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Abstract

Background: Timely identification of patients at a high risk of clinical deterioration is key to prioritizing care, allocating
resources effectively, and preventing adverse outcomes. Vital signs-based, aggregate-weighted early warning systems are
commonly used to predict the risk of outcomes related to cardiorespiratory instability and sepsis, which are strong predictors of
poor outcomes and mortality. Machinelearning models, which can incorporate trends and capture rel ationships among parameters
that aggregate-weighted models cannot, have recently been showing promising results.

Objective: This study aimed to identify, summarize, and evaluate the available research, current state of utility, and challenges
with machine learning—based early warning systems using vital signsto predict the risk of physiological deterioration in acutely
ill patients, across acute and ambulatory care settings.

Methods: PubMed, CINAHL, Cochrane Library, Web of Science, Embase, and Google Scholar were searched for peer-reviewed,
origina studies with keywords related to “vital signs,” “clinical deterioration,” and “machine learning.” Included studies used
patient vital signs along with demographics and described a machine learning model for predicting an outcome in acute and
ambulatory care settings. Data were extracted following PRISMA, TRIPOD, and Cochrane Collaboration guidelines.

Results:  We identified 24 peer-reviewed studies from 417 articles for inclusion; 23 studies were retrospective, while 1 was
prospectivein nature. Care settingsincluded genera wards, intensive care units, emergency departments, step-down units, medical
assessment units, postanesthetic wards, and home care. Machinelearning modelsincluding logistic regression, tree-based methods,
kernel-based methods, and neural networks were most commonly used to predict the risk of deterioration. The area under the
curve for models ranged from 0.57 to 0.97.

Conclusions: Instudiesthat compared performance, reported results suggest that machine learning—based early warning systems
can achieve greater accuracy than aggregate-weighted early warning systems but several areasfor further research wereidentified.
While these models have the potential to provide clinical decision support, there is a need for standardized outcome measures to
allow for rigorous evaluation of performance across models. Further research needsto address the interpretability of model outputs
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by clinicians, clinical efficacy of these systems through prospective study design, and their potential impact in different clinical

settings.

(J Med Internet Res 2021;23(2):€25187) doi:10.2196/25187

KEYWORDS

machine learning; early warning systems; clinical deterioration; ambulatory care; acute care; remote patient monitoring; vital

signs; sepsis; cardiorespiratory instability; risk prediction

Introduction

Patient deterioration and adverse outcomes are often preceded
by abnormal vital signs[1-3]. These warning signs frequently
appear afew hours to a few days before the event, which can
provide sufficient time for intervention. In response, clinical
decision support early warning systems (EWS) have been
devel oped that employ periodic observations of vital signsalong
with a predetermined criteria or cut-off range for alerting
clinicians of patient deterioration [4].

EWS typically employ heart rate (HR), respiratory rate (RR),
blood pressure (BP), peripheral oxygen saturation (SpO,),
temperature, and sometimes the level of consciousness [5].
Aggregate-weighted EWS incorporate severa vital signs and
other patient characteristics with clearly defined thresholds.
Weights are assigned to each of these vital signs and
characteristics based on a threshold, and an overall risk score
is calculated by adding each of the weighted scores[6].

Some of the commonly used aggregate-weighted EWS for
predicting cardiorespiratory insufficiency and mortality arethe
Modified Early Warning Score (MEWS) [7], National Early
Warning Score (NEWS) [8], and Hamilton Early Warning Score
[9], which al incorporate vita signs and the level of
consciousness (Alert, Verbal, Pain, Unresponsive [AVPU]) but
have varying thresholds for assigning scores.

The predictive ability of aggregate-weighted EWS has
limitations. First, the scores indicate the present risk of the
patient but do not incorporate trends nor provide information
about the possible risk trajectory [6]; thus, the scores do not
communicate whether the patient isimproving or deteriorating
and the rate of this change [10]. Second, these scores do not
capture any correlations between the parameters, as the score
for each parameter is calculated independently through simple
addition [6] (eg, HR or RR can beinterpreted differently when
body temperature is taken into consideration).

A newer approach to EWS relies on machine learning (ML).
ML models learn patterns and relationships directly from data
rather than relying on a rule-based system [11]. Unlike
aggregate-weighted EWS, ML models are computationally
intensive, but can incorporate trends in risk scores, adjust for
varying numbers of clinical covariates, and be optimized for
different care settings and populations [12]. Like other EWS,
ML models can be integrated into electronic health records to
analyze vital sign measurements continuously and provide
predictions of patient outcomes as part of a clinical decision
support system [13].

https://www.jmir.org/2021/2/e25187

Two systematic reviews in 2019 [14,15] evaluated the ability
of ML modelsto predict clinical deterioration in adult patients
using vital signs. Thereview by Brekke et a [15] examined the
utility of trends within intermittent vital sign measurements
from adult patients admitted to all hospital wards and emergency
departments (ED) but identified only 2 retrospective studies
that met their inclusion criteria. The review identified that vital
sign trends were of value in detecting clinical deterioration but
concluded that there is a lack of research in intermittently
monitored vital sign trends and highlighted the need for
controlled trials.

The review conducted by Linnen et a [14] compared the
accuracy and workload of ML-based EWS with that of
aggregate-weighted EWS. This review focused on studies that
reported adult patient transfers to intensive care units (ICUSs)
or mortality as the outcome(s) and excluded al other clinical
settings; 6 studieswereidentified that reported the performance
metrics for both the ML-based EWS and aggregate-weighted
EWS. The review identified that ML modelling consistently
performed better than aggregate-weighted models while
generating clinical workload. They also highlighted the need
for standardized performance metrics and deterioration outcome
definitions.

These are important findings, but to date no review has
systematically reviewed the evidence from studies using
ML-based EWS using vital sign measurements of varying
frequencies, across different care settings and clinical outcomes
in order to identify common methodologica trends and
limitations with  current approaches to generate
recommendations for future research in this area.

The objective of this study wasto scope the state of researchin
ML-based EWS using vital signsdatafor predicting therisk of
physiological deterioration in patients across acute and
ambulatory care settings and to identify directions for future
research in this area.

Methods

A systematic scoping review was conducted by following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) extension for scoping reviews
(PRISMA-ScR) framework [16]. This process provides an
analysis of the available research, current state of utility of
ML-based EWS, challengesfacing their clinical implementation,
and how they compare to aggregate-weighted EWS by
identifying, synthesizing, and appraising the relevant evidence
in the area. The literature search, assessment of eligibility of
full-text articles, inclusion in the review, and extraction of study
data were carried out by a single author.
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Search Strategy

We searched PubMed, CINAHL, Cochrane Library, Web of
Science, Embase, and Google Scholar for peer-reviewed studies
without using any filtersfor study design and language. Searches
were also conducted without any date restrictions. Thereference
lists of al studies that met the inclusion criteria were screened
for additional articles. The search strategy involved a series of
searches using a combination of relevant keywords and
synonyms, including “vital signs,” “clinical deterioration,” and
“machine learning.” See Multimedia Appendix 1 for search
terms.

Eligibility Criteria
Theinclusion criteria covered the following:

«  Peer-reviewed studies evaluating continuous or intermittent
vital sign monitoring in adult patients so that all data
collection or sampling frequencies (eg, 1 measurement per
minute vs 1 measurement every 2 hours) wedre taken into
consideration;

«  Studies conducted using data gathered from all acute and
ambulatory care settings including medical or surgical
hospital wards, ICUs, step-down units, ED, and in-home
care

«  Quantitative, observational, retrospective, and prospective
cohort studies and randomized controlled trials,

- Studiesthat involved ML or multivariable statistical or ML
models and reported some model performance measure (eg,
area under the curve) [17];

«  Studies that reported mortality or any outcomes related to
clinical deterioration so that EWS modelsand performance
can be examined for all explored outcomes.

The exclusion criteriaincluded the following:

- Studies that used any laboratory values as predictors for
the ML-based EWS, as this review focuses on examining
time-sensitive predictions of clinical deterioration using
patient parametersthat are readily available across all care
settings,

- Studiesinvolving pediatric or obstetric populations due to
these patients having different or altered physiologies that
cannot be compared to standard adult patients;

- Qualitative studies, reviews, preprints, case reports,
commentaries, or conference proceedings.

https://www.jmir.org/2021/2/e25187
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Study Selection

References from the preliminary searches were handled using
Mendeley reference management software. After duplicates
were removed, titles and abstracts were screened to assess
preliminary eligibility. Eligible studies were then read in full
length to be assessed against theinclusion and exclusion criteria.

Data Extraction

Data were extracted from eligible studies using an extraction
sheet that followed the PRISMA [18] and Cochrane
Collaboration guidelines for systematic reviews [19] and the
Transparent Reporting of a Multivariable Prediction Model for
Individual Prognosis or Diagnosis (TRIPOD) guidelines [20]
for the reporting of predictive models. Study characteristics,
setting, demographics, patient outcomes, ML model
characteristics, and model performance data were extracted.
The model performance results were extracted from the
validation data set rather than from the model derivation or
training data set to decrease the potential for model overfitting.
When studies explored multiple ML models, the model with
the best performance was sel ected for reporting and compari son.
If studies compared the performance of ML models to
aggregate-weighted EWS, then the performance data of these
warning systems were also extracted.

Results

Search Resultsand Study Selection

Thesearch for “vital signs” AND “clinical deterioration” AND
“machine learning” using the same query terms and filters
identified 417 studies after duplicate removal. During the title
and abstract screening process, 386 studies were excluded. Of
the 31 full-text articles that were assessed, 7 studies were
excluded for not meeting the eligibility criteria: 2 studies did
not use ML modelsto predict deterioration, 3 studies included
vital sign measurements in addition to laboratory values as
predictors, 1 study focused on acohort of pregnant women, and
1 study did not meet the criteria for model performance
measures. A review of the reference lists of the 24 selected
studies did not yield any additional studies fulfilling the
eligibility criteria (refer to Figure 1).
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Figurel. PRISMA flowchart of the search strategy and study selection.
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Study Char acteristics

Of the selected studies, 23 conducted a retrospective analysis
of the vital signs data, while 1 study [21] used a prospective
cohort study design. Seventeen studies only analyzed continuous
vital signs measurements collected through wearable devices
and bedside monitors, whereas 3 [22-24] studies analyzed vital
signs that were collected both manually and intermittently by
clinical staff. Two studies[25,26] analyzed vital signsthat were
collected both continuously and intermittently, while the
remaining 2 studies did not report how the vital sign datawere
collected.

https://www.jmir.org/2021/2/e25187
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Studies were conducted in avariety of settings within hospitals
while the study by Larburu et a [22] was conducted in an
ambulatory setting. While 3 studies [27-29] aimed to develop
a remote home-based monitoring tool, the vital sign data used
were obtained from the Medical Information Mart for Intensive
Care (MIMIC and MIMIC-I1) databases [30,31] consisting of
data captured from patient monitorsin different ICUs. Regarding
location, 5 studies [24,26,32-34] were conducted on general
wards, 4 studies[11,23,35,36] were conducted in EDs, 7 studies
[26,34,37-41] were conducted in ICUs, 2 studies [25,42] were
conducted in postoperative wards, and 4 studies [21,43-45] in
acute stay wards (medical admission unit, step-down units).
Cohort sizes for the studies ranged from 12 patients [39] to
10,967,518 patient visits [11] (refer to Table 1).

JMed Internet Res 2021 | vol. 23 | iss. 2 |€25187 | p.15
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Study characteristics.

Muradlitharan et al

Authors, Setting(s) Datacollec-  Cohortdesrip-  Event rate Study purpose Predictors Measurement  Outcome
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cal centers n=13,631 unplanned ICU tient event in the
readmissions subsequent 24
hours; secondary
objectives. com-
paring the dis-
criminatory pow-
er of each model
for eventsin the
next 6 hours or
12 hours
Cliftonet  Postopera=  Continuousvi- 200 patientsin  Not specified Using continuous  SpO,, HR Continuously  Physiological
al, 2014 tiveward of talsmonitored the postopera- vitals monitoring (256 Hz), BP, (SpO2, HR),  deterioration
[25] the cancer by wearable  tiveward fol- toprovideearly RR intermittently
center, Ox-  devices; inter- lowing upper warning of physi- (BP.RR)
ford Univer- mittent vitals  gastrointesti- ologica deteriora-
sity Hospi-  monitored nal cancer tion, such that
talsNHS manually by  surgery preventative clini-
Trust, Unit-  ward staff cal action may be
ed Kingdom taken
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Authors, Setting(s) Datacollec-  Cohortdescrip-  Event rate Study purpose Predictors Measurement  Outcome
year tion tion frequency
Desautels Bethlsrael  ICU bedside 22,853 ICU 2577 (11.28%) Vadidateasepsis GCS HR,RR, Atleast1 Onset of sepsis
eta, 2016 Deaconess monitorsand — stays stayswith con-  prediction SpO,, temper-  measurement
[37] Medical medical firmed sepsis method, InSight,  ature, invasive per hour
Center ICU  records(MIM- for thenew Sep-  and noninva-
1IC™-111) sis-3 definitions  sjve SBP and
and make predic- pBp
tionsusingamin-
imal set of vari-
ables
Forkanet Bethlsrael  ICU bedside 1023 patients Not specified Developaproba HR, SBP, All samples  Abnormal clini-
a, 2017 Deaconess  monitors and bilistic model for DBP, mean convertedto  cal events
[28] Medical medical predictingthefu- BP RR, SpO, per-minute
Center ICU  records(MIM- tureclinical sampling
I1C-11) episodes of apa-
tient using ob-
served vital sign
values prior to
theclinical event
Forkanet Bethlsrael  ICU bedside 85 patients Not specified Developanintel- HR, SBP, Per-minute Patient-specific
a, 2017 Deaconess  monitors and ligent methodfor DBP, mean sampling anomadlies, dis-
[27] Medical medical personalized BP, RR, SpO, ease symptoms,
Center ICU  records(MIM- monitoring and and emergen-
IC & MIMIC- clinical decision cies
1) support through
early estimation
of patient-specif-
icvital sign val-
ues
Forkanet Bethlsrael ICU bedside 4893 patients  Not specified Build aprognoss HR, SBP, Per-minute Dangerousclini-
a, 2017 Deaconess  monitors and ticmodel, ViSi- DBP, mean sampling cal events
[29] Medical medical BiD, that canac- BP RR, SpO,
Center ICU  records(MIM- curately identify
I1C-11) dangerous clini-
cal eventsof a
home-monitored
patient in ad-
vance
Guillame- Step-down  Bedsdemoni- 297 admis- 127 patients Forecast CRI uti- HR, RR, Every 20 sec- At least 1 event
Berteta, unit tor measure-  sions (43%) exhibited lizing datafrom  SPO,, SBP, onds (HR, threshold limit
2017 [43] ments over 8 at least 1 red continuousmoni- DBP, mean RR, SPO,), criteria exceed-
weeks event during toring of physio- Bp every 2 hours  ed for >80% of
their stay logic vital sign (SBP, DBP, last 3 minutes
measurements and mean BP)
Hoet d, Bethlsrael  ICU bedside 763 patients 197 patients Buildacardiac ~ Temperature, 1readingper Cardiac arrest
2017[38] Deaconess  monitors and (25.8%) experi- arrestrisk predic-  SpO,, HR, hour
Medical medical enced acardiac tion model capa- RR, DBP,
Center ICU  records(MIM- arrest event bleof early notifi-  SBP, pulse
I1C-11) cationattimez(z pressureindex
=5 hours prior to
the event)
Jangetal, EDvisitsto EHRdata Nontraumatic 374,605€ligible Developandtest Age, sex, Not specified  Development of
2019[35] atertiary fromED visits ED visits ED visits of artificial neural  chief com- cardiac arrest
academic 233,763 pa- network classi- plaint, SBPR, within 24 hours
hospital tients; 1097 fiersfor early de- DBP,HR,RR, after prediction
(0.3%) patients tectionof patients temperature,
with cardiac ar-  at risk of cardiac AVPU
rest arrest in EDs
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Authors, Setting(s) Datacollec-  Cohortdescrip-  Event rate Study purpose Predictors Measurement  Outcome
year tion tion frequency
Kwonetal, Cadiovascu- Datacollected 52,131 pa- 419 patients Predict whether  SBP, HR, RR, 3timesaday Primary out-
2018[26] larteaching manualy by tients (0.8%) withcar- aninput vector  temperature  on genera come: first car-
hospital and  staff on gener- diac arrest; 814 belonged within wards, every  diac arrest; sec-
community  a wards, by (1.56%) deaths the prediction 10 minutesin  ondary out-
general hos-  bedside moni- without attempt-  time window ICUs come: death
pital torsin ICUs ed resuscitation  (0.5-24 hours be- without attempt-
forethe outcome) ed resuscitation
Kwonetal, 151 EDsin KoreenNation- 10,967,518 153,217 (1.4%) Validatethat a Age, sex, At ED admis- Primary out-
2018 [11] Korea al Emergency ED visits in-hospital DTAS" identifies Cchief com- sion come: in-hospi-
Department deaths; 625,117 high-risk patients plaint, time tal mortality;
Information (B.7%) critical  more accurately  fromsymptom secondary out-
System care admis- than existing onset to ED come: critical
(NEDIS) sions, triage and acuity  ViSit, arrival care; tertiary
2,964,367 scores mode, trauma, outcome: hospi-
(27.0%) hospi- initia vital talization
talizations signs (SBPR,
DBP, HR,RR,
temperature),
mental status
Larburuet OSl Bilbao- Collected 242 patients 202 predictable Prevent mobile  SBP, DBR, Atdiagnosis  Heart failure
a, 2018 Basurto (Os- manually by decompensa- heart fallurepa  HR, Sa0,, and 3-7 times  decompensation
[22] akidetza) clinicians and tions tients’ decompen-  weight per week in
Hospital and patients sation using pre- ambulatory
ED admis- dictive models patients
sions, ambu-
latory
Lietal, BethIsrael  ICU bedside 12 patients Not specified  Adaptiveonline  HR, SBP, Atleast 1 Signsof deterio-
2016[39] Deaconess  monitorsand monitoring of pa- DBP MAF®, Measurement ration
Medical medical tientsin ICUs RR per hour
Center ICU  records(MIM-
IC-11)
Livetal, ED of ater- Manual vital 702 patients 29 (4.13%) pa-  Discover the SBP, RR,HR  Not specified Composite of
2014 [36] tiary hospital measurements with undiffer- tientsmetprima  most relevant events such as
inSingapore by nursesor  entiated, non-  ry outcome variables for risk death and car-
physicians traumatic prediction of ma- diac arrest with-
chest pain jor adverse car- in 72 hours of
diac events using arrival at the
clinical signsand ED
HR variability
Maoeta, ICU,inpa  ycspEP UCSF: 90,353 UCSF: 1179 Sepsisprediction SBP, DBP, Hourly Sepsis, severe
2018[34] tientwards, (gtacet:i npa- patients; (1.3%) sepsis, HR, RR, Sepsis, septic
outpatient tientandoutpa MIMIC-II1: 349 (0.39%) se- SpO,, temper- shock
visits tient visits; 21,604 pa- veresepsis, 614 ature
MIMIC-III:  tients (0.68%) septic
ICU bedside shock; MIMIC-
monitors I1l: sepsis
(1.91%), severe
sepsis (2.82%),
septic shock
(4.36%)
Olsenetd, PACUY, IntelliVue 178 patients 160 (89.9%) Developapredic- SpO,, SBR, Every minute  Signsof deterio-
2018 [46] Rj gshospi- MP5, BM- had =1 mi- tivealgorithmde- HR, MAP (SpO,, SBP,  ration
talet, Univer- EYENexfin croevent occur-  tecting early HR), every 15
sity of bedsi de_ moni- ri ng _duri ng ad- s_igns_of deteriora minutes
Copenhagen,  torsduring ad- mission; 116 tioninthe PACU (MAP)
Denmark mission to patients using continuous-
post anesthetic (65.2%) had =1 |y collected car-
care unit microevent with  diopulmonary vi-
aduration>15 tal signs
minutes
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Authors, Setting(s) Datacollec-  Cohortdescrip-  Event rate

Study purpose Predictors Measurement  Outcome
frequency

Shashiku-  Adult ICU ICU bedside  Patientswith 242 sepsiscases Predict onset of MAP, HR, 21 measure-  Onset of sepsis

year tion tion
mar eta, units monitors, Bed- unselected
2017 [40] master sys- mixed surgical

tem; upto 24  procedures
hours of moni-

toring

Tarassenko Genera Bedsidemoni- 150 general-  Not specified
etal, 2006 wards at torsfor at ward patients
[32] John Rad- |east 24 hours

cliffe Hospi- per patient

tal in Ox-

ford, United

Kingdom

VanWyk  Methodist Bedsidemoni- 2995 patients 343 patients

sepsis 4 hours SpO,, SBR, ment per hour

aheadof time, uss DBP RR,

ing commonly GCS, tempera-

measured vital ture, comorbid-

signs ity, clinical
context, admis-
sion unit, sur-
gical special-
ty, wound
type, age, gen-
der, weight,
race

Ared-timeauto- HR, RR, Every 30min-  Signsof deterio-
mated system, SpO,, skin utes (BP), ev- ration

BioSign, which  temperature, ~ €ry 5 seconds

trackspatientsta-  average SBP-  (other vitals)

tusby combining  average DBP

information from

vital signs

Classify patients HR, MAP, Every minute  Sepsisdetection

eta, 2017 LeBonheur tors: Cerner (11.5%) diag-  into sepsisand DBP, SBPR,

[33] Hospital, CareAware nosed with sep- nonsepsisgroups SpO,, age,
Memphis, iBus system sis usngdatacollect-  race, gender,
TN ed at variousfre-  fraction of in-

quenciesfromthe  spired oxygen
first 12 hours af-

Yooneta, Bethlsrad ICUbedside 2809 subjects 787tachycardia Predictingtachy- Arterial DBP, 1/60Hzorl  Tachycardia

2019[41] Deaconess  monitorsand episodes
Medical medical
Center ICU  records(MIM-
IC-11)

ter admission

cardiaasasurro- arterial SBP, Hz episode
gateforinstabili- HR, RR,

ty SpO,, MAP

8 CU: intensive care unit.

PNEWS: National Early Warning Score.

°HR: heart rate.

4RR: respiratory rate.

€SBP: systolic blood pressure.

favPu: aert, verbal, pain, unresponsive.

9CRI: cardiorespiratory instability.

PDBP: diastolic blood pressure.

iED: emergency department.

JEHR: electronic health record.

kaes: Glasgow Coma Score.

INHS: National Health Service.

™MIMIC: Medical Information Mart for Intensive Care.
"DTAS: Deep learning—based Triage and Acuity Score.
°MAP: mean arterial pressure.

PUCSF: University of California, San Francisco.
9PACU: postanesthesia care unit.

Predictor Variables

The most commonly used vital sign predictors were HR, RR,
systolic BP, diastolic BR, SpO,, body temperature, level of

consciousness through either the Glasgow Coma Score or the
AVPU scale, and mean arterial pressure. Measurement
frequenciesfor these variablesranged from once every 5 seconds

https://www.jmir.org/2021/2/e25187
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[32] in hospital wards to 3-7 times per week [22] in an
ambulatory setting. Other commonly used predictors included
age, gender, weight, ethnicity, chief complaint, and
comorbidities.
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Outcomes

The outcomes being predicted in most studies focused on
cardiorespiratory insufficiency—related events. Cardiac arrest
was the primary outcome in 7 [24,26,35,36,38,42,45] studies,
whilegeneral cardiorespiratory deterioration or decompensation
wasthe primary outcomein 5 studies[25,39,41,43,44]. Another
commonly predicted outcome was sepsis, which included the
time of onset of sepsis[34,37,40], severe sepsis[33,34], septic
shock [34], and sepsis-related mortality [23]. Other outcomes
explored within the studies include unanticipated ICU
admissions [24,42,45], development of critical illness [24],
general physiological deterioration [25,32,39,46], abnormal or
dangerous clinical events [27-29], and mortality [11,24,42].

Outcomeswerefirst identified, and baseline model swere created
using predefined parameter threshol ds (ground truth) consi stent
with the MEWS [23,26,35] or NEWS [23,42,46] criteria for
cardiorespiratory instability and general physiological
deterioration, while the sepsis-related outcomeswereidentified
based on the thresholds set within the systemic inflammatory
response syndrome [34], quick Sequential Organ Failure
Assessment (QSOFA) [23], and SOFA [37] criteria. Some
studies[22,27-29,43,44] & so used thresholds and criteriabased
on the population served by their individual care setting.

https://www.jmir.org/2021/2/e25187
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ML Models and Performance

All included studies consider the prediction of deterioration risk
to be a classification task and therefore use different types of
classification models in the process, including tree-based
models, linear models, kernel-based methods, and neura
networks (refer to Table 2 for afull inventory of methods used,
model performance achieved, and prediction windows, and see
Multimedia Appendix 2 for adescription of ML methods).

Measures used to assess model performance varied across the
studies. The most common measure was the area under the
receiver operator characteristic (AUROC) along with model
accuracy, sensitivity, and specificity. Area under the
precision-recall, F-score, Hamming's score, and precision
(positive predictive value) were reported less commonly.

Prediction windows ranged from 30 minutes to 30 days before
an event.

Model performance varied substantially based on outcome
measure being predicted (eg, cardiorespiratory insufficiency vs
sepsis), ML method used (eg, linear vs tree-based), and
prediction window (eg, 30 minutes before an event vs 4 hours
before).
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Table 2. Machine learning (ML) models and comparisons used for outcome prediction.

Muradlitharan et al

Study Cohort Event rate ML model(s) Missingdata Best ML model ML model com-  Predic- Aggregate
handling performance parisons tionwin-  weighted
dow EWS?compar-
isons
Badriyahet 35585ad-  199(0.56%), car- Decisiontree  Not speci- Decisiontreepre-  Not specified Within24  new<d AU-
al, 2014[45] missions diac arrest; analysis fied dicted cardiac ar- hourspre-  RoC: cardiac
1161 (3.26%) rest: AU- ceding  arrest, 0.722;
unanticipated ROC®=0.708; events unanticipated
ICUP admissions; unanticipated |CU ICU admis-
1789 (5.02%) admission: AU- sion, 0.857;
deaths; 3149 ROC=0.862; death, 0.894;
(8.85%) any out- death: AU- any outcomes,
come ROC=0.899; any 0.873
outcomes: AU-
ROC=0.877
Chenatal, 1880pa 997 patients Variant of the  Not speci- Random forest Logisticregress  Within4  No compari-
2017 [44] tients (1971  (53%) or 1056  random forest fied AUC initially re Son: AUC=0.7;  hourspre-  son
admissions) admissions classification mained constant lasso logisticre-  ceding
(53.6%) who ex- model using (0.58-0.60), fol- gression: events
perienced CRI® ~ Nnonrandom lowed by anin- AUC=0.82
events splits creasing trend,
with AUCsrising
from 0.57 to 0.89
during the 4 hours
immediately pre-
ceding events
Churpek et 269,999 ad- 16,452 outcomes Univariate Forward im- Trendsincreased  Not specified Within4  No compari-
a,2016[24] missions (6.09%) analysis, bi- putation, me- model accuracy hourspre- son
variateanaly- dianvalue  comparedtoa ceding
sis imputation ~ model containing events
only current vital
signs (AUC 0.78
vs 0.74); vita sign
slope improved
AUC by 0.013
Chiewetal, 214 patients 40 patients K-nearest Not speci- Gradient boosting ~ K-nearest neigh-  Within30 gepdi-
2019 [23] (18.7%) met out- neighbor, ran- fied predicted 30-day  bor: F1 dayspre-  F1=0.40,
come dom forest, sepsis-related mor- - score=0.10, ceding AUPRC=0.22:
adaptive tality: F1 AUPRC=0.10, event SOFAI-
boosting, gra- score=0.50, precision g 1-0. 32'
dient boost- AUPRC=0.35, pre- (PPV)=0.33, re- AU_P§ C: 021
ing, support cision call=0.6; random NEWS: o
vsctor ma- (PPV9)=0.62, re- forest: 525 F1=0 3é
chine - score=0.35, e
call=05 AUPRC=0.27, AUPRC=028
precision MEWS®:
(PPV)=0.26, re- F1=0.30,
call=0.56; adap- AUPRC=0.25
tive boosting: F1
score=0.40,
AUPRC=0.31,
precision
(PPV)=0.43, re-
call=0.38; SYM™
F1 score=0.43,
AUPRC=0.29,
precision
(PPV)=0.33, re-
cal=0.63
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Study Cohort Event rate ML model(s) Missingdata Best ML model ML model com-  Predic- Aggregate
handling performance parisons tionwin-  weighted
dow EWS?compar-
isons
Chiuetal, Adultsunder- 578 patients Logistic re- Observations Logisticregression  Not specified Within NEWS: 24
2019 [42] goingrisk-  (4.2%) with an gression withmissing predicted the event 24,12, hours before
sratifiedma-  outcome; 499 pa- valueswere 24 hoursin ad- and 6 event,
jor cardiac  tients (3.66%) excluded vance: AU- hourspre-  py-
surgery with unplanned ROC=0.779; 12 ceding ROC=0.754:
(n=13,631)  ICU readmissions hours in advance: event 12 hours be-
AUROC=0.815; 6 fore event,
hours in advance: AU-
hours before
event, AU-
ROC=0.813
Cliftonet al, 200 patients Not specified Classifiers, Missing SVM predictedde- Conventiona Not speci- No compari-
2014 [25] inthe postop- Gaussian pro- channelsre- terioration: accuras  SVM: accura fied son
erative ward cess, one-class  placed by cy=0.94, partial cy=0.90, partial
following supportvector mean of that AUC=0.28, sensi- AUC=0.26, sensi-
upper gas- machine, ker-  channel tivity=0.96, speci- tivity=0.92,
trointestinal nel estimate ficity=0.93 specificity=0.87;
cancer Gaussian mixture
surgery models: accura-
cy=0.9, partia
AUC=0.24, sensi-
tivity=0.97,
specificity=0.84;
Gaussian process-
€s. accura
cy=0.90, partial
AUC=0.26, sensi-
tivity=0.91,
specificity=0.89;

kernel density es-
timate: accura-

cy=0.91, partial
AUC=0.26, sensi-
tivity=0.94,
specificity=0.87
Desautelset 22,853 1CU 2577 (11.28%) Insght dlassifi-  Carry for- Classifier predicts  Not specified Within4 g rg™ AU-
a,2016[37] stays stayswithcon-  er wardimputa-  sepsis at onset: hourspre-  Rroc= 0.609,
firmed sepsis tion AUROC=0.880, ceding APR= 0.160:
APR'=0.6, accura- eventand  4SOFA: AU-
cy=0.8; classifier atimeof Roc=0.772,
predicts sepsis 4 eventon-  ApR=0.277;
hours before onset: et MEWS: AU-
AUROC=0.74, ROC=0.803,
APR=0.28, accura- APR=0.327;
cy=0.57 SAPSII:
AU-
ROC=0.700,
APR=0.225;
SOFA: AU-
ROC=0.725,
APR=0.284
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Study Cohort Event rate ML model(s) Missingdata Best ML model ML model com-  Predic- Aggregate
handling performance parisons tionwin-  weighted
dow EWS?compar-
isons

Forkaneta, 1023 pa Not specified PCA® usedto Datawith Hidden Markov Neural network:  Within30 No compari-
2017 [28] tients separatepa-  Cconsecutive  Model eventpredic- - accuracy=93%  minutes  son

tientsinto missing val-  tion: accura- preceding

multiple cate-  Uesovera - cy=97.8%, preci- event

gories; hidden long period  sion=92.3, sensitiv-

Markov Mod- a@e€€éliminat- ity=97.7, specifici-

el adopted for €d ty=98, F-

probabilistic score=95%

classification

and future pre-

diction
Forkaneta, 85patients Not specified Multilabel Where>1vi- Predictionsacross Not specified Withinl  No compari-
2017 [27] classification tal signsdata 24 classifier combi- hour pre-  son

agorithmsare aremissing nationsyielded a ceding

applied in whileclean  Hamming score of event

classifier de-  valuesof 90%-95%; F1-mi-

sign; result othersare cro average of

analysiswith  available, 70.1%-84%; accu-

J8 decison  considered  racy of 60.5%-

tree, random  asrecover-  77.7%

tree and se- ableand im-

quential mini- puted using

mal optimiza- median-pass

tion (SMO,a and k-near-

simplified ver-  est neighbor

sion of SVM) filter
Forkaneta, 4893 pa Not specified J8 decison  Datawith Event prediction ~ J48decisiontree: 1 hour No compari-
2017 [29] tients tree, random  consecutive by random forest:  within a 60- preceding son

forest, sequen- missing val-  withina60-minute minute forecast ~ event

tial minimal uesover a forecast horizon, F  horizon, F

optimization, long period  score=0.96, accura-  score=0.93, accu-

MapReduce  areeiminat- cy=95.86; withina racy=92.46; with-

random forest ed 90-minuteforecast in a 90-minute

horizon, F-
score=0.95, accura-

forecast horizon,
F score=0.92, ac-

cy=95.35; withina curacy=91.59;
120-minutefore-  within a120-
cast horizon, F- minute forecast
score=0.95, accura-  horizon, F
cy=95.18 score=0.91, accu-
racy=91.30;
Event prediction
with sequential

minimal optimiza-
tion: within a 60-
minute forecast
horizon, F
score=0.91, accu-
racy=90.72; with-
in a90-minute
forecast horizon,
F score=0.90, ac-
curacy=90.08;
within a 120-
minute forecast
horizon,

F score=0.89, ac-
curacy=89.23
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Study Cohort Event rate ML model(s) Missingdata Best ML model ML model com-  Predic- Aggregate
handling performance parisons tionwin-  weighted
dow EWS?compar-
isons
Guillame- 297 admis- 127 patients TITAPrules, Not Speci- Event forecast dlert Random forest: ~ Within17 No compari-
Bertet d, sions (43%) exhibited e fusiona- fied within 17 minutes, event forecast minutes,  son
2017 [43] at least 1 rea gorithm; map- 51 seconds before  alert within 11 51 sec-
CRI event during  ping function onset of CRI (false  minutes, 25 sec-  onds pre-
their stay inthe  from rule- dert every 12 ondsbeforeonset  ceding
step-down unit  pased features hours); event fore-  of CRI (false CRI onset
to forecast castaertwithin10 aert every 12
mode! learned minutes, 58 sec-  hours); event
using random ondsbeforeonset  forecast alert
forest ¢l assifi- of CRI (falseaert within5minutes,
er every 24 hours) 52 seconds be-
fore onset of CRI
(false alert every
24 hours)
Hoet al, 763 patients 197 patients Temporal Imputedval- TTL-Reg predicts Not specified Within6  No compari-
2017 [38] (25.8%) experi-  transfer learn- uesbasedon eventswith an hourspre- son
enced acardiac  ing-based themedian  AUC of 0.63 ceding
arrest event model (TTL- from patients event
Reg) of the same
gender and
similar ages
Jang et d, Non-traumat- 374,605 eligible  aAnN9with ~ Notspeci-  Event prediction:  Randomforest,  Within24 MEWS: AU-
2019 [35] ic ED visits  ED visits of multilayer per- fied ANNwithmultilay- AUROC=0.923; hourspre- ROC=0.886
233,763 patients;  ceptron, ANN er perceptron, AU-  logisticregres-  ceding
1097 (0.3%) pa- A r ROC=0.929; ANN sion, AU- event
tientswithcar- ~ WINLSTM,, with LSTM, AU-  ROC=0.914
diac arrest hybrid ANN; ROC=0.933; hy-
\fmﬁﬁz‘:‘n brid ANN, AU-
forest and lo- ROC=0.936
gistic regres-
sion
Kwoneta, 52131pa 419 patients 3RNNSlayers Most recent  Event prediction:  Random forest, 30min- MEWS: AU-
2018 [26] tients (0.8%) withcar-  \ithLSTM to Vauewas RNNs, AU- AUROC=0.78,  utesto24 ROC=0.603,
diac arrest; 814 {eq withtime Used:ifno  ROC=0.85, AUPRC=0.014; hourspre- AUPRC=0.003
(1.56%) deaths  goriesdata; ~ VAueaval-  AUPRC'=0.044  logisticregres  Ceding
without attempt- compared to able, then sion, AU- event
ed resuscitation random forest median val- ROC=0.613,
andlogisticre  Ue used AUPRC=0.007
gression
Kwoneta, 10,967,518 153217 (14%) p1a<ug ng Excluded Event prediction:  Random forest:  Notspeci- Korean triage
2018 [11] ED visits in-hospital multilayer per- DTASusingmulti- AUROC=0.89, fied and acuity
deaths; 625,117 ceptronwith 5 layer perceptron,  AUPRC=0.14; score: AU-
(5.7%) critical hidden AUROC=0.935, logistic regres- ROC =0.785,
care admissions, AUPRC=0.264 sion: AUROC= AUPRC=0.192,
2,964,367 layers 0.89, MEWS: AU-
(27.0%) hospital - AUPRC=0.16 ROC=0.810,
izations AUPRC=0.116;
Larburu et 242 patients 202 predictable  Naive Bayes, Not speci- Decompensation  Decision tree, Notspeci- No compari-
a, 2018 [22] decompensations  decisiontree, fied event prediction:  neural network,  fied son
random forest, naive Bayes, random forest,
SVM AUC=67% support vector
machine, stochas-
tic gradient de-
scent
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Study Cohort Event rate ML model(s) Missingdata Best ML model ML model com-  Predic- Aggregate
handling performance parisons tionwin-  weighted
dow EWS?compar-
isons

Lietal, 12 patients  Not specified L-PCA (com- Not speci- Fault detectionrate Not specified Not speci- No compari-

2016 [39] bination of fied with L-PCA: 20% fied son

just-in-time higher than with

learning and PCA; 47% higher

PCA) than with fast
moving-window
PCA; best detec-
tion rate achieved
was 99.8%

Liveta, 702 patients 29 (4.13%) pa- Novel variable Not speci- Event prediction ~ Not specified Within72 1 m V-

2014 [36] withundiffer- tientsmet prima-  selection fied with ensemble hours of AUC=0.637:
entiated, ry outcome framework learning model: arivda  pMews:
non-traumat- based on en- AUC=0.812, cut- ED AUC=0.622
ic chest pain semble learn- off score=43, sensi-

ing; random tivity=82.8%,
forest wasthe specificity=63.4%
independent

variable selec-

tor for creat-

ing the deci-

sion ensemble

Maoetd,  ycspW: UCSF: 1179 Gradienttree  Carry for-  Detectionwithgra  Not specified Atonset MEWS: AU-

2018 [34] 90,353 pa- (1.3%) sepsis, boosting + wardimputa-  dient tree boosting: of sepsis  ROC=0.76;
tients: MIM- 349 (0.39%) se-  transfer learn- tion AUROC=0.92 for andse-  SOFA: AU-
1l vere sepsis, §l4 ing using sepsis; AU- vere sep- ROC=0.65;
o1 604.pa- (0.68%) septic MIMIC-I1I as ROC:0.8_7 for se- Sis; with- SIRS: AU-

i en s shock; MIMIC-  source and vere sepsis at on- in4hours ROC=0.72

I11: sepsis UCSF astar- set; AUROC=0.96 preceding

(1.91%), severe  get for septic shock 4 septic

sepsis (2.82%), hours before; AU- shock and

septic shock ROC=0.85 for se- severe

(4.36%) vere sepsis predic- sepsis

tion 4 hoursbefore
Olsenetal, 178patients 160 (89.9%) had Randomforest Not speci- Detection of early  Not specified Not speci- Compared
2018 [46] >1 microevent classifier fied signs of deteriora- fied with hospital's

occurring during tion with random current larm

admission; 116 forest: accura- system: num-

patients (65.2%) cy=92.2%, sensitiv- ber of false

had =1 mi- ity=90.6%, speci- darms de-

croevent with a ficity=93.0%, AU- creased by

duration >15 ROC=96.9% 85%, number

minutes of missed ear-
ly signs of de-
terioration de-
creased by
73%
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Study Cohort Event rate ML model(s) Missingdata Best ML model ML model com-  Predic- Aggregate
handling performance parisons tionwin-  weighted
dow EWS?compar-
isons
Shashikumar Patientswith 242 sepsiscases Elasticnetlo- Medianval- Event prediction:  Not specified 4hours  No compari-
etd, 2017  unselected gistic classifi- ues(if multi- elastic net logistic priorto  son
[40Q] mixed surgi- er plemeasure- classifier using en- onset
cal proce- ment were  tropy features
dures available); aone, AU-
otherwise, ROC=0.67, accura-
theoldval- cy=47%; elastic
ueswere net logistic classifi-
kept (sam-  er using socia de-
ple-and-hold mographics +
interpola- EMRY features,
tion); mean - AUROC=0.7, accu-
imputatio_n racy=50%; elastic
forreplacing et |ogistic classifi-
alremaining g ysing all fear
missing val-  {res, AU-
ues ROC=0.78, accura-
cy=61%
Tarassenko 150 general-  Not specified Biosign; data  Historic, me- 95% of Biosign Not specified Within No compari-
etal, 2006  ward pa- fusion dianfiltering alerts were classi- 120 min-  son
[32] tients method: proba fied as“True” by utes of
bilistic model clinical experts event
of normality
in five dimen-
sions
VanWyk et 2995 pa- 343 patients CNNZ(con-  Notspeci-  Eventclassifica=  Event classifica=  Notspeci-  No compari-
a,2017[33] tients (11.5%) diag- structedim-  fied tionwithal- tionwithal- fied son
nosed with sepsis  ggesusing raw minute observation - minute observe-
patient data) frequency: CNN, tion frequency:
with random accuracy=86.1%;  multilayer percep-
dropout to re- event classification  tron, accura-
duce overfit- withal0-minute  cy=76.5%;
ting; multilay- observation fre-  gyent classifica-
er perceptron quency: CNN, &~ jon with a 10-
with random curacy=78.2%  minute observa-
dropout be- tion frequency:
tween layers multilayer percep-
to avoid over- tron, accura
fitting cy=71%
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Study Cohort Event rate ML model(s)

Missing data
handling

Best ML model
performance

Predic-
tion win-
dow

ML model com-
parisons

Aggregate
weighted

EWS?compar-
isons

2809 sub-
jects

Yoon et a,
2019 [41]

787 tachycardia
episodes

Regularized
logistic regres-
sion and ran-
dom forest
classifiers

Discrete
Fourier
transform,
cubic-spline
interpolation

Event prediction:
random forest,
AUC=0.869, accu-
racy=0.806

Logistic regres-
sionwith L1 regu-
larization,
AUC=0.8284, ac-
curacy=0.7668

Within3  No compari-
hourspre- son

ceding

onset

of heart rate
andrespirato-
ry rate data
for missing
dataaslong
as =20% of

the data

were avail-

able

3EWS: early warning system.

b CU: intensive care unit.

CAUROC: area under the receiver operator characteristic.
dNEWS: National Early Warning Score.

€CRI: cardiorespiratory instability.

fAUC: areaunder the curve.

9PPV: positive predictive value.

hsvm: support vector machine.

ISEDS: Si ngapore Emergency Department Sepsis.
JgSOFA: quick Sequential Organ Failure Assessment.
KMEWS: Modified Early Warning Score.

|APR: area under the precision-recall curve.

MSIRS: systemic inflammatory response syndrome.
"SAPS I1: simplified acute physiology score.

OPCA: principal component analysis.

PTITA: temporal interval tree association.

9ANN: artificial neural network.

'LSTM: long short-term memory.

SRNN: recurrent neural network.

'AUPRC: area under the precision-recall curve.
UDTAS: Deep learning-based Triage and Acuity Score.
VTIMI: Thrombolysisin Myocardial Infarction.
WUCSF: University of California, San Francisco.
*MIMIC: Medical Information Mart for Intensive Care.
YEMR: electronic medical record.

ZCNN: convolutional neural network.

Comparison With Aggregate-Weighted EWS

Nine studies compared the performance of ML -based EWSwith
aggregate-weighted EWS. Studies exploring cardiorespiratory
outcomes, general physiological deterioration, or mortality
carried out comparisons with NEWS [42,45], MEWS
[11,26,35,36], and the Thrombolysis in Myocardia Infarction
score [36]. The 3 studies exploring sepsis-related outcomes
additionally included the SOFA, qSOFA, and SIRS criteriaand
the simplified acute physiology (1) score [23,34,37]. A few
studies also drew comparisons with other customized scoring
systems individual to their care setting or region such as the
Korean Triage and Acuity Score [11], Singapore Emergency

https://www.jmir.org/2021/2/e25187

Department Sepsis model [23], and postanesthesia care unit
alarm system [46].

In al 9 studies, the ML models performed better than the
aggregate-weighted EWS systems for al clinical outcomes
except for cardiac arrest in the study by Badriyah et al [45]. For
example, in the study by Jang et a [35], a long short-term
memory neural network achieved an AUROC of 0.933, an
improvement over MEWS, which achieved an AUROC of 0.886
using the same data. Similarly, in the study by Kwon et al [26],
recurrent neural networks achieved an AUROC of 0.85
compared to 0.603 for MEWS and 0.785 for the Korean Triage
and Acuity Score. Some studies reported much more modest
improvements, such asthe study by Chiu et al [42] that achieved
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an AUROC of 0.779 using logistic regression, compared to
0.754 using MEWS for the same 24-hour prediction window.
A full side-by-side comparison of ML vs aggregate-weighted
EWSis presented in Multimedia Appendix 3.

Discussion

Based on this scoping review, ML-based EWS models show
considerable promise, but there exist several important avenues
for future research if these models are to be effectively
implemented in clinical practice.

Prediction Window

A model’s prediction window refers to how far in advance a
model is predicting an adverse event. Most studiesincluded in
our review used a prediction window between 30 minutes [26]
and 72 hours [36] before the clinical deterioration took place.
Thelength of amodel’s prediction window isimportant because
a prediction window that is too short will not yield any real
clinical benefit (it would not give aclinical team sufficient time
to intervene), but a number of studies [29,34,37,42] showed a
decrease in model performance when the prediction window
was longer (eg, AUROC drops from 0.88 at the time of onset
to 0.74 at 4 hours before the event). Future research seeking to
maximize the clinical benefit of ML EWS should strive to
achieve an optimum balance between a clinically relevant
prediction window and clinically acceptable model performance,
rather than simply maximizing a model performance metric,
such as AUROC.

Clinically Actionable Explanations

The studies included in this review focused on ML model
devel opment and did not explore how the output of these models
would be communicated to clinicians. Since many ML models
are “black boxes’ [46,47], it may not be immediately clear to
clinicians what the likely reason for an alert might be until the
patient is assessed, which can cause further delays in
time-sensitive scenarios. However, in the broader ML field,
there has been significant recent progress in explainable ML
techniques, and it has been pointed out that these approaches
may be preferred by the medical community and regulators
[48,49]. Several explanation methods take specific, previously
black-box methods, such as convol utional neural networks[50],
and allow for post-hoc explanation of their decision-making
process. Other explainability algorithms are model-agnostic,
meaning they can be applied to any type of model, regardless
of its mathematical basis [51]. In the study by Lauritsen et al
[52], an explainable EWS was developed based on a temporal
convolutional network, using aseparate modulefor explanations.
These methodologies are promising, but their application to
health care, including to EWS, has been limited. Objective
evaluation of the utility of explanation methods is a difficult,
ongoing problem, but is an important direction for future
research in the area of ML-based EWS if they are to be
effectively deployed in clinical practice [53].

Expanded Study Settings

Nearly all the studies included in this review were conducted
in inpatient settings. While EWS are highly valuable in an
inpatient context, there is aso considerable need in the
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ambulatory setting, particularly postdischarge. For example,
the VISION study [54] found that 1.8% of all patientsdiewithin
30 days postsurgery and 29.4% of al deaths occurred after
patients were discharged from hospital. Patients often receive
postoperative monitoring only 3-4 weeks [54] after discharge
during afollow-up visit with their surgeon. During this period,
it has been shown that many patients suffer from prolonged
unidentified hypoxemia [55] and hypotension [56], which are
precursors to serious postoperative complications. While EWS
research has historically focused on inpatient settings due to
the availability of continuous vital signs data, the increasing
availability of remote patient monitoring and wearable
technol ogies offer the opportunity to direct future EWSresearch
to the ambulatory setting to address a significant clinical need.

Retrospective Ver sus Prospective Evaluation

All but one study [21] included in thisreview were retrospective
in nature, leaving open the possibility that algorithm
performance in a clinical environment may be lower than the
performance achieved in acontrolled retrospective setting [ 34].
It is aso unclear how often these EWS were able to identify
clinical deterioration that had not already been detected by a
careteam. Further, aertsfor clinical deterioration may be easily
disregarded by clinicians due to aert fatigue, even when the
risk of deterioration has been correctly identified [43]. In the
single case where an ML -based EWSwas studied prospectively,
Olsen et d [21] found that the random forest classifier decreased
false alarm rates by 85% and the rate of missed aerts by 73%
when compared to the existing aggregate-weighted alarm
system. While the predictions were independently scored for
severity by 2 clinician experts, the interpretation of the clinical
impact of these alerts was not explored any further, leaving the
question of clinical benefit unanswered. Future research into
ML -based EWS should begin to include prospective evaluation,
both of model accuracy (to understand how model performance
is affected when faced with real-world data) and of clinical
outcomes (to understand whether alertsin fact produce clinical
benefits).

Standar dizations of Performance Metrics

A key observation from thisreview isthelack of an agreed-upon
standard among the research community for reporting
performance measures across studies. This makes meaningful
comparison between the outcomes of these studies difficult,
and wherethereisoverlap, itisnot clear that the most clinically
relevant metrics have been chosen. The mgjority of the studies
in this review report the AUROC as the main performance
metric, reflecting a common practice in the ML literature.
However, AUROC may not be adequate for evaluating the
performance of the EWSin aclinical setting [57].

AsRomero-Brufau et a [58] discussed in their article, AUROC
does not incorporate information about the prevalence of
physiological deterioration, which can be lower than 0.02 daily
in a genera inpatient setting. This can make AUROC a
misleading metric, leading to overestimation of clinical benefit
and underestimation of clinical workload and resources. [58]
When the prevalence is low (<0.1), even a model with high
sensitivity and specificity may not yield a high posttest
probability for a positive prediction [15]. Therefore, reporting
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metrics that incorporate the prevalence would be more
appropriate.

The performance of an EWS depends on the tradeoff between
2 goals: early detection of outcomes versus issuance of fewer
false-positive alerts to prevent alarm fatigue [43]. Sensitivity
can be a good metric to evaluate the first goa as it would
provide the percentage of true-positive predictions within a
certain time period. To evaluate the clinical burden of
fase-positive alerts, the positive predictive value, which
incorporates prevalence, can be used asit gives a percentage of
useful alertsthat lead to aclinical outcome. The number needed
to evaluate can be a useful measure of clinical utility and
cost-efficiency of each aert asit providesthe number of patients
that need to be evaluated further to detect one outcome. Using
these metrics to eval uate tradeoffs between outcome detection
and workload would be essential for determining the clinical
utility of the EWS [58]. Additionally, the F1 score can aso be
auseful metric as it provides a measure of the model’s overall
accuracy through the calculation of the harmonic mean of the
precision and recall (sensitivity). Balancing the use of these 2
metrics could yield a more realistic measure of the model’s
performance [58].

Comparison to “Gold Standard” EWS

On arelated note, only 9 of the studies included in our review
made comparisons between their M L-based modelsand a“gold
standard” aggregate-weighted EWS, suchasMEWS or NEWS.
Future research in the area should report a commonly used
aggregate-weighted EWS as abaseline model, whichwould aid
in making effective comparisons between them. NEWS may
be particularly well suited to this area of research as its input
variables can al be measured automatically and continuously
viadevices.

Strengths of the Review

The search strategy was comprehensive while not being too
focused on specific clinical outcomes, sampling frequencies,
or filtering for time. This allowed for the identification of as
many studies as possible that examined the use of ML models
and vital signs to predict the risk of patient deterioration. No
additional studieswereidentified through citation tracking after

Muradlitharan et al

the origina search, indicating our search strategy was
comprehensive. Unlike previous reviews, inclusion criteria for
the review supported the examination of findings from studies
conducted acrossavariety of clinical settingsincluding specialty
units or wards and ambulatory care. This helped in
characterizing the use of ML-based prediction models in
different patient-care environments with varying clinical
endpoints. Wherever the original studies provided the data,
comparisons were drawn between the performance of the ML
models and that of aggregate-weighted EWS. This gives an
indication of the differences in accuracy of the models in
predicting clinical deterioration.

Limitations

Thefindingswithin thisreview are subject to some limitations.
First, the literature search, assessment of eligibility of full-text
articles, inclusion in the review, and extraction of study data
were carried out by only 1 author. Second, only the findings
from published studies were included in this scoping review,
which may affect the results due to publication bias. While
studies from a variety of settings were included, the
generalizability of our findings may be limited due to the
heterogeneity of patient populations, clinical practices, and
study methodologies. Sampling procedures and frequencies
varied across studies from single to multiple observations of
patient vital signs, and clinical outcome definitions were based
on different criteria or aggregate-weighted EWS. Finaly, due
to this variation in ML methods, prediction windows, and
outcome reporting, a meta-analysis was not feasible.

Conclusion

Our findings suggest that M L-based EWS model sincorporating
easily accessible vital sign measurements are effective in
predicting physiological deterioration in patients. Improved
prediction performance was aso observed with these models
when compared to traditional aggregate-based risk stratification
tools. The clinical impact of these ML-based EWS could be
significant for clinical staff and patients due to decreased false
alertsand increased early detection of warning signsfor timely
intervention, though further development of these models is
needed and the necessary prospective research to establish actual
clinical utility does not yet exist.
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Edited by G Eysenbach; submitted 21.10.20; peer-reviewed by N Liu, J Kellett; commentsto author 07.11.20; revised version received
19.12.20; accepted 20.12.20; published 04.02.21.

Please cite as:

Muralitharan S Nelson W, Di S, McGillion M, Devereaux PJ, Barr NG, Petch J

Machine Learning—Based Early Warning Systems for Clinical Deterioration: Systematic Scoping Review
J Med Internet Res 2021;23(2):e25187

URL: https://www.jmir.org/2021/2/e25187

doi:10.2196/25187

PMID: 33538696

©Sankavi Muralitharan, Walter Nelson, Shuang Di, Michael McGillion, PJDevereaux, Neil Grant Barr, Jeremy Petch. Originally
published in the Journal of Medical Internet Research (http://www.jmir.org), 04.02.2021. Thisisan 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 Journa of
Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.jmir.org/, as well as this copyright and license information must be included.

https://www.jmir.org/2021/2/e25187 JMed Internet Res 2021 | vol. 23 | iss. 2 |€25187 | p.33
(page number not for citation purposes)

RenderX


https://www.jmir.org/2021/2/e25187
http://dx.doi.org/10.2196/25187
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33538696&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Wongvibulsin et &

Review

Digital Health Interventions for Cardiac Rehabilitation: Systematic
Literature Review

Shannon Wongvibulsin®, PhD; Evagelia E Habeos?, MD; Pauline P Huynh', BA; Helen Xun, BS; Rongzi Shan®*,
BS; Kori A Porosnicu Rodriguez*, BA; Jane Wang'*, MD; Yousuf K Gandapur®>, MD; Ngozi Osuji®, MD, MPH:
Lochan M Shah', MD; Erin M Spaulding®, PhD, RN, BSN; George Hung', MD; Kellen Knowles’, MD; William E
Yang', MD; Francoise A Marvel®, MD; Eleanor Levin®, MD, FACC, FAHA; David J Maron®, MD, FACC, FAHA;
Neil F Gordon'®*, MD, PhD, MPH; Seth S Martin®, MD, MHS, FACC, FAHA, FASPC

L3ohns Hopkins University School of Medicine, Baltimore, MD, United States
2Universi ty of Patras School of Medicine, Patras, Greece

SCiccarone Center for the Prevention of Cardiovascular Disease, Division of Cardiology, Department of Medicine, Johns Hopkins University School
of Medicine, Baltimore, MD, United States

4UCLA David Geffen School of Medicine, Los Angeles, CA, United States

SMedstar Franklin Square Hospital, Baltimore, MD, United States

630hns Hopkins School of Nursing, Baltimore, MD, United States

7Department of Medicine, Johns Hopkins Bayview Medica Center, Baltimore, MD, United States

8Department of Medicine, Division of Cardiology, Stanford University School of Medicine, Stanford, CA, United States
9stanford Prevention Research Center, Stanford University School of Medicine, Stanford, CA, United States

1O NTERVENT International, Savannah, GA, United States

Hcentre for Exercise Science and Sports Medicine, School of Therapeutic Sciences, Faculty of Health Sciences, University of the Witwatersrand,
Johannesburg, South Africa

Corresponding Author:

Seth SMartin, MD, MHS, FACC, FAHA, FASPC
Ciccarone Center for the Prevention of Cardiovascular Disease, Division of Cardiology
Department of Medicine

Johns Hopkins University School of Medicine
600 N Wolfe Street

Carnegie 591

Baltimore, MD, 21287

United States

Phone: 1 410 502 0469

Email: smart100@jhmi.edu

Abstract

Background: Cardiovascular disease (CVD) isthe leading cause of death worldwide. Despite strong evidence supporting the
benefits of cardiac rehabilitation (CR), over 80% of eligible patients do not participatein CR. Digital health technologies (ie, the
delivery of care using the internet, wearable devices, and mobile apps) have the potential to address the challenges associated
with traditional facility-based CR programs, but little is known about the comprehensiveness of these interventions to serve as
digital approachesto CR. Overall, thereis alack of a systematic evaluation of the current literature on digital interventions for
CR.

Objective: The objective of this systematic literature review is to provide an in-depth analysis of the potential of digital health
technologies to address the challenges associated with traditional CR. Through this review, we aim to summarize the current
literature on digital interventionsfor CR, identify the key components of CR that have been successfully addressed through digital
interventions, and describe the gapsin research that need to be addressed for sustainable and scalable digital CR interventions.

Methods: Our strategy for identifying the primary literature pertaining to CR with digital solutions (defined as technology
employed to deliver remote care beyond the use of the telephone) included a consultation with an expert in the field of digital
CR and searches of the PubMed (MEDLINE), Embase, CINAHL, and Cochrane databases for original studies published from
January 1990 to October 2018.
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Results: Our search returned 31 eligible studies, of which 22 were randomized controlled trials. The reviewed CR interventions
primarily targeted physical activity counseling (31/31, 100%), baseline assessment (30/31, 97%), and exercise training (27/31,
87%). The most commonly used modalities were smartphones or mobile devices (20/31, 65%), web-based portals (18/31, 58%),
and email-SM S (11/31, 35%). Approximately one-third of the studies addressed the CR core components of nutrition counseling,
psychological management, and weight management. In contrast, less than a third of the studies addressed other CR core
components, including the management of lipids, diabetes, smoking cessation, and blood pressure.

Conclusions: Digital technologies have the potentia to increase access and participation in CR by mitigating the challenges
associated with traditional, facility-based CR. However, previously evaluated interventions primarily focused on physical activity
counseling and exercise training. Thus, further research is required with more comprehensive CR interventions and long-term

follow-up to understand the clinical impact of digital interventions.

(J Med Internet Res 2021;23(2):€18773) doi:10.2196/18773

KEYWORDS

cardiac rehabilitation; telemedicine; digital technologies; mHealth; mobile phone

Introduction

Cardiac Rehabilitation

Cardiovascular disease (CVD) is the leading cause of death
worldwide, with approximately 80% of CVD resulting from
modifiable risk factors such as physical inactivity, poor dietary
habits, elevated low-density lipoprotein-cholesterol and plasma
glucose levels, and smoking [1]. Following a cardiac event,
cardiac rehabilitation (CR) isan effective modality that enhances
recovery, reduces cardiovascular mortality and risk for hospital
admissions, and improvesthe health-related quality of life (QoL)
[2]. CR is amulti-faceted, medically supervised program that
addresses established core components of guideline-directed
therapy, including baseline patient assessments, nutritional
counseling, risk factor modification (including management of
lipids, blood pressure, weight, diabetes mellitus, and smoking),
psychosocial interventions, and physical activity counseling
and exercise training [3]. Although there is strong evidence
supporting the benefits of CR, less than 20% of patients who
aredligible participate in CR [4]. Challenges related to the low
utilization of CR include the lack of referral or facilitation of
enrollment, limited health insurance coverage, time and costs
associated with participation and travel, and lack of accessto a
CR facility because of scheduling, transportation, or distance

[5].
Digital Technology for CR

Thetechnology for CR isadvancing rapidly and hasthe potential
to address the challenges of traditional facility-based CR
programs by delivering care to patients in the convenience of
their own homeswith real -time, personalized support. Asnoted
intheliterature, the terminol ogy describing thistechnology has
not been standardized and includes telemedicine, telehealth,
and eHealth [6,7]. Inthisreview, we use theterm digital health
inter ventionsto encompass technol ogy that enablesthe delivery
of care through means such as the use of the internet, wearable
devices, and mobile apps [8,9]. Although there have been
encouraging results from the use of digital health interventions
for CR (eg, remote el ectrocardiographic monitoring and mobile
or web portal tools), these developments have largely remained
in the research settings and have not yet trandated into
widespread usein clinical practice[3]. Currently, there are gaps

https://www.jmir.org/2021/2/€18773

in understanding the comprehensiveness of digital CR programs
and how successful they are in addressing the core components
of CR. To help guide the development of digita CR
interventions that have the potential to trandate into clinical
use, we have focused on the evaluation of technology used in
digital interventionsfor CR and the comprehensiveness of these
programs using the framework outlined in the scientific
statement from the American Heart Association (AHA) and the
American Association of Cardiovascular and Pulmonary
Rehabilitation (AACVPR) for the core components of CR [3].
The specifics regarding the accreditation of CR programs are
beyond the scope of this review. With the increasing need for
technol ogical advancementsto revolutionizetheddivery of CR
care, this systematic literature review: (1) summarizes the
current literature on digital interventions for CR, (2) identifies
the key components of CR that have been successfully addressed
through digital interventions, and (3) describes the gaps in
research that need to be addressed for the sustainable
implementation of digital CR interventionsin clinical practice.

Methods

Overview

We designed a systematic, thematic review to answer key
guestions regarding the study designs to evaluate CR
interventions,  technology used, study size, and
comprehensiveness of the investigated interventions. A full list
of questions is provided in Textbox 1. Our search terms are
detailed in Multimedia Appendix 1. We searched the PubMed
(MEDLINE), Embase, CINAHL, and Cochrane databases for
studies on digital CR published in English between January 1,
1990, and October 18, 2018. For this review, digital is defined
as technology employed to deliver remote care beyond the use
of telephone (eg, the delivery of care using theinternet, wearable
devices, and mobile apps). Telephonic-only studies, which have
been addressed in the 2019 scientific statement on home-based
CR from the AACVPR, AHA, and American College of
Cardiology (ACC) [10], are not within the scope of thisreview.
To determine eligibility for inclusion in this study, titles and
abstracts were screened for relevance before afull-text review.
The inclusion criteria for this review were as follows: (1)
original research study using digital or telemedicine approaches
for CR and (2) reported results for feasibility, usability, or
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clinical outcomes. Studies were excluded if they (1) were not
full-length publications (ie, abstracts), (2) were methods papers,
(3) described only the technology without any inclusion of study
participants, or (4) did not include any follow-up time to study
outcomes (ie, cross-sectional studies). Given the evolving

Textbox 1. Key questions to evaluate digital cardiac rehabilitation programs.

Wongvibulsin et al

terminology surrounding digital health technology, we sought
external expert inputs to include articles that were not found
through our primary search strategy. Papers were included if
they reported origina research in digital CR. Full details are
presented in Figure 1.

Which technol ogies were used?

I'n which countries were these studies performed?

What were the study sample sizes?

What were the durations of the interventions and follow-up times?

What were the findings of these digital CR intervention studies?

N o gk~ 0w DN P

How comprehensive were the digital CR interventions?

Which study designs were employed to evaluate the digital cardiac rehabilitation (CR) interventions?

Figure 1. Flowchart for study identification, screening, eligibility, and inclusion. CR: cardiac rehabilitation.

P e |
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= conference abstracts,
— protocol papers, not
original research, no
- follow up)
- Articles from external Studies included in (n=62)
_3 expert input 2 qualitative synthesis
= (n=2) (n=31)

Evaluation of CR Components and Study Quality

For each study, we recorded the components of CR that were
delivered as described in the AHA and AACVPR consensus
statement on the core components of CR and categorized the
digital intervention listed in each study as either standalone or
adjunctive to conventional CR. Studies were designated as
standalone interventions when the program was delivered
remotely with the exception of initia in-person session(s) for

https://www.jmir.org/2021/2/€18773

RenderX

onboarding or baseline or outcome assessments, as long as the
rest of the intervention was remote. The quality of the articles
was independently assessed by 2 evaluators using the National
Intitutes of Health: National Heart, Lung, and Blood Institute
(NHI: NHLBI) Study Quality Assessment Tools, whichinclude
the evaluation of 14 criteria for an overall quality assessment
of good, fair, or poor (Multimedia Appendices 2 and 3) [11].
Discrepanciesin ratings were resolved by discussions between
the eval uators to reach a consensus on the ratings. We followed
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the guidelines outlined in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses[12].

Results

Study Char acteristics

Intotal, 31 studies met the eligibility criteriaand wereincluded
in this review (Table 1). The study characteristics are
summarizedin Table 2 and Multimedia Appendix 4. The median
sample size was 98 (IQR 52.5-146), the median intervention
duration was 3 months (IQR 1.6-4.4 months), and the median
follow-up time was 6 months (IQR 3-6 months). The mgjority
of these studies were conducted in Europe (12/31, 39%) and
North America(8/31, 26%). A total of 22 studies (22/31, 71%)
wererandomized controlled trials. Of the 31 studies, 15 (15/31,
48%) were standalone digital CR interventions. The study
quality was variable, with 23 studies (23/31, 74%) having a
good quality, 7 (7/31, 23%) having a fair quality, and 1 (1/31,
3%) having a poor quality, according to the criteria established
by the NIH: NHLBI Quality Assessment Tools (Multimedia
Appendix 5).

As shown in Figure 2, the most commonly targeted CR core
components were physical activity counseling (31/31, 100%),

https://www.jmir.org/2021/2/€18773
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baseline assessment (30/31, 97%), and exercisetraining (27/31,
87%). Only about one-third of the studies addressed each of the
other CR core components of nutrition counseling (11/31, 35%),
psychologicad management (11/31, 35%), and weight
management (10/31, 32%). In contrast, less than a third of the
studies addressed other CR core components, with only asingle
study including lipid management (1/31, 3%), 2 studies
including diabetes management (2/31, 6%), 7 studiesincluding
tobacco cessation (7/31, 23%), and 8 studies including blood
pressure management (8/31, 26%). Smartphones/mobile devices
and wearables were employed in 65% (20/31) of the studies,
websites or web portals in 58% (18/31), and email-SMS
communicationsin 35% (11/31) of the studies. Theinterventions
were most commonly guided by physical therapists or exercise
specialists (12/31, 39%), followed by CR/research team staff
(11/31, 35%), and nurses (10/31, 32%). Four studies (4/31,
13%) described their interventions as fully automated or did
not indicate requirement of any specific personnel [13-16]. The
most commonly evaluated outcome was exercise capacity or
step count (22/31, 71%). Other frequently assessed outcomes
included program adherence (14/31, 45%) and QoL (14/31,
45%)).
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Table 1. Characteristics of the included studies.

Wongvibulsin et al

Reference  Quality Country Design and Intervention CR? Personnel and Key outcomes
population ) . . e
components delivered®  delivery setting
Ades, 2000 Fair United Nonrandomized 3-monthhome- «  pgae o Nursecoordi- «  Exercise capacity
[17] States trial of patients basec_i, transtele- pact nator * QoL
with ACS" phonically mon- g ©Ips"
withinpast3 ~ itored CR, com- ET R
months pared with con-
ventional CR
Jenny, 2001 Fair China RCTK among 30-mininterac- BA « Personnel re- Exercise self-effi-
[13] cardiac patients  tivecomputer- . PAC quired not cacy
enrolledinCR  based hedlthed- specified «  Exercise knowl-
ucation pro- o Programddiv- edge
gram, compared ered through
to conventional desktop or
health tutorial laptop com-
sessions puter
Gordon, Good United RCT among 12-week physi- « BA o Physician-su- . Maximal oxygen
2002 [18] States CAD' patients ~ Cian-supervised, «  nc™ pervised pro- uptake
nurse-case- . wWMD gram: physi- . BP_
managed cardio- cian,nurse- .  Weight
vascularriskre- © LM° casemanager o Lipid profile
duction pro- e TCP « IPS «  Medication use
gramand a . PAC .
community- . Er o Community-
besedcadiovas « based pro-
cular risk reduc- gram. exer-
tion program cisephysiolo-
(including gists, non-
counseling via physician
the telephone - Hedth
and internet) to carepro-
patients with fession-
|ow-to-moder- ds .
ate-risk CAD as - Plys-
compared to cans
contemporary - IPS
phasell CR
program
Southard, Good United RCT among 6-monthinter- « BA « Casemanag- . Satisfaction
2003 [19] States CVD' patients net-basedpro- « NC er, dietician «  Participation
gramcontaining « BPM « IPS «  Cost-effectiveness
riskfactorman- « PAC . SAIl «  Weight
agement sup- . ET . BP
port, education, « Lipidprofile
and monitoring « Depression
services to pa- »  Exercise capacity
tientswith « Dietary habits
CVD, ascom-
pared to usual
care
Barnason, Good United RCT among 6-week symp- « BA None specified Exercise capacity
2009 [14] States CABGSpatients tommanage-  «  PAC
ment telehealth « ET
intervention
comprised of
guestionnaires,
accelerometer,
activity diary
compared to
standard of care
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Reference  Quality Country Design and Intervention CR? Personnel and Key outcomes
population . . e
components delivered?®  delivery setting
Scalvini, Good Italy Pilot study of ~ 1-monthhome- « BA « Nursetutor,  Step count
2009 [20] patients with based CRwith « PAC physiothera-
postop CABG  remotely transs « ET pist
orvalvesurgery  mitted ECGs! * G¢
« IPS
. %I
Piotrowicz, Fair Poland RCT amongpa- 8-week home- . BA «  Physician, « Intervention adher-
2010 [21] tientswith HEY basedtelemoni- « WM physiothera- ence
tored CR,com- « pgpyW pist »  Exercise capacity
paredwithcon- |,  pac «  ECG techni-
ventional CR . ET cian, psychol-
o PM ogist
« IPS
. %I
Reid, 2011  Good Canada RCT among 6-monthweb- « BA « Exercisespe- Exercise capacity
[22] CHD patients  based tailored « PAC cialist
not participat-  exerciseinter- o ET « IPS
ingin CR vention with « SAl
email coaching,
compared to
standard of care
Clark, 2013  Fair Australia  Pilot study of 7-week web- « BA o  Generd precti- Engagement
[23] patients with based CRinter- « NC tioner, nurse,
post-MIX or an- ventionwithed- « WM alied health
gioplasty ucationd materi- « BPM professional,
as, workbooks, « p\Z Case manager
anddiscussion ,  TC « IPS
forums,glucose , pac . SAIl
andBPY moni- « PM
toring, and pe-
dometer
Brough, Fair United Pilot study of 8-week web- . BA « CRgpecidist » Exercisecapacity
2014 [24] Kingdom  patientswith based CRcom- « NC « IPS «  Nutrition
CHD® referred  Prised of web- o WM . SAl «  Psychosocial well-
for CR based coaching « TC being
andexercisee- « PAC
. PM
Devi, 2014  Good England RCT amongpa- 6-week web- « BA o  Researcher «  Step count
[25] tientswithCHD based CRcom- « NC « IPS »  Exercise capacity
prised of exer- « WM . SAl «  Weight
cissdiaayand « TC . BP
web-based « PAC - Body fat percent-
coaching,com- « ET age
paedtostan- « PM o QoL measures
dard of care o  Sef-efficacy
« Anxiety or depres-
sion
« Dietary habits
Forman, Good United Pilot study of . PAC Nurse manager, Engagement
2014 [26] States patients en- « ET exercise physiolo-
rolledin CR . PM gist, nutritionist
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Reference

Quality Country

Design and
population

Intervention

CR?

Personnel and Key outcomes

components delivered®  delivery setti ng®

Kraal, 2014 Good Nether-
[27] lands

Piotrowicz, Poor Poland

2014 [28]

Varnfield, Fair Australia

2014 [29]

Whittaker, Fair
2014 [30]

Australia

Pfagffli Good New
Dale, 2015 Zealand
[16]

Frederix, Good
2015[31]

Belgium

RCT among
low- to moder-
ate-risk CR pa-
tients

Nonrandomized
trial of CVD pa-
tients referred
for outpatient
phasell CR

RCT among
post-MI pa-
tients referred
toCR

RCT among pa-
tients at post-
MI

Qualitative sur-
vey of patients
with CHD

RCT among
CAD patients
who completed
phasell CR

30-day task-
based smart-
phone CR inter-
vention com-
prised of medi-
cation and
walking re-
minders, sur-
veys, and educa
tional tools,
with web-based
monitoring

12-week home-
based CR with
telemonitored
coaching inter-
ventions com-
pared to stan-
dard of care

4-week home-
based CR with
remote ECG
monitoring with
mobile phone
transmission

6-week home-
based CR using
smartphonein-
terventions (edu-
cational materi-
als, exercise
monitoring,
weekly coach-
ing), compared
with convention-
a CR

6-week home
telehealth-based
CR comprising
mobile phone,
Wellness Diary
and web portal
withtele-coach-
ing, as com-
pared to hospi-
tal-based CR

24-week mobile
health program
comprising text
messaging and
web-based
coaching plus
center-based
CR, compared
to center-based
CR aone

18-week tele-
monitored exer-
cise program,
compared with
standard of care

« BA

« NC
« WM
« BPM
« TC

« PAC
« ET

« PM

« BA
« NC
« TC
« PAC
« PM

o Physcdthera .  Exercisecapacity
pist « QoL
. IPS

e  Nurse . Intervention adher-
« IPS ence
Satisfaction

«  Exercise capacity

«  Mentor « Intervention adher-
(health coach) ence
« IPS « QoL
. SAl «  Exercise capacity
«  Weight

. H eal th COaCh L4
« IPS .  Efficacy
« SAl «  Participation

o  Cost-effectiveness

Health outcomes

o Fullyatomat- « Lifestylemodifica
ed digital in- tion
tervention « QoL
« IPS « Intervention adher-
ence

«  Rehdbilitation «
center staff «  Weight
« IPS « Lipidprofile
«  Glycemic control
o Rehospitalizations

Exercise capacity
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Reference  Quality Country Design and Intervention CR? Personnel and Key outcomes
population . . e
components delivered?®  delivery setting
Lear,2015 Good Canada RCTamongpa- 4-monthweb- « BA «  Program «  Exercise capacity
[32] tientswithACS based CRcom- « NC nurse, case o Lipidprofile
or postrevascu-  prisingeduca o WM manager, exer- «  Dietary outcomes
larization tion, coaching, . BPM cise special-
and physiologic « DM ist, dietician
data monitor- « PAC « GS
ing, compared . ET « IPS
with standard of « SAl
care
Maddison,  Good New RCT amongpa- 24-week smart- «  BA Not specified «  Exercise capacity
2015 [15] Zedand tients with phone-basedin- « NC « QoL
|HD® tervention « PAC o  Cost-effectiveness
(website, educa= « ET
tional videos, « PM
text messaging)
plus standard of
care, compared
with standard of
care aone
Smolis-Bak, Good Poland Prospectiveran- 8weektdemon- «  BA « CRcenter »  Exercise capacity
2015 [33] domized study  itored home- « PAC staff, physio- «  Echo evaluation
among patients basedCR,com- . ET therapist,doc- « QoL
with HF and pared to no tor, nurse
implanted CRT-  training pro- « IPS
D gram after dis-
charge
Frederix, Good Belgium Cost-effective-  24-week web- o  BA o Cadiac «  Cost-effectiveness
2016 [34] nessanalysisof basedtelereha= « NC nurse, renabil- «  Rehospitalizations
patients with bilitationpro- « TC itation nurse
CR gram (web- « PAC « IPS
based coaching, » ET
accelerometer)
plus CR, com-
pared to CR
aone
Skobel, 2016 Good e Ger- RCTamongpa 6-monthsmart- « BA o  Sportsphysi- Exercise capacity
[35] many tientswithCAD phone-basedex- « PAC cians, exer-
« Span referedforCR erciseinterven- « ET cise scientists
e Unit- tion (remote « IPS
ed monitoring, « SAl
King- physiologic da-
dom ta capture, and
coaching), as
compared to
conventional
CR
Thorup, Good Denmark  RCT among 3-monthtelere- «  BA e  Persona Step count
2016 [36] hospitalized pa- habilitationtrial « WM nurse
tients with withpedometer, « BPM « GS
ACS, HF, or compared - PAC « IPS
coronary bypass  among 3 rehabil-
surgery itation settings
daSilva Good Portugal RCT amongpa- 6-monthvirtual « BA o Researchers .«  Body composition
Vieira, 2017 tientswhocom- redity CRinter- « PAC « IPS «  Eating patterns
[37] pleted CR vention « FET « Lipidprofile
(Kinect) or
booklet CRin-
tervention,
compared with
standard of care
Good Austrdia
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Reference  Quality Country Design and Intervention CR? Personnel and Key outcomes
population ) b ddlivery satting®
components delivered y setting
Hwang, RCT among 12-week home- « BA e Research Exercise capacity
2017 [38] stable patients ~ based CRwith « NC staff, physio- QoL
withchronicHF  web-based « PAC therapists
videoconferenc- «  ET « GS
ing, compared « PM « IPS
with facility- « SAl
based CR
Fang, 2018  Good China RCT amongpa- 6-week home- .« BA « Medica team Exercise capacity
[39] tientsat post-  based CRwith « PAC . IPS BP
pcad remote physio- « ET QoL
logical monitor- Nicotine depen-
ing and educa- dence
tion, as com-
pared with con-
ventional CR
Harzand, Good United Pilot study of 12-week home- « BA « CRcoach Feasibility
2018 [40] States veteranswith  based CRwith « WM (cardiology BP
CHD and éligi- smartphoneapp « BPM physician as- Acceptability
blefor CR utilizingexer- « PAC sistant) Exercise capacity
cisereminders, « ET « SAl
educational ma-
terials, vitals
monitoring, and
remote coach-
ing
Maddison,  Good New RCT amongpa 12-weekremote- «  BA « CRexercise Exercise capacity
2018 [41] Zedand tientswithCHD |y monitored « PAC specidist QoL
telerehabilitae o ET « IPS Intervention adher-
tionwith coach- ence
ing, compared
with convention-
a CR
Peng, 2018  Good China RCTamongpa- 8-week home- « BA o Multidisci- Exercise capacity
[42] tientswithHF  based CRwith « WM plinary CR QoL
remotecoach- . BPM team Echo evaluation
ingusingphysi- « PAC « IPS
ologicdatacap- « ET
ture,web-based « PM
portal, and
smartphone,
compared with
standard of care
Rawstorn, Good New RCTamongpa 12-weekremote « BA Exercise specialist Usahility
2018 [43] Zealand tientswithCHD |y monitored . PAC Satisfaction
eligiblefor CR telerehabilitas  « ET
tion with coach-
ing, as com-
pared with con-
ventional CR

8CR: cardiac rehabilitation.

bCcrR components were delivered through digital interventions except for baseline assessment that were conducted in person.

Delivery setting: group sessions (GS), in-person session (IPS), standalone intervention (SAl).

dacs: acute coronary syndrome.
®BA: baseline assessment.

'Pac: physical activity counseling.
9ET: exercisetraining.

Mips: in-person session.

ISAI: standalone intervention.
IQoL: quality of life.
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KRCT: randomized controlled trial.

lcAD: coronary artery disease.

MNC: nutrition counseling.

™VM: weight management.

OLM: lipid management.

PTC: tobacco cessation.

9PM: psychological management.

'CVD: cardiovascular disease.

SCABG: coronary artery bypass grafting.
'ECG: dectrocardi ogram.

UGS: group session.

VHF: heart failure.

WBPM: blood pressure management.

*M1: myocardial infarction.

YBP: blood pressure.

“DM: diabetes management.

#CHD: coronary heart disease.

| HD: ischemic heart disease.

&CRT-D: cardiac resynchronization therapy with defibrillator function.
apgy: percutaneous coronary intervention.

Table2. Summary of the studiesincluded in the analysis (n=31).

Characteristics Value

Type of study, n (%)

RCT2 22 (711)
Pilot study 5(16)
Nonrandomized trial 2(6)
Cost-€effectiveness analysis from RCT 1(3)
Qualitative study 1(3)
L ocation of study, by continent, n (%)

Europe 12 (39)
North America 8 (26)
Australia (including New Zealand) 8(26)
Asia 3(10)

Publication year, n (%)

1990-2000 1(3)

2001-2010 6(19)

2011-2018 24.(77)
Median sample size (IQR) 98 (52.5-146)
Median follow-up time (months; IQR) 6 (3-6)
Median intervention duration (months; IQR) 3(1.6-4.9)

8RCT: randomized controlled trial.
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Figure 2. Percentage of studies with (1) the cardiac rehabilitation (CR) core components being addressed through digital interventions (apart from
baseline assessment, which was conducted in person), (2) the technology modalitiesused in digital CR interventions, (3) the types of personnel employed
in each CR program, and (4) the key outcomes evaluated. Cumulative percentages in some instances exceed 100% because some studies looked at
multiple traits (n=31). BP: blood pressure; CR: cardiac rehabilitation; ECG: electrocardiogram; HR: heart rate; PT: physical therapist.
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9 studies reporting blood pressure as an outcome of digital
interventions versus conventional CR, 3 studies showed
Thekey findingsfrom the 31 studies are summarized in Textbox  noninferiority [18,29,41], 4 found no significant impact on blood
2. Overall, program adherence was greater in patients using  pressure [19,28,31,39], and 2 reported a better control of blood
digital interventions than in those participating in conventional  pressure in the control group as compared to the digital
CR. Moreover, digital CR interventions were comparable to  jntervention group [25,35]. Similarly, although the majority of
conventional CR (control) groups across multiple short-term  studies assessing mood as an outcome reported that digital
outcomes (eg, functional capacity, physical activity, interventionswere noninferior to conventional CRinimproving
self-efficacy, program adherence, weight management, dietary  mood [22,25,29,30,33], 4 studies reported no significant
habits, and QoL ). However, digital CRinterventionshad mixed  jmprovement in anxiety or depression [19,24,25,42].

efficacy with regard to blood pressure control and mood. Of the

Key Outcomes
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Textbox 2. Summary of findings by thematic outcomes.

Blood glucose control

«  Only 1 of the4 studies reported an improvement in glycemic control in the intervention group [31]. In total, 2 studies found no significant impact
of the digital cardiac rehabilitation (CR) intervention on glycemic control [29,35]. One study found no significant difference in glycemic control
between the digital intervention and usual care groups [41].

Blood pressure management

. Intotal, 3 of the 9 studies described CR interventions that significantly improved blood pressure management and were noninferior to the control
groups[18,29,41]. A total of 4 studiesdid not find the digital CR interventionsto significantly influence blood pressure management [19,28,31,39].
Inall, 2 studies found that the control group had better blood pressure management as compared to the intervention group [25,35].

Depression or anxiety

. Intotal, 5studiesreported apositive effect on mood in theintervention group [22,25,29,30,33]. A total of 4 studiesfound that digital interventions
had no significant impact on mood [19,24,25,42]. In total, 2 studies found no significant change in the psychologica status between digital
intervention and usual care groups [35,39]. One study found that both the intervention and usual care groups experienced an improvement in
mood as compared with baseline, and there was no significant difference between the intervention and control groups [39]. One study found a
negative effect on depression in the intervention group [16]. Of note, Devi et a [25] found that mood improved in the short term but was not
significantly different from baseline at 6 months.

Dietary habits

« Intotal, 5 of the 7 studies found improvement in dietary habits[24,29,30,32,37], whereas 2 studies found that the intervention had no significant
impact on the participants’ dietary habits[19,25].

Exercise capacity

. Intotal, 22 studies|ooked at functional capacity as an outcome, and all of them reported that the intervention group was not inferior to the control
group [15,17-22,24,25,27-33,35,38-42] . Of note, 4 studies found no significant differencein the functional capacity between thedigital intervention
and usual care groups [19,31,33,41]. Furthermore, Smolis-Bak et al [33] found functional capacity at the 12-month follow-up to be comparable
to that at the baseline visit.

Lipid management

« Intotd, 2 of the 8 studies reported an increase in high-density lipoprotein in the intervention group [31,37], 2 of the 8 reported decreased
low-density lipoprotein and total cholesterol [18,32], and 2 of the 8 studies reported a decrease in triglycerides [29,30].

Nicotine dependence

e Only 1[39] of the 4 studies showed an improvement in smoking habits as measured by the Fagerstrom Test for Nicotine Dependence score
[18,19,24,39].

Physical activity

« All 8 studies examining physical activity found that there was an improvement in the intervention group, comparable to or even greater than the
increase in the physical activity in the control group [14,15,22,25,31,32,36,41].

Program adherence

« All 14 studies evaluating program adherence to CR reported that adherence to digital interventions was not inferior to traditional interventions
[19-21,26-30,35,37,38,40,41,43]. Of note, 9 of the 14 studies found adherence to be greater in the digital intervention group
[20,21,26,28-30,35,38,40].

Quality of life (QoL)

. Intotal, 10 studies reported an improvement in QoL in the intervention group [15,17,22,24,25,27,29,33,39,42]. A tota of 6 studies found no
significant difference in QoL measures between the digital intervention and usual care groups[17,21,27,35,38,41].

Self-efficacy

«  Of the 6 studies evaluating self-efficacy, 5 showed improvement in self-efficacy following the digital interventions [13,15,25,32,41]. Pfageffli
Dale et a [16] found that the digital CR intervention had no significant impact on the participants’ overall self-efficacy.

Weight management

. Digita CR interventions effectively addressed weight management in 8 of the 11 studies [18,19,25,28-30,37,41]. A tota of 2 studies found no
difference in weight or body mass index before and after the digital CR intervention [24,35]. In one study [17], the home group had increased
weight, whereas the on-site control group had a slightly decreased weight.
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We found a paucity of studies specifying intervention
components that targeted lipid management, glycemic index
control, and smoking cessation. These components were often
reported as secondary outcome measures, if at all. Furthermore,
theresearch on the long-term efficacy of digital CR interventions
was sparse with heterogeneous findings. Although Devi et a
[25] found improvement in outcomes such as QoL , self-efficacy,
and physical activity in the short term, no significant
intervention effect was present on these outcomes when assessed
at the 6-month follow-up. However, they noted that the
intervention group demonstrated trends of improved levels of
physical activity, whereas the control group did not. Reid et al
[22] dso reported long-term improvementsin sel f-reported QoL
and physical activity aslong as 12 months from the start of the
digital CR program, which wasdelivered over a6-month period.

The examination of the studies by follow-up time revealed that
themajority of the key outcome findingswere mixed. However,
all the studies reporting outcomes regarding adherence
[19-21,26-30,35,37,38,40,41,43], QoL
[15,17,21,22,24,25,27,29,33,35,38,39,41,42], and exercise
capacity [15,17-22,24,25,27-33,35,38-42] found positive results
or outcomes that were noninferior to the control group. Only
studies with a follow-up period longer than 3 months reported
outcomes for physical activity [14,15,22,25,31,32,36,41] and
blood glucose control [29,31,35,41]. Regarding physical activity,
the results were positive [14,15,22,25,31,32,36,41], whereas
the results regarding blood glucose management were mixed,
with positive effects [31], nonsignificant effects [29,35], or
comparable results between the intervention and the control
groups [41]. Similarly, the outcomes for blood pressure,
depression or anxiety, and weight management were mixed
(with positive effects, nonsignificant effects, or comparable
results between the intervention and control groups) in both
studieswith shorter (3 months or less) [18,24,28,39] and longer
(morethan 3 months) [19,22,25,29-31,33,35,37,41,42] follow-up
times. The only exceptions were as follows: one study reported
anegative impact on mood at 6 months[16], 2 studies reported
that the control group had better blood pressure management
than the intervention group [25,35], and one study found an
increase in body weight in the intervention group at 3 months
[17]. For studies reporting outcomes regarding dietary habits,
lipid management, and self-efficacy, studies with longer than
a 3-month follow-up period reported positive or nonsignificant
effects [15,16,19,25,29-32,35,37,41] or outcomes that were
comparable between the intervention and the control groups
[35,41], whereas studies with a follow-up period of 3 months
or less found positive results [13,18,24]. The outcomes for
nicotine dependence were mixed (positive or nonsignificant
effects) among the studies with a short follow-up period
[18,24,39], whereas one study reported no impact on smoking
at 6 months[19].

The examination of more comprehensive, standalone
interventions reveal ed that only 6 studiesincluded in thisreview
were standalone interventions delivering 5 or more CR
components (other than abasdline assessment) [21,23-25,29,32].
Theresults of these studiesfor the majority of the key outcomes
related to the CR components delivered through the
interventions were heterogeneous. Of these 6 more
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comprehensive standaloneinterventions, only Brough et al [24]
reported the outcomes regarding nicotine dependence, finding
no impact on smoking. Devi et a [25] and Brough et al [24]
found that their digital interventions had no significant impact
on mood, whereas Varnfield et al [29] reported a positive effect
on mood and anxiety levels in the intervention groups.
Regarding dietary habits, Varnfield et al [29], Lear et a [32],
and Brough et a [24] found improvement in the dietary habits
of the intervention group, whereas Devi et a [25] found no
significant impact. Three of these studies [24,25,29] reported
an improvement in QoL in the intervention group, but
Piotrowicz et al [21] found no significant difference in QoL
measures between the intervention and control groups. Five of
these studies reported a positive effect of digital intervention
on exercise capacity [21,24,25,29,32]. In terms of weight
management, Devi et al [25] and Varnfield et a [29] found a
positive impact on weight in the intervention group, whereas
Brough et al [24] found no impact on weight in the intervention
group. Overall, there was a wide variety in the interventions
delivered and outcomes reported.

Discussion

The Potential of Digital CR

This study highlights digital technology as a potential means
of enhancing care and broadening accessto CR through tailored
interactive interventions. Our work differs from previous
systematic reviews as our emphasis is on digitad CR
interventionswith afocus on providing a systematic evaluation
of the current literature to better understand the characteristics
of these interventions. This study builds upon a growing body
of literature supporting the use of internet-based features such
as web portals and digital devices (eg, wearables) to remotely
deliver CR components.

We found that digital CR was feasible and as effective as
traditional CR in improving outcomes, whether as an adjunct
or as an dternative to traditional CR [16,21,26,29,39,41,42].
Our findings support the conclusions of a previous study
demongtrating asimilar effectiveness of home- and center-based
CRin improving clinical and health-related QoL outcomesin
patients  with  myocardial  infarction,  myocardia
revascularization, and heart failure [44]. In addition, Huang et
al found that telehealth CR interventions were noninferior to
center-based CR, both in the short term (12 weeks-1 year) and
long term (up to 6 years), when comparing participants' exercise
capacity, all-cause mortality, and modifiable risk factors,
including blood pressure, blood lipids, smoking, and weight
[45]. Moreover, the AACVPR, AHA, and ACC recently released
a consensus statement highlighting evidence that home- and
facility-based CR can achieve similar improvements in
3-12-month clinical outcomes [10]. These developments
highlight digital technology as a potential means of enhancing
care and broadening access to CR through tailored interactive
interventions[46,47]. However, our study and literatureindicate
that until digital CR isfurther developed and better understood,
there will be a need for in-person CR sessions (Multimedia
Appendix 6). In-person sessions may help digital CR by
establishing baseline and monitoring progress, personalizing
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treatment plans, and bridging patient technology-usage
challenges through technology education and deployment,
especialy for older users [48-50]. Currently, there are several
ongoing clinical trials that are studying the efficacy of digital
CR interventions [51-54].

Key Recommendations for Future Research

A limitation of our study is the heterogeneity of the identified
papers, thus prohibiting meta-analysis. Papers varied in CR
technologies, interventions, study design, measured outcomes,
and control groups. For example, when considering atraditional

Wongvibulsin et al

CR population as a control group, some studies used standard
care, some used direct comparison with facility-based CR, and
other feasibility studies did not have acontrol comparison group.
Although the diversity in studies proved challenging to quantify,
it reiterates the motivation of this systematic review: digital
health-based CR is emerging as an aternative or adjunct to
standard CR; thus, methodol ogies have yet to reach a consensus.
Consequently, we encourage practitioners to study digital CR
approaches in a collaborative environment to promote the
standardization and optimization of study methods. We have
summarized our key recommendationsin Textbox 3.

Textbox 3. Key recommendations for researchers conducting digital cardiac rehabilitation studies.

«  Clearly state the specific goals of the intervention: whether it is designed to be a comprehensive standal one program or to be used adjunctively

with traditional cardiac rehabilitation (CR)

«  Describe the specifics of the CR components targeted through the intervention and the technology, equipment, or personnel required to deliver

each of the components

« Include the specific details of the comparison group (eg, elaborate on what usual care consists of and include information about the specific

intervention the comparison group received)

Beyond the heterogeneity of the study designs, we identified
other limitations. Although we evaluated CR program
components using the AHA and AACVPR’s consensus
statement on the core components of CR, the CR programs
outside of the United States may differ from professional society
guidelines in the United States. In addition, some studies
included only minimal details about the specific components
of their interventions; thus, the number of CR components
delivered may have been greater than that captured in this
review. Although studies reported the technology used
(summarized in Multimedia Appendix 7), specific details were
often sparse, limiting the eval uation of specifically what worked
well and what was difficult to implement. Furthermore, the
studies did not address long-term outcomes, as the maximum
reported follow-up was 16 months, and most studies had fairly
small samplesizes. Finaly, the majority of the studiesreviewed
included sessions that were conducted in person for at least a
portion of the overall CR intervention.

We identified several potential directions for future research.
Although digital interventions have been found to successfully
deliver the components of CR pertaining to physical activity,
there remains a paucity of comprehensive digital CR program
interventionsthat addressrisk factors such as|lipid management,
blood glucoselevel control, and smoking cessation. In addition,
thelong-term effectiveness of digital approachesto CR requires
further evaluation [8,55]. Furthermore, studies with larger
sample sizes and adequate control groups for comparison are
necessary to better understand the impact of theseinterventions.
Additional studiesare also required to investigate the frequency
of adverse eventsin patients participating in these interventions
compared with traditional approaches. The adverse effects
reported in the studies reviewed fell into the categories of (1)
cardiac related (acute coronary syndrome, stable angina,
arrhythmias, pericarditis, dyspnea, syncope, etc), (2) potential
cardiac etiology (pleural effusions, cerebral ischemia, etc), (3)
noncardiac related (peripheral artery disease, pneumonia,
accidents, etc), and (4) death. A number of studies reported no
significant differencein the rate of adverse effects between the

https://www.jmir.org/2021/2/€18773

digital intervention and control groups [14,30,33,38]. There
were also studies that found that the intervention group had
fewer associated adverse eventsthan the control group; however,
this did not aways reach statistical significance
[19,22,31,32,34]. Only one study reported that the digital CR
intervention group had more adverse events during the treatment
period as compared with the control group that participated in
a center-based CR; however, adverse events were comparable
during the postintervention follow-up period [41]. In some cases,
no major adverse events occurred throughout the study
[17,26-28,40,42], or the adverse effects were unrelated to the
study intervention [16,21,35]. No conclusions could be drawn
regarding the increased or decreased risk of adverse effectsin
some studies [15,18,20]. Overal, our findings highlight the
need for robust digital intervention study designs with more
comprehensive programs and analysis of both the short- and
long-term effects.

Furthermore, as briefly mentioned in the Methods section, our
team consulted with an external expert to include relevant
original research on digital approaches to CR that may have
been inadvertently excluded from our primary search strategy.
We opted for this approach given that although the field of
telehealth and telemedicine has grown rapidly over the past few
decades, the adoption of common terminology remains in
infancy [7]. The evolution of this terminology has been
demonstrated in a bibliometric analysis by Fatehi and Wootton
[6], who noted the emergence of terms such as eHealth and
mHealth as well as the usage trends of the terms such as
telemedicine, telehealth, and eHealth in the literature. As a
result, there may be studies that include digital components,
such asthe usage of theinternet, which our search termsfailed
to capture. Our experience further highlights the importance of
more standardized terminology surrounding digital health
interventions and an understanding of the evolving terminology
to accurately review the existing literature.
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Conclusions the other core components of CR. In addition, our study focused

Overall, we found that digital technology offers the potential O the evaluation of the technology used in digital CR and the
to address the challenges associated with traditional, COMPrenensiveness of these programs, but the intricacies of
facility-based CR. If implemented on a large scale, digital CR ~ @ccreditation for CR programs are beyond the scope of this
could provide alevel of impact, accessibility, affordability, cost  T€view. Further research is required with more comprenensive
savings, and benefitsto patients not possiblewith conventional R interventions to understand the long-term clinical impact
CR. However, o far, interventions have primarily focused on of digital CR solutions on key cardiovascular outcomes and

physical activity counseling and exercise training and not on  €stéblish best practices for the development, delivery, and
assessment of digital CR.
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Abstract

Background: The use of online resources has changed how people manage health care processes. Patients seek information
about health conditions, guidancein treatment, and support from peers online, complementary to traditional health caretrajectories.
Online communities have the potential to contribute to the quality of care by increasing patient empowerment; however, thereis
agap in research regarding in what way online communities contribute to patient empowerment.

Objective:  We synthesized research regarding how online communities contribute to patient empowerment to address the
research question “1n what ways can participation in online communities support patient empowerment?’ by studying how patient
empowerment is operationalized in different studies. The definition of patient empowerment used in this paper is enablement for
peopl e to devel op mastery over actionsand control over decisionsthat influencetheir lives. The mastery isboth through processes
and outcomes of the devel opment.

Methods: A systematic review was conducted by searching in the following databases: Scopus, ACM Digital Library, EBSCO
(CINAHL and MEDLINE), PubMed, and Web of Science. Intotal, therewere 1187 papers after excluding duplicates, and through
sel ection processes using an analytical framework with definitions of patient empowerment and related concepts, 33 peer-reviewed
papers were included.

Results: Findingsindicated that online communities support patient empowerment both as a process and as outcomes of these
processes. Additionally, it was seen as a complement to traditional health care and encouragement for health care professionals
to have amore positive attitude toward patients’ usage. There wasamix between deductive (19/33, 58%), inductive (11/33, 33%),
and a mixed approach (3/33, 9%) of studying patient empowerment in various forms. The online communities in most papers
(21/33, 64%) were well-established and represented patients’ initiatives.

Conclusions: Thereisaneedtoinclude professionals perspectives regarding how health care can embrace patient empowerment
through online communities. This systematic review's main contribution isthe proposal of anew framework and conceptualization
of how patient empowerment in online communities can be understood from different hierarchical levels.

(J Med Internet Res 2021;23(2):€19910) doi:10.2196/19910
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Introduction

Background

When a person faces a difficult situation, for example, when
recelving amedical diagnosis, afear of not being ableto control
the outcome—feding disempowered—isanatural response[1].
Up until recently, health care professionals have been the
primary resource for helping patients regain empowerment by
finding suitable treatment and giving recommendations and
support.

Potential of Online Communities and Patient
Empower ment

In paralldl to efforts provided by health care, now more than
ever, patients use the internet and online communities as
complementary health care resources. In a study of the US
population, it was found that 80% of internet users (74% of the
population) looked for health-related issues, and 18% had gone
online to find peers with similar health concerns. This
fundamentally changes how people manage their care process,
as patients are able to seek guidance, experiences, and support
from peers as complementary resources to manage condition
of illness and potential posttreatment with the aim of returning
to the new normal self [2]. A review [3] found that previous
studies have shown that patients use online communities because
they experience or believe that health care professionals filter
information; are unaware of the latest research; and lack the
capability of showing empathy. Thus, online communities serve
as supporting resources to increase information and emotional
support. Another argument is to get the first-hand experience
as a complement to health care expertise, which may help
patients translate recommendations and instructions into daily
self-care strategies. This could expand patients knowledge
regarding health conditions and treatments while also helping
them find emotional and social support [4], thereby increasing
empowerment.

Patient empowerment refers to processes and outcomes at both
individual and group level that enable peopleto devel op mastery
over actionsand control over decisionsthat influencetheir lives
[5-7]. Patient empowerment could be regarded as being
complementary to person-centered care [8,9]. Person-centered
care focuses on designing and delivering individualized care,
while patient empowerment focuses on amodified relationship
between patients and health care professionals that enables
patient-driven and patient-centered care[10]. Research indicates
that patient-centered approaches are usually more cost-effective
[11-13]. Common ground in both conceptsis more engaged and
informed patients, that is, more empowered patients.

Difficultiesin Online Community Research

Unarguably, the use of online communities has potential, given
theright conditions, to be beneficial for patients. The aggregated
knowledge found in online communities could serve as a tool
for professionals and the whole health care system for quality
improvement in health service delivery [14-16]. In this way,

http://www.jmir.org/2021/2/€19910/

online communities could be a contributor to change in health
care. However, evidence of efficacy is equivocal with varying
results, and comprehensive reviews[3,17-19] show no evidence
of harm, but no strong evidence of efficacy either. The same
reviews [3,17-19] reported that many of their included studies
had methodological weaknesses. Additionally, recent reviews
[3,20] reported difficulties in making comparisons between
studies due to methodol ogical problems and lack of analytical
frameworks [3,20]. Furthermore, benefits are frequently
discussed in relation to individual patients. Other factors
includesthe various challenges posed by usability and sociability
of online communities [21-23].

Objective

Since difficulties in comparing of methodology and efficacy
have aready beenillustrated, thiswas not theaim of thisreview.
A part of the methodological problem may be lack of a
well-established definition of patient empowerment or
comprehensive framework related to different levels of the
empowerment concept on an individual and collective level in
relation to online communities. Therefore, the primary objective
for this systematic review was to clarify in which ways
participation in online communities can support patient
empowerment. This was done by studying how patient
empowerment in online communities has been operationalized
in different studies.

Methods

Information Sources and Eligibility Criteria

The structure of the review followed principles of PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) [24]. Specific principles that were followed in
the manuscript are presented in Multimedia Appendix 1.
Complementary resourcesthat guided the structure wereinspired
by recently published systematic reviews in the Journal of
Medical Internet Research [20,25-31].

For this systematic review, Scopus, ACM Digita Library,
EBSCO (CINAHL and MEDLINE), PubMed, and Web of
Science were searched. We defined inclusion and exclusion
criteria that did not depend on time limitation or a particular
research field to receive a high variety of papers and see
potential differencesor similaritiesregarding operationalization
and definitions of empowerment (Multimedia Appendix 2).
Additionally, this decision was made since both patient
empowerment and online communities have been researched
in a variety of research fields and used different notions. For
instance, online community, a notion more recently used based
on the phenomenon it refers to for people communicating in
so-called internet forums, started in the late 1970s [32].

Search Strategy

Searchesin all databases were performed on January 17, 2019
by the first 3 authors. In order to capture relevant papers, 2
search strings were used: (1) patient empowerment and related
concepts, and (2) online communities and related concepts.
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These 2 search strings were combined and used as main search
strategy (Figure 1, Multimedia Appendix 3). These 2 search
strings included words with a similar meaning or used

Figure 1. Main search strategy.

Johansson et al

interchangeably with patient empowerment and online
communities. Through this search strategy, we found 1187
references after removing duplicates.

Patient Empowerment Keywords

“patient empowerment” OR

“patient activation” OR
“patient enablement” OR

“patient engagement” OR

“patient involvement” OR

“patient participation”

Online Community Keywords

“online communit*” OR
“online peer-support” OR

“online interpersonal
communication” OR
“online health communit*” OR

“online patient support” OR

“online social support” OR

“online peer-to-peer support”

Construction of Search Strings

For the patient empowerment search string, we cameto rely on
thework of defining patient empowerment and related concepts
by [5,6] sincetheir work had the purpose of finding aconsensus
definition of patient empowerment based on previously
published research, wherein patient empowerment is described
asan umbrellaconcept—the related concepts (Figure 1) are part
of what is considered to be the main definition that the concept
entails. Therefore, we did a compilation framework of these
definitions of patient empowerment through the rel ated concepts,
which was later used as an analytical framework (Multimedia
Appendix 4). For the online community search string, all authors
did brainstorming sessions together, and the search string was
constructed in relation to the inclusion criteria of the Online
Community Perspective (Table S1, Multimedia Appendix 2)
and through pilot searches of keywords and suggestions of
keywords in the selected databases. The combination of the 2,
resulted in the final selection of keywords (Figure 1).

http://www.jmir.org/2021/2/€19910/
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Selection Process

Overview

The selection process was conducted by the first 3 authors, in
2 phases. In phase 1, titles, abstracts, and keywords were
screened. Phase 2 involved in-depth reading of full texts. The
inclusion and exclusion criteria were applied in both phases
(Table S1 and Table S2, Multimedia Appendix 2).

First Selection Process

After the first selection process, 223 papers were included
(Figure 2). As seen in Figure 2, there was a category hamed
Maybe, containing papers for which uncertainty existed
regarding inclusion criteria based on only the content of the
abstract. Therefore, these papers, alongside the papers with
abstracts meeting the inclusion criteria from the first selection
process moved forward to the second selection phase.
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Figure 2. First selection process.
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Records identified through databases
searching n=1345
Scopus n=701
ACM n=82
g Web of Science n=28
b= EBSCO (CINAHL and MEDLINE) n=128
g
=
=
: L 4
L
=
= Records after duplicates removed
n=1187
Scopus n=654
ACM n=53
Web of Science n=10
EBSCO (CINAHL and MEDLINE) n=112
Titles & Abstract screened n=1187 Records excluded n=964
Authorl n= 396 (nr 792-1187) .. (Authorl n=275, Author2 n=336, Author3
Author2 n= 396 (nr 396-791) n=353)
Author3 n= 395 (nr 1-395)
?:-0 Basis of not finding abstract n= 38
= (Authorl n=10, Author2 n=6, Author3 n=22)
(7]
& Basis on not following criteria n= 881
(2 (Authorl n=249, Author2 n=312, Author3
n=320)
Basis on finding new duplicates n= 45
(Authorl n=16, Author2 n=18, Author3 n=11)
= Records put into the Records that were 1n.cluded
7] N o _ for the second selection
= Maybe" category n=113 Ry
= (Author] n=72, Author2 n=30, p - B
> Author3 n=11) (Authorl n=49, Author2 n=30,
= Author3 n=31)

Second Selection Process

Papersincluded in the second phase were assigned to adifferent
screener than the original screener to ensure intercoder reliability
(Figure 3, Multimedia Appendix 5). This phase resulted in a
final selection of 33 papers. Papers were excluded based on (1)
not finding the full text; (2) not meeting the inclusion criteria;
(3) in the process of conducting the synthesis of results; (4)
meeting the exclusion criteria or it was unclear how, for
instance, patient empowerment was evidenced. For the third
exclusion reason, after having finalized the second process, we

http://www.jmir.org/2021/2/€19910/

RenderX

reread each paper multiple times to identify how each paper
met the inclusion criteria. Therefore, we discovered that some
of the papers that had been included met our exclusion criteria
regarding how patient empowerment was evidenced, creating
difficulty in remaining neutral to objectively see the
characteristics of the paper, without enforcing our own
interpretation of how it could answer the research question, and
if included, would go against the purpose of conducting
systematic literature reviews [33-35] (Table S2, Multimedia
Appendix 2).
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Figure 3. Second selection process.

Synthesis of Resultsand Analytical Framewor k

Two synthesis matrixes were designed prior to anaysis to
organize potential findingsand identify factorsinvolved in these
findings [34,36]. The first involved themes of structure and
format of each selected paper, that is, author, year, title, format
of article, method, and type of online community. The second
matrix contained analytical themes that were structured
according to frameworks that contained definitions of patient
empowerment developed by [5,6] (Multimedia Appendix 4).
The analytical framework in the second matrix functioned as a
guide to complete the final selection processes and was also
used to guide the analysis of results. Each of the 33 papers
included were thereby reported in both matrixes and compl eted
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with summaries. Finally, all authorswereinvolved in discussion
of the synthesis of the results.

Results

Overview
Theresults are divided into 2 parts:

1. Main characterigtics: the systematic summarization of
selected papers, presentation of main characteristics, that
is, type and initiation of online communities, and approach
of studying patient empowerment

2. How online communities support patient empowerment: a
synthesis of findingsin relation to the research question
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Main Characteristics

Papers
The papers included in this systematic review were published
between 2000 and 2018. Specific details regarding year of

publication, journal, methodology, and other related
characteristics are presented in Multimedia Appendix 6.

Type and I nitiation of Online Communities

In the selection, 21 out of 33 papers (64%) presented an online
community that was an established community [37-57]; in 7
out of 33 papers (21%), the community type was undefined
[58-64], and in 5 papers (15%), the researchers had designed
their own community [65-69].

Established and Undefined Online Community Papers

The established communities targeted specific diagnoses, were
communities that were available 24/7, and had many visitors
or members over time. The communities existed before being
studied (Multimedia Appendix 6). In 2 of these studies, the
community was presented as a built-in community through
sociad media, for example, Facebook [40,47]. There were
established communities that did not specify the platform,
merely that they enabled peer support (3/33, 9%) [46,50,54],
while others presented well-established online communitiesfor
a specific diagnosis (11/33, 33%) [37-39,41-43,52,54-57].
Additionally, the established online communities were based
on patients' initiatives, both regarding creating (6/33, 18%)
[40,43-45,52,57], maintaining and moderating (5/33, 15%)
[40,43-45,52], or using the community (21/33, 64%) [37-57].

The papers that had undefined communities mainly aimed to
achieve understanding of patient narratives and general
experiences from using online communities, instead of the
technology in particular. Thus, in 5 of the 7 papers (15%), the
aim was to map different behaviors or reasons for use in order
to understand the respondents’ levels of patient empowerment
[59,61-64], whilein 3 out of 7 (9%), the aim wasto understand
which factors contributed to patient empowerment when using
online communities [58,60,64].

I nvolvement of Health Care Professionals

The papers that represented either established or undefined
online communities (28/33, 85%) did not discuss or anayze
involvement of health care professionals. If health care
professionals were mentioned, it was merely to explain why
patients used the community (24/33, 73%) [37,39,40,43-62,64],
if patients chose to share experiences of use (5/33, 15%)
[45,48,49,58,59], or professionals contributed to content in
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various forms (5/33, 15%), but it was not elaborated on how or
if this content had an effect on patients [45,49,53,54,56].

Designed Community and | nvolvement of Health Care
Professionals

In the papersthat reported having designed online communities,
the format was either a web platform [65], online forum [66],
own software [68], alist server that created email threads [69],
or an erecovery portal containing online community
functionalities [67]. The main function of al designed
communities was patient-peer forums. Other functionalities
presented were password protection (3/33, 9%) [65,67,68],
ability to individually contact health care professionals and
design care plans (1/33, 3%) [67], or moderated discussion
boards in various formats that was led by researchers (5/33,
15%) [65-69].

In 3 out of 5 papers (3/33, 9%), initiation of use was through
joint consultation with health care professionals [65,67,68].
This meant that patients were recruited or recommended by
their health care professional in order to participatein aspecific
online community and study. One of these 3 papers [67] had
the health care professionals as part of the study’s results.

Studying Patient Empower ment

Of 33 papers, 22 (70%) focused on studying patient
empowerment explicitly (Table 1). The focus referred to either
a deductive (12/33, 36%) [37-39,47,50-52,55,57,61,65,69] or
inductive approach (13/33, 39%) [40,43,46-49,54,57-60,66,67],
or a mix thereof. Papers with an inductive approach often
revealed patient empowerment as conclusions of thematic
analysis or through discussion of findings. Papers with a
deductive approach relied on definitions, research, and
measurement scal es devel oped by, for example, van Uden-Kraan
et al [38,39,70] (7/33, 21%) [37-39,50,51,55,57], Zimmerman
[7] (2/33, 6%) [51,53], Spreitzer [71] (2/33, 6%) [47,65], and
Barak et a [72] (3/33, 9%) [50,51,57].

The 10 remaining papers (10/33, 30%) did not use patient
empowerment explicitly but studied related concepts that are
either part of the related concepts presented in the analytical
framework (Multimedia Appendix 4) or are related concepts,
that is, not explicitly defined in the analytical framework (Table
1). These concepts are presented in Table 1. However, the
common denominator of these papers was that they studied
specific concepts in a deductive way, thus used relevant
measurements and analytical frameworksfrom previousresearch
of the concept in question.
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Table 1. Papersthat studied patient empowerment or other related concepts.

Johansson et al

Characteristic Established online community Undefined online community Designed online community
Papers, n (%) References Papers, n (%) References Papers, n (%) References
Total papers (N=33) 21 (64) [37-57] 7(21) [58-64] 5(15) [65-69]
Concept studied
Patient empowerment 15 (45) [37-40,43,46-52,54,55,57] 4 (12) [58-61] 4(12) [65-67,69]
Patient activation 1(3) [45] 0(0) N/AP 0(0) N/A
Patient engagement 0(0) N/A 0(0) N/A 1(3) [68]
Adherence to treatment 2(6) [44,56] 1(3) [64] 0(0) N/A
Self-reappraisal 0(0) N/A 1(3) [63] 0(0) N/A
Self-efficacy 1(3) [56] 0(0) N/A 0(0) N/A
Cyber-informationa and deci- 0 (0) N/A 1(3) [62] 0(0) N/A
sional empowerment
Intrapersonal andinteractional 1 (3) [53] 0(0) N/A 0(0) N/A
aspect of psychological em-
powerment
Individual and collectiveem- 0 (0) N/A 1(3) [64] 0(0) N/A
powerment
Well-being 2(6) [41,42] 0(0) N/A 0(0) N/A
Emotional coping 1(3) [41] 0(0) N/A 0(0) N/A

Al percentages refer to the total number of papers, N=33.
BN/A: not applicable.

How Online Communities Support Patient
Empower ment

Framework

This part will follow the analytical framework structure of
presenting different concepts related to patient empowerment:
patient enablement, activation, engagement, involvement, and
participation (Multimedia Appendix 4).

Patient Enablement

Patient enablement is usually presented as the starting phase of
becoming empowered and is defined as (1) the possibilitiesand
prerequisites that health care gives the patient to self-manage
their own health condition [5] or (2) the patient’s confidence in
the ability to improve management of condition or the
relationship with health care professionals[6].

http://www.jmir.org/2021/2/€19910/

Established and Undefined Online Communities

For established and unspecified online communities, patient
enablement was in 25 out of 33 papers (75%) analyzed as the
prerequisite that an online community had for the patient to
become engaged and activated in managing diagnosis
[37-52,54,55,57-60,62-64]. The prerequisiteswere often rel ated
to patients' confidence in their own abilities to improve their
health conditions or relationshipswith health care professionals.
Patient confidence was analyzed as the context behind the use
of online communities, which was divided into (1) becoming
better informed, for example, about coping with different
treatment alternatives, in order to become more involved in
decision-making processes during consultation; (2) coping with
the emotional burden of diagnosisin everyday life, by reading
and writing content or networking with others with shared
experiences; or (3) absorbing and reflecting on information that
was perceived asmissing or not fully elaborated on during health
care consultations (Table 2).
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Table 2. Thedirection of context behind patient confidence in selected references.

Characteristic Established online community Undefined online community Designed online community
Papers, n (%) References Papers, n (%) References Papers, n (%) References

Total papers (N=33)2 21 (64) [37-57] 7(21) [58-64] 5 (15) [65-69]
Context behind patient confidence

Tobecomebetterin- 17 (52) [37-40,43-49,51,53-57] 4 (12) [58,60,61,64] 4(12) [65-68]

formed

Coping withemo- 17 (52) [37,40-49,51,53-57] 4(12) [58,60,61,64] 5(15) [65-69]

tional burden and

networking with

peers

Absorb and reflect 15 (45) [37,40,43-49,51,53-57] 4 (12) [58,60,61,64] 2(6) [65,67]

oninformation given
by health care

A percentages refer to the total number of papers, N=33.

Designed Online Communities

Similar prerequisites were identified in all of the designed
community papers (Table 2) since functionalities were tailored
according to the type of intervention being studied; the directions
were (1) developing patients' understanding of when to seek
consultation (to become better informed); (2) providing
inspiration through other patients stories in order to boost
self-confidencein self-management of health condition (coping
with emational burden and networking with peers); (3) being
equally involved in decision-making processes (to become better
informed and absorb and reflect on information given by health
care). An additional intervention purpose listed in al 5
community papers was how to expand research or health care
servicesfurther in order to adapt to patients needs (5/33, 15%)
[65-69].

The differences for the designed communities in comparison
with the established communities were that the prerequisites
were given by health care professionals or researchers, by
informing patients during recruitment about the purpose of
usage, which led to patients’ participation in the study, thus
potential engagement and activation of health through the online
community. Hence, the health care professionals were the
leading part in the patient-provider relationship, since the
recruitment was determined by the professionals confidence
in the individual patient’s way of improving self-management
through usage of community. However, during later phases of
use, it was the patient who had the confidence in their ability,
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based on inspiration from other patients’ support in aparticular
online community.

Patient Activation and Engagement

Patient activation is described as the phase when patients act
through knowledge gained, and create intermediate goals in
order to improve their health condition. Additionaly, it is
presented as the phase in which patients know where to acquire
knowledge and what they need to do to receiveit [5,6]. Patient
activation is often considered to be intertwined with patient
engagement, which is defined as the patient’s motivation for
improving health condition through a collaborative relationship
with health care professionals. To motivate patients, health care
professionals need to make patients aware of care processes,
whichisthereby thefirst step required to create good conditions
for patient involvement and participation [5,6].

Established and Undefined Online Communities

In the established and unspecified online community papers,
patient activation and patient engagement were analyzed as an
integrated process that was supported by patient peers and not
by health care professionals. Thisintegrated process was shown
by the use of the online communities—how patients searched
and absorbed needed information. Thus, this generated how
open patients were to (1) change health habits, (2) wanting to
help othersin the online community, or (3) wanting to prepare
for upcoming care consultation with health care professionals
(Table 3). The context behind what was generated as motivation
is presented in Table 3.
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Table 3. Theintegrated processes and context of motivation in established and undefined community papers (N=28/33).
Characteristic Established online community Undefined online community
Papers, n (%)2 References Papers, n (%)2 References
Total papers (n=28) 21 (64) [37-57] 7(21) [58-64]
Theintegrated process
Change health habits 8(24) [37,40,45-47,51,56,57] 5 (15) [58-60,63,64]
Helping others 14 (42) [38-47,50,51,55,57] 4(12) [58-60,64]
Prepare for upcoming care consulta- 8 (24) [39,40,44,46,49,52,56,57] 5 (15) [46,58,59,61,62]
tion with health care professionals
Context behind motivation
Take control over health 19 (58) [37-40,43-57] 7(21) [58-64]
Improve ability and conditions for 10 (30) [37,40,43,44,46-49,54,56] 5 (15) [59-62,64]
patient involvement
Heal emationally 14 (42) [38-47,50,51,55,57] 4(12) [58-60,64]

Al percentages refer to the total number of papers, N=33.

Designed Online Communities

In the designed online community papers, patient activation
and patient engagement were analyzed as separate processes.
Therole of online community support for patient activation was
to create independence and was presented as patients taking
part in other patients narratives and discussion with patient
peers. In 2 out of the 5 papers (2/33, 6%), it was described as
reasonsfor patientsto be able to construct individual goals that
wererelevant to theindividual situation and presented asabasis
for the decision-making process during health consultations
[65,67]. Identification of patient engagement within 3 of 5
designed community papers (3/33, 9%) was analyzed as patients
motivation to create good conditions for collaboration with
health care professionals to understand how the collaboration
could generate better health outcomes [65,67,68].

Additional Measurements of Patient Engagement

Patient engagement was also studied by and presented as
measuring how active patients were in an online community in
the form of number of visits, time spent on the online
community, or whether patients had contributed to content or
not. These measures were used in one designed community
paper (1/33, 3%) [68] and in 5 established community papers
(5/33, 15%). The established community papers did not focus
on studying patient engagement but used patient engagement
measures such as those previously mentioned, in order to study
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their selected concept of patient empowerment (Table 1)
[38,39,41,42,53].

Patient | nvolvement and Participation

Patient involvement is presented as (1) an advanced phase of
patient engagement through patients’ awareness of the patient
role within different care processes, which thus contributes to
a collaborative relationship with health care professionals [6],
or (2) health care providers’ prerequisitesto include the patient
during consultation asafirst step for acollaborative relationship,
whichwill later lead to the patient being the one who determines
the prerequisites for consultation and decision making. This
latter phase is presented as patient participation by [5] and
patient involvement by [6].

Established and Undefined Online Communities

The analysis of patient involvement and participation was
identified through the outcome of using online communitiesfor
all papers, no matter what type or initiation. In established and
unspecified online communities, the outcome was that patients
experienced (1) increased participation during health care
consultation; (2) awareness of roles, such as when and how to
contact and gain better outcomes from consultation; and (3)
becoming more informed and having up-to-date knowledge
about treatments, care process, and control of emotional
management of the condition, which indicated an increased
level of self-care (Table 4).

JMed Internet Res 2021 | vol. 23 | iss. 2 [€19910 | p.61
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Johansson et al

Table 4. The outcome of patient involvement and participation in established and undefined communities.

Characteristic Established online community Undefined online community
Papers, n (%)% References Papers, n (%)2 References
Total papers (n=28) 21 (64) [37-57] 7(21) [58-64]
Outcome
Increased participation during consultations 10 (30) [37,39,40,44-47,51,54,57] 4(12) [58-60,64]
Awareness of care trgjectory and how to 10 (30) [37,39,40,44-47,51,54,57] 4(12) [58-60,64]
gain better outcomes from consultation
Increased level of self-care 20 (61) [37-52,54-57] 7(21) [58-64]
Response by health care professionals
Positive 3(9) [45,48,49] 2(6) [58,59]
Negative 7(21) [43-45,48,49,55,57] 2(6) [58,59]

8A|| percentages refer to the total number of papers, N=33.

Response by Health Care

In 9 out of 33 established or undefined community papers (27%),
patients perceived themselves as being more up-to-date via
online communitiesthan they felt health care professionalswere
[40,43,44,46,49-51,58,64]. In another 9 established or undefined
community papers (27%), thisisdescribed asapositive response
by health care professionals, and sometimes, as the opposite
[43-45,48,49,55,57-59] (Table 4). If health care professionals
had a positive response to usage, patients often experienced
themselves as being increasingly involved and having a
collaborative relationship with health care professionals.
Consequently, this resulted in patients experiencing better
navigation in online communities, which affected how to
incorporate information that was relevant to their individual
situation. If health care professionals had a negative response
toward patients’ usage of online communities, the consequence
was often described as patients’ experiencing not being involved
during consultation. Instead, the responsibility was al in the
hands of the health care professional and was described asbeing
not satisfying for patients (7/33, 21%) [43,44,48,49,55,58,59].
In 4 papers (12%), this was described as a reason for asking
patient peersinstead of health care professiona sfor consultation
[43,44,55,57], or decreasing contact with heath care
professionals (3/33, 9%) [43,44,57]. If patients did not
experienceinvolvement during thefirst consultation, it affected
whether patients choseto sharetheir experiences of using online
communities with health care professionals (5/33, 15%)
[45,48,49,58,59].

Designed Online Community Papers

In the designed community papers, the outcome from patient
involvement or participation was oriented toward leadership.
At first as the hedth care professionals who determined
conditions for treatment (3/33, 9%) [65,67,68], while in later
steps when patients had more experience using the online
community, the outcomes were that patients determined the
conditions—how much patients decided to participate during
consultation [67]. In one paper [67], thelater steps are described
as both positive and negative. The positive outcomes were that
patients had more understanding of individual responsibility
for health conditions, thuswere more self-reliant on management

http://www.jmir.org/2021/2/€19910/

and became more involved during health care consultations.
The negative outcomes were that many health care professionals
experienced pressure to be available online 24/7, in order to
respond to patient contact inquiries. The contact inquirieswere
mostly regarding turmoil that had emerged during patients’ use
of the online community. There was a mismatch between the
patients needs and the time the health care professionals had
for this type of work, and the health care professionals
experienced that some patients did not consider professionals
life outside work or understand that they had other patients to
care for, and therefore, had limited time.

Discussion

Summary

This systematic review’s objective research question was “In
what ways can participation in online communities support
patient empowerment?’ Thefindingsindicated that participation
in online communities, regardless of type, can be seen as a
complementary resource to traditional heath care, since
communities helped patients get more out of the consultation
with health care professional s by understanding when to contact
or getting an insight from peers (into the whole care trajectory
and what to expect at different phases). Therefore, online
communities supported patient empowerment by helping the
patients become engaged and have the possibility of being equal
contributors in the patient-provider relationship [5,6,10].
Additionally, participation in online communities supported
patients in healing the emotional wounds of a diagnosis or
handling negative experiences of their care trgjectory. The
emotional and personal experiences seemed to be an essential
factor behind patients becoming empowered, thus an online
community was a space for dealing with these types of
experiences. Thesefindingsarerelevant sincethey indicate that
the progression to self-care must include personal elementsand
spaces for dealing with diagnosis [73-75]. This seems to be a
limited service given by health care, according to the patient
needs identified in the papers that were included.

Even if relevant, the way online communities specifically
support patient empowerment is complex and dependent on
patients' levelsof health literacy and previous online community
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experiences. Therefore, we (1) discuss different types of
empowerment identified; (2) present limitations with the papers
that were included, and simultaneously, give suggestions for
future research; (3) propose a framework that can be used for
understanding or evaluating in which way participationin online
communities could support patients empowerment levels and
potential progression, and (4) present limitationsin conducting
this systematic review, how it might have affected the inclusion
of papers and the findings, and recommendations for future
research concerning how to improve future conduct of
systematic reviews.

Different Types of Empower ment

Oneof thissystematic review's contributionsisidentifying how
participation in online communities supported patient
empowerment as both a process and an outcome, which echoes
results from and ideas in previous research [3,70,72,76]. The
processes and outcomes that are supported depend on initiative
and motivation to use online communities; hence there is an
importance in unpacking the underlying factors for the way
online communities supported patient empowerment. This is
similar to identifications made by previous research regarding
defining or evaluating patient empowerment in a traditional
caretrgjectory [5,6,9], but aso through online communitiesand
other eHealth technologies[3,70,72,76,77].

Patient empowerment processes are often defined as
continuously taking part in various forms of empowerment [6].
The systematic review confirms this and shows that these
processes are identified through patient enablement, activation
and engagement, via support from patient peers, and do not
explicitly involve health care professionals. These processes
include becoming better informed, receiving and giving
emotional support by sharing relatable experiences of living
with the diagnosis, hel ping others, and networking—which are
best enhanced by peers. The outcomesidentified through patient
activation or involvement and participation were also considered
suitable to be supported by patient peers rather than by health
care professionals. The outcomes of becoming more active
included patients' experiences of being better informed, thus
affected taking an increasingly leading role during health
consultations and was seen through independence shown in
self-care, adherence to treatment, acceptance of the diagnostic
situation, feelings of control, emotional health, and self-efficacy.
These examples are in line with those in previous research
[3,70,72,76,77]; however, our paper adds an in-depth
understanding of the differencesin what these different concepts
entail and how they are interrelated. In some papers that were
included, the overall outcomes were discussed as leading to
collective empowerment, where the aim was to gain collective
knowledge within a community in order to make changes to
health care services, systems, or ways of financing health care.
Therefore, this presents opportunities for online communities
to support patient progress to specific levels of empowerment
[78]. Coallective empowerment through online communities has
been arecurring topic of interest in previous research regarding
empowerment of employee, individual or consumer motivation
to create change within an organi zation, community or business
[79-81] but is not explored as often in online communities for
health care purposes[78].
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Limitationsin the Selected Papers and Future
Research

Suggestions for future work is through 3 main areas of interest
that concerns the identified limitations of the papers that were
included: (1) study recruitment methods, (2) involvement of
health care perspective, and (3) measurement of patient
empowerment.

Study Recruitment Methods

Most papers that studied established online communities
recruited respondents via sharing links in online communities,
such a a questionnaire or interview request
[38,39,41-43,45-47,50-52,56]. Consequently, this resulted in
mostly positive respondents since they already used the online
community enough to see the link. There were thereby both
issues of sampling and of demographic characteristics (ie,
well-educated, with good experience of using the internet, and
high health literacy) that resulted; however, papers discussed
these as limitations. Therefore, more diverse recruitment
methods and a wider selection of respondents is crucial for
future research.

Skills Required When Using Online Communities

Despite the limitations regarding recruitment, thefindings could
be perceived as patients’ needing previous experience and skills
using online communities in order for the patient to be
empowered and fulfill the purpose behind usage. There were
patients that had negative experiences of using online
communitiesif their needs were not met as expected. Another
important factor was if the amount of information became too
much to handle and was based on the individual phase of the
diagnostic journey. Usually, the success of online communities
depends on members previous experiences with using
internet-related services, the functionality of technology, and
their motivation for becoming a member in the first place
[21-23]. Therefore, it isimportant for future research to consider
avariety of respondentsin order to understand how knowledge
and design in online communities could be adapted and
evaluated to those who have less prior experience in order for
online communities to be beneficial and in order to reduce the
risk of digital divide [3,18].

I nvolvement of a Health Care Per spective

Thereis a gap in involving a health care perspective. By this
we refer to involvement such as integrating health care
professionals' views in order to understand how patients have
been empowered when participating in online communitiesand
to understand how online communities can be used and
acknowledged as a complement to traditional health care. Inall
papers that were included, there were recommendations for
professionals to be better involved and positive toward patient
usage. However, only one paper [48] explicitly described how
this could be managed. In order for professionals to see the
potential of online communities or follow recommendations
from research, there need to be strategies on how the use of
established and designed online communities should be practiced
in daily work and service routine [74,82].

Another limitation was difficulty in identifying level of
participation of health care professional s contributing to content
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in online communities and how it affected patients. Patientsand
professional s are considered complementary actors of the patient
empowerment experience [5,6]; therefore, the health care
professionals perspective in relation to patient usage should
be moreinvolved and highlighted in online community research.
Thislimitation identified in the papers that were included might
depend on the conduct of search strategy and inclusion and
exclusion criteria of this systematic review (Table S1,
Multimedia Appendix 2).

M easurement of Patient Empower ment

M easurement and definition of patient empowerment were also
a limitation in selected papers. In inductive approach papers,
patient empowerment was mainly measured through respondents
stating they felt empowerment, while in deductive papers
through measurements. There were many individual adaptations
of measurement tools, which made it difficult to evaluate the
quality of studies [19]. These limitations depend on patient
empowerment as a concept that has many different definitions
and interpretations depending on context and diagnosis
[5,6,10,67,72-74]. Another reason can be that there are few
validated analytical frameworks that can be used when
evaluating health-related effects in online health communities
[19]. Therefore, we propose a revised framework that aims to
evaluate different levels of patient empowerment, and
progression made through online communities. Thisframework
was devel oped during the analysis process.

Framework of Patient Empower ment Levels

Based on the findings in this systematic review in relation to
the limitations identified, we propose a revised framework for
empowerment consisting of hierarchical levels(Table5). These
hierarchical levels can be used to identify in which way an
online community can support patient empowerment processes
or to construct trajectories of progress based on the patients
needs and where the patients are on their journey. Additionally,
the framework can give guidance in how to methodically
identify hierarchical levels of patient empowerment. By
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hierarchical levelswe mean levelsthat can describe phases that
patients are currently in, which can make it easier to evaluate
paths for progression. There is a general consensus regarding
progression as part of the empowerment concept, regardless of
which concepts of patient empowerment are being used to
discussit [1,6,7,10,79-81]. Therefore, when discussing online
communities in relation to patient empowerment, progression
within specific phases is an important aspect. The progression
affects the way the patients perceive their own empowerment
and how susceptible they are to motivation and effects of
self-care, their feelings of control, and the way they conduct
contact with health care professionals. It is also important to
keep in mind that not all patients want or have the ability to
progress.

Additionally, thelevel of empowerment also affectshow patients
use online communities as support in the process of progression
and how they support others, which in turn affectsthe collective
empowerment (Table 5). Identifying where a patient is in the
progression process is therefore an important aspect and the
framework can be used to do so. However, it is important to
keep in mind that people who have satisfied their informational
and support needs may choose to leave the community or do
not want to continue their empowerment progression by
becoming producersor patient mentorsin the online community.
The reason might be that they believe to have completed their
diagnostic journey, thus do not want to be reminded of their
previous situation [83]. Another aspect to consider beforeusing
this type of framework is the nonlinearity of potential
empowerment progression, that can happen if, for example, a
new diagnosis or something else happens that affect
management of condition and trajectory. Another example to
consider is that several levels could occur simultaneously and
might depend on the structure of the online community [21-23].
No matter what, the most important aspect to keep in mind is
that not all patients want or have the ability to progress;
therefore, we recommend that others evaluate this framework
with caution.

Table 5. The proposed hierarchical framework of patient empowerment levels.

Hierarchical level of patient empowerment Definition of level

Level 1. Motivated patient

Level 2: Self-cared patient

Level 3: Producing patient

Level 4:; Patient activist

The motivated patient is motivated to adhere to treatment and information given by the professional but
lets the professional take the leading role within health care consultation.

The self-cared patient takes control over disease and seeks information and knowledge that will help
improve self-management or takes aleading role in health consultation. The patient uses the online
community in order to get a second opinion or support potential void of information or knowledge from
health care, regarding emotional or social aspects of living with the disease. At thislevel, the patient is
thus more driven and uses online communities as complements as to traditional health care and has
taken ownership of the disease.

The producing patient means that the patient is not just a passive consumer of care since the patient
wantsto help others by sharing their experienceswith disease and health care process. The context behind
hel ping others might depend on the patient wanting to learn, and simultaneously gain status and satisfac-
tion, in order to improve emotional or mental health. Additionally, the context of learning and gaining
status or satisfaction and how it improves emotional or mental health could be an outcome of helping
others.

Collective empowerment is considered to be the patient having the aim of informing or helping others
in order to develop or change policies and awareness in health care. Patients’ experiences become evi-
dence-based and used by health care professionals.
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Limitations of This Work

Way of Reporting Included Papers

The main characteristics of papers that were included were
individually reported (Multimedia Appendix 6). However, full
descriptions of details such as country of origin, the samplesize
of respondents, and the online community's domain were not
always presented. Papers differed with their transparency, which
made it difficult to report consistently and took a lot of time.
Hence, we decided to exclude categories typically reported in
systematic reviews, which may limit the transparency and
quality of our findings. Therefore, we recommend future
research to divide the work of systematic review into phases of
looking into specific details of the papers that were included
and reporting them in a particular time period in order to make
it time-efficient and simultaneously maintain the quality of work
that is expected of systematic reviews[24,34,84].

No Quality Rating

It could be argued that it is standard to use quality rating of
papersthat wereincluded in systematic reviewsto evaluate risk
of biasand how to evaluate the validity of the findingsidentified
[24,84]. The reason for not including quality rating in this
systematic review was based on wanting to focus on how to
visualize the analysis of patient empowerment in order to make
potential contribution of making the concept clear when put
into specific context [5,6,9]. Additionally, it was difficult to
evaluate which type of quality rating standard should be used
since the papers that were included varied (in measuring
empowerment and context of studies; MultimediaAppendix 6).
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This difficulty depended on the objective, time limitation, and
not following a linear process in planning and conducting the
systematic review. Therefore, we recommend future research
to carefully structure the planning phase of doing systematic
reviews in order to follow the principles of the PRISMA
statement and rules of conduct when doing high-quality
systematic reviews.

Conclusion and Future of Patient Empowerment in
Online Communities

This systematic review shows in which ways participation in
online communities could support patient empowerment. The
main findings indicated that online communities supported
patient empowerment in the way of meeting emotional need of
handling condition and the possibility of patients becoming
equal contributors to the patient-provider relationship. An
additional finding was that online communities supported both
process and outcomes of patient empowerment. The main
contribution of this systematic review is a framework and
conceptualization of how patient empowerment in online
communities can be understood, evaluated, and designed for
empowerment progression and support. Based on identification
of main findings, we suggest that future work look specifically
toward 3 main areas of interest: (1) study recruitment methods;
(2) involvement of a hedth care perspective; and (3)
measurement of patient empowerment. Based on all suggestions,
we propose that our framework can be used to evaluate different
levels of patient empowerment and progression through online
communities.
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Abstract

Background: Noncommunicable diseases (NCDs) are associated with the burden of premature deaths and huge medical costs
globally. Thereisan increasing number of studies combining a multiple health behavior change (MHBC) intervention paradigm
with eHealth approaches to jointly promote weight-related health behaviors among people with NCD; yet, a comprehensive
summary of these studiesis lacking.

Objective: Thisreview aimsto meta-anayze the effectiveness and systematically summarize the characteristics of the relevant
intervention studies for improving the outcomes of physical activity, healthy diet, and weight among people with NCD.

Methods: Following PRISMA guidelines, 4 €l ectronic databases (PsycINFO, PubMed, Scopus, SPORTDiscus) were systematically
searched to identify eligible articles based on a series of inclusion and exclusion criteria. Article selection, quality assessment,
and data extraction were independently performed by 2 authors. The standardized mean difference (SMD) was calculated to
evaluate the effectiveness of interventionsfor 3 intervention outcomes (physical activity, healthy diet, and weight), and subsequent
subgroup analyses were performed for gender, age, intervention duration, channel, and theory. Cal cul ations were conducted, and
figures were produced in SPSS 22 and Review Manager 5.3.

Results: Of the 664 original hits generated by the systematic searches, 15 eligible studies with moderate to high quality were
included. No potential publication bias was detected using statistical analyses. Studies varied in intervention channel, intensity,
and content. The meta-analysis revealed that the eHealth MHBC interventions significantly promoted physical activity (SMD
0.85, 95% CI 0.23 to 1.47, P=.008) and healthy diet (SMD 0.78, 95% CI 0.13 to 1.43, P=.02), but did not contribute to a healthy
weight status (SMD —0.13, 95% Cl=-0.47 to 0.20, P=.43) among people with NCDs, compared to the control conditions. Results
from subgroup analysis indicated that theory-based interventions achieved greater effect than nontheory-based interventionsin
promoting physical activity, and interventions with traditional approaches (SMS, telephone) were more effective than those with
modern internet-based approaches in promoting healthy diet.

Conclusions: The results of this review indicates that eHealth MHBC interventions achieve preliminary successin promoting
physical activity and healthy diet behaviors among people with NCD. Future studies could improve the intervention design to
achieve better intervention effectiveness.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42019118629;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordiD=118629
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Introduction

Noncommunicable diseases (NCDs) pose a major threat to
global public health. NCDs, such as cardiovascular diseases,
cancers, and diabetes, are theleading causes of death worldwide,
causing 41 million deaths each year, equivalent to 71% of all
deaths globally [1]. Furthermore, NCD-related medical costs
significantly contributeto health care expenditurein many areas
around the world [2,3].

For people with NCDs, in addition to obtaining traditional
medical treatment, it is essential to adopt a healthy lifestyle
through health care intervention in order to avoid further
progression and relapse of NCDs [4]. In the recent 15 years,
multiple health behavior change (MHBC, namely addressing
no less than 2 health behaviors within a limited time period)
has demonstrated early successin facilitating ahealthy lifestyle
among people with NCDs [5-7]. A statement in the Lancet
pointed out that weight-related healthy behaviors including
regular physical activity (PA) and healthy diet are promising
interventions to control the NCD crisis globally [8].

The rationale of applying MHBC to weight-related behavior
change is that most of the weight-related unhealthy behaviors
(ie, physical inactivity, unhealthy diet) co-occur and are
modifiable[6,9,10]. Thisassumption wasempirically supported
by alongitudinal study inwhich an unhealthy diet and physical
inactivity strongly contributed to the onset of NCDsand achain
of negative effects including mortality and increasing health
care costs [11]. Moreover, it was proposed that “the effect of a
small step leading to abig leap forward” also applied to MHBC.
A relatively easy health behavior change may serve asagateway
to an overal hedthy lifestyle transition, as positive
psychological factors such as self-efficacy and motivation can
be boosted along with theinitial behavior change, whichinturn
positively affects the subsequent one [9].

In applying MHBC among people with NCDs, a cost-effective
mode is to employ up-to-date eHealth approaches by using
information and communication technologies[12,13]. With the
increasing number of people with NCDs, the traditional
face-to-face intervention paradigm can hardly meet the needs
of the population with NCDs. Thus eHealth, as an emerging
delivery channel for health services and information using the
internet and related technologies and media (eg, computers,
smartphones), can be a potentially useful supplement for
traditional interventions for the population with NCDs in
aftercare family settings after discharge [14]. eHealth
interventions also break the distance limitation and thus are
highly recommended for their low cost, high efficiency, and
easy data collection [15]. Many reviews have aready shown
substantial effects of employing eHealth approaches in
addressing a single behavioral domain of either PA or healthy
diet among people with NCDs [16,17]. For example, Haberlin
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et al [16] reviewed the use of eHealth to promote PA in cancer
survivors and found that al the 10 included studies reported
improvementsin PA, with 8 of 10 studies reporting statistically
significant changes.

Thereisanincreasing number of studies combiningthe MHBC
intervention paradigm with eHealth approaches to jointly
promote weight-related health behaviors (PA and healthy diet)
among people with NCDs [18,19]. However, a comprehensive
summary of these relevant studies regarding the overall effects
and study characteristics is still lacking. To fill this gap, this
revievw mainly aimed to systematically summarize the
characteristics of the relevant intervention studies and then pool
the effect sizes from the relevant studies to accurately quantify
the effects of those interventions on PA, healthy diet, and
weight. Findings of this review can provide recommendations
for researchers and clinicians to develop effective eHealth
intervention programs to promote PA and healthy diet among
people with NCDs.

Methods

Search Strategies

This review was conducted and is reported according to the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines, and the protocol can beretrieved
from the PROSPERO database (Registration ID:
CRD42019118629) [20]. According to the initial registration,
we planned to search relevant articles from both English and
Chinese databases. Yet, during the implementation, we found
that articles retrieved from Chinese databases were unable to
meet the quality standard due to misreporting of critical
information (eg, participant characteristics, intervention details)
[21]. Thus, we only focused on articlesin English databases. A
series of structured electronic searches was performed in 4
English databases including PsycINFO, PubMed, Scopus, and
SPORTDiscus, focusing on MHBC eHealth interventions
regarding weight-related health behaviors (PA and dietary
behaviors). The procedures guiding article inclusion are
presented in the flow chart in Figure 1. The specific search terms
connected with Boolean operators can be seen in Multimedia
Appendix 1. The searches were limited to studies with human
participants and to publishing dates between 01/01/2000 and
01/03/2020.

All articlesidentified in the search strategy were exported into
reference management software (Mendeley) for duplicate
checking and further screening. The reference lists of eligible
articleswere further reviewed to identify other relevant studies.
Relevant reviews that emerged from the search strategy were
checked for any additional studies. Grey literature (eg, working
papers, unpublished studies, conference proceedings or abstracts,
dissertations) was not considered eligible.
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Figurel. PRISMA flow chart of the search strategy and article inclusion.
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Study Inclusion and Exclusion Criteria

Type of Participants

The population targeted in thisreview was people of all genders
and any age range with NCDs (eg, cardiovascular diseases,
cancers, chronic respiratory diseases, diabetes). Exclusion
criteriaincluded studies with participants who were <18 years
old, were pregnant or lactating, or had a specia condition or
other comorbidities that seriously affected their feeding ability
and physical mobility (eg, physical disability).

Type of Intervention or Phenomena of I nterest

We included studies that evaluated eHealth interventions with
the primary aim of affecting behavior change that at least
simultaneously incorporated PA and healthy diet behaviors. As
such, studies with other irrelevant purposes (eg, investigation

https://www.jmir.org/2021/2/e23786

of behavioral patterns, investigation of the effectiveness of
medical therapy, no eHealth intervention arm) were excluded.

Comparators

Comparators were defined as control groups without an
intervention or non-eHealth intervention groups (eg, face-to-face
intervention, pamphlet intervention, mass media intervention).
Included studies had to compare an eHealth intervention group
to at least a control group or a non-eHealth intervention group.

Type of Studies

Articles of randomized controlled trials were eligible for
inclusion. Pure qualitative assessments of the effectiveness of
an intervention were not eligible.

Type of Outcomes

This review primarily focused on the following behavioral
outcomes measured by either subjective or objective approaches:
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(1) PA-related outcomes: energy expenditure, steps, time spent
inmoderateto vigorous PA (MVPA) and (2) healthy diet—related
outcomes. energy intake, macronutrient composition
(carbohydrate, protein, and lipids), core food group consumption
(eg, al healthy components, vegetables, fruit, grain). The
included articles should address both PA and hedthy
diet—related outcomes. In addition to the af orementioned primary
outcomes, weight-related outcomes (eg, body weight, BMI,
waist circumference, body fat, waist-to-hip ratio) were also
considered as secondary outcomes.

Data Extraction

Data extraction was performed according to a study-created
extraction tool; the main framework of the extraction tool was
drawn from a previously published example [22]. Two authors
conducted the initial data extraction, and a third reviewer was
consulted if any discrepanciesin data extraction wereidentified.
The following information was extracted: (1) basic study
characteristics including the first author, date of publication,
and country of origin; (2) participant characteristics including
sample size, age, gender ratio (female), disease type, and
recruitment location; (3) intervention characteristics including
delivery channel, intervention duration and intensity,
underpinning theories, control group information, and detailed
intervention content; (4) outcome measures including
measurement of the outcomes and measuring points; and (5)
main results including intervention completion ratio and
converted effect size (standardized mean difference [SMD]).

Bias Assessments

Risk of biaswasindependently assessed by 2 authorsaccording
to the " Cochrane Collaboration’stool for ng risk of bias’
(selection, performance, detection, attrition, reporting, and other
biases) [23]. Disagreement between the reviewerswas resolved
through mutual discussion until consensus was finally reached.
In addition, publication biaswas assessed using a nonparametric
test based on the rank correlation between the estimated
treatment effect and its variance [24].

Strategy for Data Synthesis and M eta-analysis

Results were pooled in the meta-analysis if the final values at
postintervention were available. For the articles with continuous
data, numbers of participants, mean scores, and SDs of the
outcome variableswere extracted to calculate the SMD: (my-my)

N[(s;%+ s,%) I 2], where m is the mean and sis the SD.

For the articles with dichotomous data, the numbers of people
in each category of both intervention and control groups were
extracted to calculatethe oddsratio (OR): N,*Ngy/ Np* N, where

N, is the number of adherents in the intervention group, N, is
the number of adherentsin the control group, N, is the number
of nonadherentsin theintervention group, and N isthe number
of nonadherents in the control group.

For the convenience of further calculation, the ORs were
arithmetically converted to SMDs using a spreadsheet [25]. It
should be noted that the effect size of some negative outcomes
(eg, fat intake, BMI, unhealthy diet) were reverse coded into
positive values.
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For studies with multiple effect sizes in a particular scope of
outcome (eg, PA-related outcomes, light PA, MVPA
simultaneously), we used the weighted arithmetic averaging
method to pool the effect sizes into a synthesized size [26].
Taking the study of Bantum et al [27] as an example, in this
study there were 2 effect sizes regarding PA-related outcomes
(SMD .16, light PA; SMD .38, MVPA). Since the sample sizes
of these 2 effective sizeswere equal (50% weighting each), the
synthesized SMD for PA was (0.16 + 0.38)/2 = 0.27.

For the issues of missing data and statistics (eg, cases such as
SDs and means not reported), we first resorted to statistical
conversion (eg, convert 95% CI to SD). If it could not be
statistically converted, we then contacted the authors directly
for the datasets. If neither approach worked out, we excluded
the unqualified studies listwise for the meta-analyses.

Finally, effect sizes were synthesized using a random effects
model [28]. We adopted the random effects model because it
allows inferences that generalize beyond the studies included
in the specific meta-analysis [28]. A positive SMD reflects the
between-group difference in favor of the eHeath MHBC
intervention group over the control group (ie, increase in
outcomes regarding PA, healthy diet, and healthy weight such
as healthy BMI range). The pooled effect sizesare presented in
forest plots that allow readers to see the information from the
individual studies that went into the meta-analysis at a glance
[29]. Heterogeneity was assessed using the recommended 12 for
Cochrane reviews [30]. Subgroup analyses were performed
based on 5 binary variables: (1) gender (ratio of female
participants =50% vs <50%), (2) age (participants mean age
>55 years vs <55 years), (3) intervention duration (=24 weeks
vs <24 weeks), (4) theory (whether the intervention was guided
by theory), and (5) intervention channel (pure SM S or telephone
vsinternet- or web-based).

All datacal culations (publication biastests, effect size syntheses,
heterogeneity tests, subgroup analyses) in this meta-analysis
were conducted using SPSS 22.0 [ 31] with the syntaxes provided
by Field and Gillett [28]. All the qualitative extractions
(information extraction, risk of bias assessment) and figure
productions were facilitated by Review Manager 5.3 [32].

Results

Study Characteristics

Theinitial systematic search yielded atotal of 664 articles (see
Figure 1). After duplicate deletion and screening of abstracts
and full texts, 12 articles met the inclusion criteria, with 3
additional articles added by hand searches. In total, 15 studies
met theinclusion criteriaand did not meet the exclusion criteria
targeting improvements in PA, healthy diet, and weight status
among participants with NCDs. Due to the oversize issue, the
main contents of each study are summarized in Multimedia
Appendix 2. Of the 15 studies identified, 4 were conducted in
the United States[26,33-35], 2 each in Canada[36,37] and India
[38,39], and 1 each in China [18], Pakistan [40], Korea [41],
the Netherlands [19], New Zealand [42], and the United
Kingdom [43]. Notably, 1 study recruited its sample globally
in Canada, the United Kingdom, and the United States [44].
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Study participant numbers (intervention group and control group
together) ranged from 59 [41] to 683 [37], with amean sample
size of 315 participants (SD 215 participants). The participants
average age ranged from 42.3 years [41] to 73.0 years[44]. For
the gender ratio, 2 studies notably recruited predominantly or
all (=80%) male participants [38,42], while another 2 studies
recruited female participants (>80%) [26,41]; 1 study did not
report gender information [39]. Various NCD types were
covered, among which, the top 3 addressed diseases were heart
disease [18,34,37,42,43], cancer [19,26,41,44], and diabetes
[33,38-40].

Variousintervention channel sand mediawere applied, including
web sites or pages, telephone counselling, and SM'S. Compared
with thetraditional SM S-only and telephone-only interventions,
adding web-based material sin interventionswere more preval ent
(8/15, 53%). Notably, many studies adopted a mixed-channel
intervention, such as combining a web-based intervention with
SMS reminders and offline peer support or group meetings
[26,33] or combining web-based intervention material with
SMS or telephone reminders [18,19,41]. The intervention
durations ranged from 6 weeks [26] to 1 year [39,43]. Of the
included studies, 9 designed interventions of no shorter than 24
weeks, whereas 6 studies designed interventions shorter than
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24 weeks. The majority (9/15, 60%) of the included
interventions were designed based on a particular theory, and
among the interventions with a theoretica backdrop, the
Transtheoretical Model (6/15, 40%) and Social Cognitive
Theory (4/15, 27%) were the top 2 frequently supporting
theories.

All 15 studies evaluated both PA and healthy diet—related
outcomes. However, 2 studies [34,35] did not provide SDs of
both the PA and healthy diet postintervention outcomes. We
failed to obtain these missing results from the corresponding
authors via email, thus making these studies ineligible for the
meta-analysis. In addition, 4 of the 15 studies assessed
weight-related outcomes [33,38-40]. The intervention
completion rate (mean numbers of participants who finished
the entire intervention divided by the number of participants at
baseline) ranged from 70.9% [39] to 96.7% [19].

Bias and Heterogeneity Assessments

Ascanbeseenin Figure 2, therisk of bias assessment indicated
that the included articles were quite high in quality. For the
publication bias examination, the statistical results showed no
potential publication bias regarding the 3 intervention outcomes
of PA (Kendall tau=.21, P=.33), healthy diet (Kendall tau=.26,
P=.22), and weight (Kendall tau=.33, P=.50).
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Figure2. Risk of biasinindividua studies (k = 15).
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introduced individually. The main results are visuaized in the

forest plot in Figure 3.

In the following sections, the synthesized results regarding
PA-related, diet-related, and weight-related outcomes are
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Figure 3. Meta-analysis of outcomesrelated to physical activity (PA; panel 1), diet (panel 2), and weight (panel 3). CG: control group; IG: intervention

group.
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Panel 3: Weight-related outcome (k=4)
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PA-Related Outcomes

The synthesized effect size from the 13 studies demonstrated
significant differences in total PA between intervention and
control groups at postintervention (SMD 0.85, Z= 2.67, 95%
Cl 0.23t0 1.47, P=.008; see panel 1in Figure 3). According to
the rule of thumb [45], an SMD of 0.85 should be considered
a large effect size. The heterogeneity test did not show

https://www.jmir.org/2021/2/e23786
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significance among PA-related outcomes (x212:19.66, P=.07,
12=39%). For the subgroup analyses, gender (x%,=0.44, P=.51),
age (x%,=1.78, P=.18), intervention duration (x*,=0.98, P=.32),
and intervention channel (x21:0.75, P=.39) were all not

significantly related to the intervention effectiveness.
Noticeably, whether the intervention was based on theory

(x%=2.41, P=.12) marginaly approached the subgroup
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significant difference. Specifically, interventions based on
theories (SMD 1.22, Z=2.13, 95% CI 0.10 to 2.34, P=.03)
achieved better effectivenessthan nontheory-based interventions
(SMD 0.30, Z2=1.83, 95% CI —-0.02 to 0.61, P=.07).

Healthy Diet—Related Outcomes

In terms of the remaining 13 studies, significant differencesin
healthy diet behaviorswere demonstrated between intervention
and control groups at postintervention (SMD 0.78, Z=2.34, 95%
Cl 0.13 t0 1.43, P=.02; see panel 2 in Figure 3). According to
the rule of thumb [45], an SMD of 0.78 should be considered
a medium effect size. Concerning the heterogeneity tests,
significant heterogeneity was revealed among healthy

diet—related outcomes (x%,,=25.69, P=.01, 1°=53%). For the
subgroup analyses, gender x%=2.19, P=.14), age (x%=.46,
P=.50), intervention duration (x21=.21, P=.65), and whether the

intervention was based on theory (x2121.28, P=.26) were not

significantly related to the intervention effectiveness. However,
the intervention channel was marginaly related to the
intervention effectiveness (x%=2.59, P=.10). Specifically,
interventions with traditional SMS or telephone counselling
(SMD 1.54, 2=2.05, 95% CI 0.07 to 3.01, P=.04) achieved
better effectiveness than web-based interventions (SMD 0.30,
Z=1.70, 95% CI —0.05 to 0.64, P=.09).

Weight-Related Outcomes

Therewere only 4 studies examining weight-rel ated outcomes.
Results did not show a significant difference in weight status
between intervention and control groups at postintervention
(SMD -0.13, 2=0.79, 95% CI —0.47 to 0.20, P=.43; see panel
3 in Figure 3). Insignificant heterogeneity was shown among

weight-related outcomes (x%=2.82, P=.42). I? could not be

calculated due to the small number of studies. Since subgroup
analysesis not recommended when any subgroup has <4 studies
[46], we did not conduct the subgroup analysis for the
weight-related outcomes.

Discussion

Principal Findings

Thisreview systematically identified 15 studiesthat investigated
the effectiveness of MHBC eHedlth interventions aimed at
improving PA-, healthy diet—, and weight-related outcomes
among people with NCDs. The results showed that the MHBC
eHealth interventions significantly promoted both PA and
healthy diet outcomes among people with NCDs. However, the
results did not show significant intervention effectiveness
regarding weight changes. Theseresultsarein partial agreement
with the review findings of Amireault et al [47], which showed
MHBC interventions regarding PA- and healthy diet—related
behaviors could significantly improve PA behaviors among
cancer survivors. Yet, the findings from our review differ from
the findings of the review by Alaged et a [48], which
demonstrated the majority of MHBC interventions for patients
with cardiovascular diseases could not achieve significant
changes in either PA behavior or fruit and vegetable
consumption. Regarding effect sizess, MHBC eHedth
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interventions achieved alarge effect sizein terms of PA (SMD
0.85) and healthy diet (SMD 0.78) behaviors [45]. The effect
sizes from our meta-analysis are larger than the effect sizes of
2 meta-analyses synthesizing eHealth interventions on PA
behavior in older people (SMD 0.79) [49] and fruit and
vegetableintakein ahealthy population (SMD 0.26) [50]. This
might be due to the fact that we targeted people with NCDs
who are already impacted by diseases. Thus, the populationsin
our meta-analyses might be more motivated and willing than
other healthy populationsto changetheir health behaviors, thus
reaping more positive intervention effects [51].

Though all theincluded intervention studies adopted an MHBC
eHealth approach, there was still ahigh variability in participants
(eg, cultural backgrounds, age), intervention characteristics (eg,
intervention channel, content, duration), and outcome
measurements. Thisindicates that, as an emerging intervention
paradigm, MHBC eHealth interventions are in the exploratory
phase and do not haverel atively well-acknowledged intervention
guidelines or standards such as CONSORT [52].

Despite thishigh variability, we still found notabletrends. First,
the eHealth intervention channel has clearly changed from
traditional SMS-based or telephone counselling to modern,
multimedia, web-based or smartphone-based interventions.
Since 2015, except for 1 article using a traditional
telephone-based intervention [34], al interventions were
web-based. With the convenience of an internet connection and
the popularity of smartphone usage in daily life, it has been
predicted that future interventions via smartphone apps are
promising for better promotion of a healthy lifestyle among
people with NCDs [13].

Second, the intervention contents of most included studies
mainly focused on health behavior education and counselling
without substantial behavioral tutorials; this might be due to
the present limitations of the eHealth intervention channel. The
commonly used intervention paradigm wasto select aparticular
health behavior change theory as the framework and further
promote the effective elements (e.g., motivation, planning, and
self-regulation) of the chosen theory. Such commonly used
approaches did achieve significant medium-sized effectiveness
of the intervention (SMD around 0.8) in changing the
weight-related health behaviors of PA and healthy diet. To
further increase the intervention effectiveness, a dual-process
approach (ie, focusing on both conscious and nonconscious
processes of behavior change) [53,54] and a social-ecol ogical
approach (ie, involving policy-level, environmental, and
personal factors) may be prudent [55,56].

Third, regarding the outcome measurements, the majority of
studies used self-report measures. Self-report is a feasible,
economic, and time-saving approach for data collection [57],
but it also has limitations of high subjectivity and low accuracy
caused by social desirability and reporting bias. With the
advancement of technology, more objective approaches of data
collection regarding PA (eg, geo-information, system-based
recording; wearable device-based recording), healthy diet (eg,
food photography, computer-assisted recall), and weight (eg,
electronic scale data collection) are recommended to improve
the accuracy during data collection [58].
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Fourth, follow-up analyses were generaly lacking in the
intervention designs. Most of the included studies measured
outcomes twice (preintervention baseline and postintervention).
Long-term and maintenance effects of MHBC eHeath
interventions on both PA and healthy diet behaviors among
people with NCDs were not therefore validated. Given that the
MHBC eHeadlth interventionisin itsinfancy, these first studies
were mainly to examine whether eHealth interventionswith PA
and healthy diet could be effective. As advocated [6,13], the
next stage in this research is to explore how and under what
conditions these initial changes can be maintained by adding
longer follow-up designs.

Regarding theintervention effectiveness, we adopted anal ytical
methods proposed in previousrelevant systematic review articles
to pool the effect sizes by different outcomes [47,59]. This
approach can effectively reduce the difficulty of data processing
and improve the clarity of results presentation. On the other
hand, this approach somewhat ignored the overall effect of a
particular intervention program. Our results only indicated that
MHBC eHealth interventions targeting people with NCDs, on
average, can significantly promote PA and healthy diet; it has
yet to be confirmed that MHBC eHealth interventions can
successfully promote an entire pattern of weight-related health
behaviors among peoplewith NCDs. In thefuture, asthe volume
of MHBC studies increases, a well-acknowledged index to
indicate the overall effect size of MHBC interventions is
expected to be developed for better evaluation of intervention
effects.

Interestingly, the post hoc subgroup analyses did not find any
significant moderators influencing intervention effectiveness.
However, the results did reveal some potential moderators (ie,
whether the intervention was based on theory, intervention
channel) reaching marginal significance, which is noteworthy
given the small sample of studies. Interventions based on
theories achieved significant effectiveness for promoting PA
behaviors, while those without any theoretical basis did not.
Theresultsare consistent with previous meta-analysesregarding
using theory in health behavior promotion [60-63]. And
interestingly, interventions with traditional intervention media
achieved better effectiveness than web-based interventions for
promoting healthy diet behaviors. The reason might be that
some of the included web-based interventions were lacking
direct virtual communication or periodic reminders, which might
potentially hinder the intervention effectiveness [36,43]. This
inference could be supported by previous research that
web-based interventions can achieve a desirable effect only
when adding additional methods of communication with
participants, especially the use of SMS or text messages [61].
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Also interestingly, intervention duration did not have a
significant impact on intervention effectiveness for either PA
or healthy diet behaviors; a possible explanation might be that
the intervention frequency and intervention sequence were not
considered [64]. In summary, we recommend future MHBC
eHealth interventions combine web-based i ntervention material
with traditional periodic calling or reminders through virtual
contact and pay more attention to intervention quality and
sequence arrangement among multiple health behaviors for
achieving better intervention effectiveness.

Limitations

Threelimitations of thisreview should be acknowledged. First,
despite our best efforts to conduct a thorough literature search
inthelimited databases, it may still haveresulted inthe omission
of suitable topics or related studies due to not including key
terms or research outside the time span that was searched.
Second, bias might be present in someincluded studies because
they lacked aregistered protocol, used inappropriate statistical
methods, and had missing information [39,40,43], which
therefore suggests additional caution should be taken in
interpreting the findings from these trials and the pooled effect
sizes. Third, there was a high degree of heterogeneity (ie,
participant characteristics, intervention types and lengths, and
outcome measurements), and the small number of studiescould
lead to cautious interpretation of the synthesized results.

Conclusions

To the best of our knowledge, thisreview isthe only study that
has attempted to synthesize the literature regarding the
effectiveness of MHBC eHealth interventions on PA, healthy
diet, and weight for people with NCDs. Such MHBC eHealth
studies have emerged in recent years asanew trend in aftercare
rehabilitation settings. The current review significantly
contributes to the eHealth- and NCD-related literature by
identifying research priorities and providing preliminary
evidence for clinical decision making. This review indicates
that MHBC eHealth interventions have obtained preliminary
success in promoting PA and hedlthy diet behaviors among
people with NCDs. The identification of critical intervention
characteristics such as being theory-based and adding
communication elements to web-based intervention material
are essential for maximizing the effects of MHBC eHealth
interventions in promoting weight-related behaviors among
people with NCDs. Based on this review study, it is expected
that further investigations will make recommended
improvements on the intervention design in order to ultimately
enhance the well-being of people with NCDs.
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Abstract

Background: To optimizetheir use of anew Health Information System (HIS), supporting health care providersrequire effective
HIS education. Failureto provide this education can significantly hinder an organization’s HIS implementation and sustainability
efforts.

Objective: The aim of this review is to understand the most effective educational strategies and approaches to enable health
care providers to optimally use an HIS.

Methods: Ovid MEDLINE, Ovid Embase, EBSCO Cumulative Index to Nursing and Allied Health Literature, and EBSCO
Education Resources | nformation Center were searched to identify rel evant papers. Relevant studieswere systematically reviewed
and analyzed using a qualitative thematic analysis approach.

Results: Of the 3539 studies screened, 17 were included for data extraction. The literature on the most effective approaches to
enable health care providers to optimally use an HIS emphasized the importance of investing in engaging and understanding
learnersinthe clinical context, maximizing the transfer of learning to care, and designing continuous and agil e eval uation to meet
the emerging demands of the clinical environment.

Conclusions: Thisreview supports the advancement of anew HIS learning framework that organizational |eaders and educators
can use to guide HIS education design and devel opment. Future research should examine how this framework can be translated
into practice.

(J Med Internet Res 2021;23(2):€24691) doi:10.2196/24691
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Introduction

Background

Health Information Systems (HISs) have been proposed as one
solution in a multipronged organizational approach to
transforming the quality of care delivered, increasing patient
safety, and reducing health care costs[1]. An HISis defined as
a system designed to integrate data collection, processing, and
reporting and the use of health information to influence policy
making and improve health service effectiveness and efficiency
[2]. This enables the facilitation of health information sharing
among multiple authorized custodians across the health care
continuum in support of clinical efficiency and optimal quality
care[3]. Challengesto HISimplementation can result from staff
and care providers being unfamiliar with the system features
and functionalities, thus encumbering the ability of staff and
providersto use HISintheir work environment most effectively.
Given the rapid pace of adoption of digital HISs globally and
the skills needed to effectively use HISsin practice, it iscrucia
to support and educate health care providersat all levels, across
all areas of the health system, and as close to implementation
aspossible, on how the HIS system can be leveraged to improve
clinical practice. Simply teaching the system is not sufficient
to successfully enablelearners (entry-to-practice and practicing
health care staff) to use new technology.

As health care organizations respond to budgetary, regulatory,
and societal pressuresto implement an HIS, care providers are
confronted with an ever-increasing technology-enabled care
environment [4]. Paradoxically, although the implementation
of HISs is meant to create efficiencies, their widespread
diffusion and accompanying complexity have been associated
with a growing recognition of clinician dissatisfaction and
burnout [5]. However, health care providers see education as
integral to use technology successfully [4]. On the basis of the
model of skill acquisition, Bredfeldt et al [1] determined that
educating novices entails more than just imparting knowledge.
Further, it is essential to provide education that is pertinent to
address learning needs and provide an opportunity to learn the
nature of the real setting and its associated variability [1]. It is
also imperative to acknowledge learners’ expertise and engage
them throughout all phasesin the devel opment of the educational
program [6]. This may be especialy true for health sciences
students and traineeswho may have deeper knowledge of using
varioustechnol ogies, thereby having the potential to play arole
of educator or facilitator with supervisors in practice.
Furthermore, education may enable care providers and staff to
understand the concepts underlying the different HIS tasks as
the emerging needs of their clinical practice continuously evolve
rather than simply learning the features of an HIS. HIS education
can also influence user adoption and the ability of health care
providers and staff to effectively use the technology [4]. On the
basis of learners' feedback in the study, McAlearney et a [7]
noted that staff who received excellent education and hands-on
experience with an information technology system adopted
realistic expectations and achieved asense of control within the
HIS environment. Adequate education and support, technology
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literacy, and overall competencies of health providers were
identified as critical factorsin HIS implementation.

Many information technology users encounter a steep learning
curveat theinitial stages of implementation and can take several
years to become an expert in the features and functions of a
system [8]. McLean et a [8] suggested that users' attitudes
toward system use in the initial stages could be leveraged to
gain valuable insights into how the system will be used in the
later stages. Thus, education remains a critical component in
understanding the benefits of HISs and attaining value-added
use, particularly during the adoption or early stages of
implementation [8,9]. Furthermore, to enable ongoing learning
in using an HIS adeptly, education strategies will need to be
evaluated and refined over time, as education will need to
continuously evolve to meet users needs and comfort level
with the HIS[8,9].

In severa HIS implementation projects, inadequate HIS
education has led to challenges in the adoption and suboptimal
use of the system. An example is an electronic health record
(EHR) implementation project at Cedars Sinai Hospital,
Cadlifornia, where adearth of staff education contributed to poor
adjustment to the new system and created a sense of fear and
apprehension [10,11]. Consequently, this lack of education
threatened staff autonomy and eventually contributed to the
rejection of the HIS and project failure [10,11].

Objectives

As HISs become an integral part of patient care, building an
effective educational strategy may ultimately aid in the
successful implementation and sustainment of an HIS.
Recognizing theimportance of education programsin supporting
HIS implementations, this study was conducted to understand
the current state of HIS education programs as reported in the
academic literature. Specifically, the objective of this study is
to establish afoundational understanding of the most effective
strategies and approaches to enable individuals to optimally
adopt and effectively use and learn from an HIS, both during
and postimplementation.

Methods

Overview

A scoping review methodological framework adopting the
approach by Arksey and O’'Malley [12] was used to enhance
the reproducibility and reliability of our findings. One of the
goals of this approach was to broadly examine a topic areato
map key concepts, evidence types, and current gapsin research
inawell-defined field using awide array of literature. Thiswas
an ideal starting point to better understand the landscape of
research within a specific subject area. To illustrate the scoping
review process, the PRISMA (Preferred Reporting Items for
Systematic Review and Meta-Analysis) diagram [13], shown
in Figure 1, and the PRISMA scoping review checklist, which
outlines the important milestones of a scoping review, were
used [14] (Multimedia Appendix 1).
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Figurel. PRISMA (Preferred Reporting Items for Systematic Review and Meta-analysis) flow diagram of scoping review results.
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Stage 1: Identifying the Research Questions

To establish a baseline understanding of the most effective
strategies and approachesto enableindividualsto optimally use
an HIS system in academic literature, this study sought to answer
the following questions:

1 What education approaches led to an effective HIS
implementation? What are the reported results of
classroom-based, web-based, and blended learning interms
of educating staff on HISs?

2. What are the measures and outcomes used to assess the
effectiveness of education and its impact on the
implementation of the HIS?

3. What are the most effective approaches for enabling
individualsto optimally use an HIS? How is education most
effectively delivered?

Stage 2: Identifying Relevant Studies

An iterative process was used to design effective database
strategies to identify eligible papers, involving several
discussions with information specialists and the research team
at our ingtitution. Strategies, including subject headings,

https://www.jmir.org/2021/2/e24691

RenderX

keywords, and related terms for HISs; education approaches,
and training modalities were designed by a health sciences
librarian for each of Ovid MEDLINE, Ovid Embase, EBSCO
Cumulative Index to Nursing and Allied Health Literature, and
EBSCO Education Resources Information Center and results
were downloaded in November 2019 (Multimedia Appendix
2). No date or language limits were applied. HIS was defined
in these searches as an electronic medical record (EMR), EHR,
medical records systems, computerized medical records,
electronic patient records, computer health records, computer
medical records, computer hospital records, clinic information
systems, electronic health medical records, and electronic
hospital medical records. Relevant studies were identified
through atitle and abstract scan and confirmed via a full-text
review. For the study selection, see the PRISMA diagram
(Figure 1).

Stage 3: Study Selection

Peer-reviewed journa papers eligible for inclusion met the
following criteriac (1) examined educational approaches (ie,
classroom, instructor-led, web-based training, e-learning, and
hybrid learning), (2) discussed HIS systems (EMR, EHR,
Clinical Information system, etc), (3) discussed the effectiveness
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of different approaches in educating staff to use the HIS, (4)
described an educational program related to HIS, and (5) ensured
education be conducted in a hospital setting. Initialy, only
English paperswereincluded; however, asthere were no papers
found in other languages, no papers were excluded. All study
designs, whether quantitative or qualitative studies and papers
found in reports and research papers except for viewpoint
papers, such as editorials, were included. Studies conducted in
an academic setting and papers that did not meet the
aforementioned criteria or describe an HIS system were
excluded. Five coauthors independently reviewed the paper to
determine each study’s eligibility, and in cases of uncertainty,
a senior reviewer with expertise in the topic of HISs was
consulted.

Textbox 1. Kirkpatrick-Barr framework of educational outcomes.

Jeyakumar et a

Stage 4: Data Items and Data Collection Process

A standardized charting form was developed to capture the
following domains. study details (type of study, year, and
country), the objective of the study, study design (if applicable),
study participants, intervention, study outcomes, and main
results of the study. The PICO (Patient Problem or Population,
I ntervention, Comparison or Control, and Outcome) framework
was used to capture details of the study, where the study
outcomes were categorized using the Kirkpatrick-Barr [15]
framework of educational outcomes, shown in Textbox 1. This
framework was selected, as it provided a standardized method
of categorizing the type of educationa outcomes reported by
each paper.

Level 1: Learners reaction

Level 2a: Modification of attitudes and perceptions

Level 2b: Acquisition of knowledge and skills

«  Changesin knowledge and skills [15]

Level 3: Changein behavior

Level 4a: Changein organizational practice

Level 4b: Benefitsto patientsor clients

« Learners perspectives on the learning experience and satisfaction with the educational program [15]

«  Changesin attitudes and perceptions toward patients or clients and their condition, circumstances, care, and treatment [15]

«  Changesin behavior of participants' transfer of learning to their practice setting and changed professional practice [15]

«  Wider changesin the organizational practice and provision of care as aresult of an education program [15]

« Improvementsin health or well-being of patients or clients attributable to an education program [15]

Stage 5: Synthesizing and Reporting the Results

A qualitative narrative review approach was adopted, and the
authorsindependently reviewed all 17 studies. The educational
outcomes reported in each paper were categorized using the
Kirkpatrick-Barr framework, which also helped inform the
thematic analysis. The findingswere synthesized, and athematic
analysis approach was used to critically analyze the papers and
develop a coding structure. Emerging themes were identified,
compared, and consolidated by 3 authors. The consultation
phase provided an opportunity to validate the findings and
critically examine the inconsistencies or lack of clarity evident
across the papers reviewed. Discussions and consultation with
content expertswithin our team enabled usto further iterate and
contextualize the themes.

https://www.jmir.org/2021/2/e24691

Results

Search Results

Theinitia database search yielded 4345 papers. Once duplicates
wereremoved, titlesand abstracts of 3539 unique citationswere
identified. We screened these papers and identified 218 citations
based on broad relevance to the topic area. The 218 abstracts
then went through the second round of scrutiny against the
inclusion criteria, and 33 papers were selected for full-text
review. Following further inspection, 16 papers were excluded,
asthey did not meet theinclusion criteria. Table 1 describesthe
characteristics of the studies included in this study.
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Table 1. Study characteristics (N=17).
Study characteristics Value, n (%) References

Country of publication

United States 12 (70) [1,4-7,16-22]
Australia 1(6) [23]
Namibia and Tanzania 1(6) [24]
United Kingdom 1(6) [25]
Denmark 1(6) [26]
The Netherlands 1(6) [27]

Resear ch method
Literature review 3(18) [25-27]
Questionnaire or survey 4(23) [6,19,21,23]
Semistructured interview 1(6) [9]
Mixed method 6 (35) [4,5,16,17,20,22]
Quasiexperimental 2(12) [1,24]
Case report 1(6) [18]

Year of publication
2016-2019 5 (29) [5,23-26]
2010-2015 9(53) [1,4,6,7,16,17,19,22,27]
2006-2009 3(18) [18,20,21]

Education approach?

In-classroom training 5(398) [5,6,16,18,20]
e-Learning 1(8) [22]°

Blended learning 5(38) [1,17,19,23,24]
Classroom versus blended learning 1(8) [4

Simulation training 1(8) [19]

3_jterature reviews were excluded.
bDid not provide eval uation outcomes.

R rch Question 1: Reported Results of . Lr;\;etitxttnengagmg and understanding learnersintheclinical

_CIasroom-Based, Web-Based, and Blended Learning .\ aimize the transfer of learning to care

in Terms of Educating Staff on HISs « Continuous and agile evaluation designed to meet the

On the basis of the thematic analysis, this study identified 3 emerging demands of the clinical environment

major themes across the different educational approaches that In addition. the themes addr in this study encompass

led to a more effective HI'S implementation: ! . :
fundamental elements that may be used to guide educational

design and support developmental expertise in clinical
environments (Table 2).
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Table 2. Elements associated with the 3 major themesidentified in the thematic analysis.

Jeyakumar et a

Theme and element

Definition of element

Studies using an element

Invest in engaging and under standing learnersin the clinical context

Assessment of individual, team, and organization
capabilities .

Maximize thetransfer of learning

Practice and problem-based learning .

Integrate learning into practice .

Enhance practice improvement and performance

Assess appropriate learning needs
Assess computer literacy
Ascertain clinical background and role

Provide education based on customized workflows (train-
ing based on the work environment and department needs,
eg, inpatient provider, ambulatory provider)

Use aproblem-based approach to learning instead of task-
based learning (ie, learning built on predefined tasks ad-
dressed in clinical practice).

I ntegrate hands-on experience to enable learner empower-
ment.

Create opportunitiesto integrate HI Slearning into practice.
Engage learnersin their clinical context.

Employ simulation- and scenario-based learning techniques
(real-world uncontrived experience).

Provide opportunitiesto create tools and items that can be
used in clinical practice (eg, creating personal preference
lists of frequently used orders, creating a patient-specific
care plan).

Ensure the learning time is as close to the launch of the

[1,16,21,23,26,27]

[1,4,6,7,17,23,25,28]

[1,4,16,22,25,26]

[6,7,17,23,25,26]

HIS as possible.
«  Adopt longitudinal approachesto training.
« ldentify and integrate super users as part of education

planning.

«  Collaborate with and learn from clinical champions.

Continuous and agile evaluation designed to meet the emerging demands of the clinical environment

Evaluation and feedback .
environment

Being agile to meet the emerging demands of the clinical

[5,6,21]

«  Understanding how health care providers perceive HIS
education and eventually its application

«  Adaptability and enhancement of curriculum revisions

Invest in Engaging and Understanding Learnersin the
Clinical Context Theme

The Invest in engaging and understanding learners in the
clinical context theme includes both understanding learners
needs and understanding what incentives may best enablelearner
participation in HIS education.

Several papers have identified the importance of ng the
current capability level of learners in terms of clinical and
technical skills to tailor learning accordingly, including
providing adequate staff and time for education. Many health
care providersreceived their education as health care providers
before information technology became ubiquitousand, therefore,
may lack the essential technical skills required to use an HIS
effectively [1]. Benwell et a [23] reported that learners often
felt that the HIStraining sessionsfailed to addresstheir learning
needs, as the program was either too simplistic or advanced.
This point was further reinforced in a study that examined
traditional forms of education approaches, assuming that each
health care provider shared the same knowledge and skill level.

https://www.jmir.org/2021/2/e24691

However, the authors discovered that the skillset of care
providers differed based on their experience and educational
levels[26,27]. In another peer-reviewed paper, the educational
team at a hospital designed a course for health care providers
with average computer skills.

The curriculumtiming was based on an end-user with
average computer skills: someone ableto usea mouse
and familiar with windows functionality. The design
was frustrating to the advanced computer users
because they were “sdowed down” and frustrating
to students with minimal skills because content was
covered much too fast. Most staff attended training
in 8-hour blocks, compounding thisissue. Evaluations
indicated that the number of hours spent in the
classroom was over-powering and not conducive to
learning. Saff reported feelings of burned out and
too much content to absorb. [ 21 ]

Previous experiences with computers and the perceptions that
learners bring with them regarding the value of technology
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influence their receptiveness during training sessions [21].
Edwards et a [4] stated that pretraining enabled those health
care providers who needed it to gain baseline familiarity and
improved their performance. Furthermore, Bredfeldt et a [1]
reported:

Trainees who are proficient at problem list
management may have already reached the functional
ceiling, leaving no roomfor improvement. In contrast,
while some training participants were very practical
at medication list management, there was still room
for improvement. [ 1]

Adequatetechnology literacy and general competenciesof health
care staff have been identified as critica factors for
implementing HIS systems [16,26]. Without these, further
education sessions may be required to support health care
providers before they engage in learning specific to HIS.

Four papers discussed the significance of providing incentives
to help health care staff expand their information technology
competencies to encompass new skills[1,6,17,18]. A study by
O'Brien [18] asserted that to cover the expense of adequate
training and replacement nurses, the organization provided
incentives to staff to complete their training on days they were
not scheduled to work. In addition, the organization has
developed an incentive program to encourage staff tofill in for
colleagues who were participating in training or to attend a
training classin the evening or weekend at full pay. In another
study, providerswere recognized for their time by being eligible
for continuing medical education credits[1,6].

Maximize the Transfer of Learning to Care Theme

The theme of Maximize the transfer of learning to care
encompasses providing hands-on practice, integrating rea-life
case scenarios, engaging key stakehol ders and staff champions,
and scheduling education sessions close to the actual use of the
system, all of which contribute to a learner-centric approach
and a more successful HIS implementation (Table 2).

Many papers stressed theimportance of providing learnerswith
significant amounts of timeto engage in hands-on activities[4].
Interaction with the HIS was a key priority among all
participants across several studies[4,6,17,25]. Participantswere
provided with an overview of the key features of the system,
using a combination of lectures and practical exercises, thus
enabling the learnersto gain hands-on experience using the new
system[25]. In addition, hands-on activities enabled health care
providers to gain more practice and become familiar with the
system and have an opportunity to ask questions [6].

Class participants indicated that the hands-on
exercises were the most useful portion of the class,
and they appreciated the ability to build things in
classthat could be usedintheclinic. [ 1]

This finding corresponds with concerns from heath care
managers that learners should be competent in using HIS in
their work setting [4]. By providing an opportunity to
deliberately practice with the system, active learning is
encouraged, thereby increasing learners confidence [4].
Nicklaus et a [17] described that hands-on experience allows
for the practical application of the concept and enables

https://www.jmir.org/2021/2/e24691
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distraction-free instruction. This approach encourages learners
to set the pace of their learning without becoming overwhelmed
with alot of content in a short period of time while increasing
their confidence and competency levels [17]. By promoting a
self-regulated learning principle, effective learning can be
achieved by empowering learners to take part in their own
learning process, set their own goals, and challengetheir critical
thinking skills [17]. Self-regulated learning is defined as a
cyclical process that enables the learner to guide their
goal-directed activities, evaluate their performance, and then
reflect on the outcomes[28]. McAlearney et al [7] asserted the
following:

..training programs that include opportunities for
learnersto observe othersusing the EHR system, and
those that provide active learning opportunities,
should enhance the learning process because they
give learners opportunities to develop positive
perceptions about their own abilitiesrelated to using
theEHR. [ 7]

This point was reinforced in a study by Bredfeldt et a [1],
stating that classroom-based training and hands-on activities
were associated with the improved utility of using the new
system. The authors noted that alive EHR environment allowed
staff and clinicians to build tools they could use when they
returned to the clinic and the use of ancillary resources [1].
Through continuous interaction with the system, learners
reduced their cognitive effort associated with performing the
task [16].

In addition, several studies have found that educational programs
that incorporate real case scenarios, with an emphasisonclinical
workflow enhance outcomes [25,26]. Interactive scenarios
presented with amini case study highlighted the importance of
new HIS elements, enabling the care providers to better
understand the new updates involved with the HIS and the
manner in which they needed to document [22]:

A hybrid teaching method that entailed both
elearning and a supplemental education session
providing face-to-face personal communication, case
examples, and examples of errors improved
timeliness, completion and accuracy of nursing
documentation significantly. [ 16 ]

Studies have highlighted the importance of developing
expertise-specific scenarios that are relevant to health care
providers [25]. The use of various approaches may appeal to
individual learning needs, with learners appreciative of relevant
clinical scenariosin particular [25]. The scenarioswere designed
to reflect the daily workflow process and enabled learners to
visualize how the HIS can potentialy be used in their work
environment [22]. Furthermore, the scenarios provided each
learner with further exposure to the workflow and an opportunity
to critically reflect through the different processes [22].

Theliterature findings described the importance of and positive
changes in engaging key stakeholders and staff championsin
achieving targeted organizational change. Super users (expert
users who have received supplementary education and are
capable of educating other staff) were found to play a critical
role in providing unit-level assistance and reducing the need
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for expensive external education and training [18,25]. They act
as facilitators in each area or department, supporting and
educating new staff [18,26]. McAlearney et al [7] reported:

...when |ear ners observe others successfully using the

EHR, their efficacy expectations are increased

because of their corresponding beliefs that they also

possess the capabilities to master the EHR system. [

7]
The authors emphasized the importance of positive behavior
modeling (role modeling from peersin the work environment),
which demonstrates effective approaches to help overcome
these challenges. They acknowledged that engaging champions
and super users may foster transformative learning and
contribute to alearner-centric approach. In a study on training
programsthat leverage the skills of super users, it was reported
that they contribute to better | earning outcomes and meaningful
use of the HIS[7]. Pantaleoni et al [6] described that the success
of thetraining program was also attributed to the lead physician,
asthey provided guidance on theclinical context and knowledge
of institutional workflows, such as the number of distinct
provider workflows and how to group providers in a training
session [6]. In addition, physicianswereinvolved in the design
and delivery of the training communication for hospital and
staff leadership [6]. Pantaleoni et al [6] asserted that it is vital
that the super user has an interest in education, institutional
knowledge, and good communication skills.

In addition to the engagement of organizational stakeholders
and staff champions, formalized education scheduled close to
the actual use of the system was identified as beneficial to end
users [23,26]. The study findings suggested that health care
providers benefit from formal education only when it occursin
close proximity to their use of the HIS. Pantaleoni et al [6]
emphasized the following:

Training classes should be offered 2 to 8 weeks prior

to the change. Training that occurs greater than 8

weeks will likely not be remembered by the end-user.

[6]
It has been noted that education delivered too early or too late
could potentially waste resources and raise frustrations among
staff [23,26]. Moreover, the authors stated that following 30
days of unit-based experience, most staff ultimately exhibit a
similar skill level. Education that is scheduled in close proximity
to the time of end-user use may facilitate the greatest impact
on peformance and knowledge acquisition [23,26].
Furthermore, formalized (instructor-led) education may not be
needed for all learners, as some participants reported formal
education to be inefficient and of little value; however, daily
exposure to the HIS improved their performance [23].

Continuous and Agile Evaluation Designed to Meet the
Emerging Demands of the Clinical Environment Theme

A review of the studies suggested that continuous evaluation
supports an agile approach to meet the emerging demands of
the clinical environment (Table 2).

https://www.jmir.org/2021/2/e24691
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Pantaleoni et al [6] described the need to conduct an evaluation
of an HIS educational program:

We then conducted an evaluation of a pilot
implementation of the elLearning course to ensure
that the resources matched needs, were
understandable, usable, and useful; and contributed
to quality improvement of future HIS elLearning
resources. [ 6]

Furthermore, McCain [21] stressed the value of evaluating
educational programs continuously to identify course strengths
and weaknessesin stimulating curriculum revisions. The authors
emphasized that all HIS-related training and education programs
should be continually updated to stay abreast of the evidence
base and innovations.

Future work must include expansion and optimization
of the current modules, and targeted dissemination
to support uptake in appropriate settings. |If
evidence-based strategies for training providers
Health Information Technology (HIT) are lacking,
appropriate and effective use of these technologies
will be limited, and many costly and potentially
powerful HIT projects may fail to improve the quality
of healthcare. [ 21]

Hence, the evaluation allowed educatorsto understand the need
for change in work processes and practices and an opportunity
to establish mechanisms to share learning across the
organization.

Importantly, although continuous evaluation can lead to
learner-centric education delivery, HIS data can aso be
leveraged to prioritize interventions for system optimization
and workflow redesign and to identify struggling learners who
may require additional training or support [5]. In a study by
Kadish et a [5], clinicians requested individualized training
after several rounds of group training to improve their own
efficiency in the EMR. Ensuring that the educational content
was relevant and applicable to all learners was challenging, as
individual skill sets in using the system varied among care
providers. This study accentuated the importance of capturing
dataover timeto inform continuous and personalized assistance
to optimize the use of the HIS after initial training.
Individualized education ensured that educators were able to
adapt the content to accommodate the diversity of clinical
practice at the individual and group levels to improve the
competency and confidence of learnersin the use of HIStofind
clinical information [5].

Research Question 2: Measures and Outcomes Used
to Assessthe Effectiveness of Education and Itsl mpact
on the Implementation of HIS

Twelve papers presented the results of their training evaluation
[1,4-6,16-21,23,24]. Astraining approaches and outcomesvaried
across studies, each approach will be briefly discussed (Table
3), followed by measures and statements of education outcomes
associated with each educational approach. The classification
of educational outcomes will be guided by Kirkpatrick-Barr.
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Table 3. Summary of the 12 studies that assessed the effectiveness of the education program.

Jeyakumar et a

Training approach and author

Measures

Outcomes

Classroom training

Pantaleoni et a [6]

Kadish et al [5]

Evatt et al [16]

O'Brien [18]

Kraus et a [20]

Blended learning

Survey assessed providers' overall training experi-
ence, including trainer preparedness, course design,
handouts, and the learner’s overall readiness to use
the system

Providers were sent 2 surveys:
«  Thefirst survey was sent before training and
used a 5-point Likert scale to measure confi-

dence inthe EMR®overall and in 5 key activi-
ties.

« Immediately after training, asecond survey was
sent to participants to evaluate the session and
to gauge confidence in the same activities.

Changesin time spent in various EMR activities
before and after training were compared using a
paired Wilcoxon test.

Nurses completed a knowledge and attitude survey

before and after education session:

o 10-item researcher-designed instrument

«  Questions assessed knowledge regarding time-
liness policy, area content, and information
within areas

« Likert scales: testing attitude toward the com-

pletion of the EH R nursi ng admission assess-
ment

Sampled charts of patients admitted to the 2 units

before and after completion of the sessions:

«  Toevaduate the timeliness of completion, the
time (in minutes) from patient admission to the
unit to submission of the nursing admission
assessment to the EHR was determined.

Accuracy of documentation was assessed with regard
to the accuracy of the past medical history.

Physician survey was conducted 2 months after the
physician order-entry go-live date.

Measurethelevel of adoption of CPOM®: percentage
of the utilization of HIS® by CPOM of physicians.

High physician satisfaction with the program (level
1

Positive effect on confidence in knowledge acquired
(level 2a)

Participants reported an increase in confidence across
all activities (level 2a), and amost all providers agreed
that the training enhanced their efficiency (perceived;
level 3).

A reduction in the overall timein the EMR system
was observed. Participants reported becoming more
efficient with the use of the EMR (level 3).

Nurses' attitudes (level 2a) and knowledge (level 2b)
regarding completion of the EHR nursing assessment
admission assessment improved significantly.
Following the educational session, the mean timeto
completion of the EHR nursing admission assessment
decreased (level 3).

Timeliness, completeness, and accuracy of assessment
documentation (after the session) wereimproved sig-
nificantly after use of a hybrid approach (level 3).

90% agreed that the EMR system made it easier for
them to do their work (level 1).

Medication errors caused by illegibility and transcrip-
tion were eliminated completely (level 3).

Staff also have found that the EMR system makes
their jobs more efficient (level 3).

Patient satisfaction scores for the overall satisfaction
with care climbed to their highest levels (level 4b).

Physician adoption reached thefirst-year goal of 40%
physician entry in the first month and stabilized at
75% within ayear.

The impact has been noted in pharmacy, where the
average time from order to pharmacist verification
decreased from 90 min before CPOM to 17.9 min a
year later (level 3).

The resulting order sets and their increasing usein
clinical care can be considered another measure of
success.
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Training approach and author

Measures

Outcomes

Bredfeldt et al [1] .

Benwell et a [23] .
Nicklauset al [17] .
Rudd et al [24] .
McCain [21] .

Classroom training ver sus BLf

Evaluated 2 outcome measures in the EHR data for

6 months before and after training:

«  Proportion of visitsin which either the problem
list or the medication list was modified

«  Modifying the problem list included adding or
deleting problems from the problem list or at-
taching comments to existing problems on the
list

Modifying the medication list included marking

medications as chronic, removing inactive medica-

tions, or marking the medication list as reviewed

Questionnaire (10-point Likert scale and dichoto-

mous scal€)

o  Toratetheir self-perceived skill level using
computersin general versus BOSSnet (digital

medical record), the usefulness of the ICT®
training session and their willingnessto train
others

Thetimetaken to completeall tasks (efficiency) and
the number of incorrect mouse clicks (accuracy)
used to compl ete each task were recorded during the
education session.

Observationsto measure the effectiveness of training

The primary evaluation outcome was knowledge
gain resulting from the compl etion of the blended
e-learning course, measured by differencesin
posttest and pretest scores.

Secondary outcomesincluded achievement of a70%
passing score and participant satisfaction with e-
learning module content, format, and delivery.

Likert scale and open-ended questions

Rating how well objectives were met and clarity of
information, in addition to sharing course strengths
and suggestions for improvement

Training wasrelated to asmall but significant increase

in the use of key EHR capabilities:

«  Participantsincreased their use of both the
problem list from 22% to 24% of visitsand their
use of the medication list from 41% to 45% of
visits after the education session (level 3).

A significant improvement in both efficiency and ac-
curacy for al participants during the session was ob-
served (level 2b).

The greatest improvements in task performance fol-
lowed daily ward—based experience using BOSSnet
rather than formalized training.

Learners were satisfied with the learning laboratory
asit provided an opportunity for them to practice and
understand the system (level 1).

They reported that scenario-based practicetime stim-
ulated realistic documentation and that they began to
better comprehend the information.

Respondents reported high satisfaction with the overall
content of the course and with the e-learning modules
(level 1).

Blended e-learning course participants gave positive
feedback about the course structure (level 1), and their
knowledge of HIS competencies.

Participants experienced strong learning gainsin both,
although learning gains were somewhat greater in the
in-person course (level 2b).

Reduction in training time was observed.

Participants liked being able to complete the training
at their own pace and immediately practice the infor-
mation learned (level 1).
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Training approach and author Measures

Outcomes

Edwards et a [4] .

Satisfaction with HIT9 training was assessed using ~ *

Learners were equally satisfied with both methods:

apre-existing, web-based, anonymous self-report

survey.

«  Theinstrument consisted of 13 questions: 9
questions focused on satisfaction with course
execution, instructor quality, and usefulness of
materials
«  Ratingsfrom these 9 questions were

summed to form a single satisfaction
score.

«  Three subjective questions: identify the most
and least valuable information and materials
experienced during training

» Additional question elicited general comments
and suggestions

Simulation training

Vuk et al [19] .

Questionnaires on a 7-point Likert scale beforeand »
immediately after simulation training
«  Assessed their perceptions about theimportance
of EMRsinimproving patients’ safety and their
confidence and preparednesslevel to useEMRs

instructor-led and blended learning BL (level 1).

Instructor-led participants found the training to be
vauable (level 1), particularly the system functions
and navigation.

Simulation training enhanced physicians’ and nurses
levels of self-confidence and preparedness to use
EMRs (level 2a).

3EMR: electronic medical record.

PEHR: dlectronic health record.

®CPOM:: computerized physician order management.
9HIS: health information system.

€|CT: information computer technology.

"BL: blended learning.

9HIT: health information technol ogy.

Discussion

Current State of HIS Education Programs

This study identified critical knowledge gaps in our
understanding of the most effective strategies and approaches
in enabling hedlth care providersto optimally usean HIS system.
We only identified 17 studies that examined the effects of
different education tactics in a hospital environment. This
paucity of literature indicates the maturity of the topic areaand
emphasizes the need to establish a baseline understanding of
HI'S education strategies during and post implementation. This
study provides an understanding of the current landscape of
these programs and important insightsinto successful education
development and improvement.

HIS education and training have been identified as potential
key fecilitators in ensuring effective and optimal use of
technology and can have a positive impact on HIS
implementation, efficiency, and patient care. Competency in
HISisnow an essentia clinical skill, and health care providers
and staff who lack proficiency and efficiency may face
challengesin performing clinical tasks[29]. Despitethis, many
organizations underestimate education and training needs and
the time required for effective education [10]. Unsuccessful
transitions are also because of alack of understanding of what
learners expect to gain from training and failureto link training
to HIS implementation. Furthermore, a lack of adequate
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education may increase the risk of users creating workarounds
that limit the advantages of HIS and potentially hold the
organization back [10].

Upon review of the numerous instruments employed in the
reviewed literature, it isapparent that no standardized tools have
been adopted yet to assess learner outcomes of education
programs. The majority of authors used self-constructed,
nonvalidated scal es and defined their resultsin qualitative terms.
This limits al future efforts to compare and analyze evidence
on the effectiveness of the HIS curriculum. More studies with
standardized outcome measures and assessment tools are
required to support recommendations on the most effective
approaches in enabling providersto optimally use an HIS.

Fortunately, HIS training is beginning to embrace a
learner-centric paradigm, and HIS education can be informed
by existing educational frameworks such as Kirkpatrick and
Moore. For example, Kirkpatrick and Moore's frameworks are
focused on evaluating health care provider education and have
become acommonly cited reference when ng educational
outcomes. Although these frameworks provide a good source
of reference for evaluating the impact of learning and
development, these frameworks do not provide sufficient
direction for designing and sustaining an HIS education
program. In particular, the frameworks do not take into account
a wide array of factors, including those associated with the
organization, individuals, teams, and the overall design of the
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education itself, all of which can influence the effectiveness of
the educational program before, during, or after education
delivery. Similarly, the experiential learning theory by Kolb
focuses on learning at the individual level, a helpful but
insufficient perspective to guide planning for HIS education
across an organization. Finally, and importantly, none of these
frameworks are grounded in evidence unique to HI S education.

Jeyakumar et a

Given many of the considerations that are unique to HISs and
the limited applicability of existing educational frameworks,
the authors devel oped a new framework for HI'S education that
guides the adoption of the most effective education strategies
used to equip health care providers with the skills required to
work effectively in a clinical environment. To address these
gaps, the Accelerating the HIS Learning Cycle Framework in
Figure 2, with the 5 fundamental elements, was developed from
the data from this study.

Figure 2. Accelerating the health information system learning cycle framework. HIS; Health Information System.
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Resear ch Question 3: Most Effective Approachesin
Enabling Individualsto Optimally Usean HIS

Assessment of Individual, Team, and Organization
Capabilities

The assessment of the current capability of learners (individuals
and teams) before the delivery of training appearsto beacritical
facet of effective HIS implementation. Aslearners progressin
their environment and acquire new skills and methods of
engaging in their ecosystem, education should be adapted to
address their learning needs. Hence, it isworth acknowledging
that there may be different levels of HIS knowledge and
adoption among providers. Terry et a [30] and Harton et al [31]
noted that although there is variability regarding the influence
of previous technical knowledge on perceptions of EMR
adoption, learners with lower digital literacy may require extra
sessions to learn the functionality of the computer and the
processes necessary for clinical practice. This finding is
particularly important as health care systems evolveto leverage
HISs to support clinicians' adaptation to the new workflows
and integration of this technology into their clinical practice.
Despite the value placed on interprofessiona learning, the
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literature has primarily focused on individual learning and a
dearth of evidence has been provided on team-based learning.
Future research exploring interprofessional education could
provide greater insights into designing an effective educational
program.

Culture pervades learning, and to meet the needs of diverse
learners, issues revolving around the socia and cultural
dimensions of task design, structuring of content, and
communication channels must be considered when designing
a curriculum [32]. Culturaly responsive pedagogy (CRP)
recognizes learners' differences and stresses that the cultural
congruence of an instructional environment increases learners
success [33]. A study from the University of British Columbia
reveal ed that learnerswho are culturally diverse have atenuous
relationship with institutions that focus their curriculum on
traditional, Eurocentric, and normative approaches [33]. These
approaches tend to neglect learners from marginalized cultural
backgrounds by disregarding their cultural habitus, leading to
a cultural discontinuity for learners and the organization [33].
Rijal [34] reported that learning organizations moving toward
aculturethat encourages openness, crestivity, experimentation,
and tolerance for mistakes will enhance learning outcomes. An

JMed Internet Res 2021 | vol. 23 | iss. 2 |e24691 | p.95
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

important part of alearning organization is being ableto create
new knowledge and use it to capitalize on hew opportunities
[35]. CRP has been hypothesized to connect all facets of learning
with each other on emotional, social, mental, and physical levels
[33]. In this framework, CRP is an important element in
understanding individuals' and organizations' needs.

Practice and Problem-Based Learning

This study surfaced the relevance of problem-based learningin
HIS education and training. A magjority of the papers focused
on a task-based learning approach to training, where learning
isbuilt based on predefined tasks addressed in clinical practice.
Unfortunately, atask-based approach can lead to learnersbeing
dependent on instructors and support toolsto provide them with
guidance to perform the task, rather than encouraging them to
critically think about how to approach the task [36]. Focusing
on a narrow learning parameter without examining the larger
context of the HI'S system may not be sufficient to successfully
transform learners from the existing approach to the new
electronic documentation [17]. Problem-based |earning provides
a promising avenue for delivering an optima learning
experience while fostering an active independent learning
attitude in learners. This learning approach enables learnersto
internalize knowledge through a process of solving clinical
problems and stimulate deeper thinking with an emphasis on
how and why questions[36]. Education that is at the appropriate
skill level of learners and focused on a problem-based learning
approach may encouragelearnersto critically reflect and attempt
to understand not only the tasks themsel ves but a so the concepts
and mechanisms underlying the tasks.

Thisstudy underscores theimportance of incorporating hands-on
practice as part of education to increase learners confidence
and competency in successfully using the HIS system. In a
review by Younge et a [37], the authors asserted that hands-on
practice addressed the learner’slevel of computer literacy, which
also relates to their ability regarding the ease or difficulty of
using HIS. Similarly, Youssef [10] contended that hands-on
experience enables |earners to devel op realistic expectations of
what the HIS is able to offer. Thus, learners are able to
strengthen the connection between persona experiences,
learning content, knowledge, and a concrete task, resulting in
better comprehension of abstract concepts[38].

I ntegrate Learning I nto Practice

Iterative assessment of learners’ performance with new scenarios
enables learners to demonstrate their knowledge and their
competency in using their knowledge to deal with the new and
more difficult cases being presented. Practice-based learning
strengthens learners’ knowledge integration and application in
areal-life setting [38]. Younge et a [37] noted that educating
with materials, which provide opportunities for active learning
and using assessments that evaluate what learners know
(efficiency) and how they use existing knowledge to solve new
problems hel psto foster adaptive expertise. Learners highlighted
real-life scenarios as a way to augment critical thinking by
engaging in discussions. Hence, digital learning resources must
be designed in amanner that offers better immersion while not
increasing cognitive load [38].
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Use of hands-on learning is consistent with the main phases of
the experiential learning theory by Kolb [39]. Theincorporation
of hands-on practice and real case scenarios provides learners
with an opportunity to deal with the workflows in clinical
practice, which occurs when clinicians engage in an uncertain
and unfamiliar context and allows learnersto take an activerole
inthelearning process. Using hands-on practice and case studies
built on the 4 stages of the experiential learning theory would
elicit evidence for changes in the cognitive process, learning,
and behavior. Thisis critical in underpinning the design of an
HIS curriculum and the role of educators and learners.

The clinical environment is an ideal setting to identify
knowledge and skill gaps and then pursue learning with
colleagues and instructors in a venture to fill these gaps. The
authors advocate for the development of an interprofessional
community of practice (CoP) asit facilitates the sharing of best
practices and alows for the creation of new knowledge to
advance the domain of HIS in clinical practice [40]. A CoPis
built based on the assumptions of co-participation, where all
learners from varied geographical locations engage in the
activities of the community intending to facilitate meaningful
learning [41]. As long as learners and instructors are present
and engaged, an online community will evolve dynamically to
meet their specific needs [41]. The digital space alows
participantsto sharetheir experiencesand knowledgein creative
waysto cultivate new approachesto problems. When designing
the HI S education strategy, this element of sustainability should
be considered to enable individuals to optimally adopt and
effectively use an HIS.

Enhance Practice | mprovement and Performance

Another critical element as part of an educational strategy is
identifying and engaging super usersearly in the project to help
foster learning and understand the value of the HIS in clinical
settings. Engaging super users in the development of an
educational program enablesthe content to betail ored to specific
provider needs, which, in turn, will contribute to the overall
HI'S adoption and successful implementation. Theidentification
and engagement of champions and super usersarerooted inthe
diffusion of innovation theory devel oped by Rogers[42]. Super
users and champions are early adopters and innovators who
adopt the HIS very early and take part in the dissemination of
the new idea within the organization. They use the
communication channels established to influence people's
attitudes and accelerate the rate of adoption [42].

Evaluation and Feedback

Evaluation plans should not only evaluate the efficacy of the
initial training but also use this information to inform plansto
address the ongoing learning needs during and post-HIS
education and implementation. |n addition, ongoing evaluation
can provideinsightsinto emerging learning needs not only about
the HIS system but also about emerging practice gaps and
variations, which can help refine the goals and objectives and
guide the implementation of the most effective education
strategies. Through evaluation associated with HIS education
and implementation, areas of significant strength can also be
identified; for example, one part of the organization may
demonstrate exceptional use of the HIS in practice. Positive
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deviance allows the organization to identify the top performers
and foster analysis and discussion of such performanceto elevate
performance among other groups within the organization [43].
Thisapproach characterizes not only the processes and practices
that exist in top-performing groups but also the context in which
they are implemented, such as the organizational culture and
norms of behaviors [43]. Evaluation can be used to maintain
and garner support for an education program in addition to
assessing learner achievement.

Limitations

The findings of our scoping review should be examined in the
context of the following limitations. Due to the nature of the
scoping review, the quality of each study was not assessed. The
age of theliterature and the gap in publication dates may curtail
the validity of the findings concerning the current landscape,
as many of the previous papers were published in a different
health care climate. Moreover, based on 5 studies that assessed
the third level of Kirkpatrick, one was a perceived outcomein
behavior, and only one of the studies assessed the highest |evel
of Kirkpatrick-Barr (results). Given the nature of thetopic being
investigated, we excluded studies that discussed HIS education
in academic institutions (eg, universities). Another limitation
of this study isthat we cannot confirm that we did not miss any
relevant studies asthe literature on the most effective approaches
inenabling individualsto optimally usean HISis heterogeneous.
There is no standardized terminology in educational research,
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and the term used to describe the same ideas may vary
depending on the author, thus limiting the retrieval of papers
comprising important findings. The acceleration of the HIS
learning cycle framework isemergent from this study and itself
has not yet been validated.

Conclusions

This study supports the development of an HIS learning
framework that educators can use to guide the design and
development of HIS education and training during and
postimplementation. Given the advances in HISs, health care
organizations should be equipped with the essential tools to
deal with the turbulence that embodies digital ecosystems and
research into all facets of education that prepare health
providers, teams, and the organization asawhole, for therapidly
changing nature of clinical environments. Thisframework isa
novel addition to the literature and needs to be pilot tested to
evaluate their feasibility and efficacy in health care education.
We posit that to successfully transform care providers to use
the new technology, best practices and training principles in
HIS education that harness the nature of transformative learning
must be pursued. Future efforts should examine the effectiveness
of interprofessional education interventions, as the literature
predominantly focuses on individualized learning. Finally, we
encourage future studies to focus on iterative learning to better
understand how providers continue to learn from the HIS
postimplementation about key practice gaps.
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Abstract

One Digital Health is a proposed unified structure. The conceptual framework of the One Digital Health Steering Wheel is built
around two keys (ie, One Health and digital health), three perspectives (ie, individual health and well-being, population and
society, and ecosystem), and five dimensions (ie, citizens' engagement, education, environment, human and veterinary health
care, and Healthcare Industry 4.0). One Digital Health aims to digitally transform future health ecosystems, by implementing a
systemic health and life sciences approach that takes into account broad digital technology perspectives on human health, animal
health, and the management of the surrounding environment. This approach allows for the examination of how future generations
of health informaticians can address the intrinsic complexity of novel health and care scenarios in digitally transformed health
ecosystems. In the emerging hybrid landscape, citizens and their health data have been called to play a central role in the
management of individual-level and population-level perspective data. The main challenges of One Digita Health include
facilitating and improving interactions between One Health and digital health communities, to allow for efficient interactionsand
the delivery of near—real-time, data-driven contributions in systems medicine and systems ecology. However, digital health
literacy; the capacity to understand and engage in health prevention activities; self-management; and collaboration in the prevention,
control, and alleviation of potential problemsare necessary in systemic, ecosystem-driven public health and data science research.
Therefore, people in a healthy One Digital Health ecosystem must use an active and forceful approach to prevent and manage
health crises and disasters, such as the COVID-19 pandemic.

(J Med Internet Res 2021;23(2):€22189) doi:10.2196/22189

KEYWORDS

One Hedlth; digital health; eHealth; medicine; veterinary medicine; environmental monitoring; education; patient engagement;
citizen science; health care industry; population health management; data science; COVID-19

large amounts of big data and the cloud age have supported

Introduction and Background short-term research in numerous domains [1-3].

All sciencefieldsarestrongly interconnected to each other, and One Hedth is an umbrella concept that encompasses all
each health specialty depends on others. Yet academics, disciplinesthat broadly deal with human health, animal health,
researchers, and practitioners are often confined to their own  and the surrounding environment. The modern origins of One
knowledge, language, and expertise silos. This issue is Health date back to 2004. One Health was introduced as part
paradoxically enhanced by the existing abundance of knowledge;  of the 12 Manhattan Principles, which called for aninternational,
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interdisciplinary approach for preventing diseases [4],
specifically animal-human transmissible and communicable
diseases. Therefore, systematic perspectives on life sciences
and the environment (ie, interactions and coinfluences within
the environment) were brought together to design and implement
programs, policies, and regulations for achieving better public
health outcomes. The World Health Organization (WHO) has
associated One Health with sustainable devel opment goals[5,6].
One Hedlth involves the eval uation and monitoring of theimpact
of environmental hazards on health care systems, public health,
biodiversity, and food security. In summary, One Health
encompasses the interconnections between humans, animals,
plants, and the global ecological environment [7-10]. Therefore,
One Health research requires close collaboration among health
practitioners, public health workers, biologists, and
environmental science specialists. One of the main aims of One
Health research is to understand how potential vector-borne
diseases (eg, a highly pathogenic avian influenza) spread and
how they can be controlled [11,12].

The evolution of digita technology has resulted in
evidence-based, accessible, upper-level, and holistic methods
that are capable of accelerating biomedical research and
enhancing public health efficacy. M oreover, thistransformation
has rapidly enhanced scientific knowledge development and
improved health education, personalized clinical care, and
citizen science. This has led to the growth and advancement of
scientific knowledge, aswell as overlaps among formal, natural,
and social sciences; engineering; health; medicine; and
well-being. There have been calls for integrating digital
technologies into the living- and society-related aspects of
variousfieldsto enhance population health, efficiency, precision,
and personalization in health care delivery. Thanks to active
citizens' engagement and participation, considerable volumes
of data have been generated by a multitude of systems and
processed with semi—real-time data mining techniques (ie,
techniques that health care data specialists have improved over
time). Reflecting upon multiple perspectives during the ongoing
COVID-19 pandemic can provide opportunities for revisiting
and understanding the limitations of public health, human and

http://www.jmir.org/2021/2/e22189/
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veterinary health care, and environmental management systems
[13,14].

To build upon these advancesin digital technology, weintroduce
One Digital Health (ODH), which is a novel framework that
integrates perspectives from health, care, and well-being
research; health informatics research; and broad computer and
data science research. ODH is based on (1) health informatics
and the broadening of digital health [15]; (2) One Health [4],
which provides a holistic and systemic view of health and life
sciencesthat are prominent in human health, animal health, and
ecosystem research; and (3) environmental research.

In the following sections of this viewpoint paper, we will
elaborate on the ODH conceptual framework, highlight the core
elements of ODH, and address specific challengesfor the future.
Examples of COVID-19—elated aspects and how these aspects
relate to the ODH framework will also be considered and
discussed. We will also discuss recommendations for raising
awareness, capacity building in ODH, and the proposed
multidisciplinary European Federation of Medical Informatics
(EFMI) ODH working group, to promote synergy across One
Health scientific fields.

What is ODH?

ODH aims to facilitate and improve collaboration among
practitionersin One Health and digital health communities. This
collaboration will allow both communities to benefit from
efficient interactions over time and the delivery of
near—real-time, data-driven contributions to systems medicine
[16] and systems ecology [17]. Thiswill also alow citizensto
engage with their individual health and well-being.

ODH iscomprised of threeintertwined levels (ie, two enabling
keys, three perspectives, and five dimensions), wherein digital
technology actsacatalyst. These are described in the following
sections.

Figure 1 shows our conceptualization of the ODH framework,
which we named the ODH Steering Whedl.
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Figure1l. The One Digital Health Steering Wheel conceptual framework.
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The Two Enabling Keys: One Health and
Digital Health

It is widely acknowledged that the concepts of health data,
information, and knowledge refer to a person’s health and
medical history [18]. Health informatics refers to the
management (ie, collection, aggregation, analysis, and
interpretation) of health data, information, and knowledge (ie,
those related to patient care) that are made available through
the deployment of digital tools [19]. Many scholars have
contributed to the expansion of these original core concepts.
Such contributions include (1) increasing technol ogy adoption
and performance; (2) enhancing technology safety, quality,
effectiveness; and (3) improving the efficiency of care. One
Health and digital health researchers seek to make their fields
more comprehensive and inclusive, by studying research fields
that are constantly being improved due to the development of
health informatics [20]. Asaresult, thefield of biomedical and
health informatics (BMHI) “pursues the effective uses of
biomedical data, information, and knowledge for scientific
inquiry, problem solving, and decision making, motivated by
effortsto improve human health”; and “investigates and supports
reasoning, modeling, simulation, experimentation, and
transl ation across the spectrum from mol ecules to popul ations,
dealing with avariety of biological systems” [21]. Inthissense,
BMHI reflectsmanifold purposes and benefitsall professionals
in the health carefield [22].

During the early 2000s, the internet was integrated into the
day-to-day life of the general public. At the sametime, eHealth
emerged as anovel concept. eHealth has expanded the focus of
medical informatics to include clinical information systems
[23]. This has alowed the field to actively acknowledge health
service customers, which are the central focus of the system.
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Thus, eHealth has majorly emphasized the importance of
consumer health informatics in the current century [24].

eHealth-related concepts have been defined [24] and
disseminated over more than 20 years [25]. Nonetheless, the
massive process of digitalizing health services (ie, the process
we are currently witnessing) has brought renewed focus to
economics. This focus has manifested as the use of the term
“digital health” [26]. This means that even though the terms
“electronic something” and “digital something” are considered
synonyms, the former seemingly refers to “electromagnetic
stuff” fromthe“old times’ (ie,1990sto the beginning of 2000s),
whereas the latter sounds more like “advanced technologies”
that fully support the daily practices of health and care. Thus,
the term “digital health” is catchier than “electronic health,”
which can refer to communities that have not fully integrated
technology [26]. In other words, no considerable differences
seem to exist between eHealth and digital health, asno paradigm
shifts exist between them. Yet, digital health can be seen asa
refined version of eHealth, since digital health explicitly
accounts for the deployment of health data, information,
knowledge, and decision support systems via digital
technologies, in a context that features life and environmental
aspects [23]. Digita health therefore entails (1) ubiquitously
collecting and storing data, information, and knowledge to
efficiently deliver health care; (2) making health and medicine
more personalized and precise; (3) pursuing goalsthat arerelated
to health promotion, well-being, and efficient self-management;
(4) considering the economic dimensions of the services
tendered.

The deployment of digital health interventionsrequires expertise
from health practitioners; health researchers; and scientists in
the fields of engineering, social sciences, public health, health
economics, and data management [21]. It is for these reasons
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that we usetheterm “digital health” instead of “eHealth” inthis
viewpoint paper.

Concepts such as health, well-being, individual, population,
living quality, and biological systems stand at the core of One
Health practitioners collaborative, multisectoral, and
transdisciplinary approach. One Health practitioners also aim
to achieve optimal health and well-being outcomes at the local,
regional, national, and global levels, by recognizing the
interconnections between people, animals, plants, and their
ecosystems [27-29]. People's rising interest in the manifold
competence areas of One Health have allowed them to witness
the development of innovative strands of research, such as
digital epidemiology and public health infodemiol ogy research
[30,31]. These new disciplines aim to improve people’'s
understanding of health risks, effective management, and policy
decisions[32,33]. Inthisspirit, One Health informatics has been
proposed as an approach for bringing these research topics
together during public health and life sciences research. The
key themes of One Health informatics are deploying big data
analytics for supporting and improving public health and
medical research, and addressing issues that are related to
biodiversity control, disaster management, and disease
monitoring (eg, the surveillance of zoonoses for determining
early warning signs, prevention methods, and control methods).

One Health practitioners worldwide have been calling for
engagement at amuch broader, ecosystem-level scale. Systemic
and cultural transformations are necessary, as they allow usto
appreciate how disruptive technologies play a big role in the
implementation of new practice model s, which encourages new
ways of thinking about health, care, and wellness. Thus, the
profound impact of disruptive technologiesis expected to shape
thefuture of health systems. Thisiswhy the very ideaof “health
systems” should be reconsidered [34,35]. We propose that the
One Health informatics frame, which includes the concepts of
living, society, and digital health intervention—related expertise,
should beincluded in One Health’swidened framework, which
looks at the inextricable interconnectedness between humans,
animals, and the environment [9,10]. The following aspects
should beincluded: (1) the delivery of health carein asyndemic
scenario [36]; (2) thedigital transformation of human and animal
health data (ie, including the concept of animal welfare) [37];
and (3) digital nature conservation (ie, biodiversity and wildlife
conservation, food security, antimicrobial resistance, climate
change, etc) by means of digital technol ogy—based interventions
[38].

A wide range of scientific disciplines has been called upon to
work together to address emerging issuesthat are related to the
above aspects. This holistic set of aspects and expertise
reguirements can be brought together under the proposed ODH
framework.

The Three Perspectives: The
“Individual-Population-Ecosystem” Triad

The perspectives layer of the ODH looks at how the concept of
“individua” isidentified within that of “ population” (ie, without
distinguishing between human and animal), how a population

http://www.jmir.org/2021/2/e22189/

Beniset d

impacts and interacts with an ecosystem, and how the ecosystem
responds accordingly.

Individual Health Care and Well-being

The emerging awareness of shared risks that face animal and
human populations (ie, aconcept that was originally part of the
One Health approach) fosters opportunitiesfor leveraging large
amounts of unexplored data sources on zoonoses to generate
new information and knowledge. The scope of the ODH includes
supporting rapid and more accurate methods for detecting
disease trends, outbreaks, pathogens, and causes of emergence
[8,39-41]. Therecognized, paramount importance of collecting
digital health data to strengthen our understanding highlights
the need for frameworks and tool s that support and acknowledge
the shift from big data to smart data. Smart data involves
innovative processes that are necessary for answering pivotal
guestions from the health sector [33]. Addressing these issues
requires new, ecosystem-driven paradigms and transformative
technologies that reinforce traditional surveillance systems
ability to prevent and control diseases. These innovations will
further impact intersectoral coordination; link human and animal
health data; allow for the flow of reliable information and
knowledge; and promote the proper use of infrastructures,
systems, and human resources for detecting outbreaks, thereby
ensuring good health and well-being.

Population and Society

Discussing populations and their societal organization does not
simply mean providing a generalization of concepts that are
related to personalized health care and well-being. Although
we are discussing individual-level, predictive, personalized,
preventive, and participatory health care[42-44], shifting to the
topic of population-level, unified perspectives requires us to
account for the differences between individuals. Contrary to a
one-size-fits-all approach, personalized health has to take into
account an individual’s variability in terms of genes,
environments, digital health literacy, preferences, and lifestyles.
This requires a systematic integration of knowledge (ie,
knowledge about health care, veterinary care, agriculture,
meteorology, climate change, environmental protection, and
intelligence) [45] into novel decision-making processes. These
processes include decisions about the prevention and
management of all hazards and threatsto public health, such as
exposure to anima diseases with zoonotic potential,
environmental exposures, drug adverse events, the rise of
misinformation [46], instances of diseases, and disease outbreaks

[47].

Thereis alack of solid and recognized leadership. Therefore,
establishing an ethical framework that issocially and culturally
accepted will lead to thriving digital platformsthat can develop
and grow independently. Such platforms will evolve to deliver
the needs of a business.

I nnovative Ecosystem

Due to peoples current understanding of the term
“environment,” many assume that “environment” refers to a
systemic perspective that focuses on the deep, existing
connections among the sky, water reserves, and soil (ie, the
global environment or the environment of specific geographic
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areas). In this viewpoint paper, the concept of environment
refers to the consideration of all living and nonliving thingsin
an ecosystem. This accounts for issues that are related to
biodiversity conservation and the intimate links among the
health, care, and well-being of all components in any given
ecosystem [48].

The control and governance of environmental sustainability can
be best approached by assessing ecosystem services that are
capable of quantifying and valuing al the goods and services
that are generated within the ecosystems themselves. Recently,
such networks have been increasingly endowed with digital
technologies such as (1) environmental management and
monitoring information systems; (2) automated and scalable
approachesfor collecting, digitalizing, and assembling geocoded
big data; and (3) information-fusion algorithmsthat use multiple
data streams and clinical decision support algorithms that
integrate popul ation-based, public health—focused perspectives
into outbreak detection—focused management systems[49-51].

Environment turnstherefore out as“ digital” in ecosystemsthat,
under a digital vest, feature animals and humans, as well as
software and robots, as autonomous and interacting agents to
enhance decision support. The goals of digital ecosystem
implementation include improving the efficiency of
communication and avoiding peoples dependence on
centralized or distributed control dynamics [52]. Such digital
biodiversity originates from common substrates of data,
information, and knowledge that are now accessible, available,
and ableto be analyzed in novel and innovative ways. However,
this puts us into a Copernican situation [53], which is a
prerequisite to figuring out appropriate digital solutions (ie,
methodsfor safeguarding digital biodiversity) that are based on
people's intelligence and rationality. Such solutions are
preferable over thosethat are gained through traditional artificial
intelligence methods [52,54].

The Three Per spectivesasa Whole

Inthebroad digital ecosystem, ODH interventions must support,
improve, and lead to efficient end-to-end processes for
predictive, personalized, preventive, and participatory health
care [42]. The management of disruptive innovation is the
catalyst required for making thisleap forward [55]. Thisrequires
the systematic, continuous, and intelligent integration of big,
smart, and multidimensional data into digita hedth
technologies. Such technologies are used for detecting,
monitoring, and tracking the origins and causes of emerging
pathogens, disease outbreaks, and disease-related trends that
affect both humans and animals in the ecosystem. Thus, a
challenging key issue that ODH must face is collecting and
managing critical indicators that are related to human and
veterinary health care, education, citizen engagement,
environmental observation, and the health care industry.
However, these indicators are required for active innovation.
The COVID-19 outbreak is an example of an event that has
triggered digital innovation and revolution in health care (ie,
including ODH) on a global scale; the pandemic has quickly
strengthened the overall care domain [56].

Thethree perspectivesin the“individual-popul ation-ecosystem”
triad need to be further assessed as individual perspectives and
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as a specific set of strongly interconnected dimensions. These
aspects will be discussed in-depth in the next sections.

The Five Dimensions: The Essential
Fabric of Interconnections

The dimensions layer provides an integrative view of ODH.
This layer shows society’s outlook on the three perspectives
and, inturn, thetwo keys. ODH depends on citizens engagement
and their ability to support and contribute to health care
organizations in a continuously forward-moving environment.

Education and Citizen Science

ODH should not belimited to higher education in health-related
fields. Basic and transversal knowledge and an understanding
of health and its digitalization must be provided by education
programs for all levels and disciplines (ie, similar to how the
COVID-19 pandemic needsto be understood at al levels). ODH
isabout morethan supporting data management. ODH provides
learning opportunities to citizens, so that they can protect and
take care of themsel ves when they share personal dataon social
networks [57-59]. At its core, ODH teaches people how to
differentiate between real and fake news, which are disseminated
over the mass media and the internet.

The next generation of researchers and practitioners will be
actively involved in redefining critical transition points for
incorporating new knowledge into ODH, and constantly
updating the underlying philosophy and the scientific,
technological, and regulatory implications of ODH [60]. Fully
appraising an ODH perspectiveischallenging duetoitsintrinsic
complexity. Therefore, researchers, practitioners, and citizens
need to engage in science and cocreate sound implications for
health and well-being. The core challenges of ODH include (1)
establishing a systemic and integrated understanding of the
health and wellness of humans and animals in their common
ecosystem; and (2) establishing how digital systemsmay support
and improve the health and wellness of humans and animals.
Therefore, it isnecessary to provide learners with project-based
learning and case-based learning, which are well-known
methodsthat allow learnersto autonomously develop their skills
and form learning communities [61-64].

Citizen Engagement

Supporting digital health literacy by actively encouraging
everyone (ie, from children to elderly people) to engage with
personal health, public health, and environmental monitoring
systems can increase citizens awareness. Advancements in
mobile and ubiquitous tracking, reporting, and follow-up
apps/web-based systems have provided opportunitiesfor citizens
to engage and collaborate with governmental, health,
environmental, and ecological organizations [65]. Therefore,
opportunities in which citizens use their electronic health data
to manage personal health and share personal information
require citizens who trust in health care delivery. The use of
implemented opportunities depends on patient engagement, the
direct benefits for users, and health care management
organizations [66]. Smart cities and neighborhoods (ie, cities
and neighborhoods that extensively use smartphones that can
geolocate individuals and trace/track behaviors) [67] can be
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intrusive sources of information. The act of intrusively obtaining
information has introduced ethical dilemmas, challenged
citizens' trust, and disrupted societal norms. The European
General Data Protection Regulation has been implemented to
reduce the amount of excess data in the overall data sphere.
Nevertheless, in cases of force majeure, intrusive approaches
that are implemented during pandemics outbreaks (eg, the
COVID-19 outbreak) may help public health decision makers
understand how to develop efficient policies that are based on
real-world and near—eal-time data [68]. Therefore, policy
decision makers may decideto passively involvethe population
by alowing the use and analysis of data on individuals, mass
movements, and individuals (ie, humans and animals’)
engagement with and access to certain facilities. This would
mean having citizens engage with complex policy making over
time (ie, for policies that are related to ethics, regulation,
decisions on big smart data, and the shaping of social norms)
[69]. From an ODH point of view, collaboration and
transparency are essential for enhancing health systems' and
government authorities' timesto response during disruptive and
potentially major events[45]. For example, in Taiwan, efficient
smart contact tracing analyses were conducted to support an
automated alert messaging system, which informed citizens
about who required quarantine and isolation after coming into
contact with the potentially infected passengers of the Diamond
Princess cruise ship [70]. Furthermore, the European eHealth
Network established the cross-border directive on patient’s
rightsto cross-border health services(ie, article 14), and recently
developed guidelines for the interoperability of contact tracing
apps [71]. These examples show how ODH views the
health-related and environment-related movements of
individuals. However, several countries have discontinued
COVID-19 contact tracing apps after data protectorate
organizations considered these apps to be too intrusive [72].

Human and Veterinary Health Care

ODH aimsto answer complex questions about zoonotic disease
follow-ups by ng public health impacts, surveilling human
and animal health, and conducting related risk assessmentsand
management processes [73,74]. Recently, health care delivery
services have focused on providing services to clusters of
patients[75]. Thetimely identification of health care customers,
efficient service provision, and the continuous improvement of
carequality accelerate the digital transformations of human and
veterinary health care systems. In the context of the COVID-19
pandemic, environmental factors (eg, weather, pollution, and
food) and animal health (eg, pets, livestock, and food) [76]
influence human health, care, and well-being.

Digitalization and the increasing use of mobile and ubiquitous
health/wellness apps and platforms have allowed for the
assessment of patients (ie, human and animal patients) via
dynamic, near—real-time methods that use patient-generated and
participatory data. These methods enhance personalized health
delivery services, such as preventive recommendations and
predictive alert systems|[77]. Thisnew time- and space-oriented
paradigm recalls connected health model features. It also alows
us to view teleservices (ie, digital health services) as a full
component of integrated care for health care customers and
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citizenswho share their datato support the devel opment of new
health care practices and guidelines.

An example of connected health tools is SM S text messaging
services, which are used to maintain patients' involvement in
their treatments (eg, vaccinations, rehabilitation, and medication
renewals) by improving their adherence to therapy [75,78,79].
In terms of pets or livestock, owners can use connected health
tools to stay involved in the health surveillance and follow-up
of their animals [80]. In terms of the ODH framework,
connected health tools support efforts for increasing global
health security, asthese tools hel p with collecting near—eal-time
feedback from populations and health care organizations [81].

Digital Health Care Transformation 4.0

The health care system that deals with humans and animalsis
comprised of (1) health care service providers and insurers; (2)
medical equipment and pharmaceutical product producers,
sellers, deliverers, and maintenance service providers; (3)
regulatory agencies and standardization organizations; and (4)
health care customers, patients, and caregivers.

The entire health care sector is driven by digitalization and
interconnectivity, which make up the foundation of new
automation paradigms. The main challenges of the new health
care framework include managing, collecting, storing, archiving,
and analyzing a wide range of real-time data that are made
available by any kind of organization and any kind of connected
system. The leading goals of the current industrial revolution
(ie, Industry 4.0) [82] are to enhance the automation and
connectivity of systems, by increasing the interoperability and
flexibility of systemsand allowing for decentralized, real-time
data collection and storage. The objective of Industry 4.0 isto
use findable, accessible, interoperable, reusable, ethical, and
revisable (FAIRER) data [83]. By adopting a FAIRER model,
health care will benefit from greater traceability, flexibility,
adaptability, and efficiency in health delivery processes [84].
As the health industry continues to adopt the ODH paradigm,
a strong dependence on smart data means that standardization
and interoperability framework issues are more critical than
ever. A large number of systems need to be interconnected to
collect real-time data that are generated by all parts of the health
caresystem. The Health Leve 7 Fast Healthcare I nteroperability
Resources standard [85] has been quite successful in thisregard,
as it focuses on the use of application programming interfaces
within and across health/care sectors to improve a wide range
of areas (ie, interconnectedness to contractual agreements).

The global health careindustry has used the same technologies
as those used by Industry 4.0 in the digital era[86], to achieve
the use of thewell-known “4.0" suffix. Telemonitoring systems
use technologies that were initially designed for Industry 4.0.
These technologies have been extensively used in human
medicine [87,88]. Recently, their use has expanded as a result
of the COVID-19 outbreak [89], astel econsultation technol ogy
use has become the new normin medical care. Intermsof ODH,
the same approach has been used by veterinarians. They can
use Industry 4.0-related technologies to receive heath and
wellness information from wearable devices or implanted
sensors that provide data on physiological signs. Veterinarians
can al so use these technol ogiesto receive third-party, pet-related
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information [90]. Theintegration of these systemsinto pet health
care may provide a better understanding of factors that affect
pets health and pet owners' benefits. Moreover, dataon changes
in apet’s health can be used as pet owner health indicators [91]
and environmental quality indicators[92].

3D printing is an emerging dynamic field in health care
industries [93], including therapeutic industries (eg, printing
prostheticsimplants), human and veterinary careindustries (eg,
3D printing in dental surgery), and educational industries [64].
The use of this on-demand technology supports the provision
of personalized therapies and medical productsto patients who
aredirectly involved with health care practitioners. 3D printing
has been shown to reduce the time to treatment by removing
the need to travel back and forth between production laboratories
and clinics.

Environment

Environmental monitoring is a critica dimension of
community-oriented management in day-to-day situations or
disruptive situations, such as hazardous material incidents or
disasters (eg, the COVID-19 pandemic) [94,95]. The digital
landscape has allowed theoretical and laboratory-limited
developmentsin automation and artificial intelligence (ie, those
in the last several decades) to be put into practice [96].
Discussing the environment dimension of ODH means having
to discuss the “human-nature-pollution” relationship and its
rolein the smart city paradigm. People who livein high-density
urban areas have beenincreasingly using technological systems
to report unusual events, thereby improving citizen engagement
[97,98]. Furthermore, these people have beenincreasingly using
green technol ogi es, which reduce the negative impact of certain
actions on the environment (eg, carbon dioxide emissions, car
traffic, and waste production) and health [99].

With regard to the ODH, this environmental revolution means
morethan using smartphone and I nternet-of- Thingstechnologies
for behavior, wellness, and health monitoring purposes. This
revolution isaconsequence of the Industry 4.0 revolution [100],
which aimsto enable citizens and their communitiesto interact
with complex, but easy-to-use, digital systems. However, the
Industry 4.0 revolution has different issues, which are mainly
related to devel opment costs, monitoring costs, implementation
costs, maintenance costs, and the understanding and expectations
of users (eg, citizens and decision-makers) [101].

The environment dimension is strongly related to the human
and veterinary health care, One Health, and ODH. Wild and
domestic animals are used as a part of surveillance platforms
that provide early warnings about health hazards, which may
impact the whole ecosystem. This is an example of why the
environment, animals, and humans are part of the One Health
“individual-population-ecosystem” triad [102]. Environment
systems must be abletointegrate, and be integrated into, health
care management systems, to enrich data, information, and
knowledge; actively support decision-making processes about
environmental exposures and health risks; and disseminate
efficient recommendations with the right communication tools
[103]. This ODH dimension also relates to smart environment
platforms that provide information to smart homes to monitor
and deliver personalized services to older adults [104].
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Digital Technologies as a Catalyst for the
Integration of Keys, Perspectives, and
Dimensions

Technology as a Catalyst for “ODHness”

The main aims of digital health are improving hedlth, care,
wellness, and public health through BMHI research [22]; digital
health expands these concepts by allowing for the consideration
of digital consumers who use a wide range of smart-devices,
connected medical equipment, or connected wellness equipment.
Digital health also encompasses other digital technologies for
health, such asthe Internet of Things, artificial intelligence, big
data, and robotics. These technologies have become a full
component of day-to-day life, [84] and in some cases,
health-related crisis management [46,70]. Healthy individuals,
chronic patients, and health management organizations have
been increasingly using automated reminder systems,
smartphone apps, and health monitoring wearables[75,105,106].
Intermsof ODH, technology servesasthe catalyst for digitizing
One Hedth information for ODH; advanced technological
innovations have emerged to improve citizen engagement and
empower future health ecosystems (Figure 1).

In health crises like the COVID-19 pandemic, the applications
of digital technologies (eg, managing, preparing for, and
mitigating crises) include the planning and scheduling of
response and recovery processes. Digital technologies use
surveillance, contact tracing, contact tracking, testing,
confinement, and other health and care methods when necessary
(eg, after ethical and legal implications have been considered)
[107]. A similar level of attention is necessary for effectively
tracking veterinary information that needsto be extracted from
vast amounts of data. This process involves the integration of
animal medical datainto real-timeinformation systemsthat are
dedicated to supporting public health [108]. Thus, the role of
veterinarians and veterinary informatics enhancesthat of BMHI
(ie, protecting health care), as veterinarians have been called
on to help deal with the increase amounts of dynamic data on
emerging and reemerging infectious diseases. Local and
supranational indicators of health have been used to identify
global-level risk factors and causes of health problemsthat arise
at the human, animal, and environmental levels, which need to
be taken into account [109,110].

According to the WHO vision, establishing an interoperable
digital health ecosystem that is capable of seamless, secure
health data exchange and processing is crucial for combating
pandemic outbreaks. Devel oping infrastructures and apps that
allow the use of health data to manage adverse eventsiswithin
the scope of achieving the 17 hedth-related sustainable
development goal s that were issued in the WHO global action
plan [111]. We therefore introduced the concept of digital One
Health interventions [112] in this viewpoint paper as a set of
digital functionalities that should be designed and deployed to
(1) support specific initiatives that address human, animal, and
environmental systems' needs and challenges; and (2) assess,
study, and collect data on these systems’ expected outcomes,
unexpected outcomes, and effects [36]. This related to the
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selection of timely metrics for the outcomes of multicriteria
decision analyses.

These digital functionalities can be also called “digitalities,” as
they account for how technol ogy has been embedded into human
experiences and humans' daily lives. This has resulted in core
issuesin social and cultural anthropology (ie, digital humanities)
[112]. Digitalities also account for how humans affect animals
daily lives, animal health issues, and human-animal relations.
These digitalities aim to increase animal welfare (ie, digital
animalities) [113]. Furthermore, digitalities aim to manage the
complex web of human, anima, and environmental
interconnections, by improving environmental governance (ie,
digital environmentalities) [114,115].

The delivery of digital One Hedth interventions and the
mechanisms of the impacts and contextual factors of these
interventions can be referred to as “ODHness” This term is
based on the combined digitalities of the three overarching,
complementary perspectives. These digitalitiesapply to thefive
ODH dimensions and their constituent subcategories. Therefore,
thetechnology ring in Figure 1 serves asthe connection between
the ODHness concept and relevant digitalities.

Figure 2 shows several topics that are relevant to each of the
threedigitalities (ie, the three colored areasinside the technol ogy
ring). Each topic is characterized by each portion within the
corresponding colored area; the width of these areas depends
on the number and the nature of the area’s related subtopics. It
should be noted that these subtopics have not been clearly
represented in the figure to ensure that people comprehend the
ODH scheme. In terms of digitality, a specific metric or set of
metrics must be used to eval uate the level s of devel opment, use,
contribution for each digital One Health intervention topic.
Theselevelsare represented with black dotsfor each subdomain,
connected with each other via dashed lines. Since interactions
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between topicsfrom different digitalities are possible, the edges
that connect the different areas are represented with different
colors. Inaddition, “trialities’ (ie, trianglesthat connect al three
digitalities) are represented via thick lines. Furthermore, each
edge is assigned an appropriate weight. This of course means
that harmonization must exist between theimplemented metrics.
Harmonization is required to fulfill the needs of a multicriteria
decision analysis.

The technology ring in Figure 2 encompasses the set of digital
functionalities that the ODH framework relies on. Therefore,
technology acts as the catalyst that connects and unifies the
ODH disciplines. ODHness is represented by the technology
ring’'s“center of mass’ (ie, thered dot in Figures2 and 3). More
specifically, the “center of mass’ is the unique point where the
weighted relative position of the distributed mass (ie, the edges)
equals 0. In other words, this means that asimple set of digital
technologies (ie, those related to the human, animal, and
environmental fields) is not capable of providing timely
solutions in an interdisciplinary context, unless these
technologies act as the catalyst for balancing the different
perspectives, needs, and interests of ODH. In Figure 2, we
attempted to highlight the *“human-animal-environment”
computer interaction research area, which includes technology
designs that support animals in different contexts, and the
development of user-centered approaches for designing
technologies that are intended for more-than-human animals
[116].

Examples of possible pandemic-related interactions within the
technology ring are shown in Figure 3. Several of the main
topics of each digitality are shown. The levels of development,
use, and contribution for each digital One Health intervention
are also shown. For convenience, the ODHness point is
represented by the center of the technology ring.
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Figure2. Anexample of the interactions within One Digital Health, which are based on the use of technology as a catalyst.
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Discussion and Conclusions

ODH is a framework that integrates key dimensions from two
established fields—digital health and One Headlth. The latter
focuses on the interconnectedness of human, animal, and
environmental health research. Theformer focuseson providing
tools and domain expertise to support health practitioners in
their administrative (eg, consultation scheduling), clinical (eg,

http://www.jmir.org/2021/2/e22189/

RenderX

et S SRS L

Rl e
Intemet of
Animal Heaith Things

o

necessary tests, drug-drug interaction alerts, and specific
follow-up reminders) and scientific (eg, disease prevalence
analysis, data collection, and reporting) activities. The digital
health field also encompasses citizens, who are the consumers
of health services (eg, healthy individuals, sick individuals,
relatives who assist sick individuals in day-to-day life, and
insurers).

JMed Internet Res 2021 | vol. 23 |iss. 2 [€22189 | p.109
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

ODH analyzesthe health data and information of digital health
ecosystem components, because the intents, processes, and
products of these components (ie, health, care, and wellness)
areintegrated into health ecosystems. Moreover, ODH analyzes
three perspectives. These perspectives include three different
areas that deal with the growing scientific evidence and
perspectives that come with technologies that are meant to
support health, care, and well-being activities in separate
ecosystems. Furthermore, this unified framework for future
health ecosystems analyzes the impact of five dimensions (eg,
education provides short-, mid-, and long-term learning
opportunities for improving citizens' engagement with human
and veterinary health care services; environment monitoring;
and health care industry—devel oped, interoperable early warning
systems).

The COVID-19 pandemic has increased the world's
understanding of the close rel ationships among the environment,
animals, and humans [117]. Therefore, it is more critical than
ever to effectively manage the pandemic by assessing the
innovative two keys, three perspectives, and five dimensions
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in the unifying ODH framework. It is also important to assess
the pandemic’s impact on health ecosystems by facilitating
systematic collaboration among animal and environmental
scientists, health care practitioners, citizens, governments,
academics, and industrial manufacturers.

The next step in developing and testing the ODH framework
will be performed by the proposed EFMI ODH working group.
The proposed EFMI ODH working group will elaborate upon
the ODH framework, validate the methodology, and evaluate
the ODH. They will also examine specific ODH scenarios
in-depth and analyze the rel ati onshi ps between the perspectives
in the ODH framework and BMHI dimensions (ie, data,
information, and knowledge). Analyzing these relationshipsis
expected to yield new insights and support an integrative,
systemic, and syndemic decision-making process that can be
assessed from a multidisciplinary perspective [117,118]. We
expect that this process will be instrumental in shaping future
health ecosystems, providing novel learning opportunities for
citizens, and educating the next generations of BMHI
practitioners.
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Abstract

Thereis clear evidence to suggest that diabetes does not affect al populations equally. Among adults living with diabetes, those
from ethnoracial minority communities—foreign-born, immigrant, refugee, and culturally marginalized—are at increased risk
of poor health outcomes. Artificial intelligence (Al) is actively being researched as a means of improving diabetes management
and care; however, several factors may predispose Al to ethnoracial bias. To better understand whether diabetes Al interventions
are being designed in an ethnoracially equitable manner, we conducted a secondary analysis of 141 articles included in a 2018
review by Contrerasand Vehi entitled “ Artificial Intelligence for Diabetes Management and Decision Support: Literature Review.”
Two members of our research team independently reviewed each article and selected those reporting ethnoracia data for further
analysis. Only 10 articles (7.1%) were ultimately selected for secondary analysisin our case study. Of the 131 excluded articles,
118 (90.1%) failed to mention participants’ ethnic or racial backgrounds. The included articles reported ethnoracial data under
various categories, including race (n=6), ethnicity (n=2), race/ethnicity (n=3), and percentage of Caucasian participants (n=1).
Among articles specifically reporting race, the average distribution was 69.5% White, 17.1% Black, and 3.7% Asian. Only 2
articles reported inclusion of Native American participants. Given the clear ethnic and racial differencesin diabetes biomarkers,
prevalence, and outcomes, the inclusion of ethnoracial training datais likely to improve the accuracy of predictive models. Such
considerations are imperative in Al-based tools, which are predisposed to negative biases due to their black-box nature and
proneness to distributional shift. Based on our findings, we propose a short questionnaire to assess ethnoracial equity in research
describing Al-based diabetes interventions. At this unprecedented timein history, Al can either mitigate or exacerbate disparities
in health care. Future accounts of the infancy of diabetes Al must reflect our early and decisive action to confront ethnoracial
inequities before they are coded into our systems and perpetuate the very biases we aim to eliminate. If we take deliberate and
meaningful steps now toward training our algorithms to be ethnoracially inclusive, we can architect innovations in diabetes care
that are bound by the diverse fabric of our society.

(J Med Internet Res 2021;23(2):€22320) doi:10.2196/22320
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Introduction

Thereis clear evidence to suggest that diabetes does not affect
all populations equally [1]. Among adults living with diabetes,
those from ethnoracial minority communities—foreign-born,
immigrant, refugee, and culturally marginalized [2]—are at
increased risk of poor health outcomes[3-6]. Numerous studies
have reported ethnoracial differencesin glycemic control [7,8],
diabetes prevalence[9], risk of diabetes complications[10], and
diabetes-related mortality [11]. Data from the Centers for
Disease Control indicate that non-Hispanic Black people are
2.3 times more likely to die from diabetes than their
non-Hispanic White counterparts[12]. Similarly, young people
living with diabetes from Black or Hispanic backgrounds are
at increased risk of poor long-term glycemic control when
compared to Whiteyouth [13]. The socia determinantsof health
describethe social, economic, and physical conditionsinwhich
people are “born, live, learn, work, play, worship, and age,” as
well as the impact that such environments have on health
outcomes[14]. Asaresult of the well-accepted contribution of
thesocial determinantstoward diabetes outcomes[15], we know
that ethnoracial minority populations are also more likely to
experience socioeconomic adversity and subsequent challenges
with diabetes management and access to care [16]. This
association likely follows from the increased prevalence of
various diabetes risk factors (eg, low birth weight, physical
inactivity, obesity, smoking) in individuals of low
socioeconomic status (SES) [16-18]. In Canada, where 21% of
the population are foreign-born and live in the nation’s largest
urban centers [2], people with a household income less than
Can $15,000 (US $11,745) are 4 times more likely than those
with ahousehold income greater than Can $80,000 (US $62,635)
to be diagnosed with type 2 diabetes (T2D) [19]. For people
living with type 1 diabetes (T1D), low SES has been associated
with an increased risk of poor glycemic control [20], aswell as
higher levels of mortality and morbidity [21].

Innovative technologies are actively being researched and
developed to mitigate the burden of diabetes on patients and
the health care system. Among the potential solutions, artificial
intelligence (Al) appears to be well suited for diabetes
management given that this chronic condition has long been
guided by quantitative data collected by patients, their devices,
and their care providers[22]. These datacan be computationally
complex for patients to make sense of on their own to inform
their diabetes management [23]. Al, or the ahility for “ computers
to think like humans’ [24], has revolutionized many consumer
technologies (eg, facial recognition, fraud detection, self-driving
vehicles) and is now gaining momentum in the health carefield.
Al technologies are being developed for various areas of
medicine such as medical imaging analysis [25-27],
prognostication [28-30], and clinical decision support [31-33].
In diabetes care, Al isbeing applied for blood glucose prediction
and control [34,35], identification of adverse events [36,37],
lifestyle support [38,39], and predicting diabetes risk [40,41].

Despite the potential applicationsof Al in diabetes care, several
factors may predispose these technologies to ethnoracial bias.
The effectiveness of an Al algorithm is largely dependent on
the quality of training data, as well as how accurately training
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datarepresent the population that will ultimately be affected by
the agorithm [42]. As health data have traditionally been
collected on predominantly White populations [43] or have
simply omitted relevant ethnoracial information [44], algorithms
trained on such data are at risk of ignoring race and ethnicity.
Such ethnoracial disparities have long been present in clinical
decision support tools, with various algorithms being arbitrarily
corrected for race with little or no scientific justification [45].
These agorithms are widely used to inform important clinical
actions such asspecialist referrals[46,47] and assess candidacy
for particular interventions [48,49]. In Al, where the effects of
biases may be dramatic and difficult to identify [50], careless
incorporation of ethnoracial data may perpetuate health
inequities for those communities in most need. The alarming
potential for clinical decision support toolsto bealgorithmically
biased in favor of advantaged populations demands careful
evaluation to promote their ethnoracial inclusivity. We believe
that to optimize equitability, Al research should (1) establish a
training population that is representative of the genera
population, (2) report the ethnoracia distribution of thetraining
set, and (3) discuss potential ethnoracial limitations of the
training data. To our knowledge, these simple tenets are not
being met in existing diabetes Al research.

Asadigital health research group preparing to build Al-based
diabetes management tools [51], we want to address the
challenges of promoting equity in Al and derive
recommendations that can inform our work and the field at
large. In an effort to better understand whether diabetes Al
interventions are being designed in an ethnoracialy equitable
manner, we conducted arapid case study whereby we assessed
articles curated in an existing literature review of Al-based
diabetes management tools. Our objectives were to (1) review
ethnoracial considerations reported in past articles on Al-based
diabetes support tools and (2) propose a strategy to promote
ethnoracia equity in such tools in the future. This viewpoint
serves to document the findings from our case study and the
recommendations proposed by our group to advance ethnoracial
equity in diabetes Al.

Case Study

M ethods

We conducted a secondary analysis of 141 articlesincluded in
a high-impact literature review published in the Journa of
Medical Internet Research in 2018 by Contreras and Vehi
entitled “Artificial Intelligence for Diabetes Management and
Decision Support: Literature Review” [52]. The selected review
included articles describing Al technologies for diabetes
management and decision support, as well as their associated
challenges. We chose this review over comparable syntheses
of the literature based on the short time since publication, the
breadth of diabetes Al interventions included for review, and
the impact that the review has had on informing the diabetes
Al field.

Two members of our research team independently reviewed
each of the 141 articles and selected those reporting ethnoracial
data for further analysis. Articles were selected for analysis if
they included an explicit description of participants ethnic
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background, racial background, or both. Articleswere excluded
if they were review papers, selected participants from a single
ethnoracia group, or were inaccessible by the research team.
The following criteria were charted for each of the selected
studies: article type, diabetes type, ethnicity distribution, race
distribution, number of participants, and source of data (ie,
electronic medical record, electronic health record).

Results

In screening the 141 articlesincluded in the Contreras and Vehi
review, only 10 (7.1%) were ultimately selected for secondary
analysisin our case study [53-62]. Of the 131 excluded articles,
118 (90.1%) failed to mention participants ethnic or racial
backgrounds. The remaining articles were excluded because
they were review papers (n=5), selected participants from a
single ethnoracial group (n=3), or were inaccessible by our
research team (n=5).

The 10 articles selected for detailed analysis are summarized
in Multimedia Appendices 1-3. Most articleswere T2D-focused
(n=8), with the remaining articles focused on T1D (n=1) and
gestational diabetes (n=1). The main report types were
retrospective analyses of data pulled from electronic medical
records (n=5) or generated through randomized control trials
(n=2). The reviewed articles reported ethnoracial data under
various categories, including race (n=6), ethnicity (n=2),
race/ethnicity (n=3), and percentage of Caucasian participants
(n=1). Race was typicaly distributed between White (or
Caucasian), Black (or African American), Asian, American
Indian, and Alaska Native. Ethnicity was generally reported as
Hispanic and non-Hispanic. Among articles specifically
reporting race, the average distribution was 69.5% White, 17.1%
Black, and 3.7% Asian (Multimedia Appendix 1). The 2 articles
that specifically included ethnicity reported 7.2% and 21.3%
Hispanic patients (Multimedia Appendix 2) [53,61]. Theaverage
distribution in articlesthat merged race and ethnicity was 55.4%
non-Hispanic White, 8.1% non-Hispanic Black, 19.9% Hispanic,
and 8.3% Asian (Multimedia Appendix 3). Only 2 articles
reported inclusion of Native American participants[59,61]. The
sole non-American study was performed in the Netherlandsand
included 97.7% Caucasian participants [60].

Several of the selected studiesalso included specific discussion
of ethnoracial themes. Rohan et al stated that their research was
limited by the homogeneity of their study population and that
the generalizability of their findings should be further
investigated [54]. Two more studies acknowledged that their
study populations were mainly White [58,60], with one stating
that their predominantly White and female demographic was
“not uncommon in behavioral weight loss studies’ [58]. Valdez
et al intentionally oversampled racial and ethnic minoritiesand
identified very few ethnoracial differencesin health information
communication patterns [61]. McCoy et a noted that
race/ethnicity did not contributeto their predictions of glycemic
trajectory and proposed that ethnoracial disparitiesin glycemic
control may reflect differences in access to hedlth care and
medications [57].
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Discussion

Ethnoracial Inequitiesin Diabetes Al

Diabetes Al programs are intended to improve diabetes-related
health outcomes, experience, and expenditure [63,64]. However,
it is unclear whether such systems benefit all populations
equally. In our informal case study of 141 articles related to
Al-based diabetes tools, we identified only 10 articles that
specifically reported the ethnic or racia distribution of their
studied patient population. We believe that this paucity of
ethnoracia datain the reviewed articles significantly limitsthe
effectiveness of the associated Al technologies. Several
examples of such ethnoracia bias in clinical algorithms have
been previously reported in the literature [42,45]. Thelong-used
Framingham risk factors, which were modelled using alargely
non-Hispanic White population, have recently been shown to
inadequately capture risk in certain minority groups [65]. The
STONE score to predict the likelihood of kidney stones in
patientswith flank pain equates Black race with lower risk [66];
however, an external validation study found no significant
association between non-Black race and increased risk of
developing kidney stones[67]. The Vaginal Birth after Cesarean
(VBAC) algorithm predicts a lower likelihood of successful
vaginal delivery in African American and Hispanic mothers
having previously undergone cesarean section [68], while
ignoring other factors (eg, private insurance status, marital
status) that have been significantly associated with VBAC
success [49]. A recent Al-based tool for classifying images of
skin cancer was reported to perform similarly to trained experts
[69]; however, the training images were predominantly of
light-skinned individuals, and performance was not assessed
on those with darker skin [70]. These examples highlight the
importance of effective ethnoracial considerations in the
development of clinical decision support tools.

Despite the promise of Al, severa factors predispose Al
algorithms to negative biases. One limitation of Al modelsis
the so-called distributional shift, where erroneous predictions
result from amismatch between the training popul ation and the
population on which the model is used. Such a mismatch can
result from “bias in the training set, change over time, or use
of the system in a different population” [50]. Essentidly, the
robustness of Al agorithms is dependent upon the degree to
which the training population represents the target population
[71]. In addition to the distributional shift phenomenon, the
complexity and black-box nature of Al algorithms often
obfuscates underlying errors or biases, specificaly when
compared to simpler rule-based systems [50]. The detection of
such biasesin Al algorithms often requires careful consideration
of model behavior in response to changing inputs [72]. In the
case of ethnoracial data, the omission of such information could
result in a distributional shift based on ethnicity, race, or both
in resultant models, which may be difficult for researchers to
identify at the time of devel opment.

Given the clear ethnic and racia differences in diabetes
biomarkers, prevalence, and outcomes [7-10,12,73], the
inclusion of ethnoracial data is also likely to improve the
accuracy of predictive models. The predictive value of raceand
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ethnicity iswell-documented in the literature, where they have
been shown to independently predict health decline for adults
living with diabetes [74,75]. Theimpact of specific risk factors
for T2D have even been shown to vary for both sex and race,
with the most predictive factors being waist circumference in
Black men, 2-hour glucose from an oral glucose tolerance test
in Black women, and fasting glucose in both White men and
White women [76]. As aresult of these associations between
diabetes outcomesand ethnoracia information, the consideration
of ethnoracial datais likely to enhance both the accuracy and
generalizability of resultant Al-based diabetestools.

In those articles we reviewed that did include ethnoracial
information, there was very little standardization in terms of
how these data were reported (eg, race, race and ethnicity,
race/ethnicity). Race distinguishesindividual s based on ancestry
and combinations of physical characteristics, whereas ethnicity
focuses on behavior and culturein addition to physical features
[77]. Inconsistent reporting of ethnic and racia information
hinders the ability to perform meta-analyses across multiple
data sets and may limit ethnoracial equity in future Al
applications [78]. In their writings on eliminating health
disparities, Fremont and L urie state that data pertaining to race
and ethnicity are collected by a variety of sources, but “the
utility of these data is constrained by ongoing problems with
reliability, completeness, and lack of comparability across data
sources’ [79]. Though differencesin the reporting of ethnoracial
data are expected across jurisdictions, we propose that authors
attempt to report such datain amanner that is easily comparable
to locally available data. For example, the US census reports
race and ethnicity separately, with ethnicity being used to
determine whether an individual is of “Hispanic origin or not”
and race being categorized as “White, Black or African
American, Asian, American Indian or Alaska Native, Native
Hawaiian or Other Pacific Islander, and other” [80]. Kiran et a
recently assessed Canadian patient perspectives on routinely
being asked about their race and ethnicity through a
sociodemographic questionnaire [81]. They found that patients
were not uncomfortable disclosing their race and ethnicity and
intuitively understood how the data could be helpful for their
health care providers. Their work has subsequently informed
the collection of race-based data during the COVID-19
pandemic [82]. These are just two examples of standards that
will allow for comparison with locally available data and in
turn enable the assessment of ethnoracial generalizability and
cultural competence in diabetes Al algorithms.

In considering the average race distribution of the reviewed
studies, the proportions for White (69.5%) and Asian race
(3.7%) were slightly lower than those values reported in recent
US census data (76.3% and 5.9%, respectively). The opposite
wastruefor the Black race, which accounted for 17.1% of study
participants but only 13.4% of US census participants. In those
studies reporting race and ethnicity asacombined variable, the
average proportion of non-Hispanic whites (55.4%) was dightly
lower than the census value of 60.1%[83]. Thesefindingslikely
follow from the high prevalence of diabetesin the non-Hispanic
Black population, specifically when compared to the
non-Hispanic White and Asian populations [84]. One
particularly worrisome finding was that data from Native
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American participants were reported in just 2 studies [59,61],
despite making up an estimated 1.3% of the American
population [83] and being the ethnoracial group with the highest
age-adjusted prevalence of diagnosed diabetes [9]. Poor
Indigenous representation in health and governmental data sets
has been previoudly reported in the literature [85,86]. In Canada,
where Indigenous peoples account for 4.9% of the population
[87] and are disproportionately affected by diabetes[88], failure
to include Indigenous data when training diabetes Al models
could propagate existing issues of health inequity and structural
racism in this population [89,90].

A Simple Screening Tool to Assess Ethnoracial Equity
in Diabetes Al

Detailed guidelines currently exist for the development of
trustworthy and human-centric Al technologies[91]. However,
we believe there is a need for simple tools to screen the ethnic
and racial generalizability of Al in health care. Based on the
findings from our case study, we have developed a short
screening tool that researchers and clinicians may use to assess
ethnoracial equity in research describing Al-based diabetes
interventions. The rationale and structure of this tool borrows
from the Jadad scale [92], which was conceived by the founder
of our research group over two decades ago and iswidely used
to assess the methodological quality of aclinical trial [93,94].
We propose the following set of five questions to consider the
ethnoracial relevance of diabetes Al:

1. Didtheresearch explicitly describe the disease under study
(eg, T1D, T2D, both)? (1a) Did the research describe
ethnoracia differences in disease prevalence, biomarkers,
and outcomes?

2. Did the research clearly describe the sources of data used
in the training data set (eg, electronic medical record,
administrative data repository, research registry)? (2a) Did
the research describe ethnoracia limitationsin the sources
of data?

3. Did the research explicitly report the ethnic and racial
backgrounds of individuals in the training data set? (3a)
Are ethnic and racia backgrounds reported in a manner
that is easily comparable to local census data?

4. Do the ethnic and racial distributions in the training data
set accurately represent the population on which the
algorithm will be used? (4a) Did the research articulate
limitations of the ethnic and racial distributions in the
training data set?

5. Did theresearch describe strategies to mitigate ethnoracial
biasin the algorithm?

Although we feel that our proposed tool will be helpful in
assessing clinical Al algorithmsgeneraly, it will be particularly
important in the development of diabetes Al. We believe that
these innovations will fail to serve the diabetes community if
they are not trained on ethnoracially diverse data. As Al-based
systems become integrated into important aspects of diabetes
management, such ethnoracial inequitiesin model devel opment
could ultimately be dangerous for minority groups whose
biomarkers and outcomes may differ from the general
population. In the Contreras and Vehi review, most studies
focused on T2D self-management, clinical decision support,
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and prediction tools. Each of these dimensions of diabetes care
can be affected by ethnoracial factors. For example, adherence
to T2D medications to achieve euglycemia is demonstrably
driven by cultural beliefs, values, social factors, religion, health
literacy, and language barriers[95,96]. Similar issuesarelikely
to follow in the T1D space, where Al agorithms are currently
focused on automated insulin delivery systems but will likely
shift toward the above dimensionsin the near future[63,97,98].

Addressing ethnoracial biasin diabetes Al has been made even
more critical by the coronavirus disease 2019 (COVID-19)
pandemic [99]. There is growing evidence to support a
“bidirectional relationship between COVID-19 and diabetes’
[100]. Research suggests that diabetesis arisk factor for rapid
progression and poor prognosis of COVID-19 [101,102].
New-onset diabetesisalso being reported in previously healthy
individuals diagnosed with COVID-19 [103-105], which may
reflect coronavirus-inflicted damage to insulin-producing cells
[106,107]. We are concerned by these findings from a health
equity lens, given that COVID-19 has been found to
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disproportionately affect ethnoracial minorities. The Centers
for Disease Control and Prevention have already determined
that individuals from Black and American Indian or Alaska
Native communities have arate of hospitalization or death from
COVID-19 that is 5 times greater than that of their White
counterparts [108]. It stands to reason that the increased
prevalence of both COVID-19 and diabetes in ethnoracial
minority groups and the relationship between these two
conditions require ethnoracial considerations in all aspects of
diabetes care.

At this unprecedented timein history, Al can either mitigate or
exacerbate disparities in health care. Future accounts of the
infancy of diabetes Al must reflect our early and decisive action
to confront ethnoracial inequities before they are coded into our
systems and perpetuate the very biasesweaim to eliminate[45].
If we take deliberate and meaningful steps now toward training
our agorithms to be ethnoracialy inclusive, we can architect
innovationsin diabetes care that are bound by the diversefabric
of our society.

Multimedia Appendix 3

Distribution for articles reporting race and ethnicity as a merged variable.
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Abstract

Background: The COVID-19 pandemic has shined a harsh light on acritical deficiency in our health care system: our inability
to accessimportant information about patients' values, goals, and preferencesin the electronic health record (EHR). At Memorial
Sloan Kettering Cancer Center (MSK), we have integrated and systematized health-related values discussions led by oncology
nurses for newly diagnosed cancer patients as part of routine comprehensive cancer care. Such conversations include not only
the patient’s wishes for care at the end of life but also more holistic personal values, including sources of strength, concerns,
hopes, and their definition of an acceptable quality of life. In addition, health care providers use a structured template to document
their discussions of patient goals of care.

Objective: To provideready accessto key information about the patient asaperson with individual values, goals, and preferences,
we undertook the creation of the Patient Values Tab in our center’s EHR to display thisinformation in asingle, central location.
Here, we describe the interprofessional, interdisciplinary, iterative process and user-centered design methodol ogy that we applied
to build this novel functionality as well as our initial implementation experience and plans for evaluation.

Methods: We first convened a working group of experts from multiple departments, including medical oncology, health
informatics, information systems, nursing informatics, nursing education, and supportive care, and a user experience designer.
We conducted in-depth, semistructured, audiorecorded interviews of over 100 key stakeholders. The working group sought
consensus on thetab’s main content, homing in on high-priority areasidentified by the stakeholders. The core content was mapped
to various EHR data sources. We established a set of high-level design principles to guide our process. Our user experience
designer then created wireframes of the tab design. The designer conducted usability testing with physicians, nurses, and other
health professionals. Data validation testing was conducted.

Results:  We have aready deployed the Patient Values Tab to a pilot sample of users in the MSK Gastrointestinal Medical
Oncology Service, including physicians, advanced practice providers, nurses, and administrative staff. We have early evidence
of the positive impact of this EHR innovation. Audit logs show increasing use. Many of the initial user comments have been
enthusiastically positive, while others have provided constructive suggestions for additional tab refinements with respect to format
and content.

Conclusions: It isour challenge and obligation to enrich the EHR with information about the patient as a person. Realization
of thiscapability isapressing public health need requiring the collaboration of technological expertswith abroad range of clinical
leaders, users, patients, and families to achieve solutions that are both principled and practical. Our new Patient Values Tab
represents a step forward in thisimportant direction.
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Introduction

Background

Besides inadequate personal protective equipment and limited
intensive care surge capacity, the COVID-19 pandemic has
shined aharsh light on another critical deficiency in our system
of health care delivery: our inability to access important
information about patients' values, goals, and preferences in
the electronic health record (EHR) [1-3]. All over the United
States, frontline cliniciansin the field, emergency departments,
intensive care units (ICUs), and on rapid response teams and
hospital floors have struggled with urgent decisions about the
use of life-supporting technologiesto treat serious complications
of COVID-19 infection without sufficient information about
the patient as a person, what means most to thisindividual, how
the patient defines living well, and whom the patient trusts to
make important decisions about hedth care [4,5]. Such
information israrely accessible even for older adults and others
with underlying diseases, such as cancer or chronic comorbid
conditions, who are most vulnerable. Either this information
was not previously elicited or, although it was discussed, it was
not documented or is difficult to find in the EHR [6-9].

This is not a new problem, and it will certainly persist after
COVID-19 inthe absence of major innovative efforts. Although
many clinicians consider the EHR to pose a barrier to
patient-centered care by literally shifting the attention from the
patient to the computer screen [10-12], the EHR is also a
potentially powerful tool that can support clinician-patient
communication, team collaboration, personalized and respectful
care, continuity across settings, patient engagement, and shared
decision making in accordance with patients’ individual needs
and priorities [13,14]. Several recent initiatives have utilized
digita platforms and tools (eg, documentation templates,
automated prompts, and electronic order sets) to optimize
documentation of advance care planning and goals of care
discussions [15-17]. Some have focused primarily on the
documentation of advance care planning in patients who are
older or have advanced disease[18,19]. A morerecent initiative
leveragesthe Epic EHR by assembling information about serious
illness conversations, including prognostic information given
by clinicians to the patient and family, the patient's
understanding of the course of the illness, hopes and worries,
priorities, and clinician recommendations, into a new EHR
template [20].

At Memoriad Sloan Kettering Cancer Center (MSK), we
integrated and systematized health-related values discussions
led by oncology nurses for newly diagnosed cancer patients as
part of routine comprehensive cancer care, regardless of the
patient’'s stage, prognosis, or treatment intent [21,22]. These
discussions are revisited quarterly or as deemed appropriate
after prespecified clinical events (eg, progression of disease
through first-line therapy, hospitalization, or admission to the
ICU). In this model, communication encompasses not only the

http://www.jmir.org/2021/2/e21615/

patient’s wishes for care at the end of life but al'so more basic
and holistic persona values, including sources of strength,
concerns, hopes, definition of an acceptable quality of life, and
what the patient wants the clinical team to know about them as
aperson in order to provide the best care and preserve dignity
[22]. In addition, oncologists and other physicians and advanced
practice providers use a structured template to document their
discussions of patient goals of care, which may address the
expected course of the patient’s illness, intent of the current
treatment, goals identified by the patient, preferences for
end-of-life care, and, if relevant, hospice enrollment.

The Patient Values Tab: Concept and Design

To provide ready access to these crucial communications
between clinicians and patientsaswell askey information about
the patient as a person with individual values, goals, and
preferences, we undertook the creation of the Patient Values
Tab in our center's EHR to display thisinformation in asingle
centralized location. Our institution’s EHR platformis Allscripts
Sunrise Clinical Manager (Allscripts Healthcare LLC), which
organizes data displays into tabs, as do many other EHR
platforms. Here, we describe the interprofessional,
interdisciplinary, iterative process and user-centered design
methodology we applied to build this novel functionality [23].

Methods

Working Group and Stakeholder Interviews

We first convened a working group of experts from multiple
departments, including medical oncology, health informatics,
information systems, nursing informatics, nursing education,
and supportive care (amultidisciplinary palliative care service),
and auser experience designer. Members of the working group
were selected for their previous experience leading large-scale
institutional initiatives and unique expertise in the integration
of supportive care and oncology. This core team met every 2
weeksto collaborate on the devel opment and design of the new
tab.

To understand the needs and perspectives of a broad range of
institutional  stakeholders, we also conducted in-depth,
semistructured, audiorecorded interviews of over 100 key
stakehol ders based on awritten guide prepared by the coreteam.
Analysis of these interviews, which is reported in a separate
publication (which includes selected stakeholder commentsin
an appendix), was used to inform content and format of the tab
[24]. As active contributors to the creative process, those who
were interviewed were more inclined to buy in to the ultimate
product. In addition, many of these stakeholders held leadership
positionswithin divisions and departments and went on to share
enthusiasm about the upcoming tab with their colleagues,
enhancing the visibility of the ongoing development effort
among a broader group of users.
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Mapping Tab Content

The core team sought consensus on the Patient Values Tab's
main content, homing in on high-priority areasidentified in the
stakeholder interviews while also incorporating their input on
format and considering suggestions on the logistics of the
implementation process. The core content was mapped to
various data sources within the EHR (as shown in Multimedia
Appendix 1).

For exampl e, oncology nurses use astructured document entitled
“Assessment, Patient Personal Values' to summarize their
valuesdiscussions. The patient’s preferred name, language, and
communication preferences are elicited through the digital

Textbox 1. High-level design principles.

Desal et d

patient portal system viaan electronic care questionnaire, which
the nurse verifies and updates as needed at the first clinic visit
on the nursing health assessment. Education about health care
proxy (HCP) and other advance directives is provided in the
hospital by patient representatives, who also record designation
of and information about the HCP in a specific clinical
document.

High-Level Design Principles
As the data sources were clarified, we also established a set of

high-level design principles (shown in Textbox 1) to guide this
process.

1. ThePatient Values Tab should provide users with an at-a-glance understanding of the patient as a person.

2. The Patient Values Tab should offer easy access to data that can be viewed in aggregate in the context of other relevant information to support

clinical decision making.

3. ThePatient Vaues Tab will specify the context in which the information was collected (with the source and date the information was updated).
4. The Patient Values Tab will bein aread-only format (ie, the data displayed will be captured and edited elsewhere).

5. ThePatient Values Tab will contain the most high-yield information while presenting thisinformation in a succinct, streamlined way to minimize

cognitive load for users.

6. The Patient Values Tab will be accessible to al health care team members across the spectrum of patient care.

One such principle was that the tab would be in a read-only
display format, populated with existing source documents in
the EHR that could not be directly edited in the tab itself. We
chose this approach because we and various key stakeholders
weinterviewed were concerned that the content would become
unwieldy and unstable, ultimately leading to inefficiency for
users if multiple modifications were allowed. We concluded
that reliance on existing workflows and processes would reduce
the cognitive load for clinicians and enable a communal
responsibility for the underlying documentation, with important
roles for various team members as contributors to a shared
understanding of the patient as a person.

User Testing

The next step was close collaboration with our user experience
designer to create and refine wireframes of the tab design.
During this process, the designer conducted usability testing
with physicians, nurses, and other health professionas. All
participants were asked to provide general usability feedback
on the design. To obtain more detailed feedback, participants
were presented with specific clinical tasks calling for the use
of information contained in the Patient Values Tab in scenarios
that the core team generated and adapted for particular roles
and responsibilities. For example, in one scenario, the physician
was preparing to “ discuss serious resultswith the patient,” while
the nurse needed to “provide information for medication
management.” Thisprocessreveaed alack of familiarity among
users with some of the underlying documentation that sourced
the data displayed in the tab. To address thisissue, we created
afrequently asked questionstile (ie, section) inthetab including
basi c information about data sources and directing users to the
appropriate underlying document to update the information, if
needed.

http://www.jmir.org/2021/2/e21615/

Refinement and Validation

Additional design refinements incorporated (1) suggestions
from the user experience designer (eg, creating a banner at the
top of thetab with the preferred name information, color coding
the different categories of information to help users recognize
and navigate among them quickly, including a separate feedback
tile within the tab inviting users' input and comments about
their experience using the tab); (2) input from the core team
(eg, placing the goals of care discussions and the nurse values
summary in the most central, prominent positions in the tab;
extracting and separately displaying the essential information
regarding emergency contact, HCP, and next of kin for rapid
access during clinical emergencies, with relevant advance
directive scanned forms located below this information); and
(3) insights gleaned from the stakeholder interviews (eg,
providing expedited access to consultant notes from supportive
care, psychiatry, and ethics as the highest yield and most
consistently complete sources of information about patient
values and personhood). During this iterative process, the
designer shared mock-up options and elicited feedback from
the core team via email and throughout the series of biweekly
core team meetings.

Members of our core team with informatics expertise conducted
data validation testing to ensure the fidelity of the information
displayed in thetab to the underlying source of thisinformation
(ie, confirming that the tab displayed the correct information
from the intended source document in the intended format for
the correct patient). In addition, to detect delays in displaying
information to the user that might decrease usability, we
assessed thetimeto launch the tab content for selected patients.
If time delays were identified, we worked with the information
systemsteam to identify the source of the delay so that it could
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be rectified; specifically, technical optimizations were madeto
bring the load timesin line with other feature load timesin our
EHR (ie, no longer than afew seconds).

Results

Initial Deployment and I mplementation

We have already deployed the Patient Values Tab to a pilot
sample of usersin the Gastrointestinal (Gl) Medical Oncology
Service a our center, including the physicians, advanced
practice providers (APPs), nurses, and administrative staff. We
chose this service for this first phase of our pilot deployment
because it is the largest solid tumor service at MSK, with
approximately 40 physicians varying in age, gender, race and
ethnicity, number of yearsin clinical practice, and diseasefocus
who care for a large number of cancer patients with diverse
demographics (eg, age, gender) and types and stages of cancer
with wide variability in the pace of the disease process and
overal clinical course. Patients of the GI Medical Oncology
Service represent the largest proportion of admissions to our
Memorial Hospital, thus frequently involving both outpatient
and inpatient teamsin their care.

We have executed a detailed implementation plan, which
includes (1) discussion with the physician, APP, and nursing
leaders of the service about thetab and itsintegrationin clinical
care by that service; (2) email notification to users about the
availability and basic content of the new tab; and (3)
presentations encompassing key features and functionality of
the tab together with options for incorporating itsusein regular
clinical workflows. For each of these steps, we have targeted
the professional groups individually, since they have different
needs, roles, and workflowsin providing patient care, athough
ultimately, they must all collaborate and communicate asateam
to optimize this care.

Textbox 2. Illustrative quotes.

Desal et d

Further Iteration and Evaluation

Learnings from this pilot will inform further refinement of the
Patient Values Tab before broader implementation. We are
measuring usage of the tab through audit logs, which specify
the time, user, and patient involved each timeit islaunched. In
addition, we have included a feedback tile within the tab itself
that asks in closed-ended items for users broad impressions
(“It's great,” “It's okay,” or “It needs improvement”) and
provides space for free-text comments. In-depth feedback will
be gathered from selected clinicians through brief individual
interviews. We plan to sel ect these clinicians based on audit log
dataindicating those who are low adopters or high adoptersin
terms of the frequency and timing of their tab use. Through the
interviews, we will explore whether the tab fits with the
clinician's workflow and patterns of use (or lack of use) in
clinical practice, the perceived value of the tab to the clinician,
and suggestions for improvement (eg, with respect to content
and format).

Guided by this diverse user input, we have continued cycles of
refinement and deployment to additional groupsincrementally,
with a plan for institution-wide rollout by the fall of 2020. The
coreteam iscontinuing its biweekly meetings, monitoring every
step in the implementation and evaluation process, and
collaborating to address and incorporate user feedback in order
to ensure that the use of the tab is maximized and sustained.

Early Findings

We already have early evidence of the positive impact of this
EHR innovation. Audit logs show increasing use among
different user groups. Among users who have engaged with the
feedback section within the tab, 25 of 48 (52%) users reported
that “it is great” compared with 18 of 48 (38%) users who
reported that “it needs improvement” and provided specific
constructive suggestions and 5 of 48 (10%) users who reported
that “itisokay.” Many of theseinitial user comments have been
enthusiastically positive (Textbox 2).

“[1] love the easy access to [health care proxy] and Advance directives!”

Support for our clinical teams.”

“Being able to quickly check the patient's preferred nameis incredibly helpful!”
“I like that it captures information from many different areas and placed in one area. | will be using thistab.”

“Numeroustilesyou have devel oped give the patient a‘ voice' in our [electronic health record]. Strong work. ... Thiswill be agreat advancein Cognitive

Users also suggested specific enhancementsto the tab’s content
quality and design.

Our early pilot data have also revealed potential barriers to
large-scale implementation, which include perceived lack of
time to engage with the tab, competing priorities, incomplete
or inaccurate tab content, technical glitches, and difficulty
remembering to launch the tab as part of routine workflow. To
address these challenges, we have enacted several proactive
educational strategieswhen deploying to additional user groups,
including (1) emphasizing that the tab is a display-only feature
that is intended to save time by consolidating key information
in a central location, (2) describing the processes by which
incompl ete or inaccurate tab content can be updated by the user,

http://www.jmir.org/2021/2/e21615/

and (3) highlighting the “share feedback” section as a means
for providing feedback on technical (or content-related) glitches
that can be addressed by the Patient Values Tab interdisciplinary
working group. In all circumstances, the Patient Values Tab
working group follows up with each individual user who
provides feedback to ensure closed-loop communication and
enhance transparency in the ongoing effort to refine and
optimize the tab’s functionality.

We are also increasingly receiving reports of specific patient
situations in which the information displayed in the tab,
including the outpatient oncology nurse's values summary,
allowed the hospital team to support families in difficult
decisions about the use of intensive care therapies. In one such
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case, the family described hearing the ICU physician reading
the values summary aloud as feeling that the patient, who no
longer was conscious and had not discussed thistype of situation
with them previously, “was in the room, speaking directly to
them,” clarifying hispriorities, providing guidance, and relieving
them of burden and guilt in deciding to limit life support at that
time. Immediate access that the Patient VValues Tab provides to
primary physicians goals of care discussions greatly facilitates
thework of our emergency department and rapid response team
clinicians, who must act quickly in emergencies.

Similarly, we are hearing that the communication preferences
section within the Patient Values Tab is particularly helpful to
teams as they are preparing for family meetings and goals of
care discussions. For example, one Patient Values Tab user
recounted:

| did use it actually this week....\\e were going to go
have an impromptu family meeting and the attending
physician asked, “Would the patient want to be
involved?” and | said, “ Well, let’slook at the Patient
Values Tab” ....\e clicked there and it said “ patient
wants a lot of information with her partner
present” ...so...weused it in real time.
In this case, knowing how the patient preferred to receive
medical information (ie, in detail) and with whom present (ie,
her partner) helped guide the health care team’s approach to
having a goals of care conversation at atimely moment.

Discussion

Even at this pilot stage of deployment, it isbecoming clear that
the Patient Values Tab enables care and decision making that
honors the personhood and values of our patients. During the
COVID-19 pandemic, as life-threatening emergencies have
occurred without warning to patients who were then too ill to
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spesk for themselves, we have learned—again, in amore painful
but perhaps more enduring lesson—that high-quality care is
heavily dependent on immediate access to this crucial
information. As implementation and usage of the tab expands
and our center moves beyond the current COVID-19 crisis, we
will be able to examine its impact on a variety of outcomes at
the level of the patient, clinician, work process, and health care
system. Although the Patient Values Tab was built in MSK’s
specific EHR (ie, Allscripts), this software can be configured
inother EHR platformsaswell, including Epic (the predominant
platform in the United States). Further research is needed on
the best ways to optimize and enhance the patient centeredness
of various EHR systems through the synergistic integration of
toolsthat capture broader, holistic patient values (eg, the Patient
Values Tab), with ongoing efforts that are primarily focused on
advance care planning (eg, Epic's Advance Care Planning tab).

All EHRs contain extensive quantitative information and
voluminous data about patients that are mostly impersonal.
Now, it is our challenge and obligation to enrich the EHR with
information about the patient as a person, which is rarely
included or readily accessible. Patient-centered care is highly
prioritized by the Ingtitute of Medicine [25], patients and
families, and professional caregivers [26], but it can only be
delivered if the patient’s personal values are as prominent as
the laboratory values in the EHR on which heath care
professionalsrely and spend the bulk of their time. Although it
can be burdensome and distracting for clinical care, the EHR
has tremendous untapped potential to support patient-centered
care. Redlization of this capability is a pressing public health
need requiring the full collaboration of technological experts
with a broad range of clinical leaders, users, patients, and
families to achieve solutions that are both principled and
practical. Our new Patient Values Tab is a step forward in this
important direction.

Table S1. Mapping the Patient Values Tab content to source documentation.

[DOCX File, 20 KB - jmir_v23i2e21615 appl.docx ]
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Abstract

In the modern age, digital games are widely used as informal media for Science, Technology, Engineering, and Mathematics
(STEM) education and medical therapy for game-based learning. Digital games provide learners with a graphical system of
interaction that enhances scientific concepts within an enjoyable environment. The vastly increasing number of digital games
produced in the market affectsthe quality of STEM digital gameswhile requiring multidisciplinary expertise. This paper proposes
a framework for STEM digital game-based learning encompassing input-process-output stages. Several studies from the early
2000s onward were reviewed to discuss and present a new perspective on aframework for the design and development of digital
games, particularly for STEM. This proposed framework consists of digital game development asinput, experience as a process,
and constructs as output. This simple and precise framework will generate a universal product for various types of learners. It
can thus be used as a guideline for game designers, developers, and experts to develop STEM digital games and achieve better

learning outcomes.
(J Med Internet Res 2021;23(2):€20537) doi:10.2196/20537
KEYWORDS

digital game-based learning; STEM digital game; game development model; game design; design and developmental research

Introduction

The use of digital games for education has been identified as
one of the global pedagogical approaches required for 21st
century learners [1]. The intention is to make STEM (science,
technology, engineering, and mathematics) education more
interactive and interesting and enhance understanding of STEM
concepts [2,3]. Individuals in any age range can learn through
digital games. Ultimately, itismore practical to use such games
in kindergarten to grade 12 education (primary and secondary
school) to increase students’ levels of interest in STEM. An
interactive gaming system uses advanced graphics and
programming tools. STEM content can be gamified easily in
the current digital era. Game designers and developers often

http://www.jmir.org/2021/2/e20537/

collaborate with teachers and experts to construct good
instructional games for STEM learning as a universal product.
This type of pedagogical approach is known as digital
game-based learning [4] or STEM digital game-based learning
[5,6].

Using digital games to enhance STEM education isimportant.
Their purpose is to allow scientific concepts to be visualized
[7-9]. The STEM curriculum consists of multiple facts and
concepts learners should understand and practice in their daily
lives. Some may not be easy to learn using conventional teaching
pedagogy [10]. Teachers need supporting learning material to
visualize each concept, for which digital games can be the best
tools. Digital games alow learners to interact with game
mechanicsin avirtual world, achieving the set goals asaresult
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of the desire to win triggered by these games. This makes
learners feel enjoyment while simultaneously enabling them to
gain abetter understanding of STEM content. Their interaction
and involvement in experiencing and understanding the game
while resolving problems in the virtual world provide a
meaningful gaming experience [2,8,9]. Thus, the use of digital
games not only enhanceslearning, devel ops skills, and increases
the memorization and understanding of STEM, it also helpsto
maintain interest and create a STEM mindset [11].

Digital gamesfor formal and informal education are accessible
through computers, tablets, and smartphones, all of which are
popular among digital natives—the new digital generation [12].
STEM education is challenging for young people. Most digital
games aim to enhance STEM learning on various gaming
platforms [13]. This was introduced in the earliest model of

Figure 1. Input-process-output model adapted by Garriset a [13].
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game-based learning developed by Garris et a [13], which
consisted of input, process, and output (Figure 1). Current
studies on gaming and learning have 3 major and distinct
perspectives—(1) research oninput: how to devel op educational
digital games; (2) research on process. how the gameswork for
users, and (3) research on outcome: impact of the games.
Advancing gaming technology means the number of digital
games keeps increasing, and developers are competing with
each other [14]. Developing digital games for STEM involves
a multitude of team experts. These collaborations lead to an
agile form of development that requires multiple lightweight
processes over a shorter period. This makes it easier for each
game designer, game developer, and STEM expert to ensure
the digital game undergoes a systematic devel opment process
suitable for STEM digital game-based learning.

Game development processes are integrated and mapped into
the design and development research, with emphasis on a
systematic process of product development to achieve STEM
learning outcomes. Digital game development undergoes
iteration processes. From anindustrial perspective, thisinvolves
preproduction, production, and postproduction phasesasalinear
process (Figure 2) [15]. However, studies [16-25] involving
design and development research indicate that research products
should undergo iteration processes until the development
objective is achieved. Thus, digital games must be created for
use by numerous people regardless of their abilities and
demographic characteristics. This concept is synonymous with
personalized learning based on a universal design for learning
[16,17]. From an educational perspective, digital games are
viewed as alearning tool in which STEM content is important
in ensuring each game enhanceslearning and interestin STEM.
Although previous studies [2,4,5,8,10,12,13,26-32] have
introduced various models of digital game-based learning for
specific outcomes, they have not described the development
input-process-output structure as a holistic framework.

http://www.jmir.org/2021/2/e20537/

In the fourth industrial revolution environment, daily human
activities have been influenced by digital technology. The new
digital generation play digital games as part of their leisure
activities. Numerous studies[26,27] on digital games have been
conducted over the past two decades and have had a major
influence on individual learning process; however, they have
rarely discussed STEM learning. Because the number of digital
games for STEM Kkeeps increasing as a result of rapid
development by the gaming industries, a relevant theoretical
and practical underpinning of the development processfor better
STEM learning outcomes is required. As a universal product,
the use of digital games for STEM does not rely on achieving
better learning outcomes alone, it al so needsto stimulate young
people'sinterest in STEM as afuture career from an early age.
Thus, this paper proposes a framework to understand STEM
digital game-based learning encompassing design and
development, gaming experience, and the generation of STEM
outcomes.
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Figure 2. Game development process from industrial practice.
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Digital Game-Based Learning for STEM

Discussions on the use of digital games for STEM can be
confusing. Itisamultidisciplinary field consisting of 2 different
domains: STEM education and digital gaming. Thelink between
these fields triggers the need for further research to understand
how and why digital games affect STEM learning. Thus, the
use of digital games and STEM learning should be studied in
parallel. Digital game-based learning for STEM isaso adifficult
concept to define. In terms of their separate fields, digital
game-based learning is defined as the use of digital games to
enhance learning. Thus, to develop amore holistic perspective,
we define STEM digital game-based learning as the process of
creating an interactive STEM environment through digital games
to enhanceindividual STEM learning. Assuch, several relevant
design and development studies are now reviewed.

Most of the development models for any product undergo a
systematic process. Several studies proposed a new model
adapted from the origina ADDIE (Analysis, Design,
Development, Implementation, and Evaluation) model
[20,33,34]. Din [18] revealed that the ADDIE model did not
consist of a usability test, which is the most important process
in product development. Other scholars have a so adapted and
improved the model to ensure a better systematic process
[20,33,34]; however, inthe context of devel oping adigital game,
every process undergoes rapid and, some may argue, agile
development. Thisisdueto the higher number of digital games
produced each day. Gaming industries tend to develop digital
games in a shorter time, and some might not follow the
systematic process proposed by the literature. This increases
the number of low-quality digital games for users.

Din initially developed the Model Pembangunan Sstem to
design and create a computer conferencing system [18] and
further developed the model into Model RekaBangun Sistem
Pengajaran dan Pembelajaran [19] after testing it in the
development and validation of integrated meaningful hybrid
etraining for computer science—a theoretical- and
empirical-based design and development approach [20]. This
model was tested in numerous other studies to generate the
fourth version, the Model RekaBangun Sistem Pengajaran dan

http://www.jmir.org/2021/2/e20537/

RenderX

Pembelajaran 1V now called the Model RekaBangun SPP 1V
[19]. Between 2011 and 2015, Din et a [16] rigoroudly tested
the model and developed the Universal Design for Learning
Instructional Design model. Between 2015 and 2020, Din
combined this model with asimpler agile version of the Model
RekaBangun SPP |V after rigorous testing on more than 15
online and mobile modules, systems, and apps [17]. Thisfinal
and latest version comes complete with a universal design for
learning and agile devel opment method and contains modeling
stages with value integration [17,21].

Input as Digital Game Development

In digital game design, designers first identify the input
elements. Universal design ensures a high degree of usability
and accessible digital games for various types of learners
regardiess of ability [28,35,36]. Several models have been
analyzed and proposed to determine which specific attributes
are needed. A game perspective emphasizes content and game
characteristics for enjoyment, while educational technology
emphasizes learning content and a pedagogical approach. The
combination of these 2 perspectives produces a better attribute
asinput for the game design system.

Gamification is well-known in educational technology as
defining the process of integrating learning content into game
mechanics [37]. The purpose is to make the learning content
more interesting and engaging and to motivate learners
throughout all elements of game-design [38]. Studies
[6,13,17,19,22,28-30,39,40] indicate that several universa
design attributes need to beincorporated into educational games
such as learning theory, learning strategy, pedagogy, learning
content, and game characteristics such asvalue integration. For
STEM digital games, STEM learning content isamore suitable
term representing the learning content attribute. All these
attributes are subsequently included in the game design system.

Input for digital game development requires several attributes
to undergo systematic development processes. These are
integrated from digital games and education perspectives
[17,19,30,39-43]. Din’s early development model [18-20] did
not separate instructional design from the development model.
Instead, instructional design processes were embedded into
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phases of development [19]. After 2015, Din extracted
instructional design components from the devel opment phases.
Thisyielded 2 separate models, the instructional design model
(Eclectic Universal Design for Learning model) presented in
Figure 3 and the development model presented in Figure 4
[17,44]. Thelearning designisinspired by the universal design

Figure 3. Eclectic Universal Design for Learning model.
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P F T

Ishak et al

for learning model. It represents the expansion of phase 1
through phase 3 of the development model. The original model
consisted of 4 main components: (1) eclectic learning theory,
(2) eclectic content, (3) eclectic pedagogy, and (4) eclectic
learning strategy.
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Figure4. The development model [44,45].
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your product the better®. The sample size for this
m study (pilof) was 42 teacher trainees.

USABILITY TEST 2
Lohr and Eikleberry [44] suggest that usability tests
censider whether leamer recognizes and accesses
instructional elements as intended by the designer.
Although they agree with Nielson's [45] rule of thumb
on a minimum of 3-5 sample size as real-world and
fiting the demand of most development
environments, where ime and money are the key
drivers of design; they also cffer a practical
suggestion - “as many as possible, the more eyes on

PHASE 3

tem Dy
U TEST 1 System Design
Nielson [45] suggests a
minimum of three to five

Testing & Evaluation

users for a usability test
The term wsabilty typically
refers to technical issues,

PHASE 4
System Development

whether the system is bug-
free and intuitively operable;
usability testing for technical
erors is an  important
precursor Io learner-centred
usability testing Lohr &
Eileberry[44].  Usability
test for technical emors was
done at the end of
development stage on five
experts and ten end-users.

Testing & Evaluation

PHASE 5
Training/ Implementation
Data Collection & Analysis

Testing & Evaluation

PHASE 6
Model Development
Maintenance

Formative Evaluation

The agile version [17,46] of the integrated model for the
instructional design, development, and modeling of a
personalized learning environment in education, namely the
UDin model, is presented in Figure 5 [46]. According to Din,
the UDin model, which is a 20-year transformation model of
the design, development, and modeling of a learning system,
added the taken-for-granted Learning Outcome component.
Thiswas aligned with the A ssessment component and both were
placed in the center as the innermost part of the model labeled
Learning Outcome and Assessment [17,46]. The model
emphasi zes continuous assessment. Therubricsare mainly used

http://www.jmir.org/2021/2/e20537/

RenderX

Summative Evaluation 1

Summative Evaluation 2

as assessment tools. The assessment methods range from
gamification, reflection, and visual-, video- and
technology-mediated communication to field work [17,46].
Din'spreviouswork discusses the assessment method and tools
in detail; this encompasses studies by Din et a [23-25,47],
Azizul and Din [48], Batainah et al [49], Salleh et a [50], and
Abdul Manaf et a [51]. Conventional quizzestransformed into
interactive online quizzes are al so used as formative evaluation
alternatives in online modules. Some courses aso retain the
pen-and-pencil test, primarily for final summative evaluation.
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Figure5. Thefina UDin model—2 decade transformation of the design, development, and modeling of alearning system.
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The simplified version of the STEM digital game devel opment
process is presented in Figure 6. As a product for research
purposes, the framework consists of 5 main phases: conception
phase, design phase, prototyping phase, analyzing phase, and
eva uation phase. The conception phase startswith the feasibility
of the proposed idea or game concept. Research needs to be
undertaken by the developer or game designer to ensure the
novelty of the idea compared with existing games. The game
developer and STEM experts must therefore examine, analyze,
and discuss the main concept of the game that needs to be
developed. All 5 components of the universal design for learning

http://www.jmir.org/2021/2/e20537/
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mentioned in theinput session adapting the UDin model [17,46]
are followed in this conception phase. The adapted universal
input attributes are learning theories, learning strategy,
pedagogy, STEM learning content, and game characteristics.
These are gamified into the mechanics of the game. Analysis
of user requirement specifications ensures the game has a
targeted audience. All discussion regarding the concept is
contained in a game specification document that consists of
team members, targeted users, game theme, game platform,
game mechanics, and game concept.
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Figure 6. Proposed STEM digital game development process.
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Modeling

The integration of input through gamification relies on theory.
In the proposed model (Figure 6), learning theories serve to
framethe context of STEM digital games. Several theorieshave
been associated with digital game-based learning. However, to
purposefully create STEM digital games for STEM education,
3 major learning theories have been identified: the theory of
experiential learning, theory of self-determination, and the
educational-psychology theory of interest development.
Blending these theories with a learning strategy, pedagogy,
STEM learning content, and game characteristics generates a
holistic universal attribute to produce one digital game
underlying learning and game development perspectives. The
important element in creating STEM digital games is the
integration of STEM content. This attribute plays a major role
in characterizing STEM digital games. Next, the development
of game graphic design is designed based on game specification
document and later must to be evaluated by experts.

The prototyping phase is one in which the design and
development of the digital games begins. The identified input
attributes are ready for the graphics and programming process.
All attributes act as an underlying basic or game design in a
form of system and mechanics. To program the game system,
game designers and programmers follow user-need
specifications for the game design. The first prototype of the
designed digital games undergoes a playtest among team
members prior to a small-scale usability test with a targeted
audience. Thisisto ensure that the digital game works without
any major errors. Comments at this point are recorded for
improvement. The prototyping phase continues with Usability
Test 1 comprising atargeted audience of 3to 5 users[45]. The
games are then modified and improved based on the results.

http://www.jmir.org/2021/2/e20537/

RenderX

Thenext phaseisthe analysis phase, in which the gameisready
for large-scaletesting. This consists of Usability Test 2, and all
comments are recorded. However, if the result shows another
emerging error, the game needs to undergo another prototyping
phase so that improvements can be made. The development
team need to ensure the iteration process between the
prototyping and analysis phases meets the dateline and cost
requirements. After the game is tested and data are collected,
the programmer makes fina improvements during the
maintenance phase. The final phase is the evaluation phase in
which the performance of the digital game is assessed. The
evauation measures the relevant constructs involved. It also
determines whether the game has achieved the objective of
development. Due to budget problems, the evaluation process
sometimes starts simultaneously with Usability Test 2 [19,22].
In such cases, Usability Test 2 is conducted with a larger
targeted audience so that evaluation can be performed at the
end of the test.

Process as Experience

User experienceisone of the main components of using digital
gamesin STEM education. During testing, there areinteractions
among users. Users enter the game cycle and make judgements
based on observations to understand the system during the first
attempt. The behavior of the game provokesthe user to try what
they have observed regarding the interactions taking place in
the game system. Thetria-and-error process allowsformulation
of a meta-framework of conceptual understanding as to how
the system works in the developed digital game. The system
feedback offered by the digital game due to the designed rules
enables usersto understand when certain actions do not produce
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the correct outcome. The cycle occurs continuously while users
remain in the gaming world system.

The game cycle and STEM education are related. STEM
education emphasizesthe need for scientific thinking [11,52,53].
The digital game thus stimulates scientific thinking via
observation (understanding how the game system works at the
first attempt as a form of assumption), testing (making
predictions and testing the assumption asaform of action), and
drawing conclusions (system feedback showswhether the action
performed produces the current movement inside the game).
This game cycle provides the experience of engagement and
involvement in an enjoyable environment. At the same time,
the digital game helps users practice scientific skills without
even realizing they are doing so.

Ishak et &l

Output as Constructs Involved

There are several constructs involved when the user plays and
interacts with the developed digital game. The constructsrelate
to the main objective of the digital game, which is designed
according to STEM purposes. Research shows that any digital
game provokes learning due to interaction via the game cycle,
investigating the relationship between those constructs. Based
on a review of literature, this paper identifies 4 major
constructs:(1) digital game, (2) scientific concept, (3) meaningful
gaming experience, and (4) interest in STEM (Figure 7). Figure
7 dsoindicatesthat thedigital gameinfluencesinterestin STEM
through the presence of scientific concepts and meaningful
gaming experience as mediators. The major constructs proposed
inthis paper need to be measured to produce the structural model
and measure the effectiveness of STEM digital games.

Figure 7. Proposed relationship of the constructsinvolve by using digital game.

Scientific
Concept

Meaningful
Gaming
Experience

To determine this relationship, several  studies
[2,9,11,31,32,54-79] were reviewed and the result mapped into
one framework, as depicted in Figure 7. Because the data and
results presented are scattered, this model purposely maps the
result into the context of STEM digital games (Table 1). Based
on the common findings, the digital game has a strong
relationship with learning outcomes as the formation of scientific
concepts is based on the game content. At the same time,
research on digital games as entertainment also reveds a
relationship with the gaming experience as the player feels a
strong connection with the character inside the game world.
However, Fisher [11] and other information sources

http://www.jmir.org/2021/2/e20537/

Interest
in
STEM

[1,2,8,9,12,26,27,55-58,79] from the internet claim that the use
of adigital game is the best pedagogical approach to increase
or stimulate STEM interest among individuals. Digital games
may therefore affect individual psychology inthat the experience
of playing is related to an interest in STEM. This relationship
has been confirmed by Krapp [72] where individual interest is
aprocessthat undergoes 4 stages|[72]. Providing STEM digital
games is one of the practices based on Krapp’'s concept of
interest development. According to the literature, stimulating
STEM interest using digital gamesis not a direct cause-effect
relationship as another 2 variables have been identified as
mediating this effect.
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Table 1. Summary of research findings on the relationship between potential constructs as output for STEM digital games.
Variables Findings References

Digital games — scientific concepts

Digital games — meaningful gam-
ing experience

Digital games - interestin STEM

Scientific concepts — interestin
STEM

Meaningful gaming experience -
interest in STEM

Digital games are potential tools for teaching STEM? concepts via a specific topic.
Knowledge gains underlie the gameplay. The integration of scientific content actsasa
vehicle for gameplay. Most players exhibit higher knowledge gain, as a STEM learning
outcome, using digital games. Thetarget group, with the most potential for STEM digital
games, is children.

Playing digital games providesagaming experience. Aspart of edutainment, good digital
games create meaningful experiences for players. Players with ahigher level of game
experience and feedback engage in a more in-depth reflective process. Players will feel
the fun element and have strong connections with the character played inside the game
world.

Digital media have a significant relationship with an interest in STEM. Due to better
gameplay, digital games might therefore be successful in increasing students’ interest in
STEM. Studies show that using digital games may lead to a positive attitude toward
STEM subjects and a STEM career.

Knowledge gained by providing authentic scientific inquiry will trigger an interest in
STEM. Students who play video games will engagein a STEM subject related to their
lives.

Providing digital games will serve to enhance individual curiosity. Once attracted to the
game, the playing processwill increase thelevel of interest in the content gained. Because
ameaningful gaming experienceis aproduct of playing digital games, studies show that
this factor is significantly related to an interest in STEM.

[9,31,32,54-61]

[62-69]

[2,11,55,70-72]

[55,73-75]

[76-79]

8STEM: science, technol ogy, engineering, and mathematics.

To measure the relationship between the 4 identified variables
(digital games, scientific concepts, meaningful gaming
experience, and interest in STEM) simultaneoudly, these
variables need to be defined and measured individually in the
form of a measurement model. Structural equation modeling
helps to measure and fit this hypothetical model with datain
one go. This outcome at this stage is best achieved using
smart-PLS software (SmartPLS GmbH) since it is at an
exploratory stage.

http://www.jmir.org/2021/2/e20537/

The proposed STEM digital game-based learning framework
isthat of alinear input-process-output structure (Figure 8). This
framework can be employed by any game designer, devel oper,
or even teacher to develop agood STEM digital game with the
objective of increasing STEM interest among learners. Young
peoplewith alow interest in STEM will therefore benefit from
playing a STEM digital game.
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Figure 8. Proposed framework on STEM digital game-based learning.
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model will enablethe product to compete with what isavailable
in a market where most developers are competing to produce

This paper proposes aframework for STEM digital game-based
learning based on the current and vast body of gaming
technology and a universal design for learning instructional
design and agile devel opment processes. Following the proposed

digital games. However, the game needsto undergo a systematic
development process as proposed. This paper thus outlined the
specifications needed for a digital game to obtain the desired
outcomes.
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Abstract

Patient health information is increasingly collected through multiple modalities, including electronic health records, wearables,
and connected devices. Computer-assisted history taking could provide an additional channel to collect highly relevant,
comprehensive, and accurate patient information while reducing the burden on clinicians and face-to-face consultation time.
Considering restrictions to consultation time and the associated negative health outcomes, patient-provided health data outside
of consultation can prove invaluable in health care delivery. Over the years, research has highlighted the numerous benefits of
computer-assisted history taking; however, the limitations have proved an obstacle to adoption. In this viewpoint, we review
these limitations under 4 main categories (accessibility, affordability, accuracy, and acceptability) and discuss how advancesin

technology, computing power, and ubiquity of personal devices offer solutions to overcoming these.

(J Med Internet Res 2021;23(2):€19306) doi:10.2196/19306
KEYWORDS

computer-assisted history taking; history taking; clinical consultation; digital health; electronic health record; patient-provided
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Introduction

Background

Computer-assisted history taking (CAHT) was first explored
in medicine in the 1960s as atool to aid clinicians in gathering
data from patientsin order to support diagnostic and treatment
decisions. Over theyears, research has highlighted the numerous
benefits of CAHT; however, the limitations have proved an
obstacle to adoption. We explore how advances and innovation
in digita technology today may offer new solutions to
overcoming these barriers.

TheImportance of History Taking in Clinical Care

Collecting an appropriate and comprehensive medical history
from patients is a fundamental process in clinical medicine.
Research has shown that history taking alone is sufficient to

https://www.jmir.org/2021/2/€19306

make a diagnosisin 75% of patient encounters, before further
reducing the number of clinical differentials through physical
examination and additional tests [1]. However, the amount of
time available to acquire an appropriate patient history is
decreasing. The increasing demand and administrative burden
on healthcare services have resulted in physician-patient contact
time becoming shorter. A study in the United States highlighted
that physicians spent 27% of their total time on direct clinical
face timewith patients and 49.2% of their time on the electronic
health record (EHR) and deskwork [2]. During in-person
consultation, on average, only 52.9% of physicians time was
spent on direct clinical face time and 37.0% on EHR and
deskwork [2]. The consultation length is directly associated
with better health outcomes, fewer prescriptions, and better
recognition of long-term and psychosocial problems[3,4]. On
the other hand, a shorter consultation time has been associated
with overuse of antibiotics, polypharmacy, and poor
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communication with patients[5,6]. Whether thisis attributable
to diagnostic uncertainty or fear of medicolegal repercussions
remains to be evaluated.

CAHT vsIn-Person I nterviews

Considering restrictionsto consultation time and the associated
negative consequences, patient-provided health data outside of
consultation can proveinvaluablein health care delivery. Severa
health bodies, including the Centers for Disease Control and
Prevention, advocate for the serial collection of health surveys
in routine clinical care [7]. These have traditionally been
completed with pen and paper and are commonly not collected
due to numerous barriers including difficulties in logistics of
acquisition, distribution, and collection of paper forms;
difficultiesin understanding and completing surveys by patients;
the potential disruption of clinic workflow; difficulties in
interpreting results; lack of perceived clinical relevance; and
cost (materials, manpower, and distribution) [8].

Spinazze et al

A CAHT system (CAHTY) isadigital tool that aids clinicians
in gathering data from patientsthrough health surveysto inform
adiagnosis or treatment plan [9]. The benefits of CAHTS are
evident in the potential time saving in terms of acquiring the
patient history outside of consultation, reducing the
administrative burden of entering this information, increasing
patient face-to-face time, and leveraging these data through
medical records using machinelearning algorithmsfor decision
support. Patients have reported high satisfaction from helping
their physician through the completion of interactive
computerized interviews[10]. CAHT isan effective strategy to
empower patients to be active in their own care (ie, patient
engagement) [11]. Increased patient involvement results in
improved participation in personal care, compliance with
medication, adherence to recommended trestment, and
monitoring of prescriptions and doses (for acompl ete overview
of potential advantages, see Textbox 1).

Textbox 1. Potential advantages of computer-assisted history taking (CAHT) [9,12-16].

Enables history taking prior to or post consultation

«  Enablescompletion at the patient’s pace without feeling rushed
«  High compliance rate (for patients)

Time efficient (for both patient and clinician)

Collects complete and accurate patient data

Provides legible summaries

Lesslikely to have fasified data

Patients reveal more sensitive “private” and social information
Patients are better prepared for the medical interview

Reduces staff labor costs

Reduces diagnostic error

Enables remote completion

Allows health care professionals to make additional entries or changes

Can incorporate artificia intelligence and decision support systems

Can prompt educational messages or modules

Allows for seamless integration into the patient electronic health record (EHR)

CAHT can be done remotely through mobile devices at atime
and place convenient to the patient. Furthermore, CAHT can
improve the comprehensiveness of history taking by
standardizing algorithms and extending the level of questioning
through branching logic based on participant responses.
Research has shown that clinicians are ineffective at acquiring
comprehensive patient histories; they tend to miss 50% of
psychosocial and psychiatric problems and do not elicit 54%
of patient health problems [9].

Perhaps one of the greatest advantages of CAHTS s providing
ashared knowledge base of clinical presentations and outcomes
that is readily accessible to al providers. Decision making,
especiadly in medicine, is complex and multifaceted. The
accuracy of decisionsisdirectly linked to whether the relevant
information isreadily available from memory [17]. Onedoctor’'s
decision process is directly linked to persona experience and

https://www.jmir.org/2021/2/€19306

whether that knowledgeisreadily retrievable (ie, comesto mind
or is accessible at the time from sources such as textbooks,
online libraries). In contrast, a digitized database allows for
combined case histories, including multiple different variables
(eg, lab results, imaging) to be stored, processed, and rapidly
accessed to support decision making. Thiscould greatly facilitate
diagnostic accuracy, especialy in rarer diagnostic cases.

Overcoming Limitationsto CAHT

It is clear that there are many advantages to CAHT; however,
its limitations could explain the slow rates of adoption of
patient-provided health information in general [18]. We have
grouped these limitations under 4 themes identified through
literature reviews: accessibility, affordability, accuracy, and
acceptability. We subsequently discuss how technological
advances offer solutions to overcoming these (see Figure 1).
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Figure 1. Overview of barriers to implementation of computer-assisted history taking systems (CAHTS) and changing landscape and technological

solutions.
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Accessibility

During theinception of CAHT in 1960, technology represented
a potential barrier to implementation due to accessibility to
computers. However, since then, innovation in mobile
computing devices has seen a proliferation in personal devices
from PDAs, followed by smartphones and tablets. Mobile
devices have become ubi quitous accessories with more mobile
devices on the planet now than people [19]. The digita divide
between low- and middle-income countries and high-income
countries is progressively narrowing, as mobile phone
penetration rates and mobile broadband and internet access
continue to expand [20]. The number of smartphone users
globally hasjust surpassed 3 billion [21], with penetration rates
that range from around 24% in India to 90% in high-income
countries[20]. Hence, with computing power, communications,
and internet now being untethered to physical, on-premise
computers, access is no longer a limiting factor but rather
facilitates the ability to deliver CAHT.

The early adopters of technology, including mobile phones, are
commonly the young, tech-savvy, and able-bodied persons,
previously limiting those who are older, digitaly naive, and
disabled (hearing or visually disabled) from utilizing them.
However, the elderly are increasingly becoming avid adopters
of technology. In the United States, the fastest growing segment
of smartphone adopters are aged 44-75 years old with a
compound annual growth rate of close to 8% from 2015-2017
[22]. Mobile devices are being designed with assistive
technology to further facilitate use. In mobile phones, for
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example, there are now a variety of accessibility options
available, including text-to-speech output, screen magnification,
audio amplifiers, hearing aid compatibility, and hands-free
operation [23], facilitating use by those with visual or hearing
disabilities. Assistive technology is aso leveraging embedded
systems and wearables. A “smart glove” is one such example,
which recognizes basic hand gestures and converts them into
speech or text [24]. Wearables allow for the passive collection
of patient data, both physiological and pathological information,
continuously and inreal time, directly into EHRs. Thisreduces
the barrier to acquiring data actively and can be used in health
and safety monitoring, chronic disease management, disease
diagnosis and treatment, and rehabilitation [25]. These data
points could further augment CAHT; however, further research
would need to be done to evaluate this benefit.

Beyond assistivetechnology, CAHT can bedeliveredin multiple
formats including visually rich media, audible questionnaires,
and multiple languages, tailoring the content to the targeted
participant group. In terms of user accessibility, therefore, itis
increasingly becoming ubiquitous and accessible by all.

Thegreat stridestaken to digitize health dataand integrate EHRs
have resulted in a highly fragmented system wherein health
data are distributed in silos across the continuum of care with
limited accessibility between providers and systems. Lack of
interoperability and access to data therefore limit the potential
benefits of CAHT. As in other industries, the barriers to
interoperability are generally not technological but cultural and
require the close coordination and collaboration of various
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stakeholders, including patients, providers, software vendors,
legidators, and information technol ogy professionals[26]. Over
the last few years, there have been a number of improvements
in policy, alignment of incentives, and the wider adoption of
data-sharing protocols and infrastructure to help mitigate these
accessibility issues. A number of health information technology
solutions, such as health information exchanges, have
propagated the collaboration of health systems to integrate
across many different digital silos[27].

Affordability

Although CAHTS are viewed as cost-effective compared to
regular standard of care, few studies have rigorously assessed
the cost-benefit. Of those that have, most of the data available
arerelated to changesin utilization of health care services due
to health information technology [28]. There is a number of
cost factorsthat can be taken into account, including equipment,
time, manpower, and other costs. In practice, a CAHTS can be
integrated into an EHR to allow for adatarecord and to leverage
datainsights accumulated from multiple sources, including lab
results, imaging, and doctors’ records. In isolation, the benefits
of aCAHT could not be fully realized. Hence, equipment costs
when considering deploying a health information system or
EHR can be significantly high. These costs can be categorized
as system costs and induced costs [29]. System costs include
the costs of software and hardware, training, implementation,
ongoing maintenance, and support. Induced costs arerelated to
the temporary productivity loss during EHR implementation.
Several studies estimate the cost of purchasing and installing
an EHR ranging from US $15,000 to US $70,000 per provider
[30] with subsequent yearly maintenance costs. Previoudly,
these costs may have presented a strong financial barrier to
implementing CAHTS; however, EHR adoption rates have
vastly increased. From 2008 till 2017, office-based physician
adoption of EHRsin the United States has more than doubled,
from 42% to 86% [31], with nearly universal adoption in the
United Kingdom, Netherlands, Australia, and New Zealand
[32]. Hence, considering the widespread prevalence of EHRs
and initia sunk costs, the additional cost of implementing
CAHTS isvery low. Three of the largest EHR vendors (Epic,
Allscripts, and Cerner) [33] al offer the capability to send
guestionnairesto patients and to receive structured data directly
into the medica record. Although cost barriers to
implementation have been greatly reduced over the past decades,
a comprehensive analysis would need to be done to evaluate
actua costs.

The cost of accessing CAHTS and health care systems outside
of premises is also borne by the patients. The biggest factor
limiting online access is cost, with the internet and mobile
phones still not affordable for many around the world. Two and
half billion people live in countries where the cost of the
cheapest available smartphone is >25% of the average monthly
income[34]. A number of organizations are seeking toimprove
these numbers, including the Web Foundation, the United
Nations, and other national governments, which has been further
necessitated by the COVID-19 pandemic. A part of the United
Nation's Sustai nable Devel opment Goal sisto achieve“ universal
access’ intheleast devel oped countries by the end of 2020. The
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Web Foundation defines “universal access’ as 85% of a
country's population [35].

Accuracy

Previously, there was some skepticism regarding the accuracy
of CAHT in the sense that patients may not provide accurate
information through a digital survey as opposed to in-person
consultation with a physician. Postulated reasoning for this
includes patient’sfailure to read questions and answers carefully,
misunderstood questions, mistaken selection of answers, failure
to comprehend prior diagnoses, and intentional entry of false
information [36]. The accuracy of patient’s answersin terms of
mistaken entries, not deliberate falsification of inputs, is a
significant issue for both computerized and physician history
taking [36]. Provider errors beyond communication barriers can
occur in patient notetaking, including incompl ete patient notes
and illegible handwriting, as well as errors in data input or
transcription into EHRs. An analysis of medical malpractice
cases found that incorrect information (eg, faulty data entry)
was the top EHR-related contributing factor, contributing to
20% of reviewed cases[37]. Essentially, human entry error will
always be a factor, both on the patient and provider side;
however, false information can potentially be reduced through
CAHTS. There is substantial evidence to support that direct
reporting of symptoms by patients through CAHTS more
accurately reflects their health status than through clinician
elicitation [38]. Face-to-faceinterview methodstypically result
in reporting of lower rates of socialy sensitive risk behaviors
compared to self-administered questionnaires, attributable to
socia desirability bias [39]. For example, patients are more
likely to report sensitive information including intimate partner
violence, elective abortions, and high-risk behavior such as
smoking status in computer interviews [40]. The nature of the
doctor-patient relationship and demographic (eg, different
cultural norms, age, and gender) may also influence patient
reporting [41]. Another source of error includes unintentional
reporting error dueto poor recall and situational or time pressure
to respond (ie, the patient feel sthey are on the spot or the doctor
isrushing them). The benefit to CAHT isthat it is not confined
to consultation time, therefore is not time restricted, and the
guestions may be agorithm-based allowing for a structured,
comprehensive collection of datarather than ad hoc questioning
dependent on the provider’'s thought process.

CAHTS are inherently limited by the inability to record
nonverbal communication. Computers are “unable to detect
nonverbal behavior, for example, sense apatient’s mood which
might easily be picked up in a consultation” [4]. However,
technology has since evolved to be able to capture various
nonverbal behavioral cueslikefacia expressions, vocalizations,
postures, gestures, and appearance. There have been significant
advancesin thefield of affective computing, which isthe study
and development of systems and devices that can recognize,
interpret, process, and simulate human affects [42]. It is an
interdisciplinary field that leverages the crosspollination of
artificial intelligence (including speech processing, computer
vision, and machinelearning) and human sciences (psychology,
anthropology, and sociology). By utilizing digital sensor data
such as video or sound recordings, behavioral patterns can be
evaluated. For example, microexpressions (involuntary, brief
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facial movements) play an essential part in understanding
nonverbal communication and deceit detection [43]. Dueto the
nature of microexpressions being extremely brief and subtle, it
isdifficult to perceive with the naked eye. Advancesin computer
algorithms and video acquisition technology are rendering
machine analysis of facial microexpressions an increasing
possibility [44]. Facial expressions can be used in combination
with other modalities including head and hand movements to
detect deception [45].

Although there is till a long road to go towards accurate
real-time assessment, we can now leverage severa modalities
to detect nonverbal cues while completing CAHT. Natura
language processing (NLP) may offer amore readily available
solution to deceit detection through text analysis. In recent years,
with the explosive popularity of social media and subsequent
exposure of fake news, increasing attention has been put onlie
detection using artificial intelligence and deep learning
techniques. Beyond falsification of information, NLP can
analyze sentiment, which includes the words and symbol s used
intext to indicate positive and negative opinions, and emotions.
Sentiment analysis has been well studied in health care,
including itsrelation to outcomes (eg, greater positive sentiment
within discharge summaries) associated with significantly
decreased risk of readmission [46]. Through technology, we
may therefore be able to predict mental state or falsification of
information with potentially greater accuracy than by clinicians.

Acceptability

Despitethe benefits of CAHTS, akey barrier to adoption could
be acceptability to both patients and providers. Previous
challenges included acceptability in terms of technology and
associated challengeswith itsuse[47]. This may have been the
case in the past with unreliable platforms and outdated devices
(eg, PDAS). However, studies have shown that patients report
ahigh level of satisfactionwith CAHT, with the mgjority (69%)
believing that their medical care is enhanced by CAHTS[36].
Youth find computerized questionnaires “equally or more
acceptable than the usual clinical interview or a written
questionnaire” [9].

Other identified barriers to acceptability include cognition,
motivation, and perception [48]. For example, one 2003 study
of elderly persons with cognitive disabilities found that people
did not use 15% of the devices they owned mostly because they
did not fit their needs [49]. In order for CAHTs to be adopted,
all stakeholders need to be involved in the design and
development process. Research suggests that involving users
in the design and development of a new system will improve
the system’'s quality and result in a higher level of user
acceptance [50]. To this point, there have been an increasing
number of initiatives focused on this approach to engage el derly.
The Dutch National Care for the Elderly Programme was one
such initiative that put the needs of elderly people at the heart
of the program, ensuring their active participation to provide
person-centered and integrated care better suited to their needs
[51]. The European Commission has also set up a group of
measures to improve e-accessibility for older people as part of
thee-Inclusion palicies[52]. Through user-centered design and
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educational training programs, accessibility and adoption can
be greatly increased.

Considerations and barriersto use from aprovider’s perspective
include (1) availability of practice workflows and protocols
related to patient-generated health data and (2) data storage,
accessibility, and ease of use at the point of care [53].

Privacy and Data Security

Acceptability is also largely attributable to fears regarding
privacy and data security. The concerns are often related towho
has access to sensitive personal health information and to
breaches from external malicious counterparts. To address data
privacy concerns, there have been updates to globa data
protection |legidation. The General Data Protection Regulation,
enforced from 2018, is one such exampl e that strengthens data
protection for al individuals within the European Union. The
Health Insurance Portability and Accountability Act, enacted
in 1996, safeguards the collection, storage, and disclosure of
identifiable health datain the United States [54]. Despite these
regulatory changes, health care is one of the most data-rich
industries globally, with approximately 30% of the world’s
electronic datastorage occupied by health careinformation [55].
A person is estimated to accrue more than 1 million gigabytes
of health-related datain their lifetime through EHRs, digitized
diagnostics, and wearable medical devices[55]. This deluge of
health data and the potential value attributable to ransom or
sales on the black market makes health data one of the most
targeted sources to cyber threats. In 2018, health care data
breaches accounted for 24% of al investigated breaches across
all industries [56]. In response to this increasing cybercrime,
theglobal cybersecurity market, estimated to be US $100 billion
in 2017, is expected to grow to US $173 hillion in 2022 at a
compound annual growth rate of 11.6%[57]. New technologies
are emerging to market to address these security concerns
including cryptography (trandating data into code, only
accessible with an access key), tokenization (sensitive data are
substituted with a randomly generated value or token), and
distributed ledgers or blockchain (a distributed list of records
or blocks that are linked using cryptography). Estonia is an
example of an early adopter of this technology utilizing
blockchain technology to secure health care data and process
transactions [58]. This puts patientsin control of their dataand
allows them to grant or restrict access to different groups
including their health care provider, family members, or research
teams. With greater control of personal data, there is a greater
sense of security.

Although advances in technology are fortifying against data
breaches, no systemisinfallible. The question should be whether
the potential risk outweighs the perceived benefit. Logically,
people are not willing to share personal information digitally,
risking confidentiality, if thereis no perceived benefit to them.
Historically, thismay have beentrue, asdigital health datawere
largely collected, but underutilized. However, with advances
in computing power and artificial intelligence, these volumes
of data can be analyzed using predictive models, to provide
more accurate and personalized health care. Artificia
intelligence has been shown to effectively diagnose and predict
multiple conditions by leveraging machine learning, NLP, and
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image recognition [59]. It has been shown to predict Conclusion
hospitalization due to heart disease roughly a year in advance
with an accuracy of 82% [60]. The pervasive use and
continuously improving algorithms employed by artificial
intelligence in health care will result in greater realized benefit,
largely outweighing the potential risks. The benefits of
personalization over data privacy are evident in the consumer
industry, where 57% of consumersarewilling to share personal
data in exchange for personalized offers or discounts [61].
Therefore, how much greater would the benefit of longevity
and good health be?

Patient health information is increasingly collected through
multiple modalities, including EHRS, wearabl es, and connected
devices. CAHT could provide an additional channel to collect
highly relevant, comprehensive, and accurate patient information
while reducing the burden on clinicians and face-to-face
consultation time. Barriers to implementation and use in
practice, such as accessibility, affordability, accuracy, and
acceptability, may be addressed by advances in technology,
computing power, and ubiquity of personal devices. Thus,
perhaps there is no better time than now to adopt CAHT in
standard care.
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Abstract

Background: Emotional disorders (EDs) are among the most prevalent mental disorders. Existing evidence-based psychological
treatments are not sufficient to reduce the disease burden of mental disorders. It is therefore essential to implement innovative
solutions to achieve a successful dissemination of psychological treatment protocols, and in this regard, the use of information
and communication technologies such as the internet can be very useful. Furthermore, the literature suggests that not everyone
with an ED receives the appropriate treatment. This situation has led to the development of new intervention proposals based on
the transdiagnostic perspective, which attempts to address the underlying processes common to EDs. Most of these transdiagnostic
interventions focus primarily on downregulating negative affectivity (NA), and less attention has been paid to strengths and the
upregulation of positive affectivity, despite its importance for well-being and mental health.

Objective: Thisstudy aimsto evaluate the efficacy of atransdiagnostic internet-based treatment for EDsin acommunity sample.

Methods: A 3-armed randomized controlled trial was conducted. A total of 216 participants were randomly assigned to a
transdiagnostic internet-based protocol (TIBP), a TIBP+ positive affect (PA) component, or a waiting list (WL) control group.
Thetreatment protocol contained core components mainly addressed to downregulate NA (ie, present-focused emotional awareness
and acceptance, cognitive flexibility, behavioral and emotional avoidance patterns, and interoceptive and situational exposure)
aswell as a PA regulation component to promote psychological strengths and enhance well-being. Data on depression, anxiety,
quality of life, neuroticism and extraversion, and PA/NA before and after treatment were analyzed. Expectations and opinions
of treatment were also analyzed.

Results: Within-group comparisonsindicated significant pre-post reductionsin the two experimental conditions. Inthe TIBP+PA
condition, the effect sizes were large for al primary outcomes (d=1.42, Beck Depression Inventory [BDI-11]; d=0.91, Beck
Anxiety Inventory [BAI]; d=1.27, Positive and Negative Affect Schedule-Positive [PANAS-P]; d=1.26, Positive and Negative
Affect Schedule-Negative [PANAS-N]), whereasthe TIBP condition yielded large effect sizesfor BDI-I1 (d=1.19) and PANAS-N
(d=1.28) and medium effect sizesfor BAl (d=0.63) and PANAS-P (d=0.69). Between-group comparisons reveal ed that participants
who received one of the two active treatments scored better at posttreatment than WL participants. Although there were no
statistically significant differences between the two intervention groups on the PA measure, effect sizes were consistently larger
in the TIBP+PA condition than in the standard transdiagnostic protocol.

https://www.jmir.org/2021/2/e21335 JMed Internet Res 2021 | vol. 23 | iss. 2 [€21335 | p.157
(page number not for citation purposes)


mailto:amandadiaz@unizar.es
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Diaz-Garciaet d

Conclusions: Overall, thefindingsindicate that EDs can be effectively treated with atransdiagnostic intervention viathe internet,
assignificant improvementsin depression, anxiety, and quality of life measureswere observed. Regarding PA measures, promising
effects were found, but more research is needed to study the role of PA as a therapeutic component.

Trial Registration:
International Registered Report Identifier (IRRID):

(J Med Internet Res 2021;23(2):€21335) doi:10.2196/21335

Clinical Trials.gov NCT02578758; https://clinicaltrials.gov/ct2/show/NCT02578758
RR2-10.1186/s12888-017-1297-z

KEYWORDS

transdiagnostic; positive affectivity; negative affectivity; emotion regulation; emotional disorders; internet

Introduction

Transdiagnostic Treatmentsfor the Common
Psychopathological Processes Underlying Emotional
Disorders

Emotional disorders (EDs) are defined as anxiety and unipolar
mood disorders. These disorders have been grouped based on
their common biological and psychologica vulnerabilities[1].
The estimated lifetime prevalenceratesfor EDs are high (28.8%
for anxiety disordersand 20.8% for mood disorders). In addition,
the co-occurrence of multiple EDs has aso been found to be
elevated, with studies showing that more than 40% of people
with one diagnosis also met the diagnostic criteriafor a second
disorder over a 12-month period [2].

In recent years, research has demonstrated that evidence-based
psychological treatments (EBTS) are effective in the treatment
of EDs[3]. However, there has been little successin decreasing
the prevalence and incidence of mental illness, and only asmall
proportion of people in need actualy receive adequate
psychological treatment [4]. In addition, disseminating EBTs
has become areal challenge because of their cost, the duration
of the treatments, and the lack of well-qualified professionals
[5], which can explain why EBTs are underutilized in clinical
practice settings [6].

Recently, transdiagnostic approaches have emerged that address
the common characteristics found in cognitive, behavioral,
emotional, and other dysregulation areas underlying different
EDs, that is, the biological and psychological vulnerabilities
shared by different mental disorders [7,8]. With regard to
transdiagnostic processes, maladaptive emotion regulation
strategies have been suggested as potential explanatory factors
underlying the comorbidity across EDs[9].

In response to transdiagnostic approaches, severa
transdiagnostic treatments have been developed to provide
patients with a set of skills geared specifically toward common
vulnerabilities [10]. One example of these treatments is the
Unified Protocol (UP) [7], which was designed to be applicable
across different EDs and represented a significant shift toward
transdiagnostic psychological treatments for EDs[11,12]. The
UP has been tested and results indicate that it is effective in
reducing negative affect (NA) [13], with improvements
maintained at the 18-month follow-up [14]. Furthermore, the
effect of the UP has been shown on the two temperament
dimensions of neuroticism (N)/behavioral inhibition (BI) and
extraversion (E)/behavioral activation (BA) [15].

https://www.jmir.org/2021/2/€21335

Mounting evidence demonstrates the efficacy of transdiagnostic
treatments in patients with EDs compared with control groups
[16-19], showing that transdiagnostic treatments are just as
effective as disorder-specific cognitive behavioral therapy (CBT)
[12,20]. The data suggest that a transdiagnostic treatment for
EDs might be more widely effective across a diverse range of
mental disorders, addressing different disorders with a single
protocol [21]. More specifically, arecent meta-analysis showed
that the UP is more effective compared with different control
groups, such as treatment as usual, waitlist, and medication
control groups, in treating anxiety and depressive symptoms
[22].

The Role of Positive Affect in EDs

Regarding thetemperamental vulnerabilities, some authors have
identified two essential dimensions of temperament in the
etiology and course of EDs: N/NA and E/positive affect (PA)
[8]. Hence, neuroticism has been identified as a core factor
involved in the development of EDs [23]. In addition, N/NA
and E/PA have been closely related to Gray’s (1987) constructs
of Bl and BA, respectively [24-26], and these terms are often
used interchangeably as the most stable measures of
temperament [8,15,26,27]. Thus, people with EDs have higher
levels of N/NA/BI [8], and they experience negative emations
moreintensely and frequently [ 28] than people who do not have
any ED. In contrast, the dimension of positive emotionality,
E/PA/BA, has also been observed in many disorders, suggesting
that people with an ED show low levels of E/BA [29], which
can predict the onset of depression [30] and increase the severity
of the problem [31]. Despite theimportance of PA in healthand
well-being, thereislimited research on its promotion; therefore,
more research is needed in this area. Furthermore,
notwithstanding the recent upsurge in transdiagnostic treatments
for EDs, most of these protocols have focused on reducing NA.
They have addressed core psychopathological deficits in the
way patients experience and respond to negative emotions[32].
However, less attention has been paid to positive emotions or
promoting PA [33]. In addition to being involved in the
symptomatology of EDs, positive emotionality is considered a
core element of mental health, showing beneficial, generalized
effects on health and functioning [34-37]. Thus, therelationship
between emotion regulation (eg, cognitive reappraisal) and
well-being has also been demonstrated [ 38]. On the basis of the
literature that highlights the potential importance of positive
emotionality as atreatment component [39-43], it is necessary
to develop and test treatment components focused on
upregulating PA.
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Internet-Based Treatments

There are many models for delivering interventions in novel
ways that can be scaled up to reach large numbers of peoplein
need [4]. In this regard, information and communication
technologies (ICTs) play an important role and can facilitate
the availability of EBTs[44]. Specifically, the internet is used
for the assessment and treatment of clinical conditions, and it
has been established as auseful and effectivetool for delivering
psychological treatmentsto treat severa psychological disorders
[45], particularly depression and anxiety disorders [46].
Moreover, some meta-analyses have revealed that these
interventions are as efficacious as face-to-face traditiona
treatments [47,48].

This Study

The purpose of this study isto test the efficacy of aweb-based
psychological treatment protocol for individuals from a
community sample with one or more diagnoses of EDs. major
depressive disorder (MDD), dysthymic disorder (DD),
obsessive-compulsive disorder, and four anxiety disorders: panic
disorder (PD), agoraphobia (AG), generalized anxiety disorder
(GAD), socia anxiety disorder (SAD), anxiety disorder not
otherwise specified, and (unipolar) mood disorder not otherwise
specified [49]. Rather than focusing solely on NA, the treatment
protacol includes 2 types of components: one based on classical
perspectives for downregulating NA and the other aimed at
upregulating PA. The protocol can be applied either in its
traditional format (transdiagnostic internet-based protocol,
TIBP) or by including both of these components (TIBP+PA).

Some studies have tested the efficacy of transdiagnostic
interventionsinimproving PA measures. However, these studies
do not include a specific component to address PA regulation
[13], or they are uncontrolled trials[50-52]. Only one study that
evaluated the efficacy of anew transdiagnostic treatment focuses
on PA, butitisapilot study rather than arandomized controlled
trial (RCT) [53]. To the best of our knowledge, no published
RCT hastested the efficacy of atransdiagnostic internet-based
treatment for EDs with a specific component to address PA
regulation. Therefore, the aim of this study isto investigate the
effectiveness of thistransdiagnostic protocol for EDs, with and
without the specific component to upregulate PA, versus a
wait-list control group. A secondary aimisto test the differential
effect of the specific treatment component designed to
upregulate PA. Finally, we study patients acceptance of the
program developed to apply the treatment protocol over the
internet with minimal support by the clinician. We hypothesi zed
that (1) both self-applied protocol modalities (TIBP and
TIBP+PA) would be more effective than the wait-list control
condition in the treatment of EDs; (2) both interventionswould
result in significant improvements in depressive and anxious
symptomatology at posttreatment; (3) the TIBP+PA would
significantly outperform the TIBP group on PA measures; and
(4) both protocols are well accepted, with no statistical
differences between conditions.
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Methods

Study Design

This study was a three-armed superiority RCT in which
participants were randomly allocated to 1 of 3 conditions: (1)
TIBP, (2) TIBP+PA, and (3) waiting list (WL) control condition.
For ethical reasons, participants in the control condition were
offered the possibility of receiving the treatment protocol after
spending time on the WL (16 weeks), thus leaving no control
group for the follow-up measurements. Block randomization
was performed to ensurethat all primary diagnoseswere equally
represented across conditions. The trial was registered at
Clinical Trial.gov as NCT02578758 on October 16, 2015. The
study was approved by the Ethics Committee of Universitat
Jaume | (Castellon, Spain; May 5, 2016) and was conducted in
compliance with the study protocol, following the Consolidated
Standards of Reporting Trials (CONSORT) statement [54], the
CONSORT-eHealth guidelines [55], and the Standard Protocol
Items:. Recommendations for Interventional Trials guidelines
[56,57]. Details of the study protocol have been reported
elsawhere [58]. Different effect sizes found in the literature
based on the transdiagnostic perspective of EDswere considered
to estimate the study power in this study. These calculations
were performed with the software program G* Power 3.1 [59]
and published in the study protocol [58]. This study reports on
pre- to posttreatment data.

Study Population, Recruitment, and Eligibility Criteria

The clinical trial was conducted in a community sample of
individuals diagnosed with one or more of the aforementioned
disorders. Participants were recruited from adult volunteers
interested in participating in the study between June 2015 and
July 2018. Potential participants were attended by phone by the
clinical team members (who had at least a university master’'s
degree in general health psychology) to explain the study and
clarify any doubts. Peopleinterested in participating signed the
web-based informed consent form and were assessed taking
into account al the inclusion criteria. The inclusion criteria
were asfollows: (1) being at least 18 years old; (2) meeting the
Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-1V) diagnostic criteria for EDs; (3) having the
ability to understand and read Spanish; (4) having accessto the
internet and an email address; and (5) providing web-based
informed consent. The exclusion criteria were as follows: (1)
having schizophrenia, bipolar disorder, or acohol and/or
substance dependence disorder; (2) presence of a high risk of
suicide (defined by the Mini-International Neuropsychiatry
Interview [60] as greater than or equal to 10 points); (3) presence
of medical disease/condition that prevents the participant from
carrying out the psychological treatment; and (4) receiving
another psychological treatment during the study. Receiving
pharmacological treatment was not an exclusion criterion, but
any increase and/or change in the medication (in the case of
receiving) during the study period implied the participant’'s
exclusion from subseguent analyses. Participants who fulfilled
al the study criteria were randomized to one of the three
experimental conditions by an independent researcher. This
researcher was unaware of the characteristics of the study and
had no clinical involvement in the trial or access to the study
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data. Participants agreed to partici pate before determining which
treatment they were allocated. All participants were free to
withdraw from the treatment at any time. Access and
participation in the study did not involve payment in any case.

The Transdiagnostic | nterventions

The treatment protocol is based on the transdiagnostic
perspective derived from the UP[5,7] and some strategiesfrom
MarshaLinehan’s protocol [61]. Initially, amanualized protocol
was developed and structured in a patient and therapist
handbook. L ater, the protocol was adapted to amultimediaweb
platform (videos, vignettes, audios, images, etc) to be completely
self-applied via the internet [62] through a PC or atablet. The
ease of use of the program has been strengthened because it
presents alinear navigation to optimize the treatment structure
and make the treatment easier and more dattractive to the
participants.

The program consists of an assessment protocol and atreatment
protocol that includes core components, mainly designed to
downregulate NA (present-focused emotional awareness and
acceptance, cognitive flexibility, behavioral and emotional
avoidance patterns, and interoceptive and situational exposure)
and upregulate PA to promote psychological strengths and
enhance well-being [63]. The protocol content is adapted from
the UP [7] and some of the strategies for emation regulation
from dialectica behavior therapy [61]. The PA regulation
component is based mainly on BA strategies [64], strategiesto
promote pleasant and significant activities linked to values and
life goals, and strategiesto enhance personal strengths, positive
feelings, positive cognitions, and positive behavior [63,65].
Furthermore, well-being therapy strategies [66,67] and some
concepts from Fredickson's Broaden-and-Build Theory [68]
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arealsoincluded in the program. The PA regulation component
takes place after the NA regulation component. The protocol
aso includes traditional therapeutic components of
evidence-based treatment for ED (psychoeducation, motivation
for change, and relapse prevention). All the treatment
components were devel oped through two self-applied protocol
modalities (TIBP and TIBP+PA) with 12 and 16 modules,
respectively, with the only difference being the inclusion or
absence of the modules that contain the PA-regulation
component. A detailed description of modules that contain the
PA regulation component is presented in Multimedia A ppendix
1[64,66,68-77]. The modulesin each intervention protocol are
described briefly elsewhere [58].

The duration of the program could vary among users, and
participants in both treatment conditions had equal access to
the protocol for a maximum period of 18 weeks. The program
sent weekly messages to the patient to remind him/her to
continue to work to benefit from the program. A professional
platform was used to send these messages [78]. The program
also sent automatic emailswith remindersto accessthe modules
when participants had not entered the past 15 days. In addition
to this ICT support, human support was also provided through
weekly phone calls (maximum of 5 min) during the treatment
period to resolve any difficulties or doubts, or to remind them
of the importance of reviewing the treatment contents.

Outcome M easures

The assessment protocol wasincluded at the beginning and end
of the web-based program. A detailed description of the
measures and their aims has been published elsewhere [58].
The measures included in this study are described in Table 1.
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Measure Aim

Cronbach o Time of assessment

)
Diagnostic interview
MINIP Psychiatric diagnosis N/AC N/A gLd
Primary outcomes
BDI-1I€ Severity of depression 91 0.91 BL, Post-Tf
BAIY Severity of anxiety .92 0.92 BL, Post-T
PANAS" Positive and negative affect PAi:.91; NAl=gg  PA=0.91;NA=0.89 BL, Post-T
Secondary outcomes
Per sonality measures
NEO EFIK Neuroticism and extraversion N'=.81; EM= 84 N=0.82; E=0.84 BL, Post-T
Quality of life
EQ-5D" Health-related quality of life .67 0.70 BL, Post-T
Expectation and opinion
Expectation of treatment scale Expectation of treatment N/A N/A BL
Opinion of treatment scale Opinion of treatment N/A N/A Post-T

8: coefficient omegain this study.

BMINI: Mini-International Neuropsychiatric Interview, Version 5.0.0.
°N/A: not applicable.

9BL: basdline.

®BDI-II: Beck Depression Inventory-I1.

"Post-T: posttreatment.

9BAI: Beck Anxiety Inventory.

PPANAS: Positive and Negative Affect Schedule.
iPA: positive affect.

INA: negative affect.

KNEO FFI: NEO Five Factor Inventory.

IN: neuroticism.

ME: extraversion.

"EQ-5D: EuroQoL-5D Questionnaire.

Statistical Analysis

Group differencesin participants’ sociodemographic and clinical
data at baseline were examined to confirm that they were
comparable after randomization. One-way analysis of variance
for continuous variables and Fisher exact tests of independence
for categorical variables were used. Intention-to-treat (ITT)
using mixed models, with full information maximum likelihood
estimation and without any ad hoc imputations were conducted
to handle missing data due to participant dropout [79]. This
approach uses all available data, does not substitute missing
values with assumed or estimated values, and does not assume
that the last measurement is stable (the last observation carried
forward assumption) [80]. Mixed model analysesare appropriate
for RCTswith multipletime points and pre-to postonly designs
with substantial dropout rates[81]. The pattern of missingness
was investigated to determine its likelihood of being random
rather than systematic (missing not at random, MNAR).
Subsequently, associations between sample characteristics
missingness in the outcome variables were examined (t tests

https://www.jmir.org/2021/2/€21335

for continuous variables and Fisher exact tests for categorical
variables). A linear mixed model for each outcome measure
was implemented using the linear mixed-effects models
(MIXED) procedure with one random intercept per subject. An
identity covariance structure was specified to model the
covariance structure of the random intercept. Significant effects
were followed up with pairwise comparisons using the
Bonferroni correction. Effect sizes were calculated for within-
and between-group comparisons using the standardized observed
mean difference proposed by Cohen [82]. To determine the
existence of areliable change in a patient, the reliable change
index (RCI; Jacobson and Truax’s method) [83] was used. The
RCI values for the primary outcomes (Beck Depression
Inventory, BDI-I1; Beck Anxiety Inventory, BAI; Positive and
Negative Affect Schedule-Positive [PANAS-P]; and Positive
and Negative Affect Schedule-Negative [PANAS-N]) were
calculated for the compl eter sample (participants who provided
data at posttreatment). Fisher exact tests were performed to
evaluate group differences in RCI rates for completers. All
statistical analyses were conducted using IBM SPSS Statistics
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for Windows, version 22, and SAS software, version 9.4, of the
SAS System for Windows.

Results

Participant Flow and Attrition

Out of the 573 people who expressed initial interest in the study,
as the flow diagram shows (Figure 1), only 402 performed the
initial interview. At this stage, 186 participants failed to meet
theinclusion criteria. Finally, 216 patientswere included in the
study, and they were randomly allocated to each experimental
condition: TIBP, n=71; TIBP+PA, n=73; WL, n=72. Regarding
pretreatment assessments, 71 participants performed it in the
TIBP, 73inthe TIBP+PA, and 72 inthe WL. A similar number
of participants performed the posttreatment assessment from
both intervention conditions (TIBP, n=45; TIBP+PA, n=46).
No significant differences between the three conditions were

Diaz-Garciaet d

found in dropout rates (X2,=3.8, P=.14). In the TIBP condition,
of those who started the program (n=71), 26 participants (26/71,
37%) withdrew from the treatment. In the TIBP+PA condition,
asimilar pattern was found; of those who started the program
(n=73), 27 participants (27/73, 37%) withdrew from the
treatment. Finally, in the WL control group, data from 55
participants were obtained after they had spent 16 weeks on the
WL (55/72, 76% retention; 17/72, 24% dropout). Overall, of
the 216 participants who started the study, 86 participants
withdrew from the program. As a result, two patterns of
missingness emerged. One of them represented 32% of the
sample (70/216, 32.4%) and the other represented a very low
percentage (16/216, 7.4%). Missingness was not related to the
characteristics listed in Table 2 in any of the three arms of the
RCT (all P>.05 in both patterns). Therefore, patterns of
missingness were not found to be MNAR and the decision to
continue the analysis with the available data was made [84,85].

Figurel. Flowchart of participants. DSM-IV-TR: Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision; ED: emotional
disorder; TIBP: Transdiagnostic internet-Based Protocol; PA: positive affect; WL: Waiting List; ITT: intention-to-treat.
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Table 2. Demographic characteristics of participants at pre-assessment (N=216).

Variable TIBPA(n=71)  TIBP+PAP (n=73)  WLC(n=72) Total (N=216)  Statistic® P value
Age (years), mean (SD); range 35.82 (13.04); 33.11(9.74); 19-52  31.82 (10.50); 33.57 (11.24); F2213=2.382 .09
18-72 19-58 18-72
Sex, n (%) X22=0.2 .88
Female 51(72) 51 (70) 53 (74) 155 (71.8)
Male 20 (28) 22 (30) 19 (26) 61(28.2)
Marital status, n (%) N/AE .97
Single 44 (62) 41 (56) 42 (58) 127 (58.8)
Married or partnered 23(32) 27 (37) 25(35) 75 (34.7)
Divorced or widowed 4(6) 5(7) 5(7) 14 (6.5)
Education level, n (%) N/A 46
Basic studies 1() 5(7) 3(4) 9(4.2)
Medium studies 15 (21) 12 (16) 17 (24) 44.(20.4)
Higher studies 55 (78) 56 (77) 52 (72) 163 (75.5)
Principal diagnosis, n (%) N/A .57
MDD 11 (15) 9(12) 16 (22) 36 (16.7)
DDY 1(1) 0(0) 2(3) 3(L4)
GAD" 26 (37) 21(29) 24 (33) 71(32.9)
PD'/AG 4(6) 6(8) 6(8) 16 (7.4)
PD 2(3) 4 (6) 3(4) 9(4.2
AG 6(9) 6(8) 1(1) 13(6.0)
SADK 15 (21) 23(32) 16 (22) 54 (25.0)
ocp' 3(4) 1(1) 2(3) 6(2.8)
Anxiety NOS™ 319 34 1(1) 732
Depression NOS 0(0) 0(0) 1(1) 1(0.5)
Number of comorbid disorders, n (%) N/A A7
0 32 (45) 19 (26) 34(47) 81 (37.5)
1 28 (39) 36 (49) 26 (36) 92 (42.6)
MDD 18 (64) 22 (61) 15 (57) 57 (62)
DD 1(4) 2(6) 3(12) 6(7)
GAD 2(7) 7(19) 2(8) 11 (12)
PD/AG 0(0) 0(0) 0(0) 0(0.0)
PD 0(0) 0(0) 1(4) 1(1)
AG 3(12) 2(6) 2(8) 7(8)
SAD 4(14) 3(8) 3(11) 10 (10)
ocD 0(0) 0(0) 0(0) 0(0)
Anxiety NOS 0(0) 0(0) 0(0) 0(0)
Depression NOS 0(0) 0(0) 0(0) 0(0)
2 7(10) 12 (16) 7 (10) 27 (12.5)
MDD and GAD 2(29) 3(25) 2(29) 7(26)
MDD and PD/AG 1(14) 1(8) 1(14) 3(11)
https://www.j mir.org/2021/2/e21335 JMed Internet Res 2021 | vol. 23 | iss. 2 [e21335 | p.163
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Variable TIBPA(n=71)  TIBP+PAP (n=73)  WLC(n=72) Total (N=216)  Statistic® P value
MDD and PD 1(14) 1(8) 2(29) 4 (15)
MDD and AG 0(0) 2(17) 0(0) 3(11)
MDD and OCD 1(14) 0(0) 0(0) 1(4)
DD and SAD 0(0) 1(8) 0(0) 1(4)
GAD and SAD 2(29) 1(8) 1(14) 4 (15)
GAD and AG 0(0) 2(17) 0(0) 2(7)
PD/AG and SAD 0(0) 0(0) 1(14) 1(4)
SAD and OCD 0(0) 1(8) 0(0) 1(4)

3 4 (6) 6(8) 5(7) 16 (7.4)
MDD, GAD, and AG 1(25) 1(17) 2 (40) 4 (25)
MDD, GAD, and SAD 0(0) 2(33) 2 (40) 4 (25)
MDD, GAD, and OCD 0(0) 1(17) 0(0) 2(13)
MDD, PD, and SAD 0(0) 2(33) 0(0) 2(13)
MDD, PD, and OCD 0(0) 0(0) 1(20) 1(6)
MDD, AG, and SAD 1(25) 0(0) 0(0) 1(6)
MDD, SAD, and OCD 1(25) 0(0) 0(0) 1(6)
GAD, PD/AG, and SAD 1(25) 0(0) 0(0) 1(6)

&T|BP: transdiagnostic internet-based protocol.

bTIBP+PA: transdiagnostic internet-based protocol+positive affect component.

CWL: waiting list.

dstatistic: Pearson chi-square or Fisher exact test.
EN/A: not applicable.

"MDD: major depressive disorder.
9DD: dysthymic disorder.

hGAD: generalized anxiety disorder.
iPD: panic disorder.

InG: agoraphobia.

kKsAD: social anxiety disorder.

locp: obsessive-compulsive disorder.
MNOS: not otherwise specified.

Baseline Data and Participant Characteristics

Details about participants sociodemographic characteristics
for each group at pretreatment are presented in Table 2. The
results indicated that there were no significant differences
between the experimental groups before treatment for any of
these variables, indicating that the randomi zation was successful.
Overall, participants mean age was 33.57 years (SD 11.24,
range 18-72), the majority were females (155/216, 71.8%), and
most of them were single (127/216, 58.8%) and had completed
or were pursuing higher studies (163/216, 75.5%; eg,
undergraduate degree studies, graduate studies or university
master’s degrees, or postgraduate studies or doctoral degrees).

https://www.jmir.org/2021/2/€21335
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Principal and comorbid diagnoses are presented in Table 2.
Most of the participants had GAD (71/216, 32.9%), followed
by SAD (54/216, 25.0%) and MDD (36/216, 16.7%). Regarding
the patterns of comorbidity in the sample, 41.7% (90/216) of
the participants had at least one comorbid diagnosis, with MDD
being the most common comorbid disorder (n=57), followed
by GAD (n=11), SAD (n=10), AG (n=7), DD (n=6), and PD
(n=1).

Regarding theclinical characteristics of the participantsin each
experimental condition at pretreatment (Table 3), no statistically
significant differences were found between the groups on any
of the primary and secondary outcomes.

JMed Internet Res 2021 | vol. 23 | iss. 2 |€21335 | p.164
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 3. Clinical characteristics of participants at pre-assessment.

Diaz-Garciaet d

Measure TIBPA(n=71),  TIBP+PAP (n=73), WLE (n=72), Total (N=216),  Statistic, F (df) P value
mean (SD) mean (SD) mean (SD) mean (SD)
Primary outcomes
BDI-19 25.35 (11.33) 29.07 (11.33) 26.31 (12.43) 26.93 (11.76) 1.966 (2213) .14
BA|® 21.14 (12.10) 23.58 (11.50) 21.87 (12.56) 22.23 (12.04) 0719 (2,197) .49
PANAS Positive 20.72 (6.52) 19.32 (6.22) 19.28 (5.67) 19.84 (6.22) 1277(2213) .28
PANAS Negative 30.68 (7.73) 31.96 (8.79) 28.63 (9.03) 30.43 (8.61) 2.807 (2213) .06
Secondary outcomes
Per sonality measures
NEO FFI9 Neuroticism 31.54 (6.65) 34.11(8.18) 31.39(8.20) 3236 (7.78) 2.853(2213) .06
NEO FFI_Extraversion 21.49 (8.77) 19.26 (7.59) 21.79 (8.66) 20.84 (8.39) 1.991(2213) .14
Quality of life
£Q-5D" 54.60 (17.76) 54.78 (19.75) 51.91 (17.81) 53.75 (18.44) 0511(2197) .60

3TIBP: transdiagnostic internet-based protocol.

bTIBP+PA: transdiagnostic internet-based protocol +positive affect component.

SWL: waiting list.

9BDI-11: Beck Depression Inventory-11.

®BAI: Beck Anxiety Inventory.

'PANAS: Positive and Negative Affect Schedule.
INEO FFI: NEO Five Factor Inventory.
hEQ-SD: EuroQoL-5D questionnaire.

Effectiveness of the Intervention on Primary and
Secondary Outcomes at Pre-Post

Primary Outcomes

Table 4 includes descriptive statistics (ie, means and SD) for
TIBP+PA, TIBP, and WL at pretreatment and posttreatment;
Table 5 includes within-group and between-group effect sizes
and Cls for al the primary outcome measures in the three
experimental groups, based onthe ITT sample.

For the three primary outcomes, within-group comparisons
indicated significant pre-post reductionsin the two experimental
conditions, with large effect sizes for the BDI-1I (d=1.19) and
PANAS-N (d=1.28), and moderate effect sizes for the BAI
(d=0.63) and PANAS-P (d=0.69) in the TIBP condition. In the
TIBP+PA condition, the effect sizes were large for al primary
outcomes (d=1.42, BDI-II; d=0.91, BAI; d=1.27, PANAS-P,
d=1.26, PANAS-N). Between-group comparisons revealed that
participants who received the treatment scored better at
posttreatment than the WL group. Greater reductionswere found
in the BDI-II scores in the TIBP condition than in the WL
condition (mean difference —13.61; P<.001; d=1.18; 95% CI
-1.61 to —-0.76), as well as between the TIBP+PA condition
and WL (mean difference —-14.31; P<.001; d=1.05; 95% CI

https://www.jmir.org/2021/2/€21335

-1.46 to —0.63), with large effect sizes. No differences were
found between the two experimental conditions (mean difference
0.70; P=.76; d=0.10; 95% CI —0.51 to —0.31).The results for
BAI scores were similar to the pattern of findings for the BDI:
greater reductionsin the TIBP condition (mean difference —8.19,;
P=.001; d=0.63; 95% Cl -1.07 to -0.20) and TIBP+PA
condition (mean difference —9.28; P<.001; d=0.68; 95% ClI
-1.10to —0.26), compared with WL, with medium effect sizes,
and no differences between the two experimental conditions
(mean difference 1.09; P=.65; d=0.05; 95% CI —0.39 to 0.49).
Finaly, patients in the TIBP condition experienced a large
increasein PA (PANAS-P) compared with WL (mean difference
5.42; P<.001; d=0.74; 95% CI 0.33to 1.15) with moderate effect
sizesand greater reductionsin NA (PANAS-N; mean difference
-8.34; P<.001; d=0.99; 95% CI —1.41to -0.57) compared with
WL with large effect sizes. Participants in the TIBP+PA
condition experienced the same pattern as the participants in
the TIBP condition but achieving large effect sizes for both
higher PA (mean difference 7.86; P<.001; d=0.90; 95% CI 0.49
to 1.31) and lower NA (mean difference —8.32; P<.001; d=0.91;
95% Cl —1.32 to —0.50) than participants in the WL condition.
No differences were found between the two experimental
conditions on PA (mean difference —2.44; P=.08; d=0.25; 95%
Cl -0.661t00.17) or NA (mean difference —0.02; P=.99; d=0.01;
95% Cl -0.42 to 0.40).
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Table4. Descriptive statistics for TIBP+PA, TIBP, and WL at pretreatment and posttreatment for primary outcomes, personality measures, and quality
of life measures.

Measures TIBP+PA? (n=46), mean (SD)  TIBP® (n=45), mean (SD) WL (n=55), mean (SD)

Primary outcomes

BDI-IIf 29.07(11.33) 12.78(10.76) 25.35(11.33) 11.76(9.02) 26.31(12.42) 26.09 (13.99)
BA[Y 2358 (11.50) 12.97(10.33) 21.14(12.10) 13.46(10.26) 21.87(12.56) 21.67(14.41)
Positive Affect subscale of the Positiveand  19.32(6.22)  27.28(9.21) 20.72(6.52) 25.24(7.10) 19.28(5.68)  19.86 (7.27)
Negative Affect Schedule

Negative Affect subscale of the Positiveand 31.96(8.79)  20.78(8.37)  30.68(7.73)  20.71(6.81) 28.63(9.03)  28.76 (8.99)
Negative Affect Schedule

Secondary outcomes
Per sonality measures
Neuroticism subscale of the NEO EFI' 34.11(8.18)  27.67(8.37) 31.54(6.65) 26.64(7.83) 31.39(8.20) 31.71(8.56)
Extraversion subscale of the NEO FFI  19.26 (7.59)  24.22(7.64)  21.49(8.77) 24.13(8.41) 2179(8.66) 19.84(10.02)
Quality of life
EuroQoL-5D-3L questionnaire 54.78(19.75) 68.81(18.37) 54.60(17.76) 64.05(18.78) 51.91(17.81) 52.55 (18.96)

8TIBP+PA: transdiagnostic internet-based protocol + positive affect component.
bTIBP: transdi agnostic internet-based protocol.

SWL: waiting list.

9pre-T: Pre-treatment.

CPogt-T: Post-treatment.

'BDI-II: Beck Depression Inventory-I1.

9BAI: Beck Anxiety Inventory.

PNEO FFI: NEO Five Factor Inventory.
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Table 5. Within- and between-group effect sizes and 95% Cls.
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Measures TI BP+PAa, d TI pr’ d (95% WLC, d (95% C|) TIBP+PA versus TIBP+PA versus TIBPversusWL,
(95% Cl) cl TIBRd(95%CI) WL,d(95%Cl) d(95% Cl)
Pre-post Pre-post Pre-post Post-T9 Post-T Post-T
Primary outcomes
BDI-I1€ 1.42 (1.09to 1.19 (0.90 to 0.02 (-0.13to -0.10(-0.51to0 -1.05(-146t0 -1.18(-1.61to
1.76) 1.48) 0.16) 0.31) -0.63) -0.76)
Balf 0.91 (0.64 to 0.63(0.38t0 0.02 (-0.12to 0.05(-0.39to -0.68(-1.10to- -0.63(-1.07to
1.18) 0.87) 0.15) 0.49) 0.26) -0.20)
Positive Affect subscaleof -1.27 (-1.58t0 -0.69(-0.92to -0.01(-0.22to -0.25(-0.66to  0.90 (0.49to 0.74(0.33t0
the Positive and Negative  —0.95) -0.45) 0.20) 0.17) 1.31) 1.15)
Affect Schedule
Negative Affect subscale  1.26 (0.94 to 1.28(0.96 to -0.04(-0.22to0 -0.01(-042to0 -0.91(-1.32to0 -0.99(-1.41to
of the Positiveand Nega-  1.57) 1.60) 0.14) 0.40) -0.50) -0.57)
tive Affect Schedule
Secondary outcomes
Per sonality measures
Neuroticism subscale 0.78 (0.51 to 0.73 (0.50to 0.04 (-0.22to -0.12(-054to0 -047(-087to 0.61(-1.01to
of the NEO EF19 1.05) 0.96) 0.20) 0.29) -0.08) -0.21)
Extraversion subscale 0.65 (—0.88 to 0.30(-0.45to 0.22(0.07to -0.01(-0.42to 0.48(0.08to 0.46 (0.06 to
of the NEO FFI -0.42) -0.14) 0.37) 0.40) 0.88) 0.86)
Quality of life
EuroQoL -5D-3L 0.70 (-0.97 to 0.53(-0.80to 0.04 (-0.21to -0.25(-0.70to  0.86 (0.44to 0.60 (0.17 to
questionnaire -0.43) -0.25) 0.14) 0.19) 1.29) 1.04)

8TIBP+PA: transdiagnostic internet-based protocol +positive affect component.

bTIBP: transdi agnostic internet-based protocol.
SWL: waiting list.

dPost-T: posttreatment.

®BDI-I1: Beck Depression Inventory-I1.

'BAI: Beck Anxiety Inventory.

INEO FFI: NEO Five Factor Inventory.

Secondary Outcomes

Table 4 includes descriptive statistics (ie, mean and SD) for
TIBP+PA, TIBP, and WL at pretreatment and posttreatment,
and Table 5 includes within-group and between-group effect
sizesand Clsfor secondary outcomesrelated to personality and
quality of life measures in the three experimental groups based
onthelTT sample.

Regarding personality measures, within-group comparisons
indicated a significant pre-to-post reduction in neuroticism in
the two experimental conditions, with moderate effect sizesin
NEO Five Factor Inventory (NEO FFI)-Neuroticism (d=0.73,
TIBP,; d=0.78, TIBP+PA), and asignificant pre-to-post increase
in extraversion in the two experimental conditions, with asmall
effect sizeinthe TIBP condition (d=0.30) and amoderate effect
size in the TIBP+PA condition (d=0.65). In the WL control
group, significant changes with small effect sizes were also
found on NEO FFI-Extraversion (d=0.22). Between-group
comparisons revealed that participants who received the
treatment scored better at posttreatment on NEO
FFI-Neuroticism in both intervention groups compared with
the WL group, with moderate effect sizes (d=0.61, TIBP,
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d=0.47, TIBP+PA). NEO FFI-Extraversion showed better scores
with small effect sizesin both intervention conditions (d=0.46,
TIBP; d=0.48, TIBP+PA) than WL. No statistically significant
differenceswere found between the two experimental conditions
for the personality measures.

Finaly, quality of lifemeasures (ie, EuroQoL -5D Questionnaire;
EQ-5D) showed a significant time effect (Fj ;5,05=32.98;
P<.001). Both intervention groups experienced significant
improvements in quaity of life posttreatment, and this
improvement was not found in the WL control group.
Within-group comparisons indicated moderate effect sizes in
the TIBP condition (d=0.53), moderate effect sizes in the
TIBP+PA condition (d=0.70), and nonsignificant changes in
the WL control group. Between-group comparisons revealed
that participants who received the treatment (with or without
the specific component to upregulate PA) scored higher on
quality of life at posttreatment, compared with the WL, with
moderate effect sizesin the TIBP condition (d=0.60) and large
effect sizes in the TIBP+PA condition (d=0.86; Table 4 for
details). The differences between the two trestment groups were
not statistically significant.
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Expectations and Satisfaction

Table 6 lists the results for the two interventions groups. Items
for expectations and satisfaction were rated from O (strongly
disagree) to 10 (strongly agree), covering how logical the
treatment seemed, to what extent it could satisfy the patient,
whether it could be used to treat other psychological problems,
and its usefulness for the patient’s specific problem. Before the
treatment, al the scores were high. The analysis revealed
statistically significant differences between the two conditions
on expectations about the treatment: before treatment,
participantsin the TIBP+PA condition considered the treatment
morelogical (F; gg=4.49; P=.03), more satisfactory (F; gy=6.29;

Table 6. Means and SDsfor expectations and satisfaction.

Diaz-Garciaet d

P=.01), more recommendableto others (F, go=6.15; P=.01), and
more useful for other psychological problems (F;go=7.38;
P=.008) than the TIBP participants did. In addition, at
posttreatment, participants’ satisfaction scores were also high.
The anaysis reveded statistically significant differences
between the two conditions on satisfaction: after treatment,
participantsin the TIBP+PA condition considered the treatment
more satisfactory (F; gg=4.10; P=.04), recommendableto others
(FLg9=6.79;, P=.01), more useful for other psychological
problems (F; go=5.13; P=.02), and more useful for the patient
(F189=5.91; P=.01) than participantsin the TIBP condition did.

Statements Expectations Satisfaction
n Mean (SD) n Mean (SD)

How logical do you think thistreatment is?

Total sample 91 8.21 (1.55) 91 8.21 (1.67)

TIBP? 45 7.87 (1.72) 45 8.07 (1.69)

TIBP+PAP 46 8.54 (1.31) 46 8.35 (1.66)
How satisfied are you with the treatment received?

Total sample 91 8.21(1.75) 91 7.63(2.02)

TIBP 45 7.76 (1.86) 45 7.20 (2.04)

TIBP+PA 46 8.65 (1.54) 46 8.04 (1.93)
To what extent do you feel confident about recommending thistreatment to a friend who hasthe same problems?

Total sample 91 8.36 (1.77) 91 8.01(2.12)

TIBP 45 7.91 (1.95) 45 7.44(2.32)

TIBP+PA 46 8.80 (1.45) 46 8.57 (1.75)
Do you think thistreatment could be useful for treating other psychological disorders?

Total sample 91 8.03(1.72) 91 7.88(1.76)

TIBP 45 7.56 (1.79) 45 7.47 (1.89)

TIBP+PA 46 8.50 (1.52) 46 8.28 (1.53)
To what extent do you think the treatment was helpful to you?

Total sample 91 7.44 (1.93) 91 7.30 (2.07)

TIBP 45 7.13 (1.87) 45 6.78 (2.00)

TIBP+PA 46 7.74 (1.97) 46 7.80 (2.03)

8TIBP: transdiagnostic internet-based protocol.

bTIBP+PA: transdi agnostic internet-based protocol +positive affect component.

Reliable and Clinically Significant Change

Onthebasis of thetwo criteria proposed by Jacobson and Truax
to estimate clinically meaningful improvement, patients were
classified as recovered, improved, stable, or deteriorated at
posttreatment. The RCI has been expressed graphically to
facilitate a more intuitive interpretation (Figures 2-5). At
posttreatment, statistically significant differences were found
between the three conditionsin these percentagesfor al primary

https://www.jmir.org/2021/2/€21335

outcomes: BDI-I1 (P<.001), BAI (P<.001), PANAS-P (P=.001),
and PANAS-N (P<.001). Overdl, participants who received
the transdiagnostic internet-based interventions showed a higher
percentage of recovery compared with WL, which obtained
high percentages of reliable deterioration on al the primary
outcomes. No statistically significant differences were found
between TIBP+PA and TIBP (BDI-Il, P=.59; BAI, P=.67,
PANAS-P, P=.59; and PANAS-N, P=.59).
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Figure2. Percentages of participantsrecovered, improved, stable, and deteriorated on depression scores (Beck Depression Inventory-I1) in transdiagnostic
internet-based protocol +positive affect component (inner circle), transdiagnostic internet-based protocol (middle circle), and waiting list (outer circle).
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Figure 3. Percentages of participants recovered, improved, stable, and deteriorated on depression scores (Beck Anxiety Inventory) in transdiagnostic
internet-based protocol +positive affect component (inner circle), transdiagnostic internet-based protocol (middle circle), and waiting list (outer circle).
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Figure4. Percentagesof participants recovered, improved, stable, and deteriorated on depression scores (Positive and Negative Affect Schedule_Positive
subscale) in transdiagnostic internet-based protocol+positive affect component (inner circle), transdiagnostic internet-based protocol (middle circle),
and waiting list (outer circle).
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Figure5. Percentages of participantsrecovered, improved, stable, and deteriorated on depression scores (Positive and Negative Affect Schedule_Negative
subscale) in transdiagnostic internet-based protocol+positive affect component (inner circle), transdiagnostic internet-based protocol (middle circle),
and waiting list (outer circle).
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Discussion

Principal Findings

The main objective of this study was to test the efficacy of a
transdiagnostic internet-based psychol ogical treatment protocol,
with and without a specific component to upregulate PA, versus
aWL control group, for individuals from a community sample
with one or more ED diagnoses. The results showed that on the
primary outcome measures, there was a significant time effect,
with medium (BAI and PANAS-P) to large effect sizes (BDI-I|
and PANAS-N) in the TIBP condition and large effect sizes on
all measures in the TIBP+PA condition. In the WL group, the
effect size was minimal. These results are comparable with
those reported in other transdiagnostic trials in which effect
sizes are larger for depression than for anxiety and higher for
PANAS-P than for PANAS-N [13]. A possible explanation for
the larger effects for depression than for anxiety could be that
the therapeutic techniques more related to the treatment of
anxiety disorders (ie, conseguences of emotional avoidance,
emotion-driven behaviors, and interoceptive and situational
exposure) are presented near the end of the treatment protocol
(modulesfrom 8to 11). Patients are evaluated clinically shortly
after these modules, and conseguently, they have less time to
practice them. Likewise, the effects for PA were larger in the
TIBP+PA condition (d=1.27) than in the TIBP condition
(d=0.69). This result is consistent with the fact that this study
includes a specific component to upregulate PA, which places
greater emphasis on positive experiences. One of the aims of
the intervention is to teach patients the adaptive role of both
positive and negative emotions, without the need to suppress
or avoid them. Nevertheless, future studies based on mediational
analyses will allow a better understanding of whether PA and
NA would mediate theimpact of treatment on therapy outcomes
(ie, depression and anxiety). As predicted, both protocol
modalitiesled to significantly greater reductions (relativeto the
WL) in depression and anxiety, aswell as significant decreases
in NA andincreasesin PA measures, suggesting that web-based
transdiagnostic treatment was effective in treating EDs.

On the secondary outcomes (NEO FFI and EuroQoL-5D
guestionnaire, EQ-5D), the analysis also revea ed a significant
change from pre- to posttreatment. The effect sizeswere medium
for both variables in both intervention groups (except for
Extraversion, which was smaller in the TIBP condition). In the
WL group, small effect sizes were also found for Extraversion,
showing that participantsin this group experienced significantly
lower levels of extraversion after the waiting period.
Between-group comparisons revealed that participants who
received the treatment scored better on the measures at
posttreatment compared with the WL group. These findings
contribute to the study of the malleability of neuroticism
proposed by Barlow [86], who suggests that personality
dimensions may be malleable over time. In this study, some
strategies were proposed to modify PA (extraversion), and
although significant effects were found between the two
intervention groups and the WL group, further research is
needed on this topic to explore the effect of this specific
component on increasing well-being and PA. Along theselines,
Barlow’steam conducted an RCT that eval uated changesin PA
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in cognitive-behavioral trestmentsfor anxiety disorders, showing
that PA isamalleable construct and can be influenced by CBT

[87].

The second aim of this study was to assess the effects of the
component designed to upregulate PA, with the hypothesis that
the TIBP+PA condition would significantly outperform the
TIBP condition on the PA measures. This study found no
significant differences between the two treatment conditions
on PA measures. This may be due to the fact that participants
improved throughout the course of the treatment, decreasing
negative symptoms and increasing their PA, even if they had
not seen the last four modules with the specific component to
upregulate PA. Therefore, future studieswill be needed to reach
a deeper understanding of the relationship between treatments
that include PA components and changes in PA measures.

Another objective of the study wasto study patients’ acceptance
of the program developed to apply the treatment protocol over
the internet with minimal support from clinicians. The overall
expectations and satisfaction expressed by the participants in
the two intervention groups were high, and both protocolswere
well accepted. However, the analysis revealed higher levels of
expectations and satisfaction in the TIBP+PA condition. This
may be due to the number of modulesincluded in thiscondition
(16) in comparison with the modulesin the TIBP condition (12),
although participants in the intervention groups did not know
the content of those four additional modules. This result may
be influenced by the role of expectations before and during a
web-based psychological intervention, whichisconsistent with
theliterature showing that treatment expectations became more
favorable over time [88]. Regarding the reliable change index,
significant improvements were found in the two treatment
conditions compared with the WL group. Overall, participants
who received the transdiagnostic internet-based interventions
showed higher recovery percentages and less deterioration
compared with the WL group.

This study had a dropout rate of 38.9% (86/216). Some studies
in the literature have indicated dropout rates of approximately
30% in computerized CBT programs [47]. However, thisissue
deserves special attention because it depends on how it is
conceptualized. On the one hand, the definition of attrition
differs and can be understood as premature termination [89],
(non)persistence [90], (non)adherence, or the extent to which
an individual is exposed to the content of an intervention [91].
In this study, only participants who completed all the treatment
modules were considered completers, whereas the rest were
treated as dropouts, although in other studies, only participants
who completed a percentage of the modules were considered
completers [92,93]. On the other hand, adherence to
internet-based interventions is associated with the type of
guidance, achieving 28% nonadherence when therapi st-guided,
and 38% when administrative support is given [94]. This study
combined human and ICT support, reaching a 36.8% (53/144)
dropout rate in the treatment conditions; therefore, these results
are not far from those found in the existing literature on
internet-based interventions. However, further research on
attrition is needed to better design internet-based treatments and
increase retention. The existing literature has indicated an
important relationship between the support provided to the
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participants and adherence to the program. Indeed, this aspect
has great relevance in the literature on internet-based
interventions [95,96]. Therefore, if this type of intervention is
carried out on alarge scale in the community, asin this study,
a fundamental factor to consider is the type and amount of
support to provide, which would be consistent with the study
of the balance between the benefits and resources involved in
providing human support in internet-based interventions.
Technologies play a central role in this aspect because part of
the support can be provided automatically through technological
devices. In an attempt to understand this issue, our research
group conducted a qualitative study to determine why patients
dropped out of the web-based transdiagnostic program for EDs
(TIBP) [97], with the results emphasizing the lack of
individualization of the treatment or the lack of support (ie, the
lack of affective and personal contact with the therapist). Inthis
regard, future studies should develop personalized treatments
to address patients’ specific needs and increase adherencerates.
There are some useful strategies for personalizing treatments,
such as selecting certain treatment components to better fit the
patient’s symptoms or lowering the number of sessionsrequired
to successfully treat an individual’s symptoms. One strategy
implies personalizing the treatment to a specific presentation,
that is, by selecting the treatment components that best fit the
specific set of symptoms or weaknesses shown by each patient
[10], thereby lowering the number of sessions required to
successfully treat an individual’s symptoms. Another example
isthestudy by Carl et a [98]. In this study, the authors presented
a module for the regulation of PA that can be added to the
treatment once they have completed the UP modules, thus
personalizing the treatment for patients who show deficits in
positive emotions at posttreatment.

This study has severa strengths. First, it presents a novel focus
in the field of transdiagnostic treatments. To the best of our
knowledge, this is the first study of a transdiagnostic
internet-based treatment for EDs with a specific component to
upregulate PA. Overal, the findings indicate that EDs can be
effectively treated with a transdiagnostic intervention via the
internet, in addition to improving depression, anxiety, and
quality of life measures. Regarding PA measures, promising
effects were found, but more research is needed to study the
role of positive emotions in the construction of psychological
strengths [99,100] from atransdiagnostic perspective [42,101].
Moreover, this study included alarge sample of people from a
community sample, representing a heterogeneous population
with EDsthat does not receive primary or specialized care, with
or without the presence of comorbidities. Thus, the
transdiagnostic protocol represents a successful approach to the
treatment of multiple disordersin a parsimonious manner [102].
Participants in the study seemed to be interested in the use of
adaptive emotion regulation strategies, regardless of whether
they were related to their own difficulty, which is the basis of
transdiagnostic proposals. These interventions emphasize the
essential processes underlying different disorders and the use
of core higher-order strategies that eliminate the need for
multiple diagnosis-specific manuals [103]. Moreover, the
internet-based format of thistransdiagnostic protocol facilitates
the availability and administration of the program to provide
support to anyone in need.
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Limitations

This study also has some limitations. The most important isthe
different number of modules in the two protocols (TIBP
condition: 12 modules; TIBP+PA condition: 16 modules). The
TIBP condition had more time between the last module and
postassessment than the TIBP+PA condition. However, the
TIBP+PA condition had more modules. Postassessment took
place at the end of module 12 or 16. These aspects may have
influenced the results. In an attempt to control this, equal time
(ie, a maximum period of 18 weeks from randomization to
posttreatment eval uation) was given to all participantsto allow
them to use the program as much as they desired throughout
the whole process. However, future studies should show that
thedifferential effect of the PA component isnot simply because
of the larger number of modules in the protocol. This leads to
the importance of benchmarking based on previous
transdiagnostic internet-based interventions with regard to effect
sizes or the length of these interventions. This study coincides
with previous similar transdiagnostic interventions that also
obtained large effect sizesfor depression (g=0.84) and medium
effect sizesfor anxiety (g=0.78), with atreatment length ranging
from 6 to 10 sessions [18]. Furthermore, focusing on PA
measures, it is important to mention that this study obtained
larger effect sizes for PA, both for within- and between-
comparisons (TIBP+PA, d=1.27; TIBP+PA vs WL, d=0.90)
than other transdiagnostic interventions [13,14,50-53]. Another
limitation of the study, shared with other transdiagnostic
interventions, is that although they are called transdiagnostic
treatments, they are based on discrete diagnostic categories(ie,
DSM-1V). Future research should study the mechanistically
transdiagnostic principles, that is, the underlying mechanisms
that account for the occurrence of specific symptomsto include
them in both assessments and transdiagnostic interventions.
Some examples of transdiagnostic mechanisms that have been
found to play a fundamenta role in EDs are intolerance to
uncertainty [104], rumination [105], perfectionism [106], or
thought suppression [107]. Among these processes, heuroticism
has been strongly associated with both anxiety and depressive
disorders [86,108]. In addition, attrition rates were higher in
both treatment conditions (TIBP: 26/71, 37%; TIBP+PA: 27/73,
37%) thaninthe WL condition (17/72, 24%). However, attrition
rates of 30% to 35% are commonly observed in internet-based
interventions [47]. Furthermore, although we consider that the
sample of this study is quite representative, future research
should focus on improving the mental health of less reachable
groups such as older people, people with low income or lower
educational level, and/or people residing outside urban areas
(ie, rural populations). Moreover, it would also be important to
collect data on certain demographic variables such as race,
ethnicity, and sexual orientation infuturetrials. Transdiagnostic
treatmentsthat are socioculturally adapted for such groups could
be a potential solution to effectively reach alarger number of
people in need of psychological help.

Finally, follow-up datawere not included in this study because
wearestill inthe recruiting process, and we wanted to promptly
provide the results because of the importance of theissue. The
long-term effects of thisintervention will be presented in further
research.
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Conclusions

In summary, the results show the efficacy of atransdiagnostic
internet-based psychol ogical treatment protocol for individuals
from acommunity sample with EDs. These findings show that
this web-based transdiagnostic treatment improved the clinical
situation of the participants, providing them with tools and
strategies to face problems and difficulties more effectively.
Future lines of research should carry out dismantling designs
to determine the active components of the protocol, especialy
the contribution of the PA modules, and analyze the
effectiveness of web-based treatment in other populations, such
as primary care centers. Furthermore, the existing techniques
and strategies to improve PA require further study to determine
which ones are more effective and should be included as specific
components to upregulate PA in current psychological
interventions. This study includes some specific strategies to
promote psychological strengths and enhance positive mood.
However, it is important for future studies to explore more
deeply the effect of these and other strategies on patients with
EDs to directly build positive resources to counteract NA.
Undoubtedly, future research will have to determine whether it
is beneficial to include these components designed to enhance
PA, which components are necessary for whom, and how they
should be applied.

Diaz-Garciaet d

Furthermore, future research should focus on the possibility of
devel oping treatment components aimed at altering, modifying,
or varying vulnerability, a key aspect of transdiagnostic
perspectives. This might be possible with strategies for
modifying PA, but there are other fundamental factors that
influence mental health and well-being. For example, a large
body of literature has highlighted the importance of accurate
perceptions of reality in psychological health, such as positive
illusions or positive self-evaluations, perceptions of control or
mastery, and unrealistic optimism [109,110]. In addition, there
isevidencefor the relationship between psychological flexibility
and well-being, suggesting that being psychologically flexible
has benefits for executive functioning, default mental states,
and personality dimensions such as neuroticism [111].
Psychological flexibility has been considered a protective factor
in improving physical health, mental health, and well-being
[112]. Hence, there is growing interest in constructs such as
pragmatic prospection, that is, thinking about a future with
desired outcomes and avoiding undesired ones[113] or openness
to the future characterized by PA toward the future [114]. This
body of knowledge opens up the possibility of finding new
strategies to improve the efficiency and effectiveness of future
transdiagnostic treatment protocols for EDs as a way to more
effectively addresstemperament vulnerabilities, that is, the core
aspects of these disorders.
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Abstract

Background: Human papillomavirus (HPV) vaccination is effective in the prevention of vaccine-type genital warts and cancers
among men who have sex with men (MSM).

Objective: Theprimary objective of thisrandomized controlled trial (RCT) isto evaluate the efficacies of 2 web- and theory—based
interventionswith and without brief motivational interviewing (M) over the phoneto increase the compl etion of HPV vaccination
among unvaccinated participants within a 24-month follow-up period compared with the control group.

Methods: A 3-arm parallel-group RCT was conducted between July 2017 and December 2019. Five telephone surveys were
conducted at baseline and at 3, 6, 9, and 24 months by blinded interviewers. Participants were Hong Kong Chinese—speaking
MSM aged between 18 and 45 years with regular internet access who were recruited from outreaching at venues, web-based
recruitment, and peer referral. Those who had ever received HPV vaccination were excluded. A total of 624 participants were
randomized into either the online tutorial (OT) only group (n=208), the OT plus M1 group (OT-MI; n=208), or the control group
(n=208). In total, 459 (459/624, 73.6%) completed the follow-up evaluation at 24 months. Participantsin the OT group received
afully automated OT developed based on the health belief model. On top of the same OT, the OT-MI group received brief M|
over the phone. Reminders were sent to the participants of the OT and OT-MI groups &fter 1, 2, 4, 6, and 8 months. Participants
in the control group received web-based health communication messages unrelated to HPV or HPV vaccination. The research
team validated the self-reported HPV vaccination uptake. Intention-to-treat analysis was used for outcome analyses. Logistic
regression models and multivariable linear regression models were used to test the between-group differences in primary and
secondary outcomes. Baron and Kenny’s methods were used to test the mediation hypothesis.

Results: The participants in the OT-MI group reported a significantly higher validated completion of HPV vaccination at 24
months than the control group (36/208, 17.3% vs 15/208, 7.2%; P=.006). However, the differencein HPV vaccination completion
between the OT and the control groups (24/208, 11.5% vs 15/208, 7.2%; P=.17), or between OT-MI and OT groups (P=.13), was
not statistically significant. The association between randomization status (OT-M|I group vs control group) and HPV vaccination
completion became statistically nonsignificant after controlling for changes in the perceived susceptibility to HPV (24 months
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vs baseline), whereas perceived susceptibility remained strongly associated with HPV vaccination uptake in the model (P<.001).
Changes in perceived susceptibility fully mediated the intervention effect.

Conclusions: Theory-based OT with brief M| over the phone was effective in increasing HPV vaccination completion among
Chinese MSM. Perceived susceptibility is an active theoretical component that causes behavioral changes.

Trial Registration:

(J Med Internet Res 2021;23(2):€21465) doi:10.2196/21465

Clinical Trials.gov NCT03286907; https://clinicaltrials.gov/ct2/show/NCT03286907

KEYWORDS

HPV vaccination; web-based health promotion; randomized controlled trial; men who have sex with men; China; mobile phone

Introduction

Men who have sex with men (MSM) are at a high risk of
contracting human papillomavirus (HPV) anditsrelated diseases
(eg, genital wartsand penile or anal cancers) [1]. Meta-analyses
have reported that the overall prevalence of genital HPV
infection was very high among MSM both internationally
(63.9% in HIV-negative MSM and 92.6% in HIV-infected
MSM) [2] and in China (66.3% among MSM in general) [3].
This prevalence was much higher than in MSM than that in the
general male population (eg, 12.4% in Europe and 16.9% in
China) [4-6]. In addition to the high prevalence of genital warts
[7], the anal cancer risk of MSM is 32 to 52 times higher than
that in the general population [8]. The HPV-related cancer risk
was the highest among HIV-infected MSM, which accounted
for 9.9% of the M SM populationin Chinain 2016 [9]. Although
there is a lack of data about the prevalence or incidence of
HPV-related diseases among MSM in Hong Kong, such
preval ence may be much higher among MSM than that among
the general male population (genital warts prevalence 0.94%
and incidence 292.2 per 100,000 person-years) [10].

HPV vaccination is highly effective in the prevention of
vaccine-type genital warts and cancers among MSM [11,12].
A study also showed that people who are already infected with
one or more HPV types can still receive protection from other
HPV typeswith the vaccines[13]. In addition, HPV vaccination
could a so prevent the devel opment or recurrence of subsequent
HPV-related diseases (eg, anal intraepithelial neoplasia) among
peoplewith ahistory of HPV infection [14-16]. Modeling work
found that HPV vaccination for MSM could have a substantial
impact on HPV-related disease incidencein this population and
is cost-effective [17]. As aresult, the US Centers for Disease
Control and Prevention (CDC) recommends MSM who arein
the age range of 45 years or below to receive HPV vaccination
[13,18]. Free nationa HPV vaccination programs for MSM
aged up to 45 years attending sexual health and HIV clinics
rolled out in England and Scotland in 2018 and 2017,
respectively [19,20]. The Victorian Government of Australia
funded a free time-limited HPV vaccination catch-up program
for MSM aged up to 26 yearsin 2017 [21]. The recommended
coursefor MSM is 3 doses administered within 1 year; however,
a 24-month period is clinically acceptable (second and third
doses administered at least one month and 3 months after the
first and second doses, respectively) [22]. However, in Hong
Kong, no free or subsidized HPV vaccination program targeted
MSM or other male populations. Two types of HPV vaccines
(4-valent and 9-valent) are provided to males aged 9 years or

https://www.jmir.org/2021/2/€21465

more at the cost of HK $2500 to HK $4000 (US $321 to US
$514) for a 3-dose course by private physiciansin Hong Kong
[23].

The uptake of free HPV vaccination provided by national
programs was 37.6% among MSM in the United States [24],
42.6% in Australia[21], 49.1% in England [25], and 63.7% in
Scotland [20]. HPV vaccination uptake among the male
populationisvery low in Hong Kong [26], and previous studies
have reported zero uptake among M SM [27,28]. About 30% of
MSM in Hong Kong intended to take up HPV vaccination at
themarket rate[27,28]. Our literature search identified 4 studies
that promoted HPV vaccination among MSM [29-32]. In apil ot
intervention study conducted in the United States, young MSM
were recruited via a popular web-based dating app and linked
to a mobile health (mHealth) tool providing information and
fostering accessto HPV vaccination [31]. Of the 42 MSM who
engaged with the mHealth tool, 11 (26%) received HPV
vaccination [31]. Another web-based intervention was devel oped
to provideinformation related to HPV prevalence among MSM
in the United States, the effectiveness of the HPV vaccination,
how to address potential barriersof receiving HPV vaccination,
vaccine costs, and health insurance. A pilot randomized
controlled trial (RCT) showed that such intervention was
effective in increasing self-reported HPV vaccination initiation
(receipt of 1 or more doses) compared with providing simple
information about the vaccines (34/76, 45% vs 19/74, 26%,
P=.02). However, the intervention did not increase HPV
vaccination completion (receipt of 3 required doses: 8/76, 11%
vs2/74, 3%; P=.07). An ongoing RCT iscomparing the efficacy
of the same web-based intervention plus 2 different types of
reminders (interactive vs noninteractive) versus the provision
of simple HPV vaccination information among MSM in the
United States [30]. In addition, an RCT tested the efficacy of
texting-based intervention in the promotion of HPV vaccination
among young MSM in the United States[32]. Participantswho
were assigned to the intervention group received daily SMS
text messages for the first 3 weeks related to HPV vaccination,
whereasthosein the control group received SM Stext messages
related to other sexual health topics [32]. The intervention was
effective in promoting HPV vaccination initiation (19.4% vs
6.6%) [32]. To our knowledge, no HPV vaccination promotion
targeting MSM was conducted outside the United States.

A meta-analysis showed that theory-based interventions were
more effective than nontheory-based interventions [33]. Our
formative studies showed that some constructs of the health
belief model (HBM) were significantly associated with the
willingnessto take up HPV vaccination at the market rate among
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local MSM [27,28]. These constructs included perceived
susceptibility (risk of HPV, genital warts, and penile or ana
cancer), perceived severity (chance of HPV infection causing
genital warts and penile or anal cancers), perceived benefit of
HPV vaccination (efficacy in preventing genital wartsand penile
or anal cancers), perceived barriers (high cost, potential side
effects, and embarrassment), and cue to action (recommended
by doctor or peersto take up the vaccines). Such findings were
considered while devel oping the web-based interventions used
inthisstudy. Video was produced to promote HPV vaccination,
asthe audio-visual approach has been used effectively in health
promotion programs. The authors also conducted brief
motivational interviewing (M) over the phone to promote in
one of the intervention groups. MI is a client-centered,
nondirective, goal-oriented counseling technique, which helps
clients explore and resolve any ambivalence that might have to
change [34]. The US CDC lists Ml among its best evidence
intervention [35]. A systematic review indicated that Ml was
acceptableto MSM and feasible to deliver over the phone [36].
A telephonic delivery of MI is useful in changing HIV or

Wang et al

sexually transmitted infection (ST1)—related behaviors among
MSM [37].

The primary objective of the RCT is to evaluate the relative
efficacies of 2 theory- and web-based interventions with and
without brief M1 over the phone in increasing the completion
of HPV vaccination (receipt of 3 required doses) within a
24-month follow-up period among unvaccinated Hong Kong
Chinese M SM compared with the control group. The secondary
objectiveisto evaluate the rel ative efficaci es of the interventions
in changing constructs related to the HBM over the follow-up
period.

Methods

Study Design
A 3-arm parallel RCT was conducted between July 2017 and
December 2019. This study was registered at Clinical Trial.gov

(number NCT03286907). The consort flowchart is shown in
Figure 1.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of the study.
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Participants

Participants were (1) Hong Kong Chinese-speaking men aged
between 18 and 45 years, (2) self-reported oral or anal
intercourse with at least one man in the past 6 months; (3)
having regular internet access; and (4) willing to complete
telephonic follow-up eval uations. Those who had ever received
HPV vaccination were excluded. We also excluded MSM aged
over 45 years because HPV vaccination was not approved for
use in this age group [18].

Recruitment Procedures

Participants were recruited through multiple sources. Recently,
the Hong Kong government geographically located all venues
frequently visited by local MSM, including 12 gay bars and 16
gay saunas [38]. Upon approval of the owners, trained and
experienced fieldworkers approached prospective MSM
participants in these venues at different time slots during
weekdays and weekends. These fiel dworkers briefed prospective
participants about the study details and gave them aninformation
sheet. The research team also conducted a web-based outreach
by periodically posting information about the study asdiscussion
topics on 2 gay websiteswith the highest traffic in Hong Kong.
If prospective participants were interested in this study, they
could contact the interviewers through private messaging or
other means (eg, WhatsA pp, telephone, and email). Recruitment
was supplemented by peer referrals. Participants were
guaranteed anonymity during the study and had the right to
discontinue participation in the study at any time. Their refusal
or withdrawal from the study would not affect their access to
any future services. Verbal instead of written informed consent
was obtained so as to maintaining anonymity, but the
fieldworkers signed a form pledging that the participants had
been fully informed about the study. Multiple forms of contact
information were obtained to make an appointment to conduct
a baseline telephonic interview. Upon appointment, trained
telephone interviewers confirmed the eligibility and consent of
the participants to participate in the study and conducted
telephone interviews, which took about 10 min to complete.
Thefollow-up surveysat 3, 6, and 9 monthsonly recorded HPV
vaccination uptake (number of doses, price, venue, date, and
side effects). Participants who presented at 24 months were
asked about HPV vaccination history and perceptions based on
theHBM. Upto 5 calls were made at different timeslots during
weekdays or weekends before considering a case as
loss-to-follow-up. Upon completion of each of the 5 surveys,
an HK $50 (US $6.3) supermarket or café coupon was mailed
to participants as compensation for their time. Telephone
numbers and addresses were cross-checked to avoid repetition.
Ethics approval was obtained from the Survey and Behavioral
Research Ethics Committee of the Chinese University of Hong
Kong (ref no.: 13141651) and the Joint Chinese University of
Hong Kong — New Territories East Cluster Clinical Research
Ethics Committee (ref no.: 2015.687-T).

Among 1235 prospective participants who were approached,
none had received HPV vaccination. A total of 724 MSM were
eligible for participation after screening, 100 refused to
participate in the study for time and/or other logistical reasons,
and 624 completed the baseline survey. The response rate was
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86.2%. The number of participantswho completed thefollow-up
surveys was 504 (504/624, 80.8%) at 3 months, 472 (472/624,
75.6%) at 6 months, 439 (439/624, 70.4%) at 9 months, and
459 (459/624, 73.6%) at 24 months, respectively.

Development of Intervention Materials

A panel comprising 3 MSM volunteers, 2 epidemiologists, 1
health psychologist, 1 health communication expert, 2
experienced nongovernmental organization (NGO) workers,
and 1 video producer was formed. A literature review and a
discussion group that involved 5 M SM were conducted to inform
the design of the web-based health communication messages.
The web-based tutorial video was produced by a professional
team, reviewed by 3 other MSM, and finalized by the panel.
M1 Training and Ongoing Supervision

Fieldworkers received 2 full days (14 hours in total) of basic
MI training by an experienced trainer who is a member of the
M1 Network of Trainers. In addition, fieldworkers were trained
to deliver the intervention using role-plays over the phone to
increase their confidence. The role-plays and protocol-specific
practice were conducted twice a week for 4 weeks and
maintained by coaching sessions once every 2 weeks by the
same trainer. Fieldworkers were not deployed in the fieldwork
unless they had achieved a beginner level of competence. In
addition, fieldworkers al so received a4-hour training workshop
about background knowledge of loca MSM, HPV-related
diseases, and HPV vaccination. Meetings for problem solving
and improvements were held 2 weeks after the commencement
of fieldwork and monthly afterward. Fieldworkers sought
support from the trainer via phone calls during the project
period.

The Baseline Survey and Random Allocation Process

After completing the baseline telephone survey, the participants
wererandomized 1:1:1 to either the control group, the OT group,
or the OT-MI group. Computer-generated random allocation
codes were produced and sealed in opague envelopes by a
research staff member with no involvement in recruitment or
baseline survey. One envelope was drawn and opened by the
interviewers. They then informed the participant which group
they were assigned to. Block randomization with a block size
of 12 was used.

Intervention for the OT Group

A unique login identity and a link to access a web-based
self-administered tutorial were sent to participants in the OT
group. Next, the participants were requested to visit thiswebsite
and performed the self-administered tutorial within 3 days. Up
to 5 reminders (in the one-week period) were sent to those who
did not log in within 3 daysviaemail or social media channels.

Thefirst part of the onlinetutorial (OT) was a5-min web-based
video. The carefully designed contents were based on
theory-based factors associated with the acceptability of HPV
vaccination among local MSM [27,28] and guided by the HBM
[39]. Inthevideo, apeer MSM discussed the high risk of having
penile or anal cancers among MSM, severe consequences of
genital warts, penile or anal cancers, promising efficacy, and
long protection duration of HPV vaccination in the prevention
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of genital warts and penile or anal cancers. Flashes of scary
images of genital warts on penis/anal and penile and anal cancers
were shown in the video to increase perceived severity. The
peer MSM also emphasized that HPV vaccination is a worthy
long-term investment for their health and demonstrated the
procedures for receiving HPV vaccination in collaborative
private clinics, which portrayed caring, guaranteed privacy, and
anonjudgmental environment. To ensure a compl ete exposure,
thevideo wasformatted in such away that the participants could
not fast-forward or skip any part of it.

The second part of the OT was a self-administered exercise.
The participants answered some web-based multiple choice
questions (eg, knowledge of HPV and HPV vaccination) and
performed a short exercise to modify related cognitions (eg,
“Please list three potential benefits you will gain after taking
up HPV vaccination”). Model answers were displayed for
incorrect entries, and the participants were requested to re-enter
the correct items to complete the exercise. The entire tutorial
takes about 20 min to complete.

Intervention for the OT-M1 Group

On top of the same OT received by the OT group, participants
inthe OT-MI group received M1 viatelephone. Theinterviewer
made an appointment with the participantsto perform a15-min
M1 session over the phone after compl eting the baseline survey.

Remindersfor the OT and the OT-M1 Groups

Reminders were sent via WeChat, WhatsApp, or emails to the
participants of OT and OT-MI groupsat 1, 2, 4, 6, and 8 months.

Intervention for the Control Group

Participants in the control group received a link to access
web-based health communi cation messages about the prevalence
of some common mental health problemsamong MSM and the
introduction of stress reduction exercises, which was totally
unrelated to HPV or HPV vaccination. They did not receive
any reminders.

HPV Vaccination Uptake

If desired, then the interviewers would facilitate them to make
an appointment to take up HPV vaccination in a collaborative
private clinic at the market rate (HK $3800 [US $490] for 3
doses). No subsidy was provided. The authors did not limit
participants’ choiceto take up HPV vaccination at other places.

M easures

Background Characteristicsand Potential Confounders

Information collected included sociodemographic data (age,
current marital status, educational level, current employment
status, personal monthly income), sexual orientation, utilization
of HIV or STI prevention services, history of HIV and other
STls, lifestyles (smoking and drinking), and sexual behaviors
in the past 6 months. Queried sexual behaviors included anal
intercoursewith regular and nonregular sex partners, condomless
anal intercourse (CAI) with men, multiple male sex partnerships,
use of sexual potency drugs, and engagement in sexualized drug
use. Regular male sex partners (RP) were defined as lovers
and/or stable boyfriends, whereas nonregular partners (NRP)
were defined as causal sex partners and/or male sex workers.
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In this study, sexualized drug use was defined as the use of any
of thefoll owing psychoactive substances before or during sexual
intercourse, including ketamine, methamphetamine, cocaine,
cannabis, ecstasy, Dormicum/Hal cion/Erimin 5/nonprescription
hypnotic drugs, heroin, cough suppressant (not for curing
cough), amy! nitrite (popper), GHB/GBL (y-hydroxybutyrate),
5-methoxy-N, N-diisopropyltryptamine (Foxy), and mephedrone
[40,41].

Primary Outcome

The primary outcome of the study wasthe validated completion
of HPV vaccination within a 24-month follow-up period. To
validate HPV vaccination uptake, the participantswere requested
to send the research team an image of their receipt hiding
personal identification after they had received each dose of HPV
vaccines. Supplemental information, including thelocation and
cost of HPV vaccination uptake, was also collected.

Secondary Outcomes

Six scales assessed perceptions based on the HBM at baseline
and 24 months. They were (1) the 4-item Perceived
Susceptibility Scale; (2) the 2-item Perceived Severity Scale;
(3) the 5-item Perceived Benefit Scale; (4) the 6-item Perceived
Barrier Scale; (5) the 2-item Cue to Action Scale; and (6) the
3-item perceived self-efficacy scale. Cronbach a values for
these 6 scales were acceptable (.72-.79). Single factors were
identified for these scales in exploratory factor analysis, which
explained 52.0%-71.0% of the total variance.

Postvaccination Experiences

Vaccinated participants were asked whether they had side effects
of the vaccines (eg, pain, headache, fatigue, fever, nausea) and
the severity of those side effects.

Process Evaluation

At the end of the OT, participants were requested to answer 3
simple questions about some details of the video to verify their
exposure. A similar approach was used by some other published
studies [37]. The computer program recorded the starting and
ending times of the OT. The fieldworkers recorded the starting
and ending times of the M1 for verification.

The process evaluation of health promotion was conducted at
the third month. Participants in OT and OT-MI groups were
asked (1) whether the content of the web-based video was clear;
(2) whether the OT was attractive for you; and (3) whether the
OT had increased their understanding of the benefit of HPV
vaccination and willingness to take up HPV vaccination.
Participants in the OT-MI group were asked some additional
guestions about their satisfaction with the M| session.

At 24 months, the participants were asked whether they had
been exposed to any health communi cation messages promoting
HPV vaccination during the project period. Those with such
exposure were asked about some details, such astime, sources,
contents, and the framing of such messages (ie, whether they
supported or were against HPV vaccination).

Sample Size Planning

Even without any intervention, about 30% intended to take up
the HPV vaccine [27,28]. The meta-analysis showed that
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43%-62% of those with a behaviora intention would translate
it into action. In this study, the authors assumed that 12% of the
participantsin the OT group would complete HPV vaccination
within the 24-month follow-up period. The authors expected
that 2% of the participantsin the control group would do soin
the absence of any intervention. A sample size of 144 per group
would allow usto detect a 10% (14/144) differencein the HPV
vaccination uptake between the OT and control groups, and a
15% (22/144) difference between the OT-MI and OT groups
(0=.0125; considering multiple comparisons, power of .8). With
an expected loss-to-follow-up rate of 30% at 24 months, a
sample size of approximately 208 per group is required (total
n=624).

Statistical Analysis

Intention-to-treat (ITT) analysis was used for the outcome
analyses. Missing datawere handled by theimputation strategy
of last-observation-carried-forward, a standard method in the
ITT analysis[42]. The chi-squaretest (for categorical variables)
and one-way ANOVA (for continuous variables) were used to
inspect the between-group balances of baseline characteristics.
Logistic regression models (for primary outcome) and
multivariablelinear regression models (for secondary outcomes)
were used to test the between-group differencesin primary and
secondary outcomes, after controlling for any background
variables, showed P<.20 in between-group comparisons.
Adjusted odds ratios (AORs) and adjusted standardized
coefficients (3) were also obtained.

Baron and Kenny’s method was used to test the hypothesis that
changes in the studied HBM constructs, which were used to
design intervention that would mediate the between-group
difference in the primary outcome [43]. Variables were
constructed to assess changes in the HBM constructs (24
months-baseline). The mediation hypothesiswas tested by first
inspecting the association between changesin HBM constructs
and randomi zation status. L ogistic regression modelswerethen
fit using the validated uptake of 3 doses of HPV vaccination as
the dependent variable and adjusted for significant baseline
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characteristics measured at baseline. Model 1 included
randomization status as an independent variable, Model 2
included the changes in HBM constructs as the independent
variables, and Model 3 included variables of both Models1 and
2. If the association between randomization status and HPV
vaccination uptake became statistically nonsignificant after
adjusting for the changes in HBM constructs, the changes in
HBM constructs were observed to fully mediate the association
between randomi zation status and the dependent variable. Partial
mediation occurred when the strength of association between
randomization status and the dependent variable was reduced
when remaining statistically significant changes in HBM
constructs were controlled. SPSS version 16.0 was used, and P
values <.05 were considered statistically significant.

Results

Descriptive Statistics

At baseline, the mgjority of the participants were single
(510/624, 81.7%), full-time employed (492/624, 78.8%), had
attended college or above (529/624, 84.8%), and identified
themselvesas gay (557/624, 89.3%). About one-third were aged
between 18 and 26 years (202/624, 32.4%), and 50.2% (313/624)
reported amonthly income of HK $20,000 (US $2580) or above.
Regarding service utilization, 55.4% (346/624) and 48.1%
(300/624) used HIV testing and other HIV or STI preventive
services in the past 6 months. In the past 6 months, 80.4%
(502/624) and 51.4% (321/324) had anal intercourse with RP
and NRP, 35.3% (220/624) reported CAl with any men, 6.6%
(41/624) used sexual potency drugs before or during anal
intercourse, and 6.3% (39/624) reported sexualized drug use.
Thelevel of knowledge and perceptionsrelated to HPV or HPV
vaccination are shown in Table 1. Apart from anal intercourse
with RP (P=.03) and the score of the perceived barrier scale
(P=.03), no significant between-group difference was found
(P=.24 to P=.96). Therefore, andl intercourse with RP and the
score of the Perceived Barrier Scale were controlled in the
subsequent analysis of primary and secondary outcomes.
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Table 1. Characteristics of participants at baseline.

Characteristics Control group ("=208)  oT2group (N=208) OT-MI® group P value (comparing difference
(n=208) among control/OT/OT-MI groups)

Sociodemographic data, n (%)

Age group (year) 57
18-26 65 (31.3) 73(35.1) 64 (30.8)

27-36 101 (48.6) 91 (43.8) 91 (43.8)
37-45 42 (20.2) 44 (21.2) 53 (25.5)

Current marital status .24
Currently single 171 (82.2) 162 (77.9) 177 (85.1)
Cohabited/marriedwithaman 35 (16.8) 45 (40.5) 31(14.9
Cohabited/married with a 2(1.0 1(0.5) 0(0.0)
woman

Educational level .71
Secondary or below 29 (13.9) 31(14.9) 35(16.8)

University or above 179 (86.1) 177 (85.1) 173 (83.2)

Current employment status .82
Full-time 166 (79.8) 165 (79.3) 161 (77.4)
Part-time/unemployed/re- 42 (20.2) 43(20.7) 47 (22.6)
tired/students

Personal monthly income (HK $; US $) .38
<HK $10,000 (US$1290)  32(15.4) 36 (17.3) 33(15.9)

HK $10,000-$19,999 (US 74 (35.6) 71(34.2) 62 (29.8)
$1290-$2580)

HK $20,000-$39,999 (US 79 (38.0) 67 (32.2) 77 (37.0)
$2580-$5161)

>HK $40,000 (US$5161) 21 (10.1) 34(16.3) 35(16.8)
Refuse to disclose 2(1.0 0(0.0) 1(0.5)

Sexual orientation 31
Gay 179 (86.1) 189 (90.9) 189 (90.9)

Bisexual 28 (13.5) 19 (9.1) 19 (9.1)
Heterosexua 1(0.5) 0(0.0) 0(0.0)

HIV or STI%related service usein the past 6 months, n (%)

HIV testing .55
No 93 (44.7) 98 (47.1) 87 (41.8)
Yes 115 (55.3) 110 (52.9) 121 (58.2)

Other HIV or STI preventive services 95
No 102 (49.0) 109 (52.4) 113 (54.3)
Yes 106 (51.0) 99 (47.6) 95 (45.7)

Sexual behaviorsin the past six months, n (%)

Had anal intercourse with RP® 03
No 31(14.9) 39(18.8) 52 (25.0)
Yes 177 (85.1) 169 (81.3) 156 (75.0)

Had anal inter cour se with NRP' 93
No 103 (49.5) 101 (48.6) 99 (47.6)
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Characteristics Control group ("=208)  oT@group (n=208) OT-MI® group P value (comparing difference
(n=208) among control/OT/OT-MI groups)

Yes 105 (50.5) 107 (51.4) 109 (52.4)

CAI9with men 74
No 133(63.9) 139 (66.8) 132 (63.5)
Yes 75 (36.1) 69 (33.2) 76 (36.5)

Multiple male sex partner ships .88
No 90 (43.3) 92 (44.2) 95 (45.7)
Yes 118 (56.7) 116 (55.8) 113 (54.3)

Sexualized drug use .56
No 193 (92.8) 198 (95.2) 194 (93.3)
Yes 15(7.2) 10 (4.8) 14 (6.7)

Use of sexual potency drugs .66
No 193 (92.8) 197 (94.7) 193 (92.8)
Yes 15(7.2) 11(5.3) 15(7.2)

History of HIV or STI, n (%)

Self-reported HIV serostatus .96
Negative 183 (88.0) 185 (88.9) 184 (88.5)
Positive 11(5.3) 7(3.4) 8(3.8)
Refuse to disclose 3(19 4(1.9) 5(2.4)
Had never tested for HIV anti- 11 (5.3) 12 (5.8) 11 (5.3)
body

History of other STls 61
No 170 (81.7) 170 (81.7) 163 (26.1)
Yes 38(18.3) 38(18.3) 45 (21.6)

Lifestyles, n (%)

Current smokers .88
No 165 (79.3) 162 (77.9) 166 (79.8)
Yes 43(20.7) 46 (22.1) 42(20.2)
Drinking in the past year 32
No 39(18.8) 28 (13.5) 36 (17.3)
Yes 169 (81.2) 180 (86.5) 172 (82.7)

Knowledge related to HPV" or HPV vaccination, n (%)

Both males and females could be affected by HPV .06
Yes 156 (75.0) 174 (83.7) 163 (78.4)
No 9(43) 11 (5.3) 15(7.2)
Do not know 43(20.7) 23(11.1) 30 (14.4)

HPV infection could cause STI .63
Yes 129 (62.0) 144 (69.2) 135 (64.9)
No 20 (9.6) 18(8.7) 19(9.1)
Do not know 59 (28.4) 46 (22.1) 54 (26.0)

HPV infection could cause cancers among males .07
Yes 89 (42.8) 114 (54.8) 99 (47.6)
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Characteristics Control group ("=208)  oT@group (n=208) OT-MI® group P value (comparing difference
(n=208) among control/OT/OT-MI groups)

No 34 (16.3) 37(17.8) 37(17.8)
Do not know 85 (40.9) 57 (27.4) 72 (34.6)

HPV could betotally cured by available treatment .16
Yes 31(14.9) 28 (13.5) 35(16.8)
No 110 (52.9) 132 (63.5) 112 (53.8)
Do not know 67 (32.2) 48 (23.1) 61(29.1)

Availability of effective HPV vaccination for malesin Hong Kong .03
ved 113 (54.3) 131 (63.0) 110 (52.9)
No 18(8.7) 28(13.5) 26 (12.5)
Do not know 77 (37.0) 49 (23.6) 72 (34.6)

Number of shotsrequired to prevent HPV infection in males 31
3 56 (26.9) 69 (33.2) 68 (32.7)
Other answers/Do not know 152 (73.1) 139 (66.8) 140 (67.3)

Number of correct responses .26
0 33(15.9) 19(9.1) 27(13.0)
1-2 45 (21.6) 40 (19.2) 46 (22.1)
34 100 (48.1) 104 (50.0) 95 (47.9)
5-6 30 (14.4) 45 (21.6) 40 (19.2)

Per ceptionsrelated to HPV or HPV vaccination based on the HBM!

Per ceived susceptibility to HPV (high/very high)
Perceived risk of contracting 42 (20.2) 52 (25.0) 49 (23.6) 49
HPV inlifetime, n (%)
Perceived risk of contracting 39 (18.8) 51 (24.5) 47 (22.6) .35
genital wartsin lifetime, n
(%)
Perceived risk of having pe- 20 (9.6) 25(12.0) 21(10.1) .70
nile or anal cancersin life-
time, n (%)
Perceived HPV infectionrate 63 (30.3) 53 (25.5) 55 (26.4) 51
among MSM Kin Hong Kong,
n (%)
Percelved susceptibility scale, 10.8 (3.0) 10.9(3.3) 10.4 (3.5) .38
mean (SD)'

Perceived severity of HPV-related diseases (high/very high)
Harms of genital warts on 119 (57.2) 119 (57.2) 128 (61.5) .59
physical health, n (%)
Harms of penileor anal can- 135 (64.9) 153 (73.6) 137 (65.9) 12
cerson physical health, n (%)
Perceived severity scale, 7.6 (1.9 7.7(1.7) 7.5(1.8) .59
mean (SD)I

Perceived benefit of HPV vaccination (agree/strongly agree)
HPV vaccinationishighly ef- 143 (68.8) 166 (79.8) 147 (70.7) .03

fectivein preventing HPV in-
fection, n (%)
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Characteristics

Control group (n=208)

OT2group (h=208)

oT-MI? group

(n=208)

P value (comparing difference
among control/OT/OT-MI groups)

HPV vaccinationishighly ef- 142 (68.3)
fective in preventing genital
warts, n (%)

HPV vaccinationishighly ef- 129 (62.0)
fective in preventing pe-
nile/anal cancers, n (%)

HPV vaccination can protect 104 (50.0)
you for along time, n (%)

You will fedl at ease after re- 142 (68.3)
celving HPV vaccination, n

(%)

Perceived benefit scale, mean  18.9 (3.1)
(sp)™

151 (72.6)

138 (66.3)

113 (54.3)

127 (61.1)

18.9 (2.9)

Perceived barriers of receiving HPV vaccination (agree/strongly agree)

Itisnot worthy spending HK 64 (30.8)
$2000-$3000 (US $257.97-

$386.96) to receive HPV vac-

cination, n (%)

The procedures to receive
HPV vaccination is trouble-
some, n (%)

33(15.9)

You would have severe side
effects after receiving HPV
vaccination, n (%)

You feel embarrassed to re-
ceive HPV vaccination, n (%)

20 (9.6)

25 (12.0)

Others would think you are
having high-risk behaviorsiif
you receive HPV vaccination,
n (%)

33(15.9)

You would be stigmatized by 18 (8.7)
service providers when you

receive HPV vaccination, n

(%)

Perceived barrier scale, mean  13.5(5.2)
(sD)"

44 (21.1)

30 (13.3)

15 (7.2)

20 (9.6)

25 (12.0)

15(7.2)

12.6 (4.0)

Perceived cueto action related to HPV vaccination (agree/strongly agree)

Medical professionalswould 3 (1.4)
suggest you to receive HPV
vaccination, n (%)

MSM peers would suggest 8(3.8)
you to receive HPV vaccina-
tion, n (%)

Cue to action scale, mean
(SD)°

2.7(1.3)

6(2.9)

15 (7.2)

2.9 (15)

Per ceived self-efficacy related to HPV vaccination (agree/strongly agree)

Whether to receive HPV vac- 172 (82.7)
cination is completely under
your control, n (%)

You are confident to receive 142 (68.3)
HPV vaccination in the next
year if you want, n (%)

169 (81.3)

139 (66.9)

138 (66.3)

123 (59.1)

105 (50.5)

139 (66.9)

18.6 (2.9)

38 (18.3)

17 (8.2)

17 (8.2)

18 (8.7)

25 (12.0)

13 (6.3)

12.4(4.2)

7(34)

5(2.4)

2.8 (1.4)

183 (88.0)

147 (70.7)

37

31

.63

.26

.58

.01

.05

.67

.50

41

.03

.06

.56

14

.70
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Characteristics Control group ("=208)  oT@group (n=208) OT-MI® group P value (comparing difference
(n=208) among control/OT/OT-MI groups)
Receiving HPV vaccination 154 (74.0) 145 (69.7) 153 (73.6) .56
in the next year is easy for
you if you want, n (%)
Perceived self-efficacy scale, 12.6 (2.4) 12.4(2.6) 12.6 (2.4) 61

mean (SD)P

80T: online tutorial.
BM1: motivational interviewi ng.
CSTI: sexually transmitted infection.

incl uding receiving condoms, peer education, leaflets of HIV-related information, and seminars or workshops related to HIV.

RP: regular male sex partners.
'NRP: nonregular partners.

9CAl: condomless anal intercourse.
PHPV: human papillomavirus.

IPerceived susceptibility scale, 3 items, Cronbach a=.79, one factor was identified by exploratory factor analysis, which explained 61.5% of the total

variance.

JHBM: health belief model.

KMSM: men who have sex with men.

lPerceived severity scale, 2 items, Cronbach a=.64.

Mperceived benefit scale, 5 items, Cronbach a=.75, one factor was identified by exploratory factor analysis, explaining 52.0% of the total variance.
MPerceived barrier scale, 6 items, Cronbach a=.86, one factor was identified by exploratory factor analysis, explaining 71.0% of the total variance.

OCue to action scale, 2 items, Cronbach a=.62.

PPerceived self-efficacy scale: 3 items, Cronbach a=.78, one factor was identified by exploratory factor analysis, explaining 69.2% of total variance.

The loss-to-follow-up rates in the control, OT, and OT-MI
groups at 24 monthswere 24.5% (51/208), 31.3% (65/208), and
23.6% (49/208), respectively. Significant differences in the
current marital status, educational level, anal intercourse with
NRP, CAl with men, multiple male sex partnerships, sexualized
drug use, and the use of sexual potency drugs were found in at
least one group while comparing those who were followed up
and those who werelost to follow-up at 24 months (Multimedia
Appendix 1).

Between-Group Differencein Primary Outcome

All 75 participants who self-reported having had completed
HPV vaccination at 24 months were able to provide receipts
for verification. Participants in the OT-MI group reported
significantly higher HPV vaccination completion rates at 24
monthsthan that by the control group (36/208, 17.3% vs 15/208,
7.2%; AOR 1.57, 95% CI 1.14-2.17; P=.006). However, the
differencein HPV vaccination completion between the OT and
the control groups (24/208, 11.5% vs 15/208, 7.2%; AOR 1.61,
95% CI 0.82-3.18; P=.17), or between OT-MI and OT groups
(36/208, 17.3% vs 24/208, 11.5%, AOR 1.55, 95% CI 0.89-2.72;
P=.13), was not statistically significant.

The location for receiving HPV vaccination included the
collaborative private clinic (54/75, 72%), other private clinics

https://www.jmir.org/2021/2/€21465

in Hong Kong (19/75, 25%), university health care center (1/75,
1%), and clinics in Australia (1/75, 1%). Except for one
participant who received free HPV vaccination in Australia,
other participants self-paid HK $1600 to HK $9000 (US
$206-US $1161; median: HK $3800 or US $490) to receive the
vaccination. The mgjority of the vaccinated participants
completed the entire course within 12 months (55/75; 73%),
whereas 20 (20/75, 27%) completed it within 24 months.

Between-Group and Within-Group Differencesin
Secondary Outcomes

Compared with the participantsin the control group, participants
in the OT-MI (adjusted B: —.21; P<.001) and OT (adjusted f3:
—.10; P=.02) groups reported lower perceived barriersto taking
up HPV vaccination at 24 months. The comparison of 24-month
and baseline data revealed statistical increase in perceived
severity (in all 3 groups, P<.001) and perceived barriers (in the
control group and the OT group, P<.001 and P=.001,
respectively). A statistically significant decrease in perceived
benefit was found in the control group (P=.04), whereas a
decreasein perceived self-efficacy wasfound in both the control
(P=.05) and the OT-MI groups (P=.002; Table 2 and Multimedia
Appendix 1).
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Table 2. Between-group comparisons of secondary outcomes.

Wang et al

Secondary outcomes (perceptions based onthe o1 group vs control group

OT-MI€ group vs control OT-MI group vs OT group

HBM?®) group
Adjusted Bd P value Adjusted B P value Adjusted 3 P value

Per ceived susceptibility scale

Baseline .01 91 -.07 .19 —-.06 22

24 months -01 .88 .05 .26 .06 .23

24 months-Baseline -01 .79 a2 .02 A1 .02
Per ceived severity scale

Baseline .04 37 .01 .82 -.04 .38

24 months .01 .80 .03 .62 .02 .68

24 months-Baseline -03 52 .02 .75 .06 24
Perceived benefit scale

Baseline -.02 .70 —-.06 .20 -.05 .30

24 months -.001 .98 .03 .53 .02 .69

24 months-Baseline .02 .75 .09 .09 .07 19
Perceived barrier scale

Baseline -10 .05 -12 .02 -.03 .60

24 months =11 .01 =21 <.001 -10 .02

24 months-Baseline -12 .01 =21 <.001 =11 .02
Cueto action scale

Baseline .06 .26 .02 .68 -.04 48

24 months —.004 .93 .01 .78 .01 .87

24 months-Baseline -05 .34 —-.003 .95 .03 49
Per ceived self-efficacy scale

Baseline -.08 10 -.05 .29 .03 .55

24 months —.06 .22 -09 .08 -04 45

24 months-Baseline .02 .66 -03 .53 —-06 .23

3HBM: health belief model.
POT: online tutorial.
®MI: motivational interviewing.

dstandardized coefficients adjusted for anal intercourse with regular male sex partners and score of Perceived Barrier Scale measured at baseline.

Testing the M ediation Hypotheses

Adjusted for potential confounders assessed at baseline, the
within-group changes in the scores of the Perceived
Susceptibility Scale and Perceived Barrier Scale were
significantly associated with the intervention status (the OT-M|
group Vs the control group, P=.02 and P<.001, respectively)
and HPV vaccination completion (P<.001, Table 3).

The association between the intervention status (OT-MI vs
control) and HPV vaccination completion became statistically
nonsignificant (AOR 1.42, 95% CI 0.99-2.03; P=.06) after

https://www.jmir.org/2021/2/€21465

controlling for the change in perceived susceptibility, whereas
the change in perceived susceptibility remained strongly
associated with the dependent variablein the model (AOR 1.23,
95% Cl 1.12-1.35; P<.001). The results suggested that changes
in perceived susceptibility fully mediated theintervention effect.
The association between intervention status and HPV
vaccination completion was weakened (from P<.001 to P=.05)
when changesin perceived barrierswere controlled in the mode,
with the change in perceived barrier remaining statistically
significant in the model (P<.001). A partial mediation effect
was observed (Table 3).
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Table3. Test for the independent effect of changesin Health Belief Model scale scores (24 months vs baseline) on the association between intervention
status (online tutorial- motivational interviewing group vs control group) and human papillomavirus vaccination completion during the follow-up period

(n=416).
Model and variables Baseline SE AOR?P (95% CI) P value
1
Intervention status (OT-M d group vs control 0.47 0.17 161 (1.14-2.26) .006
group)
2A
Change in score of the perceived susceptibility 0.22 0.05 1.25(1.14-1.38) <.001
scale
3A
Intervention status (OT-MI group vs control 0.35 0.18 1.42 (0.99-2.03) .06
group)
Changein score of the perceived susceptibility 0.21 0.05 1.23(1.12-1.35) <.001
scale
2B
Change in score of the perceived barrier scale  —0.18 0.04 0.84 (0.77-0.91) <.001
3B
Intervention status (OT-MI group vs control 0.37 0.18 1.44 (1.01-2.06) .05
group)
Change in score of the perceived barrier scae  —0.16 0.04 0.85 (0.79-0.92) <.001

8AOR: adjusted odds ratios

bOdds ratios adjusted for potential confounders measured at baseline (sociodemographic data, HIV and sexually transmitted disease [STI]-related
service utilization, history of HIV and STI, sexua behaviors, lifestyles, and knowledge related to human papillomavirus [HPV]/HPV vaccination).

OT: online tutorial.
dMI: motivational interviewi ng.

Postvaccination Experiences

The majority of the vaccinated participants reported no side
effects (65/75, 87%). The reported side effectsincluded pain at
the injection site (4/75, 5%), fever (3/75, 4%), numbness in
arms (2/75, 3%), nausea (2/75, 3%), fatigue (1/75, 1%), and
headache (1/75, 1%). Most of these side effectswere mild (8/10;
80%).

Process Evaluation of Web-based I ntervention
Promoting HPV Vaccination

As recorded by the computer program, al participants in the
OT and the OT-MI groups completed the OT. The time spent
on the tutorial ranged from 15 to 28 min. The duration of Ml
ranged from 11 to 19 min.

Among those in the OT and OT-MI groups who participated in
the process evaluation at 3 months, 84.1% (281/334) and 46.1%
(154/334) believed that the content of the web-based health
promotion video was clear and attractive. Moreover, 77.2%
(258/334) and 47.0% (157/334) indicated that the OT has
increased their understanding of HPV vaccination and
willingness to take up HPV vaccination. Among those in the
OT-MI group, 86.8% (159/182) were satisfied with the Ml
session, and 60.9% (111/182) believed that the M| session
reduced their barriers toward getting HPV vaccination.

Among participants who completed the survey at 24 months
6.5% (30/459) had been exposed to other health communication

https://www.jmir.org/2021/2/€21465

messages that supported HPV vaccination during the project
period, whereas 3.1% (14/459) had been exposed to other health
communication messages that were against HPV vaccination
during the same period. The most common resource of these
health communication messages was pamphlets, followed by
communication with peers and web-based communication.

Discussion

Principal Findings

Compared with the control group, the OT plus MI over the
phone brought a significant increase in HPV vaccination
completion among MSM over a 24-month follow-up period
(36/208, 17.3% vs 15/208, 7.2%; P=.006). However, the
hypothesis that using OT alone would show superior results as
compared with the control group (24/208, 11.5% vs 15/208,
7.2%; P=.17) and adding MI to the OT would be more
efficacious (36/208, 17.3% vs 24/208, 11.5%; P=.13) were not
supported by the results.

The net increase in HPV vaccination uptake observed in this
study (OT-MI group vs control group, 10.1%) was dlightly
higher than that of the other web-based interventions targeting
MSM in the United States (8%) [29]. Unlike in the United
States, where the cost of HPV vaccination can be fully covered
by multiple sources of private and public financing [44], users
self-paid for HPV vaccination at the market price without any
subsidy in this study. Given the high HPV-related disease burden
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among Chinese MSM, instead of waiting for the free HPV
vaccination program to become available, there is an urgent
need for promoting self-paid HPV vaccination among MSM in
Hong Kong. For the first time, health workers in Hong Kong
were provided with an evidence-based intervention for
promoting HPV vaccination among MSM. The authors
intervention had some strengths. First, no additional funding is
required to pay for HPV vaccination in thisintervention. Second,
the OT required minimum resources for maintenance. With
simple training, health workers can easily perform brief MI.
Therefore, governmental and NGOs can integrate this
intervention into their existing HIV or STI prevention services
and scale it up with little extra cost. The research team
successfully embedded the intervention into HIV testing and
counseling services run by alocal NGO [45]. MSM using the
service completes the OT on atablet while they are waiting for
their testing results. The NGO al so enhanced posttest counseling
to include brief MI promoting HPV vaccination for the users.

Given that the HPV vaccination uptakein the control group was
higher than expected, and the difference between OT and control
groups was smaller than expected, we believe that the
nonsignificant findings may be attributed to an inadequate
sample size and alimited statistical power. The P valuesfor the
comparison between the OT and control groups, and between
the OT-MI and OT groups were close to .10. Future studies
with larger sample sizes should be conducted. Therefore, the
authors recommend OT together with MI for HPV vaccination
promotion among MSM in Hong Kong until further evidence
is generated.

The intervention also caused between-group differences in
perceptions related to the HBM that were used to develop the
intervention. The mediation analysis results explained some
plausible mechani smsthat might cause the observed behavioral
change. The behavioral change may be caused by an increase
in perceived susceptibility to HPV or HPV-related diseases.
This finding was consistent with studies that demonstrated a
strong association between risk perception and behavioral
change in different health topics [46,47]. In the absence of
intervention, perceived barriers to taking up HPV vaccination

Wang et al

increased over time in the control group. Receiving OTs and
brief M1 over the phone slowed down the increase in perceived
barriers. The between-group (OT-MI vs control) difference in
changes of perceived barriers partially mediated the intervention
effects. This study extended the applicability of HBM.

This study had the strength of its RCT design, long follow-up
duration, well-validated primary outcome, and was based on
theory and supported by the results of formative studies. The
intervention was well received based on the positive process
evaluation results. However, this study has some limitations.
First, the intervention was limited to MSM who had internet
access, but the majority of MSM in Hong Kong is expected to
have accessto theinternet asthe smartphone ownership isabove
96% [48]. It is justifiable that the penetration of smartphones
has been increasing sharply in many countries. Second,
probability sampling was not feasible for this study in the
absence of asampling frame. Like most RCTS, the participants
wererecruited by convenient sampling, and sel ection bias might
exist. The RCT design ensured a good internal validity.
However, caution should be exercised while generalizing the
results to other Chinese cities. Third, attrition bias might exist.
Thedropoutsin OT-MI group had a higher prevalence of sexual
risk behaviors than nondropouts, and they may have a higher
motivation to take up HPV vaccination. The HPV uptake rate
in the OT-MI group might be underestimated. Moreover, we
did not collect information about MSM who refused to
participate in the study. Furthermore, evaluating the M1 ons
by audiotaping was the gold standard to assess fidelity.
However, the authors were not able to do so, asthe participants
were MSM, and the studied questions covered sensitive topics
such as their HIV and ST status and sexua behaviors.

Conclusions

The RCT findings showed that the theory-based OT, together
with brief M1 over the phone, was effective in increasing the
completion of 3 required doses of HPV vaccination among
MSM in Hong Kong, China. At present, local NGOs have
integrated interventions in their HIV testing and counseling
services for MSM. Local and international dissemination and
implementation research are greatly warranted.
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Abstract

Background: Evaluation of patients with serious mental illness (SMI) relies largely on patient or caregiver self-reported
symptoms. New digital technologies are being devel oped to better quantify the longitudinal symptomology of patients with SMI
and facilitate disease management. However, as these new technologies become more widely available, psychiatrists may be
uncertain about how to integrate them into daily practice. To better understand how digital tools might be integrated into the
trestment of patientswith SMI, this study examines a case study of asuccessful technology adoption by physicians. endocrinologists
adoption of digital glucometers.

Objective: This study aimsto understand the key facilitators of and barriers to clinician and patient adoption of digital glucose
monitoring technologies to identify lessons that may be applicable across other chronic diseases, including SMis.

Methods: We conducted focus groups with practicing endocrinol ogists from 2 large metropolitan areas using a semistructured
discussion guide designed to elicit perspectives of and experiences with technology adoption. The thematic analysis identified
barriers to and facilitators of integrating digital glucometers into clinical practice. Participants also provided recommendations
for integrating digital health technologiesinto clinical practice more broadly.

Results: A total of 10 endocrinologists were enrolled: 60% (6/10) male; a mean of 18.4 years in practice (SD 5.6); and 80%
(8/10) working in a group practice setting. Participants stated that digital glucometers represented a significant change in the
treatment paradigm for diabetes care and facilitated more effective care delivery and patient engagement. Barriersto the adoption
of digital glucometers included lack of coverage, provider reimbursement, and data management support, as well as patient
heterogeneity. Participant recommendations to increase the use of digital health technologiesincluded expanding reimbursement
for clinician time, streamlining data management processes, and customizing the technol ogies to patient needs.

Conclusions: Digital glucose monitoring technologies have facilitated more effective, individualized care delivery and have
improved patient engagement and health outcomes. However, key challenges faced by the endocrinologists included lack of
reimbursement for clinician time and nonstandardized data management across devices. Key recommendations that may be
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relevant for other diseasesincludeimproved dataanalyticsto quickly and accurately synthesize datafor patient care management,

streamlined software, and standardized metrics.

(J Med Internet Res 2021;23(2):€18119) doi:10.2196/18119

KEYWORDS

digital technology; chronic disease; blood glucose self-monitoring; diabetes self-management; real-time systems; mental illness;

mobile phone

Introduction

Background

In 2017, 46.6 million US adults—nearly 1 in 5—were living
with mental illness, ranging in severity from mild to severe[1].
Nearly a quarter of these adults (11.2 million) were afflicted
with serious mental illness (SMI), defined as a diagnosis of
mental illness (eg, schizophreniaand schizoaffective disorders,
bipolar disorder, or psychosis) that is persistent, disabling, and
requiring specialized psychiatric treatment [1,2]. These patients
have higher morbidity and mortality rates than individuals
without SMI because of untreated and/or preventable chronic
or infectious diseases [3,4]. In recent years, digital health
technologies have been increasingly developed and recognized
as care management tools for patients with SMI [5].

Digital health technologiesand digital health interventions such
as smartphone apps and wearable technologies can transmit
datato health care providers. These technol ogies have enormous
potential to improve care, offering patients, providers, and
caregivers greater access to and information about illness
management, treatment monitoring and medication adherence,
and outcomes for abreadth of conditions, including SMI [5-7].

Yet, despite these potential benefits, the uptake of digital health
technology in SMI has been low, and behaviora health
practitioners have been hesitant to fully embrace digital health
interventions for a variety of reasons. These include limited
evidence and perceptions of efficacy, aversion to change,
concern about added workflow, lack of appropriate
reimbursement, and an increasingly overwhelming variety of
features and sensors [8-10]. In the area of mental illness, there
are added concerns, including stigma [11], privacy, and
uncertainty regarding patient acceptance. In many respects,
mental illness may derive the most benefit from new digital
technologies as patient clinical evaluations are typically based
largely on patient or caregiver self-report of symptoms[12]. In
addition, the measurement of domains such as sleep, activity,
social interactions, and medication ingestion in real time can
be highly valuable to patients, clinicians, and caregivers [13].

Digital health technology has great potential to improve SMI
patient outcomes and disease management. However, an
understanding of the potential barriers and facilitators to
adoption iswarranted. How specific digital health technologies
have been implemented and ultimately adopted (or not) in other
therapeutic areas can serve as useful case studies from which
lessonsfor future digital health implementation in SMI may be
dravn. For example, a recent review of digital health
technologies to manage hypertension found that the settings
and context in which interventions areintroduced aswell asthe
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individuals involved influenced adoption [14]. A 2017 study
examining the implementation of mobile apps for patients to
support postsurgical rehabilitation in orthopedics found that
digital literacy and the impact of the intervention on outcomes
and workflow need to be accounted for [15]. Another study
examining digital health interventions to improve medication
adherence in diabetes and hypertension found no conclusive
evidence of improved adherence with technologies that
incorporated features such as interactive voice response or
telemonitoring [16].

The literature documents the introduction of digital health
technology interventions across the treatment spectrum,
especialy how these may be used to manage chronic illness
outside of the clinic [17]. However, most of these digital health
interventions are still relatively new. To better understand the
adoption of digital health technology interventions over alonger
period whereby the technology has also evolved, we consider
the case of how providers have collected data on patient
glycemic marker hemoglobin A;. (HbA,.) levels over timein
diabetes caredelivery. HbA ;. reflectsthe average blood glucose
or blood sugar level in an individual over the past 3 months. In
managing diabetes, physicians use HbA ;. to monitor how well
a patient may be managing their diabetes. Historically,
endocrinologists were reliant upon patient self-monitoring and
patient or caregiver reports of glycemic eventstoinform diabetes
management and treatment decision making. Over the past 20
years, digital health technologies, such as continuous glucose
monitors (CGMs) and mobile glucose monitoring, support
HDbA ;. management by transmitting glucose levels to patients
and clinicians and provide red-time insulin dose
recommendations [18,19]. Each succession of new digital
glucose monitoring technology has improved the quality,
frequency, and relevance of monitoring glucoselevelsover time
[20]. Such data have the potential to allow physicians to better
understand a patient’s condition and assess treatment response
inreal time. In diabetes care delivery, endocrinologists play an
important rolein promoting adoption of and adherenceto digital
glucometer devices and are also key users of the technology,
as the devices provide data to be used in clinical decision
making.

Objectives

This study sought to investigate the trajectory of technology
adoption in the monitoring and treatment of another chronic
disease—diabetes—to identify issues and facilitate improved
adoption that may be relevant to the adoption of digital health
interventionswithin the field of behavioral health. By adopting
aqualitative case study approach, this study aimsto understand
the key facilitators to and barriers of clinician and patient
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adoption of digital glucose monitoring technologiesfor diabetes
and identify lessons learned that could be relevant for the
treatment and monitoring of other chronic conditions, including
SMI.

Methods

Study Design

Using qualitative data collection methods, we conducted focus
groups with endocrinologists in 2 major metropolitan regions
of the United States. Through focus group—guided discussions
with these clinicians, we elicited perspectives of, and reports
of experiences with, the implementation of digital glucose
monitoring technologies in endocrinology practices over the
past 2 decades and how such technol ogies impacted day-to-day
clinical practice.

Participant Recruitment

We engaged a medical market research firm to identify and
recruit potential participantsfrom their panel of specialty health
care providers. Bias was minimized by using probability
sampling to select potential clinicians to receive a study
invitation in 2 major metropolitan regions of interest in the
United States. A convenience sample of endocrinologists
treating patientswith diabeteswasinvited by email to participate
in the study. Physicians were eligible to participate if they (1)
were board certified in endocrinology and currently practicing
medicine, (2) had spent at |east 80% of full-time equivalent in
clinical practice treating patients with diabetes, and (3) had

Textbox 1. Sample discussion guide questions.
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reported aminimum of 10% of their patient panel used adigital
blood glucose monitoring device. We excluded physicianswho
had not been in clinical practice for a minimum of 10 yearsto
ensure that participants could provide a relevant historical
perspective on the evolution of digital glucose monitoring and
itsimplementation in clinical practice.

Endocrinologists who met the basic study €igibility
reguirements were contacted by telephone and screened with a
study-specific questionnaire to confirm eligibility and capture
demographic data. Participants were compensated for study
completion.

The Advarra Ingtitutional Review Board (IRB) reviewed the
study protocol, informed consent documents, and focus group
discussion guides. The Advarra IRB determined that the study
met the requirements for exemption from IRB oversight and
granted awaiver of exemption from review.

Data Collection

Two 90-min focus groups were conducted in December 2018
in 2 large metropolitan regionsin the United States. One member
of the study team with doctoral training in qualitative research
methods (SM) conducted the focus groups using a
semistructured focus group discussion guide. A literaturereview
was performed to inform the development of the discussion
guide. Sample discussion guide questions are detailed below
(Textbox 1). Focus groupswere audio-recorded and transcribed
verbatim. In addition to the focus group discussion, 2 members
of the study team (CH and MR) recorded observationa field
notes.

Perceptions of and experiences with diabetes management before digital glucose monitoring technologies

«  Beforethe introduction of continuous glucose monitors (CGMs), what was the most optimal way to manage patients with diabetes, that is, how
did you establish baseline glucose profiles, monitor glucose levels, etc?

«  How did you first introduce self-monitoring or home glucometers to your patients?

«  How wasthe transition from patient self-monitoring to continuous glucometers or technology?

Glucose monitoring technology adoption

«  What prompted discussions on the need to adopt continuous glucose monitoring devices in your respective practices?

«  What benefits did you anticipate and why?
«  What potential disadvantages did you anticipate and why?

«  How do you introduce the idea of continuous glucose monitoring technologies to patients?

Barriers of and facilitators to adoption and implementation

«  What considerations, processes, or key personnel facilitated the decision to adopt glucose monitoring devices in your respective practices?
«  How much personnel time or other resources have you or your practice invested into education and training?
«  How much time do you or your staff devote to reviewing and/or discussing data from glucose monitoring technologies with patients?

«  How do datafrom glucose monitoring technologies affect your clinical decision making?

Recommendations for strategies and approaches to facilitate adoption and uptake

«  Looking back at theimplementation, what do you think have been the most effective strategies and approaches for glucose monitoring technol ogy

adoption and uptake in your clinical practice?

«  What challenges do you see to future adoption of glucose monitoring technologiesin practice?

«  What recommendations or advice do you have to increase glucose monitoring technology adoption?
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Data Analysis

The constant comparative method was used to analyze the
transcripts, facilitated by using MAXQDA qualitative data
management software program (MAXQDA12; VERBI, GmbH)
[21]. Our analytic approach used a comprehensive review of
the transcripts incorporating the constant comparative method.
Data analysis was consistent with the principles of thematic
analysis outlined by Glaser and Strauss [21]. This approach to
analysisinvolves identifying similarities and differencesin the
way's partici pants discussed their perspectives of and experiences
with digital glucose monitoring technology adoption and is
widely used in qualitative research [22]. The analysis involved
4 stages. (1) initial coding was undertaken by members of the
project team with graduate training in qualitative data analysis
(CH, SM, and MR). Each team member individually reviewed
the data to develop a general overall impression of the data
content, outline preliminary descriptive categories, and devel op
a preliminary coding framework. (2) Codes generated during
preliminary coding were further refined and defined into
descriptive coding categories, resulting in a final coding
framework with aset of codes generated inductively and derived
from the original interview questions. (3) The codes were
applied to each focus group transcript. To assess the degree of
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coding consistency during this phase, one member of the project
team (SM) reviewed all coding to ensure that the coders
understood and applied the codes in accordance with the
definitions in the coding dictionary. (4) Using the constant
comparative method, concepts, themes, and patterns emerged
from the data. These wereintegrated and refined into meaningful
groupings by the team and based on consensus. The analysis
provided insight into participants experiences, motivations,
and actions regarding treatment decision making related to
glucose monitoring technology, yielding the salient themes
presented in the results.

Results

Participant Sample

A total of 10 endocrinologists participated in the study. Most
(6/10, 60%0) of the samplewas male, and the mean age was 48.6
(SD 5.9) years, with an average of 18.4 (SD 5.6) years since
receiving their medical license. Of note, most of the sample
(8/10, 80%) reported that more than half of their diabetic patient
population used digital glucose monitoring technologies.
Participant demographic characteristics are detailed below
(Table 1).
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Table 1. Participant demographics (N=10).
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Variable

Participants, n (%)

Age (years), mean (SD) 48.6 (5.9)
Gender, n (%)
Mae 6 (60)
Female 4 (40)
Race, n (%)
African American 0(0)
Asian 5(50)
Mixed or Other 0(0)
Native Hawaiian or Pacific |slander 1(10)
White 2 (20)
Missing or refused 2 (20)
Hispanic ethnicity, n (%)
Hispanic 1(10)
Not Hispanic 9(90)
Missing or refused 0(0)
Board certification in endocrinology, n (%) 10 (100)
Years since graduated medical school, mean (SD) 21.2 (5.8)
Years since obtaining medical license, mean (SD) 18.4 (5.6)
Primary practice setting, n (%)
Academic medical center 1(10)
Endocrinology group practice 1(10)
Group model health maintenance organization 3(30)
Multispecialty group practice 3(30)
Solo practice 2(20)
Years prescribing blood glucose monitors, n (%)
25 1(10)
6-10 5 (50)
More than 10 4 (40)
Proportion of patientswith diabetes using a digital glucometer (%), n (%)
Lessthan 10 0(0)
10-25 2(20)
25-50 0(0)
50-75 2(20)
More than 75 6 (60)
Key Findings whether for urine strips (60 seconds) or blood finger pricks (a

Digital Monitoring Technologies Changed the Treatment
Paradigm in Diabetes Care Delivery

Before the availability of digital glucose monitoring
technologies, clinical management of diabetes was
predominantly reactive management by endocrinologists and
largely based on laboratory test results, clinical signs, and patient
self-reporting. Glucose testing required a waiting period,

https://www.jmir.org/2021/2/€18119

RenderX

few seconds), which served as a barrier to patients regularly
checking their levels[23].

Participants in this study noted that patient demand, clinical
recommendations, and research, such as those presented at
national professional conferences, drove the transition from
laboratory tests and urine strips to digital glucose monitoring
technologies. In addition, adoption was heavily influenced by
Food and Drug Administration approval of digital glucose
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monitoring devices and direct-to-consumer advertising; the
former was important for validating physician trust in the
technology, and the latter was influential in generating patient
demand for digital glucose monitoring technologies.

Despite the demand, participants initially were apprehensive
about thereliability (ie, accuracy of data) of glucose monitoring
technologies. As broad adoption occurred and the devices
became easier to use and more reliable, skepticism was
overcome as described by one endocrinologist:

| mean, you're always skeptical when something new
comes out. When the first pumps came out...people
then didn't want to wear it, after wearingit for alittle
bit. And then it was uncomfortable. And so, if the
person can't tolerate wearing something, it's just not
going to work... That really dissuades people from
wanting to start it, for one thing. So that was a
concern. But as people get more tech savwy;, it's less
and less difficult. | mean, it's taken me awhile but in
the beginning, it was really hard. So it's definitely
been an evolution.

Digital Monitoring Has | mproved Patient Outcomesand
Facilitated More Effective Care Delivery and Patient
Engagement

Before the introduction of digital glucose monitoring, efforts
to reduce the risk of hypoglycemia were challenging for both
endocrinologists and patients. Endocrinol ogistsonly had access
to glimpses of a patient’s glucose level at specific points of
time, as opposed to a more complete picture of HbA . levels
that are provided by continuous glucose monitoring
technologies, especially information on whether blood sugar is
trending down or trending up [20].

Participants in this study described the ways in which digital
glucose monitoring technologies have provided a range of
benefits for their patients. A primary benefit was the potential
for the digital glucose monitoring devicesto raise provider and
patient awareness of glycemic events, thereby reducing the risk
of disease-related morbidity and mortality.

Historically, endocrinol ogists depended on patient self-reporting
and laboratory testing to inform diabetes management and
treatment decision making. Today, diabetes technologies, such
as continuous glucose monitoring and mobile glucose
monitoring, can support HbA ;. management by transmitting
glucose levels to patients and clinicians and provide real-time
insulin dose recommendations[10]. Such technol ogies quantify
glucose levels over time and provide insight into patterns and
trends that allow the clinician to better understand a patient’s
diabetes and gauge how the patient is responding to treatment:

...in the last decade or so, a revolution happens in
endocrinology...before then, we are just doing nothing
because we have just a few insulin [options] ...And
we're maybe lucky to get A1C of eight and you are
happy by that. And patient wasfrustrated, doctor was
frustrated because we cannot do much more. Just
that's it. We have very much more advanced insulin
and several type of class of medication now. And at
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the same time, we have very advanced technology.
It's completely a game-changer now. Easily we can
get A1C of seven or less, easily. And that's why
doctors are more happy, patients are more happy.

As endocrinologists are able to see accurate data in real time,
they reported not having to rely as much on subjective patient
or caregiver reports to aid in clinical decision making. The
availability of continuous dataalso allowed providersto identify
patterns or trends around glycemic eventsin their patients:

But truly, it's just more information. Prior to
that..when we used NPH [neutral protamine
Hagedorn insulin], everybody was getting low and
we just never checked them. And they didn't check
themselves. | fed like it's changed. It's going to
change longevity, | mean, in terms of their lifespan.
And it'sgoing to make a huge difference. So | fedl like
if that'sthe standard of care now, just peoplewill just
jump on board.

Participants reported that glucose monitoring technologies can
also ease caregiver burden by allowing caregivers to monitor
patients glucose levels, which is especialy important for
patients susceptible to hypoglycemic events:

Now the technology...you can assign a surrogate.
They could be assigned and they could be informed
about blood sugars before even the patient recognizes.
If you have a continuous glucose monitoring and you
have those uploaders and you assign a couple of
people, maybe a teacher or a parent. He's at work
and he can alert the teacher. | see[inaudible] going
down. You can do it remotely. So that's fabul ous for
usually type 1 diabetic patients.

With the widespread adoption of digital glucose technologies,
providers reported being able to customize and calibrate
treatment—and more aggressively if need be—thereby
improving clinician decision making and patient care delivery.

Digital Monitoring Technologies Have I ntroduced New
Challengesfor Clinical Care Delivery

The practice environment and associated availability of
resources emerged as a key determinant of digital glucose
monitoring technology adoption and use in clinical practice.
Participants discussed that while the availability of data
streamlined certain areas of diabetic patient management, these
devices often generated more work and responsibilities than
anticipated, such as data management and obtaining coverage
approval and reimbursement.

Participants emphasized that both they and their patients
experienced a significant burden and bureaucracy associated
with insurance and reimbursement coverage of the devices and
associated visits. Payer coverage of digital glucose monitoring
technologies is highly varied, and most payers require
preapproval for the device and al sensors, which may only be
applicable for a limited duration (days or weeks at a time),
requiring endocrinologists to repeatedly complete the
burdensome process of obtaining preapproval .
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Participants noted that there are very few billing codesfor these
types of digital health monitoring devices; therefore, providers
may not receive compensation for the time they devote to
educating patients and addressing general device-related
management issues. In the following narrative, a participant
describes the time he must spend obtaining insurance approval
for broken equipment while aluding to the fact that he is not
being reimbursed for the time he spends:

And then just the time because it's a durable medical
piece of equipment, the time. Things break, the clip,
the tube gets twisted...Just dealing with all of that
takes a lot moretime than beforewe had it. So | mean,
patients will always be—they're short one tube being
sent but the insurance is not going to allow them to
haveit. So | mean, then you're on the phonetrying to
make an exception.

A related challenge is the lack of dedicated staff at some
practices to support patients with digital glucose monitoring
devices. Participants noted the inherent limitations of the
devices, including technology failures, device repairs, and
patient education and troubleshooting. In the absence of staff
who can provide support with these devices, providers are left
to deal with these issues directly, taking unplanned time from
their busy schedules:

It's so important if you're lucky enough to have CDE

[Certified Diabetes Educator] or a group of people

to help you. That their only focus is the technology.

So if you've got someone like that on your side, it

makes a huge difference in terms of who's going to

get started and who's going to get used to their

equipment quicker and who's going to fed

comfortable.
Although the data generated by digital glucose monitoring
technologies have improved the health of their patients,
participants noted that the data generated are often not easily
actionable for 2 reasons. First, the sheer amount of data the
devices generate cause data overload for the providers. Second,
the data are presented in aform that offerslimited context about
the patient and their diabetes management. These 2 issues make
it chalenging for providersto analyze and synthesize dataduring
ashort patient visit:

It takes 20 minutes just to download and the next
patient is there. Two other patient already showed
up. And this is time-consuming. Just adjusting the
pump, doing the download.
Participants noted an overall lack of funding and resources to
support al of the structural challenges described: coverage and
reimbursement, data management, and patient support.

Case Study Lessons. Recommendations and
Opportunitiesfor I ncreasing Uptake of Digital Health
Technologies

In thefocus group discussions, participantswere explicitly asked
what recommendations they would make to increase uptake of
digital health technologies more generaly, based on their
experiences with digital glucose monitoring technologies.
Participants in this study felt that if digital health technologies
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were going to have a meaningful and effective role in diabetes
management, tangible steps needed to be taken by providers
and payers to bridge gaps in care and reimbursement policy,
which in turn would increase the access to and uptake of the
technologies. These recommendations are not limited to the
field of endocrinology and are applicable to the incorporation
of digital health technologiesin other therapeutic areas aswell.
These included the following recommendations:

- Expand coverage and streamline approval processes:
Participants recommended expanding coverage for patients
by following review and approval processes in place for
specialty  prescription  drugs.  Specificaly, the
endocrinologists believed that insurance review and
coverage approvals for high-cost specialty drugs were far
more streamlined than the review processes that payers
require for interventions that fall under a device
classification. From their perspective and experience, device
approvals appear to invite more scrutiny by insurers than
specialty drug approvals.

«  Providereimbursement for clinician time: Participants noted
the substantial amount of time they or their staff spent
supporting patients on glucose monitoring technology use
and device maintenance. In addition, athough
endocrinologists appreciated the data that digital health
technologies generated, they were not able to synthesize
the vast amount of data downloaded during each office
visit, which is often the only time they could bill for
reviewing the data. To address both challenges, they
recommended reimbursement for and appropriate billing
codes to document the time devoted to device support and

data review.
- Streamline software and data management across device
platforms. Participants reported that a lack of

standardization across digital glucose monitoring devices
and corresponding platforms has proven burdensome for
clinic staff and clinic operations. Specifically,
endocrinologists indicated that standardized metrics and a
streamlined transfer of digital monitoring technology data
to their medical records would make clinic visits more
efficient and provide the clinician moretimeto review data
with the patient during the office visit. Several providers
in this study indicated that it would be most beneficial to
have the datafrom digital glucose monitoring technologies
integrated with their electronic medical record software. In
addition, in the absence of appropriate reimbursement noted
above, they recommended that manufacturers develop
algorithms to assist in analyzing and displaying clinically
relevant and actionable information for physicians during
theclinic visit.

- Digital health technol ogies should be customized to patient
needs: Participants explicitly noted that digital health
technologies should not be a one-size-fits-all approach to
care management. Specifically, itiscritical to assess patient
receptivity to technology and tailor the digital health
technology recommendation accordingly. Participants
explained that some technologies are more advanced than
others, such as those that synchronize data to a maobile
phone app or that, in the case of glucose monitors, provide
alarms if the patient’s glucose levels are outside a given
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range. Participants emphasized that some patients prefer
more complex technol ogies, whereas others are better suited
to simpler devices. Patient reluctance to try new or novel
digital technology can often be countered by offering
patients free trials, allowing the patient an opportunity to
experience the technology without immediately committing
to use.

Discussion

Principal Findings

Digital health technologies provide an opportunity to promote
better treatment decision making and measure and monitor
patient outcomes in real time. The objective of this study was
to review the adoption of digital glucose monitoring as a case
exampl e of digital health penetration to identify lessonslearned
that may be applied to the adoption of digital health technologies
in the ream of behavioral health. The endocrinologists
participating in our study described the spectrum of benefits
and challenges they experienced and detailed specific
recommendationsfor how digital health monitoring technologies
may be applied to the clinical management of other chronic
conditions, including behavioral health. From their reported
perspectives, digital health monitoring has improved care
delivery by providing data about patientsthat can help to better
monitor patient adherence and response to therapy and
personalize treatment in a manner that best optimizes patient
outcomes.

At the same time, participantsin this study expressed concerns
over the sheer volume of data that digital health technologies
have generated and the urgent need to find solutions that can
help to relieve physician burden and not impede the care they
deliver. Such solutions include removing barriers to insurance
approval, expanding categories of reimbursement, and
developing software tools or algorithmsthat can help providers
and patients navigate and understand data. Participants
recommended synthesizing datainto brief, tailored reports that
can be used to inform clinical management decisions during an
office visit. Separately, payers do not yet provide sufficient
reimbursement for the provider time required to prescribe and
manage digital technologies, which limits the opportunities for
full integration of these devices into clinical care. Being able
to quantify the long-term clinical and economic benefits of
digital health technologies may be one mechanism by which
reimbursement can be attained. Despite the challenges
encountered, the endocrinologists in this study described how
the continuous improvements in technology and the clear
improvements in clinical outcomes for patients that they had
observed over the years led to widespread adoption of the
devicesin clinical practice.

Limitations

Although this study has yielded suggestive findings, it is not
without sampling-related limitations that merit consideration
before interpreting the study and its implications. The findings
represent the views of asmall convenience sampleof individuals
who may be more voca than the general endocrinologist
population. However, similar themes were revealed and
described in both focus groups, suggesting that the patterning
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of datamay be similar in groups with similar characteristics. It
should be noted that the study participants were self-selected
in that they volunteered for the study. In addition, this study
was limited to 10 endocrinologists practicing in 2 large
metropolitan regions and may not represent experiences and
perceptions of other types of providers who serve patients with
diabetes (eg, primary care physicians or nurse practitioners) or
providers who practice in different types of socioeconomic
settings or geographic regions. Larger-scale work is needed to
establish the generalizability of the findings.

Despite these limitations, this study provides preliminary
qualitative data from a group of highly experienced clinicians
on the key factors associated with successful implementation
of digital monitoring technol ogies and strategiesto mitigate and
overcome potential barriers to uptake.

Comparison With Previous Studies

Previous studies have assessed barriersto and facilitators of the
adoption of glucose monitoring technologies from the
perspective of patients, their caregivers, and providers. Studies
with patients and caregivers have found that patients who used
glucose monitoring technologies perceived better control of
their diabetes and improved confidence in controlling glucose
levels, and patients were morelikely to use glucose monitoring
technologies if recommended by their clinician or family
members [24,25]. Patient-reported barriers to use include high
cost and limited reimbursement, device discomfort, disruptive
alarms, unfamiliarity or distrust with the technol ogy, and added
burden to calibrate the device and understand and respond to
data[24-29]. Severa studies have also explored provider-level
barriers and facilitators associated with the adoption of glucose
monitoring technologies. In these studies, providers reported
having insufficient time to interpret data, inadequate
reimbursement or bureaucratic reimbursement processes,
perceived issues with technology accuracy and security, and a
lack of ancillary resources as barriers to adoption [30-32].
Although these studies provide a basis for understanding
provider challenges and other barriers, surveys were employed
to collect data, and the studies were not designed to explore, in
depth, any nuances related to the adoption of technologies.

Before this study, specific gaps in the literature included (1)
how providerslearned about new technol ogies and the decision
to adopt into clinical practice, (2) how providers decided to
recommend technologiesto their patients, and (3) how providers
approached patient resistanceto new digital health technologies.
Although our study findings generally align with those of
previous published studies, the specific processes by which
glucose monitoring technologies have actually been adopted
into clinical practice have been more fully elucidated in this
study, including the recommendations that providers have for
increasing future uptake of digital health technologies. This
study also aligns with findings by Fonseca et a [33] who
concluded that the adoption of CGM could beincreased through
standardized and tailored reporting coupled with expanded
reimbursement to cover both the cost of the device (to patients)
and the time spent advising patients on using the device (for
providers). A recent report from the American Medical
Association underscores this study’s findings on digital health
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technology adoption by physicians. Specifically, doctors are
reported to assessthefeasibility of using new digital tools based
on 3 factors. effort (how seamless the integration of the
innovation be), outcome (value to patients), and finance (how
much it will benefit practice). The report also emphasized that
any new toolsor solutions must a so addresstheissues of coding
and coverage [34].

L essonsL earned and Implicationsfor Future Research

Future research should consider the benefits of and challenges
to the adoption of digital health technologiesin other therapeutic
areas, such as behaviora health. However, for meaningful and
effective uptake to occur, tangible steps must be taken to
substantively apply lessonslearned. On the basis of our findings,
some lessons learned that may help to bridge the gaps in care
and increase adoption and adaptation of digita heath
technologies in the practice of behavioral health include;

«  Generate robust evidence on how digital health in SMI
affects physician, patient, and caregiver decision making:
for instance, alarge share of mobile health appsisdedicated
to treating SMI [35]. For many of these apps, evidence
demonstrating treatment efficacy and use for physiciansis
limited [36]. Some digital health technologies in the SMI
space, however, have shown the potential to improve
physician decision making and decrease health care costs
[37,38]. In fact, new technologies include both
pharmaceutical treatment and digital sensors[39].

« Expand coverage and streamline approval processes: our
participants described a movement from reactive
management and reliance on infrequent self-reporting to
more timely and accurate assessment through the use of
digital technologies. They a so noted the value of improved
provider and patient awareness and communication and the
opportunity to reduce caregiver anxiety and burden, al of
which can ultimately improve patient outcomes. However,
the amount of time practitioners must devote to navigating
administrative challenges for patients' digital monitoring
technologies can impede uptake. If new technologies are
shown to be cost-effective, access to digital technologies
will be worth the additional cost.

»  Providereimbursement for clinician timeand resourcesfor
staff training and patient support: providers in this study
who had dedicated resources and personnel to support
digital monitoring technologiesin their practices observed
positive impacts and higher long-term adherence and use.
Thisincluded clinician review and synthesis of device data,
providing support for securing coverage approvals, patient
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education and training, and continued device monitoring,
maintenance, and patient follow-up. However, not all
providers had access to dedicated personnel and resources.
Reimbursement for clinician time and associated resources
could facilitate the expanded adoption of digital health
technologies. The cost of clinician time and staff training
should be incorporated into any economic model of new
treatment value.

Customize digital health technology tools to the patient:
recognizing that digital technologies are not a
one-size-fits-all solution, it is critical that the technology
fits each individual patient’s needs and that incentives for
providers are aligned with the heterogeneity of patients
particular preferences and needs, rather than clinic- or
physician-level metrics.

Our findings suggest that there are substantial challenges to
effectively incorporating digital technol ogieswithin the context
of clinical care; however, these challenges are not
insurmountableif identified and addressed up front. All of these
considerations play acritical role in potentially improving the
management of patients with SMI, where infrequent and
subjective assessment, recall bias, problems with medication
adherence, and enormous caregiver burden are significant unmet
needs. Additional focus groupswith other physician specialties
will also be useful as they face similar decisions regarding if,
when, and how to adopt new digital health technologies into
real-world treatment of patients with SMI.

Conclusions

Endocrinologists reported that digital glucose monitoring
technologies facilitated more effective, individualized care
delivery and improved patient engagement and health outcomes
in diabetes care delivery. However, challenges faced by
clinicians included a lack of reimbursement for clinician time
and nonstandardized data management across devices. Key
recommendationsthat may berelevant for other diseasesinclude
improved data analytics to quickly and accurately synthesize
data for patient care management, streamlined software, and
standardized metrics. Future research should examine the extent
to which these learnings are relevant to the adoption of digital
health technologiesfor other therapeutic areas. Further research
is also warranted to systematically quantify the challenges
described in this study in a larger sample of clinicians. The
results suggest strategies and areas of focus for stakeholdersto
mitigate barriers and bridge gaps in digital monitoring
technology uptake.
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Abstract

Background: Web-based interventions are thought to overcome barriers to treatment, such as accessibility and geographical
location, which can undermine the effectiveness of traditional face-to-face interventions. Owing to these features, researchers
are increasingly testing the efficacy of web-based interventions as ways to reduce alcohol misuse, binge eating, and gambling.
However, many web-based interventions have poorly defined mechanisms of action; therefore, it is often uncertain how they
propose to bring about behavior change.

Objective: Thissystematic review aimstoidentify effective behavior change techniques (BCTs) present in web-based interventions
aimed at reducing alcohol consumption, binge eating, or gambling.

Methods: This systematic review covered research conducted in the last 20 years. Inclusion criteria for interventions were
web-based administration; targeting alcohol use, binge eating, and/or gambling; and reporting on baseline and postintervention
measures of behavior. The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) guidelines were
followed. We coded intervention effectiveness, study quality, and BCTs present in the interventions.

Results: Following removal of 4152 ineligible articles, 45 were included in the review: 32 (71%) targeted alcohol misuse, 6
(13%) targeted binge eating, and 7 (16%) targeted gambling. In total, 5 frequency counts were performed to identify the most
commonly used BCTs: al studies, effectiveinterventions, high-quality studiesat 2 thresholds, and both high quality and effective
studies. The results obtained from this were integrated to identify 7 BCTs. These 7 BCTs were problem solving, feedback on
behavior, self-monitoring of behavior, self-monitoring of outcomes, instruction on how to perform a behavior, information about
social and health consequences, and social comparison. A total of 4 BCTs were found in all frequency counts: feedback on
behavior, self-monitoring of behavior, instruction on how to perform a behavior, and social comparison. Self-monitoring of
outcomes of behavior wasfound in 3 of the 5 frequency counts, problem solving wasfound in 2 frequency counts, and information
about social and health consequences was found in 1 frequency count.

Conclusions: This systematic review identified 7 of the most frequently used BCTs used in web-based interventions focused
on alcohol misuse, binge eating, and gambling. These results can inform the devel opment of evidence-based eHealth interventions
that have the potential to lead to effective, positive behavior changesin all 3 areas.

(J Med Internet Res 2021;23(2):€22694) doi:10.2196/22694

KEYWORDS

systematic review; web-based intervention; behavior and behavior mechanism; behavior change technique; al cohol consumption;
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Introduction

Background

Alcohol misuse, binge eating, and gambling are increasing in
prevalence in Western countries [1-3]. Importantly, these
behaviors often occur independently of aformal diagnosis of a
relevant behavioral or substance use disorder, or an eating
disorder in subclinical populations. This may be due to the
general acceptability of these behaviors, compared with other
addictive behaviors [4]. These attitudes may be explained by
the legality of these behaviors and substances and their
widespread accessibility. In turn, this may normalize these
behaviors, something that may be problematic in individuals
displaying concerning behavior in these areas. As such, many
otherwise healthy individuals will indulge in one or perhaps all
of these behaviors over the course of their lifetime. Furthermore,
these behaviors can cause considerable mental and physical
harm to an individual (eg, liver disease, pancreatic disease,
impaired cognition [5]) and may exacerbate mental or physical
health disorders. Highlighted in the UK Nationa Health
Services Long Term Plan (2019) [6], the effect of these
behaviors will aso disperse into wider society, placing further
strain on health care systems[7].

Despite theintroduction of various regulations, alcohol remains
a highly accessible and an attractive pastime for most in the
western world [8]. Recent data reported that 29% of adults
alcohol consumption in the United Kingdom is hazardous [9],
categorized as typically drinking over 14 units of alcohol a
week. This remains to be a global problem, with 39.5% of
drinkers reporting heavy episodic drinking globally [10].

Similar to alcohol consumption, disordered eating (or binge
eating) has been normalized by society [11,12]. Binge egating
is the consumption of a larger amount of food than what is
expected of an individual, in a fixed period, typically
accompanied by a sense of lack of control [13]. This behavior
istypically used as a coping mechanism in response to adverse
negative events or stimuli [14], which may be conscious or
unconscious (thus, the term emotional eating is often used).
Binge eating is linked to classified eating disorders, including
binge eating disorder, bulimia nervosa, anorexia nervosa, and
eating disorders not otherwise specified [14]. However, this act
may also be present in subclinical populations without a
diagnosis. Over the last decade, hospital admissions for both
eating disordersand mental health disorders haverisen [15,16].
Technology may have contributed to the increase in disordered
eating due to the promotion of unhealthy behaviors (eg,
restrictive dieting, which leads to binge eating [17,18] and
mukbang trends [19]) on web-based platforms and the 24/7
access to this content. Advances in technology may have aso
contributed to theincreased preval ence of gambling and problem
gambling [20]. Due to the extensive growth in web-based
gambling, the opportunity to gamble is no longer limited to
physical gambling establishments.

Theoretical modelsand empirical evidence suggest that alcohol
misuse, binge eating, and gambling may share similar
psychological mechanisms of action [21]. For example,
individuals with increased impulsivity engage in greater and

http://www.jmir.org/2021/2/e22694/

Humphreys et al

more frequent health and financial risk behaviors, such as
gambling, binge eating, and binge drinking [22]. Similarly,
alcohol misuse, binge eating, and gambling have all been
characterized as compulsive behaviors, with the initiation of
each thought to be driven by relevant behavior-related and
emotive cues [23,24], suggesting cue-controlled behavior. The
identification of common underlying behavioral mechanisms
suggests that interventions targeting these broad behaviors,
rather than tailoring them to specific symptoms, may be
beneficial for a greater number of individuals [25,26].

Many individuals actively avoid seeking aformal diagnosis of
their alcohol misuse, binge eating, or gambling due to negative
self and social stigma[27-29]. Thisisdespite many individuals
recognizing the negative impact of these addictions on their
quality of life (including their physical health, mental distress,
and financial burden [30,31]). Furthermore, individuals may
not seek traditional face-to-face treatments due to geographical
restrictions, availability, or time constraints [32]. This has
resulted in aconsiderabletreatment gap [33], with many people
in need not seeking or receiving treatment.

eHealth interventions are able to bridge this treatment gap by
allowing anonymity, overcoming location barriers, and
providing any-time accessibility [32,34]. There have been
several  successful  interventions for each  behavior.
Meta-analyses of alcohol, gambling, and binge eating behavior
have concluded that eHealth interventions are efficacious, with
amoderate-to-large effect size [35] found for binge eating [36]
and moderate effect sizes for alcohol [37] and gambling [38].
Despite these findings, many web-based intervention
assessments lack vigoroustesting methods, such asrandomized
controlled trials (RCTs) to determine their behavior change
effectiveness [39]. Alternatively, if the effectiveness of the
web-based intervention is tested, the reasons for this
effectiveness, such as the behavior change techniques (BCTs)
used, may not be explored [40]. This can be observed in many
recent meta-analyses. Instead of this top-down approach,
interventions should be developed following a bottom-up
approach and the values of the Experimental Medicine Approach
[41,42]. This approach focuses on examining the core
mechanismsthat are behind abehavior and holds particular use
in intervention development, placing emphasis on the
importance of identifying and targeting the malleable
psychological processes or surroundings of an individual for
behavior change [42].

The BCT taxonomy provides an overview of methods for
behavior change and their hierarchical structure[43]. By looking
at the underpinning mechanisms behind a behavior, an
appropriate BCT, or more likely, a combination of BCTs can
be identified to target a behavior effectively. Using this
theory-based procedure to design an intervention means that
optimum results are achieved for both the intervention users
and business owners dueto increased user satisfaction. eHealth
interventions are often favored by businesses because of their
cost-effectiveness in comparison with traditional face-to-face
services. This cost-effectiveness increases dramatically when
the transdiagnostic  capability of a  web-based
intervention—when one treatment is used to target multiple
behaviors—is considered [44]. Web-based interventions are
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capable of being transdiagnostic, as their content is often open
for interpretation, focusing on user reflection and
self-monitoring of behavior.

Research has confirmed the efficacy of many eHeath
interventions in changing addictive behaviors such as binge
eating, gambling, and al cohol behavior [36-38]. Some potential
moderators have been discussed. For example, gambling
intervention effectivenesswasfound to be moderated by gender,
with greater successin male participants[38]. In addition, group
components of gambling interventions were found to have
long-lasting behavioral effects [38]. In acohol interventions,
the delivery type was explored [37]. Greater successin reduced
alcohol consumption was reported in interventionsthat provided
supplementary alcohol-related materials, which were not
commercially available, possibly implying the importance of
in-depth, systematic intervention design for specific problems
[37]. Motivation was also considered, with particular attention
paid to the impact of eating intervention effectiveness on this,
where over a quarter of studies used participants who were
seeking weight lossthrough diet and exercise or bariatric surgery
[36]. However, no specific consideration of BCTs were found
in these studies. This is still common in several papers on
behavior change [45,46]. This holds significant because of the
concerns that many eHealth interventions are not devel oped on
the basis of best practices in behavior change. Often,
interventions are developed favoring intuition over research
findings or those that claim to be evidence based are actually
evidenceinspired at best dueto companies’ preconceived ideas
[46,47]. Thisis detrimental not only to intervention users and
those delivering them but also for future research in behavior
change and intervention development, as it leads to studies
reporting effectiveness in behavior change but not identifying
the specific mechanism behind this. The same applies to many
evidence-based papers, with it being common for journa articles
to lack detail on an intervention to allow for BCT coding [45],
which will limit our current understanding of BCTs and
mechanismsof behavior. Although it isarelatively new concept,
the BCT taxonomy [43] provides a common language among
behavior change papers, alowing effective synthesis of
evidence-based papersto enhance behavior change knowledge.

The use of this taxonomy has led to valuable findings.
Conducting areview on asingle behavior type allows knowledge
to be summarized in this specific area. Thisallows BCTsto be
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identified as effective for thistopic, which holds value because
BCT effectivenessis dependent on context, such as the type of
behavior targeted [47]. Existing research has highlighted
promising BCTSs for acohol, gambling, and binge eating. For
example, Craneet al [48] identified 12 BCTsthat were deemed
as promising for behavior change, including self-monitoring of
behavior, goal setting (behavior), feedback on behavior, and
behavior substitution. Similar studies have been conducted on
gambling, highlighting feedback on behavior, goa setting, socia
comparison, and exposure as useful BCT techniques to reduce
gambling behavior [49]. A recent meta-analysis of BCTs on
healthy eating interventions, which aimed to reduce unhealthy
eating behaviors such as binge eating, similarly identified
self-monitoring of both behavior and outcomes of behavior as
a critical BCT for behavior change effectiveness [50]. A
synthesison BCTs can also be performed on multiple behaviors
to inform the development of transdiagnostic interventions.
However, there are no existing reviews examining which BCTs
may be effective for binge eating, gambling, and alcohol
consumption together.

Objectives

The aim of this systematic review isto (1) identify web-based
interventions targeting a reduction in alcohol consumption,
binge eating, and gambling behavior; we focused on these 3
behaviors due to their increasing prevalence in subclinical
populations, similar underlying psychological mechanisms, and
the widespread accessibility to materials for these behaviors;
(2) determine the effectiveness of these interventions; and (3)
identify the BCTs used in these interventions, examining the
similaritiesin techniquesto inform the devel opment of afuture
transdiagnostic intervention.

Methods

Literature Search

Scoping searches were conducted in November 2019 using
several electronic databases. Following these searches, we
refined our search criteria and registered the protocol for this
study on the Open Science Framework [51]. Full searcheswere
conducted in December 2019 on PsycINFO, PubMed, and
Scopusfollowing the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines (Figure 1).
Search terms can be found in Multimedia Appendix 1.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) flowchart followed in this study.
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Eligibility Criteria

Relevant articles were identified by a single author (GH). A
second coder (RE) independently assessed the eligibility of the
selected papers. There were no major disagreements between
the authors. To be eligible for inclusion in the review, studies
had to be either case controlled or RCTs that examined the
effectiveness of a web-based intervention. Intervention
effectiveness was determined as measured behavior change (eg,
reduction in units of alcohol consumed) rather than user
satisfaction. Eligible studies had to examine interventions to
reduce alcohol use, binge eating, or gambling, although these
outcomes did not have to be the primary outcome measure of
the study. Other inclusion criteria were as follows:
measurements reported a  baseline and immediately
postintervention for the relevant behavior change, either
sufficient detail of the intervention content in the paper or a
direct link to the study protocol to allow for BCTsto be coded,
and research published in the past 20 years with a human-only
sample. Exclusion criteriaincluded interventions that were not
entirely delivered on the web, which meansthat any intervention
with a face-to-face element was not eligible. Interventions not
delivered independently of other behavior change methods (eg,
an eating intervention in individuals who had previously
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RenderX

Not measuring behaviour
change (n=34)
Intervention delivered
alongside/ directly following
other treatment (n=13)
Full-text not available n=8)
Duplicate results in different
papers (n=2)

undergone a gastric bypass) and interventions that aimed to
maintain, rather than change, behavior were not included.
Similarly, interventions aimed at preventing the onset of
problematic behavior were not included. However, if such
interventions aimed to prevent the worsening of behavior and
measured this behavior, rather than reported user intentions,
these studieswere eligible [52]. Data collected must have been
from a validated measure (eg, Alcohol Use Disorder
Identification Test [AUDIT-C]) [53] or self-reported
retrospective recall of quantity or frequency of behaviors (eg,
Alcohol Timeline FollowBack [54]). Measurements had to
encapsulate behavior change rather than acceptability,
feasibility, or user satisfaction.

Data Extraction

Data were extracted from eligible studies by a single author
(GH) using a data extraction form. Variables in the data
extraction form included participant characteristics (including
details of control groups), intervention characteristics,
intervention effectiveness, and BCTs used in the intervention
(MultimediaAppendices 2-4[42,52,55-99]). BCTswere coded
using the BCT taxonomy version 1[43]. Some participants (eg,
Crombieet al [55] and Pederson et al [56]) completed unrelated
tasks as a comparator, referred to as an active control group.
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Owing to their inability to eliminate placebo effects [100], if
an active control group was used and adequate information was
provided, the authors coded both interventions for BCTs. If a
no-treatment control group was used, typically in the form of
a waitlist condition or assessment-only condition, the
intervention was not coded. The coding of BCTswas completed
independently by 2 authors (GH and HM), with any
disagreements resolved. There were no major disagreements
with a Cohen k score of 0.83. The authors were contacted if
relevant datawere missing from eligible papers. After theBCTs
were coded, frequency counts were performed to examine the
prevalence of BCTs. Data extracted for eligible studies
[52,57-98] can be located in Multimedia Appendices 2-4. The
BCT Periodic Table by Armitage et al [99] was used for labeling
BCTs, rather than the BCT taxonomy v1 numbers[43], for ease
of reading.

Quality Assessment

Risk of biaswas assessed using the Office of Health Assessment
and Trandation (OHAT) Risk of Bias Rating Tool [101] selected
due to its use in health-related studies and RCTs. The areas
considered were as follows. condition randomization and
concealment (where applicable), the appropriateness of control
groups (if used), attrition rates, reporting bias, and thereliability
and validity of measures. Item 5 from the OHAT tool was
removed asit wasonly applicableto animal experiments, which
werenot included in thisreview. The number of items compl eted
was dependent on study design, with atotal score of either 30
(RCTs) or 18 (case controlled). Questionswere answered using
a 4-point scale ranging from definitely low risk of bias to
definitely high risk of bias. Direct evidence was required for
the scoring of definite high or low bias. Probablerisk was scored
if evidencewasmissing or indirect. A score of 3 coincided with
adefinitely low risk of bias and zero with a definitely high risk
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of bias. High quality wasindicated by ascore of over 70%, and
medium quality was indicated by a score over 50% [101].
Despite the recommendation of 70%, the existing literature has
also used 80% as a high-quality threshold. Results using both
threshol ds were compared.

Data Synthesis

An overall frequency count of BCTs used in the interventions
was performed. BCTs were also counted when ineffective and
when low-quality studies (<70% OHAT score and <80% OHAT
score) were excluded, with results compared. The effectiveness
of an intervention was determined by a statistically significant
effect (P<.05) on behavior change in drinking, gambling, or
eating. If a paper reported mixed findings regarding behavior
change effectiveness, we used the most relevant variable as an
indicator of effectiveness. The variable tended to be the overall
effect reported or the most relevant measure of alcohol, binge
eating, or gambling behavior if the intervention’s primary aims
were not directly to promote this change. For example, an
intervention that aimed to promote weight loss by targeting
binge eating was eligible (Lyzwinski et a [95]). Similarly, an
intervention with the primary aim to reduce drunk driving was
eligible asit also targeted a cohol consumption (Bingham et al
[62]). Studies that reported a statistically significant reduction
inthe relevant behavior change measure were thereforeincluded
inthe frequency count of effectiveinterventions. Similarly, those
scoring over 70% on the OHAT risk of bias tool wereincluded
in the frequency count of high-quality papers. Finaly, those
that reported both astatistically significant effect in the relevant
behavior change measure and ascore of over 70% on the OHAT
risk of biastool wereincluded in the effective and high-quality
papers. The 5 most commonly used BCTs were reported for
each study (Table 1); if BCT frequencies were equal, over 5
were reported in the results.
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Table 1. A summary table of the behavior change techniques identified in frequency counts.

Frequency count key BCT®item

PSP FOB® sBd soB® 1B ISECY sch
Total' ol 0 0 _k 0 0 0
Effective — 0 O 0 0 — 0
>70% OHAT™ 0 0 0 — O _ 0
>80% OHAT" — 0 0 O 0 — 0
>70% and effective® — o o 0 ] — 0

3BCT: behavior change technique.

bps; problem solving.

°FOB: feedback on behavior.

dsB: self-monitoring of behavior.

€SOB: self-monitoring of outcomes of behavior.
fIPB: instruction on how to perform the behavior.
91SEC: information about social and environmental consequences.
hsc: social comparison.

Total: all eligible papers.

I0: Presence of behavior change technique.

K__: Absence of behavior change technique.

IEffective: al papers that concluded a significant reduction in the specific target behavior measure from pre to postintervention.
MAIl papers deemed as high quality, which scored over 70% on the Office of Health Assessment and Translation (OHAT) risk of biastool.

Al papers that scored over 80% on the OHAT risk of bias tool.

OAll papers that scored over 70% on the OHAT risk of bias tool and were deemed as effective in target behavior reduction.

Results

Searches and Study Information

The search yielded atotal of 5252 papers: 2672 alcohol papers,
1670 gambling papers, and 910 binge eating papers. After
duplicates were removed, 4152 articles remained. Papers were
then screened viatitle, abstract, and full text. Of those eligible
papers, referenceswere also examined (n=2339). Thisscreening
identified 2 papers that were eligible for the study. In total, 45
studies were identified as eligible for this review: 32 studies
(71%) describing interventions for alcohol use, 7 (16%)
describing interventions for gambling, and 6 (13%) describing
interventions for binge eating.

Most eligible papers (37/45; 82%) were RCTs with a waitlist
control group. The mean duration of intervention was 6 weeks.
Interventionsranged from lessthan 1 hour to 1 year. A computer
was the most frequently used intervention device. Participants
were typically from at-risk groups or displayed concerning
behavior (Multimedia Appendices 2-4). Pre- and
postintervention behavior was most commonly assessed using
the AUDIT-C for alcohol, the South Oaks Gambling Screen for
gambling, and the Eating Disorder Examination Questionnaire
for binge eating.

The most commonly used BCT across al 45 papers was
self-monitoring of behavior (BCT item 2.3), which was present
in 39/45 (87%) of interventions. Feedback on behavior (BCT
item 2.2; 30/45, 67%), social comparison (BCT item 6.2; 27/45,
60%), information about social and environmental consequences
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(BCT item 5.3; 26/45, 58%), instruction on how to perform a
behavior (BCT item 4.1; 25/45, 56%), and problem solving
(BCT item 1.2; 25/45, 56%) were other commonly used
techniques. Data on BCT fregquency counts can be found in
Multimedia Appendices 2-4.

Effective I nterventions

In total, 66% (21/32) of alcohol interventions, 83% (5/6) of
eating behavior interventions, and 43% (3/7) of gambling
interventions were effective. After excluding unsuccessful
interventions, 64% (29/45) of the eligible interventions
remained. In total, 21 interventions targeted alcohol behavior
(72%), 5 targeted binge eating (17%), and 3 targeted gambling
(10%). A frequency count of effective-only papersrevealed that
the most commonly used BCTs remained self-monitoring of
behavior (BCT item 2.3), feedback on behavior (BCT item 2.2),
social comparison (BCT item 6.2), and instruction on how to
perform a behavior (4.1). Information about social and
environmental consequences (BCT item 5.3) was replaced by
BCT item 2.4 (self-monitoring of outcomes of behavior). Thus,
the BCTs used in effective studies were the same as those used
most frequently across all studies.

High-Quality Papers

Intotal, 56% (25/45) of paperswererated as having high quality
(OHAT>70%). Of these 25 papers, 18 (72%) papers targeted
alcohol misuse, 4 (16%) targeted gambling, and 3 (11%) targeted
binge eating. When examining only high-quality studies, the
most frequent BCTs used were self-monitoring of behavior
(BCT item 2.3), instruction on how to perform abehavior (BCT
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item 4.1), feedback on behavior (BCT item 2.2), and social
comparison (BCT item 6.2). Problem solving (BCT item 1.2)
was also identified as a commonly used BCT in high-quality

papers.

When the threshold for a high-quality study was increased
(OHAT>80%), 9 papers retained this classification: 6 targeting
alcohol abuse and 3 targeting gambling. No binge eating studies
met this criterion. Self-monitoring of behavior (BCT item 2.3),
feedback on behavior (BCT item 2.2), social comparison (BCT
item 6.2), and instruction on how to perform a behavior (BCT
item 4.1) remained to be the most commonly used BCTs.
Problem solving (BCT item 1.2) was no longer within the top
5 most frequently used BCTs. Self-monitoring of outcomes of
behavior replaced problem solving (BCT item 2.4), meaning
resultswere consi stent with the effective-only frequency count.

Effective and High-Quality Papers

Intotal, 16 of 45 papers (36%) were classified as being effective
and of high quality (>70% OHAT score). Of these, 10 (63%)
focused on alcohol misuse, 3 (19%) on binge eating, and 3
(19%) on gambling. The most commonly used BCTs in these
papers were self-monitoring of behavior (BCT item 2.3),
feedback on behavior (BCT item 2.2), self-monitoring of
outcomes of behavior (BCT item 2.4), instruction on how to
perform abehavior (BCT item 4.1), and social comparison (BCT
item 6.2). This is consistent with the findings of the
effective-only frequency count and the OHAT score over an
80% frequency count.

Common BCTs Among Frequency Counts

In total, 7 BCTs were identified as commonly used within the
frequency counts. These were problem solving (BCT item 1.2),
feedback on behavior (BCT item 2.2), self-monitoring of
behavior (BCT item 2.3), self-monitoring of outcomes of
behavior (BCT item 2.4), instruction on how to perform a
behavior (BCT item 4.1), information about social and
environmental consequences (BCT item 5.3), and social
comparison (BCT item 6.2). Within the 5 frequency counts
performed, the techniques feedback on behavior (BCT item
2.2), self-monitoring of behavior (BCT item 2.3), instruction
on how to perform a behavior (BCT item 4.1), and social
comparison (BCT item 6.2) were present in all counts.
Self-monitoring of outcomes of behavior (BCT item 2.4) was
identified in the majority of frequency counts (3). Problem
solving (BCT item 1.2) was present in 2 frequency counts, and
information about social and environmental consequences (BCT
item 5.3) was present in 1 frequency count.

Discussion

Principal Findings

This systematic review identified 7 commonly used BCTs in
web-based alcohol, gambling, and binge eating eHeath
interventions: problem solving, feedback on behavior,
self-monitoring of behavior, self-monitoring of outcomes of
behavior, instruction on how to perform abehavior, information
about social and environmental consequences, and social
comparison. Although the most frequent BCTs used in papers
varied when intervention effectiveness and study quality were

http://www.jmir.org/2021/2/e22694/

Humphreys et al

taken into account, this variation was minor, with feedback on
behavior, self-monitoring of outcomes, instruction on how to
perform a behavior, and social comparison present in all
frequency counts. This suggests that researchers testing
interventions for these behaviors use similar approaches.
Self-monitoring of outcomeswas present in 3 out of 5 frequency
counts, problem solving was present in 2 frequency counts, and
information about social and environmental consequences was
present in 1 frequency count. Attention should be paid to items
feedback on behavior, self-monitoring of behavior,
self-monitoring of outcomes, instruction on how to perform a
behavior, and social comparison, which were the frequency
count results for both high-quality and effective studies. Most
papers were of high quality and were RCTs. However, when
looking at the breakdown of studiesin each behavior type, these
werevery imbalanced, with 71% targeting alcohol consumption,
16% gambling, and 13% binge eating. Study effectivenessvaried
within each behavior type, meaning that the studiesincluded in
effective frequency countswere not equally split (72% alcohol,
17% binge eating, and 10% gambling). However, this was
expected due to the prevalence of interest in alcohol research,
and thus, more published studies in this area. Despite
highlighting the resultsfrom the frequency count on high-quality
and effective papers, BCTs identified in the other frequency
counts are relevant because this presenceislikely to reflect the
feasibility, acceptability, or cost-effectiveness of a technique,
aspects of an intervention that hold great importance.

These 7 BCTsshould befocused on when designing web-based
interventions in these addictive areas. It can be presumed that
these BCTswereincluded because of their relevanceto addictive
behavior change, rather than purely from theoretical findings,
as many interventions do not prioritize this theory and follow
a systematic procedure when designing programs [102]. For
example, self-monitoring of behavior (BCT item 2.3) is an
important step in interventions to raise a user’s awareness of
their behavior and was identified in 86% of eligible papers.
Similarly, providing instructions on how to perform a behavior
(BCT item 4.1) was present in 55% of eligible papers. Thisis
something that should be included in interventions that aim to
provoke behavior change [103]. This means that the findings
of this paper will be easily transferrable to the practical
development of interventions, prompting to prioritize areasthat
should already have been considered by developersrather than
causing web-based interventionsto be compl etely redevel oped.

These results are consistent with other findings. For example,
Michieet a [50] highlighted therole of the BCT self-monitoring
of both behavior and outcomes of behavior in a healthy eating
intervention. Both self-monitoring of behavior and
self-monitoring of behavior outcomes were identified in the
frequency counts of this review, with self-monitoring of
behavior present in all frequency counts and self-monitoring of
outcomes of behavior present in 3 of the 5 counts. The
methodology of this study differed, with a meta-regression
conducted by Michie et al [50] to examine the effectiveness of
specific BCTs. However, we did not conduct a meta-analysis
due to the heterogeneity of studies, and the aim of this paper is
to identify few BCTs to inform further development
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interventions, rather than focusing primarily on examining
effectiveness and grouping BCTs together.

In acontent analysis of alcohol reduction apps, Crane et a [48]
identified 12 promising BCTs for effective behavior change.
Similar to this study, self-monitoring of behavior, feedback on
behavior, information about consequences, and social
comparison were identified by the authors as useful BCTs.
Instruction on how to perform the behavior, self-monitoring of
behavior, and problem solving, which were identified in this
study, were not identified as promising by Crane et a [48]. A
similar level of support was found for the review by Rodda et
al [49], with feedback on behavior, social comparison, and
self-monitoring of behavior and outcomes of behavior identified
as useful BCTsfor behavior change in both this study and the
review by Rodda et al [49]. Other BCTs were identified by
authors, which this study did not support, for example, exposure
and behavior substitution. However, inconsistent findings are
to be expected in BCT research, as these techniques are highly
dependent on target behavior, which were not identical.

Limitations

The effectiveness of BCTsisdependent on the behavior targeted
by an intervention. This means that the results are only
generalizable to these specific behaviors rather than behavior
change on a wider scale. Despite this, it is encouraging that
therewere clearly common BCTsacrossthe 3identified problem
behaviors, which can provide useful guidance for future
intervention development. In addition to the BCTsused and the
intervention’s topic, multiple other variables contribute to the
behavior change success of an intervention. These include
motivation, opportunity, and perceived capability to change,
which simultaneously act on behavior change and can be
referred to as the COM-B (Capability, Opportunity,
Motivation—-Behavior) model [102]. The Behavior Change
Wheel combines these behavioral sources with intervention
functions, including education, persuasion and environmental
restructuring, and policy categories such as guidelines and
regulations, to provide an in-depth framework of behavior
change [102]. Future research should take into account the
interactions between these motivational and circumstantial
variables and the mechanisms of behavior change. Without this
consideration of factors including help seeking and resource
availability, it isan oversimplification of behavior change theory
and may lead to considerable resources being wasted on poorly
implemented interventions. Therefore, this review can only
provide guidance for intervention frameworks, rather than
recommending a concrete intervention structure.

Although it provides an effective overview of BCTS, detailsin
BCT taxonomy vl are sometimes lacking and relatively
subjective [104]. For example, BCT item 2.2 refersto feedback
on behavior. This includes all possible feedback, with no
specification on feedback type or delivery. Similarly, BCT item
5.1 is coded for any information about health consequences.
Research has shown that the extremity of information content
impacts one's behavioral response[105,106], whichin turn will
determine an intervention’s behavior change effectiveness. This
idea can be applied to the mgjority of the 93 BCTs identified
within the taxonomy. In addition, there are other taxonomies,
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such as the Self-Enactable Techniques [107], which identify
other techniques that may be relevant in behavior change
interventions and are not directly listed in BCT taxonomy. For
example, distraction (item 63), reflecting on the ability to
perform behavior (item 99), and normalized behavior (item
114).

Finally, the scope of this paper was limited by the evidence
base, which is biased toward positive, statisticaly significant
publications [108]. It is possible that there are studies on
behavior change interventions that used these BCTs but were
not published due to the intervention finding no significant
results [109]. Gray literature was not included in this review.
Theinclusion of thisinformation is currently under debate, with
alack of consensus on how to conduct a systematic review of
BCTs most effectively [99]. The exclusion of gray literature
may limit the scope of areview, whereasinclusion may be able
to bridge the research gap from publication bias as well as the
time delay between conducting and publishing a study.
However, including gray literature in a systematic review can
lead to difficulties in data extraction and synthesis due to the
lack of publishing standards being followed by authors [109].
This means that researcher bias is likely within data
interpretation, justifying our exclusion of these sources.
Furthermore, this review is limited by the interventions that
exist and what is achievable with technology at the current time.
In the future, it is expected that interventions will have more
advanced features, which may lead to different BCT
recommendations.

Implications

These results can inform the development of new web-based
addiction treatments, providing recommendations of BCTs
shown to be effective in past research to form the core of
alcohal, binge eating, and gambling programs. This paper also
highlightstheimportance of using evidence-based theory while
developing behavior change interventions, which many
treatments lack. Theory-based interventions are not only more
likely to result in effective behavior change[110] but also allow
aricher evaluation of interventions, enabling oneto identify the
active components of an intervention [102]. Ultimately, the
consideration of behavior change theory and thetesting of BCT
effectiveness during the early stages of design means that
addiction-based interventions aswell asinterventionstargeting
wider behaviors will result in greater, long-lasting behavior
change[104]. Highlighted in the Behavior Change Whedl [102],
behavior change is the result of an interacting system of
individual and societal factors. Future research must adopt the
experimental medicine approach [41,42] and examine not only
whether these BCTsare present ininterventions but also if they
are the active mechanism of behavior change.

Conclusions

Alcohol consumption, binge eating behavior, and gambling can
all be classified as compulsive or impulsive due to the neural
mechanisms of reward that they impact. Owing to this
comorbidity, transdiagnostic interventions may be used as a
potential treatment. Thissystematic review identified the BCTs
present in 42 web-based interventions that targeted one of these
3 behaviors. The authors explored the commonalities between
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BCTs identified, controlling studies for quality and transdiagnostic interventions.
effectiveness, which can inform the development of future
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Abstract

Background: Culturally diverse populations (including Aboriginal and Torres Strait Islander people, people of diverse genders
and sexualities, and culturally and linguistically diverse peopl€) in nonurban areas face compounded barriers to accessing mental
health care. Health information technologies (HITs) show promising potential to overcome these barriers.

Objective: Thisstudy aimsto identify how best to improve amental health and well-being HIT for culturally diverse Australians
in nonurban areas.

Methods: We conducted 10 co-design workshops (N=105 participants) in primary youth mental health services across
predominantly nonurban areas of Australia and conducted template analysis on the workshop outputs. Owing to local (including
service) demographics, the workshop participants naturalistically reflected culturally diverse groups.

Results:  We identified 4 main themes: control, usability, affirmation, and health service delivery factors. The first 3 themes
overlap with the 3 basic needs postulated by self-determination theory (autonomy, competence, and relatedness) and describe
participant recommendations on how to design an HIT. Thefinal theme includes barriersto adopting HI Tsfor mental health care
and how HITs can be used to support care coordination and delivery. Hence, it describes participant recommendations on how
tousean HIT.

Conclusions: Although culturally diverse groups have specific concerns, their expressed needs fall broadly within the relatively
universal design principlesidentified in thisstudy. The findings of this study provide further support for applying self-determination
theory to the design of HITsand reflect the tension in designing technol ogiesfor complex problemsthat overlap multiple medical,
regulatory, and socia domains, such as mental headth care. Finally, we synthesize the identified themes into genera
recommendations for designing HITs for mental health and provide concrete examples of design features recommended by
participants.

(J Med Internet Res 2021;23(2):€23502) doi:10.2196/23502
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Introduction

Barriersto Accessing Mental Health Carefor Young
Nonurban Australians

Around 1in 5 Australians experience mental ill health regardless
of whether they live in an urban or a nonurban (ie, regional,
rural, or remote) area [1]. However, compared with urban
Australians, nonurban Australians experience worse mental
health outcomes, such as higher self-harm, suicidal ideation,
and suicide attempt rates[2]. Nonurban Australians experience
many barriers to accessing services and supports, such as cost,
distance, a relative lack of service providers, stigma, and an
increased emphasis on privacy [3,4].

These barriers can lead to limited access to mental health care
for young peopleliving in nonurban areas. Notably, rural young
Australians discontinue prematurely from care at higher rates
than those from urban or regional areas[5]. Asservice provision
declines with distance from major cities [6], the lack of public
transportation in rural and remote communitiesincreasesyoung
peopl € sreliance on their supportive others (eg, parents) to take
themto aservice[7]. Thisreliance on othersto accessaservice
also raises the issue of anonymity, which can be problematic
given the higher levels of stigmarelated to mental health issues
in nonurban communities [4]. Furthermore, service opening
times (often limited to weekdays during 9 AM to 5 PM),
extensivewait times, and cost can add to these barriersto access
mental health care[8].

Culturally Diverse Young People

For culturaly diverse young nonurban Australians, such as
Aboriginal and Torres Strait |slander people, people of diverse
genders and sexualities, inclusive of and not limited to lesbian,
gay, bisexual, transgender, queer, intersex, asexual, questioning,
and pansexual people (henceforth referred to as LGBTQIA+
people in this paper), and culturally and linguistically diverse
(CALD) people, multiple forms of inequality often intersect to
create compounded barriers in the form of decreased mental
health literacy, financial barriers, increased social and
self-stigma, and a lack of mental health services compounded
with geographic inaccessibility [7]. These culturally diverse
groups experience both poorer mental health outcomes and
reduced access to mental health care [9-13].

Barriers to accessing mental health care for Aboriginal and
Torres Strait 1slander people living in nonurban areas include
alack of trust in health services, lack of culturally appropriate
care, and lack of available servicesin remote areas[10,14-16].
For young LGBTQIA+ people, reported barriers include
concerns that health professionalswould not be able to cater to
an individual’s specific identity or needs [17], a fear of
experiencing homophobiaand/or transphobia, and areluctance
to come out to a health professional [18]. Finally, it has been
reported that young CALD people, including young peoplefrom
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migrant and refugee backgrounds, underutilize the public mental
health system in Australia [19,20]. The key barriers to mental
health care access for young CALD people include the stigma
associated with  mental illness, concerns regarding
confidentiality, limited knowledge of available services,
language barriers and communication difficulties, fear of
discrimination, and alack of trust in service providers[19,21].
These barriers to appropriate care for these 3 populations can
be exacerbated in a rural setting because of fewer available
culturally competent services and the increased emphasis on
privacy within close-knit rural communities[4,7].

Technologiesto Empower Mental Health Care Access

Theterm health information technology (HIT) has been defined
as the “application of information processing involving both
computer hardware and software that deals with the storage,
retrieval, sharing, and use of health care information, data, and
knowledge for communication and decision making” [22]. HITs
haveimmense potential to addressintersecting barriersto mental
health help seeking in nonurban areas. They can provide
individuals with access to mental health services regardless of
geographical location, vulnerability, or socioeconomic status
[23]; reduce the wait time to access mental health support; and
remove constraints around service opening hours [24]. HITs
can a so make psychoeducation and hel p-seeking sources easier
to locate and access [23]. Not only can HITs enable access to
care, but they can also enhance the care delivered by mental
health services, for example by wusing synchronous
communication protocol s such as video chat and real-time data
tracking through apps and other software. However, if HITsdo
not achieve a minimum standard of usability (or ease of use) as
well asuser experience, they experience suboptimal uptake and
dropout rates [23,25]. Given the varying levels of satisfaction
(or lack thereof) of young people toward web-based mental
health resources[26], it isimportant to ensure that HI Ts support
the needs of their users appropriately.

To investigate how HITs can improve and transform mental
health care in Australia, the University of Sydney’s Brain and
Mind Centre (BMC) established the Youth Mental Health and
Technology Program (Y MH and Tech Program). Aspart of this
program, an HIT prototype known asthe BMC Youth Platform
was developed to enhance the quality of health care provided
by traditional mental health services. The BMC Youth Platform
consists of aset of web-based personalized clinical assessments
and longitudinal tracking tools for young people to monitor
psychological, neurocognitive, social, and medical
characteristics and plan individualized and more effective
longer-term interventions. It aims to support the delivery of
mental health services and the management of mental health
symptoms and as such is to be used by young people, their
health professionals, and their supportive others. A summary
of the key BMC Youth Platform components is presented in
Table 1.
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Table 1. Key components of the Brain and Mind Youth Platform.
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Purpose Component

Start page Start page

Record of basic demographic information About me page
Record of medical history Health history page

Clinical assessment
Holistic multidimensional tracking of mental health

Recommended interventions

Questionnaires

Care options

Dashboard of multiple health cards (each representing a different health domain)

The BMC Youth Platform was implemented into 5 headspace
centers (aprimary mental health service for young people aged
between 12 and 25 years) in urban locations within Sydney,
New South Wales, and learnings from these implementations
included the importance of ongoing co-design with end users
to ensure iterative improvements to the HIT [24]. Our past
research has also confirmed the suitability of, and the potential
to further explore, the use of co-design methodologies when
implementing HITs in nonurban areas of Australia. Crucially,
co-design methodologies have been found to facilitate the
implementation of more acceptable digital solutionsfor mental
health in nonurban areas that take local circumstances (such as
natural disaster rates) into account [27].

Iteratively Co-designing and Testing HITs

The BMC Youth Platform is the product of multiple years of
co-design and user testing conducted, as part of the YMH and
Tech Program, with various representative end user groups,
including young people aged between 16 and 25 yearsand health
professionals[28,29]. Co-design (also referred to as participatory
design) is a key research methodology that enables the
perspectives and preferences of the target end user population
to influence subsequent development of the HIT [30]. When
conducted appropriately, participatory design is effective in
obtaining insights from population groupsthat are marginalized
or otherwise affected by structural inequalities [31,32] and
results in higher levels of end user acceptability of the final
intervention [33].

One product of the YMH and Tech Program is the Project
Synergy Research and Development Cycle, which applies
co-design methodologies to the design, development,
implementation, and feasibility testing of apps and technologies
[28]. In total, 3 key principles underpin this cycle: involving
target end user populations (including, but not limited to, young
people, supportive others, health professionals, and other service
staff) as active participants throughout the entire design process,
treating young people as design partners, and continually and
iteratively evaluating the acceptability of the technology from
the perspective of itstarget audience.

Although previous co-design and user testing work done as part
of the YMH and Tech Program focused on the needs of young
Australians in urban areas [28] and expanded them to young
Australians in nonurban areas [27], these methodol ogies have
not yet been applied to culturally diverse young Australiansin
nonurban areas.

https://www.jmir.org/2021/2/€23502

Objectives

This study aims to identify how best to improve an HIT (such
as the BMC Youth Platform) for culturally diverse young
Australians in nonurban areas and to synthesize findings into
recommendations for designing HITs for mental health.

Methods

Ethical Approval

The University of Sydney’s Human Research Ethics Committee
(protocol number 2018/130) approved thisresearch study before
the start of data collection.

Inclusion Criteria

To satisfy the inclusion criteria for participation in the study,
participants were required to:

« beaged 12 years or above

- beeither ayoung person attending a participating headspace
center; a supportive other of a young person attending a
participating headspace center (eg, family member,
caregiver, friend); or ahealth professional, service manager,
or administrator working at a participating headspace center

« beproficient in reading and speaking English

- complete the participant consent process.

Participants

headspace staff advertised this study using posters and postcards
distributed throughout the participating centers. Recruitment
was passive to avoid any perceived coercion, whereby a
potential participant would contact the research officer listed
on the advertisements to express their interest in the study and
request further information. Upon the potential participant’s
request, the research officer would then forward (viaemail) on
the participant information statement, participant consent form,
and screening survey to determine eligibility.

For participants under the age of 15 years, both the young person
and their guardian were given detailed and age-appropriate
information about the research study before the workshop via
aparental information statement and achild assent form. At the
beginning of the workshop, research officers reminded all
participants about what the workshop would involve, provided
an opportunity to ask any questions, and reminded them that
the participation was voluntary. The research officers spoke
separately to participants under the age of 15 years and their
guardians to ensure that they understood what the workshops
would involve and what the study was about. They also
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answered any questions and reminded the young person that
they could withdraw from the study at any time without
consequence. If a young person agreed to participate in the
workshop, their guardian provided a signed parental consent
form and the young person provided asigned child assent form.

The young people and their supportive others were reimbursed
with a gift card valued at Aus $30 (US $23) for study
participation.

Co-design Workshops

Workshop Location and Demographics

A total of 10 co-design workshops were held from July to
September 2018 in headspace centers across the Australian
states of New South Wales, South Australia, and Queensland.

We initially invited headspace centers to participate in this
study, trying to ensure a representation of centers located in
nonurban areas. Participating headspace centers were aware of

Figure 1. Project synergy research and development cycle.
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the possibility of implementing this technology in their centers
in the future. Although researchers did not specifically recruit
Aboriginal and Torres Strait Islander people, LGBTQIA+
people, and CALD people, because of local population
demographics, these groups were naturalistically represented
in the participant sample.

Workshop Protocol

These workshops represent phase 1 of the Project Synergy
Research and Development Cycle (Figure 1 [28]), where
co-design workshops are rapidly conducted across different
sitesuntil theme saturation [ 28]. I n these workshops, technol ogy
designs, ideas, and principles are evaluated by participants,
sometimes iteratively (if enough time has passed for insights
from a previous workshop to be trandated into a testable
wireframe or prototype). Previous work describing the process
and outcomes of this methodology [28,29,34,35] as well as
work on a separate mental health and well-being app [36] have
been published.

R&D (Research and development)

Implementation and

feasibility testing Participatory design
R&D
R&D End users
Knowledge translation to
Rapid prototyping and user (eg, young F;ec‘p'e* 4 wireframes
. . supportive others an
acceptance testing (B builc) health professionals)
R&D
R&D
Rapid prototyping and user

testing (o build)

Although general workshop agendas were adhered to as
appropriate, facilitators (the second, third, and fourth authors)
also conducted workshops flexibly and followed up on topics
in response to individual workshop dynamics. Certain topics
were also given more priority to explore in different locations
and contexts (eg, technology use and connectivity in nonurban
areas). Therefore, the workshop content and outcomes varied
slightly among workshops.

https://www.jmir.org/2021/2/€23502

RenderX

After each workshop, facilitators reviewed the workshop
findings, adapting the general workshop agenda to remove
data-saturated topics and add new and further topics of interest.
An example of aworkshop agendais provided in Multimedia
Appendix 1.

Owing to the number of participants and other contextual
factors, workshops ranged from 2.5 to 4 hoursin duration and
consisted of the following stages: discovery, evaluation, and
prototype. In the discovery stage, facilitators led discussion
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around thefollowing topics: general technology use, technology
use for the purposes of supporting health and mental health,
and internet use and connectivity. In the evaluation stage,
participants were presented with paper printouts of various
components of the BMC Youth Platform and asked to annotate
them with their thoughts and comments. Finally, in the prototype
stage, participants were asked to brainstorm new ideas,
functionalities, and wireframes (with marker pens and
sketchbooks) for the BMC Youth Platform. Owing to the
sensitivity of the subject matter, workshops were not
audiorecorded or videorecorded to decrease the risk of
identification and facilitate participant disclosure. Instead,
scribes took notes at each workshop. All workshops included
at least onefacilitator who was appropriately qualified in mental
health to provide counseling support to the participants if
needed.

Knowledge Trandation

All workshop data, including notes and artifacts from the
evaluation and prototype stages, were collated and reviewed by
an independent knowledge trandation team consisting of 2
young people (listed in the Acknowledgments) who had never
previously been exposed to the BMC Youth Platform or its
concepts. The knowledge trandlation team summarized the
outcomes of the discovery and prototype stages and conducted
a procedure similar to descriptive content analysis [37] on the
outcomes of the evaluation stage. Specificaly, all annotations
were reviewed by each team member, who noted their general
observations. They then coded the annotations together,
organizing codes according to semantic themes representing
different components of the BMC Youth Platform (Table 1).

Template Analysis

To supplement knowledge trandlation insights and identify
general recommendations on designing HITsfor mental health,
we conducted atype of codebook thematic analysis[38] known
astemplate analysis[39,40] on the workshop data. Specificaly,
the data set consisted of the knowledge-translated, summarized
outcomes of the evaluation stage (in tally form) and scribe notes
from each workshop. In recognition of the fact that generic
thematic analysis (including template analysis) isamethod with
many different approaches that reflect a wide variety of
epistemological (theory of knowledge) and ontological (theory
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of being) assumptions [38], we located our approach within a
philosophical position of qualitative neopositivism. Thisposition
assumes arealist ontology and epistemol ogy.

The data set was coded with NVivo 12 (QSR International).
The first author initially coded all the data using a bottom-up,
descriptive approach at a level close to the data (eg, avoid
clinical jargon and worry that information is confronting). At
the conclusion of this first round, the first author determined
that certain groups of codes fit well with self-determination
theory [41,42]. Although self-determination theory isoriginally
a theory of intrinsic motivation, human-computer interaction
research has found it to be applicable to user engagement with
digital technologies[43,44]. Self-determination theory hasalso
been successfully applied to user needs, facilitators, and barriers
for mental health technologies [45,46].

Using self-determination theory asapartial referencefor apriori
themes, the first author grouped these descriptive codes into a
preliminary coding template. A second coder (the second author)
then independently coded 10% of the data according to this
preliminary coding template to check its quality. In this case,
quality was defined asthe clarity of definitions and whether the
template comprehensively covered the data set [40]. Both coders
then discussed all discrepancies in coding until they were
resolved, and insights from this process were used to refine the
coding template. This iterative process of independent coding,
comparison, and refinement of the coding template was repeated
until a satisfactory level of interrater reliability was reached
(Cohen kappa for al codes >0.65), which took 3 rounds of
coding. Following this, the final interpretation of the template
in relation to addressing our study aim was conducted.

Results

Participants

Table 2 reports workshop details, including dates, location, and
participant characteristics. All workshops except workshop 5
(Ashfield, New South Wal es) were conducted in nonurban aress.
All headspace clients are young people aged between 16 and
25 years unless specified otherwise. Staff included mental health
clinicians (psychologists, mental health nurses, and socid
workers), youth workers, administrative staff, and center
managers from headspace.
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Table 2. Workshop and participant details (N=105).
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Workshop  Workshop date  Location Facilitators, Participants, Participant demographic information
number n n
Gender Participant role Cultural or personal
identification®
1 June 18,2018  Edinburgh North, 3 10 8 femaleand 2 6 clients, 1 support  None disclosed
South Australia male person, and 1 staff
member
2 June 20,2018  Edinburgh North, 3 11 7femadeand4  Sclients, 3support 1 caLpP
South Australia male people, and 3 staff
members
3 July 20,2018  Broken Hill, New 3 9 4female, 4male, 6clients, 1younger 2CALD and2Aborig-
South Wales and 1transgender client aged between ina or Torres Strait
12and 15years, and Islander people
2 staff members
4 July 25,2018  Townsville, Queens- 2 11 6 femaleand 5 8clientsand 3staff 2 Aborigina or Torres
land male members Strait Islander people
and 5 LGBTQIA+®
people
5 August 9, 2018 Asnfiedd, New South 3 5 4femadeand 1 3clients, 1younger 5CALD
Wales male client aged between
12 and 15 years, and
1 support person
6 August 14, WaggaWagga, New 2 9 7femaeand2  2clients, 2 younger None disclosed
2018 South Wales male clientsaged between
12 and 15 years, 3
staff members, and
2 support people
7 August 22, Bathurst, New South 2 11 5femaleand 6 6 clients, 4 younger None disclosed
2018 Wales male clientsaged between
12 and 15 years, and
1 staff member
8 August 28, Orange, New South 2 22 6femaleand 16  7clients, 11younger 5Aborigina or Torres
2018 Wales male clientsaged between  Strait Islander people
12 and 15 years, and
4 staff members
9 August 30, Wollongong, New 2 7 4female, 2male, 6clientsand 1 staff 1 person with disabili-
2018 South Wales and 1gender neu- member ty
tral
10 September 4, Dubbo, New South 2 10 7female 2male, 7clientsand 3staff 4LGBTQIA+
2018 Wales and 1gender neu- members
tral

participant demographic information, particularly gender and cultural or personal identification, was provided by participants on avoluntary basis and

was therefore unabl e to be captured consistently across workshops.
bCALD: culturally and linguistically diverse people.

“People of diverse genders and sexualities, inclusive of and not limited to lesbian, gay, bisexual, transgender, queer, intersex, asexual, questioning, and

pansexual people.

Template Analysis

Figure 2 shows the coding template following analysis and the
refinement of the codes. During theanalytical process, numerous
codes were generated from the data set. These codes were
organized into 11 low-level themes, which were then organized
into the following high-level themes (design principles): control,
usability, affirmation, and health service delivery factors. The
full coding template (including a codebook of definitions) is
presented in Multimedia Appendix 2.

https://www.jmir.org/2021/2/€23502

Although many participants belonged to culturally diverse
groups, they made many design recommendations applicable
to universal human experience. These recommendations
overlapped closely with the 3 basic psychologica needs
postulated by self-determination theory, namely, autonomy
(corresponding to our theme of control), competence
(corresponding to our theme of usability), and relatedness
(corresponding to our theme of affirmation) [41,42].
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Figure 2. Fina coding template.
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Give Users Control

First, participants emphasi zed the importance of having control
over their user experience and their data.

Control Over User Experience

Participants made clear their expectations that any technology
they use should give them the ability to control their own user
experience, for example, by active customization of key design
elements such as background color, layout, and the ability to
upload an avatar. Participants from CALD backgrounds and
participants with disabilities also expressed a desire to be able
to change language and font size and to be able to consume
information in different audiovisual formats (eg, text-to-speech
options).

Thisdesirefor control also extended to the care being delivered
to young people, with participants appreciating that they could
make informed choices on which care options to embark on to
progresstheir care. Participants al so wanted to be able to arrange
the health cards on their dashboard in ways that would make
more sense or that they would find less overwhel ming:

How the cards are ordered is important, [it] would
be great to have the cards you want to work on
together or first, group cards by color. [Bathurst,
young person]

Can you collapse aspectsif [you're] feeling “ shitty” ?
[Wagga Wagga, young person]
Finally, participants also suggested providing mechanisms
through which user feedback could be provided and actioned
on, for example, through a dedicated feedback section.
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Control Over Data

Participants al so stressed the importance of having control over
their own data at al times, not only through data security
(authentication and encryption, eg, through password or persona
identification numbers) but aso through data privacy and
sharing. A key feature of the BMC Youth Platform isthat young
persons dashboards of results are visibleto health professionals
at their service. The young persons can aso share their
dashboards with trusted supportive others, such as parents or
friends. Although participantsfound it acceptableto sharetheir
datainthisformwith their health professional s, they were more
hesitant to share their data with their supportive others (eg,
parents or friends). Participants wanted fine-grained control and
the ability to grant or revoke their supportive others' access to
certain health cards, particularly those deemed by young people
to be more sensitive, such as substance and tobacco use:

| don’'t want mum to see smoking, but they can see
anxiety. [Edinburgh North, young person]

The consent and data sharing status of each of their health cards
aswell asother parts of their data (such as health history) would
also need to be presented to the user clearly and transparently:

How long do they have access to the information?
[1] needs expiry, for example when [you] repeat the
questions, or between 1-30 days, can check in to add
or remove people. [Wollongong, young person]

Privacy setting on cards can be set with clinician at
first appointment, then the parent or carer receives
the email invitation. They might have their own
dashboard to look at. [Dubbo, headspace staff]
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Make the Technology Usable

Second, participants expressed that the technology should not
be difficult to use, that is, it should (1) be easy to use and
understand, (2) provide meaningful guidance, and (3) be
interoperable.

Ease of Use and Understanding

Participants specified that the technology should be easy to use
and understand at first glance and that it should not be
overwhelming or frustrating to use. The technology should be
clear, unambiguous, and consistent in language and user
interface (including layout, icons, and imagery), and clinical
jargon should be avoided. The latter point was especially
relevant for younger audiences aged between 12 and 15 years
because of lower reading levels. However, although participants
found clinical terms such as “socia and occupationa
functioning” and “psychosis-like experiences’ confusing and
intimidating, it was difficult to come up with alternative, more
acceptable terms. After considering theissue, many participants
suggested using direct language and providing definitions.

Provide Meaningful Guidance

Participants further specified that the technol ogy should present
information in meaningful chunks or sequences (eg, displaying
participants’ data on the most important health domains first)
to promote a gradua understanding of psychoeducational
concepts. This was particularly the case for the onboarding
stage, which was where many participants would encounter
clinical terminology and their own data for the first time. In
addition to presenting information in a staggered, chunked
manner, the technology should also provide meaningful
guidance on how to use and interpret the technology.
Participants overwhelmingly endorsed a model of delivering
information whereby a page was kept simple and clutter-free
at first presentation (relating to the previous tenet of ease of use
and understanding), with usersbeing given thefreedomto learn
more via a more information button or by hovering over
complex terms (eg, mania, psychosis, or clinician).

Similarly, participants expressed that the technology should
provide prompts or mechanismsthrough which users could gain
an understanding of how to use the technology and how the
technology could help them, for example, via a help button or
Frequently Asked Questions (FAQ) page or through prompts
reminding them to check their dashboard and complete new
psychometric questionnaires at appropriatetimeintervals. These
prompts could be tailored based on their questionnaire
responses.

If a health card is red, the health professional (or
system) should keep close eye on this—and prompt
you to repeat the questionnaire. [Dubbo, headspace
staff]

I nteroperability

Participants also emphasized that any HIT should be easy to
integrate into daily life. This technology should be able to
compiledatafrom other apps (eg, step tracking apps) and enable
all information of a user to be accessed from one location.
Similarly, some participants endorsed the idea of quick,
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convenient authentication via social media, although others
were concerned about data security issues. Young people
overwhelmingly expressed a preference for mobile usability
(responsive web design) and mobile integration (eg, via SMS
text messaging instead of email), as many of them had neither
easy access to computers nor an email address.

Affirm Users' Identity and Preferences

Finally, participants emphasized the importance of an HIT
making its users feel represented and valued.

Make Users Feel Represented

Degspite one of the purposes of HITs being the facilitation of
users mental health care via routine outcome monitoring,
participants (both health professionals and young people) felt
that it should provide functionality to represent the user beyond
traditional clinical information such asdemographicsand mental
health status. Participants wanted to be able to define themselves
in more nuanced ways and felt that the screenshots they were
presented with reflected a technology that could not yet allow
them to do so. Their suggestions for ways to define themselves
comprehensively and accurately ranged from simple actions
such as being able to specify their preferred pronoun and being
offered a more diverse range of response options when
specifying their demographics (eg, sexuality, gender, and
ethnicity) to more comprehensive methods such as adding new
health cardsto provide moreinformation on additional domains
such as family violence and homelessness or elaborating on
responses via free text. This was judged to be particularly
relevant given that headspace also offers support for domains
outside mental health (such as with work and study):

Dashboard needs to reflect what is important to me,
[for example] culture, sexual health and
homel essness. [Dubbo, young person]

These questions are very mental health—focused but
headspace doesa lot more. [Bathurst, headspace staff]

SomeLGBTQIA+ participants also felt that their sexual identity
and preferred pronouns should not “be hidden away” in a
separate About me tab, as this made it harder for them to come
out to their health professional, and that instead it should be
reflected in the dashboard.

Participants also felt that HITs should cater to them. Not only
should they be usable regardless of physical or mental ability
(mental health status, disability, or other accessibility
considerations) but they should also offer a personalized user
experience and present their various components (questionnaires,
care options, psychoeducation, language, etc) in ways that are
tailored to their users persona circumstances (eg, gender,
culture, location, and questionnaire responses):

[1t] should be designed like Spotify, when you select
your music it also suggests other artist in the same
sort of music. [ On the BMC Youth Platform)] if [ you]
choose tobacco it would also give you the other drug
[questions] like alcohol and cannabis. [Bathurst,
young person]

Tabs at top [could link to psychoeducation
resources|—possibly an option of “ how to talk to my
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parents;” “ how to talk to my partner,” [that is] some
ideas about what you can do with thisinformation in
the meantime. It should be tailored to who the login
“user” is, [that ig] at a certain ageit may be directed
to something different than to a 13-year-old, or a
parent. [Edinburgh North]

Finally, the CALD participants emphasi zed that the technology
should cater to their needs, namely, that their languages should
be supported and that the technology should acknowledge that
different cultures could approach mental health differently, for
example, by viewing them as “life circumstances’ instead of
“mental illness”

Make Users Fedl Valued

Both health professionals and young people were adamant that
an HIT user should not feel reduced to a diagnosis or an
assortment of diagnostic labels. Instead, the HIT should be
designed to celebrate nonclinical aspects of personhood aswell,
such as a user’s likes and aspirations (eg, via a My Goals
section). Although these aspirations could relate to a user’'s
mental health (eg, improving their mood or sleep), they could
also reflect a user’'s other goals. Participants also suggested
having adedicated spacefor usersto store personally meaningful
resources, such asajournal, pictures of inspirational people, or
self-care resources useful to them:

If clinicians can see this page [they] will havea more
positive approach to the relationship [and] will be
able to connect with the young person. [Bathurst,
young person]

Participants also raised concerns that the screenshots of the
technology they were presented with could potentially frame
users too negatively. Instead, they preferred a strengths-based,
positive framing approach that provided positive affirmations,
kept “users on track,” and celebrated achievements and
strengths. Participants also recommended adding gamification
to thetechnology to increase motivation to engage and promote
a sense of progress, for example, via markers of achievements
(eg, ribbons or “becoming aBMC Youth Platform warrior”) or
a leveling and reward system. They further specified that any
gamification should “reward effort more than outcome,” that
is, rewards should be assigned based on the level of long-term
engagement and the extent to which the user has explored (or
completed) the technol ogy.

An HIT should aso not aienate the user and make them feel
alone in their struggles with mental health. Instead, the
technology should promote a sense of social connection (even
parasocia connection), for example, by providing testimonials
and links to other people’'s mental health stories (eg, an “ others
that struggle with this issue” section) and by normalizing
suboptimal mental health status (eg, “It's OK to feel bad”).

Health Service Delivery Factors

In addition to the more universal design principles described
above, participants also contributed insights into what could
broadly be categorized as health service delivery factors. This
included perceived barriersto the widespread adoption of HITs
for mental health care and how HITs could be used to support
mental health care coordination and delivery.
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Barriersto Adopting HI Tsfor Mental Health Care

Although this was not the key topic of investigation, during
workshops, participants discussed barriers to adopting digital
technologies for mental health care that were relevant to their
regions and communities.

The limitations of internet connectivity in nonurban areas, raised
in 7 of the 8 nonurban areas investigated, was the most
commonly cited barrier, with slow internet speeds and a lack
of accessto home internet in certain geographic areas being the
main issues. Participantswerefamiliar with free Wi-Fi locations,
such as libraries, local schools or universities, and fast-food
restaurants. Using internet in nonurban areas was al so associated
with severa costs that were unsustainable for young people,
including the cost of purchasing smartphone apps aswell asthe
cost of mobile dataitself:

| use public W-Fi ([McDonald's] or university VM-Fi)

to get internet since my home connection is bad.

[Wagga Wagga, young person]
Health professionals who participated in the workshops also
raised the issue of software fatigue. Currently, headspace
protocols mandate multiple other pieces of software to be used
to manage minimum data entry for its clients. Health
professional s were hence cautious of new technologies, stating
that “[it's @ real turn off to do the same questions more than
once” Instead, they would prefer that client responses could be
“shared between systems” in the case of overlap:

With 96 clients on my list [I] do not want 96
notifications via email as there is enough to review
with the current system. [Dubbo, headspace staff]

Technology Supporting Care Coordination and Delivery

Collectively, workshop participants outlined concrete
suggestions through which HITs could support health
professionals and clients during mental health care.

First, HITs could help hedth professionals and clients
understand the progress of the client’s care at all stages of the
care. Before the first appointment, they could provide
icebreakers to help potential clients become comfortable with
their health professional s and provide health professionalswith
their client’s dashboard of results to alow them to prepare for
the first appointment more effectively. This was viewed as
critically important given that at the time of the workshops, the
Australian public mental health system only funded 6 1-hour
sessions with a psychologist (extendible to 10 sessions given
further referral) per year:

It would take the whole session to go over history
alone, with only 10 sessions[we] can't afford to have
a session devoted to not achieving anything.
[Wollongong, young person #1]

We need something [that isn't] telling your story
againto a new psychologist each time. It’s not schema
therapy with 20 sessions, 6 sessions are precious.
[Wollongong, young person #2]

During the course of care, HITs could maintain arecord of the
client's hedlth over time and over a variety of domains
(multidimensional routine outcome monitoring) as well as a
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record of care options attempted over time. This record could
then be used as a reference to prompt topics of discussion
between the health professional and client:

| want to see my apps linked into the system to share
with headspace, so they can see my progressin real
time. [Dubbo, young person]

[On the system] buttons could say “ what can | do
now?;" “ what to chat to my clinician about?” [Wagga

Waggal

This record could be exported and transferred over to a new
mental health service or a new health professional, should the
client require it, to minimize administrative and psychological
burden on the young person interacting with their new health
professional :

Retelling your story is one of the hardest [things].
[Wollongong, young person]

By enabling tracking of a client’s progress during care, HITs
could also support the health professional and client in gaining
amore unified understanding of how to direct the client’s care.
The health professional could tailor their support according to
their clients needs in mental heath and other domains.
Similarly, by seeing how their self-reported health changed over
time and following different care options, the client could make
more informed choices on which health domains and care
options to focus on.

Such technologies could also improve the efficiency and saf ety
of clinical care. For example, video calling functionalities could
overcome long distances in large rura health catchments and
allow for more flexible appointment scheduling. Young people
also expressed that they would find it easier to complete
guestionnaires on adevice rather than answer them face-to-face
with ahealth professional. Finaly, such technologies could alert
mental health services when their clients are experiencing
emergency scenarios in real time, assisting them in risk
management.

Discussion

Using Self-Determination Theory to Design HI Tsfor
Mental Health

The findings of this study can be broadly categorized into (1)
design recommendations for HITs for mental health and
well-being and (2) health service delivery factors to consider
when designing such technologies. In other words, the former
category reflects how such technol ogies should be designed and
the latter category reflects how such technologies should be
used.

The design recommendations approximately map to the 3 basic
psychological needs proposed by self-determination theory:
autonomy, competence, and relatedness [41]. As mentioned
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before, self-determination theory is a theory of motivation
(including both intrinsic and extrinsic motivation) that has been
applied to the design of health technologies [44,47] as well as
web-based help seeking for mental health problems [45,46].
The fact that we found our workshop findings to align with
self-determination theory constructsis a further support for its
application to the design and delivery of HITs. Currently, many
HITs do not explicitly apply theories of engagement or health
behavior change to their design and delivery [48]. However,
our results suggest that the contribution of these theories to
HITs is equally important as that of evidence-based clinical
content.

Importantly, although our core design recommendations map
neatly onto the 3 basic psychological needs, how they are
executed in practice can simultaneoudly support multiple needs
[46]. For example, from our data, we found technological
accessibility to beablend of usability (ease of use), control (eg,
customizing visual elements such asfont size), and affirmation
(inclusiveness) and avoiding clinical jargon to be a blend of
usability (not using difficult terminology) and affirmation
(avoiding making users feel reduced to a diagnosis). A
comprehensive list of recommended design features identified
from our workshops is shown in Table 3.

Our results are broadly consistent with previous research,
reflecting the importance of promoting social connection
[32,46], personalization and customization [36,46], clear and
casual language [36], and addressing data security and privacy
concerns[7,49].

Our results also suggest that any recommendations from
participants should be evaluated through the lens of
self-determination theory, with explicit consideration given to
how each suggested change could promote each of the basic
psychological needs. Thisisin line with previous research on
applying self-determination theory to help seeking for mental
health problems[45,46]. Thismeasured eval uation isimportant
given that many participant suggestionsinvolved broad concepts
or specifications and may reveal that further expertise needsto
be consulted. For example, participants recommended
implementing gamification to “reward effort more than
outcome” and suggested several mechanicsthroughwhich HITs
could be gamified, including level-based reward systems and
achievements. However, gamification isnot merely acollection
of gamification elements but instead the deliberate integration
of gameful mechanics into a technology to support its core
functionalities [50]. Implementing this suggestion, therefore,
would involve not only theiterative user testing of the gamified
HIT with thetarget end user population but also the consultation
of gamification designers to integrate gamification at a deeper,
systemic level that promotes both the HIT's aims and user
motivation to engagewiththe HIT (viathe 3 basic psychol ogical
needs).
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Table 3. Participants' recommended design features and corresponding basic psychological needs.
Broad design category Recommended design feature Supported basic psychological needs

User interface and experience

User interface and experience

User interface and experience

User interface and experience

User interface and experience

Content and functionality

Content and functionality

Content and functionality

Content and functionality

Customizable user interface (language, colors, layout, font size, etc) to accom-
modate user preferences and needs

Tailored user experience

Meets international accessibility standards (eg, web content accessibility
guidelines)

Customizableinformation input and output (eg, being ableto submit free text
that more accurately describes you and being able to organize how your data
are displayed) for ease of tracking and understanding

Clear layout, icons, and imagery

Ability to provide user feedback that will be actioned on (eg, feedback or
evaluation section)

Instructional prompts giving guidance on what to expect and how the tech-
nology will help the user and reminder prompts to promote reengagement

Provision of optional additional information not core to the experience;
however, the user can consult to learn more (eg, psychoeducation or afre-
quently asked questions section)

Gradual onboarding and the provision of information in meaningful chunks
to support learning and understanding (eg, showing the most important health

Autonomy and competence

Relatedness

Competence and relatedness

Autonomy, competence, and related-
ness

Competence

Autonomy and relatedness

Competence

Autonomy and competence

Competence

domainsfirst on a health dashboard)
Content and functionality
Content and functionality

Consider element of fun (eg, gamification)

Promote social connection with peers and communicate to usersthat they are

Relatedness
Relatedness

not aone (eg, through peer support groups and testimonials)

Language and tone

Adopt astrengths-based approach and celebrate nonclinical aspects of person-

Relatedness

hood such as likes, aspirations, strengths, and achievements

Language and tone Cultural competence

Relatedness

Language and tone Clear, casual, unambiguous, and consistent language that avoidsclinical jargon  Competence and relatedness
and loaded terms
Interoperability Ease of integration with other apps and technologies (eg, health apps or Competence
convenient authentication methods)
Interoperability Mobileintegration asyoung people do not use email or computersfrequently  Autonomy and competence
Security and privacy Industrial-grade data security Autonomy
Security and privacy Fine-grained (individual level) data sharing functionality Autonomy

Often, participant recommendati ons seemed to contradict each
other at the surface level. For example, we observed tensions
within participant recommendations on language, with an
emphasis on increasing understanding (eg, by using clinically
accepted terms and providing definitions when needed)
conflicting with an emphasis on using casual, smple, and
nonloaded language. Similarly, the focus on ease of use (by
presenting information clearly and in a manner that is not
overwhelming) superficially conflicted with the desire to have
access to contextualizing information as well as the desire to
improve representation by increasing the number of psychosocia
domains represented on the dashboard of results. When this
contradiction was raised, participants proposed the solution of
giving users the ability to customize their own user experience
and make it as simple, or as complex, as they liked. Under
self-determination theory, this solution would allow each user
to satisfy their needsfor autonomy, competence, and relatedness
at an individual level.
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However, although many contradictions were solved in a way
that was acceptable to our participants on an individual level,
some solutions raise implications on the service level. For
example, an overarching recommendation from the workshops
that participants overwhelmingly agreed on was the desired
ability to provide more nuanced information about oneself via
free text. On the service level, however, this solution would
raise implications for, and potentially conflict against, clinical
safety protocols unless the free-text fields were moderated and
constantly monitored (on a 24-hour basis) for any indication of
suicide risk. Currently, the role of this moderator would most
practically be filled by a health professional employed at the
service, a human resource alocation luxury many publicly
funded mental health services do not have. Although it is
important to adhereto clinical safety protocols, thissituationis
an example of adilemmafaced by decision makerswheredesign
practices that can best serve the intended user base are
disincentivized by the wider public health and medical research
systems, resulting, in some respects, in a lower-quality HIT.
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The complexities and often contradicting incentivesin the public
health and medical research spheres can have the effect of
frustrating progress in what should be the shared am of
improving public health outcomes. In such cases, marginalized
populations that face multiple compounding barriers to access
to quality care arethe onesthat are the most adversely affected,
particularly in acute, abnormal situations such as natural
disastersor agloba pandemic[51]. To achieve the most impact,
HIT solutions and software development resources should
directly solve problems such as this that disproportionately
impact marginalized populations. For example, one method of
overcoming this problem could be to automate content
moderation via natural language processing [52].

Designing for Culturally Diverse Groups

The findings of this study suggest that although culturally
diverse groups have specific concerns about design (eg,
affirmation of diversity in sexual preference and gender identity
and the provision of multiplelanguage options), their needsfall
broadly within universal design principles. For example, our
LGBTQIA+ participantswanted away to display their sexuality
and pronouns alongside their dashboard of results. In addition
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to being able to represent themselves more fully, this would
also increase their comfort levelswith their health professional
as they would not have to directly disclose this information
face-to-face. The psychosocia context behind our participants
recommendations is crucial and cannot be divorced from the
recommendations themselves without running the risk of
developing solutions that could alienate the culturally diverse
groups from which they hail. For this reason, we have
synthesized our findings into general rather than specific
recommendations.

Textbox 1 provides general recommendations on designing
HITs for mental health that were drawn from co-design with
culturally diverse populations and based on self-determination
theory. Specifically, designers should consider the intended
functionality of the HIT and how the HIT can fulfill its users
basic needs of autonomy, competence, and relatedness (by
providing perceptions of control, usability, and affirmation).
This would require identifying barriers to their access to, and
adoption of, the technol ogy (ideally through a co-design process
similar to what was adopted in this study) and designing the
technology to mitigate these barriers.

Textbox 1. General recommendations on designing health information technologies for mental health based on self-determination theory.

and affirmation:

interoperability)

and affirmation

1. Identify the purpose of the health information technology (HIT) and the mechanisms through which it achievesit aims

2. Consider how the HIT can fulfill users' basic needs of autonomy, competence, and rel atedness through providing perceptions of control, usability,

«  Control includes the ability to control user experience as well as the ability to control user data

«  Usability includes ease of use and understanding, the provision of meaningful guidance, and ease of integration into daily life (eg,

« Affirmation includes users feeling both valued and included within the target user base

3. Consider the possible barriers to adopting the HIT, including access and use, from all potential user groups

4. Consider how to design the HIT to directly address as many adoption barriers as possible while still preserving perceptions of control, usability,

Adoption barriers that this study and previous research have
identified include young peopl€'slack of easy accessto personal
computers [53] as well as poor internet connectivity in many
nonurban partsof Australia[54]. HIT designers should be awvare
of inequalitiesand how they compound and not perpetuate them.
For example, they should neither enable discrimination nor
systematically exclude groups of users who may not have
adequate internet connectivity or reading level. Compassionate
design that puts these barriers at the forefront of consideration
is required to ensure that technologies can be accessed by all.
Our study results underscore the importance of user testing with
the target population to confirm that the technology satisfies
their needs and to identify potential barriers that may prevent
them from accessing these technol ogies.

Limitations

A limitation of this study was that the researchers did not
exclusively advertise to and recruit participants from the
populations of interest within this study (Aboriginal and Torres
Strait Islander people, LGBTQIA+ people, and CALD people
in nonurban areas). Instead, al young people attending
headspace (aged between 12 and 25 years), headspace staff,

https://www.jmir.org/2021/2/€23502

and supportive others were invited to participate in the
workshops. Therefore, although participants who identified as
being of these popul ations were present at workshops, the data
collected cannot be exclusively attributed to these populations.
Future research should consider recruiting participants
exclusively from these populations and provide appropriate
support to ensure comfort in communication (eg, an Aboriginal
or Torres Strait Ilander person to facilitate the workshop
tailored to that population). Artifacts from the headspace Dubbo
workshop (annotated screenshots and drawings of technology
prototypes) were not included in the analysisfor this study, but
all researcher-scribed notes were included.

Our inclusion criteria would aso have excluded CALD
participants who were not proficient in English. Hence, our
study results cannot befully generalized to CALD communities.
As mentioned above, future research should recruit exclusively
from CALD populations and provide appropriate support (eg,
by conducting workshops in participants’ native language or
providing atranslator).
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Furthermore, our workshops included a mixed group of
participants (young people, their supportive others, and health
professionals). This gave facilitators the opportunity to address
tensions and potential contradictions in what each of these
groups wanted from an HIT for mental health. However,
although workshop facilitators did their best to encourage open
discussion, the implicit power difference among these groups
could have discouraged this from participants belonging to less
socially powerful groups (eg, young people). Similarly,
workshopswere not audiorecorded or videorecorded to facilitate
discussion. However, this limited the details on which scribe
notes could be taken.

Finally, these insights arise from a relatively narrow (though
important) source, namely, representative end users, including
young people, health professionals, and supportive others (our
participants), further interpreted through the lens of independent
knowledge tranglators (2 young Australian women) and mental
health researchers (the authors). Although these groups have
their own spheres of expertise, they are not the only important
perspectivesin the design of HITsfor mental health. There are
other considerations to account for in the design of such
technologies, particularly in terms of specialist detail in user
experience design, security, governance, and software
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engineering. As a result, the findings of this study should be
taken as informed recommendations for how similar HITs can
be structured as well as avalidation of existing ideas only.

Conclusions

Recent research has underscored the importance of iteratively
testing the acceptability of HITs with the target end user
population [25,33]. Through a series of co-design workshops,
this study sought to extend the scope of our previous research
from urban and nonurban Australian adolescents to include
culturally diverse populations in nonurban areas of Australia.
Although we identified several barriersand preferences specific
to these populations in our co-design workshops, our results
support the application of theory-based design of HITs (eg,
self-determination theory) to develop user experiences that
fulfill the universal basic psychological needs of autonomy,
competence, and relatedness, through providing perceptions of
control, usability, and affirmation. Deeper reflection on our
findings also reveals the inherent tensions and difficulties in
balancing the multiple, sometimes contradicting requirements
of mental health technology stakeholders, including, but not
limited to, health professionals, regulatory bodies, individual
users, service managers, and best practice of the software
development industry.
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Abstract

Background: Despite decreasing prevalence over the last several decades, cigarette smoking remains the leading cause of
preventable death and disease, underscoring the need for innovative, effective solutions. Pivot is a novel, inclusive smoking
cessation program designed for smokers along the entire spectrum of readiness to quit. Pivot leverages proven methods and
technol ogical advancements, including apersonal portable breath carbon monoxide sensor, smartphone app, and in-app text-based
coaching. We previously reported outcomes from the end of active Pivot program participation in 319 adult smokers. Herein, we
report longer-term follow up in this cohort.

Objective: The aim of this study was to assess and report participant outcomes 3 months after completion of Pivot, including
smoking behavior, quit rates, continuous abstinence rates and durability, and predictors of abstinence.

Methods: This prospective remote cohort study included US-based cigarette smokers aged 18 to 65 years who smoked =5
cigarettes per day (CPD). Three months after completion of active participation in Pivot, final follow-up data were collected via
an online questionnaire. Outcomes included smoking behavior (CPD and quit attempts), self-reported quit rates (7- and 30-day
point prevalence abstinence [PPA]), and continuous abstinence rates (proportion who achieved uninterrupted abstinence) and
duration. Exploratory regression analyses were performed to identify baseline characteristics associated with achievement of
7-day PPA, 30-day PPA, and continuous abstinence.

Results: A total of 319 participants completed onboarding (intention-to-treat [ITT]); 288/319 participants (90.3%) completed
follow up (completers) at amean of 7.2 (SD 1.2) months after onboarding. At final follow up, CPD were reduced by 52.6% (SE
2.1; P<.001) among all 319 participants, and most completers (152/288, 52.8%) reduced their CPD by at least 50%. Overall,
most completers (232/288, 80.6%) made at least one quit attempt. Quit ratesincreased after the end of Pivot; using ITT analyses,
35.4% (113/319) achieved 7-day PPA and 31.3% (100/319) achieved 30-day PPA at fina follow up compared with 32.0%
(102/319) and 27.6% (88/319), respectively, at the end of the Pivot program. Continuous abstinence was achieved in about a
quarter of those who onboarded (76/319, 23.8%) and in most who reported 30-day PPA at the end of Pivot (76/88, 86.4%), with
amean abstinence duration of 5.8 (SD 0.6) months. In exploratory regression analyses, lower baseline CPD, more positive baseline
attitudes reflecting higher self-efficacy (higher confidenceto quit and lower perceived difficulty of quitting), and higher education
were associated with achieving abstinence.

Conclusions: This study provides the first longer-term outcomes of the Pivot smoking cessation program. At final follow up,
quit ratesincreased and continuous abstinence was favorabl e; the majority who achieved abstinence at the end of Pivot sustained
abstinence throughout follow up. Decreasesin CPD persisted and most participants made a quit attempt. Overall, final follow-up
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outcomes were stable or improved when compared to previous outcomes from the end of the program. These findings validate
earlier results, and suggest that Pivot is an effective and durable solution for smoking cessation.

Trial Registration:

(J Med Internet Res 2021;23(2):€25578) doi:10.2196/25578

KEYWORDS

Clinical Trials.gov NCT03295643; https://clinicaltrials.gov/ct2/show/NCT03295643

smoking cessation; digital health; smartphone; digital sensor; carbon monoxide; breath sensor; biofeedback; mobile apps; health

promotion; app

Introduction

Background

Tobacco use, primarily through cigarette smoking, istheleading
cause of preventable disease, disability, and mortality in the
United States [1]. Although smoking has declined over the last
several decades, it remains asignificant public health problem;
in 2019, 14.0% of US adults (34.1 million people) were still
current cigarette smokers[2].

Quitting smoking is one of the most important steps one can
take for their health and can add as much as a decade to life
expectancy; accordingly, most smokers (approximately 70%)
want to quit [3,4]. Proven smoking cessation trestmentsinclude
behavioral counseling and pharmacotherapy, which are now
widely available. Use of these evidence-based approaches
increases the rate of quitting by at least 40% [5-8]. However,
use remains low, with less than one-third of smokers using any
proven cessation treatments (eg, behaviora counseling,
medication). As aresult, most quit attempts are unassisted and
more than 90% of these attempts are unsuccessful [4].

With room to expand and improve treatment options, the last
decade has seen novel approaches to smoking cessation,
including mobile and web-based options. A 2019 meta-analysis
by Whittaker et al [9] assessed phone text messaging and
app-based interventionsfor smoking cessation. In an assessment
comprising 13 studies with 14,133 participants, the authors
reported that automated text messaging interventionswere more
effective than minimal smoking cessation support (relative risk

[RR] 1.54, 95% Cl 1.19-2.00; 1°=71%). The authors also
assessed five studies comprising 3079 participants, comparing
a smoking cessation smartphone app with lower-intensity
smoking cessation support (either a lower-intensity app or
nonapp minimal support). Thisassessment provided no evidence
that smartphone apps improved the likelihood of smoking

cessation (RR 1.00, 95% Cl 0.66-1.52; 12 = 59%), but the authors
noted that the eval uated evidence was of very low certainty due
to inconsistency and imprecision, highlighting the need for more
randomized controlled trials (RCTs) inthisarea. More recently,
Bricker et al [10] performed an RCT comparing an acceptance
and commitment therapy—based smoking cessation smartphone
app (iCanQuit, n=1214) with a United States Clinical Practice
Guideline (USCPG)-based app (QuitGuide, n=1201). At 12
months after randomization, iCanQuit participants had 1.49
times higher odds of quitting smoking compared with that of
QuitGuide participants (28.2%, 293/1040 vs 21.1%, 225/1067;
oddsratio [OR] 1.49, 95% CI 1.22-1.83; P<.001).

http://www.jmir.org/2021/2/e25578/

The Pivot program is a novel digital health intervention for
smoking cessation that seeks to expand on these previous
findingswith respect to both intervention design and associated
outcomes. Pivot comprises amultiphase mobile app, aswell as
thefirst Food and Drug Administration (FDA)-cleared personal
carbon monoxide (CO) breath sensor, and dedicated human
coaching delivered through in-app text messaging. Pivot is
designed for individual swith varying level s of readinessto quit,
and is based on the USCPG for treating tobacco use and
dependence.

A prospective cohort study evaluated outcomes in 319 adult
smokers who underwent the Pivot program (intention to treat
[ITT] cohort); 272 (85.3%) participants completed the
end-of-Pivot questionnaire (completer cohort) [11]. The study
included individual s along the spectrum of readinessto quit; at
study entry, the majority of participants (66.5%, 212/319) were
not planning on quitting smoking in the next 30 days. Participant
engagement, changesin attitudes toward quitting smoking, and
changes in smoking behavior during and at the end of the Pivot
program (mean 4.1, SD 1.4 months after enrollment) were
assessed. Participants had a mean of 12.4 (SD 7.1) weeks of
active program engagement, defined as at least one of the
following per week: completing a breath sample; logging a
cigarette; starting or completing a daily activity, challenge, or
check-in; or messaging one's coach. Repeated-measures linear
mixed-model analyses demonstrated positive changes in
attitudes at the end of the prequit portion of the program, with
increased confidence to quit (4.2 to 7.4, P<.001) and decreased
expected difficulty in maintaining quit (3.1t0 6.8, P<.001). The
quit attempt rate (ie, those making =1 quit attempt lasting =1
day) was 79.4% (216/272, completer analysis). At the end of
Pivot, 7-day point prevalence abstinence (PPA) rates were
32.0% (102/319, ITT analysis) and 37.5% (102/272, compl eter
analysis); 30-day PPA rates were 27.6% (88/319, ITT) and
32.4% (88/272, completer). Moreover, 30-day PPA rates were
comparable among those ready and not ready to quit in the next
30 days at baseline. Of those not achieving abstinence, 25.9%
(44/170, completer) achieved =50% reduction in cigarettes per
day (CPD) at the end of the Pivot program.

Although these data are encouraging, there is an ongoing need
to assess the durability of short-term results, and thereby
establish longer-term outcomes in novel smoking cessation
programs such as Pivot.

Objectives

This report focuses on participant outcomes 3 months after the
completion of Pivot, including smoking behavior, quit rates,
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continuous abstinence rates and durability, and predictors of
abstinence.

Methods

Study Design

This was a prospective, open-label single-arm cohort study
performed with ingtitutional review board (IRB) approval. The
study was performed remotely on an ambulatory basis. Study
participants participated in the Pivot program and completed
online study questionnaires. A detailed description of the study
methodology was previously provided, with initial focus on
outcomes at the end of active participation in Pivot [11].

Consent and Ethical Approval

All participants provided electronic informed consent before
participation. The study was reviewed and approved by
Solutions | RB (protocol number 2017/09/22) and wasregistered
with Clinicaltrials.gov (NCT03295643).

Pivot Program

Pivot is a self-paced, comprehensive digital smoking cessation
solution that includes an over-the-counter CO breath sensor,
the multiphase Pivot mobile app, and human coaching delivered
one-on-one through in-app text messaging [11].

Pivot Breath Sensor isapersonal interactive FDA-cleared device
that measures CO in exhaled breath. In line with wearable
devices, the CO breath sensor provides real-time personal
biometric data to users, enabling them to link their smoking
behavior and CO values and track their progressin reducing or
quitting smoking. This leverages the findings of severa
published studies [12-15] as well as expert opinion [16,17],
which suggest that personal CO breath sample data can be
educational and motivational, and may lead to changes in
attitudes toward quitting and smoking behavior. To that end,
the CO breath sensor is incorporated in the Pivot program as
an engagement tool, with the intention that userswill find their
expired CO valuesinformative and motivational.

In the multiphase Pivot app, participants could log cigarettes,
follow trends in their CO values, complete educational and
preparatory activities, set aquit date, makeaquit plan, undertake
short-term practice quits, learn about FDA-approved cessation
medications, complete daily check-ins upon quitting smoking,
and communicate with their coach.

Coaching was undertaken through asynchronous in-app text
messaging, thus allowing participants to respond to
coach-initiated contact or to initiate contact with their coach
whenever it was convenient for them. Pivot coaches are trained
specialistsin tobacco cessation. The coach and Pivot participant
are paired for the duration the participant isin Pivot to foster
rapport and continuity. Coach-initiated contact included outreach
3 times a week from entry through the first 30 days after the
quit date, once per week for the next 30 days, and then every
other week for thelast 30 days. Participants could initiate contact
with their coach as frequently as desired.

The Pivot program’s foundation is evidence-based and applies
the USCPG-recommended “5 As’ (Ask, Advise, Assess, Assist,
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and Arrange); tailors to one's readiness to quit smoking [18];
encouragesthe use of FDA-approved pharmacotherapy [18-21];
uses effective methods and supportive theories for smoking
cessation (eg, motivational interviewing, cognitive behavioral
therapy, and self-determination theory) [18,22-24]; and provides
behavioral counseling through a live, dedicated coach
[6,18,21,25].

Eligibility

To be €eligible for participation, individuals had to meet al of
the following eligibility criteriaz 18-65 years of age,
English-speaking, smoke =5 CPD, own and use a smartphone
that is compatiblewith the Pivot app and breath sensor software
(iPhone 5 and above, operating system iOS 9.0 and above, or
Android operating system 4.4 and above), be employed for 220
hours aweek, and live in the United States. Although we aim
for broad availahility of Pivot through multiple channels such
as private and public insurers, direct-to-consumer, and
not-for-profit foundations, at the time this study was performed,
Pivot was initially only available to individuals through their
employers (sdlf-insured employers or employee wellness
programs). As such, the employment requirement was applied
to assess Pivot inindividuals closely aligned with Pivot’sinitial
user population.

Study Procedure

Study participants completed an online screening form, a
screening phone call, electronic informed consent, web
registration, and the baseline electronic questionnaire. They
were mailed the breath sensor, which they set up independently
using the labeling. Technical support was available as needed.
Participants were assigned a coach with whom they worked for
the duration of their participation in Pivot. Over the entire study,
participants were compensated US $10 to $50 per completed
study questionnaire and US $50 for returning the CO breath
sensor for up to a total of US $315, using Visa gift cards.
Specifically, for thisfollow-up portion of the study, participants
were compensated US $50 for completing the final study
questionnaire and US $50 for returning Pivot Breath Sensor if
they had not yet done so. Compensation was not associated with
use of the various components of Pivot, level of engagement,
or smoking/quitting status.

Data Collection

Data were collected electronically through participant input in
the Pivot online registration form, Pivot app, and online
guestionnaires. Study datawere imported directly into asecure
database (PostgreSQL, PostgreSQL Global Development
Group).

Outcomes

Outcomes from this follow-up phase of the study focus on
smoking behavior, quit rates, continuous abstinence rates and
duration, and predictors of abstinence. For smoking behavior,
outcomes include CPD and quit attempts. A quit attempt was
defined asgoing at |east 1 day without smoking cigarettes, even
a single puff. Quit rates were self-reported and include 7- and
30-day PPA. Participants were considered to have achieved
7-day (30-day) PPA if they answered “no” to the following
question: “In the last 7 (30) days have you smoked any
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cigarettes, even a single puff?’ As the Pivot program has no
face-to-face contact, and data collection is achieved through
remote means using the app and electronic questionnaires,
biochemical verification of smoking status was not pursued in
accordance with previous recommendations [ 26].

Although not listed as a preregistered outcome on
Clinicaltrials.gov, we also evaluated continuous abstinence.
The rationale for including continuous abstinence was to
enhance the ability to compare outcomes in this study to those
in other studies, to include an outcome that was a closer proxy
for lifelong abstinence than PPA, and to include an outcome
that was temporally closer to the Pivot program intervention
than PPA [27]. Continuous abstinence includes the proportion
of participants who achieved uninterrupted abstinence; a
conservative definition was applied in which there was no grace
period after the onset of abstinence, and any smoking (even a
single puff) precluded designation of continuous abstinence.
To be considered continuously abstinent, one had to report
30-day PPA on the end-of-Pivot questionnaire, 30-day PPA on
the final questionnaire, and indicate a duration of abstinence
that was equal to or greater than the number of days between
the two questionnaires plus an additional 30 days. The average
duration of abstinence is reported in those who achieved
continuous abstinence. Finally, exploratory regression analyses
were performed to identify the baseline characteristics associated
with achievement of 7-day PPA, 30-day PPA, and continuous
abstinence on the final questionnaire.

All participants were sent the end-of-Pivot and final follow-up
guestionnaires, regardless of their progress or completion status
in the Pivot program.

Sample Size

Sample size was previously addressed [11]. A previous
evaluation showed that attitudes toward quitting (motivation to
quit, confidence to quit) are meaningful predictors of quit
attempts [28]. On the basis of a previous assessment of 41
individuals using thefirst stage of Pivot (Explore), we estimated
that the mean change in ratings assessing attitudes toward
quitting (confidenceto quit and expected difficulty maintaining
quit) would be =1 (SD 4) just before reaching the Quit stage of
the program [29]. On the basis of these estimates, there was
80% power to detect a significant difference in these ratings
with a sample size of 101. As thiswas an initia study of the
complete Pivot program, and in the context of known high
attrition rates with mobile health apps [30-32], we applied
conservative retention estimates drawn from other similar
studies. Specifically, thetarget enrollment of 310 was estimated
toyield at least 100 participants till engaged at the end of the
Pivot program. The study enrolled 319 participants (ITT cohort)
and 288 participants compl eted the final follow-up questionnaire
(completer cohort).

Analyses

Changes in CPD were assessed from baseline to the final
follow-up questionnaire. Participants served as their own
controls, and comparisonswere madeto no change. To evaluate
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changesin CPD, repeated-measureslinear mixed-model analyses
were performed using acompound symmetric correlation matrix
to model the repeated measures within participants. Because
these measurements were taken at the same point in the study
(not necessarily after the same amount of time, as progression
through Pivot is self-paced), study stage (baselinevsfina follow
up) was used as a surrogate for time. To make specific
comparisons across time, F statistics were computed using the
results from the model.

Analyses were conducted to calculate the mean (SD) for
normally distributed variables for actual data or mean (SE) for
modeled data. Median (IQR) values were used in instances of
non-normally distributed variables. A paired one-samplet test

was used for numeric data. The Fisher exact or x test was used
for comparisons of categorical data. The McNemar test was
used for two-category match-paired data. Cohen k statistic was
used for three-category match-paired data.

In the assessment of quit rates (PPA), two sets of analyses were
performed. Inthe I TT analysis, individua swho did not respond
to PPA questions were assumed to be smoking. A study
completer analysis was aso performed, which only included
individuals who completed the final follow-up questionnaire.
Participants were sent the fina follow-up questionnaire
regardless of whether or not they completed the Pivot program.
For additional assessments performed at the end of the study
(quit attempts, proportion who reduced CPD by at least 50%),
a study completer analysis was performed. This analysis
approach comports with previous reports assessing app-based
digital cessation programs[33,34].

We performed exploratory post-hoc analyses using univariate
logistic regression to explore associations between baseline
characteristics and smoking behavior outcomes. We evaluated
each independent baseline variable as a predictor in a separate
model, with the binary outcomes of 7-day PPA, 30-day PPA,
and continuous abstinence. We then performed multivariate
logistic regression using forward selection of baselinevariables
with the binary outcomes of 7-day PPA, 30-day PPA, and
continuous abstinence. Analyses were conducted using SAS
Version 9.4 (SAS Ingtitute, Cary, NC). Statistical significance
was set at P<.05.

Results

Enrollment and Questionnaire Completion

A total of 319 participants completed onboarding and comprised
the ITT cohort. At the end of active participation in Pivot, at a
mean of 4.1 (SD 1.4) months after enrollment, 85.3% (272/319)
of the participants completed the post-Pivot questionnaire [9].
At the end of the final follow-up period (3 months after
completion of Pivot), at a mean of 7.2 (SD 1.2) months after
enrollment, 90.3% (288/319) of participants completed thefinal
follow-up questionnaire, who comprise the study completers
cohort in thisreport. Study enrollment and attrition are depicted
in the participant flow diagram shown in Figure 1.
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Figure 1. Study participant flow: Consolidated Standards of Reporting Trials (CONSORT) diagram. ITT: intention to treat; CPD: cigarettes per day.
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Baseline Characteristics

The study sample comprised 57.7% (184/319) women, had a
mean age of 42.8 (SD 10.2) years, smoked amean of 17.7 (SD
7.6) CPD at baseline, and had been smoking for amean of 26.4
(SD 10.7) years. Participants represented 47 of the 50 US states;
North Dakota, Nevada, and Arkansas were not represented. At
baseline, 33.5% (107/319) of participants indicated that they
were seriously thinking of quitting smoking inthe next 30 days,

http://www.jmir.org/2021/2/e25578/
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63.0% (201/319) indicated they were seriously thinking of
quitting in the next 6 months, and 3.5% (11/319) indi cated they
were not thinking of quitting smoking. On average, participants
had made 2.1 (SD 3.3) quit attempts over the past 12 months.

Smoking Behavior

Repeated-measures linear mixed-model analysiswas performed
with estimated final follow-up CPD values compared with
baseline. There was an estimated 52.6% (SE 2.1) reduction in

JMed Internet Res 2021 | vol. 23 | iss. 2 [e25578 | p.243
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

CPD at final follow up (P<.001), which persisted from the end
of Pivot. Table 1 details the CPD at baseline, the end of Pivot,
and at final follow up.

Among those who completed the final follow-up assessment,
most (152/288, 52.8%) reduced their CPD by >50%.

Focusing on the study completers who did not achieve at least
7-day PPA at final follow up (n=175), CPD decreased by 22.7%
(SD 37.0), and 22.3% (39/175) reduced their CPD by =50%.

As reported previously, among the 170 participants who
completed the end-of-Pivot questionnaire and did not achieve

Marler et al

abstinence, 25.9% (44/170) achieved =50% reduction in CPD.
Of these participants, 95.5% (42/44) completed final follow up,
at which time 66.7% (28/42) reported 7-day PPA or >50%
reduction in CPD. Specifically, 26.2% (11/42) achieved 7-day
PPA (16.7%, 7/42 also achieved 30-day PPA) and 40.5% (17/42)
did not achieve PPA but reported >50% reduction in CPD.

Overall, most completers (232/288, 80.6%) reported making at
least one quit attempt during the study with an average of 2.9
(SD 3.7) quit attempts made per participant.

Table 1. Changesin cigarettes per day (CPD) based on the linear mixed model (N=319).

Time point CPD Changein CPD vs baseline Percent change in CPD vs baseline
Mean (SE) P vaue? Mean (SE) P value® Mean (SE) P value?

Baseline 17.7 (0.43) N/AP N/A N/A N/A N/A

End of Pivot 8.0 (0.45) <.001 9.7 (0.42) <.001 -54.5(2.2) <.001

Final follow up 8.5 (0.44) <.001 -9.2(0.41) <.001 -52.6 (2.1) <.001

8Compared to baseline.
BN/A: not applicable.

Quit Rates

Quit rates increased from the end of Pivot to final follow up.
Specifically, at final follow up, 35.4% (113/319) achieved 7-day
PPA and 31.3% (100/319) achieved 30-day PPA using ITT
analysis. These rates increased from those obtained at the end
of Pivot, when the 7-day PPA was 32.0% (102/319) and the
30-day PPA was 27.6% (88/319).

Similarly, at final follow up, 39.2% (113/288) achieved 7-day
PPA and 34.7% (100/288) achieved 30-day PPA, using the
study completer analysis. These rates increased from those
obtained at the end of Pivot, when the 7-day PPA was 37.5%
(102/272) and the 30-day PPA was 32.4% (88/272).

Assessing only the 265 participants who completed both the
end-of-Pivot and final follow-up questionnaires, 41.5%
(110/265) achieved 7-day PPA and 37.0% (98/265) achieved
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30-day PPA. Among the 23 participants who did not complete
the end-of -Pivot questionnaire but did compl ete thefinal follow
up, 20 were still smoking, 1 reported 7-day PPA, and 2 reported
30