 4 months versus 8 months in rural profiles
(P<.001). Blank and “other” photos were more common among
rural profiles than among urban profiles (45% vs 26%; P<.001).
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Table 1. Demographic and sexual characteristics of urban versus rural Grindr profiles in the United States, 2021.

Missing data in
the data set, %

P valueRural profiles
(n=384)

Urban profiles
(n=1889)

Demographic characteristics

18.3.4133.5 (12.1)32.9 (9.6)Age (years), mean (SD)a

0<.001Location in the United States, n (%)

0 (0)403 (21)Northeast

22 (6)355 (19)Midwest

41 (11)645 (34)South

321 (84)486 (26)West

0.00237 (10)296 (16)Included vaccination status on profile, n (%)

0<.00130 (8)426 (23)Taking pre-exposure prophylaxis, n (%)

28.9<.001Ethnicity, n (%)a

1 (2)71 (5)Asian

11 (4)203 (15)Black

38 (14)231 (17)Latino

015 (1)Middle Eastern

27 (10)117 (9)Mixed

18 (7)4 (0.5)Native American

164 (61)682 (51)White

1 (0.5)6 (0.5)South Asian

3 (1)20 (1)Other

28.7<.00127.2 (4.2)25.2 (3.9)BMI, mean (SD)a

39.9.73Gender, n (%)a

234 (94)1051 (94)Cisgender male

16 (6)65 (6)Gender diverse

41.9.54Relationship status, n (%)a

185 (79)883 (81)Single

48 (21)205 (19)Relationship

58.9<.0018 (3-14)4 (2-9)Time until last test for sexually transmitted infections (months), median (IQR)a

0.05213 (55)1148 (61)Indicated HIV status on profile, n (%)

0<.001Picture status, n (%)

150 (39)1000 (53)Face picture

60 (16)399 (21)Body picture

59 (15)88 (5)Random photo

115 (30)402 (21)Blank

Sexual characteristics

34.1.24Sexual position, n (%)a

.2458 (20)211 (18)Bottom

38 (13)146 (12)Vers bottom

104 (36)384 (32)Vers

37 (13)178 (15)Vers top

54 (19)287 (24)Top
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Missing data in
the data set, %

P valueRural profiles
(n=384)

Urban profiles
(n=1889)

0Grindr tribe, n (%)

.0229 (8)88 (5)Bear

.2642 (11)172 (9)Clean-cut

.3934 (9)143 (8)Daddy

.00271 (18)236 (12)Discreet

.2118 (5)120 (6)Geek

.1427 (7)177 (9)Jock

.354 (1)32 (2)Leather

.7116 (4)87 (5)Otter

.431 (0)11 (1)Poz

.0122 (6)55 (3)Rugged

.6414 (4)60 (3)Trans

.1414 (4)103 (5)Twink

.634 (1)15 (1)Sober

0Response to Looking for, n (%)

.16167 (43)749 (40)Chats

.12118 (31)658 (35)Dates

.57184 (48)875 (46)Friends

.9873 (19)360 (19)Networking

.4486 (22)458 (24)Relationship

.01223 (58)952 (50)Right now

0Response to Meet at, n (%)

.6496 (25)451 (24)My place (host)

.01145 (38)582 (31)Your place (travel)

.9260 (16)299 (16)Bar

.5265 (17)295 (16)Coffee shop

.7852 (14)246 (13)Restaurant

aMissing data excluded.

There were no significant differences in most Grindr tribes
among urban versus rural users. There were more “discreet”
users in rural areas than in urban areas (18% vs 12%; P=.002).
There were more rural users who were using the app for the
intent of immediate sexual partnering (ie, “right now”) compared
to urban users (58% vs 50%; P=.01). Additionally, more rural
users indicated a preference to meet at someone else’s location
than did urban users (38% vs 31%; P=.01).

Table 2 shows the results of the multivariable model and
imputation analyses. Reporting COVID-19 vaccination status

(adjusted odds ratio [aOR] 1.7, 95% CI 1.2-2.4), living in an
urban center (aOR 3.2, 95% CI 1.8-5.7), and showing a face
picture (aOR 4.0, 95% CI 2.3-7.0) were positively associated
with PrEP use. Self-identified Black and Latino users were less
likely to report PrEP use (aOR 0.6, 95% CI 0.4-0.9 and aOR
0.5, 95% CI 0.4-0.9, respectively). All of these associations
remained in the sensitivity analyses. Point estimates in the base
model and model A of the association between BMI and PrEP
use were not statistically significant; however, in model B, users
with increasing BMI were negatively associated with PrEP use
(aOR 0.85, 95% CI 0.74-0.97).
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Table 2. Multivariable analysis of raw data and imputation models of engagement with the use of pre-exposure prophylaxis (PrEP) and COVID-19
vaccination indicated on Grindr profiles, 2021.

COVID-19 vaccination statusPrEP use

Imputed model

Bb (n=2258),
aOR (95% CI)

Imputed model

Aa (n=2255),
aOR (95% CI)

COVID-19 vaccina-
tion (n=1084), aOR
(95% CI)

Imputed model

Bb (n=2273),
aOR (95% CI)

Imputed model

Aa (n=2273),
aOR (95% CI)

PrEP use (n=1107),
adjusted odds ratio
(aOR) (95% CI)

1.2 (1.1-1.4)c1.2 (1.0-1.3)c1.1 (0.9-1.3)1.0 (0.9-1.1)1.0 (0.9-1.1)0.9 (0.8-1.1)Age (every 10 years)

1.9 (1.4-2.5)c1.8 (1.4-2.4)c1.7 (1.2-2.4)c———dPrEP use

———1.9 (1.4-2.5)c1.9 (1.4-2.4)c1.7 (1.2-2.4)cVaccinated

2.2 (1.4-3.3)c2.2 (1.5-3.4)c2.5 (1.4-4.5)c2.8 (1.8-4.3)c2.9 (1.9-4.4)c3.2 (1.8-5.7)cLiving in urban cen-
ters

Region

1.0 (referent)1.0 (referent)1.0 (referent)1.0 (referent)1.0 (referent)1.0 (referent)Northeast

1.2 (0.8-1.8)1.3 (0.9-2.0)1.1 (0.6-1.8)0.8 (0.6-1.2)0.8 (0.6-1.2)0.9 (0.5-1.4)Midwest

0.6 (0.4-0.9)c0.7 (0.4-0.9)c0.6 (0.3-0.9)c1.0 (0.8-1.4)1.0 (0.7-1.3)0.8 (0.5-1.2)South

1.5 (1.0-2.2)c1.5 (1.0-2.2)c1.3 (0.8-2.1)0.9 (0.7-1.3)0.9 (0.7-1.2)0.8 (0.5-1.3)West

Race and ethnicity

1.2 (0.6-2.2)1.1 (0.6-1.9)0.7 (0.3-1.7)0.9 (0.6-1.6)1.2 (0.7-1.8)1.0 (0.5-1.8)Asian

1.1 (0.8-1.6)1.0 (0.7-1.5)1.3 (0.8-2.1)0.6 (0.4-0.8)c0.6 (0.4-0.9)c0.6 (0.4-0.9)cBlack

0.8 (0.6-1.1)0.9 (0.6-1.3)0.8 (0.5-1.4)0.7 (0.4-0.9)c0.7 (0.5-0.9)c0.6 (0.4-0.9)cLatino

—e—e—e0.6 (0.2-2.3)0.9 (0.3-2.8)0.4 (0.1-2.0)Middle eastern

1.1 (0.7-1.8)1.0 (0.6-1.5)1.2 (0.7-2.0)0.8 (0.5-1.2)0.9 (0.6-1.3)0.8 (0.5-1.3)Mixed

1.5 (0.5-4.7)1.3 (0.5-3.4)1.1 (0.2-5.3)0.9 (0.2-3.3)0.9 (0.3-2.5)1.4 (0.4-5.9)Native American

2.7 (0.5-15)2.0 (0.5-7)1.6 (0.2-16)0.4 (0-3.1)0.4 (0.1-2.0)0.6 (0.1-6.6)South Asian

0.2 (0-1.4)0.3 (0-1.4)—2.0 (0.8-5.0)1.5 (0.7-3.5)1.7 (0.4-6.3)Other

1.0 (referent)1.0 (referent)1.0 (referent)1.0 (referent)1.0 (referent)1.0 (referent)White

1.2 (1.0-1.3)c1.3 (1.1-1.5)c1.2 (0.9-1.4)0.9 (0.7-0.9)c1.0 (0.8-1.1)1.0 (0.8-1.2)BMI (every 5 points)

1.6 (1.1-2.3)c1.6 (1.1-2.3)c1.6 (1.0-2.5)c1.2 (0.8-1.6)1.2 (0.9-1.7)1.0 (0.7-1.6)Discreet

Picture status

3.2 (2.2-4.8)c3.2 (2.1-4.7)c2.7 (1.5-4.8)c3.3 (2.3-4.7)c3.7 (2.6-5.2)c4.0 (2.3-7.0)cFace

2.2 (1.4-3.4)c2.2 (1.4-3.4)c1.6 (0.8-3.2)2.1 (1.4-3.1)c2.3 (1.5-3.4)c2.3 (1.2-4.4)cBody only

1.9 (1.0-3.6)c2.0 (1.1-3.8)c1.8 (0.7-5.0)0.8 (0.4-1.7)0.9 (0.4-1.8)2.0 (0.8-5.5)Random photo

1.0 (referent)1.0 (referent)1.0 (referent)1.0 (referent)1.0 (referent)1.0 (referent)Blank

aImputed model was generated through stepwise regression of known values (Multimedia Appendix 1); race and ethnicity were imputed on the basis
of previous value, assuming data are missing at random.
bImputed model was generated with nonrandom missing values; imputed age+10, imputed BMI +5, and race and ethnicity imputed to most common
racial minority within the US census region.
cBoldfaced values indicate significant values at P<.05.
dNot determined.
eIn the imputed model, none of the 15 Middle Eastern users were vaccinated and thus excluded from the model.

Reporting PrEP use (aOR 1.7, 95% CI 1.2-2.4), living in an
urban center (aOR 2.5, 95% CI 1.4-4.5), having a “discreet”
status (aOR 1.6, 95% CI 1.0-2.5), and showing a face picture
(aOR 2.7, 95% CI 1.5-4.8) were positively associated with report
of COVID-19 vaccination status on their profiles. Users in the

southern United States were less likely to report being
vaccinated (aOR 0.6, 95% CI 0.3-0.9) than those in the northeast
United States. These associations remained in the imputation
models. In both imputation models, users in the western United
States were more likely to report being vaccinated (aOR 1.5,
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95% CI 1.0-2.2) than those in the northeast United States, and
users with increasing BMI were more likely to report vaccination
(aOR 1.6, 95% CI 1.1-2.3). Model accuracy information is

summarized in Table 3. Overall, the model is highly specific
and poorly sensitive. Accuracy ranged from 73.9% to 85.3%.

Table 3. Accuracy of the models.

COVID-19 vaccination statusUse of pre-exposure prophylaxis (PrEP)

Imputed model
B (n=2258)

Imputed model
A (n=2255)

COVID-19 vaccina-
tion (n=1084)

Imputed model
B (n=2273)

Imputed model
A (n=2273)

PrEP use (n=1107)

0.60.91.10.400.7Sensitivity, %

99.999.999.999.510098.7Specificity, %

85.385.382.579.679.973.9Correctly classified, %

Table 4 shows the time (in months) since the last STI or HIV
test. The median time since the last STI or HIV test for the
whole sample was 4 (IQR 2-10) months. Notable differences
in the timing of the last STI or HIV test include the following:
living in an urban versus rural center (4 months vs 8 months;

P<.001); reporting versus not reporting PrEP use (3 months vs
6 months; P<.001), and BMI category (4 months: users with
normal weight, 5 months: users with overweight, and 6 months:
users with obesity; P=.003).

J Med Internet Res 2022 | vol. 24 | iss. 9 | e38244 | p.766https://www.jmir.org/2022/9/e38244
(page number not for citation purposes)

Gaither et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 4. Time since last test for sexually transmitted infections or HIV in our nationwide sample of Grindr users, 2021.

P valueaTime (months), median (IQR)

.03Age group (years)b

4 (2-9)≤30

4 (2-11)>30

<.001Urbanicity

4 (2-9)Urban

8 (3-14)Rural

.53Location in the United States

4 (2-8)Northeast

4 (2-10)Midwest

4 (2-9)South

5 (2-11)West

.02COVID-19 vaccination status

3 (2-7)Yes

4 (2-11)No

<.001Status of use of pre-exposure prophylaxis

3 (1-5)Yes

6 (3-13)No

.35Ethnicity

5 (2-12)Asian

3 (2-7)Black

6 (2-12)Latino

6 (4-10)Middle Eastern

4 (2-10)Mixed

4 (2-10)Native American

4 (2-10)White

5 (5-9)South Asian

13 (4-15)Other

.003BMI

4 (2-9)Normal weight

5 (2-10)Overweight

6 (3-16)Obese

.01Gender

4 (2-10)Cisgender male

2 (1-7)Gender diverse

.35Relationship status

4 (2-10)Single

4 (2-11)In a relationship

.18HIV status on profile

4 (2-10)Yes

6 (2-12)No

.10Picture status
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P valueaTime (months), median (IQR)

4 (2-10)Face picture

4 (2-9)Body picture

7 (3-14)Random photo

4 (2-9)Blank

.10Sexual position

4 (2-9)Bottom

3 (2-8)Vers bottom

4 (2-10)Vers

4 (2-9)Vers top

5 (2-12)Top

aAll P values are nonparametric tests owing to the nonnormal distribution of time since the last test for sexually transmitted infection.
b31 years is the median age of the sample.

Discussion

Principal Findings
This study provides comparative estimates of engagement in
preventative health within a large nationwide sample of
individuals in the United States, mostly men who have sex with
men, on one GSN app during the COVID-19 pandemic. The
study highlights several important differences in infection
prevention behaviors between urban and rural app users. After
adjustment, urban users are approximately 3 times as likely to
disclose PrEP usage (aOR 3.2) and approximately 2.5 times as
likely to report being vaccinated against COVID-19 (aOR 2.5).
PrEP use and vaccination were often co-reported. Additionally,
rural users’ last self-reported STI or HIV test was approximately
4 months delayed compared to that among urban users. Race
and ethnicity appear to be highly associated with PrEP
disclosure, whereas geography but not race or ethnicity appear
to be associated with reporting of COVID-19 vaccination status.

Rural men who have sex with men experience substantial stigma
and lack robust access to HIV preventative care [31-34]. Our
results corroborate this experience in a real-world setting of
users on GSN app specific to men who have sex with men, and
demonstrate the need to expand preventive health services to
these populations—in fact, the digital fluency of these users in
leveraging a GSN-based app for sexual partnership suggests
that such platforms may be ideal for deployment of interventions
to support preventive care among rural populations of men who
have sex with men. Internet-based HIV preventative messaging
to rural men who have sex with men has been shown to be
acceptable and efficacious [35]. Large-scale implementation of
such programs is lacking. GSN apps may provide not only
avenues for understanding spatial distribution of rural men who
have sex with men but also provide a private arena to deliver
care, which has been reported as an acceptable platform to
deliver health information and services [36-38].

Rural users were more likely to not show their faces on their
profiles and to report being “discreet.” Men who identify as
discreet primarily seek sexual partners on the internet as it is
seen as socially safer and can provide anonymity [39]. Potential

reasons for discretion include stigma, internalized homophobia,
or being in a relationship [39]. HIV-related stigma may increase
the likelihood of risky sexual behavior and mental health or
substance use disorders [40]. Only 8% of rural users in our study
reported PrEP use, and the median time since the last STI or
HIV test among rural users was 8 months. This may reflect
barriers to STI HIV testing during the pandemic and more
durable limitations to HIV preventative services in these areas.
The rise of telemedicine access during the pandemic may serve
to enfranchise the historically underserved rural population of
men who have sex with men, who may benefit from improved
web-based STI and HIV prevention services [33]. In response
to the pandemic, many clinics for sexual minorities have
developed telemedicine infrastructure for continued STI or HIV
prevention services [41,42]. Removing barriers such as access
and privacy concerns may improve screening and increase PrEP
uptake among rural men who have sex with men [43].

Despite controlling for age, region, living in urban versus rural
centers, BMI, picture status, and discreetness, Black and Latino
users were less likely to report PrEP use. In the National HIV
Behavioral Surveillance data analyzed by the CDC, only 30%
of Hispanic and 26% of Black men who have sex with men
reported taking PrEP within the past year compared to 42% of
White men who have sex with men [44]. Similar disparities
were observed in the southern United States compared to other
regions independent of race and ethnicity [44]. PrEP is
exclusively available via prescription except within states that
allow pharmacists to provide this service [45]. Barriers to PrEP
for Black or Latino men who have sex with men include racism,
provider bias, insurance coverage, and marginalization [46,47].
The southern United States, as a region, has unique challenges
to PrEP uptake, including a geographically expansive rural
population, low rates of commercial insurance coverage, lack
of Medicaid expansion, social stigma, low health literacy, and
low HIV risk perception [48].

Despite the COVID-19 pandemic, the overall prevalence of
PrEP use among urban users increased since 2018 (18% to 23%)
[14]. Worldwide survey evidence suggests that many men who
have sex with men have decreased or completely stopped taking
PrEP during the pandemic [16,49-51]. Discontinuing PrEP
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during sexually inactive periods and resuming PrEP during
activities that increase the risk of HIV exposure has been termed
“preventive-effective” adherence [52]. Thus, some men who
have sex with men who use this strategy may still report PrEP
use on their GSN profile. It is plausible that the pandemic
brought more PrEP-using men who have sex with men to GSN
apps to meet partners after the closure of social gathering spaces
such as bars and clubs. An alternative explanation is that app
users who discontinued PrEP during the pandemic did not
change their PrEP status on their profile. Growing evidence
suggests that PrEP status can be viewed as a surrogate for
desiring condomless anal sex, and some users do not present
accurate information on the internet [53,54].

Whether the veracity of health-related information on GSN apps
should be verified merits further inquiry. In 2011, the adult film
industry created the Performer Availability Screening Service
(PASS) program, which is a database to show “work clearance”
by documenting STI and HIV status. The PASS program now
includes verification of COVID-19 vaccination status.
Widespread implementation of a system such as the PASS
program would require public health and industry collaboration
as well as user buy-in.

The prevalence of COVID-19 vaccination reporting within the
whole sample was low (333/2273, 14.65%). The likely main
driver of the overall low prevalence is that vaccination status
was abstracted from free text and therefore passively reported,
in contrast to HIV or PrEP status. Actual vaccination rates have
been shown to be higher among sexual minorities than among
heterosexual adults (85.4% vaccinated among gay and lesbian
adults vs 76.3% of heterosexual adults) [55]. Interestingly, our
results show that vaccination reporting is more closely
associated with geographic status rather than with race or
ethnicity. Lower uptake of the vaccine in rural areas is consistent
with CDC data [56]. Vaccine willingness has also been
associated with political leaning, which is similarly
geographically associated [57]. Although Black race has been
associated with lower vaccine acceptance, this was not supported
by our data [58]. However, our study may be underpowered to
detect these differences. If high rates of vaccine acceptability
or uptake can indeed be confirmed in this population, it may
provide supportive data to advocate for vaccine-based STI
prevention strategies, such as the ongoing MAGI trial leveraging
the serogroup B meningococcal vaccine as a potential Neisseria

gonorrhoeae vaccine (ClinicalTrials.gov NCT04350138)
[59,60]. Our data provide further evidence that once structural
barriers are decreased, public health interventions may be well
received among users of GSN apps.

Limitations
Our study has certain limitations. Users of GSN apps, especially
during the pandemic, may not be generalizable to all men who
have sex with men. We intentionally did not sample users in
suburban environments to contrast the stark geographical effects
between urban and rural users. As the pandemic has shifted
sexual behavior, not all users are sexually active. Important
confounding variables such as education and income, which
strongly impact health care access and uptake, were not available
in the data set, and indeed these may be central drivers of the
observed findings. All variables are self-reported and may be
prone to social desirability bias. Our main outcome of interest
likely represents engagement with health prevention rather than
actual PrEP use or COVID-19 vaccination. We compared users
who disclosed to those who did not disclose PrEP use or
COVID-19 vaccination status. Young Black men who have sex
with men in the southern United States report high usage of
GSN apps to meet sexual partners, but Grindr was the least
commonly used app [61]. The rates of PrEP disclosure among
Black or Latino men who have sex with men who use other
apps remain to be studied. Imputation analyses are dependent
on the reasons for missing data and can significantly impact
measurement error, limiting power. Overall, the modeling
accuracy was adequate, but the sensitivity was extremely poor.
The statistical aim of the modeling was to assess associations
with our outcomes of interest and not to generate a prediction
model.

Conclusions
We demonstrate a need to expand health preventative services
for sexual minorities in the rural United States. Disclosure of
PrEP use and COVID-19 vaccination status on GSN app profiles
mirror trends assessed by CDC survey data. Variations in PrEP
disclosure are largely impacted by race, whereas COVID-19
vaccination disclosure is influenced by geographic area;
however, rural GSN users were less likely to report both PrEP
use and COVID-19 vaccination status. GSN platforms may be
ideal for deployment of preventative interventions to improve
access for this difficult-to-reach population.
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Abstract

Background: There is a lot of misinformation about a potential protective role of nicotine against COVID-19 spread on Twitter
despite significant evidence to the contrary. We need to examine the role of vape advocates in the dissemination of such information
through the lens of the gatewatching framework, which posits that top users can amplify and exert a disproportionate influence
over the dissemination of certain content through curating, sharing, or, in the case of Twitter, retweeting it, serving more as a
vector for misinformation rather than the source.

Objective: This research examines the Twitter discourse at the intersection of COVID-19 and tobacco (1) to identify the extent
to which the most outspoken contributors to this conversation self-identify as vaping advocates and (2) to understand how and
to what extent these vape advocates serve as gatewatchers through disseminating content about a therapeutic role of tobacco,
nicotine, or vaping against COVID-19.

Methods: Tweets about tobacco, nicotine, or vaping and COVID-19 (N=1,420,271) posted during the first 9 months of the
pandemic (January-September 2020) were identified from within a larger corpus of tobacco-related tweets using validated keyword
filters. The top posters (ie, tweeters and retweeters) were identified and characterized, along with the most shared Uniform
Resource Locators (URLs), most used hashtags, and the 1000 most retweeted posts. Finally, we examined the role of both top
users and vape advocates in retweeting the most retweeted posts about the therapeutic role of nicotine, tobacco, or vaping against
COVID-19.

Results: Vape advocates comprised between 49.7% (n=81) of top 163 and 88% (n=22) of top 25 users discussing COVID-19
and tobacco on Twitter. Content about the ability of tobacco, nicotine, or vaping to treat or prevent COVID-19 was disseminated
broadly, accounting for 22.5% (n=57) of the most shared URLs and 10% (n=107) of the most retweeted tweets. Finally, among
top users, retweets comprised an average of 78.6% of the posts from vape advocates compared to 53.1% from others (z=3.34,
P<.001). Vape advocates were also more likely to retweet the top tweeted posts about a therapeutic role of nicotine, with 63%
(n=51) of vape advocates retweeting at least 1 post compared to 40.3% (n=29) of other top users (z=2.80, P=.01).

Conclusions: Provaping users dominated discussions of tobacco use during the COVID-19 pandemic on Twitter and were
instrumental in disseminating the most retweeted posts about a potential therapeutic role of tobacco use against the virus. Subsequent
research is needed to better understand the extent of this influence and how to mitigate the influence of vape advocates over the
broader narrative of tobacco regulation on Twitter.

(J Med Internet Res 2022;24(9):e40331)   doi:10.2196/40331
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Introduction

Background
During health crises, such as the COVID-19 pandemic, people
who are at higher risk of being affected may be more likely to
seek health information online [1,2]. However, in the absence
of clear, concise, and complete information, digital information
channels, such as social media, are often used to help people
understand the implications of a health threat [3,4]. Since the
use of inhaled nicotine products, such as cigarettes and
e-cigarettes, enhances the risk of respiratory illness and places
users at greater risk of complications from COVID-19, clear
communication about the risks of tobacco use is more important
than ever [5-8]. Some have suggested that a widespread
respiratory virus, such as COVID-19, could provide an
opportunity to amplify public perceptions about the harms of
tobacco products [9]. However, conflicting claims about how
the virus affected tobacco users quickly emerged [10,11].

A review of early clinical data in Wuhan Province found that
smokers were less likely to be admitted to the intensive care
unit (ICU) due to COVID-19 complications compared to
nonsmokers [10]. Although the study itself did not provide any
evidence of a causal relationship between smoking and
COVID-19 infection or progression, the authors posited that
the anti-inflammatory properties of nicotine might be responsible
for the unexpectedly low prevalence of COVID-19–infected
smokers in countries with high smoking rates [12,13]. Although
no subsequent evidence has been found to support a protective
role of nicotine, the notion that smoking, vaping, or nicotine
use would prevent COVID-19 circulated, leading researchers
to document misinformation about smoking, vaping, and
nicotine as being protective against COVID-19 across
communication channels, particularly on Twitter [14-16].
Although the spread of problematic information is not unique
to Twitter, recent survey data suggest that Twitter users in
particular are more likely to recall hearing and believe that
nicotine, tobacco, or vaping can prevent COVID-19 [17-20].

The presentation of scientific findings from an early review of
clinical records showing fewer smokers than expected among
ICU patients as evidence that nicotine prevents COVID-19 is
emblematic of the role social media often plays in
communications from the scientific establishment to the general
public [14]. Such counterintuitive findings are not
misinformation in a direct sense, in that they do not present
demonstrably false information [21]. Rather, the extrapolation
of the study’s findings out of context or with overreaching
implications exemplifies the sort of claims that are not
egregiously false but rather represent unsubstantiated and
misleading implications that run counter to the best-available
scientific evidence [11,22].

To understand how scientific distortions and misinformation
spread on Twitter, it is first important to understand key
differences in how traditional news outlets and social media

sites disseminate content. Media researchers use variations of
the “gates” metaphor to describe how and to what extent elites
and other opinion leaders dictate what information passes
“through the gates” and on to the masses [23-26]. The first
important difference between traditional news media, such as
television, print, or even online publications and Twitter, is the
elimination of “gatekeepers”—editorial boards and elite decision
makers who determine which news receives airtime [27].
However, Twitter’s lack of traditional gatekeepers does not
mean that the gates controlling the flow of information are left
untended. Rather, the most influential users serve as
“gatewatchers,” who lack absolute control over what passes
through the gates but instead heavily influence whether
information is channeled into high-traffic areas where it is likely
to spread or low-traffic areas where its impact is diluted [28,29].
Thus, rather than a simple 2-step flow of news through a small
group of elites to the viewing public, the preferences and
ideological lean of a slightly larger group of vocal users
dramatically influence what content “trends” in a user-driven
marketplace of ideas [30,31].

Existing evidence suggests that the gatewatching framework
may be useful to conceptualize how vaping and other
tobacco-related information disseminates on Twitter. Previous
research has found that social media discourse is predominantly
hostile to vaping regulation, prone to exaggerated claims about
the health benefits of vaping, and rife with misinformation about
vaping and the tobacco industry [18,32-36]. Although the
controversial nature of misinformation is often an important
factor contributing to its spread, if the loudest and most prolific
voices discussing vaping on Twitter are those with a provaping
agenda, then such provaping gatewatchers are also a crucial
pathway through which misinformation, disinformation, and
other problematic or unsubstantiated information spreads on
the medium.

Although there is evidence of a provaping bias on Twitter,
neither the extent of this bias nor the influence on the volume
of pro- versus antivaping content is clear. A recent examination
of vaping-related tweets between March and June 2020 found
that misinformation about the relationship between COVID-19
and vaping informed chatter that was both pro- as well as
antivaping [37]. In a separate study, the same researchers
showed that misinformation was endemic to the Twitter
discourse about vaping even prior to COVID-19 [36]. Previous
research examining the prevalence of the claim that nicotine
can prevent COVID-19 found the therapeutic nicotine claim to
be prevalent in about 1% of tweets relevant to both the pandemic
and tobacco [16]. Building on these findings, we suggest that
vape advocates who disproportionately influence the
tobacco-related information that trends on Twitter (ie,
gatewatchers) were likely instrumental in disseminating content
that promoted a therapeutic role of tobacco, nicotine, or vaping
against COVID-19.
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This Study
This research examines whether the gatewatching framework
can be used to understand how content about a therapeutic
benefit of nicotine, tobacco, or vaping disseminated on Twitter.
The main premise of the gatewatching framework is that a subset
of influential users drives the dissemination of information on
Twitter through retweeting content that is consistent with their
ideological agenda. Our investigation begins with the
assumption that influence on Twitter is concentrated among a
small group of top users who produce and disseminate the
majority of content. Pew’s population-level examination of
Twitter behavior supports this assumption [38]. Pew estimates
that 97% of tweets are produced by the top 25% of users.
Moreover, a high percentage of tweets by these top users are
likely to be retweets of other users’ original tweets. The
influence of provaping gatewatchers would thus be evident in
(1) high prevalence of vape advocates among top users, (2)
substantial dissemination of ideologically aligned content (eg,
tobacco, nicotine, or vaping could prevent COVID-19), and (3)
direct evidence of the role of top users and vape advocates in
disseminating that content. We thus propose the following
research questions (RQs):

• RQ1: How prevalent are vape advocates among the users
who produce and disseminate the most content (ie, potential
gatewatchers)?

• RQ2: How prevalent was content indicative of provaping
advocacy in the broader conversation about tobacco and
COVID-19, including (1) top hashtags, (2) top shared
Uniform Resource Locators (URLs), and (3) the most
retweeted tweets?

• RQ3: What role do top users and vape advocates play in
disseminating top content (ie, top retweeted tweets about
a therapeutic role of tobacco, nicotine, or vaping against
COVID-19)?

Methods

Procedure
We began by identifying posts (original tweets and retweets)
about COVID-19 from within the entire corpus of
tobacco-related tweets posted between January and September
2020. After cleaning and preprocessing the raw data, including
removing duplicate posts, we examined the data set at both the
post and the user level. At the post level, we conducted a content
analysis of the top 1000 retweets during this period to assess
the volume of broadly disseminated tweets promoting the
preventative nicotine claim compared to the 1% of overall tweets
identified in previous research [16]. We then examined the most
shared URLs to further quantify how much content promoting
a therapeutic benefit of nicotine against COVID-19 was
disseminated on Twitter. Next, we examined the user profiles
of the most active users (ie, those responsible for the most tweets
and retweets) and identified those who posted the original tweets
about nicotine preventing COVID-19 among the top 1000
retweets. Finally, we cross-referenced the top user list with those
who retweeted original tweets about nicotine preventing
COVID-19 to more clearly illuminate the role of these top users
in disseminating this content (ie, gatewatching).

Data Collection
NORC at the University of Chicago maintains a comprehensive
archive of tobacco-related Twitter data collected monthly using
the Historical Powertrack Application Programming Interface
(API) and sorted for relevance by a naive Bayes classifier.
Twitter’s API allows for targeted searches by keywords that
can appear in either the text of the tweet or the metadata. NORC
“tapped the firehose” collecting all tweets posted during the
study time frame in JSON format and then parsed and merged
the data into a data frame at the post level with corresponding
variables for username and other relevant metadata. From this
broader corpus of tobacco-related tweets posted in the first 9
months of 2020, we developed and validated a keyword filter
(Multimedia Appendix 1) to identify tobacco-related posts that
were also about COVID-19. We then validated this filter by
human-coding a random sample of 2566 original tweets for
relevance (precision=0.90, recall=0.89, F1=.89). The text of
each tweet was then used to extract important information,
including URLs, hashtags, and whether it was an original tweet
or a retweet. Counts were then aggregated to provide data frames
at the post (tweet or retweet; N=1,420,271), user (N=817,691),
and URL (N=54,806) levels and the top 1000 hashtags.

Identifying Top Users
We first sought to identify a smaller group of top users who
were clear outliers in terms of the proportion of overall tweets
and retweets for which they were responsible. We began with
the top 1000 users who posted (both original and retweeted)
between 54 and 4897 times each, meaning 0.12% of users were
directly (tweeted) or indirectly (retweeted) responsible for
10.93% of all tobacco and COVID-19 content. Among these
top 1000, we identified 2 natural inflection points in the data:
(1) The median number of posts was 87 (SD 263.10). Only 25
(2.5%) users posted 3 or more SDs from the median number of
posts, meaning 2.49% of all activity came from the top 25 users.
(2) To expand this list further, we subgrouped the number of
tweets per user in bins of 100, with 59% having less than 100
tweets and 83% having less than 200. We thus coded 163 top
users who had 200 or more posts and were responsible for 5.59%
of all content produced in our data set. Our coded sample of the
most influential users averaged 54.15 tweets per month, more
than double the threshold for high-volume users set by Pew.
We then categorized these top 163 users by identifying at least
1 of 3 criteria in their profiles: (1) explicit mention of vaping
or tobacco harm reduction (THR) in the text of the username
or profile, (2) a pinned tweet (a tweet that the user chooses to
fix to the top of their page) promoting vaping, or (3) at least 3
of their 5 most recent tweets explicitly promoting vaping.

Identifying Dissemination of Therapeutic Nicotine
Content
We examined 3 key measures of trending content for
dissemination of misinformation related to a potential
therapeutic role of nicotine against COVID-19. First, we
examined the top trending hashtags during this period. Hashtags
are a key means through which social media conversations
coalesce around a coherent narrative [39,40]. All hashtags were
extracted from the text of the tweets and aggregated. Beginning
with the top 1000 hashtags that were used between 50 (#heart)
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and 87,566 times (#covid19) with a median of 106.50 (SD
3101.53), we identified a natural inflection point in the data
wherein only 16 hashtags were used greater than 1 SD from the
median, accounting for 49.3% of hashtags used. We then
identified hashtags that were explicitly tied to vaping,
e-cigarettes, or tobacco harm reduction using keyword stems
(eg, vap*, ecig*, thr, and harmreduc*).

Top linked URLs were examined using a similar procedure in
finding a natural inflection point in the data to determine the
top trending content. URLs were shared a median of 1 time
each (SD 24). Of those, 253 URLs were shared greater than 3
SD from the median, comprising 30.9% of all shared URLs.
The number of shares for these top URLs ranged from 74 to
2827, with a median of 117.5 (SD 279.73). We then examined
these top URLs to determine whether they were linking content
that promoted the ability of nicotine, tobacco, or vaping to
prevent or treat COVID-19.

Finally, we conducted a content analysis of the top 1000 retweets
to characterize the presence of original tweets about a potential
therapeutic benefit of nicotine, tobacco, or vaping against
COVID-19 in the most broadly disseminated part of the broader
conversation about tobacco and COVID-19 on Twitter. We used
a grounded theory approach [41,42]. We reviewed the top 1000
retweets while noting 6 relevant themes, with the primary theme
of interest being the potential therapeutic role of nicotine or
tobacco against COVID-19. Consistent with the convention for
content analyses, a random subsample of at least 10% was
withheld to establish reliability [43]. In this study, 2 independent
coders dual coded a random subsample of 300 (30%) retweets
to establish reliability in identifying tweets about personal
responsibility (κ=0.95), social justice (κ=0.83), discounting
COVID-19 severity compared to tobacco (κ=1), government
criticism (κ=0.92), mask efficacy (κ=0.8), and, the topic of
interest, the protective role of nicotine (κ=1). After establishing
reliability, the remaining 700 (70%) retweets were divided
evenly among the coders. The user profiles of those whose
retweets promoted a therapeutic role of nicotine against
COVID-19 were then coded to identify vaping advocates using
the same methodology as was used for coding the top users.
Finally, our RQ about gatewatching was then examined by
identifying whether the top users retweeted the top retweeted
content about a potential therapeutic role of nicotine or tobacco.

Bot Detection
The role of automated (bot) accounts on Twitter has been a
recent area of concern [44]. One report suggested that as many
as half of all tweets about vaping may come from bots [44].
Although a bot programmed to promote vaping content serves
functionally the same purpose as a human gatewatcher who
promotes vaping content, differentiating between bots and
human accounts is important, as regulatory bodies and health
communicators are likely to approach these sources of
problematic information in different ways [45]. We first used
the machine learning classifier Botometer to estimate the
likelihood that user accounts were bots based on a series of
indicators of “botlike” behaviors identified by the tool’s creators,
providing a score between 0 and 5, with 5 being the most likely
to be a bot [46]. However, this tool has been shown to have

significant limitations in misclassifying both bot and human
accounts [47]. As a result, we reported additional indicators that
may be indicative of bot activity, including whether the account
is verified by Twitter and whether the account has since been
removed or made private. It is noteworthy that the top user
overall had a bot score of 3.6 and only posted original tweets.
However, this user was not a vape advocate.

Ethical Considerations
Human subjects were not involved in this study. Data were
collected from public social media sites. Account names were
excluded for anonymity in publication.

Results

Vape Advocates and Vaping Hashtags
Vape advocates were highly prevalent across the top users,
representing 81 (49.7%) of the top 163 users and 22 (88%) of
the top 25 users. These top 163 users posted a median of 317
times each (SD 536.56) and retweeted (median 234, SD 373.80)
far more often than they posted original tweets (median 58, SD
433.98). On average, retweets comprised a higher percentage
of posts for vape advocates (78.6%) than for others (53.1%;
z=3.34, P<.001). The prevalence of bots among top users
appeared limited. Although only 3 accounts were verified by
Twitter and 20 were either removed or private, the average
Botometer score was low (mean 1.59, SD 1.37), with only 19%
(n=31) of users having above the scale’s midpoint of 2.5. The
average score for vape advocates was 1.26 but 2.03 for all other
accounts, providing little evidence that bots are driving vape
advocacy in our data set.

Vaping hashtags (n=63) were used a total of 43,223 times,
accounting for 9.4% of the hashtags used in our data set,
including 3 of the top 16 most used overall. Table 1 provides
the top 16 overall hashtags in the data set as well as the top 16
vaping hashtags, accounting for 85.7% of the vaping hashtags
used. Most noteworthy is the use of #wevapewevote among the
top overall hashtags as well as 5 other explicitly provaping
hashtags, with over 1000 uses each.

Of the 253 top shared URLs, 57 (22.5%) promoted content
about a potential therapeutic role of nicotine, tobacco, or vaping
in treating or preventing COVID-19. These URLs were shared
16,244 times. Table 2 provides descriptions of the top 29 shared
URLs identified via an inflection point in the data at more than
2 SD from the median number of shares, accounting for 12.4%
of all shared URLs. Among these top 29 URLs, 12 URLs linked
articles promoting the potential therapeutic value of nicotine,
vaping, or tobacco against COVID-19, accounting for 41.4%
of shares among this top content. It is noteworthy that 2 (17%)
of these 12 were articles explicitly debunking the claim made
by a media personality that vaping bleach could cure COVID-19,
while the other 10 (83%) focused on either a lower infection
rate of COVID-19 for smokers (n=9, 90%) or a tobacco-based
vaccine (n=1, 10%).

The top 1000 retweeted posts were shared a total of 578,763
times, ranging between 105 and 117,662, with a median of 193
(SD 3956.82). Table 3 provides the 6 coded categories, example
tweets, and the percentage of retweets in each category. The
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therapeutic potential of nicotine or tobacco was the fourth-most
commonly discussed topic. Of the 107 retweeted posts
addressing the protective role of nicotine, including smoking,
vaping, or tobacco in general, 5 (4.7%) sought to counter this
notion and accounted for 1304 (0.2%) retweets. Closer
examination also revealed that 4 of these retweets (3.7%)
concerned addressing a conservative talk show host who told
a call-in listener that they could vape bleach to protect
themselves from COVID-19. After removing these 9 (8.4%)
tweets, we focused on 98 (91.6%) of the top retweets explicitly
endorsing or promoting the idea that nicotine, whether through
patches, smoking, or vaping, could prevent COVID-19. Such
content was retweeted 21,782 times, garnering 3.8% of retweets
in our sample (median 160, SD 194.25). Moreover, these tweets
also used the hashtags #saysscience (n=17, 17%) and
#sciencesurprises (n=12, 12%), which were used across 2129
and 1544 retweets, respectively.

A total of 74 unique users produced the 98 top retweets about
a therapeutic role of nicotine. Of these, 30 (40.5%) were
verified, while 16 (21.6%) were official news accounts. In fact,

retweets by verified accounts garnered 74.5% of retweets, while
news accounts (all but 2 of which were verified) garnered 46.2%
of retweets. There were only 2 (2.7%) vape advocates among
these 74 users. Finally, bots were limited among this group as
well, with an average Botometer score of 1.57 (SD 1.28).
Notably, this value is likely inflated as the verified news sources
tended to be misclassified as bots, with an average score of 3.19.

The top 163 users retweeted the top posts about nicotine
preventing COVID-19 338 times (median 1, SD 2.78). Among
the top 163 users, 91 (55.8%) retweeted at least 1 of the top
posts, with 17 (68%) of the top 25 retweeting at least 1 post
(median 4, SD 4.51). A significantly higher percentage of vape
advocates (63%) retweeted such posts compared to other top
users (40.3%; z=2.80, P=.01). In total, 38.2% of top posts were
retweeted at least once by top users, with original posts by the
lead author of the study showing a lower-than-expected number
of smokers in the ICU with COVID-19 garnering 38.5% of
retweets by top users. Table 4 provides the deidentified text of
the top retweets promoting such content retweeted by top users.

Table 1. Top hashtags for COVID-19– and nicotine-related discussions on Twitter.

Top 16 vaping hashtagsb (N=43,223)Top 16 overall hashtagsa (N=87,566)

Uses, n (%)HashtagsUses, n (%)Hashtags

15,567 (36.0)vapingc87,566 (100)covid19

6306 (14.6)vapec31,608 (36.1)coronavirus

3601 (8.3)wevapewevote15,567 (17.8)vaping

2419 (5.6)vapingsaveslives11,495 (13.1)nomeat_nocoronavirus

1495 (3.5)ecigsc10,961 (12.5)tobacco

1283 (3.0)vapefam9181 (10.5)covid-19

1137 (2.6)harmreduction8328 (9.5)smoking

1137 (2.6)vapers8193 (9.4)covid

871 (2.0)ecigarettesc7685 (8.8)lockdownsa

766 (1.8)ecigc7256 (8.3)covid_19

734 (1.7)vapelife6705 (7.7)stayhome

502 (1.2)vapes6306 (7.2)vape

424 (1.0)tobaccoharmreduction5156 (5.9)quitforcovid

414 (1.0)vapeon4021 (4.6)lockdown

390 (0.9)vapecommunity3601 (4.1)wevapewevote

387 (0.9)vapenation3472 (4.0)indiafightscorona

aThe top 16 hashtags accounted for 49.3% of all hashtags used.
bThe top 16 vaping hashtags accounted for 85.71% of all provaping hashtags used and 9.4% of all hashtags used.
cThese hashtags were not necessarily provaping and were sometimes used in antivaping posts as well.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e40331 | p.778https://www.jmir.org/2022/9/e40331
(page number not for citation purposes)

Silver et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Top 29a URLsb shared in COVID-19– and nicotine-related discussions on Twitter.

Shares (N=21,100), n (%)URL description

2827 (13.4)News24.com:lockdown dlamini zuma pushes for tobacco alcohol ban to continue until level 1

2359 (11.2)The economist: smokers seem less likely than non smokers to fall ill with covid 19

1854 (8.8)News24.com: coronavirus all the latest news about covid 19 in south africa and the world

878 (4.2)Raw story: conservative radio host agrees with caller that vaping bleach might cure covid 19 youre not crazy

796 (3.8)The Guardian: French study suggests smokers at lower risk of getting coronavirus

694 (3.3)News24.com: breaking ramaphosa told to lift cigarette alcohol ban and move to level 2 lockdown sources

677 (3.2)rFi.fr: french researchers suggest nicotine could protect against covid 19

667 (3.2)France24.com: france testing whether nicotine could prevent coronavirus 1

657 (3.1)CNN: coronavirus quitting smoking wellness

649 (3.1)News 24: not selling booze and tobacco during lockdown harmful to addicts

631 (3.0)ewn.co.za: sa economy loses r1 5 billion due to alcohol cigarette sale ban

620 (2.9)Telegraph: smokers four times less likely contract covid 19 prompting nicotine/

584 (2.8)News24.com: coronavirus all the latest news about covid 19 in south africa and the world

557 (2.6)Livemint.com: cigarette can keep coronavirus away researchers test if nicotine could prevent covid 19

491 (2.3)Media Matters: Sean Hannity suggests vaping prevents people getting coronavirus

488 (2.3)Money Control: a cigarette a day can keep coronavirus away french researchers test if nicotine can prevent covid

472 (2.2)Bloomberg: coronavirus vaccine race gets unlikely partner big tobacco

468 (2.2)W24.co.za: How lockdown saved my life woman shares how she finally quit smoking after 20 years

461 (2.2)Scientific American: Smoking or vaping may increase the risk of a severe coronavirus infection

461 (2.2)CNN: coronavirus quitting smoking wellness

457 (2.2)The Guardian: french study suggests smokers at lower risk of getting coronavirus

444 (2.1)NDTV: coronavirus drug news france testing if nicotine prevents coronavirus from attaching to cells

435 (2.1)Nature: Factors associated with COVID-19-related death using OpenSAFELY

431 (2.0)The Guardian: Politics public covid 19 tobacco johnson

423 (2.0)CNN: coronavirus quitting smoking wellness

409 (1.9)Zerohedge.com: Did china steal coronavirus from canada and weaponize it

408 (1.9)Buzzfeed: smoking doesnt kill and other great old op eds from mike pence

402 (1.9)Medium: how i killed the smoke monster and quit smoking like a queen

400 (1.9)Todayistheday.co.uk/ (Resources for smoking cessation)

aThese 29 web articles accounted for 12.4% of shares among a total of 54,806 different URLs that were shared a combined total of 170,496 times.
bURL: Uniform Resource Locator.
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Table 3. Content analysis of the top retweets (N=1000)a about COVID-19 and nicotine.

Top retweets, n (%)ExampleCoded category

293 (29.3)MIKE PENCE: - His budget cuts in Indiana led to the spread of HIV there - Wrote articles
about how smoking does NOT cause cancer - Calls global warming a myth - Was put in
charge, by trump, of the Coronavirus response UNBELIEVABLE. #CoronaVirusUpdates

Government criticism

149 (14.9)As COVID-19 attacks the lungs one of the most important things you can do is to quit
smoking and vaping. I’m in day 3. Care to join?

Personal responsibility

149 (14.9)Ok I recorded the recording because I know they will remove it... why?? Vape smoke is
2.5 microns... Covid is between 0.15-0.25 microns. Masks don’t do shit.

Mask efficacy

107 (10.7)Nicotine could protect people from contracting the coronavirus, according to new research
in France, where further trials are planned to test whether the substance could be used to
prevent or treat the deadly illness

Protective role of nicotine

50 (5.0)If they're going to report every Coronavirus death, I think they should have to report every:
Flu Death Car Accident Death Smoking-related Death Alcohol Related Death . . . You
get the point. ENOUGH WITH THE FEAR MONGERING

Discounting the pandemic’s
impact

49 (4.9)imagine if the surgeon general announced a plan to bolster access to masks, testing, &;
neighborhood health hubs for Black & Latinx people instead of telling us to not smoke
&; drink to protect big momma'n'em. how do you blame people for being imperfect victims
of a pandemic?

Social justice

aOf the 1000 posts, 2 independent coders double-coded 300 (30%) posts to establish reliability, after which the remaining 700 (70%) were divided
evenly between the 2 coders.

Table 4. Top 10 postsa about nicotine preventing COVID-19 retweeted by top users.

Top users who retweeted, n
(%)

Tweet text

39 (23.9)NYC Mayor said smoking and vaping increases coronavirus risk. In 1099 cases from China, only 12.6% were smokers
(we would expect much higher). ZERO data on e-cigs. So, still too early to say. People with ZERO public health
knowledge should SHUT UP.

38 (23.3)Finally, the study is out “Systematic review of the prevalence of current smoking among hospitalized COVID-19 patients
in China could nicotine be a therapeutic option?” Very low prevalence of smoking among hospitalized COVID-19 patients
in China.

31 (19.0)Moderate and heavy smokers were 50-60% less likely to be tested positive for COVID-19 and 80-90% less likely to
be admitted to the ICU... Remember my hypothesis about the potentially protective effects of nicotine since early April?

23 (14.1)So few people hospitalized with the coronavirus appear to be smokers. I spoke to the scientists, tobacco experts, and
policymakers who are trying to see if nicotine *might* have something to do with it.

22 (13.5)Dramatic UNDER-representation of smokers among COVID-19 patients in France. 80% reduced standardized (for age
and sex) incidence ratio!! Strongly supports my hypothesis about the protective effects of nicotine which i made 1
month ago (soon to be published).

20 (12.3)On January 22 at the beginning of this year I had a suspicion about the protective effect of nicotine on the coronavirus.

18 (11.0)Official French data on #tobacco smoking; #covid19 replicate the picture in China, Germany; USA A remarkable low
rate of smokers are hospitalised w/ coronavirus compared to smoking prevalence (France 23%).

12 (7.4)The government has admitted “smoking populations were less likely to be infected” with the coronavirus and develop
Covid-19.

12 (7.4)The prohibition of cigarettes does nothing to control or limit the Covid 19 epidemic. On the contrary smokers are sig-
nificantly less likely to require hospitalization if they do become infected. NDZ is pursuing a very personal and subjective
campaign.

11 (6.8)“There is zero evidence that smoking will propagate or increase transmission of COVID-19.”—Dr Konstantinos
Farsalinos, Cardiologist and anti-smoking researcher

aThese top 10 posts accounted for 69.8% of retweets of such content by top users; 29 other posts were retweeted by between 1 and 9 top users.

Discussion

Principal Findings
This research demonstrates the utility of the gatewatching
framework for examining the dissemination of problematic

information on Twitter. More than half of our sample of top
users and 22 of the 25 most prolific users producing and
disseminating content about COVID-19 and tobacco in the first
9 months of the pandemic were provaping “harm reduction”
advocates. Moreover, more than 3 of 4 posts by these top-using
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vape advocates were retweets compared to just over half for
non-vape advocates, further demonstrating the key role of these
users as disseminators of content—gatewatchers.

Building on previous research both identifying and quantifying
the extent of a specific piece of misinformation that nicotine
can prevent COVID-19, we showed the disproportionately broad
reach of this claim across the most retweeted content during
this period [16,37,48]. Even in May 2020, when the original
study by Farsalinos et al [10] was published, the preponderance
of scientific evidence, including multiple meta-analyses, still
opposed the notion that nicotine, and especially smoking, would
protect people from COVID-19. Still, in our sample of the top
1000 retweets, propagation of this claim was more than 20 times
more common than the 5 tweets trying to debunk the claim and
was retweeted nearly 17 times as often. Among the top shared
URLs, articles promoting a potential therapeutic role of nicotine
or tobacco accounted for nearly 1 in 3 shares. Explicitly
provaping hashtags, such as #wevapewevote, #vapingsaveslives,
and #vapefam, were abundant, indicating a significant
representation of a provaping perspective across the broader
COVID-19– and tobacco-related conversation.

Finally, this study provides compelling evidence that the top
users, particularly vape advocates, were instrumental in
disseminating the idea that nicotine can prevent COVID-19.
Vape advocates were significantly more likely to retweet top
tweets about a potential therapeutic role of nicotine. More than
half of the top users retweeted at least 1 of the most retweeted
tweets on the topic, while more than 1 in 3 of the most retweeted
tweets was retweeted by at least 1 top user. These findings have
implications for both tobacco control and the process of
disseminating information on Twitter.

Implications for Tobacco Control
The most important implication for tobacco control is that the
dissemination of tobacco content on Twitter is heavily
influenced by vape advocates. The extent to which COVID-19
served as further motivation for smokers or vapers trying to quit
is uncertain. However, research examining this question has
found mixed results at best [49-51]. Although the use of
addictive substances during a pandemic is explained by far more
variables than misinformation on social media, our findings
suggest that the provaping ideological bias of the most
prominent voices on Twitter engaging in the tobacco control
conversation may help explain why misinformation promoting
the protective role of nicotine was disseminated so broadly.
Furthermore, previous research examining temporal trends in
the tobacco sentiment on Twitter noted an increase in
antitobacco sentiment in March 2020 at the beginning of the
pandemic in the United States, followed by a rise in positive
tobacco sentiment corresponding with the release of the preprint
of the study showing fewer smokers than expected in Wuhan
ICUs [52]. Our study shows that a likely driver of positive
sentiment—that tobacco, nicotine, or vaping has therapeutic
value against COVID-19—was spread frequently by influential
vape advocates on the platform.

This research highlights the growing challenge of addressing
scientific distortions that while not themselves misinformation
can nonetheless drive false beliefs. There is no reason to believe

that the study finding fewer smokers than expected was falsified.
In fact, this “smoker’s paradox” drove significant research
interest and calls to pre-register hypotheses toward the goal of
rigorously investigating the effects of nicotine on COVID-19
[53]. A substantial body of literature has provided strong
evidence that smoking during a respiratory pandemic increases
the risk of severe illness and death [5-8]. Moreover, more
detailed investigations of specific hypotheses surrounding a
therapeutic effect of nicotine have revealed the opposite, as
nicotine appears to aid the replication of SARS-CoV-2 rather
than impede it [54]. Our study does not address this complicated
body of literature. Rather, we show how an opportunistic
overinterpretation of the findings of such a study can disseminate
on Twitter through influential users for whom such findings
support a broader narrative. The broader implication of these
findings is that the dissemination of information about tobacco
control on Twitter is subject to the interpretation of users who
both strongly influence what information is disseminated and
whose stated purpose on the platform is to oppose tobacco
regulation.

Implications for Understanding Misinformation
Dissemination
It is important to note that our findings do not contradict
previous work examining the prevalence of misinformation on
the protective role of nicotine but rather add context that helps
to characterize the process through which misinformation
spreads on Twitter. Kavaluru et al [16] identified that the
protective role of nicotine constitutes about 1% of the overall
content, while Sidani et al [37] identified a variety of different
misinformation claims that arose on Twitter about vaping
products. Both studies provide an overview of the overall
“firehose” of information. We sought to understand how a small
percentage of the information from this firehose got diverted
into the smaller and more influential pool of trending retweets.
Although we do not discount the fundamental virality of
controversy that previous research suggests can drive the
dissemination of misinformation, we highlight the important
utility of the “gatewatcher” metaphor in describing how
misinformation disseminates on Twitter [55].

Opinion leaders on Twitter do not have control over the content
posted on the platform. However, they have outsized influence
over the dissemination of certain perspectives over others.
Although more research is needed, we contribute strong
evidence that the ideological lean of the most prolific tweeters
on a given subject (provape users discussing COVID-19 and
nicotine) directly influenced the spread of problematic
information (that nicotine could prevent COVID-19) through
retweeting much of the most broadly disseminated posts. These
findings are reminiscent of previous research showing the
majority of disinformation in another context, antivaccination,
emanated from only 12 users [56]. However, in contrast to the
“Disinformation Dozen,” provaping gatewatchers on Twitter
do not produce and disseminate overtly false information.
Rather, they serve as mediators between the scientific
community and the broader, Twitter-using public, and privilege
scientific findings that support a provaping narrative, while
dismissing, ignoring, and countering a preponderance of
evidence that does not.
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Implications for Practitioners
There are 2 useful implications of this research for practitioners.
The first is that a small component of the overall conversation
can have an outsized influence. Ultimately, most of the
conversation about COVID-19 and nicotine was about
COVID-19 and only tangentially mentioned nicotine or tobacco
products. Although #wevapewevote was among the top trending
hashtags, #nomeatnocoronavirus was over 3 times more
prevalent. Moreover, 60% of our sample of top retweets
involved criticizing the government, complaining about masks,
and extolling the virtues of taking care of one’s body during
the pandemic.

Social media’s unprecedented democratization of the fourth
estate unfortunately nests genuine attempts to engage
constructive public discourse alongside incoherent, misinformed,
and often bad-faith commentary [57]. Trending hashtags and
overall prevalence tell an important part of the story with regard
to what and how information spreads on social media [58]. That
controversy is interesting and that anybody can post anything
with limited oversight are both established and intuitive reasons
why misinformation is endemic to social media [59]. However,
addressing such a problem requires a closer examination of the
vectors through which some tweets spread while others do not.
Misinformation about nicotine and COVID-19 does not
comprise a majority or even a plurality of content about using
nicotine products during the pandemic. However,
misinformation about nicotine preventing COVID-19 circulated
broadly most likely because it was consistent with the
ideological agenda of the opinion leaders, gatewatchers, and
most prolific tweeters on the subject.

The broader implication of this process of dissemination is that
the proverbial deck is stacked against effective public health
communication on Twitter. In the context of nicotine’s potential
role in preventing COVID-19, Twitter undoubtedly amplified
bad information when good information was available. The
observable provaping bias of the most outspoken users
discussing COVID-19 and nicotine inevitably meant that even
attempts to debunk such information on the platform did not
receive nearly the same amount of traffic. The most important
implication is that this bias is likely to result in the continued
prominence of the benefits of vaping, while underrepresenting
and downplaying the harms.

Limitations and Future Directions
The most important limitation of this research is related to the
scope of our findings. We examined the influence of
gatewatchers on 1 of many social media platforms, in the
specific context of tobacco control and COVID-19 during the
onset of the pandemic. The dissemination of misinformation
on social media is likely to vary between different platforms,
different contexts, and potentially within the broader context
of tobacco control. Although our findings have generalizable
implications, more research is needed to fully understand the

interplay between platform, context, and specific kinds of mis-
and disinformation, including distortions of scientific consensus.

A second limitation concerns the conclusiveness of our findings
with regard to the central premise of the gatewatching
framework—that top users were directly responsible for the
broad dissemination of the most retweeted content. We provide
conclusive evidence that the top users discussing COVID-19
in the context of tobacco, most of whom were vape advocates,
retweeted many of the most broadly disseminated retweets about
nicotine as potentially therapeutic against COVID-19. However,
network approaches are needed in subsequent research to
identify whether it is indeed the retweets by these vape
advocates that catalyze the broad dissemination of this and other
content. Moreover, whether the influence of vape advocates
extends beyond the intersection of COVID-19 and tobacco into
the broader discussion of tobacco regulation on Twitter and
social media is an important topic for subsequent research.

Additionally, we analyzed a small fraction of a data set
comprising nearly 1.5 million posts and hundreds of thousands
of users. However, research examining misinformation networks
online suggests that the best way to reduce misinformation is
to identify and penalize the central nodes—the opinion leaders
and gatewatchers who drive the virality of some information
over others [60]. Although the sheer quantity of content
produced is an admittedly blunt instrument for assessing
influence, we show that the primary function of these top users,
and to an even greater extent the vape advocates among these
top users, is to amplify (ie, retweet) some original tweets over
others. Subsequent research should adopt more sophisticated
measures to assess sustained influence over tobacco regulatory
discourse, as a whole, toward which intervention is most likely
to be effective.

Finally, although our use of the API and extensive filtering from
the broader tobacco-related discussion on Twitter is a strength
of this study in providing a near census of relevant content,
limitations related to the collection of data from private and
removed accounts mean that there is inevitably some content
we missed. We note that we were able to capture content from
users whose accounts were made private after we collected data.

Conclusion
The COVID-19 pandemic offered a potential opportunity to
highlight the importance of respiratory health by underscoring
the negative long-term consequences of inhaled nicotine product
use. However, the ability of provaping opinion leaders or
gatewatchers on Twitter to steer the narrative and promote
misinformation about nicotine as protective against COVID-19
likely played a role in dampening any positive effect of the
pandemic on tobacco use. Although anyone can post on Twitter,
the makeup of Twitter’s tobacco and COVID-19 opinion leaders
suggests that content about the dangers of tobacco and vaping
does not spread with the same virality as messages that support
the proliferation of vaping.
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Abstract

Background: Chronic pelvic pain is a common and disabling condition in women living with endometriosis. Pharmacological
and surgical treatments are not always effective at controlling pain and present important restrictions. Digital therapeutics (DTx)
are emerging as major nonpharmacological alternatives that aim to extend the analgesic therapeutic arsenal of patients.

Objective: In this randomized controlled trial (RCT), we aimed to measure the immediate and 4-hour persisting effects of a
single use 20-minute DTx (Endocare) on pain in women experiencing pelvic pain due to endometriosis.

Methods: A total of 45 women with endometriosis participated in a randomized controlled study comparing the analgesic effect
of a single use of a virtual reality digital treatment named Endocare (n=23, 51%) to a 2D digital control (n=22, 49%). Perceived
pain and pain relief were measured before the treatment and 15, 30, 45, 60, and 240 minutes after the end of the treatment.

Results: The clustered posttreatment pain was significantly reduced compared to the pretreatment for both Endocare and the
control group (all P<.01). Endocare was significantly more effective than the control group (all P<.01). Endocare decreased the
mean pain intensity from 6.0 (SD 1.31) before the treatment to 4.5 (SD 1.71) posttreatment, while the control only decreased it
from 5.7 (SD 1.36) to 5.0 (SD 1.43). When comparing each posttreatment measures to the pretest, Endocare significantly reduced
pain perception for all points in time up to 4 hours posttreatment. The differences did not reached significance for the control
group. Moreover, Endocare was significantly superior to the control group 15, 30, and 45 minutes after the treatment (all P<.001).
The mean perceived pain relief was significantly higher for Endocare at 28% (SD 2%) compared to the control, which was 15%
(SD 1%) for all the posttreatment measurements (all P>.05).

Conclusions: Our study aimed to test the effects of a single use of a DTx treatment on reported pain at different time points in
women diagnosed with endometriosis experiencing moderate-to-severe pelvic pain. Importantly, our results support that Endocare,
a virtual reality immersive treatment, significantly reduce pain perception compared to a digital control in women living with
endometriosis. Interestingly, we are the first to notice that the effect persisted up to 4 hours posttreatment.

Trial Registration: ClinicalTrials.gov NCT04650516; https://tinyurl.com/2a2eu9wv

(J Med Internet Res 2022;24(9):e39531)   doi:10.2196/39531
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Introduction

Endometriosis is characterized by lesions occurring outside the
uterus whose appearance and behaviors are close to those of
the endometrium mainly on the pelvic peritoneum, ovaries, and
rectovaginal septum [1]. It might also reach deeper tissues, such
as the rectum, bladder, ureters, colon, small bowel, diaphragm,
or pelvic nerves. Endometriosis is a multifactorial disease
resulting from the combined action of genetic and environmental
factors [2,3] and is a major contributor to chronic pelvic pain
(CPP) and infertility among women [4].

The mean prevalence of endometriosis in women with CPP has
been estimated at 70% (SD 3%) [5], but it may vary from 2%
to 93% depending on the study [5,6]. CPP is the main symptom
of women with endometriosis [7]. The most common painful
symptoms of endometriosis are dysmenorrhea and deep
dyspareunia, appearing in nearly 80% and 30% of patients,
respectively [1]. The pain, which can severely affect quality of
life, can be constant or triggered by various conditions, such as
menstruation [8].

Current management of endometriosis pain involves
pharmacological (eg, hormonal therapy) and surgical treatments
[9-11]. The goals of these medical therapies are multifold (eg,
reduction of inflammation, inhibition of ovulation, suppression
of menstruation) [1]. These are based on the concept that the
response of the eutopic endometrium and endometriosis lesions
is substantially similar.

Hormonal therapies or surgeries are not adapted for women
willing to get pregnant. Therefore, the development of
nonpharmacological alternatives for the management of
endometriosis pain is critical to extend the treatment arsenal for
women with pelvic-perineal pain and endometriosis [12].
Among them, pilot evidence asserts the benefits of mindfulness
training (eg, meditation, breathing, music) on pain relief [13].
Various levels of quality of life (ie, physical, mental and social
features) are affected in women living with endometriosis
[14,15]. Therefore, additions to the treatment of psychological
interventions (eg, hypnotherapy, cognitive behavioral therapy)
have shown significant results for both physical and mental
well-being in patients living with CPP and endometriosis
[16,17].

In the past few decades, the emergence of digital therapeutics
(DTx) aimed at the use of informatic tools to aid the diagnosis
and therapy of various pathologies has led to the creation of
many new therapeutic devices [18]. Recently, multiple
meta-analyses have specifically supported the efficacy of virtual
reality (VR) in several type of acute and chronic pain conditions
[19-24].

On these bases, a new digital therapeutic approach, Endocare,
was created by combining various therapeutic procedures based
on several modalities in a VR environment, individually known

to reduce pain [25-27]. Endocare therapeutic procedures
comprise auditory (eg, alpha/theta binaural beats, nature-based
sounds) and visual (eg, bilateral alternative stimulations)
components associated with a 3D VR environment. To our
knowledge, no studies have ever tested the effects of this type
of nonpharmacological treatment on reported pain at different
time points in patients diagnosed with endometriosis perceiving
moderate-to-severe pelvic pain. In this randomized controlled
trial (RCT), we hypothesized that a single use of the Endocare
treatment would be able to significantly diminish the pain
intensity in patients diagnosed with CPP associated with
endometriosis.

Methods

Design and Setting
This was a randomized, controlled, comparative, open-label,
2-parallel-group interventional study comparing the effect of
Endocare and a digital control on endometriosis-related pain
after a single use. This RCT was conducted between December
2020 and May 2021 at the Franco-European Multidisciplinary
Endometriosis Institute (IFEMEndo), Clinic Tivoli-Ducos in
Bordeaux, France.

Ethics Approval
This study was conducted in compliance with good clinical
practice guidelines, the principles of the Declaration of Helsinki,
and French laws and regulations. It was reviewed and approved
on November 6, 2020, by the Comité de Protection des
Personnes. All participants completed and signed the informed
consent form before inclusion in the study and before any
study-related procedure began. Before commencing participant
enrollment, this study was registered on ClinicalTrials.gov
(NCT04650516).

Quality Assurance
Standard operating procedures were applied for the conduct and
analysis of the clinical investigation. This study was monitored
regularly according to the specifically designed monitoring plan.
Furthermore, data were captured following the double entry
procedure in the dedicated case report form and compared.
Discrepancies were reviewed and corrected by a third entry
clerk. A data validation document specifically written for this
study aimed to list all data checks to be performed. A data
manager programmed the checks with Ennov Clinsight, and the
sponsor validated the checks. In case of inconsistencies, a query
was edited during the quality analysis beyond data entry. The
investigator or another authorized person from the clinical staff
was asked to answer the query by confirming or correcting the
data.
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Population

Selection Criteria
The selection criteria were women over 18 years old with a
magnetic resonance imagery (MRI) diagnosis of endometriosis
who were willing to participate in the study and signed the
informed consent form. All patients were recruited from a highly
specialized center (ie, IFEMEndo). These patients experienced
mostly severe pain related to their chronic pain condition and
presented a long medical history concerning their endometriosis,
which was often deep endometriosis.

Inclusion Criteria
To be included in this study, the screened participants who met
the selection criteria had to be living with moderate-to-severe
endometriosis-related pain with a score ≥4 on an 11-point
numerical rating scale (NRS) at the time of inclusion, a criterion
shared among various studies [8].

Exclusion Criteria
The exclusion criteria were women who (1) were pregnant or
breastfeeding; (2) had consumed painkillers within 8 hours prior
to inclusion; (3) were participating in an interventional study
or had participated in an interventional study within 30 days
before enrolment; (4) were employed by the investigator or
study site, with direct involvement in the proposed study or
other studies under the direction of that investigator or study
site, as well as family members of the employees or the
investigator; and (5) had a contraindication to Endocare or the
digital control, such as severe visual, hearing or cognitive
impairments, color blindness, photosensitivity, epilepsy, or
motion sickness.

Sample Size Determination
This study aimed to evaluate the short-term pain evolution after
a single use of Endocare compared to a digital control in
participants experiencing endometriosis-related pelvic pain.
The primary end point was the mean pain intensity 60 minutes
after the beginning of treatment (or last evaluation if the
participant dropped out of the study or started any rescue
medication). Gerlinger et al [28] determined that women who
felt “minimally satisfied” in the management of their pain had
a change of −19.5 mm (SD 14.3 mm) on a visual analogical
scale. Hence, a 20-mm difference between Endocare and the
digital control seemed like a reasonable clinical target and was
taken into consideration for sample size calculation. We planned
to measure a total of 40 participants, with 20 allocated to the
intervention group and 20 to the control group, at 5 time points.

With a 2-sided 95% CI, the study achieved 81% power to detect
a difference between the group means at the last time of 20 mm
on a 100-mm VAS with a 25-mm standard deviation. The
correlation between measurements within a participant was
estimated at 0.500. A test based on a mixed-model analysis was
anticipated at a significance level of 5%. Assuming that about
25% of women would not experience an endometriosis-related
pain ≥4 on NRS at time of inclusion, we planned to screen 50
women. Consequently, at least 40 women were planned to be
included in the study.

Finally, 46 participants were screened, of which 45 were
included and randomized; 1 was a screen failure because she
never went back for the study visit (Table 1). A total of 44
(97.78%) participants completed the entire study.

Table 1. Size of the sample.

ValueSample

46Participants screened, n

45a (100)Participants randomized, n (%)

44b (97.8)Participants who completed study, n (%)

aOne participant was lost to follow-up between the screening visit and the randomization visit and their inclusion criteria could not be checked.
bThe self-administered questionnaire of 1 participant was never received for analysis.

Concomitant Medications
Pain medications were stopped at least 8 hours prior to
participation. If pain persisted after treatment (Endocare or
control), the patient could take their pain management rescue
treatment, thus ending the data collection at that time.

Treatment and Control

Endocare
We developed the Endocare treatment (Lucine, Bordeaux,
France) specifically for this study (Figure 1). It was displayed

through a VR headset (Oculus Quest) with high-quality
headphones (APK K-240-MKII). Endocare is a standalone
medical software device comprised of an application stored in
a VR headset that is intended to mitigate pain for people prone
to endometriosis. Endocare offers a 20-minute treatment
consisting of a combination of auditory (eg, alpha/theta binaural
beats, nature-based sounds) and visual (eg, bilateral alternative
stimulations consisting of a sphere appearing and moving on a
horizontal axis) therapeutic procedures integrated in a 3D VR
environment.
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Figure 1. Visual display of the 3D virtual reality treatment (ie, Endocare) and the 2D tablet control.

Control
The digital control was also developed by Lucine specifically
for this study (Figure 1). The digital control program was
displayed through a tablet (Samsung Galaxy Tab A) with
high-quality headphones similar to those used in the Endocare
group (APK K-240-MKII). The digital comparator was a
20-minute control with the same composition as the Endocare
treatment (same context, environment, and duration) but without
any immersive effects of the VR headset itself, nor the auditory
(eg, alpha/theta binaural beats, nature-based sounds) and visual
(eg, bilateral alternative stimulations) stimuli. A soundtrack
composed of nature sounds related to the projected image.

Procedures
Women living with endometriosis pain were recruited from
IFEMEndo, a clinic that specializes in endometriosis. All
patients were diagnosed with endometriosis by specialized
gynecologists and medical procedures (eg, MRI). Recruitment
was done when the patients came for their medical examination
and were informed about this study. If the patients expressed
interested in participating in this study, the research team offered

them a new appointment at the clinic to receive the study
treatment.

On-site Visit
When patients returned to the clinic on the day of the inclusion
visit, their pain level needed to be at least 4 on an 11-point
numeric pain rating scale to participate in this study. Patients
reporting a pain of <4 on this scale were considered as screen
failures and withdrawn from the study. This pain intensity
evaluation represented the pretreatment evaluation just before
the use of Endocare or control and is considered the baseline
(T0).

If the patient consented to participate and met the inclusion
criteria, they were randomized to 1 of the 2 groups, Endocare
or control. The treatment (either Endocare or control) consisted
of a single use of the VR headset on the day of the visit, as
presented in Table 2.

The research team accompanied the patient to distinct isolated
rooms and then handed them either the headset (ie, Endocare)
or the tablet (ie, control). Patients were then guided orally by
the investigator for up to 5 minutes until the beginning of the
treatment (ie, Endocare or control).

J Med Internet Res 2022 | vol. 24 | iss. 9 | e39531 | p.789https://www.jmir.org/2022/9/e39531
(page number not for citation purposes)

Merlot et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Study flowchart.

Follow-up until 240
minutes after treatment

Care and follow-upScreeningStudy procedures

✓Informed consent

✓Eligibility criteria (without pain assessment)

✓Demographics

✓History and management of endometriosis

✓Typology of pain crises

✓Baseline pain assessment (T0) (just before the start of Endocare or control treatment)

✓✓✓Assessment of general status

✓Endocare or control treatment

✓b✓aPain evolution (pain relief and intensity)

✓bSatisfaction

✓c✓cConcomitant treatments

✓✓Adverse events

aEvaluation 15 minutes (T15), 30 minutes (T30), 45 minutes (T45), and 60 (T60) minutes posttreatment.
bEvaluation 240 minutes (T240) posttreatment.
cIncludes rescue treatment if needed.

Follow-up
Once the treatment was completed, each participant was asked
to rate on a paper questionnaire their pain perception on an
11-point NRS (0: no pain, 10: unbearable pain) and their
perceived pain relief on a 5-point categorical scale 15 minutes
(T15), 30 minutes (T30), 45 minutes (T45), and 60 minutes
(T60) after administration of the allocated study treatment.
During the first hour, participants remained under the direct
supervision of the study site staff. After the first hour, and if
cleared by the study site staff, participants were free to leave
the study site and go home to complete next assessment 240
minutes (T240) after the end of the treatment. Adverse events
(AEs), if any, were collected during the entire duration of
patients’ participation. Before leaving the clinic, participants
underwent a general health status check to ensure they were not
experiencing any AEs and were able to go home.

At home, patients were asked to rate on a paper questionnaire
their pain relief on a 5-point categorical scale and pain intensity
based on the 11-point NRS at T240 or at the last time point if
the participant dropped out the study or began taking a rescue
medication before the end of the follow-up period.

Measurements

Pain Assessment and Pain Relief
Pain intensity was evaluated on an 11-point NRS at T0, T15,
T30, T45, T60, and T240. This scale is the reference tool to
assess pain in most clinical trials, and it has been used in various
recent studies, including those related to endometriosis [29-31].
Notably, its use is recommended by the IMMPACT (Initiative
on Methods, Measurement, and Pain Assessment in Clinical
Trials) guidelines [32].

Pain relief was evaluated on a 5-point categorical scale (0: no
relief, 1: slight relief, 2: moderate relief, 3: lots of relief, and 4:
complete relief) at T0, T15, T30, T45, T60, and T240.

If rescue medication was needed, the participant was asked to
rate their pain intensity or pain relief just prior to the intake of
the rescue medication. Study follow-up was terminated upon
the intake of rescue medication.

Patient Replacement
Patients who dropped out before the end of the 240-minute
follow-up period were not replaced.

Statistical Analyses
A linear mixed-model framework was used for statistical
analysis (SPSS 2020, IBM Corp). The selected covariance
matrix of the repeated measurements that better fitted the data
based on the Akaike Information Criterion was the first-order
ante-dependence. There were 3 explanatory fixed factors: group
(Endocare, control), time (T0, T15, T30, T45, T60, T240), and
group*time, as well as a random effect on the intercept of each
participant. In the first analysis, time (fixed effect) was
parametrized as baseline (T0) versus all other times (T15 to
T240). The analysis consisted of comparing T0 with the 5
posttreatment data clustered for both groups and looking at the
interaction term (group*time). A contrast analysis was also
performed to verify the difference between baseline (T0) and
posttreatment times (clustered) in the 2 separate groups. In the
second analysis, time was parametrized as T0, T15, T30, T45,
T60 and T240. A contrast analysis was also performed to test
the difference between T0 and all other times (separated) in
both groups. Bonferroni corrections were applied for multiple
comparisons.

For pain relief, data were analyzed using R software. Because
data did not satisfy to normality when assessed with the
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Shapiro-Wilk normality test, Wilcoxon unilateral unpaired tests
corrected for multiple comparisons with a false discovery rate
(FDR) were used.

Results

Study Participants
Of the 45 women that participated in the study, 1 (2%) did not
return the questionnaire. Among the patients included, 1 (2%)
from the treatment group and 4 (9%) from the control group
took rescue medication after T60 but before T240. Therefore,
in accordance with the study design, no results at T240 were
collected for these 5 patients. Participants from both groups
were comparable in terms of age, height, and weight (Table 3),
as well as in pain intensity at T0.

All participants were recruited from a clinic that specializes in
endometriosis and were living with severe
endometriosis-associated symptoms (Table 4). Of the
participants, 90% (n=41) were living with CPP not related to
menses, and the majority were living with dysmenorrhea,
dysuria, and dyspareunia. Moreover, 77% (n=35) were living
with deep infiltrating endometriosis, and 22% (n=10) had
adenomyosis.

Most of the patients were taking different classes of medications
for their endometriosis condition, including hormones,
analgesics, and antidepressants (Table 4). Since this study was
based on an add-on protocol, participants were authorized to
continue all their medications, except for pain drugs before the
beginning of the testing. The participants kept these analgesics
as rescue medication after the Endocare or control treatment if
needed.

Table 3. Participant demographics.

Control (n=22)Endocare (n=23)Total (N=45)Characteristics

Age (years)

22 (0)23 (0)45 (0)Ma (missingb)

33.2 (8.12)32.2 (8.02)32.7 (8.02)Mean (SD)

30.53231Median

212121Minc

515353Maxd

Height (cm)

22 (0)22 (1)44 (1)M (missing)

162.8 (7.84)162.6 (6.72)162.7 (7.22)Mean (SD)

164165165Median

150148148Min

175175175Max

Weight (kg)

22 (0)22 (1)44 (1)M (missing)

60.4 (11.88)67.2 (12.46)63.8 (12.51)Mean (SD)

5763.560Median

455045Min

929595Max

aM: total number of cases.
bMissing: total number of cases with missing data.
cMin: minimum.
dMax: maximum.
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Table 4. Participants’ history of endometriosis.

Control (n=22)Endocare (n=23)Total (N=45)Variable

Time since endometriosis diagnosis (months)

22 (0)23 (0)45 (0)Ma (missingb)

47.2 (51.1)43.4 (59.3)45.2 (54.9)Mean (SD)

23.816.623.8Median

2.22.52.2Minc

199.7277.8277.8Maxd

Type of endometriosis, n (%)

4 (18.2)6 (26.1)10 (22.2)Superficial peritonea

17 (77.3)17 (73.9)34 (75.6)Deep infiltrating endometriosis

0 (0)1 (4.3)1 (2.2)Digestive locations

1(4.5)1 (4.3)2 (4.4)Other

5 (22.7)6 (26.1)11 (24.4)Presence of adenomyosis, n (%)

17 (77.3)14 (60.9)31 (68.9)History of surgical management of endometriosis, n (%)

Time from endometriosis diagnosis to surgery (months)

17 (5)14 (9)31 (14)M (missing)

40.6 (50.2)40.5 (36.5)40.6 (43.9)Mean (SD)

23.838.824.4Median

0.12.10.1Min

199.7136.0199.7Max

Symptom resolution following surgery, n (%)

10 (58.8)3 (21.4)13 (41.9)Yes

7 (41.2)11 (78.6)18 (58.1)No

Time from surgery to symptom recurrence (months)

10 (0)3 (0)13 (0)M (missing)

42.8 (61.1)9.5 (15.5)35.1 (55.2)Mean (SD)

22.01.721.1Median

Current management of endometriosis, n (%)

Hormone-based therapy

4 (18.2)6 (26.1)10 (22.2)None

7 (31.8)7 (30.4)14 (31.1)Combined hormonal contraceptives

9 (40.9)9 (39.1)18 (40.0)Progestogens

1 (4.5)0 (0)1 (2.2)Gonadotrophin-releasing hormone agonists

1 (4.5)1 (4.3)2 (4.4)Other

12 (54.5)14 (60.9)26 (57.8)Chronic analgesic treatment

9 (40.9)7 (30.4)16 (35.6)Other treatment

Usual pain symptoms, n (%)

20 (90.9)21 (91.3)41 (91.1)Chronic pelvic pain not related to menses

12 (54.5)12 (52.2)24 (53.3)Dysmenorrhea

8 (36.4)6 (26.1)14 (31.1)Dysuria

0 (0)1 (4.3)1 (2.2)Dyschesia

14 (63.6)15 (65.2)29 (64.4)Dyspaneuria
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aM: total number of cases.
bMissing: total number of cases with missing data.
cMin: minimum.
dMax: maximum.

Pain Perception

Difference in Pain Perception Between Baseline and the
5 Clustered Posttreatment Measurements
We first analyzed the differences between the baseline pain (T0)
and the 5 clustered posttreatment measurements covering 15
minutes to 4 hours after the treatment (ie, T15, T30, T45, T60,
and T240) in both groups using a linear mixed model (Figure
2). We did not observe any effect of the group (Endocare,

control; F40,712=.060; P=.807), but we did observe an effect of
the time (T0; F43,094=44.179; P<.001). Moreover, we found an
interaction for group*time (F43,094=7.343; P=.010), indicating
that the mean reduction of pain through time (T0) was
significantly different between each group (ie, Endocare,
control). Contrast analysis revealed that the mean reduction of
pain was greater in the Endocare group (1.58; t42,926=6.624;
P<.001) than in the control group (0.38; t43,252=2.781; P=.008).

Figure 2. Difference in pain perception between baseline and the 5 clustered posttreatment measurements. Mean pain perception (± standard error) in
both groups (ie, Endocare, control) at baseline (black: T0) and the 5 clustered posttreatment measurements (white: T15, T30, T45, T60, and T240).
##P<.01 (interaction group*time); **P<.01 (mixed model) ***P<.001 (mixed model).

Difference in Pain Perception Between Baseline and
Each of the 5 Posttreatment Measurements
We then aimed to analyze the differences between the baseline
(T0) and each of the 5 posttreatment measurements separately
(ie, T15, T30, T45, T60, or T240) in both groups using a mixed
model (Figure 3). We did not observe any effect of the group
(F41,122=0.716; P=.402), but we did observe an effect of the
time (F57,235=10.066; P<.001). Moreover, we did not find an
interaction of group*time (F57,235=1.618; P=.170), likely due
to a weak statistical power. Contrast analysis revealed
group*time interactions at T15 (t42,000=2.211; P=.033), T30

(t46,241=2.226; P=.031), and T45 (t41,389=2.53; P=.015), a
tendency for T60 (t38,964=1.946; P=.059), and none for T240
(t37,872=1.618; P=.114). This indicates that the mean reduction
of pain through time was significantly different between each
group (ie, Endocare, control) from T15 to T45, but it was not
significantly different from T60 to T240. For the Endocare
group, the pain perception reduction was significant in each of
the 5 posttreatment measurements (Figure 2, all P<.05). For the
control group, except for a tendency at T15 (t42,000=2.576;
P=.068), no significance was reached relative to the pain
perception reduction in each of the 5 posttreatment
measurements (all P>.05).
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Figure 3. Difference in pain perception before and each of the 5 posttreatments measurements. Mean pain perception (± standard error) in both groups
(bold line: Endocare; dash-line: control) at baseline (T0) and each of the 5 posttreatment measurements (T15, T30, T45, T60, or T240). +P<.05 (t test);
*P<.05 (mixed model).

Covariance For Adenomyosis and Surgery
A total of 31 (70%) participants had surgery related to
endometriosis (14 in the Endocare group and 17 in the control),
and 11 (25%) suffered from adenomyosis (6 in the Endocare
group and 5 in the control). Thus, we introduced 2 covariates,
surgery and adenomyosis, into the linear mixed model. Neither
surgery (F41,800=.009; P=.924) nor adenomyosis (F41,782=.001;
P=.982) changed the results. This indicates that the effect of
the treatment on pain was independent of these 2 conditions.

Difference in Pain Relief at Each of the 5 Posttreatment
Measurements
At each posttreatment measurements, participants were asked
to measure their perceived pain relief on a 5-point numerical
scale from no relief to total relief (Figure 4). The mean pain
relief reported was 28% (SD 24.28%) for Endocare and 15%
(SD 16.34%) for the control group. Nonparametric Wilcoxon
unilateral unpaired tests corrected for multiple comparisons
with FDR were performed. All posttreatment measurements
present a significantly higher pain relief score for Endocare
compared to the control group (all P<.05).

Figure 4. Difference in pain relief at each of the 5 posttreatment measurements. Percentage of pain relief (± standard error of the mean) in both groups
(circles and bold line: Endocare; squares and dash-line: control) at each of the 5 posttreatment measurements (T15, T30, T45, T60, or T240). +P<.05
(Wilcoxon).
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Maximum Reduction in Pain Assessed by NRS
Finally, we analyzed the maximum reduction of pain intensity
in both groups. The mean maximum effect was 42% (95% CI
30.82-53.18) for Endocare and 22% (95% CI 15.38-28.53) for
the control group. The maximum effect was significantly higher
for the treatment group (Endocare; Cochran t-test, P=.004).

Adverse Events
Seven (15%) participants reported mild-to-moderate AEs, of
which 4 (8%) were evaluated as probably unrelated and 3 (6%)
as possibly related to the Endocare treatment. The 3 possibly
related events were within the treatment group and described
as a mild headache and nausea related to motion sickness.

Discussion

Principal Results
In this RCT, we aimed to measure the immediate and 4 hours
persisting effects of a single use of a 20-minute DTx (Endocare)
on pain in women living with pelvic pain related to
endometriosis. We showed that Endocare was able to
significantly reduce the overall pain perception when comparing
the pain at baseline (T0) with the combined 5 posttreatment
measurements from 15 minutes (T15) to 4 hours (T240).

We found that our digital control was also able to significantly
reduce the overall pain perception but significantly less than
the Endocare treatment. Next, we wanted to evaluate whether
the pain reduction was significant at each posttreatment
measurement (ie, T15, T30, T45, T60, and T240) compared to
baseline (T0) in each group. We showed that this was the case
for the Endocare group but not for the control group, thus
confirming the analgesic effect of the Endocare treatment. To
our knowledge, our study is the first to demonstrate an effect
on pain reduction in women living with moderate-to-severe
pelvic pain due to endometriosis by using a nonpharmacological
treatment that combined VR with visual and auditory stimuli.

Comparison With Prior Work
Numerous studies have shown that VR is an effective way to
reduce acute pain intensity, especially pain experienced during
medical procedures, by burn victims, or by women during
childbirth [24,33-36]. The vast majority of the studies on acute
pain only measured pain intensity directly after the treatment,
within minutes, or up to 1 hour [34,35,37,38]. Some studies
also looked at the effects of VR on chronic pain [24,36]. For
instance, studies on patients living with neuropathic,
musculoskeletal, phantom limb, or indefinite chronic pain
showed reduced pain intensity during or immediately after VR
application [39-43]. More recently, a study also reported that
56 days of VR was effective at reducing chronic low back pain
throughout the entire duration of the treatment [8]. However,
there was no precise indication of how long participants rated
their pain after the treatment intake during each of the 56 days.
In our study, we measured pain intensity in a short-term period,
showing that VR can reduce pain intensity for up to 4 hours,
which is comparable to some analgesics. Indeed, a systematic
review noted multiple analgesics for their ability to relieve acute
postoperative pain by half over a 4-6-hour period [44]. In our

study, to potentialize VR effects, we chose various auditory (eg,
alpha/theta binaural beats, nature-based sounds) and visual (eg,
bilateral alternative stimulations) therapeutic procedures known
to relieve pain in different conditions (eg, premenstrual pain,
medical imaging procedures, experimental pain, or caesarean
section [25-27]). Lucine aimed to combine these stimuli into
the DTx treatment Endocare to act on different components of
pain. Among the auditory stimuli used in the treatment, binaural
beats are associated with a calm and positive affect and are
known to reduce stress and anxiety [45,46], contributing to
reduced pain perception. Studies also reported that nature-based
sounds can promote relief, concentration, and asleep [47],
especially by masking environmental noise [48,49] or by
amplifying slow waves sleep [50,51]. Therefore, these auditory
stimuli can help people with CPP and endometriosis relax and
feel reduced pain. Listening to nature sounds is also used in the
medical context to reduce pain during surgeries, such as cesarean
section, or for intensive care patients [27,52]. Moreover, a
systematic review indicated that visual bilateral alternative
stimulations can effectively reduce chronic pain [53].

Thus, the combination of these stimulations potentialized with
the VR experience could lead to the decrease in pain observed
in the Endocare group immediately after and up to 4 hours
posttreatment.

In the field of VR research, while some studies do not use a
control group [40,42], others compare the effects of VR with
medication intake [54] or with totally different controls, such
as closing the eyes or a distraction selected by the control group
itself (eg, reading, meditating) [35,39,41]. This can be
problematic since it is difficult to conclude on the use of VR or
a simple headset effect. To our knowledge, only 1 study used
a sham VR group, with noninteractive 2D nature scenes, and
reported positive outcomes in both groups with reductions in
pain and all domains of pain-related interference [8]. In this
study, the sham group used the same VR apparatus as the other
group. However, the environment of the 2 groups was not
identical: the treatment group had a visual display skill-based
interactive 3D environment, while the sham group had a
noninteractive 2D nature scene. We purport that this type of
control is closer to the treatment and thus easier to be
double-blinded. Nevertheless, we could not definitively conclude
on whether our results were due to the stimulations or the
headset itself, since the immersive effect of the headset could
be considered as part of the treatment [55].

In this study, we chose to use a digital control program displayed
through a 2D tablet with a headset, allowing us to control for
the Endocare treatment and not solely the VR apparatus or the
stimuli. Indeed, our digital control contained the same
composition as the Endocare treatment (ie, context, environment,
duration) without the immersive aspect of VR or the auditory
and visual stimuli of the treatment. However, to preserve an
immersive-like session, we chose to keep a soundtrack
composed of nature sounds related to the projected image in
the control group, which could potentially explain the positive
outcome observed. This slight decrease in pain intensity
observed in the control group indicates that our control is
relevant.
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Limitations
One limitation of our study may be the population, as we
decided to work with patients living with mostly severe pain
related to a complex and chronic pain condition, which could
represent a selection bias. We likely could have had slightly
better treatment results with less severe pain conditions.
However, to assess this potential selection bias and analyze
whether the beneficial effect would be lessened in populations
with complex pathologies related to endometriosis, we
covariated for surgery and adenomyosis, 2 conditions with
potentially more pain and less responses to the treatment. We
found that the results were equivalent, suggesting a similar
effect in all subpopulations, including those with a more
complex pathophysiology. Nevertheless, an effect in the range
of 30% for Endocare can ultimately be considered moderately
significant according to the IMMPACT guidelines [56]. This
can be explained by the design of our study itself. Indeed, our
relatively small sample size, or perhaps the unique use of the
treatment, could have lessened the effect. Nevertheless, it is

important to highlight the fact that we reached significance even
with this design. Future studies should aim to confirm these
results with a larger population size and repeated use of the
treatment.

Conclusions
In conclusion, this pilot study on the Endocare treatment shows
encouraging results for developing a digital therapy to relieve
patients of pelvic and perineal pain associated with
endometriosis. Moreover, Endocare treatment can be a great
alternative to hormonal treatment or surgery for women who
wish to get pregnant. These results will be further investigated
in a second study evaluating the analgesic effects of the repeated
use of Endocare at home with a larger population of women
living with chronic pelvic pain associated with endometriosis.
In the future, Endocare could benefit patients diagnosed with
endometriosis during their everyday life to reduce the acute and
chronic pain encountered in this pathology, thus improving their
quality of life.
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CPP: chronic pelvic pain
DTx: digital therapeutics
FDR: false discovery rate
IFEMEndo: Franco-European Multidisciplinary Endometriosis Institute
IMMPACT: Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials
MRI: magnetic resonance imagery
NRS: numerical rating scale
RCT: randomized controlled trial
VR: virtual reality
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Abstract

Background: Social media is widely used as a source of news and information regarding COVID-19. However, the abundance
of misinformation on social media platforms has raised concerns regarding the spreading infodemic. Accordingly, many have
questioned the utility and impact of social media news use on users’ engagement with (mis)information.

Objective: This study offers a conceptual framework for how social media news use influences COVID-19 misinformation
engagement. More specifically, we examined how news consumption on social media leads to COVID-19 misinformation sharing
by inducing belief in such misinformation. We further explored if the effects of social media news use on COVID-19 misinformation
engagement depend on individual differences in cognition and personality traits.

Methods: We used data from an online survey panel administered by a survey agency (Qualtrics) in Singapore. The survey was
conducted in March 2022, and 500 respondents answered the survey. All participants were older than 21 years and provided
consent before taking part in the study. We used linear regression, mediation, and moderated mediation analyses to explore the
proposed relationships between social media news use, cognitive ability, personality traits, and COVID-19 misinformation belief
and sharing intentions.

Results: The results suggested that those who frequently used social media for news consumption were more likely to believe
COVID-19 misinformation and share it on social media. Further probing the mechanism suggested that social media news use
translated into sharing intent via the perceived accuracy of misinformation. Simply put, social media news users shared COVID-19
misinformation because they believed it to be accurate. We also found that those with high levels of extraversion than those with
low levels were more likely to perceive the misinformation to be accurate and share it. Those with high levels of neuroticism and
openness than those with low levels were also likely to perceive the misinformation to be accurate. Finally, it was observed that
personality traits did not significantly influence misinformation sharing at higher levels of cognitive ability, but low cognitive
users largely drove misinformation sharing across personality traits.

Conclusions: The reliance on social media platforms for news consumption during the COVID-19 pandemic has amplified,
with dire consequences for misinformation sharing. This study shows that increased social media news consumption is associated
with believing and sharing COVID-19 misinformation, with low cognitive users being the most vulnerable. We offer
recommendations to newsmakers, social media moderators, and policymakers toward efforts in limiting COVID-19 misinformation
propagation and safeguarding citizens.

(J Med Internet Res 2022;24(9):e38944)   doi:10.2196/38944
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Introduction

The emergence of the novel coronavirus or SARS-CoV-2
wreaked havoc across the world. One of the consequences of
the resulting pandemic was an unprecedented reliance on social
media platforms, as public health agencies and governments
turned to social media as a tool for news dissemination [1,2].
Therefore, social media platforms provided individuals with
quick access to credible information while also allowing them
to share their opinions and attitudes toward the pandemic [3,4].
Individuals also used social media to cope with additional
stresses, stay-at-home orders, and remote work environments,
while displaying what scholars consider to be signs of social
media addiction [5]. The deluge of illegitimate, anecdotal, and
emotional content created a perfect storm for the emergence of
the COVID-19 infodemic involving the “undisciplined spread
of information” [6,7], which swept through social media and
was rife with rumors, disinformation, and conspiracy theories
[8].

The effects of misinformation related to a destructive pandemic,
such as COVID-19, are severe because false beliefs are difficult
to correct [9], especially among those with low cognitive ability
[10]. Moreover, although misinformation on social media is not
a novel issue, it has become a key cause of concern owing to
its pernicious impact on infectious disease management and
public compliance with health protocols such as mask wearing
[11]. For instance, researchers have found that misinformation
on social media may lead to lower trust in public health
authorities and the effectiveness of mitigation protocols [12].
In addition, studies have found that misinformation on social
media fuels vaccine hesitancy through engagement with
antivaccine beliefs [13,14]. The unabated spread of
misinformation online, along with its severe impact on negative
attitudes toward science and compliance toward public health
protocols, has prompted scientific investigation into the sharing
and engagement of misinformation related to COVID-19.
However, the susceptibility to misinformation on social media
varies from person to person. Scholars have argued that some
individuals are more vulnerable to misinformation on social
media than others [15]. While prior work has explored the
relationship between general social media use and
misinformation vulnerability, our concern is on the growing
proportion of social media users who rely heavily on it for news
updates. We argue that general social media use is distinct from
social media news use. General social media use is a broad term
that can encompass many activities (ie, liking posts, sharing
posts, commenting, watching videos, etc). On the other hand,
social media news use is a narrower operationalization of social
media news consumption that can aid researchers in examining
which specific aspects of social media use impact
misinformation engagement. Indeed, a growing body of
literature has found social media news use to be positively
associated with the spread of conspiracy theories and
misinformation [16]. Other studies have found social media
news use to play a role in the sharing of deepfakes, a form of
misinformation [17,18]. The post-COVID climate is likely to
have a magnification effect on these relationships, as more and
more people are increasingly turning to social media for news

use. Therefore, we anticipate that social media news use offers
a nuanced understanding of social media effects with potentially
more serious consequences than previously understood.

The technological features of social media platforms play a role
in the spread of misinformation on social media. For instance,
algorithms that curate the social media feed seek to maximize
engagement through prior behavior and clickbait [19].
Consequently, this may result in repeated exposure to
misinformation and increase individual engagement with false
information related to COVID-19. Existing research has
established that repeated exposure to misinformation reinforces
and increases trust in false beliefs [20]. Repeated exposure
causes individuals to be more susceptible to misinformation
through the illusory truth effect, which posits that repeated
claims are seen as more truthful than nonrepeated claims [21].
Consequently, it may lead to poor discernment of truthful
information and a lack of careful reasoning [22]. In addition to
increased susceptibility toward misinformation, individuals may
share false beliefs with others in their networks. As such, we
hypothesize the following: H1, social media news use will be
positively associated with (1) perceived accuracy and (2) sharing
intentions of COVID-19 misinformation; and H2, the
relationship between social media news use and sharing
intention will be mediated by the perceived accuracy of
COVID-19 misinformation.

Scholars have explored the individual-level differences in how
people react to misinformation. For instance, prior research has
found that political ideology, particularly conservativism, is a
predictor and motivator of belief in misinformation [22-24] and
of sharing COVID-19 misinformation–related conspiracy
theories on social media [25]. Another study suggested that this
may be because the heightened levels of anxiety among
Republicans led them to trust and share misinformation related
to COVID-19 on social media through partisan motivated
reasoning and selective sharing [26]. However, the bipartisan
American context may not apply to other contexts of social
media use and misinformation sharing worldwide. Subsequently,
we consider other intergroup differences related to reasoning
and rationality that have been explored in the literature. For
instance, a recent study found that people with higher levels of
analytical thinking were less likely to believe and share
COVID-19 misinformation on social media [27]. Likewise,
researchers have pointed out that individuals with high cognitive
ability are less vulnerable to misinformation on social media
[28]. When an individual is exposed to misinformation,
increased deliberation and controlled thinking to process this
information can lead to more accurate detection of fake news.
This can occur due to motivated system 2 reasoning, a part of
the dual-process theory, which argues that analytical thinking
can override an individual’s intuitive and automatic response
to information [22]. Hence, individuals who have high cognitive
ability are more likely to deliberate carefully and be skeptical
of misinformation [18]. Therefore, we propose the following
hypothesis: H3, cognitive ability will be negatively associated
with (1) perceived accuracy and (2) sharing intentions of
COVID-19 misinformation.

We build on these findings and also consider whether personality
traits may illustrate further individual differences in
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misinformation sharing behavior during the COVID-19
pandemic. Some scholars have suggested that personality traits
influence misinformation engagement [29]. We refer to the
5-factor model of personality, which encompasses
predispositions to everyday experiences and decision-making
through the use of lay adjectives [30]. People’s scores of the
big five personality traits remain relatively stable throughout
their lives [31], and scholars have reported replicable
relationships of personality traits with different facets of
everyday decision-making, including how individuals engage
with information, with contrasting findings regarding the role
of all personality traits in better news discernment [32,33].
While individual traits do play a role in understanding how
individuals engage with information, an overall disposition to
manifest “extreme variants” of traits has been linked to
compulsive behavior [34], and psychopathy and personality
disorders [35]. In the COVID-19 context, personality traits,
such as neuroticism, are found to drive beliefs in COVID-19
misinformation and conspiracy theories [36]. We argue that
personality traits can offer interesting insights into
misinformation engagement in the COVID-19 context, both in
terms of themselves and as general indicators of populations
with compulsive behavioral tendencies or personality disorders.
Furthermore, given the existing literature on the relationship
between social media use and personality traits [37,38], there
is a need for further research that explores the role of personality
traits in COVID-19 misinformation engagement on social media.
Hence, we propose the following set of research questions: RQ1,
“How are personality traits associated with (1) perceived
accuracy and (2) sharing intentions of COVID-19
misinformation?” and RQ2, “How do personality traits and
cognitive ability moderate the mediated relationship between
social media news use and sharing intention of COVID-19
misinformation through perceived accuracy?”

To summarize, while the literature on COVID-19
misinformation is growing, there are several gaps that require
attention. First, existing studies do not discern between general
social media use and news consumption behavior. Social media
news consumption behavior is key to understanding
misinformation related to COVID-19, as individuals are
repeatedly exposed to false information embedded in news
stories, particularly from far-right sources [39]. Moreover, social
media news use has been linked to COVID-19 vaccine
hesitancy, which is a key issue for policy makers worldwide
[40]. Second, while rare investigations have focused on the role
of personality traits in COVID-19 misinformation engagement
on social media [36,41], it has not been studied in conjunction
with cognition or cognitive ability, another important factor
related to individual engagement with misinformation [42].
Prior research has argued that people with certain personality
traits and cognitive ability may engage with misinformation.
Specifically, recent studies have found that those with lower
cognitive ability are more likely to share false information
[17,18]. However, research in this area needs to be expanded
upon by scholars. This is also essential because to unravel the
psychology of misinformation engagement and to devise counter
strategies, we need to consider the individual differences in both
personalities and cognition. Lastly, the vast majority of the
current literature focuses on Western democracies [8,40,43,44]

and largely ignores Asian contexts other than China [45,46].
The Asian population makes up a large portion of social media
traffic globally and may be exposed to large amounts of
misinformation related to COVID-19, and in turn, this
population may share and believe in the false information. For
example, according to Statista [47], the estimated number of
social media users in Singapore in 2020 was 5.18 million, and
this number is expected to increase to 5.68 million by 2025.
Moreover, around 83% of Singaporeans seek news online. With
such a large number of individuals seeking news online, they
may encounter large amounts of false or misleading information.
Indeed, approximately 60% of Singaporeans have reported
encountering fake news on social media [48]. As such,
individuals in Singapore may have been potentially exposed to
a large amount of misinformation during COVID-19. This is
problematic as Asian countries, such as Singapore, have
experienced some of the worst COVID-19 outbreaks. Thus,
more attention toward social media misinformation engagement
related to COVID-19 is required in Asian contexts.

In addressing the existing research gaps, this study offers a
conceptual framework that explains how social media news use
influences COVID-19 misinformation engagement. Precisely,
we argue that social media news use leads to COVID-19
misinformation sharing through the induction of belief in
misinformation (a mediated relationship). Further, we argue
that these effects are dependent on the cognition and personality
traits of social media users (Figure 1 illustrates the conceptual
framework). By identifying individuals who may be more
vulnerable to engagement with COVID-19 misinformation,
scientists and policy makers can develop strategies to mitigate
the harmful effects of false information and encourage
compliance with preventative measures. We focus on cognitive
ability and personality traits because they have been associated
with misinformation engagement in existing literature [18,32].
Moreover, cognitive ability and personality traits are 2 important
psychological mechanisms that can influence behavior.
Therefore, both personality traits and cognitive ability can
provide important insights into COVID-19 misinformation
engagement on social media. However, it is also possible that
personality traits and cognitive ability affect each other and
jointly impact COVID-19 misinformation engagement. In fact,
the findings of a recent study suggest that personality traits and
cognitive ability interact and affect political misinformation
engagement [49]. Specifically, the study found that low
cognitive individuals with certain personality traits, such as
neuroticism and openness, were more susceptible to engaging
with political misinformation. Accordingly, we extend this body
of literature by assessing the impact of personality traits and
cognitive ability on misinformation engagement in the context
of COVID-19.

In order to extend current research, this study relies on survey
data from Singapore for several reasons. First, Singapore is an
important country in Asia with a diverse population. Second,
although a small country, Singapore is one of the most densely
populated countries in Asia and the world [50]. Third, according
to a recent report by the Reuters Institute, 53% of Singaporeans
relied on social media for news during COVID-19 [51], which
may have resulted in increased exposure to misinformation
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related to COVID-19. Lastly, Singapore’s diverse population
bridges many Asian cultures owing to a large number of migrant
workers present in the country. We used a quota sampling
strategy based on population demographics, which can allow
for increased generalizability of findings focused on how social
media news may lead to COVID-19 misinformation sharing

through the induction of beliefs in misinformation. Moreover,
it allows for an examination of how personality traits and
cognitive ability moderate the relationships mentioned above.
This study ultimately meaningfully contributes to the large body
of literature focused on COVID-19 misinformation sharing and
belief on social media in an understudied context.

Figure 1. Conceptual framework of the relationship among social media news use, and perceived accuracy and sharing intention of COVID-19
misinformation, with cognitive ability and personality traits as moderators.

Methods

Recruitment
The respondents in the study were recruited through an online
panel administered by Qualtrics. Qualtrics is an online survey
platform that maintains a panel of several million US residents
who have volunteered to take part in online surveys.
Respondents who complete a survey are compensated by
Qualtrics. Qualtrics uses a quota sampling technique to identify
and match participants with the study’s requirement, with the
aim to recruit a sample that closely matches the demographic
distribution of the census. We used a similar approach to match
the sample to population parameters focusing on age and gender.
Such techniques have been used previously to ensure that the
findings generalize to the larger population [8,17,18,52].

The survey was conducted in March 2022, and out of 1726
respondents who landed on the survey page, 500 respondents
answered the survey (28.97% response rate). The study included
Singaporean residents older than 21 years. We focused on
respondents 21 years or above since this is considered the legal
adult age in Singapore.

Procedure
After providing consent to participate in this study, the
participants first answered questions related to their demographic
characteristics, media use habits, cognitive ability, and
personality traits. Next, the participants proceeded to the
(misinformation) evaluation task. They were informed that they
would be presented with a few trending news headlines on social
media related to COVID-19. Their task involved carefully
reading each news headline and answering related questions
before moving to the following headline. All 5 viral news
headlines presented to the respondents (reported in the Measures
section) were false, according to factchecking websites. The
participants were not informed that the headlines were not true,
as this would have affected the study findings [53].

Ethics Approval
The Institutional Review Board at Nanyang Technological
University approved the study protocol (IRB-2022-097).

Measures
Perceived accuracy of COVID-19 misinformation was measured
by asking the respondents to rate their level of perceived
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accuracy (1 [not at all accurate] to 5 [extremely accurate]) for
the 5 claims in the news headlines. The scale is based on
previous research on the perceived accuracy of
news/misinformation headlines [54,55]. The participants were
asked how accurate are the claims that (1) coconut is effective
in reducing COVID-19 symptoms; (2) the pH miracle lifestyle
healing program of alkaline diet, exercise, and healing foods
can cure COVID-19; (3) COVID vaccines are dangerous and
ineffective against the Omicron variant; (4) mRNA COVID-19
vaccinations cause magnetism by introducing graphene oxide
into the blood; and (5) there is no evidence of the COVID-19
virus and no one has isolated and sequenced SARS-CoV-2 from
any patient sample. The responses to the 5 items were averaged
to create an index of the perceived claim accuracy of
misinformation regarding COVID-19 (mean 2.01, SD 1.03;
α=.91).

Sharing intention of COVID-19 misinformation was measured
by asking respondents how likely (1 [extremely likely to share]
to 5 [not at all likely to share]) are they to share these news
headlines on their social media profiles. While it is
acknowledged that these sharing intentions are hypothetical,
such approaches have been previously adopted by scholars to
measure misinformation sharing [54,56]. Moreover, self-reports
of sharing intentions have been found to be strongly associated
with attention received by news headlines on social media [57].
The responses to sharing intentions were reverse coded, so a
higher value represents greater sharing intention. The responses
were then averaged to create an index of the sharing intention
of COVID-19 misinformation (mean 1.96, SD 1.08; α=.93).

Social media news use was measured by asking respondents
how frequently (1 [never] to 5 [daily]) do they engage in the
following: (1) post on their timeline about political or public
affairs news; (2) share posts about political or public affairs
news; (3) comment on posts about political or public affairs
news; (4) read their news feed about political or public affairs
news; and (5) read the news feed/timelines of friends about
political or public affairs news [58]. The responses to the 5
items were averaged to create an index of social media news
use (mean 2.26, SD 0.90; α=.79).

Cognitive ability was measured by the wordsum test. The test
includes 10 questions, where participants are provided with a
source word (eg, caprice) and their task involves matching the
source word with the closest related word from a list of 5 target
words; in this case, the 5 words are (1) value, (2) star, (3)
grimace, (4) whim, and (5) inducement. The correct responses
to the 10 questions were summed to create a scale of cognitive
ability (mean 5.48, SD 2.48; α=.76). While the test is vocabulary
based, it has high covariance with general intelligence [59,60]
and has been frequently used by scholars to investigate the role
of cognitive ability in misinformation engagement [17,18,61,62].
The test is also applicable in Singapore since English is the

primary language of the educational system and is also the most
commonly used verbal language in the country [63].

Personality traits were measured through a total of 10 statements
asking respondents to rate their level of agreement (1 [strongly
disagree] to 7 [strongly agree]) for the given statements (eg, “I
see myself as someone who worries a lot,” “I see myself as
someone who is talkative,” and “I see myself as someone who
does a thorough job”). The responses were combined to cover
5 different personality traits, including neuroticism (mean 4.41,
SD 1.54; α=.88), extraversion (mean 4.11, SD 1.45; α=.80),
openness (mean 4.81, SD 1.17; α=.77), agreeableness (mean
5.06, SD 1.08; α=.72), and conscientiousness (mean 5.24, SD
1.06; α=.77).

Statistical Analysis
We employed ordinary least squares (OLS) regression models
to test the effect of social media news use on perceived accuracy
and sharing intentions of COVID-19 misinformation. We ran
a mediation model to explore the proposed mediation
relationship. Finally, we employed a conditional moderated
mediation analysis (using the SPSS PROCESS macro v 3.5)
[64] to examine the moderating role of cognitive ability and
personality traits in the mediation process.

We also controlled for several variables, including
demographics, traditional media news use (television, radio,
and print news use averaged; 1 [never] to 5 [daily]; mean 2.83,
SD 1.20; α=.73), and political interest (1 [not at all interested]
to 5 [extremely interested]; mean 2.82, SD 1.06). Traditional
media news use and political interest were included as covariates
since they have been found to be important factors in sharing
misinformation [17,18,29].

Demographics included (1) age (mean 39.23, SD 14.12 years),
(2) gender (51% female), (3) education (1 [no formal education]
to 7 [doctoral degree]; mean 4.47, SD 0.99; median Bachelor’s
degree), (4) household income (1 [less than SGD $1000] to 11
[more than SGD $20,000]; mean 5.07, SD 2.60; median SGD
$7000-$8999), and (5) race (76.6% Chinese majority). A
currency exchange rate of SGD $1=US $710.98 is applicable.

Results

In the first step, we ran regression analyses to predict perceived
accuracy and sharing intentions. The results of the OLS
regression are plotted in Figures 2 and 3 (see Multimedia
Appendix 1 for more details). The results suggested that those
who were younger (perceived accuracy: B=−0.007, SE=0.003;
P=.03; sharing intention: B=−0.006, SE=0.003; P=.05) and had
higher political interest (perceived accuracy: B=0.177,
SE=0.042; P<.001; sharing intention: B=0.212, SE=0.045;
P<.001) were likely to both perceive the misinformation to be
accurate and share it on social media.
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Figure 2. Predicting perceived accuracy of COVID-19 misinformation. The plot includes regression coefficients for all variables.
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Figure 3. Predicting sharing intention of COVID-19 misinformation. The plot includes regression coefficients for all variables.

Among the variables of interest, we observed that those who
frequently relied on social media for news consumption were
likely to not only perceive the misinformation to be accurate
(B=0.109, SE=0.049; P=.03) but also share it on social media
(B=0.200, SE=0.053; P<.001). We also observed that those
with high cognitive ability were less likely to perceive the false
claims to be true (B=−0.117, SE=0.016; P<.001) and share them
(B=−0.132, SE=0.017; P<.001).

The personality correlates suggested that extraverted individuals
were likely to not only perceive the misinformation to be
accurate (B=0.124, SE=0.029; P<.001) but also show higher
sharing intentions (B=0.094, SE=0.032; P<.001). Conversely,
we observed that conscientious individuals were less likely to
perceive the misinformation to be accurate (B=−0.133,
SE=0.042; P<.001) or share it (B=−0.167, SE=0.045; P<.001).
In addition, it was also observed that neurotic (B=0.089,
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SE=0.025; P<.001) and open individuals (B=0.082, SE=0.039;
P=.04) were more likely to perceive the claims to be accurate.

Next, to explore the mechanism of how social media news use
induces misinformation sharing intentions through perceived
accuracy, we ran mediation analyses using the SPSS PROCESS
macro [64], with social media news use as the predictor variable,
perceived accuracy as the mediator, and sharing intention as
the outcome variable. The bootstrapping method was used to
estimate the indirect effects (N=5000).

The results are illustrated in Figure 4. As observed, we found
that social media news use (B=0.109, SE=0.049, 95% CI
0.012-0.206) was positively associated with the perceived
accuracy of misinformation, which concurrently was positively
associated with sharing intentions of misinformation (B=0.697,
SE=0.038, 95% CI 0.623-0.771). The direct relationship between
social media news use and sharing intentions was also found to
be significantly positive (B=0.124, SE=0.041, 95% CI
0.044-0.205).

A formal statistical test of the mediation process suggested that
the indirect effects were statistically significant (B=0.076,
SE=0.036, 95% CI 0.009-0.147). These results indicated that
social media news use translates into sharing intentions of
misinformation as individuals perceive this misinformation to
be accurate.

Finally, we explored how cognitive ability and personality traits
moderated the relationship between social media news use and
misinformation sharing intention through perceived accuracy
of misinformation. We employed conditional process analyses
using the SPSS PROCESS macro for 2 conditional moderators
(model 76) [64]. The results of the conditional indirect effects
of social media news use on sharing intentions via perceived
claim accuracy at different levels (−1 SD, mean, and +1 SD) of
cognitive ability and individual personality traits are included
in Table 1. While exploring the effects of each personality trait
(eg, openness), we used the other 4 components (eg,
conscientiousness, extraversion, agreeableness, and neuroticism)
as controls in the specific models (see Multimedia Appendix 2
for more details).

The patterns across the 5 personality traits at high levels of
cognitive ability suggested that none of the indirect effects
(except high cognitive ability and high extraversion) were
statistically significant. The general implication is that
personality traits do not significantly influence misinformation
engagement at higher levels of cognitive ability. On the contrary,
it was also found that at lower levels of cognitive ability,
individuals who displayed heightened levels of any personality
trait were more likely to engage with misinformation. In general,
this suggests that individuals with low cognitive ability are more
susceptible to misinformation if they appear to demonstrate a
compulsive outlook toward any of the personality traits.

Figure 4. Illustrated mediation of social media news use, perceived accuracy, and sharing intention of COVID-19 misinformation. Estimates are
calculated using the SPSS PROCESS macro (Model 4) [64]. The number in parenthesis is the indirect effect with lower limit CI to upper limit CI.
Bootstrap resample=5000. Statistical controls include age, gender, education, income, race, political interest, traditional media news use, personality
traits, and cognitive ability. **P<.01, ***P<.001.
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Table 1. Conditional indirect effects of social media news use on sharing intentions through perceived accuracy at different levels of cognitive ability
and personality traits.

ULCIdLLCIcBoot SEbEffectCognitive ability level and personality trait levela

0.25−0.010.070.12Low (−1 SD) cognitive ability and low (−1 SD) openness

0.240.070.040.15eLow (−1 SD) cognitive ability and mean openness

0.280.100.050.18eLow (−1 SD) cognitive ability and high (+1 SD) openness

0.14−0.090.060.03Mean cognitive ability and low (−1 SD) openness

0.15−0.010.040.07Mean cognitive ability and mean openness

0.210.030.050.11eMean cognitive ability and high (+1 SD) openness

0.05−0.220.07−0.08High (+1 SD) cognitive ability and low (−1 SD) openness

0.07−0.140.05−0.03High (+1 SD) cognitive ability and mean openness

0.14−0.100.060.01High (+1 SD) cognitive ability and high (+1 SD) openness

0.19−0.010.050.07Low (−1 SD) cognitive ability and low (−1 SD) conscientiousness

0.230.070.040.14eLow (−1 SD) cognitive ability and mean conscientiousness

0.350.130.050.24eLow (−1 SD) cognitive ability and high (+1 SD) conscientiousness

0.10−0.090.05−0.01Mean cognitive ability and low (−1 SD) conscientiousness

0.14−0.010.040.06Mean cognitive ability and mean conscientiousness

0.260.050.050.15eMean cognitive ability and high (+1 SD) conscientiousness

0.00−0.220.06−0.11High (+1 SD) cognitive ability and low (−1 SD) conscientiousness

0.04−0.150.05−0.05High (+1 SD) cognitive ability and mean conscientiousness

0.16−0.110.070.03High (+1 SD) cognitive ability and high (+1 SD) conscientiousness

0.08−0.090.04−0.01Low (−1 SD) cognitive ability and low (−1 SD) extraversion

0.180.020.040.09eLow (−1 SD) cognitive ability and mean extraversion

0.330.150.050.23eLow (−1 SD) cognitive ability and high (+1 SD) extraversion

0.01−0.130.04−0.06Mean cognitive ability and low (−1 SD) extraversion

0.12−0.020.030.05Mean cognitive ability and mean extraversion

0.300.110.050.21eMean cognitive ability and high (+1 SD) extraversion

−0.05−0.230.05−0.13eHigh (+1 SD) cognitive ability and low (−1 SD) extraversion

0.09−0.110.05−0.01High (+1 SD) cognitive ability and mean extraversion

0.310.010.080.16eHigh (+1 SD) cognitive ability and high (+1 SD) extraversion

0.19−0.020.050.08Low (−1 SD) cognitive ability and low (−1 SD) agreeableness

0.230.070.040.14eLow (−1 SD) cognitive ability and mean agreeableness

0.310.120.050.21eLow (−1 SD) cognitive ability and high (+1 SD) agreeableness

0.09−0.090.04−0.01Mean cognitive ability and low (−1 SD) agreeableness

0.140.000.040.07eMean cognitive ability and mean agreeableness

0.250.040.050.14eMean cognitive ability and high (+1 SD) agreeableness

0.00−0.220.05−0.11High (+1 SD) cognitive ability and low (−1 SD) agreeableness

0.07−0.130.05−0.03High (+1 SD) cognitive ability and mean agreeableness

0.20−0.080.070.05High (+1 SD) cognitive ability and high (+1 SD) agreeableness

0.230.010.060.11eLow (−1 SD) cognitive ability and low (−1 SD) neuroticism

0.230.070.040.15eLow (−1 SD) cognitive ability and mean neuroticism
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ULCIdLLCIcBoot SEbEffectCognitive ability level and personality trait levela

0.290.100.050.19eLow (−1 SD) cognitive ability and high (+1 SD) neuroticism

0.12−0.040.040.04Mean cognitive ability and low (−1 SD) neuroticism

0.150.010.040.08eMean cognitive ability and mean neuroticism

0.250.020.060.12eMean cognitive ability and high (+1 SD) neuroticism

0.03−0.160.05−0.06High (+1 SD) cognitive ability and low (−1 SD) neuroticism

0.10−0.120.06−0.01High (+1 SD) cognitive ability and mean neuroticism

0.21−0.110.080.04High (+1 SD) cognitive ability and high (+1 SD) neuroticism

aAnalyses were performed using the PROCESS macro for SPSS (model 76), applying 5000 bootstrap samples. Statistical controls include age, gender,
education, income, race, political trust, political interest, traditional media news use, and personality traits as well as the remaining 4 personality traits.
bSE: standard error.
cLLCI: lower limit CI.
dULCI: upper limit CI.
eStatistically significant effect.

Discussion

Principal Findings
Numerous studies have explored public engagement with
COVID-19 misinformation on social media [7,11,13,14,36],
but not many have explored how news consumption through
social media platforms affects such misinformation engagement.
This study aimed to explore the mechanism of how social media
news use influences believing and sharing COVID-19
misinformation. It also examined individual differences in such
engagement through the lens of cognitive and personality
factors.

The results of this study are critical in the context of the
COVID-19 information environment on social media. A wide
majority of the population across societies, including Singapore,
rely on social media as a critical source of news and information.
More recently, the pandemic made social media platforms
relevant as sources of COVID-19 information. Against this
background, an association between news consumption via
social media and misinformation engagement raises concerns
regarding the utility of these platforms as information sources.

The results suggest that frequent reliance on social media for
news consumption is associated with increased belief and
sharing intentions of COVID-19 misinformation. Moreover,
the mediation results indicate that social media news users who
believe the COVID-19 misinformation to be accurate are more
likely to share it. Furthermore, the study found that personality
traits do not significantly influence misinformation sharing at
higher levels of cognitive ability. Therefore, high cognitive
individuals are less likely to believe or share misinformation
irrespective of personality traits. On the contrary, at lower levels
of cognitive ability, those with high levels of all personality
traits are more vulnerable to COVID-19 misinformation sharing.

The plethora of news and information on social media creates
a system of information overload. Given that most users have
cognitive biases and do not engage in critical information
processing, it is likely that such information overload could
explain why increased social media news use is associated with

the belief and sharing of COVID-19 misinformation. Indeed,
scholars have argued that people fail to think sufficiently before
engaging with COVID-19 misinformation [65].

The findings highlight the risks associated with news
consumption via social media platforms, but we also found that
the observed associations vary by the personality and cognitive
ability of individuals. We observed that some personality traits
(eg, extraversion and conscientiousness) were associated with
sharing intentions but others were not (eg, neuroticism,
openness, and agreeableness). However, further probing
suggested that the effects of personality traits on sharing intents
are driven mainly by low rather than high cognitive social media
news users. These results are in line with recent findings where
cognitive ability was found to be positively associated with
better truth discernment [54,55], weaker belief in false content
[17,18,66], and reduced sharing intention of misinformation
[56]. In addition, a higher cognitive ability allows individuals
to make better risk assessments and filter what information is
relevant when placing their trust [67]. Thus, it seems that high
cognitive individuals, largely irrespective of their personality
traits, are better at processing the false information presented
to them and thereby refrain from sharing.

It is important to consider how together with the lack of
cognitive ability, a display of high-valued personality traits can
further amplify the vulnerability of individuals toward
misinformation sharing and engagement. Individuals with low
cognitive ability, yet with an extreme tendency to be open to
experience, conscientious, extraverted, agreeable, or neurotic,
are more likely to fall for and share misinformation. The findings
corroborate previous work [33], which has reported on the
association of all personality traits with the tendency to believe
misinformation; however, we illustrate the importance of
cognitive ability as a differentiator in this relationship.

It is important to note here that this relationship is not causal
and there are other possible causal relationships that may impact
COVID-19 misinformation engagement. For instance, a recent
study found evidence of relationships between incidental news
exposure on social media, news literacy, and COVID-19
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misperceptions [68]. The presence or absence of news literacy
could impact how people process news about COVID-19, which,
in turn, could dictate how they engage with news related to
COVID-19 [69]. Other studies have also found scientific
knowledge to play a role in COVID-19 misinformation
engagement [65]. Since it has become a politicized issue,
ideology could also impact how people engage with COVID-19
misinformation. In fact, political conservatism has been found
to be associated with belief in COVID-19 misinformation [15].
Moreover, some social media users are exposed to more
misinformation than others, which can lead them to be more
susceptible to misinformation through the illusory truth effect.
Thus, it could be that individuals who are more susceptible to
misinformation also engage with COVID-19 misinformation
differently. The unabated spread of misinformation during a
destructive global pandemic, such as COVID-19, has raised
complex issues and problems. As such, there are a variety of
possible factors that can lead to COVID-19 misinformation
engagement. Thus, more work is needed to establish causal
links with COVID-19 misinformation engagement.

Moreover, the findings presented here are specific to the context
of COVID-19 misinformation. While the results on social media
news use and cognitive ability are largely consistent with
previous literature [17,18], it is to be explored if the patterns
for personality traits and the interaction with cognitive ability
are consistent across other forms of misinformation.

Practical Implications
This study has practical implications for those who rely on social
media for news. Existing studies have found evidence of
widespread misinformation related to COVID-19 on different
social media platforms, such as YouTube, Twitter, Instagram,
and Reddit [6]. Our results add an additional layer of concern
for social media platforms when it comes to combatting
COVID-19 misinformation. Some studies have found accuracy
nudges to be successful in correcting COVID-19 misinformation
as a result of news exposure [65]. However, more work is
required in this area to fully understand and develop strategies
to fight COVID-19 misinformation and its pernicious effects
in contexts other than the United States. While our findings
represent active social media news users, they also have
implications for those who do not primarily use social media
for news consumption. For example, a recent survey found that
most online users are exposed to news about COVID-19 on
social media even when they are on social media for different
purposes [65]. Such incidental exposure to COVID-19
information could also expose these individuals to
misinformation, thereby furthering the adverse consequences.
In fact, a recent study found that incidental news exposure was
related to COVID-19 misperceptions [68].

Additionally, previous studies have found that the older
population is more vulnerable to believing and sharing
misinformation [20,70]. However, we found that younger

respondents were more likely to believe and share COVID-19
misinformation. These results are in line with studies that have
found similar patterns [71,72]. For example, a study involving
samples from 5 countries found that older individuals were less
susceptible to misinformation about COVID-19 [15]. Younger
respondents may likely lack the necessary skills and abilities
to discern COVID-19 misinformation despite high literacy rates,
since it is specialized health information. Further, our results
have implications for individuals with lower levels of cognitive
ability. For example, a study found that lower cognitive ability
is related to increased susceptibility to deepfakes on social
media. Furthermore, scholars have argued that people often fail
to think sufficiently about the accuracy of content on social
media before they share it [22]. As such, those with low
cognitive ability could be more at risk to not only believe in
COVID-19 misinformation, but also share it with their networks
on social media platforms. Thus, researchers and social media
platforms must find ways to counter the widespread
misinformation related to COVID-19 to promote compliance
with public health protocols.

Limitations
The results are based on cross-sectional data and limit any causal
inferences. While the findings confirm the overall consensus
of the impact of social media on misinformation engagement
during COVID-19, future scholars should collect longitudinal
data to make causal arguments. The findings are based on a
single context where social media penetration is high and strict
governmental regulations largely control misinformation.
Therefore, how these findings would apply to societies with
low social media penetration remains unanswered. Next, while
our operationalization of social media news use (focusing on
political and public affairs news) is consistent with a majority
of the literature [58,73], it remains to be seen how the effects
of social media news would differ based on other forms of news
use (eg, health news). Finally, we focused on one aspect of
cognitive ability (through the lens of verbal reasoning). Others
may consider comparing the effects of different types of
intelligence (eg, fluid vs crystallized) since various forms of
cognitive ability may have differential impacts.

Conclusion
Social media platforms are increasingly being used as news
aggregators and primary news sources by citizens worldwide.
Individual differences in user behavior can lead to users being
less or more vulnerable to misinformation engagement, and
individuals with low cognitive ability and compulsive
personality traits are at a further disadvantage as compared with
others. We recommend that policymakers and social media
giants should consider targeted interventions that aim at
understanding and checking patterns in everyday behavior that
could amplify individual risk of encountering or sharing
misinformation. We also recommend experiments with
interventions to curb the spread of COVID-19 misinformation.
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Abstract

Background: Improving confidence in and uptake of COVID-19 vaccines and boosters among long-term care workers (LTCWs)
is a crucial public health goal, given their role in the care of elderly people and people at risk. While difficult to reach with
workplace communication interventions, most LTCWs regularly use social media and smartphones. Various social media
interventions have improved attitudes and uptake for other vaccines and hold promise for the LTCW population.

Objective: We aimed to develop a curated social web application (interactive website) to increase COVID-19 vaccine confidence
(a 3-arm randomized trial is underway).

Methods: Following user-centric design and participatory research approaches, we undertook the following 3 steps: (1) content
identification, (2) platform development, and (3) community building. A LTCW and stakeholder advisory group provided iterative
input. For content identification (step 1), we identified topics of concern about COVID-19 vaccines via desktop research (published
literature, public opinion polls, and social media monitoring), refined by interviewing and polling LTCWs. We also conducted
a national online panel survey. We curated and fact-checked posts from popular social media platforms that addressed the identified
concerns. During platform development (step 2), we solicited preferences for design and functionality via interviews and user
experience testing with LTCWs. We also identified best practices for online community building (step 3).

Results: In the interviews (n=9), we identified 3 themes: (1) LTCWs are proud of their work but feel undervalued; (2) LTCWs
have varying levels of trust in COVID-19–related information; and (3) LTCWs would welcome a curated COVID-19 resource
that is easy to understand and use-"something for us". Through desktop research, LTCW interviews, and our national online panel
survey (n=592) we found that participants are interested in information about COVID-19 in general, vaccine benefits, vaccine
risks, and vaccine development. Content identification resulted in 434 posts addressing these topic areas, with 209 uploaded to
the final web application. Our LTCW poll (n=8) revealed preferences for personal stories and video content. The platform we
developed is an accessible WordPress-based social media web application, refined through formal (n=3) and informal user
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experience testing. Users can sort posts by topic or subtopic and react to or comment on posts. To build an online community,
we recruited 3 LTCW “community ambassadors” and instructed them to encourage discussion, acknowledge concerns, and offer
factual information on COVID-19 vaccines. We also set “community standards” for the web application.

Conclusions: An iterative, user-centric, participatory approach led to the launch of an accessible social media web application
with curated content for COVID-19 vaccines targeting LTCWs in the United States. Through our trial, we will determine if this
approach successfully improves vaccine confidence. If so, a similar social media resource could be used to develop curated social
media interventions in other populations and with other public health goals.

(J Med Internet Res 2022;24(9):e38359)   doi:10.2196/38359

KEYWORDS

COVID-19; vaccine hesitancy; long-term care; social media; web application; website; intervention development, information
and communications technology

Introduction

COVID-19 vaccination rates among long-term care workers
(LTCWs) vary across the United States, partly due to a
patchwork of legal challenges to a Centers for Medicare and
Medicaid Services vaccination mandate [1]. Full vaccination
rates range from 70% to 99%, with booster rates trailing from
17% to 56% [2].

Long-term care settings have been major outbreak sites
throughout the COVID-19 pandemic, leading to illness and
death among vulnerable residents and staff. Researchers of the
Centers for Disease Control and Prevention estimate that more
than 2300 LTCWs and 151,000 residents have died from
COVID-19. COVID-19 outbreaks threaten LTCWs themselves
and their often underserved communities [3]. More than half of
LTCWs are from disadvantaged socioeconomic, racial, or ethnic
groups [4]. LTCWs from underserved communities and those
with lower educational attainment are less likely to be vaccinated
for COVID-19 than those from advantaged backgrounds [5].
Long-term care staff shortages predate the pandemic, but recent
data from the Bureau of Labor Statistics show a further loss of
nearly 400,000 LTCWs from 2020 to 2021 [6,7].

Because LTCWs care for the frailest elderly, increasing vaccine
confidence and uptake in this population while simultaneously
supporting and retaining the LTCW workforce is a critical public
health need.

Although improving vaccine confidence and uptake among
LTCWs is challenging, social media is a promising potential
solution. Social media–based interventions can suit marginalized
groups and LTCWs already relying on social media for
information (personal communication, Matthew Cantrell, April
2021)[8]. Randomized trials of social media interventions have
shown some success, largely in improving attitudes about other
vaccines [9-12]. When combined with selected information
from medical experts and communication between participants,
they have also improved vaccine uptake [10,13]. As far as we
know, no social media web applications target LTCWs and
address their questions and concerns about COVID-19 vaccines.
It is unknown whether this type of intervention would improve
confidence or uptake of COVID-19 vaccines and boosters.

We aimed to fill this gap by developing a curated social media
web application for LTCWs with low confidence in COVID-19
vaccines.

Methods

Study Design
We conducted a user-centered design and participatory research
study to develop, qualitatively assess (usability and
acceptability), and deploy a social media web application
(interactive website) called the COVID-19 Social Site [14,15].
We curated and customized the site for LTCWs with low
COVID-19 vaccine confidence within a broader randomized
clinical trial (ClinicalTrials.gov, NCT05168800), funded by the
Patient-Centered Outcomes Research Institute
(COVID-2021C2-13181).

We reported results using the Consolidated Criteria for
Reporting Qualitative Research (CORE-Q) and the Checklist
for Reporting Results of Internet E-Surveys (CHERRIES)
[16,17].

Participatory Approach
Our National Association of Health Care Assistants (NAHCA)
partners were critical to web application development. Their
deep expertise in long-term care informed development from
conception to launch.

We recruited 10 LTCW partners from diverse backgrounds and
positions as part of a stakeholder advisory group, which met
regularly. Our partners were instrumental in designing and
developing the web app, and providing iterative feedback and
advice throughout all stages of the project. Their feedback is
captured throughout this manuscript (Multimedia Appendix 1).

Theoretical Framework and Context
We conceived this intervention within a broader comparative
effectiveness trial with 2 interventions guided by the theoretical
framework by Peretti-Watel et al for vaccine hesitancy, which
considers vaccine hesitancy a decision-making process, not a
static state [18,19]. Therefore, interventions that increase
knowledge in the right context could also increase vaccine
confidence and uptake [20]. Emerging evidence suggests that
multi-component dialogue-based interventions can be effective,
particularly when context and hesitancy drivers are taken into
account. Developers must also tailor content, format, and
delivery to specific audiences [20].
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Ethics Approval
Dartmouth College’s Committee for the Protection of Human
Subjects approved this study (STUDY00032340).

Step 1. Content Identification

Desktop Research
We first identified the common questions and concerns
associated with low COVID-19 vaccine confidence by reviewing
information from the published literature, public opinion polls,
and social media. Given the evolving pandemic, we had a
flexible search strategy (Multimedia Appendix 2).

We developed a dynamic list of questions and concerns by
consulting with our team (including LTCW partners and other
stakeholders) and cross-checking with existing resources [21].
We grouped the questions and concerns into top-level topics.
We refined topic wording with plain language principles [22].

LTCW Stakeholder Consultation
We shared our top-level topics with our LTCW stakeholder
advisors via semistructured interviews. We have provided details
on the interview population, recruitment, procedures, and
analysis (Multimedia Appendix 3 [22,23]), and the interview
guide (Multimedia Appendix 4)[23,24].

We polled our LTCW partners to assess the content mix they
wanted on the web application, including questions about the
source (platform and creator), type, quantity, and tone of posts.
Our questionnaire is presented in Multimedia Appendix 5.

National Online Panel Survey
We deployed a Qualtrics (Seattle, WA) survey (Multimedia
Appendix 6) using members of an existing panel to gain insights
from a model population on the perceived importance of
different COVID-19 vaccine-related information. Multimedia
Appendix 7 [25-32] provides further details about survey
development, sampling, recruitment, and analysis [4,25,26].

Content Curation
We sourced material from popular social media web applications
according to the preferences identified by LTCWs via interviews
and a poll. We plan to continue sourcing content (Multimedia
Appendix 2) throughout the life of the site.

Content Processing and Fact-Checking
The content team identified social media posts of interest and
logged them along with basic details (eg, date posted, the
platform of origin, and engagement metrics). We used a
category-based system with hashtags.

We designed a fact-checking process (Multimedia Appendix
8) in consultation with our broader advisory group, including
LTCW partners and other stakeholders. The study team also
reviewed each post to confirm appropriateness in light of content
mix preferences.

Step 2. Platform Development

LTCW Stakeholder Consultation
We presented our initial concept for the web application to our
LTCW stakeholders, soliciting information about the desired

look, feel, and functionality iteratively and during the
semistructured interviews mentioned in Step 1. We have
provided details on the methods in Multimedia Appendix 3.

Web Application Wireframes and Initial Build
We shared our initial concept informed by stakeholder insight
with a web design and development company. They advised on
the functionality, and look and feel of the web application. The
web team developed initial wireframes and the preliminary site
on WordPress, primarily using Blade, Javascript, Hypertext
Preprocessor (PHP), and Sassy Cascading Style Sheets (SCSS)
scripting languages. We iteratively modified and tested the site
with the study team, LTCW partners, and other stakeholders.

User Experience Testing
After testing and modifying initial wireframes with LTCW
partners and other stakeholders, we conducted one-on-one user
experience (UX) and user interface (UI) testing sessions with
LTCWs who were naive to the study and its goals. We also
solicited UX and UI feedback from LTCW partners and other
stakeholders during meetings. Multimedia Appendix 9 [26,
33-37] provides more details on our testing approach, including
our affinity mapping analysis [33-38].

Step 3. Community Building

LTCW Stakeholder Consultation
During interviews and stakeholder meetings, we asked LTCWs
how they wanted the web application to operate and what kind
of moderation or guidance we should use. We reviewed the
community standards of popular Facebook groups focusing on
COVID-19 vaccine discussion. Further details on our approach
to community building are provided in Multimedia Appendix
10 [21].

Results

Participatory Approach
LTCWs were integral to every stage of this web application
development project. Our LTCW partners noted:

Certified nursing assistants are often overlooked and
dismissed. We help individuals every day, but it is an
honor to be given the opportunity to help so many
people on such a large scale. [LTCW stakeholder]

To have my opinion considered and appreciated gives
me great satisfaction and encourages me to continue
empowering my profession. [LTCW stakeholder]

Step 1. Content Identification

Desktop Research
We grouped questions and concerns about COVID-19, and
COVID-19 vaccines and boosters into the following 5 general
topics: access and process, benefits and efficacy, side effects
and harm, development process, and the pandemic overall.

LTCW Stakeholder Consultation
We interviewed 9 LTCWs (5 certified nursing assistants, 1 food
services worker, 1 activities director, 1 maintenance worker,
and 1 other direct care worker) working in skilled nursing
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facilities, home care, and hospice care across various regions
in the United States. The LTCWs interviewed included 5
females and 4 males. Four participants were White, 2 were
Asian, 2 were Black, and 1 was biracial. All LTCWs indicated
English as their preferred language, except for 1 who selected

Cantonese. Interviews lasted approximately an hour and
occurred over Zoom (Zoom Video Communications) between
September 16 and November 5, 2021.

We found 3 major themes (Figure 1; Multimedia Appendix 1).

Figure 1. Long-term care worker interview themes. LTCW: long-term care workers.

Theme 1. LTCWs are Proud of Their Work and Yet Feel
Undervalued

All interviewees expressed pride and unique vocational identity
as LTCWs. They spoke impassionedly, with phrases like

Where my heart is. [Participant #6]

I don’t call it my passion, I don’t call it my calling;
it’s my ministry. [Participant #4]

A minority of participants noted frustration that LTCWs are
generally unrecognized in favor of nursing or other health care
workers.

LTCWs spontaneously cited their care for and connection to
long-term care residents as central to their professional identities.

I love that it’s such a sense of family when we’re
there. [Participant #2]

This sense of responsibility was a powerful motivator for the
LTCWs who decided to get COVID-19 vaccines.

In my line of work, I work with the demographic most
at risk [so] I have a moral responsibility to other
people. [Participant #2]

The web of professional and emotional connections magnified
the loss and trauma LTCWs experienced during the pandemic,

with most noting death and illness among their residents,
colleagues, families, and communities. One participant made
the following statement:

Seeing these people that I work with – and I love –
[...] in a very quick amount of time go from a healthy
senior to gone was very devastating. [Participant #2]

Another participant recounted their experience of near
hospitalization due to COVID-19, which prompted them to get
vaccinated.

Theme 2. LTCWs Have Varying Levels of Trust in
Information About COVID-19, and COVID-19 Vaccines
and Boosters

During the COVID-19 pandemic, LTCWs received information
from various sources, including their employers, families and
friends, the government, and news and social media. Participants
were more likely to trust their families and friends about
COVID-19, and its vaccines and boosters than other sources.
Sometimes these influences resulted in vaccination, and other
times they increased hesitancy. One participant made the
following statement:

[My husband] is the one that is hesitant [about] the
vaccine, and I am with him. He is the one that
influenced me not to get it right now. [Participant #3]
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LTCWs noted their unique access to up-to-date information,
citing the medical directors at their facilities and industry leaders
as strong influences. Interviewees viewed most other mainstream
information sources, including the government and the news
media, as unreliable. One participant made the following
statement:

I am not a scientist or a doctor. It’s very hard to find
information that’s accurate. [Participant #2]

In part because of their mixed information sources and partly
due to the contradictory nature of official COVID-19 messages,
LTCWs have outstanding questions about COVID-19 vaccines.
One participant made the following statement:

Even the CDC and the FDA [...] still have different
voices about the vaccine. [Participant #6]

Another encapsulated LTCWs’ concerns with the following
statement:

It’s [...] still a trial. They do not know 100% the
consequences, the side effects, long-term side effects,
[...] the ingredients. [Participant #9]

Of particular concern were vaccine effectiveness, the vaccine
development process, and potential harms, including long-term
effects (fertility and unknown future problems) and serious
reactions (myocarditis and blood clots). One participant recalled
a colleague who made the following statement:

Her only reason was because she didn’t want to end
up on a commercial 10 years from now that said,
“Have you developed this, this, and this and this
because of the [...] COVID vaccine that was forced
on you 10 years ago? You may be liable for a lawsuit
[sic]” [Participant #7]

Theme 3. LTCWs Would Welcome a Carefully Curated,
Easy-to-Understand and Use COVID-19 Resource

Outstanding questions about COVID-19 and vaccines meant
most LTCWs wanted a dedicated place where they could find
trustworthy information.

Targeted at who you're trying to get [Participant #4]

Knowing they could trust the information was critical.

Just not knowing how to find out, not knowing how
to research, or not knowing how to look into the
resources. I think it’s really important that be made
easily and readily available to people. [Participant
#2]

LTCW participants said the best way to get curated and
trustworthy information was through personal stories and plain
clear communication. One participant made the following
statement:

Having actual stories to all of this kind of stuff is
going to probably be key. People need to connect with
other people. [Participant #5]

Clear simple communication is paramount, especially given the
busy nature of LTCWs’ lives. One interviewee said they needed
the following:

Solid information, but in a simpler way, like easy to
understand. [Participant #1]

Other participants preferred visual information.

I think pictures speak louder than words to a lot of
people, especially with social media. [Participant #7]

Content Topics

Concerning the web application content itself, our LTCW
interviewees appreciated the 5 proposed topics but suggested
we eliminate the access and process topic. It was clear to
LTCWs where and how they could get vaccinated. Additionally,
they emphasized the importance of including content about
COVID-19 vaccine effectiveness, the development process, and
the potential short- and long-term risks. They also worked with
us to refine the topic names for clarity (Multimedia Appendix
2). Finally, our stakeholder partners expressed interest in light,
non-COVID, LTCW-related topics, tapping into their
professional identity.

Content Mix

When asked about the desired characteristics of the COVID-19
Social Site’s content, we found that the LTCW stakeholders
wanted overall diversity in post format. Infographics and
text-based content were most and least favored, respectively.
The group strongly preferred content from Facebook and
YouTube, with TikTok as the least preferred. They favored
posts from certified nursing assistants, scientists, and laypeople
and disfavored content from journalists. The LTCW stakeholders
slightly preferred serious content over lighthearted content.
Finally, they slightly preferred evergreen content to content
covering new developments. Additional details are provided in
Multimedia Appendix 5.

National Online Panel Survey
A total of 592 participants comprised the final survey sample.
Participant flow and characteristics are detailed in Multimedia
Appendix 7.

A large proportion of participants rated each information topic
as at least “a little” important (Table 1; Multimedia Appendix
6). How effectively the vaccines protect people from the virus
was most frequently the most important category among
respondents. Participants least frequently selected vaccine
benefits as the most important category. The other 4 categories
were closely grouped. No new topics meaningfully different
from the existing topics emerged from open-text responses with
sufficient frequency to include. Additional results are provided
in Multimedia Appendix 7.
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Table 1. Ranked importance of COVID-19 topics in a national online panel survey.

Topic category most frequently of top importance per respondentRatings of “a little important” or more per topic category (averaged
across items)

Topic rank

PercentageCategoryPercentageCategory

46%How well the vaccines work94%How well the vaccines work1

37%Overall COVID-19 impact92%Overall COVID-19 impact2

35%Vaccine creation91%Vaccine benefits3

34%Long-term vaccine problems90%Vaccine creation4

33%Short-term vaccine side effects89%Short-term vaccine side effects5

24%Vaccine benefits89%Long-term vaccine problems6

Final Content
By launch, we had identified 434 content items for the web
application, with 209 items ultimately uploaded to the live site
(Figure 2). Post characteristics varied (Table 2). Most posts
(n=133) were videos, and the remainder were images (n=65)
or text-based posts (n=11). The content came largely from
Instagram (n=56), TikTok (n=54), and YouTube (n=51), with
fewer posts from Facebook, Twitter, and Reddit.

Most posts (n=125) addressed the benefits of getting vaccinated,
such as preventing death and illness. About a third (n=75) of
the content covered COVID-19 as a disease and the severity of
the pandemic. Other posts were about vaccine development
(n=39) and the potential risks associated with vaccination

(n=35), including side effects and heart problems. Some posts
addressed multiple categories. Finally, a minority (n=25) of
posts were not specifically related to these topic categories.
These posts were largely health care workers’ personal stories,
discussions of how vaccine misinformation works in general,
or memes from certified nursing assistants or LTCWs.

We worked to reflect the LTCWs’ content mix preferences and
the national survey result topics in our final content set, although
some preferences competed, including the preference for video
but suspicion of sources on TikTok. Given that the concerns
about TikTok were related to its perceived untrustworthiness,
we worked to rigorously fact-check each post to mitigate this
concern.
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Figure 2. Content identification, fact-checking, and screening flow diagram.
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Table 2. Final content characteristics.

Value (N=209), n (%)Characteristic

Media type

133 (63.6)Video

65 (31.1)Image

11 (5.3)Text

Media source

56 (26.8)Instagram

54 (25.8)TikTok

51 (24.4)YouTube

32 (15.3)Facebook

8 (3.8)Twitter

6 (2.9)Reddit

2 (1.0)Other

Creator role

87 (41.6)Medical expert

27 (12.9)Journalist

22 (10.5)Healthcare organization

20 (9.6)Government

20 (9.6)Layperson

18 (8.6)Long-term care worker or certified nursing assistant

14 (6.7)University or education organization

1 (0.5)Study team

Topicsa

125 (59.8)Vaccine benefits

75 (35.9)About COVID-19

39 (18.7)Vaccine creation

35 (16.7)Vaccine risks

25 (12.0)General

aIndividual content items may address multiple topics.

Step 2. Platform Development
We created a WordPress-based social media web application
called the COVID-19 Social Site (Figure 3). We specifically
curated it for LTCWs. It featured an infinite scroll feed with
information about each post (title, date, and source). LTCWs
could sort posts by topic (level 1) or subtopic (level 2) via an
expanding sidebar menu. They could also sort by specific
hashtags (level 3).

Users could react to posts with emojis (labeled Like, Love,
Haha, Wow, Sad, and Angry). They could also comment on
posts and reply or react to other users’comments. A notification

bell alerted users to new activity, and we sent them email
updates. We optimized the web application for desktop and
mobile use. Interactivity was consistent with other popular social
media web applications [15].

Additionally, we tracked user interaction across the social web
application using Google Analytics. We informed users of the
data collection via cookies with a pop-up dialog box that
appeared on their first visit to the site. These web analytics
services allowed us to determine which topics or posts received
the most views, measure overall user engagement, and
troubleshoot navigational or technical issues.
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Figure 3. COVID-19 Social Site login and home page.

LTCW Stakeholder Consultation
LTCW stakeholder consultation participant characteristics are
detailed in Step 1. The subthemes that emerged from our
interviews with LTCWs related to platform development were
that (1) the web application needed to be accessible and easy
to use, and that (2) LTCWs should have a safe space to interact
with each other, particularly through comments and likes.

Accessible and Easy to Use
Although the user habits and levels of digital literacy of the
LTCWs and their peers varied, almost all interviewees wanted
a clearly laid out web application with simple navigation. We
reflected these preferences in the site’s final design, prioritizing
ease of use.

A Safe Space for LTCWs to Connect
LTCWs wanted the web application to facilitate engagement
with other LTCWs via comments. A few participants expressed
concerns about the possibility of interpersonal conflict or
vaccine-related misinformation but noted that careful moderation
by the study team could mitigate this risk. The LTCWs also
wanted to interact with posts and comments with likes, emojis,
or similar. Multiple interviewees shared that while browsing
established social media platforms like Facebook, they were
most likely to view and actively engage with posts that had
many reactions and comments.

UX Testing
We conducted 3 formal UX interviews with LTCWs and various
informal UX tests with study team members and stakeholders
[26].

We found that users easily recognized the web application as a
social media platform and understood the layout. All
interviewees agreed that the language and topics featured were

valuable. We uncovered various opportunities to decrease user
pain points by improving the navigation experience. For
instance, we added an instructional video and cues when
hovering over the main navigation menus to encourage clicking.
Additional details are provided in Multimedia Appendix 9. We
did not conduct repeat interviews.

Step 3. Community Building

Community Standards and Moderation
Our final community standards (Multimedia Appendix 10
included guidance about not giving or soliciting medical advice,
and avoiding harassment, profanity, hate speech, and spamming.
They also encouraged participants to maintain user privacy by
not sharing information about others outside the web application.

Community Ambassadors
Given the emphasis on a safe space specifically for LTCWs,
we decided LTCWs should play a visible role in the web
application instead of the research staff, who were present
behind the scenes but not visible. Through stakeholder
connections, we recruited 3 students as “community
ambassadors.” All 3 had long-term care experience and were
training to become nursing home administrators.

The ambassadors were special users and community members,
empowered by the study team. They used the site freely,
commenting and reacting based on their views and positionality
as LTCWs.

We asked the community ambassadors to report any comments
of concern for individual review by moderators. This approach
allowed the site to function as a partially self-moderating
community, as regular users could also flag comments for
review.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e38359 | p.823https://www.jmir.org/2022/9/e38359
(page number not for citation purposes)

Saunders et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


In addition to monitoring the site for community standard
violations, we instructed the community ambassadors to
encourage participant discussion by actively engaging with
other users’ comments. We also asked the community
ambassadors to respond to questions and concerns using
information relating to COVID-19, the vaccines, and the
boosters vetted by the study team (Multimedia Appendix 11).

Additional details on the community standards and the
community ambassadors are outlined in Multimedia Appendix
10.

Discussion

Principal Findings
We successfully co-developed a novel social media web
application featuring curated content specifically tailored to
LTCWs with low vaccine confidence. LTCWs are a
difficult-to-reach population who we were able to engage
through participatory research and user-centered design.
Although LTCWs report feeling overlooked professionally,
they enthusiastically participated as partners in our project.
Testing of the web application in a randomized trial is ongoing.

Through formative semistructured interviews, we found that
LTCWs are proud of their work but feel undervalued,
particularly in light of the COVID-19 pandemic. They often
distrust official sources of information, including the
government and popular media. Due to this combination of
professional identity and distrust, they welcomed a social media
platform specifically customized to them that is trustworthy and
easy to understand and use.

To our knowledge, this is the first co-developed web application
using curated content from social media to influence attitudes
and behaviors about COVID-19 vaccines and boosters. It is also
the first web application of its kind specifically for LTCWs, a
critically important but understudied population.

Limitations
We developed the web application in response to the COVID-19
pandemic, a rapidly evolving and urgent public health crisis.
Web application development, testing, and launch occurred on
an expedited timeline. Under more favorable conditions, we
would have conducted more extensive user testing before the
trial launch.

A key limitation of our qualitative stakeholder work is that we
conducted most of our formative interviews with LTCWs who
were already engaged in the project and vaccinated. This sample
may have affected the responses. Additionally, LTCWs who
agreed to become partners in a vaccine confidence project may
be meaningfully different from other LTCWs. While most of
our stakeholders were vaccinated, they still had questions and
concerns about COVID-19 vaccines and boosters.

Although we designed our national online panel survey to
include individuals who were demographically representative
of LTCWs, the information preferences of LTCWs may be
inherently different from those of the survey participants.
Additionally, our content mix poll included a small sample,
limiting its representativeness.

Our social media web application, siloed in its own space online,
is materially different from most other social media as it exists
separately from the rest of the information ecosystem. This
separation was necessary to isolate the effects of our intervention
and prevent contamination in a larger randomized trial.

Comparison With Prior Work
Through our user-centered design and participatory research
approach, our intervention evolved to reflect other successful
interventions in this space more closely, namely a social media
web application trialed by Glanz et al that improved vaccine
uptake among children of participating parents [10]. This
intervention featured vetted information from the study team
and ways for participants to interact with each other and the
researchers [10].

Other research teams have successfully developed patient-facing
communication interventions using participatory research
methods [14]. Moderation of the intervention’s content by
stakeholders is a participatory research approach we have never
implemented before. Participatory research is promising and
increasingly popular, and although evidence of efficacy or
effectiveness is limited, the evidence base is growing [39-42].
We look forward to contributing to this body of knowledge with
our randomized controlled trial results. While meaningful
stakeholder engagement in all stages of the intervention
development and project may be challenging in a condensed
timeline, in the context of a pandemic, the benefits highlighted
in the context of our study far outweighed the constraints.

Concerning the qualitative experiences of LTCWs overall, our
findings that they feel underappreciated professionally are
consistent with the findings in the literature, including research
that has emerged during the COVID-19 pandemic [43]. Fisher
et al memorably called LTCWs the “forgotten front line” [43].
Other researchers reported that LTCWs felt invisible and
unsupported [44]. White et al noticed that although the media
portrayed hospital staff as champions, negative media coverage
of nursing homes was demoralizing [45]. We believe that our
social web application and its co-development process
demonstrate that LTCW perspectives truly matter and can shape
the content, format, and moderation of a complex intervention
designed to improve vaccine confidence among crucial health
care workers.

Next Steps
It is not yet certain that the COVID-19 Social Site will positively
influence vaccine confidence or uptake. The results of our
randomized trial will be available in 2024.

If successful, our intervention could become a template for other
populations with low COVID-19 vaccine confidence or uptake.
Additionally, this approach could suit different contexts where
changing attitudes or behaviors could be beneficial for public
health. Our web application is a light-touch, low-cost
intervention that may be relatively easy to replicate and
implement by governments, employers, and others. Additionally,
the resources associated with launching web applications such
as these could be scaled up or down. Without the constraints of
a randomized trial, we could also replicate elements of this
approach using established social media platforms.
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Conclusions
With user-centered design and participatory research, we

developed a novel social media web application featuring
curated internet content specifically for LTCWs.
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Abstract

Background: Preventative health measures such as shelter in place and mask wearing have been widely encouraged to curb
the spread of the COVID-19 disease. People’s attitudes toward preventative behaviors may be dependent on their sources of
information and trust in the information.

Objective: The aim of this study was to understand the relationship between trusting in COVID-19 information and preventative
behaviors in a racially and politically diverse metropolitan area in the United States.

Methods: We conducted a web-based cross-sectional survey of residents in St. Louis City and County in Missouri. Individuals
aged ≥18 years were eligible to participate. Participants were recruited using a convenience sampling approach through social
media and email. The Health Belief Model and the Socioecological Model informed instrument development, as well as
COVID-19–related questions from the Centers for Disease Control and Prevention. We performed an ordinary least squares linear
regression model to estimate social distancing practices, perceptions, and trust in COVID-19 information sources.

Results: Of the 1650 eligible participants, the majority (n=1381, 83.7%) had sought or received COVID-19–related information
from a public health agency, the Centers for Disease Control and Prevention, or both. Regression analysis showed a 1% increase
in preventative behaviors for every 12% increase in trust in governmental health agencies. At their lowest levels of trust, women
were 68% more likely to engage in preventative behaviors than men. Overall, those aged 18-45 years without vulnerable medical
conditions were the least likely to engage in preventative behaviors.

Conclusions: Trust in COVID-19 information increases an individual’s likelihood of practicing preventative behaviors. Effective
health communication strategies should be used to effectively disseminate health information during disease outbreaks.

(J Med Internet Res 2022;24(9):e37846)   doi:10.2196/37846

KEYWORDS

COVID-19; public health; health communication; trust and mistrust; disease prevention; health measure; health information;
cross-sectional study; Health Belief Model

Introduction

As the COVID-19 epidemic continues, preventative behaviors
remain an important means to stemming the spread of the
infection, despite the availability of effective vaccines and
treatment modalities. This need is owed in part to the emergence

of new variants of the COVID-19 virus and the low uptake of
COVID-19 vaccines globally [1]. A growing body of evidence
outlines the importance of nonpharmacological measures, such
as restrictions on public gatherings, in controlling and preventing
the spread of the disease [2-4]; however, it remains largely
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variable how willing people are to adopt these behaviors and
for how long [5,6].

Initial research outlining the kinds of behaviors that individuals
are the most likely to engage in to prevent the spread of
COVID-19 is emerging. At the foundation are individuals’
perceptions of risk for acquiring COVID-19 along with its
expected severity for each person. Those who perceive
themselves to be at a higher risk for acquiring COVID-19 and
experiencing a poor outcome from the disease are more likely
to engage in preventative behaviors [7-9]. Additionally, the
source of information and the trustworthiness of the information
is potentially critical. Earlier studies conducted in multiple
settings have found that trust in COVID-19 health information
from government officials and public health agencies (PHAs)
was related to an increase in people’s perceived level of risk,
greater severity of the disease if infected, and greater belief in
the effectiveness of preventive behaviors [10-17]. Political
ideologies, religiosity, and conspiracy ideation have been
identified to play a substantial role mediating trust in COVID-19
information and guidelines [13,15], highlighting the
demographic differences influencing trust in health information
and communication.

This study aimed to contribute to the growing body of evidence
targeting the relationship between trust in COVID-19
information and preventative behaviors in St. Louis, Missouri,
a relatively small metropolitan area with a racially and politically
diverse population, where the burden of COVID-19 was slower
to emerge than other major metropolitan areas. This study
focused on the early window of the COVID-19 epidemic, prior
to the availability of vaccines when state and local officials had
imposed policies enacting a number of protective behaviors;
however, the majority of the behaviors were voluntary, occurring
even before policy measures started going into effect [4]. As of
October 5, 2020, there were 32,589 confirmed COVID-19 cases
in the St. Louis region including St. Louis City and County.
Women had a higher rate of infection (2112 per 100,000) than
men (1764 per 100,000). The disease had a 3.2% case fatality
rate overall, but there were notable disparities by race—the rate
was 2 times higher in Black or African American individuals
(169.6 per 100,000) than White individuals (84.4 per 100,000)
[18].

Methods

Study Design
We conducted a cross-sectional survey from April 23 to July
2, 2020, of St. Louis City and County residents to collect
information about perceptions of the COVID-19 epidemic and
social distancing behaviors. The survey was administered
through Qualtrics and was available via an anonymous
link. Participants were not given an incentive for participation;
however, for every individual who participated in the survey,
a US $1 donation was made to a local nonprofit organization
working to counter the economic impacts of the epidemic in
the St. Louis region, up to US $2,000. Data were collected from
April 23 to July 2, 2020.

Ethics Approval
The Institutional Review board of Washington University in
St. Louis approved the study protocol and procedures of
informed consent before the formal survey (#202004131). The
Checklist for Reporting Results of Internet E-Surveys was used
as a guide to report results and develop this manuscript [19].

Participants
Individuals aged ≥18 years were eligible to participate in the
study. Participants were recruited through targeted social media
advertising and distribution through local email listserves.
Participant recruitment continued throughout the data collection
period. We aimed to collect a representative sample of St. Louis
City and County residents based on the following variables:
gender, age, socioeconomic status, and race/ethnicity. To
increase the representativeness of our sample for St. Louis City
and County residents, we constructed sample weights for the
regression model. Using 5-year estimates from the American
Community Survey (2015-2019) for the public use microdata
areas encompassing the city and county [20], we used logistic
regression weighting on samples of these data and of the survey
data to calculate inverse probability weights. The sample was
weighted on household income, race, gender, and age. Due to
initially high variance in the weights, we trimmed them
according to common practice to produce the final set [21,22].

Measures
The survey asked participants a series of demographic questions
(as shown below) about their zip code of residence, gender, age,
ethnicity, race, employment status, social distancing policy, and
comorbidities relevant to COVID-19. The survey included
questions on comorbid conditions adapted from the Centers for
Disease Control and Prevention (CDC) COVID-19 Community
Survey Question Bank [23]. Perceptions of the COVID-19
epidemic and social distancing behaviors were measured using
individual items corresponding to the major components of the
Health Belief Model [24]. The Health Belief Model is a
well-established framework that consists of 5 major components:
likelihood of action, perceived threat, expected utility,
self-efficacy, and cues to action. In the context of adopting
preventative COVID-19 behaviors, an individual is likely to
engage in social distancing if they perceive themselves to be at
risk for COVID-19 (perceived threat), have adequate knowledge
of social distancing (cues to action), feel that it will help reduce
their risk (expected utility), and feel that they are able to
participate in social distancing (self-efficacy) in the context of
perceived benefits and barriers of action (expected utility). The
survey was also informed by the Socioecological Model, which
postulates that health behaviors are affected by factors that occur
at individual, interpersonal, community, and societal levels [25].
Participants were asked to select the factors that influence their
willingness and ability to engage in preventative behaviors.
Lastly, participants were asked about perceptions of how
COVID-19 information is communicated, adapted from the
Health Information National Trends Survey 4 Cycle 1 instrument
[26]. The Health Information National Trends Survey is a
well-established, validated instrument that assesses the impact
of the health information environment. We adapted questions
A7 and A6, using a 4-point Likert scale, to measure participants’
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sources of COVID-19 information and trust in COVID-19
information sources, respectively. The full survey instrument
is included as an appendix (Multimedia Appendix 1).

Data Analyses
We downloaded data from Qualtrics and used R statistical
software (version 4.0.1; R Foundation for Statistical Computing)
for analysis. Descriptive statistical methods were used to
summarize data on demographic characteristics. Categorical
variables were summarized as frequencies (n) and percentages
(%). For the main analyses, we performed an ordinary least
squares linear regression model to estimate social distancing
knowledge, perceptions, and practices. For the dependent
variable, we constructed a preventive behaviors and attitudes
(PBA) factor index of 12 reported practices and attitudes toward
social distancing and other preventive behaviors, including hand
washing, mask wearing, and knowledge and efficacy of social
distancing behaviors (see the full list and distributions in
Results). This index was operationalized as a proxy for the
components of the Health Belief model. We also calculated a
trust in public health institutions index from 2 items gauging
trust in federal and state and local health agencies to serve as a
predictor of social distancing practices and attitudes. The
independent variables included this index, demographic
characteristics (age, gender, income, race, employment status,
and county of residence), and the presence or absence of
preexisting health conditions that make individuals more
vulnerable to COVID-19. Finally, we included individuals’
perceptions of how likely they were to contract COVID-19 and
2 interaction terms: gender and the level of trust in PHAs; and

age and the presence or absence of a preexisting condition that
increases COVID-19 vulnerability. We hypothesized from
previous literature that women would be more likely than men
to take precautions if they had a high level of trust in PHAs
[27,28] and that older adults with preexisting conditions would
be more likely to take precautions than their younger
counterparts [29]. All of these variables and their levels of
measurement are described in the beginning of the Results
section below.

Results

Participant Characteristics
The number of individuals responding to the survey between
April 30 and July 2, 2020, was 3180. Among the respondents,
51.9% (n=1650) were aged ≥18 years and lived in St. Louis
City or County and thus were eligible for analysis. Participant
demographic characteristics are shown in Table 1.

Of the 1650 respondents, just over half (n=879, 53.3%) were
aged 18-45 years, and 76.3% (n=1259) were women. Most
(n=1426, 86.4%) respondents were White and 96 (5.8%) were
Black or African American. More than half (n=912, 55.3%)
reported annual household incomes of at least US $70,000,
22.7% (n=375) earned between US $40,000 and US $70,000,
13.6% (n=225) reported incomes less than US $40,000, and
8.4% (n=138) did not respond. About half (805/1650, 48.8%)
reported currently working from home, 32.1% (529/1650) were
not working, and 18.3% (302/1650) currently worked outside
the home.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e37846 | p.831https://www.jmir.org/2022/9/e37846
(page number not for citation purposes)

Tetteh et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Demographics and characteristics.

Respondent (N=1650), n (%)Characteristic

Age (years)

98 (5.9)18-25

368 (22.3)26-35

413 (25)36-45

259 (15.7)46-55

284 (17.2)56-65

227 (13.8)≥66

Gender

29 (1.8)Gender nonconforming

346 (21)Man

1259 (76.3)Woman

16 (1)No response

Race/ethnicity

29 (1.8)Asian

96 (5.8)Black or African American

27 (1.6)Hispanic or Latino

53 (3.2)Multiple races or ethnicities

16 (1)Other

1426 (86.4)White

3 (0.2)No response

Household income (US $)

62 (3.8)<20,000

78 (4.7)20,000 to <30,000

85 (5.2)30,000 to <40,000

130 (7.9)40,000 to <50,000

245 (14.8)50,000 to <70,000

324 (19.6)70,000 to <100,000

312 (18.9)100,000 to <150,000

276 (16.7)≥150,000

138 (8.4)No response

Employment status

805 (48.8)Working from home

529 (32.1)Not working

302 (18.3)Working outside the home

14 (0.8)No response

COVID-19–vulnerable health conditionsa

534 (32.3)At least 1

1116 (67.6)None

aRespondents were asked about asthma; cancer; chronic heart, kidney, and lung diseases; diabetes; and immunosuppressive conditions.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e37846 | p.832https://www.jmir.org/2022/9/e37846
(page number not for citation purposes)

Tetteh et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Sources of COVID-19 Information
Of the 1650 respondents, most (n=1381, 83.7%) sought out or
received information about COVID-19 from PHAs, including
local, state, and national PHAs (Table 2). In all, 58.7% (n=969)
of respondents had sought or received information from both a
local or state health department and the CDC, 3.4% (n=56) had
done so only from state or local PHAs, 21.6% (n=356) had

gotten information solely from the CDC, and 16.3% (n=269)
had not received any information from a PHA. Most respondents
had a moderate (n=751, 45.5%) or high (n=512, 31%) amount
of trust in federal PHAs, and the remaining 23.2% (n=382) had
little or no trust in federal PHAs (Table 2). Similarly, for local
or state PHAs, most had a moderate (n=801, 48.5%) or high
(n=495, 30%) amount of trust, and 21% (n=347) had little or
no trust.

Table 2. Sources of information, trust in public health agencies, and perceptions of risk.

Respondent (N=1650), n (%)Topic

Sources of information

269 (16.3)None

56 (3.4)State or local PHAa

356 (21.6)CDCb

969 (58.7)State or local PHA and CDC

Trust in federal PHAs

100 (6.1)Not at all

282 (17.1)A little

751 (45.5)A moderate amount

512 (31)A lot

5 (0.3)No response

Trust in state or local PHAs

61 (3.7)Not at all

286 (17.3)A little

801 (48.5)A moderate amount

495 (30)A lot

7 (0.4)No response

Likelihood of contracting COVID-19

626 (37.9)Unlikely

498 (30.2)Neither

517 (31.3)Likely

aPHA: public health agency.
bCDC: Centers for Disease Control and Prevention.

Perceptions of Risk and Testing
Table 2 also shows the perceptions of risk in the population. Of
the 1650 respondents, about one-third (n=517, 31.3%) of
participants thought that they were likely to contract COVID-19
in the next 3 months, and a larger percentage (n=626, 37.9%)
responded that they were unlikely to contract COVID-19 in the
next 3 months. The remaining 30.2% (n=498) responded that
they were neither likely nor unlikely. About one-third (n=534,
32.3%) of respondents reported preexisting health conditions
that made them more likely to contract or experience moderate
or severe cases of COVID-19 (eg, asthma and chronic heart,
kidney, or lung disease).

Preventive Behaviors and Social Distancing
The survey also asked about which social distancing and other
preventive behaviors the respondents were engaging in and how
long they were willing to do so (Figure 1). Of the 1650
respondents, the clear majority—at least 75%—were willing to
engage in 4 of the 8 specific behaviors for 9 weeks or more:
washing hands after being in public (n=1512, 91.6%), avoiding
touching one’s face (n=1298, 78.7%), wearing protective gear
(n=1282, 77.7%), and avoiding groups (n=1203, 72.9%).
Between half and three-quarters of the respondents were willing
to engage in the other 4 behaviors for 9 weeks or more:
minimizing in-home visitors (n=1155, 70.9%) and trips from
home (n=1080, 65.5%), maintaining physical distance from
others (n=1161, 70.4%), and sanitizing purchased goods (n=797,
46.5%). The majority of respondents either strongly (n=1331,
80.7%) or somewhat (n=249, 15.1%) agreed with the statement
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“I am knowledgeable about social distancing.” Similarly, 66.5%
(n=1098) strongly agreed and 25.7% (n=424) somewhat agreed
that they were able to practice social distancing, and a
comparable number of respondents agreed somewhat (n=377,
22.8%) or strongly (n=1129, 68.4%) that social distancing would

help prevent COVID-19 transmission. However, when asked
whether social distancing was easy to do, only 20.2% (n=333)
strongly and 39.6% (n=653) somewhat agreed, with 22.5%
(n=372) somewhat and 8.9% (n=147) strongly disagreeing with
the statement.

Figure 1. Willingness to practice and attitudes toward preventative behaviors.

Linear Regression
To model whether respondents’ actions and attitudes were
influenced by demographics, sources of COVID-19 information,
trust in those sources, and perceptions of risk for getting
COVID-19, we constructed a factor index of the 12 survey items
in Figure 1. The PBA index had a Cronbach α of .83 (95% CI
.81-.84) and ranged from 0.41 to 5. The mean value was 4.2
(SD 0.82), and the natural log of this index was used as the
outcome variable to approximate linearity. A higher score on
the index means more practice of preventative behaviors. We

also constructed a trust in public institutions index from the 2
survey items on trust in information from local or state and
federal PHAs to serve as a predictor variable. The trust index
had a Cronbach α of .80 (95% CI .79-.82) and ranged from 0
to 3, with a mean of 2.0 (SD 0.75). A higher score on the trust
index means more trust in a PHA. From April 30 to July 2,
2020, both of these indexes stayed relatively constant (Figure
2), with daily reported averages around the overall mean for
each.
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Table 3 presents the results of the linear regression model. As
explained above in the Methods section, the model used inverse
probability weights to increase the representativeness of the
populations of St. Louis City and County. Although the variance
of the initial weights was relatively high (0.4; range 3.0-5.5),
after trimming, it was 0.27 (range 3.0-5.2). The outcome of the
model—the (natural log of the) PBA index—was regressed on
3 main categories of variables: demographics, trust in public

health institutions, and individual risk perceptions. In addition,
2 interaction terms were included as moderators, and a control
variable for time gauged the evolution of preventive behaviors
throughout the 10 weeks of data collection. We executed the
model in R statistical software (version 4.0.1) using the svyglm
function in the survey package [30], which calculates robust
standard errors to account for the weights included in the model.

Figure 2. Average preventative behaviors and public health trust indices throughout data collection: April 30 to July 2.
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Table 3. Linear regression results: the effect of demographic characteristics, risk perception, and public health agency trust on COVID-19 preventative

attitudes and behaviors (N=1440; adjusted R2=0.12). Outcome is the natural log of the factor index of willingness to and attitudes toward preventive
behaviors. CIs were calculated with heteroskedasticity-robust standard errors. When checked for multicollinearity, the maximum variance inflation
factor value was 1.09 for the age predictor.

P value95% CIOLSa coefficientVariable

Demographics

Age (years)

ReferenceReference18-45

.050.00 to 0.060.0346-65

.100.00 to 0.090.05≥66

Gender

ReferenceReferenceWomen

<.001–1.06 to –0.29–0.68Men

Income (US $)

ReferenceReference<40,000

.050.00 to 0.080.0440,000 to <70,000

.16–0.00 to 0.060.02≥70,000

Race/ethnicity

.85–0.05 to 0.04–0.01Black or African American

>.99–0.05 to 0.060Other races/ethnicities

ReferenceReferenceWhite

Employment status

ReferenceReferenceWorking outside the home

<.0010.02 to 0.080.05Working from home

.010.01 to 0.080.05Not working

County of residence

ReferenceReferenceSt. Louis City

.04–0.05 to –0.00–0.02St. Louis County

Vulnerable conditions

ReferenceReferenceNone

.010.02 to 0.080.05At least 1

Public health institutions

.030.02 to 0.220.12Trust in PHAsb (index, log-transformed)

<.001–0.01 to 0.060.03Trust in doctors

.100.00 to 0.030.01Amount of evidence from PHAs

Likelihood of getting COVID-19

Individual perception

ReferenceReferenceNot likely

.96–0.03 to 0.030.01Neither

.11–0.01 to 0.050.02Likely

Interaction terms

Gender and trust in PHAs

ReferenceReferenceWomen

<.0010.22 to 0.820.52Men
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P value95% CIOLSa coefficientVariable

Age (years) and vulnerable conditions

ReferenceReference18-45

.05–0.11 to 0.00–0.0646-65

.24–0.12 to 0.02–0.05≥66

Time

<.0010.00 to 0.010.02Week number (April 30 to July 2)

aOLS: ordinary least squares.
bPHA: public health agency.

Since the dependent variable was log-transformed to better
approximate linearity, the interpretation of the coefficients
requires an extra step. For all but trust in PHAs index, which
was also log-transformed, the formula for back-transforming
the coefficient estimates is as follows:

where βx is the estimated coefficient. Once transformed using
this formula, the coefficients are approximately multiplied by
100.

For demographic characteristics, one difference was found
between the 3 age groups. Those aged 46-65 years scored 3%
higher on the PBA index than their younger (aged 18-45 years)
counterparts (P=.05), all else equal. Women in our sample were
estimated to have PBA index scores two-thirds (68%) higher
than men on average (P<.001), and scores for middle-income
individuals reporting between US $40,000 and US $70,000 in
annual household income were 4% higher than those reporting
less than US $40,000 (P=.05). No statistically significant
differences were found between individuals who were White,
Black or African American (P=.85), and of other races or
ethnicities (P>.99). Respondents who were not working and
those who were working from home both scored 5% higher
than those working outside the home for preventive behaviors
(P<.001 and P=.03, respectively). Residents of St. Louis County
scored 2% lower than those in the city on average (P=.04), and
those with at least 1 COVID-19–vulnerable health condition
reported 5% higher social distancing attitudes and practices
than those with no related conditions (P=.01).

The relationship between trust in PHAs and preventive behaviors
was elastic, since both the independent and dependent variables
were log-transformed, and can be interpreted as for every 12%

increase in trust, a 1% increase in precautionary practices
resulted. Trust in PHAs also moderated the relationship between
respondents’ gender and preventive behaviors and attitudes, as
increased trust among men narrowed the gap between the
genders by 0.52% as further illustrated below (P<.001). To a
lesser extent, the presence of vulnerable conditions led to
decreased differences (–6%) between respondents aged 46-65
and 18-45 years in preventive behaviors (P=.05). Trust in
doctors, the amount of COVID-19 evidence received from
PHAs, and individual risk perceptions were not related to
preventive behaviors after controlling for the effects of all other
variables in the model. Finally, the positive and statistically
significant effect of the variable for week completing the survey
suggested a slight 2% increase on average over time (P<.001).

To further illustrate how trust in PHAs led to decreased
differences across gender, the top panel in Figure 3 shows the
average predictions for women and men along the range of trust.
Although the largest differences in preventive behaviors and
attitudes is present at the lowest levels of trust—women at about
4 on the index versus men at 2.7, representing a 67%
difference—as trust in PHAs increases among men, the
differences narrow and eventually disappear at the highest trust
levels. The bottom panel of Figure 3 considers the impact of
preexisting COVID-19–vulnerable conditions on the differences
between those aged 18-45 and 46-65 years for preventive
behaviors. For those with no such conditions, the younger group
is about 6% lower on the index. Those aged 18-45 years with
vulnerable conditions have preventive behaviors and attitudes
5% higher than the same group without conditions and are 3%
higher on the index than their older counterparts who also have
vulnerable conditions. The relative scores for preventive
behaviors flip between the 2 age groups when comparing those
with and without vulnerable conditions.
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Figure 3. Model estimates for practicing behaviors (scale: 0=low to 5=high) for interaction terms (top: gender and public health trust; bottom: age and
vulnerable health conditions). Results were calculated using the average values of all other covariates.

Discussion

Principal Findings
The purpose of this study was to investigate the relationship
between trust in COVID-19 information and engaging in
preventive behaviors among residents in the St. Louis region,
including St. Louis City and County, in the early window of
the epidemic prior to the development of vaccines and treatment
modalities. The majority of respondents had sought or received
COVID-19–related information from a PHA and trusted that
information. Those who expressed trust in the information from
PHAs were more likely to engage in preventative behaviors.
Our results show that PHAs are still an important source of
information in disease outbreaks, and contrary to the
vocalization of people not obeying [31,32], the majority of
people still listen to their PHAs. Across all demographic groups,
preventative behaviors improved as trust increased. In our
sample, people’s trust in sources of information and their
practice of preventative behaviors remained relatively consistent
with a slight 2% increase on average throughout the period of
data collection, regardless of the changes in the severity of the
disease (ie, caseload and case fatality rate) in the region.

This study contributes to the limited scientific literature
regarding the association between COVID-19 preventative
behaviors, the trustworthiness of information, and sources of
information. Our findings are comparable to earlier studies that
found that people who had higher trust in government

COVID-19 messaging were more likely to adopt preventive
behaviors [7,10-12,14,15]. In alignment with existing work, our
respondents felt that preventive measures, such as social
distancing, would help prevent the disease spread, but only a
minority of people strongly agreed that social distancing was
easy to do [33]. Public health campaigns are usually
implemented under the assumption that once information is
disseminated and knowledge is enhanced, recommended
behaviors will follow [34]. Our findings demonstrate that this
assumption is not always valid; rather, people’s perception of
risk and their ability to engage in preventive behaviors
(self-efficacy) are more likely to influence their health behavior
[35,36].

A potential threat to people’s accurate perception of COVID-19
risk is through misinformation. Although it is unclear to what
extent misinformation among our study population impacted
our results, other studies have reported the prevalence of
widespread false information about the COVID-19 disease and
the effect of misinformation on people’s perceived risk and
adoption of preventative behaviors [37,38]. Results from a study
conducted in 52 countries showed that 83% of vaccine-related
rumors on popular web-based platforms were false [38], posing
a substantial threat to vaccine uptake. It is incumbent upon
PHAs, clinicians, and health practitioners to ensure that the
most accurate and up-to-date disease risk information and
preventative measures are carefully distilled and communicated
to the public. Furthermore, it is imperative for public health
messaging to debunk misleading and false information about
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the disease, modes of transmission, and the effectiveness of
treatment and preventative measures.

Additionally, our study highlights a need for audience-targeted
health communication that can effectively encourage different
groups of people within a given population—specifically young
people, men, and lower-income populations—to increase trust
in the health information provided. Segmenting audience
according to various demographic characteristics and behavioral
traits increases the effectiveness of health communication
campaigns intended to promote health behaviors [39]. The Risk
Perception Attitude framework—a tool for assessing individuals’
health behaviors based on their perceived risk and efficacy—can
be used to guide health communication to different groups of
people [40].

Limitations
This study used a cross-sectional study design, which potentially
limits the generalizability and representativeness of the results.
The study population was not representative of the actual
population, with some demographic groups substantially
underrepresented, therefore reducing the generalizability of the
results. This limitation was addressed by constructing sample
weights for the regression model. The sample was weighted on
household income, race, gender, and age, and our large sample
size helped ensure statistical power. Since this study recruited

participants voluntarily, people who were concerned by the
COVID-19 disease or had been affected by it may have been
more likely to participate, thus introducing a possible selection
bias. Lastly, the survey responses were self-reported and may
have led to some recall bias.

Conclusion
This study provided insights into how preventive behaviors
during the COVID-19 epidemic are influenced by sources of
health-related information and the trustworthiness of
information. We found that contrary to the vocalization of
people not obeying, the majority of people still listen to their
PHAs. Receiving health information from PHAs—and trusting
that information—increased an individual’s likelihood of
engaging in preventative health behaviors. Incoherent
COVID-19 information from state and local PHAs and blanket
approaches to communicating health information have a
decreased impact in addressing risk perceptions and efficacy
beliefs in specific subpopulations, such as among men and
young adults. Future research should consider how
audience-targeted health communication strategies can ensure
that different subpopulations adopt preventive health behaviors
in disease outbreaks. Furthermore, PHAs and clinicians should
make a continuous effort to debunk false and misleading
COVID-19 information that may be prevalent on the internet
and social media.
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Abstract

Background: Despite significant progress in reducing tobacco use over the past 2 decades, tobacco still kills over 8 million
people every year. Digital interventions, such as text messaging, have been found to help people quit smoking. Chatbots, or
conversational agents, are new digital tools that mimic instantaneous human conversation and therefore could extend the
effectiveness of text messaging.

Objective: This scoping review aims to assess the extent of research in the chatbot literature for smoking cessation and provide
recommendations for future research in this area.

Methods: Relevant studies were identified through searches conducted in Embase, MEDLINE, APA PsycINFO, Google Scholar,
and Scopus, as well as additional searches on JMIR, Cochrane Library, Lancet Digital Health, and Digital Medicine. Studies
were considered if they were conducted with tobacco smokers, were conducted between 2000 and 2021, were available in English,
and included a chatbot intervention.

Results: Of 323 studies identified, 10 studies were included in the review (3 framework articles, 1 study protocol, 2 pilot studies,
2 trials, and 2 randomized controlled trials). Most studies noted some benefits related to smoking cessation and participant
engagement; however, outcome measures varied considerably. The quality of the studies overall was low, with methodological
issues and low follow-up rates.

Conclusions: More research is needed to make a firm conclusion about the efficacy of chatbots for smoking cessation. Researchers
need to provide more in-depth descriptions of chatbot functionality, mode of delivery, and theoretical underpinnings. Consistency
in language and terminology would also assist in reviews of what approaches work across the field.

(J Med Internet Res 2022;24(9):e35556)   doi:10.2196/35556

KEYWORDS

chatbot; conversational agent; COVID-19; smoking cessation

Introduction

Background
Tobacco use is the single most preventable cause of premature
deaths worldwide. Tobacco use kills over 8 million people every
year and is a risk factor for cancer, respiratory disease, cerebral
vascular disease, heart disease, and a number of other
debilitating chronic diseases [1]. Quitting smoking can lower
the risk of some tobacco-related illnesses, and in some cases,
ex-tobacco users can gain years in life expectancy compared to

those who continue to use tobacco. Despite significant progress
over the past 2 decades, with global tobacco use falling from
1.397 billion in 2000 to 1.337 billion in 2018 or approximately
60 million people [2], many countries are still not adequately
implementing policies that can save lives from tobacco use, and
the global target set by governments to reduce the prevalence
of tobacco use by 30% by 2025 remains off track. One of those
policies is World Health Organization (WHO) Framework
Convention on Tobacco Control (FCTC) Article 14, which
offers help to quit tobacco.
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COVID-19 is an infectious disease that primarily affects the
lungs, and tobacco smoking is a known risk factor for many
respiratory infections and increases the severity of respiratory
diseases. Early in the pandemic, the WHO convened a group
of experts and found that severe COVID-19 is more likely to
develop in smokers than nonsmokers. This news triggered
millions of tobacco users to want to quit [3]. Despite
approximately 60% of tobacco smokers voicing the desire to
quit, only 30% have access to resources that will enable them
to quit successfully [3].

Harnessing the power of digital solutions may be one approach
to bridging this gap in the availability and delivery of cessation
services globally. The subscription statistics of global
telecommunications companies show that there are currently
approximately 3 billion smartphone users, a number that is
expected to grow by millions in the next few years [4]. This
rapid growth in smartphone ownership and internet access has
paved the way for new opportunities to reach tobacco smokers
and provide smoking cessation support. Digital interventions
have significant advantages for health care, such as flexibility,
anonymity, cost-effectiveness, scalability, and increased access
[5,6].

Previous research has found that SMS text messaging
interventions are effective for helping tobacco users to quit
successfully. Systematic reviews of high-quality (low-bias)
randomized controlled trials (RCTs) of smartphone smoking
cessation programs have found that SMS text messaging
interventions generally double the success rate of abstinence
[7,8]. A 2019 Cochrane review found beneficial results for
6-month cessation outcomes with text messaging, while there
was insufficient evidence at that point for smartphone app
interventions [8].

Most SMS programs use behavior change techniques (BCTs),
which have been found to contribute to intervention efficacy
[9]. Techniques from the COM-B model, which describes that
a person’s capability, motivation, and opportunity all contribute
to their behavior [10], such as “facilitate relapse prevention and
coping,” “provide information on the consequences of smoking
and smoking cessation,” “promote the use of relaxation
techniques,” and “advise on/facilitate the use of social support,”
can be easily integrated into messaging interventions [9].

These BCTs that have been proven effective could also be used
in chatbots or conversational agents, which are digital tools that
allow users to talk with the program through voice or text [11].

These tools are designed to mimic human communication and
provide friendly and engaging answers to directly respond to
the user’s questions or concerns [12]. In recent times, chatbots
have been used in health care for supporting clinicians in
diagnosis and helping individuals manage chronic illnesses [13].
Because chatbots allow instantaneous feedback and are widely
available through social media and messaging apps, such as
Facebook Messenger, it is hypothesized that they may be
particularly suited to support smoking cessation, building on
previous text messaging research.

During the COVID-19 pandemic, the WHO developed several
smoking cessation chatbots, using content from existing smoking
cessation programs. These were launched in response to the
WHO initiative to get 100 million people to quit smoking, and
they include Florence (a virtual human) and chatbots delivered
on Viber, WhatsApp, Facebook Messenger, and WeChat,
although formal evaluations of these are not yet available.

Current Review
Despite the current potential of chatbots to help tobacco users
quit, there are no reviews to assess their efficacy among adult
smokers. The purpose of this scoping review is to assess the
efficacy and summarize the research on chatbots for smoking
cessation. The review includes a search of published and grey
literature to examine the full extent of evidence.

Methods

Identification of Studies
This review was guided by the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews) checklist [14], and the protocol
was not registered. Embase, MEDLINE, APA PsycINFO,
Google Scholar, and Scopus were searched on July 2, 2021. We
also ran an additional search on JMIR, Cochrane Library, Lancet
Digital Health, and Digital Medicine to identify any more
relevant articles. An iterative process was used to develop the
search strategy. Words associated with smoking cessation were
combined with words for chatbots or “conversational agents”
(see Textbox 1 for all search terms for each database). These
combinations were used to create search strings, which were
then put into the databases. Filters were used to limit the search
to articles published between 2000 and 2021. The reference lists
of included articles were also searched for any new studies that
met the inclusion criteria.
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Textbox 1. Search terms.

Embase

1. smoking cessation.mp. or exp Smoking Cessation/

2. (((quit$ or stop$ or ceas$ or giv$ or prevent$) adj3 smok$) or cigarette$).ti,ab.

3. exp passive smoking/

4. exp smoking habit/

5. smokeless tobacco/

6. smoking reduction/

7. (smok* or tobacco).mp.

8. 1 or 2 or 3 or 4 or 5 or 6 or 7

9. (Conversational agent$ or embodied conversational agent or chatbot$ or avatar or dialog$ system or virtual assistan$ or virtual nurs$ or virtual
patient or virtual coach$ or intelligent assistan$ or relation$ agent or assistance technol$ or voice-based interfac$ or virtual coach or speech recognition
software or voice recognition software).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer,
device trade name, keyword, floating subheading word, candidate term word]

10. 8 and 9

MEDLINE

1. smoking cessation.mp. or exp Smoking Cessation/

2. (((quit$ or stop$ or ceas$ or giv$ or prevent$) adj3 smok$) or cigarette$).ti,ab.

3. exp passive smoking/

4. exp smoking habit/

5. smokeless tobacco/

6. smoking reduction/

7. (smok* or tobacco).mp.

8. 1 or 2 or 3 or 4 or 5 or 6 or 7

9. (Conversational agent$ or embodied conversational agent or chatbot$ or avatar or dialog$ system or virtual assistan$ or virtual nurs$ or virtual
patient or virtual coach$ or intelligent assistan$ or relation$ agent or assistance technol$ or voice-based interfac$ or virtual coach or speech recognition
software or voice recognition software).mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading
word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept
word, unique identifier, synonyms]

10. 8 and 9

APA psychINFO

1. smoking cessation.mp. or exp Smoking Cessation/

2. (((quit$ or stop$ or ceas$ or giv$ or prevent$) adj3 smok$) or cigarette$).ti,ab.

3. exp passive smoking/

4. smokeless tobacco/

5. smoking reduction/

6. (smok* or tobacco).mp.

7. 1 or 2 or 3 or 4 or 5 or 6

8. (Conversational agent$ or embodied conversational agent or chatbot$ or avatar or dialog$ system or virtual assistan$ or virtual nurs$ or virtual
patient or virtual coach$ or intelligent assistan$ or relation$ agent or assistance technol$ or voice-based interfac$ or virtual coach or speech recognition
software or voice recognition software).mp. [mp=title, abstract, heading word, table of contents, key concepts, original title, tests & measures, mesh]

9. 7 and 8

Eligibility
Articles included in this scoping review met the following
requirements: (1) conducted in tobacco smokers, (2) conducted
between 2000 and 2021, (3) available in English, and (4)
included a chatbot intervention. As this was a scoping review,

we did not put any restrictions on study design; however, thesis
manuscripts were excluded.

Study Selection
Once duplicates were removed using EndNote, the titles were
screened according to the inclusion criteria by 2 authors (KG
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and RD). The software used for this was Rayyan [15], a web
program for systematic and scoping reviews. During this
screening process, titles were screened to assess their relevance
to the research question and criteria. If the relevance could not
be inferred from the titles, the abstracts of the selected studies
were reviewed according to the inclusion criteria. The next step
was to assess the full text of articles that met the inclusion
criteria and assess their relevance. Finally, the 2 researchers
(KG and RD) met to discuss any disagreements and resolve any
discrepancies. If necessary, a third researcher was consulted.

Data Extraction and Synthesis
Two authors (KG and RD) extracted the data from the included
studies on July 14, 2021. A predesigned spreadsheet was used
to extract the data, including the title, author(s), total sample
size, country, age mean and SD, intervention duration, theory

referenced, measures, assessment timepoints, comparison
condition, and main results, as well as whether a power
calculation was conducted.

Results

Study Selection
The database search identified a total of 323 studies, and an
additional 2 studies were found from Cochrane Library and
JMIR (Figure 1). After duplicates were removed, 259 articles
were screened. After the final review, 10 studies were included.
Studies were excluded for several reasons: (1) the conversational
agent was actually a human communicating via social media,
(2) the paper was a thesis, and (3) the intervention did not target
smoking cessation specifically.

Figure 1. Flowchart of the literature search and article selection. JMIR: Journal of Medical Internet Research.
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Study Characteristics
There was a mix of 3 framework articles [16-18], 1 study
protocol [19], 2 pilot studies [20,21], 2 trials [22,23], and 2
RCTs [24,25]. The studies included in this review are presented
in Table 1, and further details are provided in Multimedia
Appendix 1.

Three papers were predominantly descriptive and did not present
any interventions [16-18]. These described an array of topics
in the smoking cessation chatbot literature, including
single-agent and multiagent chatbots based on cognitive
behavioral therapy [16]; a description of designing an embodied
conversational agent for smoking cessation [17]; and research,
theory, and considerations for smoking cessation chatbots in
adolescents with a low socioeconomic status [18].

Table 1. Studies included in the review.

TheoryChatbot interventionType of paperStudy

N/AaSimple embodied conversational program that encourages smokers to think
about setting a quit date. When participants log in, the agent initiates a discus-
sion based on recorded information in the previous session.

Study trialAbdullah et al
[22]

Motivational interviewingChatbot based on motivational interviewing. The chatbot delivers questions
about the pros and cons of smoking.

Study trialAlmusharraf et al
[23]

Gamification, cognitive behav-
ioral theory, problem-solving

Chatbot that guides users through the stages of the dishabituation process. In-
cludes cognitive-behavioral, relapse-prevention, and problem-solving tech-
niques.

Study protocolAvila-Tomas et
al [19]

CBTDescribes a single-agent and multiagent chatbot based on CBTb and MASc

(underlying technology that models human-like behaviors).

Framework paperCalvaresi et al
[16]

Motivational interviewing and
nonverbal listening techniques

Describes designing an embodied conversational agent for smoking cessation.Framework paperGrolleman et al
[17]

ACTDigital avatar–led ACTd smoking cessation program. The program ran for 6
sessions, 25 minutes each. The avatar provides questions, and users answer.
Involved ACT-based activities and homework exercises.

Pilot randomized
clinical trial

Karekla et al [20]

N/ASmoking cessation app called CureApp that includes an artificial intelligence
nurse to which users can send a message when they have a craving or are going
through withdrawal. The nurse will respond with personalized advice and how
to deal with the symptom.

Single-arm pilot
study

Masaki et al [21]

Behavior change techniquesSmoking cessation chatbot that guides users through the UK “Stop Smoking
Services” standard smoking cessation program. It checks in with users twice
a day and is available for support when needed. Uses positive reinforcement
for smoke-free days, resisting cravings, and quit milestones.

Randomized con-
trolled trial

Perski et al [24]

Motivational interviewing and
CBT

Chatbots for smoking cessation among adolescents with a low socioeconomic
status. Describes interventions in motivational interviewing and CBT, as well
as some gaps in the literature and future recommendations.

Descriptive sum-
mary paper

Simon et al [18]

N/AChatbot on a WeChat support group. The chatbot sends announcements, re-
minders, ideas, and responses to the support group.

Randomized con-
trolled trial

Wang et al [25]

aN/A: not applicable.
bCBT: cognitive behavioral therapy.
cMAS: multiagent systems.
dACT: acceptance and commitment therapy.

Sample Size and Intervention Duration
The pilot studies [20,21] and trials [22,23] had samples that
ranged from 6 to 121 participants. With respect to the RCTs,
the samples were reasonably large (n=57,214 [24] and n=401
[25]). The intervention duration for the RCTs was relatively
short at only 1 to 2 months, and the longest follow-up period
was 52 weeks in 1 pilot study [21].

Participant Characteristics
Each study included participants who were adult tobacco
smokers. These participants were recruited from countries across
Europe, America, and Asia. There were no studies in low- and
middle-income countries (LMICs).

Measures and Use of Theory
Some of the studies used a validated measure, for example, the
quality of life scale EuroQol-5D-5L (5-level EuroQol
5-dimensional questionnaire) [19] or the nicotine dependence
scale (Fagerstrom Test for Nicotine Dependence) [20,21].
However, a number of studies used self-report measures to
assess smoking as the postintervention measure [24,25]. Out of
9 studies, 7 referenced at least one theory. The theories included
psychological theories such as motivational interviewing,
acceptance and commitment therapy, cognitive behavioral
therapy, BCTs, gamification, and problem-solving.

J Med Internet Res 2022 | vol. 24 | iss. 9 | e35556 | p.846https://www.jmir.org/2022/9/e35556
(page number not for citation purposes)

Whittaker et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Types of Chatbots
The chatbot interventions varied significantly across studies.
Some chatbots were described as embodied conversational
agents, which used an avatar in the form of a person to talk with
the user [17,20,22]. Others used a social media platform, such
as WhatsApp [25], or were part of an app on the mobile device
[21,24]. The additional studies described the chatbot as a
function on its own, which delivered smoking cessation support
or delivered a smoking cessation program via a website or
mobile device [16,19,23].

Study Outcomes

Smoking Cessation
A number of studies found positive outcomes for smoking
cessation measures. Four studies noted improvements in quit
rates. Karekla et al [20] found that the treatment group had
significantly higher self-reported quit rates compared with
controls at 6 months. Masaki et al [21] found that the chatbot
intervention led to continuous abstinence rates of 64% from 9
to 24 weeks, 76% from 9 to 12 weeks, and 58% from 9 to 52
weeks. This was as a supplement to an outpatient nicotine
dependence service, and these rates were said by the authors to
be greater than those in previous studies of the outpatient
service. Perski et al [24] also found that those who received a
chatbot in support of their existing Smoke Free app had 1.41
times greater odds of being abstinent at 1 month than those who
received the standard version of the app without the chatbot.
Lastly, Wang et al [25] found that those in the intervention
group had a higher quit rate compared with controls at 6 months
(20.1% vs 12.4%). Although Almusharraf et al [23] did not
measure smoking cessation, 8.3% of participants noted that the
intervention helped with their smoking habits. Two studies
found that the chatbot intervention led to a reduction in the
number of cigarettes smoked per day after 14 days [22] and 6
months [20]. Other reported benefits to smoking cessation
included lower levels of nicotine dependence at 6 months [20]
and 12 weeks [21].

Additional Outcomes
The studies in this scoping review also found some additional
benefits worth highlighting. Three studies noted that the
intervention was liked by participants. Abdullah et al [22] found
that the overall appraisal was very positive, and Karekla et al
[20] found that the satisfaction, interest, engagement,
acceptability, and helpfulness of the intervention were rated
highly. Almusharraf et al [23] found that 34.7% of participants
enjoyed the interaction with the chatbot. In addition to these
findings, Karekla et al [20] found that their chatbot intervention
led to improvements in self-efficacy at 6 months compared with
the control group. Masaki et al [21] found improvements in the
mood and physical symptom scale at 12 weeks in the
intervention group. Lastly, Wang et al [25] found improvements
in engagement. When the chatbot was activated, researchers
found an increase in the number and types of messages sent by
61%, and those who had not smoked in the past week had a
significantly higher number of conversations with the chatbot
compared with those who had smoked.

Study Quality
A review of research methodology found that most studies were
of low quality. Only 2 RCTs were found. In 1 RCT, only 10.7%
of the overall sample responded at a 1-month follow-up [24].
The other RCT failed to report any P values [25]. In addition,
the follow-up period was short (1 to 2 months). One framework
paper highlighted some preliminary findings of a trial; however,
the researchers did not provide many methodological details
[16], and another trial had an attrition rate of 42% [20].

Discussion

The aim of this scoping review was to provide a general
summary of the extent of evidence for chatbots in smoking
cessation. Overall, a summary of the evidence found that there
are currently limited high-quality studies assessing chatbots for
smoking cessation. Two RCTs provided promising results.
However, both had significant methodological and reporting
issues [24,25]. The trial and pilot studies also showed efficacy;
however, due to the limited power of these studies,
generalization to larger populations is limited. This scoping
review suggests that larger-scale high-quality studies are needed
to assess the effectiveness of chatbots for smoking cessation.

While the publication of reviews on the technical development
and effectiveness of chatbots in general continues at pace
[26-29], this scoping review highlights a number of key concerns
specific to the evidence for the use of chatbots in smoking
cessation. First, as discussed, the quality of evidence was low,
with issues, such as short-term follow-up, high attrition/low
response rates, and poorly described methodology. Another key
concern was the absence of studies from LMICs. High-income
countries are likely to have a different context, including good
tobacco control policies and low smoking prevalence, making
the generalizability of the findings of these studies to LMICs
problematic. There were also no studies conducted in younger
populations who may be more used to or willing to use chatbot
technology. Simon et al [18] noted in their paper that smoking
cessation interventions are needed for adolescents having a low
socioeconomic status. Thus, future research will need to test
these interventions in more diverse populations.

The last key concern was regarding the language used to
describe chatbot interventions. The way researchers describe
interventions varies significantly across studies. For example,
some were described as “conversational agents,” “embodied
conversational agents,” “digital avatars,” or apps that simply
contained a chatbot. This heterogeneity makes it difficult to
compare and accurately assess the efficacy of chatbot
functionality. With no “agreed” terms and less than full
descriptions of the functions these technologies provide, the
likelihood of missing interventions that function like chatbots
is high.

Further considerations raised by this scoping review include
the continuum of chatbot technologies used in interventions.
Some are relatively simple, for example, providing a set of
responses/questions that participants choose from, which is not
very different from existing messaging-based smoking cessation
interventions that have been proven effective [30-32], while
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others are more complex and can respond with highly tailored
responses to participants’ individual questions using artificial
intelligence methods. Chatbot technologies can be delivered in
a variety of ways, from stand-alone apps and being embedded
in existing social media/messaging programs to more
sophisticated “digital human” technologies (eg, SoulMachines
[33]). These variations may potentially impact engagement and
effectiveness and thus should be fully described in any reports
or studies.

It is also possible that chatbots can be used for other
interventions related to, but not directly about, smoking
cessation. We found a paper that described chatbots for
screening substance users [34]. Chatbots may function well in
helping with health-seeking behaviors and accessing health
services before providing actual smoking cessation assistance.

While this scoping review provides an effective summary of
the current chatbot literature, there are some limitations of this
review. We did not conduct a formal assessment of the
methodological quality of the literature [14] owing to the
obvious lack of sufficient quality trials. There was also
considerable heterogeneity across the chatbot interventions with
respect to the description, level of contact with the intervention,
methodology, and outcome measures. This made it difficult to
assess the overall efficacy of chatbots and to synthesize the
findings.

Despite these limitations, this review has some significant
strengths. This review searched published and grey literature
and did not place any restrictions on the types of studies
included. As a result, we were able to assess a variety of studies,
which provided a good summary of the current state of the
research.

It is evident that more high-quality trials need to be performed
to fully assess the efficacy of chatbots for smoking cessation.
In addition, it is hoped that formal evaluations of smoking
cessation chatbots developed by the WHO during the COVID-19
pandemic will provide real-world evidence to contribute to the
body of knowledge about the impact of chatbots for smoking
cessation.

In conclusion, this scoping review provides a summary of the
use of chatbots for smoking cessation. Overall, we found some
evidence for effectiveness; however, the number of studies
assessing chatbots is limited, and it is evident that more
high-quality trials are needed. Future research should aim to
provide more in-depth descriptions of chatbot functionality,
mode of delivery, and theoretical underpinnings. It should
compare chatbots with proven text messaging and other
cessation interventions to determine whether they can be more
effective than current programs. Finally, authors should use
consistent terminology in their descriptions of chatbots and in
the keywords to ensure their studies are easily searchable for
future reviews.
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Introduction

Over the past few decades, digital technologies for health care
have been introduced to improve effectiveness, reduce costs,
and enhance access [1]. The case for digital health care increased
dramatically during the COVID-19 pandemic [2,3]. However,
less is known about some of the broader conditions under which
these technologies would be able to contribute to improving
health care [4]. To inform policy development from a national
perspective, we conducted key informant interviews around 3
domains of digitalization: (1) infrastructure and skills, (2)
regulatory considerations, and (3) patient safety and quality of
care (see, for example, Desveaux et al [4]).

Methods

Overview
In spring 2021, we interviewed 24 representatives identified in
a scoping exercise across 4 areas: providers of health services,
researchers active in the field, regional health authorities, and
national-level organizations. The responses were analyzed using
conventional content analysis [5].

Ethics Approval
The Swedish Ethical Review Authority reviewed the study
(2020-04381; September 29, 2020).

Results

Infrastructure and Skills
The technical conditions for health care digitalization in Sweden
are favorable. Broadband is generally available; most people
have access to a computer, tablet, or smartphone; and the level
of acceptability of using such tools is high. The existence of a
national digital system for secure identification was also noted.

However, challenges and concerns were also noted, including
variation in access and ability to navigate digital tools across
population groups. Older adults, immigrants, and persons living
with a disability may have difficulties accessing services by
means of digital tools. The COVID-19 pandemic has accelerated
the application of digital primary care in Sweden [6].

Regulatory Aspects
Respondents noted the largely weak regulatory environment
for health care in Sweden, including the absence of national
policies for digital care and a host of regulators with unclear
mandates and roles.

The lack of a strategic approach at the national level and the
strong decentralization and autonomy of the 21 Swedish health
care regions lead to significant local variation in the approach
to digitalization in health care. Examples included a plethora
of digital platforms for health services, different requirements
with respect to public purchasing of services, and variations in
the application of the need for data sharing and storage. A
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particular concern was the case-based payment for digital care
while traditional primary care services are reimbursed through
capitation.

Patient Safety and Quality-of-Care Issues
Respondents noted both opportunities and risks with respect to
patient safety and quality of care. On the one hand, digital
technologies were seen as safe and may support improved
quality of care as more data are available for clinical
decision-making. On the other hand, there may be limitations
to telemedicine for certain conditions and for patients with
heavier demands, suggesting a further need to evaluate the
effects. The risk of data mismanagement when using digital
models of health care was also noted.

However, respondents also noted that there are similar risks
with existing in-person models of care and that it is partly a
question of finding the right balance between using digital
technologies in a way that maximizes their effectiveness while
managing the risks of such technologies. During the COVID-19
pandemic, digital care proved to be the safest option.

Discussion

Principal Findings
The continued integration of advanced digital technologies in
health care is likely to transform much of medical service
delivery, both in scope and content. Understanding the

implications across the technical, regulatory, and patient safety
aspects will be critical for the successful digitalization of health
care.

The findings suggest that ensuring the technical conditions for
digital care may be challenging even in a relatively advanced
country such as Sweden. In resource-limited countries, this may
be even more so [7]. The COVID-19 pandemic may have
exposed some of these issues [6].

Failure to ensure a clear, effective, and transparent regulatory
environment for digital care may risk jeopardizing the realization
of the opportunities that digital technologies present and
aggravating the risks that such technologies also entail. These
factors relate critically to patient safety and to the quality of
care. Ongoing analysis of the material using grounded theory
will extend the analysis and deepen the understanding of these
issues.

Conclusion
The successful application of digital technologies for health
care will depend on the strategic management of a set of
technical, regulatory, and patient safety aspects. Even in
advanced countries, there may be concerns related to each of
these. Policy makers and regulatory agencies need to be made
aware of these challenges. Further research will be needed to
advance the understanding of the digitalization of health care
along these dimensions.
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