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Abstract

Background: Adverse events in health care entail substantial burdens to health care systems, ingtitutions, and patients.
Retrospective trigger tools are often manually applied to detect AEs, athough automated approaches using electronic health
records may offer real-time adverse event detection, allowing timely corrective interventions.

Objective: Theaim of thissystematic review wasto describe current study methods and challenges regarding the use of automatic
trigger tool-based adverse event detection methods in electronic health records. In addition, we aimed to appraise the applied
studies’ designs and to synthesize estimates of adverse event prevalence and diagnostic test accuracy of automatic detection
methods using manual trigger tool as areference standard.

Methods: PubMed, EMBASE, CINAHL, and the Cochrane Library were queried. We included observational studies, applying
trigger toolsin acute care settings, and excluded studies using nonhospital and outpatient settings. Eligible articles were divided
into diagnostic test accuracy studies and prevalence studies. We derived the study prevalence and estimates for the positive
predictive value. We assessed bias risks and applicability concerns using Quality Assessment tool for Diagnostic Accuracy
Studies-2 (QUADAS-2) for diagnostic test accuracy studies and an in-house devel oped tool for prevalence studies.

Results: A total of 11 studiesmet all criteria: 2 concerned diagnostic test accuracy and 9 prevalence. We judged several studies
to be at high bias risks for their automated detection method, definition of outcomes, and type of statistical analyses. Across all
the 11 studies, adverse event prevalence ranged from 0% to 17.9%, with a median of 0.8%. The positive predictive value of all
triggers to detect adverse events ranged from 0% to 100% across studies, with amedian of 40%. Some triggers had wide ranging
positive predictive value values: (1) in 6 studies, hypoglycemia had a positive predictive value ranging from 15.8% to 60%; (2)
in 5 studies, naloxone had a positive predictive value ranging from 20% to 91%; (3) in 4 studies, flumazenil had a positive
predictive value ranging from 38.9% to 83.3%; and (4) in 4 studies, protamine had a positive predictive value ranging from 0%
to 60%. We were unable to determine the adverse event prevalence, positive predictive value, preventability, and severity in
40.4%, 10.5%, 71.1%, and 68.4% of the studies, respectively. These studies did not report the overall number of records analyzed,
triggers, or adverse events; or the studies did not conduct the analysis.

Conclusions: We observed broad interstudy variation in reported adverse event prevalence and positive predictive value. The

lack of sufficiently described methods led to difficulties regarding interpretation. To improve quality, we see the need for a set
of recommendations to endorse optimal use of research designs and adequate reporting of future adverse event detection studies.
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Introduction

In recent decades, patient safety and quality of care have become
a top priority in health care [1-3]. This has led to significant
progress, especialy regarding innovative use of electronic health
records (EHRS). Adverse events (AES), injuries attributed to
medical care that are independent of the patient’s underlying
condition, neverthel essremain apersistent problem. Apart from
the impact on patients, they entail large human and financial
burdens at every health care system level [4]. Regarding patient
health, AES negative conseguences include extended hospital
stays, higher readmission rates, and higher mortality [5].
Furthermore, AEs may lead to the patients' and their families
loss of trust in their health care professionals (HCPs), their
health care system, or both [3]. The estimated prevalence of
AEsin hospital inpatients ranges from 3% to 40% in acute care
settings [2,6-10]. The wide range reflects the challenges
involved in detecting and tracking AEs accurately [11].

To improve patient safety, health care organizations need valid
and reliable tools to detect and assess AEs [12]. Severa tools
exist, but their ability to identify AEsis limited, and none of
them are broadly accepted [13-15]. Currently, enumerating
specific events that endanger patients depends mainly on
voluntarily reporting by health care staff [16,17]. Systematic
evaluations of this approach showed endemic underreporting,
with only 2% to 8% of al harmful events being identified
[18-20]. To depict the situation more robustly, the US Agency
for Healthcare Research and Quality (AHRQ) published a set
of Patient Safety Indicators (PSls). Using administrative
datasets, PSIsidentify potential AESs, but are highly susceptible
to variations in coding practice and are limited by many
outcomes being easily conceadled in the medical record [14].
Therefore, they miss a substantial fraction of AEs (low
sensitivity), while producing a substantial fraction of false
positive results (low specificity) [13,21].

One promising method is the Global Trigger Tool (GTT),
developed by the Institute for Healthcare Improvement (IHI)
[22]. Providing a structured method for identifying AES from
patient records[23,24], the GTT isaretrospective record review
instrument that usesalist of triggers (or clues), ie, dataelements
within the health record, to alert reviewers to the potential
presence of AEs[22,25]. By focusing on triggerswithin patient
records, the GTT has demonstrated to identify up to ten times
as many AEs as other detection methods [13]. Various studies
have used the GTT, where some modified the methods, eg, by
modifying the set of triggers, or by modifying the review process
(eg, one reviewer instead of two for trigger identification). We
refer to these modified versions as trigger tool methodology,
reserving the term GTT methodology for the IHI’s original
procedures [24].

The trigger tool was developed as a manual approach, ie, for
application by HCPs reviewing patient records. Recently, an

http://www.jmir.org/2018/5/€198/

increasing interest developed for semi or fully automated AE
detection methods using EHRswherelesser time and personnel
resources are required for the AE identification [25-28].
Prospective AE detection would supply real-time feedback to
HCPs, alowing timely interventions. The development of
automated surveillance systems using EHR data has greatly
facilitated AES' identification [28].

Semi or fully automated AEs detection methods show promise
to efficiently measure AEs. Nevertheless, evidence need to be
summarized based on the current literature to gather information
for future development and implementation in a health care
organization. As avariety of AES detection methods exist, we
decided to focus on trigger tool—based AEs detection methods
only, allowing comparisons between studies as suggested in a
previous systematic review on automated detection of patient
harm [29]. As trigger tool methodology has shown higher
sensitivity compared with other detection methods, we
considered the manual trigger tool as the gold standard. This
systematic review aimed to describe current study methods and
challenges regarding the use of automatic trigger tool—-based
AE detection methods in EHRs in acute care settings. In
addition, we aimed to appraise the applied studies’ designs and
to synthesize estimates of AE prevalence and diagnostic test
accuracy (DTA) of automatic detection methods using manual
trigger tool as areference standard.

Methods

Search Strategy and Study Selection

This systematic review followed the recommendations of the
Cochrane Handbook for Systematic Reviews of Diagnostic Test
Accuracy [30], the Cochrane Handbook for Systematic Reviews
of Interventions [31], and the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines for the
reporting of systematic reviews[32].

Hausner et a’s approach was applied to devel op arobust search
strategy (Multimedia Appendix 1) [33,34]. In PubMed's basic
search mode, we entered the following medical subject headings
(MeSH) and free-text termsfor title and abstract fields: (trigger
ORtriggers) AND (chart OR charts OR identif* OR record OR
records) AND (adverse OR medical errors). The focus of the
searchwason “trigger” and not on GTT, asweaimedto include
studies using variations of the original GTT. The search strategy
was transposed to EMBASE, CINAHL, and the Cochrane
Library, and terms were mapped to the appropriate keywords
(eg, from MeSH to Emtree). Studies published in English,
French, German, Italian, or Spanish were considered without
restrictions concerning the years of the publication. In addition
to searching the bibliographic databases, the team identified
additional relevant literature from most common journals
publishing in the field of trigger tool: BMJ Quality & Safety,
Journal of Patient Safety, and International Journal for Quality
in Health. For pragmatic reasons, the research team decided to
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[imit the hand search of the most common journalsto the years
2014 to 2017. The search was conducted in November 2015
with updatesin April 2016 and July 2017.

We included observational studies that applied a trigger-based
tool to detect AEsin EHRsin any acute care setting. We defined
the target population of interest as patients hospitalized for at
least 48 hours for any reason. The evaluated trigger tool
approach (index test) had to involve either semi (ie, one part of
the process still manual) or fully automatic identification of
AEs [29]. Regarding DTA studies, we opted for a reference
standard that produced a relatively low rate of missed AEs
alongside an acceptablerate of false positivetest results (events
flagged as AEsthat, upon examination, did not qualify as AESs).
As shown by Classen et a (2011), manual trigger-based tools
met our target criteria [13]. We excluded studies from
nonhospital settings (eg, long-term care), outpatient clinics, or
that concerned with nonprimary research (eg, systematic reviews
or editorials).

Thedigiblearticleswere divided into two sets: (1) an automated
trigger tool in comparison with a manual trigger tool method
for AE detection, potentialy enabling the evaluation of the
trigger tool’s DTA (diagnostic test accuracy studies) and (2)
application of an automated trigger tool without
cross-verification with a manual trigger tool method, enabling
usto synthesize the preval ence of AEsand the applied methods.
Werefer to the latter group as*“ prevalence studies” throughout
this paper.

Data Extraction

Two main reviewers (SNM and MS) each screened half of the
retrieved titles and abstracts for relevance according to the
criteriaoutlined above. The other members of the research team
each screened a quarter of the retrieved titles and abstracts,
allowing double screening for al citations. Full-text screening
was independently assessed by the main two reviewers, where
disagreements were resolved by discussion, or by consulting
the entire research team, if necessary.

Detailed study information was extracted into tables by SNM
and a master student as part of her training. We used
standardized piloted extraction sheets to tabulate variables
related to design, sample population characteristics, applied
trigger tool methodology, type and number of reviewers and
triggers, and outcome data expressed as AE prevalence (overall
and by AE type). To estimate DTA, we used 2x2 tables.
Whenever possible, we derived the positive predictive value
(PPV) of the triggers used. PPV is calculated by dividing the
number of true positive triggers related to confirm AEs by the
total number of positive triggers.

Unresolved disagreements or uncertainties between SNM and
the master student were discussed and resolved in the research
team, which included experienced systematic review and GTT
methodologists, clinicians, and nurses, each with more than 10
years of experiencein their specialty.

http://www.jmir.org/2018/5/€198/
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Quality Assessment

We assessed the risk of bias and the concerns regarding
applicability of all included studies. With respect to DTA, we
assessed the quality of theincluded studieswith the QUADAS-2
instrument, which we adapted for use as recommended by its
authors [35]. The tool consists of four domains. (1) patient
selection, (2) index test, (3) reference standard, and (4) flow
and timing. Each domain contains signaling questions for risk
of bias and concerns regarding applicability except the domain
flow and timing. Each signaling question has three answer
options: yes, no, and unclear. On the basis of the overall rating
of the reviewers, an assessment can be made in each domain
concerning bias and applicability. For example, one signaling
guestion in the domain patient selection is, “Was a consecutive
or random sample of patients enrolled?’ All adaptations of the
instrument are explained in Multimedia Appendix 2.

For prevalence studies, the research team generated a new tool
based on the structure of the QUADAS-2 instrument to assess
the risk of bias and concerns regarding applicability. The new
tool consisted of six domains: patient selection, reviewer and
algorithm selection, automatic detection method, outcomes, and
flow and timing. All but outcomes and flow and timing included
a section on risk of bias and concern regarding applicability,
including signaling questions (Multimedia Appendix 3). The
goal of this quality assessment was to verify the quality of the
semi or fully automated trigger tool studies by focusing
specifically on a gorithm devel opment and the basisfor choosing
each trigger.

Quality assessment process was conducted by one reviewer
(SNM), and each research team member received at least one
study to compare theresultswith SNM. Membersdid each task
individually; then all results were discussed jointly by the
multidisciplinary research team.

Statistical Analyses

As we anticipated a paucity of evidence on DTA data, we
deemed formal meta-analyses not feasible. For the total number
of AEsand each type of AE, we present percentages with 95%
Clsfor prevalence, PPV, and rate of false negative test results.
For the prevalence studies, we provided percentages for
prevalence and PPV with 95% Cls, for AE overall and per type
of trigger.

Results

Search Strategy and Study Selection

After removing duplicates, 2658 citations were identified via
our search strategy, the core journals, and our personal library.
Of these, 11 met all selection criteria: 2 concerned diagnostic
test accuracy studies and and 9 prevalence studies. A detailed
view of the included studies is provided with a flow diagram
in Figure 1.
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Figure 1. Flow diagram of the number of studies found with the search strategy, studies screened, and reasons for exclusions. Eleven studies fulfilled

al inclusion and exclusion criteria.

1936 records identified through database searching
PubMed n=664
EMBASE n=1117
CINAHL n=130
Cochrane n=25

1209 records identified through other sources

International Journal for Quality in Health n=309

Personal library n=91
BMJ Quality & Safety n=474
Journal of Patient Safety n=335

I

(n=3145)

Records identified

Duplicates excluded

v

(n=487)

(n=2658)

Records after duplicates removed

Records excluded based on title or
abstract

~

(n=2269)

(n=389)

Records screened

Records excluded, with

-

No full-text found (n=49)
Duplicates (n=8)

(n=332)

Records with full-text available

Records excluded, with
Manual approach (n=124)
Not about trigger tool approach (n=97)

Not a primary study (n=51)

v

Systematic review (n=21)
Qutpatient (n=15)

(n=11)

Full-text articles assessed for eligibility

Language (n=7)
Non hospital settings (n=5)
Dissertation (n=1)

Description of Included Studies

The studieswere published from 2005 to 2016. Of these, 9 were
conducted in the United States [25,36-43], 1 in Denmark [44],
and 1 in the United Kingdom [45]. Concerning the study
populations, 7 were conducted among pediatric or neonatal
patients[25,36,37,39,40,43,45], 3 among adults[38,41,42], and
1, published in abstract form only, provided no population
information [44]. Two studies conducted multisite trigger tool
research [25,42]. The bed capacity of the hospitals involved
ranged from 26 to 1000 beds, with a median of 306. One study
provided no information on bed capacity [36]. Further details
concerning the design and the characteristics are summarized
in Table 1.

One study explicitly followed the IHI guidelinesfor GTT [42],
whereas the other studies used different trigger tool approaches
or did not specify whether they followed the IHI guidelines.
Concerning methodology, 6 studies addressed only adverse
drug events (ADEsS) [ 36,38,39,42,43,45], and only 1 used afully
automatic AE detection approach [44]. Definitions used to define
and reference AEs varied [36-38,40-43,45] or were absent
[25,39,44]. Seven studies used decision or agreement of the
reviewer(s) to confirm an AE, without reference to theindexing
method used [25,36-40,43]; and 2 studies omitted any
explanation of the process[44,45]. Five studies did not consider
preventability [38,39,42,44,45]; in the remainder, definitions

http://www.jmir.org/2018/5/€198/
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varied. Three studies used the definition of a preventable AE
as an “event leading to action deviating from the local standard
of care”’ [37,40,43]; one study used a scale from “1—virtualy
no evidence for management causation” to “ 6—uvirtually certain
evidence for management causation,” but without describing
the applied cutoff [36]. One study used a 6-point confidence
scale from “l1—uvirtually no evidence of preventability” to
“6—virtually certain evidence of preventability,” with a score
>4 denoting preventability [41]; and one study merely described
that preventability was determined by the reviewers' decision
[25]. Five studies assessed AES severity using the National
Coordinating Council for Medication Error Reporting and
Prevention (NCC MERP) categories[25,37,39,40,43]; 4 studies
did not state their assessment strategies|[38,42,44,45]; one study
categorized them according to four levels of severity
(life-threatening, serious, clinically significant, or trivial) [41];
and one used NCC MERP categoriestogether with the Common
Terminology Criteriafor Adverse Eventsversion 4.03, ranging
from mild (grade 1) to death (grade 5) [36]. Information
concerning the datasource, thetriggers, and the reviewer(s) are
detailed in Table 2.

Concerning the methodology, 5 studies came from the
“Automated Adverse Event Detection Collaborative,” whichis
a consortium to facilitate the use of automated triggers in
pediatric hospitals[25,36,37,39,40,43]. They all used the same
approach, where an EHR-driven surveillance system was used,
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yet not providing detailed information on the software. Every
night, trigger reportswere automatically generated for laboratory
results [37,40,43], medications levels in the blood [36,39], or
both [25]. A clinical analyst examined every trigger by
reviewing the EHR and interviewing care providers. The
potential AEs were reviewed by specialists: pharmacists,
physicians, endocrinologists, or anesthesiologists. The clinical
analyst met with a multidisciplinary team, the “Automated
Adverse Event Detection Steering Committee” monthly to
present the results. Two studies used natural language processing
(NLP) to extract information from EHRs[41,44]. NLPisdefined
as a technique extracting information from narrative text and
transforming it into structured text [41,46]. NLPis able to deal

Musy et d

with synonyms, negations, and abbreviations used in narrative
text. To build queries, SAS Text Miner tool [44] was used;
however, no further details were provided. Structured Query
Language[41] wasused to identify AEsinthe EHRs. The other
studies used (1) Electronic trigger-detection messagesthat were
sent automatically to two pharmacist reviewers [42], (2)
Computerized trigger alert system that sent an aert to the project
manager within 24 hourswhen conditions defined by thetrigger
algorithm were detected [38], and (3) electronic agorithms
where triggers were identified automatically [45]. No further
details concerning the development, the algorithms, or thetools
used were given. Description of the methods are explained in
Table 3.

Table 1. Design and characteristics of the sample and population of the included studies.

Study Population Time frame Sample size Setting
(months)
Diagnostic test accuracy studies
Gerdesand Hardahl, 2013 [44] Not stated 26 500 Not stated
O'Leary et a, 2013 [41] Adults, exclusion of patientsadmitted 12 250 Generd internal medicine
under observation statusand cared for
by either of the two medical record
abstractors
Prevalence studies
Call et d, 2014 [36] Children 48 390 Oncology
Hematology
Dickermann et a, 2011 [37] Children, exclusion weekend daysfor 12 13,526 Generd internal medicine
? months because of resource limita- Surgical care
1ons Emergency department
Intensive care unit (ICU)
Psychiatric unit
Limet a, 2016 [42] Adults 3x1 month Not stated Not stated
Moore et a, 2009 [38] Adults 5 456 Generd internal medicine
Surgical care
Obstetrics or gynecology
Muething et al, 2010 [39] Children 21 for one trigger Not stated Not stated
and 16 for another
one
Nwulu et al, 2013 [45] Not stated 12 54,244 Not stated
Patregnani et al, 2015 [43] Children 52 for onetrigger;  Not stated Pediatric ICU
40 and 60 for the Neonatal ICU
h
others Cardiac ICU
Medical and surgical acute
care areas
Sheaet al, 2013 [40] Children 36 6,872 Pediatric ICU
Cardiac ICU
Stockwell et al, 2013 [25] Children, exclusion of emergency 36 for hospital 1and Not stated Generd internal medicine

departments and ambulatory clinics

51 for hospital 2 Surgical care

Psychiatric unit
Neonatal
Cardiac ICU
Pediatric ICU
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Table 2. Data sources, triggers, and reviewers of included studies.

Musy et d

Study Data source Triggers Reviewer(s)
Diagnostic test accuracy studies
Gerdesand Hardahl, 2013 [44] Unstructured and semistructured narra= “Models,” not defined, identifyingthe Not stated

O'Leay et a, 2013[41]

Prevalence studies
Call et d, 2014 [36]

Dickermann et a, 2011 [37]

Limet d, 2016 [42]

Moore et al, 2009 [38]

Muething et al, 2010 [39]

Nwulu et a, 2013 [45]

Patregnani et al, 2015 [43]

Sheaet al, 2013 [40]

Stockwell et al, 2013 [25]

tive textsin EHRS?

Enterprise Data Warehouse: EHRs or
CPOES®; hospital and physician hilling
systems; incident reporting system; and
admission or discharge or transfer with
nightly updates from activities occur-
ring in the preceding 24 h

EHR: [aboratory, pharmacy, electronic
medi cation administration record,
CPOE, and documentation functions

EHRs

EHR supportsall inpatient and ambula-
tory care clinical and documentation
activities

CPOE with decision support, EHR,
clinical event monitors

Clinical information system: computer-
ized clinical order entry, clinical docu-
mentation, electronic medication admin-
istration record, data storage repository,
and advanced clinical decision support

Locally developed electronic health
and prescription computer system
(laboratory resultsand prescribing, ex-
cept some chemotherapy regimens) has
built-in checks to identify potential
prescribing errors (flagged through
warnings and aerts)

EHRs

EHRs and Laboratory Information
System

EHRs

most common triggers and/or AES

Locally devel oped based on screening
criteriafrom the Harvard Medica

Practice Study and the IHI9 GTT®

Wide usein similar population and
high likelihood to detect adversedrug
events

Increasing usein hospitals' protocols
Review of literature and detectablein
EHRs with reasonable PPV9

Most common inpatient adversedrug
events

AEs steering committee

Test the usefulness of two medication
module triggers from the GTT pro-
posed by IHI

Clinical evidences
Clinical evidences and risks of deaths

Multidisciplinary review process us-
ing several review criteria

Experienced hospitalists and
physician-researcher (prior ex-
perience with the research
method)

Pharmacist and physician

cAf trained

Pharmacists, medication safety
pharmacist, and physician

Study investigators

Endocrinologist, anesthesiolo-
gist, and frontline staff

Not stated

CA trained in the AE trigger
process

CA trained in the AE trigger
process

CA

3EHRs: electronic health records.
bAE: adverse event.

®CPOES: computerized provider order entry system.
dIH1: Institute for Healthcare Improvement.

€GTT: Global Trigger Tool.
fcA: clinical analyst.
9PPV: positive predictive value.
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Table 3. Overview of the automated trigger tool methodology.

Study

Description of the method

Diagnostic test accuracy studies
Gerdes and Hardahl, 2013 [44]

O'Leary et a, 201 3[41]

Prevalence studies

Call et al, 2014 [36]

Dickermann et a, 2011 [37]

Lim et d, 2016 [42]

Moore et al, 2009 [38]

Muething et al, 2010 [39]

Nwulu et a, 2013 [45]

Patregnani et al, 2015 [43]

Sheaet al, 2013 [40]

Stockwell et al, 2013 [25]

(1) Extraction and preparation of all texts from the EHRs® (2) Use of SAS Text Miner and the SAS Enterprise
Content Categorization software to build query models (natural language processing algorithms)

(1) Leveraging of various information systemsin the EDWb; (2) Write Structured Query Language queries to

mimic work of areviewer toidentify potential AESC based on trigger tool; (3) Two reviewers review the positive
EDW screens; (4) Another reviewer reviews narrative summaries and determines presence of AEs

(1) Software program conducts an extensive search of patient records for any type of order containing specific
medications and laboratory values; (2) Information generated into a report with patient-specific information;
(3) Review by two reviewers

(1) Trigger reports automatically generated on adaily basis from the EHR by querying the Sunquest L aboratory
Information System for laboratory results; (2) Reviewer examined every trigger by reading the EHRs and inter-
viewing care providers

(1) Administration of atrigger drug to a patient automatically sent an electronic trigger-detection message to
two reviewers; (2) Trigger-detection messages were evaluated immediately after or during the day by both re-
viewers (consensus if disagreement); (3) Event reviewed by a medication safety pharmacist and then by a
physician for validation.

(1) Thelaboratory results and administered medications of each adult hospital patient were continuously monitored
by the computerized trigger aert system; (2) If any of the conditions defined was satisfied (trigger algorithm),
an alert wastriggered, and datawere collected by study investigators on the patient for aperiod of 72 hours after
theinitial trigger firing to determine whether an adverse drug event had occurred.

(1) Combination of trigger tool approach with the clinical information system; (2) Every evening, automatic
detection of triggers are sent to the project manager (detection of event within 24 h); (3) Summary of theincident
automatically generated and sent to the appropriate staff on the unit involved

(1) Thetriggersidentified electronically were linked to the electronic prescription records; (2) Two or more
positive triggers generated for the same patient, within a24- or 72-hour interval (trigger-dependent) were
treated as one trigger; (3) The paper-based case notes were reviewed to identify any documentation of interest

(1) Generation of atrigger report by querying the Laboratory Information System (2) Reviewer investigated the
event by reading the patient’s EHRs and interviewing the clinical care team

(1) Generation of atrigger report by querying the Laboratory Information System (2) Reviewer investigated the
event by reading the patient’s EHRs and interviewing the clinical care team

(1) Automated trigger reports are generated from hospital information systems on a nightly basis; (2) Each
trigger report is examined by areviewer and interviews conducted with care providers.

3EHRs: electronic health records.
bEpW; Enterprise Data Warehouse.
CAEs: adverse events.

Two studies compared results from automated trigger tool
methodology with those obtained via the manual trigger tool
method [41,44]. Six studies compared results with voluntary
incident reports but did not cross-verify their results with those
obtained via manually operated trigger-based tools; therefore,
we considered these prevalence studies [25,36,37,39,43,45].
Theremaining 3 studies did not compare their resultswith those
obtained via any other method [38,40,42].

Quality Assessment
Figure 2 shows detailed results of the two quality assessments.

Diagnostic Test Accuracy Studies

In one of the 2 studies, the assessment of all domains was
hampered by poor reporting, and we were unable to judge the
risk of bias and concerns regarding applicability [44]. In the
other, we judged the concern regarding applicability of “ patient

http://www.jmir.org/2018/5/€198/

selection” as low [41]. We judged a high risk of bias in the
“flow and timing” domain and low bias risk and applicability
concernsfor the“index test” and “ reference standard” domains
[41].

Prevalence Studies

A total of 9 studies were selected as prevalence studies via our
self-developed quality assessment tool (Multimedia Appendix
3). For “patient selection,” the bias risk was deemed low in
seven studies [25,36-38,40,42,43] and applicability concerns
were also low in eight of them [25,36-40,42,43]. We had no
concerns regarding applicability of the automatic detection
methods. As Figure 2 shows, for the other domain, we judged
low biasrisk and concerns regarding applicability in aminority
of studies. In 5 studies, we judged a high risk of bias in the
“outcomes’ domain, mainly because their AE definitions did
not reference those of the IHI or Food and Drug Administration,
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and they lacked clearly stated prevalence outcomes
[37,38,42,43,45]. We judged high bias risks in 3 studies
regarding the “ automated detection method” domain [25,37,45].
In another, we judged the bias risk as high in the “reviewer or
algorithm selection” domain [45] because the triggers were not
consistently used or developed, and the reviewer lacked the
required profile (eg, experience and training).

Musy et d

Estimates of Diagnostic Test Accuracy, Prevalence,
and Reliability

Estimates of DTA can be found in Table 4, with additiona
information concerning prevalence, preventability, and false
negative rates for AE categories. No information concerning
2x2 tables were available for al the triggers; thus, the decision
was made to use the AE categories.

Figure 2. Risk of biasand concernsregarding applicability assessmentsfor diagnostic test accuracy studies (upper panel) and preval ence studies (lower
panel). Judgments are expressed as “low,” “high,” or “unclear” risk or concern for each of the domains (ie, “patient selection,” “index test”). The
percentages refer to the percentage of studies meeting the judgment low, high, or unclear risk of bias or concerns regarding applicability in each of the
domains. Quality Assessment tool for Diagnostic Accuracy Studies-2 (QUADA S-2) was used for the two diagnostic test accuracy studies and an in-house

devel oped tool was used to assess the 9 prevalence studies.
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Table4. Thetable displays the estimates of diagnostic test accuracy in 2 studies comparing automated trigger-based tools with a manual trigger-based

tool as reference standard.

Study Type of adverse events 2x2tablefor adverse  praygl ence® % Positive predictive  False negative
events(Truepositive (g5, Cl) value®, % (95% C1)  rate® (%)
/ false positive /
false negative/ true
negative)
Gerdesand Hardahl, 2013[44] Pressure ulcer 28122112/ 436 5.6 (3.6-7.6) 56 (42.2-69.8) 30
O'Leary et al, 2013 [41] Adverse drug event 24/22/20/N/AS 9.6 (5.9-13.3) 52.2 (37.7-66.6) 455
Hospital acquired infection 7111/41N/A 2.8(0.8-4.9) 38.9 (16.4-61.4) 36.4
Operative or procedurd injury ~ 5/4/4/N/A 2(0.3-3.7) 55.6 (23.1-88) 4.4
Manifestation of poor glycemic 3/2/5/N/A 12(-0.2t02.6) 60(17.1-102.9) 62.5
control
Pressure ulcer 0/8/2/N/IA 0 (0-0) 0(0-0) 100
Venous thromboembolism 5/1/0/N/A 2(0.3-3.7) 83.3(53.5-113.2) 0
Acute renal failure 2/1/0/N/A 0.8(-0.3t01.9) 66.7(13.3-120) 0
Delirium 0/0/0/N/A 0(0-0) 0(0-0) 0
Fall 0/0/0/N/A 0(0-0) 0(0-0) 0
Other 0/2/5/N/A 0(0-0) 0(0-0) 100

8Prevalence s calculated by true positive/total number of patients.

bCalculated astri ggers corresponding to an adverse event out of all triggers=true positive/(true positive+fal se positive).

CCalculated as false negative/(fal se negative+true positive).
dN/A: not applicable.

Across al the 11 studies, AE prevalence ranged from 0% to
17.9%, with amedian of 0.8%. The PPV of all triggersto detect
AEsranged from 0% to 100% across studies, with a median of
40%. Some triggers are used in different studies and have
different PPV values:. (1) in 6 studies, hypoglycemia[25,37-41]
had a PPV ranging from 15.8% to 60%; (2) in 5 studies,
naloxone [25,36,41,42,45] had a PPV ranging from 20% to
91%; (3) in 4 studies, flumazenil [25,36,41,42] had a PPV
ranging from 38.9% to 83.3%; and (4) in 4 studies, protamine
[25,36,42,43] had a PPV ranging from 0% to 60%. We were
unable to determine the AE prevalence, PPV, preventability,
and severity in 40.4%, 10.5%, 71.1%, and 68.4% of the studies,
respectively. These studies did not report the overall number
of records analyzed, triggers, or AEs; or the studies did not
conducted the analysis concerned. Detailed results for each
trigger with prevalence, preventability, severity, and PPV are
presented in Figures 3 and 4. Only 1 study supplied information

http://www.jmir.org/2018/5/€198/

on interrater reliability, reporting a kappa value of .52 to .78
[41].

Challenges and Author Proposed Solutions

The challenges reported by authors concerned therelative large
number of false alarms, the dependence of PPV on AE
prevalence, and incomplete patient records leading to missed
events. To reduce the fraction of false alarms, several authors
suggested to use a threshold value for the triggers used based
on patient characteristics [36,38,40,43]. For example, specific
disease states of patients must have triggers with different
threshold as the consequences might be stronger because of
their disease. Authors from one study suggested to measure
sensitivity and specificity instead of PPV, aslatter is known to
belargely affected by AE prevalence[38]. Another author group
suggested to either improve compl eteness of patient information
documentation or to combine different data sources to increase
the chance to detect AEs as each data source contains different
information type [42].
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Figure 3. Prevalence, preventability, severity, and positive predictive value (PPV) for all the 11 studies. The figure begins with the results of all the
triggers or adverse events (AEs) combined, then for each group of trigger order from the most studied to the least studied (part 1). Severity levels based
on the National Coordinating Council for Medication Error Reporting and Prevention: D=an error that reached the patient and required monitoring or
intervention to confirm that it resulted in no harm to the patient; E=temporary harm to the patient and required intervention; F=temporary harm to the

patient and required initial or prolonged hospitalization; G=permanent patient harm; H=intervention required to sustain life; and |=patient death. H1:
hospital 1; H2: hospital 2.
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Prevalence (%) Severity (%) Positive predictive value (PPV) (%)
Authors and year (95% CI)  Preventability (%) D E F G-I {95% CI)
All triggers
Call et al 2014 29.2 (24.8-34) NA NA NA NA NA - 16.1 (13.5- 19.1)
Dickermann et al 2011 1.5 (1.3-1.7) 48 0 100 0 0 ] 15.8 (13.8-17.9)
Gerdes and Hardahl 2013 5.6 (3.8-8) NA, MNA MA NA NA — 56.0 (41.3- 70.0)
Lim et al 2016 MA (NA=NA) MA MA MA Na& NA —— 31.0(21.5-41.9)
Maoore et al 2009 NA (NA-MA) NA, NA MA NA NA WA MA- NA)
Muething &t al 2010 NA (NA-MNA) NA D 92262 16 —— 58.7 (48.9- 68.1)
Mwulu et al 2013 0.1 (0.1-0.2) NA NA MNA N& NA —— 72.1(62.5- 80.5)
C'Leary et al 2013 452 (38.9-51.6) NA MA NA NA NA - 30.9 (26.2- 35.9)
Patregnani et al 2015 MA (NA-NA) MA NA NA NA NA -» 44,9 (42.5- 47.4)
Shea etal 2013 2.8(2.5-3.3) 32 MNA MA NA NA M ( MA= NA)
Stockwell et al (H1) 2013 NA (NA=MA) 7.3 254665 81 0 . 23,5 (22.6- 24.5)
Stockwell et al (H2) 2013 MA (NA-NA) 573 0 94203 55 . B6.2 (84.4- 87.8)
Hypoglycemia
Dickermann et al 2011 1.5(1.3-1.7) 48 o o100 o 0 - 158 (13.8-179)
Maoore et al 2002 M (NA=MNA) MNA NA NA N& NA — 31.2 (18.2- 46.6)
Muething et al 2010 A (NA-NA) MA 0 83367 0 —_— 60.0 (45.2- 73.6)
C'Leary et al 2013 1.2 (0.2-3.5) MA MA MA N& NA —_— 429(9.9-81.6)
Shea st al 2013 2.9(2.5-3.3) 32 NA MA NA NA MA [ MA- NA)
Stockwell et al (H1) 2013 MA (NA-NA) 269 04956 0 0 . 22.0(20.7- 23.4)
Naloxone
Call et al 2014 8.7 (6.1-12) MNA MA NA MA NA —— 33.3 (24.3- 43.4)
Lim et al 2016 M (NA-NA) MNA NA NA Na& NA —_— 419 (27.0- 57.9)
O'Leary et al 2013 0.4 (0-2.2) NA MNA MNA NA NA @#——e———— 200 0.5- T1.6)
Mwuly et al 2013 0.1 (0.1-01) MA NA MA NA NA — 81.0 (81.5- 96.6)
Stockwell et al (H1) 2013 MNA (NA-MA) 54.2 0 BB4136 0 —— 81.9(71.1- 90.0)
Stockwell et al (H2) 2013 HA (NA-MNA) 81.6 D0 0 100 —— 46.9 (39.0- 54.9)
Flumazenil
Call et al 2014 1.8 (0.7-3.7) NA NA NA NA NA —_— 38.9(17.3- 64.3)
Lim et al 2018 MA (NA-NA) NA MNA MA MA NA —_— 83,3 (35.9- 99.6)
C'Leary etal 2013 0(0-1.58) NA NA MA NA NA MA (| MA= NA)
Stockwell et al (H1) 2013 MA (NA=NA) 50 o 1m0 0 0 —_—— 66,7 (29.9- 92.5)
Stockwell et al (H2) 2013 MA (NA-NA) 50 0100 0 0 —_——— 60.0 (26.2- 87.8)
Protamine
Call et al 2014 0(0-0.9) NA NA MA N& NA @ e— 0.0 0.0- 14.8)
Lim et al 2016 M (NA=MNA) MNA MNA MA NA NA —_—— 0.0 (14.7- 94.7)
Patregnani et al 2015 NA (NA-MA) MNA B3 584 83 25 —— 17.1( 9.2- 26.0)
Stockwell et al (H1) 2013 MA (NA-NA) 14.3 0 100 0 0 —— 11.5(4.7-222)
Vitamin K
Call et al 2014 0 (0-0.9) MA NA MA NA NA e 0.0(0.0-1.2)
Lim et al 2016 A [NA-MNA) MNA NA NA NA NA  -— 59(0.7-18.7)
C'Leary et al 2013 0.8(0.1-2.8) MNA NA NA NA NA . 100.0 (15.8-100.0)
Stockwell et al (H2) 2013 M (NA=NA) 0 0100 0 0 50.0(6.8-93.2)
International normalized ratio (INR)
Mwulu et al 2013 (=6) 0.1 (0=0) A MA MA N& NA —_— 378 (22.5- 55.2)
O'Leary et al 2013 (=6) 0.8(0.1-2.9) NA MA NA NA NA . 100.0 {(15.8-100.0)
Patregnani et al 2015 {=4) NA (NA-MA) NA NA MNA NA NA - 17.9(14.3- 22.1)
Stockwell et al (H1) 2013 (>4) NA (MA-MA) -] 0100 D 0 - 108 ( 7.4- 14.9)
Hyaluronidase
Call gt al 2014 0.8 (0.2-2.2) NA MNA MA MA NA —_—— 60.0(14.7-84.7)
Stockwell et al (H1) 2013 A (NA-NA) 926 0 92674 0 — 96.4 (81.7- 00.9)
Stockwell ef al (H2) 2013 MA (NA=NA) 99.6 0 98704 0.5 - 92.4 (88.4- 95.4)
Activated partial thromboplastin time (aPTT)
O'Leary et al 2013 (>125s) 0.4 (0-2.2) NA NA NA NA NA - ———— 7.7(0.2- 36.0)
Patregnani et al 2015 (>100s) A (NA-MA) 77 981186 03 0 - 52.4 (48.6- 55.3)
Stockwell et al (H1) 2013 (=100s) M (NA=MNA) 29 97426 0 0 - 47.9 (444~ 51.4)
Hyperkalemia
Moore et al 2003 MA (NA-NA) MNA NA MNA NA NA —— 31.1(25.1-37.8)
O'Leary et al 2013 0.4 (0-2.2) NA NA MA NA NA - 100.0 { 2.5-100.0)
Stockwell et al (H1) 2013 MA (NA-NA) 476 5 85 0 0 e 23(14- 34)
Digoxine immune fab
D'Leary et al 2013 0{0-1.5) A, MA NA MA NA MA [ NA- NA)
Stockwell et al (H1) 2013 M (NA=NA) 0 0100 0 0 50.0¢ 1.3- 98.7)
Steckwell et al (H2) 2013 NA (NA-MA) 0 00 0 0 e 0.0 { 0.0- 97 5)
! | | I I I
o 20 40 60 80 100
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Figure 4. Prevalence, preventability, severity, and positive predictive value (PPV) for all the 11 studies. The figure begins with the results of all the
triggers or adverse events (AEs) combined, then for each group of trigger order from the most studied to the least studied (part 2). Severity levels based
on the National Coordinating Council for Medication Error Reporting and Prevention: D=an error that reached the patient and required monitoring or
intervention to confirm that it resulted in no harm to the patient; E=temporary harm to the patient and required intervention; F=temporary harm to the
patient and required initial or prolonged hospitalization; G=permanent patient harm; H=intervention required to sustain life; |=patient death. H1: hospital
1; H2: hospital 2; VT: venous thromboembolism; IR: incident report.

http://www.jmir.org/2018/5/€198/

RenderX

JMed Internet Res 2018 | vol. 20 |iss. 5 [e198 | p.17
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Musy et d

Prevalence (%] Severity (%) Positive predictive value [PPV) (%)
Authors and year (95% Cl)  Preventability (%) D E F G- (95% CI)
Pressure ulcer
Gerdes and Hardahl 2013 5.6 (3.8-8) NA NA NA NA MA — 56.0 (41.3- 70.0)
O'Leary et al 2013 (documentation) 2(0.7-4.8) MA MA NA NA NA —_— 50.0(18.7-81.3)
Q'Leary et al 2013 (incident report) 0.8 10.1-2.9) MA MA MA MNA NA 100.0 (15.8-100.0)
Anti-Xa
Patregnani et al 2015 MA (MA-NA) NA 00 0 0 0 — & 100.0 (69.2-100.0)
Stockwell et al (H1) 2013 A (NA=NA) 0 a 10 0 0 —_—— 66.7 (22.3- 95.7)
Sodium polystyrene
Call et al 2014 178 (14.3-22.1) MA MA MA MNA N —-— 27.2(21.8- 331)
Stockwell et al (H1) 2013 M (MA=NA) 100 a 100 0 0 e 23(0.3- 81
Creatinine doubling
O'Leary et al 2013 1.2(02-35) MA MA MNA MA NA —_— 429 (9.9-81.8)
Stockwell et al (H1) 2013 MA (MA-NA) 44 40 587 1.3 0 - 47.5 (42.9- 52.1)
Transfer to an ICU
C'Leary et al 2013 0.810.1-2.9) MA MA MA MA NA  —e——— 12.5(1.6-38.4)
Stockwell et al (H1) 2013 A (NA-NA) 328 0 443557 0 - 19.8 (17.6- 22.2)
Fall
OLaary at al 2013 {incident raport) 0i0-1.5) MA NA NA NA NA MA [ NA- MA)
O'Leary et al 2013 (note type) 0(0-1.5) N& MA MA MA MA MA [ NA- NA)
Other triggers
Moore et al 2008 (thrombocytopania) A (NA-NA) MA MNA NA NA NA —— 20,6 (11.7-32.1)
Moore el al 2008 (hypokalamia) A (NA-NA) MA MNA NA NA NA 40(1.3- 81)
Muething et al 2010 {opiate-related oversedation) A [MA-NA) MA 0 912 58 289 —— 576 (44.1-70.4)
O'Leary et al 2013 (oversedation documentation) 2.4(09-5.2) MA MA NA - NA NA . 60.0 [26.2- 87.9)
OLaary at al 2013 (subsequant hospitalization) 6.4 (3.7-10.2) MA NA MA MNA NA —— 22,2 (13.3-31.8)
O'Leary et al 2013 (drop in systolic blood pressure) 6.8 (4-10.7) MNA MA NA NA NA —-— 38.5(25.0- 55.6)
O'Leary et al 2013 (transfusion of red blocd cells) 2({0.7-4.8) A MNA NA NA NA —_—— 31.3(11.0- 587
CLeary at al 2013 (doubling of biood urea nitragen) 1.6 (0.4-4) MA MNA NA NA NA —_— 26.7(7.8-551)
O'Leary at al 2013 (abrupt cessation of medications) 0.4 (0-2.2) MA NA NA MNA NA  ——— T.O(02-36.0)
O'Leary et al 2013 (fresh frozen plasma administration) 0§0-1.5) MA MA NA N NA  —— 0.0 0.0-33.7)
O'Leary et al 2013 (fraumalinjury documentation) 0.8(0.1-2.9) MA NA MA NA MA  —a— 222 (2.8-60.0)
O'Laary el al 2013 (cardiac arrasl) 0.4 (0-2.2) MA MA NA MNA N4 @ —e———— 12.5(0.3-827)
CLeary et al 2013 (death) 0(0-1.5) A MA MA MA& N& —— 0.0 0.0- 36.9)
O'Leary et al 2013 (haloperidol administration) 0§0-1.5) M MNA NA N N ———— 0.0( 0.0- 26.9)
O'Leary et al 2013 (ondansetran administration) 1.2 (0.2-3.5) MA, NA MA NA NA B S —— 37.5(8.5-75.5)
O'Leary et al 2013 (urine culture positive) 1.2 (0.2-3.5) MA WA NA MNA NA —_— 37.5(85-755)
O'Leary et al 2013 {vancomycin administration) 1.2 (0.2-3.58) MA MNA NA NA NA —.-— 42.9(9.9- 81.8)
C'Leary et al 2013 (VT diagnesis coda) 2 (0.7-4.6) NA NA NA NA NA — & 71.4(29.0-983)
O'Leary et al 2013 (blood cullure positive) 1.6 (0.4-4) MA MA NA MNA NA _———— BB.F (22.3- 95.7)
O'Leary et al 2013 (CT brain) 0{0-15) NA NA NA NA MA &— 0.0 (0.0~ 45.9)
O'Leary et al 2013 (drop in haematocrit) 1.2 (0.2-3.5) WA MA NA - NA NA ———— 50,0 (11.8-88.2)
OLaary at al 2013 {palyathylna glycol administration) 1.2102-35) MA MNA MA MA NA —_— 50.0 (11.8-88.2)
C'Leary et al 2013 (new allergy) 0.4 (0-2.2) MA MA NA MA N4 @#————————— 200 (05-71.8)
O'Leary et al 2013 (hyperglycemia) 0.8 (0.1-2.9) A MA NA NA - NA —_— 40,00 5.3~ 85.3)
C'Leary at al 2013 (transfusion of platelets) 0.4 (0-2.2) MA MA MA NA N @#———— 20,0 0.5- 71.8)
O'Leary et al 2013 (enema administration) 0.8 (0.1-2.9) MA MA NA MNA NA - BEB.T { 9.4- 88.2)
OFLeary et al 2013 (linezolid administration ) 0.8 (0.1-2.9) MA MA NA NA NA 66.7 ([ 9.4-199.2)
O'Leary et al 2013 (IR as potentially compensabla) 0.8 (0.1-2.9) MA MA NA MNA - MA BB.7(9.4-99.2)
O'Laary et al 2013 (IR indicaling injury) 0.810.1-2.9) MA MA NA MNA NA - BB.7 [ 9.4-98.2)
OfLeary et al 2013 (IR as serious and preventable) 08 (0.1-2.9) M MNA NA NA NA - BE.T ([ 94-199.2)
OLeary et al 2013 (loperamide administration) 0 {0-1.5) MA MA NA - NA - MNA 0.0 0.0-84.2)
O'Leary et al 2013 (Clostridium difficile positive result) 0.4 (0-2.2) MA MA MA NA MA & 100.0(2.5-100.0)
O'Leary et al 2013 (elevated digoxin level) 0 {0-1.5) MA MA NA NA NA @ 0.0{ 0.0-97.5)
O'Leary et al 2013 (fransfer to another hospital} 0 (0=1.5) MA MNA NA NA NA 0.0 0.0-97.5)
O'Leary et al 2013 (elavated troponine level) 0 (0=-1.5) MA MNA NA NA NA 0.0(0.0- 87.5)
O'Leary et al 2013 [new dialysis) 0 (0-1.5) MA MNA NA NA NA MA [ NA- MA)
OfLeary et al 2013 (restrainis order) 0 (0-1.5) M MNA NA NA NA MA [ M= NA)
Or'Leary et al 2013 (risperidone administration) 0{0-1.5) MA MA NA NA NA MA T NA- MA)
OfLeary et al 2013 (stroke note type) 0(0-1.5) NA NA MA MA MA NA [ NA- NA)
O'Leary et al 2013 (fever prior to discharge) o (0-1.5) MA MA NA NA NA MA T MA= MA)
Stockwell et al (H1) 2013 (bilirukin = 25mg/dl) A (MA=NA) 0 o 0 o 0 e— 0.0 0.0-45.9)
Stockwell et al (H1) 2013 (iCal > 1,5mmuoli) MNA (NA-MA) 9.1 0 100 0 o - 13.3( 8.5- 19.5)
Stockwell et al (H2) 2013 (acetyleysteine) A (NA-NA) 0 o 0o o 0 =— 0.0 0.0=232)
Stockwell et al (H2) 2013 (glucagon) M (MA-NA) 50 0 W00 0 2@ —— 16.7(2.1-43.4)
Stockwell et al (H2) 2012 (glucose bolus—insulin) A (MA=-NA) 76.2 0 968 32 0 —e 60.0 (50.0- 63.4)
Stockwall et al (H2) 2013 (glucose bolus—-no insuling A (NA-NA) 7.4 0 92971 0  — T3.7 (48.8-80.8)
Stockwell et al (H2) 2013 (phentolamine) MA (MA-NA) 100 0 100 0 0 —» 100.0 (B3.1-100.0)
Stockwell et al (H2) 2013 (infiliration/phiebitis ) A (MA-NA)Y 99 a 100 0 0 e 058 (94.4- 96.9)
| | I | | !
1] 20 40 60 B0 100
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Discussion

Aim of This Review and Principal Findings

The goal of this systematic review was to synthesize the
evidence concerning the development of a semi or fully
automated method of AE detectionin EHRsusing trigger tools.
Theresults show abroad variation in applied methods, selection
of triggers, and estimates of AE prevalence and trigger-based
PPV's. Insufficient reporting precluded full appreciation of the
risk of bias and concerns regarding applicability.

Our findingsarein line with another systematic review focusing
on manual GTT [10]. Several interstudy differences can be
hypothesized to explain the heterogeneity in the observed study
estimates of AE prevalence and PPV's. These include the time
frame (range: 1-51 months); the sample size (range: 250-54,244
records); the data sources and EHR system types; the automated
approach; the review process; but also the differencesin defining
AES, its severity, and preventability.

In addition, the choice and definition of triggers (eg, INR =6
[41,45] and INR >4 [25,43]) affect overall and per-trigger PPV.
In some studies, only triggers identifying unique AES are used
for analysis, leading to varying results for similar triggers.
Furthermore, the PPV is deemed to be strongly affected by the
study’s AE prevalence. We could not test for this because of
the reviewed studies' heterogeneous definitions of prevalence.
These included AEs per 100 patients admitted, AES per 1000
patient days, or AEs per month. The missing information
concerning the total number of patientsincluded (36.4% of the
11 studies) hindered computation of prevalence estimates for
these studies. The PPV of thetriggersranged from 0% to 100%.
Even for the same trigger, high variability was observed.

Similar parallels can be observed regarding AES' severity. Even
when naloxone was used as a trigger in two hospitals in the
same study [25], although one hospital had a severity level of
96.4%, falling into category “temporary harm to the patient and
required intervention,” the other had a severity level 100%,
faling into the categories “permanent patient harm or patient
death.” Severa included studies suggested improvement of PPV
values by limiting triggers to specific patient subpopulations,
or by modifying thresholds based on age or other patient
characteristics [36,40]. Moore et a [38] suggested using
sensitivity and specificity instead of PPV, as the former isless
affected by changesin AE incidence. The studiesdid not address
difficulties or opportunities regarding the implementation of
trigger tool-based methods, but we do not exclude that such
information can be found in more qualitative types of research
that we did not collect for this review.

The decision of several of the reviewed studies' authors to
employ semiautomati c approaches or to focus mainly on ADEs
reflectsthe difficulty of detecting AEsfully automatically. The
extracted high proportion of false alarms in various studies is
likely explained in part by these difficulties. Although severa
studies showed that automatic tools can detect up to 69% of
ADEs found manually, automatic detection of AEs overal
remains problematic [47-50]. In our review, the sensitivity to
detect AEs ranged from 0% to 100%. General AE detection

http://www.jmir.org/2018/5/€198/
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requires more advanced technology, such as NLP, which can
read and process free-text narrative [51,52], addressing complex
issues such as negation and lexical variation of terminology.
Previous research has suggested that automated AE detection
methods were superior to manual tools[26,53,54]. Automated
AE detection methods have the potential to screen large numbers
of patients to save valuable time, which would not be possible
by doing manually by human reviewerswith the same accuracy.
Yet, timely intervention is an important factor to avoid
complications and patient harm when an AE is detected. Even
if PPVs are not high for al AEs, automated AE detection
methods provide an excellent aternative to the manual approach
by saving time and resources[14]. As shown by the systematic
review of Wang et al, the use of NLP with EHRs is still at its
infancy, and closer collaboration of NLP experts and clinicians
ismissing [46]. Neverthel ess, automated AE detection methods
are apromising approach for patient safety improvement.

Looking deeper into the individua studies via our quality
assessment tool s, werealized that, for most, their methodol ogy,
their results, or both were reported in ways that were unclear,
inconsistent, or incomplete, which challenged our risk of bias
and applicability assessments. Severa studies failed to report
the number of records screened or the type of patients sampled.
These elements, however, are crucial for interpretation of the
various estimates and also for its reproducibility. In other
studies, the number of triggers or AEs remained unclear. AE
severity and preventability were not always reported, and the
variation in use of definitions for AEs, severity, and
preventability further hampered interpretation of estimates
across studies. Interestingly, the majority of studies lacked to
report PPV Cls, which is essential for the swift interpretation
of the estimate’s precision.

Although not part of our quality assessment tools, we detected
risk of selective outcome reprint in some studies. In these,
severity and/or preventability assessments are reported in the
M ethods sections but not addressed in the Results section. Only
one study checked for the presence of triggersat admission[42].
Such triggers or AEs should typically be excluded from the
evaluation, as it cannot be targeted with interventions aiming
at improving quality of care. Furthermore, although areviewer’s
expertise plays an important role in the detection of AEs,
information concerning their professional background,
experience, or training was mostly absent. Overall, there is
substantial room for improvement of the quality of reporting.

Limitations

Our decisionto limit theinclusion criteriato studies concerning
semi or fully automated trigger tool-ike methodologies
disqualified many studies, including those employing
recommendations from the Harvard Medical Practice Study
[28,55,56], machine learning [57], early warning systems
[58-61], or other methods [62,63]. However, it alowed us to
show that even within a narrow set of trigger-based tools,
methods and outcomes varied considerably. The decision to
exclude studies involving outpatients [62,64,65] or mixes of
inpatients and outpatients [66] further decreased the number of
eligible studies but increased the comparability of the patient
population evaluated. Nevertheless, the overall low number of
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eligible studies precluded statistical evaluation of the impact of
sources of variation and bias. The evaluation of diagnostic test
accuracy is generally hampered by the absence of a widely
accepted reference standard.

Conclusions

This systematic review provides an overview about the
application and outcomes of (semi) automatic trigger-based AE
detection tools. We observed but could not formally explainthe
high degree of interstudy variation in reported estimates of
prevalence and PPV, even in cases where similar triggers were
tested. Although the AHRQ recently released common formats
for event reporting [67], which supports the implementation of
AE detection in the EHR, standards for the reporting of AE
detection studies using trigger tools are lacking, yet urgently
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needed to overcome the methodol ogical heterogeneity in future
studies. We need better standards for reporting in this field of
research to increase reproducibility, interpretation, and
avoidance of research waste. A more standardized use of
definitions of the types, severity, and preventability of AEsis
desirable. We therefore call for a set of recommendations for
the conduct and reporting of future studies and in the meantime,
suggest authors, peer reviewers, and editors to pay specia
attention to complete reporting of study population, AE and
trigger definitions, experience, training, and background of
reviewers, methods employed to check for triggers and/or AEs
at patient admission; and complete reporting of outcome data
(numbers of triggers, nominators and denominators of the
prevalence, and PPV).
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Abstract

Health disparities associated with chronic illness experiences of black men demonstrate widespread, systematic failures to meet
an urgent need. Well-established social and behavioral determinants that have led to health disparities among black men include
racism, discrimination, and stress. While advocacy work that includes community-engagement and tailoring health promotion
strategies have shown local impact, evidence shows the gaps are increasing. We suspect that failure to reduce current disparities
may be due to conventional public health interventions and programs; therefore, we submit that innovative interventions, ones
that embrace digital technologies and their ability to harness naturally occurring social networks within groups, like black men,
have particular importance and deserve attention. This commentary characterizes the current literature on chronic illness among
black men aswell as health interventions that use digital technology, to build a case for expanding research in this areato reduce
the overwhelming burden of chronic illness among black men.

(J Med Internet Res 2018;20(5):€182) doi:10.2196/jmir.9434

KEYWORDS
black men; digital health; chronic illness

RPN : education and one-off health promotion activities. We apply
P”O“tlzmg Chronic lliness Management the term black men inclusively to refer to any Hispanic or
Among Black Men non-Hispanic man who may or may not self-identify as African
] . American. Further, borrowing from theworld of health services
Thereisno shortage of data on the debilitating effects of health research, we contend that patient engagement strategies—those
disparities, particularly on the effects O_f chronic illness among promoted by digital technology and where the key ingredient
black men. If these data.are so compelling, then why hasn'tthe s partnership and collaboration—offer promising advances to
story changed? Many have argued thls isamoral issuethat is mitigate health disparities experienced by black men [1,2].
centered on the principle that suffering due to race, gender, or - gimply put, the mounting evidence on the potential of these
geneticsis unconscionable. Despite how often these injustices  technologiesistoo great to ignore. Aninnovation of this caliber
are professed or predicted, these moral commitments and s necessary to refocus attention to enduring gaps in health
righteous indignations fall short. In this commentary, we take  goryice del ivery systems and to support black men in ways that
the position that failures to reduce heath disparities anong e the most meani ngful to them. In this regard, digital

black men are the result of more traditiond jnnovation must emerge from foundations of partnership and
community-engagement approaches that reflect passive
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collaboration, where preferences and needs drive technology
that guides self-management of chronic illness.

One of theleading contributorsto morbidity among black males
is chronic illness, particularly heart disease and high rates of
hypertension (about 43% of black men have hypertension
compared with about 30% of white men) [3]. Thechronicillness
burden among black meninthe United Statesis disproportionate
compared to other male ethnic and racial groups[4]. Unmanaged
chronic illness, where illness symptoms go untreated and
advance in severity, also adversely impact the health of black
men. According to the Centers for Disease Control and
Prevention (CDC), 7 of the top 10 causes of death among black
menin 2014 wererelated to chronicillness, two of which—heart
disease and cancer—comprise nearly 46% of all deaths[5]. As
unmanaged chronic illness occurs based on several factors, we
suspect that black men are more often unsupported to navigate
the healthcare system in away that makes sense for them. We
are aware that black men face awide set of systematic barriers,
mostly out of their control, related to accessing and engaging
in supportive and beneficial health promotion activities. This
suggests that alternative approaches are necessary.

Since the publication of Unequal Treatment in 2003, the causal
pathways of health disparities are well known, and yet,
insufficient change has occurred. Over the last several yearsin
the United States, while access and quality have improved,
health disparities remain consistent across groups[6]. A recent
review of black male health examines how the healthcare system
affectstheir lived experiences, making the point that social and
behavioral determinantsthat would positively impact their lives
are under-supported and neglected [7]. There is a trend of
decreasing life expectancy in black vs whites; and among men,
this trend remains persistent. One of the most credible factors
is higher rates of uncontrolled hypertension or high-blood
pressure, often reflected as an individual with high blood
pressure not receiving treatment. While control of hypertension
is linked to higher quality care, there are reports that better
communication strategies with doctors are vital, especially for
developing successful treatment strategies [8]. Knowing that
discrimination, racism, and stigmanegatively impact black men
and their engagement with the healthcare system, building
communication strategiesthat counteract these biasesiscritical
[9]. We take the view here that the goal of overcoming barriers
to engagement must be the centerpiece of novel approaches.
These approaches may not be practical at the system-level but
may be possible at the individual level. Therefore, designing
solutions at the individual level so that systems can better
support how black men engage in healthcare may have the
highest likelihood of success.

Much of the current literature on black men and health reflect
outcomes associated with poverty, education, discrimination
(racism), and poorly managed stress [7]. It is unreasonable to
think that these can be attenuated by health education or one-off
health promotion events aone. Understandably, these
experiences are highly personal and further complicated by
chronic illness management, which requires informed medical
support. Scholars and practitioners alike see little benefit to
simply identifying these disparitiesand failing to build platforms
amed toward changing current systems. While
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community-based participatory methods have emerged as a
leading strategy for engaging racial and ethnic groups, fostering
empowerment through trust building and transparency remains
amajor hurdle[10]. Given these gaps and opportunities, might
building digital technologiesthat are designed to meaningfully
engage black men, prioritize the contribution of brotherhood
and existing social networks among black men [11]? Here we
adopt Franklin's definition of brotherhood as a* community of
African American or black men connected through tacit
understanding, common experiences, traditions, and identity.”
Itisthislevel of connection that has been until recently, mostly
unexplored, and offersexciting areas co-designing interventions
to reduce disparities [12].

Integrating health interventions within trusted social systems
like a brotherhood, built around shared beliefs, attitudes, and
authentic relationships may overcome many recognized barriers
of current strategies [13]. To this end, we argue that digital
technol ogies present aunique potential for building meaningful
solutionsto current challenges associated with managing chronic
illness among black men.

Technology as a Means of Engagement

Mobile digital devices and apps, including websites and social
media platforms, offer immediate access to medical and health
information on the internet and also offer new ways of
monitoring, measuring, and visualizing the human body while
sharing personal information and experiences with others[14].
Electronic or digital health encompasses a wide range of
technologies that are used for healthcare, health informatics,
health education, and health promotion. Mobile health
(mHealth)—the application of wireless technology to promote
wellness and information provision between healthcare and
individuals—is rapidly gaining attention in both preventive
medicine and chronic illness management [15]. One of
mHealth’sstrengthsisits ability to leverage the existing mobile
technology infrastructure and the ubiquity of the mobile phone
across populations and subgroups. Previous research has
corroborated the high prevalence of smartphone usage among
blacks as well as Hispanics and indicated the value of mHealth
in managing chronic illness[14].

Smartphone and tablet apps can educate, assist with
decison-making, and promote adherence to lifestyle and
medication regimens. Consumer-wearabl e technol ogy comprises
devices equipped with sensors and wireless connectivity that
can assist with awide range of health-related applications such
as monitoring blood sugar levels, personalizing treatment,
connecting with health-care providers, and even delivering
medication into the body [15]. Recent work in diabetes and
obesity shows technological advancement in the use of wrist
and hip accelerometers, global positioning system (GPS), mobile
technology apps for weight loss, apps for dietary
self-monitoring, internet weight loss programs, and behavioral
intervention technologies. While there is some fear regarding
information security and potential Health Insurance Portability
and Accountability Act (HIPAA) concerns, potentially opt-in
rather than opt-out features offer individuals needed flexibility
to assume or reject risk based on preference [16].
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New Opportunities with Digital
Technologies

Developmentsin new technologies go beyond self-monitoring.
Some include prevention of illness complicationssuch as
diabetic neuropathy, and others, like prototype socks and shoes
with thermal and pressure sensors, can identify areas of the feet
with insufficient blood supply [17,18]. Potentially, a physician
could use this type of technology to routinely inspect minor
tissue damage and greatly minimize the risk of amputations. In
the more immediate future, technologies like these will offer
practical approachesto managing chronic illnesseslike diabetes.
The OneTouch Reveal mobile app, for example, can test adrop
of blood and tell whether sugar levels are within normal range
as well as provide a summary of overall health performance
[19]. Another app, called Diabetik, provides quick and
interactive dataentry to monitor diet, blood glucose levels, and
medication [20]. The user can set medication or activity
reminders according to time or location. Fooducate has an
extensive database of food information that uses barcode
scanning to search nutritional value and suggest healthier
alternatives [21]. Uniquely, this app also creates a community
in which users can share progress and healthy recipes.

Although fewer in number, apps that meaningfully connect
patients to doctors, like Glooko, that aggregates biometric
data-glucose monitoring and fitness information - offer
physicians novel ways to engage with vital patient information
[22]. These data are critical and often overlooked during
face-to-face consultations. By presenting this data in
easy-to-manage formats, these types of apps support patient
and physician engagement that contribute to robust dialogue
and more efficient clinical visits. These apps also provide the
opportunity to foster new conversations that both patients and
doctors may have been too intimidated or preoccupied to engage.

Weight management apps are available that focus primarily on
tracking and require a certain amount of user-input to manage.
These act more like calendars and remindersto record the food
and drink intake. Apps also let users track your exercise using
information that you enter manually or by tracking your activity
automatically using the GPS or accelerometer in your phone.
Compared to using paper diaries, tracking via smartphone may
be more convenient because the device does some of the work
for you (eg, calories, movement tabulations), but these are only
for self-monitoring purposes. These and other wearable devices
typically display theinformation collected and provide feedback
viaasmartphone app and website, allowing you to track changes
over time. Importantly, one trial showed strong evidence for
the use of smartphone technology for managing weight, giving
us hope for broader interventions in communities where
managing chronic illness are a challenge [23].

Tailoring Digital Technology for Black
Men

Tailoring interventions for black men makes good sense given
existing communication networks within subgroups. Digital
technology is uniquely positioned to attend to subgroup
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differences as they are, by nature, personal and self-managed.
Others point to the importance of system-level identification
and intervention using structural factors, but these, while
necessary, are too general and are less accessible than digital
technology [24]. To date, there is good evidence for targeted
and tailored interventions in black communities [25]. In this
sense, a tailored intervention would be more appropriate than
simply modifying language or applying a “one size fits al”
approach to effectively meet black men where they are.
According to Hawkins and colleagues, this would include
personalization, gai ning feedback from black men, and matching
content to their personal data [26]. As identified elsewhere,
community-based participatory research (CBPR) strategies are
effective evidence-based methods for engaging, co-designing
and tailoring mHealth interventions to meet preference-driven
solutions [27].

Despite the limited amount of published mHealth interventions
to improve chronic illness among black men, the existing
research on computer-tailored and social media interventions
offer some insight. Consensus seems to suggest that tailored
applications should be: theory-based, contextual, modifiable to
individual preferences, ableto connect black men to other black
men, include a preference-based dashboard, and be supported
by popular culture references[28]. Informed by CBPR, mHesalth
interventions must be devel oped and optimized for black men.
Taken a step further, the perspective supports a more
intersectional approach to building moreimpactful and effective
interventions. Research that targets the intersection of social,
health, context, and identity overcomes the myopic view of
black men’'s health. This complex and nuanced viewpoint
challenges this view by suggesting that an app that mediates
naturally occurring social networks of black men with type 2
diabetes will consider the overlap of both gender and the
marginalization of race [29].

Further, we see that tailoring can and should mean devel oping
interventions (in this case mHealth apps) in partnership with
black men. For example, if developers choose a deep tailoring
approach rather than a surface tailoring one, the mHealth apps
will integrate cultural values, norms, and religious or spiritual
beliefs of the population of interest (black males) [30]. Examples
of these tailoring messages might include age-appropriate
material to engage churches, ministry teams, and fellowship
groupsin the devel opment and integratration of popular culture
messaging/references. In addition, using content specific
(chronic illness) framing along with connectivity platforms,
enhances rel ationship building and hel p seeking around chronic
illness management [31]. Such tailoring would also support the
existing social networks and relationships aligned with
brotherhood, as described earlier.

Thereisalso thinking that bias and preference play aroleinthe
perpetuation of race-based health disparities, but often these are
superseded by communication challenges[32]. The systematic
biasin health delivery and its contribution to a perpetuation of
fear and apprehension among black men is widely recognized
[24]. As shown, attending to individual fears about talking with
physiciansis necessary for improving confidence and readiness
(activation) for engaging in open and honest dialog [33]. And
while the bias issue may overstate the role of the clinician in
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this relationship, an argument can be made that provided the
right support platform, black men offer each other the best
strategies.

Health servicesresearch has demonstrated that individualswho
feel more empowered and confident to make decisions are
healthier [34]. These broad approaches have shown efficacy in
other areas, but when it comes to tailoring interventions for
black men, there is a need to leverage platforms for social
support. By providing access to health resources, important
health information that relies on and utilizes recognized social
support can be more effective particularly with self-management
and adherence [35]. This strengthens the argument that
innovative technologies designed to leverage social ties have
the greatest likelihood of success. The challenge will be
determining best practices. What is needed is efficient processes
and communication to improve self-efficacy, the confidence to
participate meaningfully in one's health.

Feasibility of Digital Technology for
Advancing Black Men'’s Health

There have been many efforts to mitigate disparities among
black men. Given the scope and trends of current disparities,
we suggest that technology, and particularly digital technology
focused on engagement and activation, can address some of
these gaps.

There is currently a wide gap in exploring the use of these
technologies among black men to empower and encourage
health behaviors and self-management strategies. In 2000, a
survey of internet usage among blacks showed they were 38%
more likely than whites to seek information about jobs on the
web, and 45% of African-Americansvs 35% of whites say that
the internet helps them find health care information [36]. A
2018 Pew fact sheet showsthat 98% of blacksown acell phone,
and 75% own a smartphone, suggesting that opportunities to
download and utilize online content are wide and far-reaching
[37]. We also see that young African-Americans have high use
of Twitter, and 96% of those aged 18-29 use some social
networking platform [38]. The high frequency of socializing
using these new technologies supports our efforts to capitalize
on social norms in the community.

There are multiple initiatives that support person—centered
design, and tailoring of messaging in ways that have been
minimally examined among black men. For example, health
and medical support and information on websites, apps, and
social media sites have proliferated, facilitating the access of
lay people to health-related information and providing them
with the opportunity to share experiences of their illnesses or
health-promoting activities. Health promotion researchers have
sought to investigate how websites and social mediasites operate
in generating and disseminating information about strategies
for promoting health among lay people who do this voluntarily
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aspart of social interactions and support systems. Further, social
support systems that foster pre-existing social networks,
characteristic of the brotherhood as defined earlier have been
unexplored and offer exciting areas for mitigating disparities
[12].

Embracing Novel Technologies to
Support Engagement and Chronic lliness
Management

The health disparities that describe the population health
outcomesfor black meninthe United States has garnered much
attention, and yet the story remains the same. Failure to reduce
current disparities may be due to conventional public health
interventions; therefore, we submit that innovative interventions,
ones that embrace digital technologies and their ability to
harness inherent social trends within groups, like black men,
have particular importance and deserve attention. Further, we
outline alternative interventions to mitigate chronic illness in
black men as a way to break the dominance of current
deficit-based approaches that frame behaviors as negative or
abnormal.

We recognize that medical anthropologists have also weighed
in on the debate, suggesting that technologies that seemingly
enhance the patient experience may also foster a false sense of
hope—what Mary-Jo Del Vecchio Good refersto asthe* medical
imaginary” [39]. The hope of technology seemsto be conflated
in concepts of innovation and improvement, where hope sits
more with consumersthan providers. This debate on the benefits
of user-centered technol ogiesfor patient outcomes seemsmuch
less controversial when we reflect on non-hospital based
approaches. In other words, the potential of these technologies
seems most impactful in communities, where engaging
individuals through tailored approaches have the most likely
benefit.

According to Forbes one of the top five most important
innovations in health care is the use of digital technology for
empowering consumers [40]. While many have suggested that
black men are members of hard-to-reach populations, with a
history of not participating in much research, there isliterature
debunking these myths. In fact, when researchers make an effort
to engage black men in meaningful ways, the evidenceisstrong
that positive behavior changeis not only possible but dynamic.
What is needed are interventions that show promise across other
groups, based on co-design strategies that prove to engage and
empower black men to make heathy choices around the
management of their chronicillness. Webelievethat if designed
properly these technologies offer needed ways to more fully
connect communitiesto health care resources and professionals.
We have hopefully built a case for expanding research in this
area to reduce the overwhelming burden of chronic illness
among black men.
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Abstract

Digital health isan advancing phenomenon in modern health care systems. Currently, numerous stakeholdersin various countries
are evaluating the potential benefits of digital health solutions at the individual, population, and/or organizational levels.
Additionally, driving factors are being created from the customer-side of the health care systems to push health care providers,
policymakers, or researchers to embrace digital health solutions. However, health care providers may differ in their approach to
adopt these solutions. Health care providers are not assumed to be appropriately trained to address the requirements of integrating
digital health solutions into daily everyday practices and procedures. To adapt to the changing demands of health care systems,
it is necessary to expand relevant paradigms and to train human resources as required. In this article, a more comprehensive
paradigm will be proposed, based on the * biopsychosocial model’ of ng health and disease, originally introduced by George
L Engel. The “biopsychosocial model” must be leveraged to include a “digital” component, thus suggesting a
‘biopsychosocial-digital’ approach to health and disease. Modifications to the “hiopsychosocial” model and transition to the
“biopsychosocia-digital” model are explained. Furthermore, the emerging implications of understanding health and disease are
clarified pertaining to their relevance in training human resources for health care provision and research.

(J Med Internet Res 2018;20(5):€189) doi:10.2196/jmir.9732

KEYWORDS
digital health; digital technologies; Biopsychosocial Model to Health and Disease; human resources for health

to health care services, reduced health care system inefficiencies
and costs, improved quality of care, enhanced self-management,
and more personalized approaches towards medicine [1].

Introduction

Digital health isan advancing phenomenon in modern societies,
and their hedth care systems. The US Food and Drug
Administration identifies “digital health” as, “a broad scope
which includes mobile health (mHealth), health information
technol ogy, wearable devices, telehealth and telemedicine, and

Driving Factors of Digital Health and the
“Digitally-Engaged Patient”

personalized medicine” The US Food and Drug Administration
perceives benefits of digital health to include expanded access
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benefits of digital health solutions at the individual, population,
and/or organizational levels. The advancement of the digital
health space has formed important driving factors including a
progressive desire for innovation by industry players and
developers of digital health solutions. Aspects of consideration
is the increasing demand from societies to embrace more
individualized, yet engaging, continuous health care services,
the empowerment of health care system clients; and the growing
diversity, affordability, and efficiency of digital health solutions.

Interestingly, these driving factors are creating “pull” effects
from the customer-side, to ‘push’ health care providers,
policymakers, or researchers to re-examine the traditional
paradigms to ultimately address and embrace digital health
solutions. Recent examples are the joint efforts by the US
Department of Health and Human Services and the UK’s
National Health Service for the adoption of digital health, and
the adoption of principles that promote safe and effective
mHealth applications by the American Medical Association
[2,3]. Another implementation avenue of digital technologies
has been in the management of chronic conditions such aspain,
which has caused an influx of scientific literature on digital
health solutions [4,5]. Additionally, the notion of ‘the
digitally-engaged patient’ isemerging across health care policy,
service provision, and research domains.

Digitally-engaged patients are demanding more independence
intheir choices, voices, and shared decision-making. They may
demand more—sometimes radical—digital innovations in the
delivery modes of health care services, evaluating diseases,
psychological conditions and social behaviors, and analyzing
generated health care data. However, health care providers may
differ in their approaches to adopting digital health solutions.
Specifically, health care providers knowledge, attitudes, skills,
and practices regarding digital health may vary depending on
the context or condition [6]. To maximize the benefits of modern
digital technologies in improving patient outcomes, England
has reported the need for clinicians to use their expertise to
improve health care and redesigning care utilizing digital health
[7]. Additionally, inthe UK, studies have shown that investment
in provision of additional training for both professionals and
the public would hel p strengthen the normalization, uptake, and
useof digital health and wellness services|[8]. The World Health
Organization’s mHealth Technical Evidence Review Group,
provides another interesting example, by proposing the mHealth
Evidence Reporting and Assessment checklist to boost both
comprehensiveness and quality in the reporting by health care
practitioners, on the effectiveness of digital health programs

[9].

Approaches to Digital Empowerment of
Patients

To address the effectiveness, safety, and security of digital health
solutions, itisstill logical to expect that most of theinformation
exchange and decision support at the individual level may
essentially happen between health care providers and their
patients during in-person or virtual visits. Nevertheless, no one
can assume that health care providers are equipped or trained
appropriately to responsibly react to the new demands for the
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usage of digital health solutions, and the requirements of their
integration into usual daily practices. Dueto these technol ogical
advances, it is necessary to re-evaluate and expand relevant
paradigms used for training human resources for health care
systems and service provision.

Scientific literature focused on the effects of digital
empowerment paradigms on patients and their effects on health
care provision highlights two strong mainstream approaches:
“techno-utopian,” and “techno-critical.” “Techno-utopian”
idealistically approaches the revolutionary effects of digital
health with an optimistic perspective. Contrastingly, the
“techno-critical” approach is more pragmatic, emphasizing the
inherent complexities, both for patients and for health care
providers, in managing health and disease conditions. Thelatter
approach focuses on the possible associations between
psychological and sociocultural dimensions of patients
engagement intheir own health careviadigital health. Themain
dimensions may include: provoked emotions and possible
resistance, regulatory and disciplinary issues, perceived
contribution towards the burden of care, and the requirements
for operation of “unseen work” on the part of heath care
workers, attributed to digital technology [10].

Need for More Comprehensiveness About
Digital Health

To suggest amore comprehensive approach, the biopsychosocial
(BPS) model, introduced by George L Engel [11] has been
adapted to include technology. This individual-level model of
assessing health and disease, previously expanded in aheuristic
manner by other scientists [12-14], must include a digital
component. The proposed, “biopsychosocial-digital” model
expands the traditional three-tier domains of understanding
health and diseases (ie, biological, psychological, and social),
in addition to training future human resources of health care
systems. Furthermore, thismodel may act asageneric, neutral,
and extended basis for the assessment of the possible effects
and interactions of digital health technologies. Therefore, the
hopes are that the * biopsychosocial-digital” model will bridge
the techno-utopian and techno-critical approaches.

The BPS model emphasizes that the causes and outcomes of
health and disease conditions should be considered in lieu with
biological, psychological, and social factors. The model implies
that for optimal management of conditions, the health careteam
should address all three influences on the patient. Subsequently,
health care providers must be directly, or indirectly, familiar
with applying this heuristic model for optimal care. Health care
providers must acknowledge that the patients' engagement in
health and disease management isinfluenced by their concurrent
medical conditions, psychological factors, and sociocultural
barriers in the environment [11]. The BPS model has been
widely used in different health-rel ated disciplinesto understand
the nature of various disease conditions and the provision of
training to professionals. Even though limitations exist with
this model, most have been shown to be unfounded [15].
Limitations include the dichotomization between biology,
psychology, and society, aswell asthe masking of an underlying
biomedical approach [16]. Digital health technologies are
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expected to address these limitations by the provision of more
accessible, scalable, and comprehensive data from various
aspects of health and disease. Furthermore, the availability of
various technol ogies which can continue to capture biological,
psychological, and social information provide a
non-dichotomized understanding of an individual’s medical
condition and help in unmasking the biomedical focus of the
original model.

Reasons Behind the Call and
Methodology for its Justification

In summary, to justify the BPS expansion, the fundamental
effects of various digital health technologies on individual
components of the original BPS model (ie, biological,
psychological, and social) are discussed and supported by the
provision of a number of pertinent examples. The potential
mechanisms of how digital health may directly or indirectly
affect the above-mentioned domains are beyond the scope of
this current viewpoint manuscript. Nevertheless, one of the
potential mechanismsinvolvesthe rapid changesin health care
resulting from the adaptation of digital health technologies in
various aspects of health and disease. In recent years, there have
been increased efforts for the documentation, reflection, and
analysis of the changes caused by digital health in the academic,
critical psychosocia scientific literature [10].

A summary of the important reasons behind the paradigm
expansion, from “biopsychosocial” to “biopsychosocial -digital”
is provided below.

Firstly, individual-level digital biologica data, both
provider-generated and patient-generated, are becoming
increasingly available and accessibleto people and patients. As
afundamental example, DNA asadigital moleculeisbecoming
the cornerstone of digital genomics services. Interestingly,
portable biosensors have proven useful in providing information
to support managing health and enabling affordable access to
populations in low socioeconomic situations and/or remote
geographical environments[17,18]. Additionally, theintegration
of personal self-tracking data with electronic medical records
isalready being implemented in some American hospitals[19].
Consequently, the digital “expansion” of one’'s“biological self,”
has become an expected outcome, as people are able to explore
their biology through new methods.

Secondly, evidence shows that digital health solutions may
directly or indirectly affect psychosocial processesthat are part
of the complex interactions of the individuals environments
[20]. Digital health solutions may be additional sources of both
positive and negative psychological reactions at the individual
level (eg, personal reassurance from supported decisions by
apps, or escalated anxiety induced by lost health data). Overall,
digital health solutions have produced greater patient satisfaction
[21]. Some authors have highlighted a paradigm shift, through
digital technologies, in delivering psychologica behavior change
interventions [22]. As aresult, health care providers should be
systematically equipped to address these new psychological
aspects of digital health solutions.
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Thirdly, socidization around health, both at individual and
group levels, has become increasingly popular in the digital
space. The popularity of this trend shows both favorable and
unfavorable effects as there is improved access to individuals
in hard-to-reach sociocultural environments. Also, improving
quality-of-care by patients social media inputs has been
considered a promising areain US hospitals [23]. Conversely,
social isolation because of breached privacy and hacked health
data has become an increasing concern. Figure 1 compares the
conventional biopsychosocial model (panel A) with the proposed
biopsychosocia-digital model (panel B).

A three-step methodology provides justification of the
biopsychosocia model expansion. The details of the
methodology used are beyond the scope of this manuscript. In
summary, a systematic review of literature was conducted to
determine supporting evidence about the relationship between
digital health technologies and independent or interrelated
components of the biopsychosocial model. A gap analysis was
performed to identify potential domains that could be
incorporated to the original model. Lastly, an expert consensus
report was conducted on the new model to provide feedback
and critique through discussion.

Implications of the Paradigm Expansion

The biopsychosocial-digital paradigm could have emerging
implicationsin understanding health and disease and therefore,
in training human resources for heath care provision and
research. Furthermore, the new biopsychosocial-digital paradigm
offersasystematically-expanded means of addressing patients
experiences of digital health solutions with their respective
biological, psychological, and social aspects of health and
disease.

Additionally, this expanded paradigm emphasizeswhy and how
the knowledge of new digital health solutions, as they appear,
iscritical for training health care providers. Training is essential
for improving health care providers understanding of the
possible effects of digital health solutions on the three
conventional aspects of health and disease. Subsequently, such
effects can be successfully taught to health care providers[24].
Moreover, this paradigm goes beyond assessing acceptability,
usability, and satisfaction of digital health solutions, allowing
a deeper understanding of their usage. Insights from the
biopsychosocial-digital paradigm hel ps anticipate and interpret
the usage and outcomes of digital health solutions towards
individualized health solutions. Interestingly, even legal
frameworks such asLegal Challengesin Digital Health, support
the development and evaluation of digital health services [25]
and the proposed model further strengthens those frameworks.

The biopsychosocial-digital model further complements the
growing trend of integrating digital health services through
joined interdisciplinary teams, to provide better care and to
address patients' needs. Therefore, health care providers will
consider the complex interactions among digital solutions and
biological, psychological, and social aspects of health and
disease, rather than the traditionally overly-simplistic
biomedical-espoused causal and associated processes.
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Figure 1. Comparison between the conventional biopsychosocial model (panel A) with our proposed paradigm (panel B), along with relevance of the
proposed paradigm to six coredigital health categoriesthat operate within businessto patient/consumer market contexts. B: biological; P: psychological;

S: social; D: digital.

A

B

Psychological
Psychological
Biological Social
Biological Social
Digital

Biological Social
Gender Social support
Physical illnesses Family background
Disabilities Cultural traditions - .
Genetic vulnerabilities Sacio-economic status Core Digital Health Categories:
Immune function Education B P D Electronic health records
Medications

B P S D Online healthinfo and reviews
Psych ological D.'g.'tal . B P D Mobile health tracking
Learning/Memory Digital expansion of
Personality biological self B P S D Wearabletechnologies
Behaviours Digital engagement of
Emotions patients B D Genetic services
Coping Skills Social networking
Previous mental issues B P S D Telehealth and telemedicine

Influencing Medical Education and
Clinical Practice

Thescientific literatureis being enriched continuously with the
possibleimplications of digital health technologies for medical
education. Two important aspects are worth noticing: educating
future health care practitioners about current and foreseeable
technological innovations and enabling practitioners to adjust
accordingly to future changes in their fields of specialty [26].
Specifically, in some disciplines, education is focused on the
impact and advancements of modern digital technologies on
patient care [27].

Various case studies discuss the incorporation of digital health
technol ogies such as Blockchain usein hedlth care, digita health

http://www.jmir.org/2018/5/e189/

device assessment, mobile health apps, pharmacogenomicsand
personalized medicine, use of electronic health records in
practice, virtual reality and augmented reality, and wearable
devicesin clinical practice[26]. Theimportance of integrating
digital technologies into medical education results in the
improvement of interprofessional team dynamics, extended
opportunities for inter-professional team education, and
increased possibilities for interprofessional team practice.
Moreover, health knowledge brokerage as another fundamental
example of interprofessional collaboration and teaching health
info-mediary activities from a patient-centered perspective are
novel aspects of digital heath incorporation into medical
education [28]. The biopsychosocial-digital approach to health
and disease benefits medical education initiatives by providing
amore inclusive paradigm.
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Textbox 1. Summary points from the biopsychosocial-digital model.

Ahmadvand et al

« Digitaly-engaged patients are demanding more independence, in their choices, voices, and shared decision-making.
. Healthcareproviders knowledge, attitudes, skills, and practices regarding digital health may vary notably, depending on the context or condition.

« A newer biopsychosocial-digital paradigm offers a systematically-expanded means of addressing patients' experiences of intended or unintended
interactions of digital health solutions with their health and disease conditions.

«  The new paradigm aso helps in expanding the research and dialogue approaches to the perspectives of the digitally-engaged patients and to
address the pros and cons of digital health solutions by health care providers.

The proposed paradigm has implications for the education of
patients, asan important part of clinical practice. Recent efforts
focused on the devel opment of more comprehensive instruments
to assess digital health literacy or eHedlth literacy (eg, Digital
Health Literacy Instrument) [29] will be better aligned with the
biopsychosocia-digital model.

Certain methods might be used to support the integration of
digital health concepts into medical education and clinical
practice. Methods include systematic and regular revision of
the educational curricula by medical universities, updating
clinical practice guidelines and/or learning outcomes by
professional medical colleges and providing examples,
information, advice, and assistance about relevant digital health
technologies. Moreover, the expansion of research efforts in
different medical disciplineswill increase the understanding of
digital health utilization across the health and disease spectra
whilst benefitting medical education and clinical practice.

Textbox 1 summarizes key information from the
biopsychosocia-digital model.

Conclusions

Limitations of the New Viewpoint

The origina intention for proposing the new

biopsychosocial-digital approach to health and disease was to
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Abstract

Background: Practice guidelines advocate combining pharmacotherapy with lifestyle counseling for patients with hypertension.
To allow for appropriate tailoring of interventions to meet individual patient needs, a comprehensive understanding of baseline
patient characteristics is essential. However, few studies have empirically assessed behavioral profiles of hypertensive patients
in Web-based lifestyle counseling programs.

Objective: The abjectives of this study were to (1) specify baseline psychobehavioral profiles of patients with hypertension
who were enrolled in aWeb-based lifestyle counseling trial, and (2) examine mean differences among theidentified profile groups
in demographics, psychological distress, self-reported self-care behaviors, physiological outcomes, and program engagement to
determine prognostic implications.

Methods: Participants (N=264; mean age 57.5 years; 154/264, 58.3% female; 193/264, 73.1% white) were recruited into a
longitudinal, double-blind, randomized controlled trial, designed to evaluate an online lifestyle intervention for hypertensive
patients. A series of latent profile analysesidentified psychobehaviora profiles, indicated by baseline measures of mood, motivation,
and health behaviors. Mean differences between profile groups were then explored.

Results. A 2-class solution provided the best modéd fit (the Bayesian information criterion (BIC) is 10,133.11; sample-size
adjusted BIC is 10,006.54; Lo-Mendell-Rubin likelihood ratio test is 65.56, P=.001). The 2 profile groups were (1) adaptive
adjustment, marked by low distress, high motivation, and somewhat satisfactory engagement in health behaviorsand (2) affectively
distressed, marked by clinically significant distress. At baseline, on average, affectively distressed patients had lower income,
higher body mass index, and endorsed higher stress compared with their adaptive adjustment counterparts. At 12-months post
intervention, treatment effects were sustained for systolic blood pressure and Framingham risk index in the adaptive adjustment
group, and those in the adaptive adjustment group were 2.4 times more likely to complete the 12-month intervention study,
compared with their affectively distressed counterparts.

Conclusions: Interventions for patients who are adaptively adjusted may differ in focus from those designed for the affectively
distressed patients. As such, this study underscores the importance of identifying psychobehavioral profiles, as they alow for
evidence-based tailoring of lifestyle counseling programs for patients with hypertension.

Trial Registration: ClinicaTrials.gov NCT01541540; https://clinicaltrials.gov/ct2/show/NCT01541540 (Archived by WebCite
at http://lwww.webcitation.org/6yzZY ZcWF)

(J Med I nternet Res 2018;20(5):€149) doi:10.2196/jmir.8757
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Introduction

Background

Elevated systolic blood pressure (SBP) places individuals at
increased risk of cardiovascular disease (CV D), stroke, coronary
heart disease, heart failure, and CV D mortality [1]. Neverthel ess,
blood pressure is treated and controlled in only two-thirds of
those diagnosed with hypertension [2,3], leaving a large
proportion of this population at significant risk for the
devel opment of further cardiac risk. Current guidelines consider
the combination of pharmacotherapy with lifestyle counseling
as best practice for the management of hypertension [4,5].

Asthefeasibility and clinical utility of large-scale motivational
interviewing and cognitive behavioral therapy-based lifestyle
counseling programs continue to be established and further
disseminated for patients with hypertension [6-10], it has
become increasingly important to develop a systematic,
comprehensive, and efficient way to assess the psychological
and behavioral characteristics of the growing number of patients
enrolling in such programs. A comprehensive understanding of
baseline patient characteristics is essentia to allow for more
appropriate tailoring of interventionsto meet individual patient
needs. In keeping with this objective, psychometric instruments
have been developed to identify adaptive and maladaptive
patterns of adjustment among patients with chronic pain, and
preliminary work has been reported for patients with
cardiovascular conditions[11,12]. Few studies have empirically
assessed psychological or behavioral profiles of hypertensive
patients enrolled in Web-based lifestyle counseling programs.
Objectives

The goals of this study were to (1) assess and specify baseline
psychobehavioral profiles of patients with hypertension who
were enrolled in a Web-based lifestyle counseling trial, (2)
examine mean baseline differences among theidentified profile
groups in demographics, psychological distress, and
self-reported self-care behaviors, and (3) assess differencesin
physiological outcomes (SBP; diastolic blood pressure, DBP;
pulse pressure, PP; and Framingham risk index, FRI) and
program engagement acrossthese profile groups over 12 months
to determine prognostic implications.

Methods

Overview

Thisis a substudy of the Reducing risk with E-based support
for Adherence to lifestyle Change in Hypertension (REACH)
trial [13], which was a multicenter, longitudinal, double-blind,
randomized controlled trial of e-counseling for persons with
stage 1 or 2 hypertension (Clinicaltrial.gov: NCT01541540).
REACH was designed to eval uate the efficacy of astandardized,
evidence-based e-counseling protocol that promoted adherence
to recommended guidelines for exercise, diet, prescribed
medications, and smoke-freeliving over 12 months. In the parent
study, eligible hypertensive participants were recruited across
5 Canadian sites. Toronto (n=174), Vancouver (n=39), Grey
Bruce (n=19), London (n=15), and Prince Edward Idand (n=17).
All participantswere randomly assigned to treatment or control

http://www.jmir.org/2018/5/e149/
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interventions after their eligibility was confirmed at their
baselinevisit. Primary endpoints of the REACH study included
SBP and DBP, PP, non-high-density lipoprotein cholesterol,
and the FRI of 10-year absoluterisk of CVD.

Study Interventions and Assessments

Both the control and e-counseling arms of REACH were
organized by sessions that included a URL that linked
participants to their session content. For controls, each session
included content representative of the e-based support provided
by heart health organizations at the inception of the study [13].
In addition to the materials made available to participants
assigned to the control condition, the e-counseling intervention
used key components from motivational interviewing [14] and
cognitive behavioral therapy [15] to promote adherence to
self-care behaviors. In keeping with guidelines from
motivational interviewing [14], e-counseling sessions in the
early phase of the e-counseling intervention were designed to
resolve ambivalence about behavior change and to help
participantsfed connected to asalient personal goal. Subsequent
sessions provided videos, online handouts, and monitoring forms
to guide and reinforce skills to sustain positive changes in
targeted self-care behaviors.

As a part of the parent study, all participants were asked to
complete in-person study assessments at baseline, 4-month, and
12-month follow-up. All in-person study assessments were
conducted by atrained nurse or research assistant and included
the collection of both questionnaire and physiological data.

Participants

This study included 263 participants (mean age 57.5 years;
154/264, 58.3% female; 193/264, 73.1% white), who compl eted
the baseline assessment. Inclusion criteria for the larger
longitudinal study included the following: age: 35-74 years,
hypertension diagnosis, baseline blood pressure measured at
baseline study session: 2140/90 (if no meds); >130/85 (if on
meds); if on medications, an unchanged prescription for >2
months, and comprehension of written and oral English [13].
Exclusion criteria for the larger study included the following:
diagnosis of clinically significant arrhythmia, sleep apnea,
kidney disease, major psychiatricillness (eg, psychosis), alcohol
or drug dependencein the previous year, ingtitutional residence,
or littleto no English comprehension [13]. One participant from
the larger sample was excluded from this study because of
missing data on al indicators used for the anaysis of
psychobehavioral profiles. See Multimedia Appendix 1 for
background characteristics, health behavior, and cardiovascular
risk factors for total sample of parents study at baseline.

M easures

Psychological Distress

Four well-established self-reported measures of psychological
distress were used in this study. The Patient Hedth
Questionnaire-9 (PHQ-9) [16] isa 9-item diagnostic screening
tool that assesses symptoms of depression. The clinica
interpretations of scores on this measure are as follows:
0-4=minimal depression; 5-9=mild depression; 10-14=moderate
depression; 15-19=moderately severe depression; and
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20-27=severe depression [16]. Both the Anxiety and Depression
subscales of the Hospital Anxiety and Depression Scale(HADS)
[17] & so assessed symptoms of anxiety and depression, whereas
the Perceived Stress Scale [18] was used to assess overall
psychological distress. Only baseline measures of self-reported
psychological distress were used this study [19].

Health Behaviors

Baseline measures of physical activity and dietary behaviors
were used in this study. Physical activity was measured by
calculating the 4-day number of steps recorded on a triaxial
pedometer (4-day step count, LifeSource/A&D XL-18CN
Activity Monitor, China) [13]. In a study of healthy adults,
individuals have been classified into various lifestyle groups
based on average daily step counts: (1) <5000 steps per
day=sedentary lifestyle; (2) 5000-7499 steps per day=low active;
(3) 7500-9999 steps per day=somewhat active; (4) =10,000
steps per day=active; and (5) >12,500 steps per day=highly
active[20]. Moreover, according to the Canadian Hypertension
Education Program (CHEP) 2016 guidelines, it isrecommended
that patients with hypertension engage in 30 to 60 min of
moderate-intensity exercise 4 to 7 days/week, including walking,
in addition to their activities of daily living [5].

Dietary behaviorswere monitored by a24-hour urinary sodium
analysis (mmol/day) and the National Ingtitute of
Health/National Cancer Institute Dietary Health Questionnaire,
aself-reported measure of fruit and vegetableintake, which has
established validity and has been successfully adapted for a
Canadian population [21]. According to the CHEP 2016
guidelines, it is recommended that patients with hypertension
consume no more than 87 mmol of sodium daily and adiet high
in fruits and vegetables [5].

Motivational Readinessto Change

Prochaska transtheoretical algorithm [22] was used as a proxy
measure to assess baseline motivation to initiate or maintain
self-management behaviors, including planned exercise, daily
activities for active living, fruit and vegetable intake, and salt
use [22]. The stages of change are conventionally defined as
follows: 1=precontemplation (not ready to adhere to the target
behavior in the next 6 months); 2=contemplation (ready to
adhere to the target behavior in the next 6 months);
3=preparation (ready to adhereto thetarget behavior inthe next
4 weeks); 4=action (adherence to the behavior but for less than
6 months); and 5=maintenance (adherence to the behavior for
6 months or more).

Physiological Measures

SBP, DBP, and PP, as well as the FRI for 10-year absolute risk
of CVD [23], were assessed at baseline and 12-month endpoint.
All assessmentstook place at the participating hospital or clinic,
by atrained nurse or research assistant as noted for the REACH
trial [13]. Blood pressure was assessed using avalidated protocol
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for automated office blood pressure measurement with the
BpTRU device [5]. Blood samples were taken by the hospital
or clinic laboratory using conventional proceduresto assessthe
12-hour fasting lipoprotein cholesterol profile. The FRI was
obtained from the previously noted data along with a
guestionnaire [23]. In addition, baseline body massindex (BMI)

was calculated (kg/m?).

Program Engagement

Study completion was used as a measure of participant
engagement in their assigned treatment programs. Study
completion was coded as a binary measure such that
O=Incomplete, assigned to participants who did not complete
the in-person 12-month study assessment, and 1=Complete,
assigned to parti ci pants who compl eted the in-person 12-month
study assessment.

Data Analyses

Latent Profile Analysis

A seriesof latent profile analyses (L PA) were conducted within
a structura  equation modeling framework to obtain
psychobehavioral profiles of patients with hypertension.
Psychobehavioral profileswereindicated by baseline measures
of mood (PHQ-9), motivation (readiness to change: exercise
and diet), and health behaviors (4-day Step Count and Urinary
Sodium, see Figure 1). To determine the appropriate number
of profiles, a series of models with sequentially increasing
number of classesweretested for overall model fit. Each model
was compared with the previous model by examining multiple
indices of model fit (eg, the Bayesian Information Criterion,
BIC;, the sample-size adjusted BIC, ABIC; and the
Lo-Mendell-Rubin test, LMR [24]). Improved model fit was
indicated by smaller BIC and ABIC and asignificant LMR test,
and worsened model fit was evidenced by larger BICand ABIC
and nonsignificant LMR test. Patients with hypertension were
then categorized into different psychobehavioral profile groups,
based on saved profile classifications resulting from the LPA.

Analysisof Basdineand 12-Month Differences Between
Profiles

Once psychobehaviora profile groupswere established, aseries
of t tests and Pearson chi-square tests were performed to test
the differences between psychobehavioral profile groups on
baseline demographic, physiological, psychological, and
behavioral variables. A series of analysis of covariance
(ANCOVA) analyses were also conducted to test mean
differencesin baseline to 12-month assessment change in SBP,
DBP, PP, and FRI between treatment groups within each of the
psychobehavioral profile groups. Assessments of mean
differences were made controlling for age, sex, BMI, and
baseline outcome variable. Logistic regression was then used
to determine differencesin program engagement between profile
groups.
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Figure 1. Theoretical model of latent psychobehavioral profiles of patients with hypertension.

Latent profile

Affect/mood
* Patient Health
Questionnaire (PHQ-9)

Motivation
* Readiness to change: Exercise
* Readiness to change: Diet

Health behaviors
* 4-Day step count
* 24-hour urinary sodium

Results

Latent Profile Analysis

Model Fit

A series of models with sequentially increasing number of
psychobehaviora profiles of patients with hypertension were
tested for overall model fit. First, indicators of psychobehavioral
profiles (eg, baseline measures of mood, motivation, and health
behaviors) were assessed in a 1-class LPA (BIC=10,166.92;
ABIC=10,119.36). Second, a 2-class LPA using indicators of
psychobehavioral profiles was tested (BIC=10,133.11;
ABIC=10,006.54; LMR=65.56; P=.001). This analysis was
followed by a 3-class LPA using these same indicators
(BIC=10,116.72; ABIC=10,031.11; LMR=48.59; P=.59). It
was determined that the 2-class solution provided the best model
fit because the 3-class model of psychobehavioral profiles did
not significantly improve overall model fit from the 2-class
model, and the 2-class model was found to have significantly
improved model fit over the 1-class model (Figure 2).

Psychobehavioral Profile Groups

The 2-class solution revealed 2 main psychobehavioral profiles
of hypertensive patients. Most patients (228/263, 86.7%) were
found to be adaptively adjusting to their hypertension diagnosis.
The psychobehavioral profile of the adaptive adjustment group
was marked by symptoms of depression in the minimal range
of clinical severity (meanpq 3.69, SD 0.23), relatively high
motivation to adhere to guidelines for both diet and exercise
(Mean;,eginessdiet 3-98, SD 0.05; Mean, eyinessexarcise 3-98: SD 0.07,
both approaching action stage), and somewhat active
engagement in physical activity (Mmeange,s 7900.38, SD 222.25).
Neverthel ess, on average, the adaptive adjustment group showed
very poor adherence to a low-sodium diet as indicated by
24-hour urinary sodium (meangyg,m 130.81, SD 4.47; Figure
2).

A minority of patients (13.3%, 35/263) were classified in the
second psychobehaviora profile group, which was marked by
moderately elevated levels of depression, indicative of clinically
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significant distress (meanpyq 13.39, SD 0.83). This affectively
distressed group also demonstrated relatively lower levels of
motivation to exercise (MeaNeyiness exercise 3-34, SD 0.25,
preparation stage) and physical activity (meange, 7165.43, SD
562.44, low active). Although this group indicated motivation
to change dietary behavior indicative of individual s approaching
the action stage (Mean, eyiness diet 3-89, SD 0.13), adherence to
sodium intake guidelines was poor (meang,y,m 121.44, SD 9.74;
Figure 2).

Baseline M ean Differences Between Profile Groups

Demographic Differences

The t tests revealed a significant difference in mean baseline
income between the psychobehavioral profile groups
(tyg7=—3.73, P<.001), with the adaptive adjustment group having
a higher average income compared with the affectively
distressed group. No significant baseline differenceswere found
between the 2 profile groups on baseline age, gender, or level
of education (Table 1).

Physiological Differences

The t tests revealed a significant difference in mean baseline
BMI between the psychobehavioral profile groups (t,g;=2.95,
P=.003), with the adaptive adjustment group having a lower
BMI (meangy,, 30.63, SD 6.10), compared with the affectively
distressed group (meang,, 33.97, SD 7.14). No significant

baseline differences were found between the 2 profile groups
on SBP, DBPR, or PP (Table 1).

Psychological Differences

The t tests revealed significant differences between the
psychobehavioral profile groups across several measures of
psychological distress, including HADS-anxiety (ty49=8.10,
P<.001), HADS-depression (t,5;=11.15, P<.001), and Perceived
Stress Scale (t,47=6.66, P<.001). As expected, across al 3 of
these measures, the adaptive adjustment group had alower mean
level of distress compared with the affectively distressed group
(Table 1).
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Figure 2. Two psychobehavioral profiles of patients with hypertension. PHQ: Patient Health Questionnaire.

1. Adaptive
adjustment
(86.7%, n=228)

2. Affectively

distressed
(13.3%, n=35)

* Mean affect
* PHQ=3.7 (Min. symptoms)
* Mean readiness to change:
* Exercise=4.0 (Action)
* Diet=4.0 (Action)
* Mean health behaviors:
* Steps=7900/day
* 24-hr sodium=130.8 mmol/day

* Mean affect
* PHQ=13.4 (Major dep.)
* Mean readiness to change:
* Exercise=3.3 (Prep-action)
* Diet=3.9 (Action)
* Mean health behaviors:
* Steps=7165/day
* 24-hr sodium=121.4 mmol/day

Behavioral Differences

Thet tests revealed a difference in fruit and vegetable intake
between the psychobehavioral profile groups that was
approaching significance (t,4,=—1.87, P=.06) at baseline. The
adaptive adjustment group reported, on average, higher levels
of fruit and vegetable intake (MeaNgyings 8.36, SD 5.55),
compared with their affectively distressed counterparts
(MeaNgings 6.43, SD 4.16; Table 1).

Twelve-Month Treatment Effects Within Profile
Groups

Adaptive Adjustment Group

In keeping with the therapeutic changes at 12 months reported
for the REACH tria [25], ANCOVA analyses reveaed
significant differences in change in SBP, PP, and FRI from
baseline to 12-month follow-up, (F;=5.80, P=.02; F;=4.27,
P=.04; F;=5.39, P=.02, respectively), even when controlling
for age, sex, baseline BMI, and baseline values. Adaptively
adjusted participants assigned to the treatment group showed,
on average, a greater decrease in change in SBP, PP, and FRI
compared with their control group counterparts. Nevertheless,

http://www.jmir.org/2018/5/e149/
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for adaptively adjusted participants, mean changein DBP from
baseline to 12-month follow-up did not differ significantly
between treatment and control groups (F,=2.28, P=.13; Table

2).

Affectively Distressed Group

ANCOVA analyses were not conducted for the affectively
distressed group because of the small number of participants
assigned to each group (Neoniro=16, Nyeament=4) @nd the wide
variability in change in SBP, PP, and FRI, from basdline to
12-month follow-up (Table 3).

Differencesin 12-Month Program Engagement
Between Profile Groups

Logistic regression found a significant positive effect of profile
group on program engagement, as assessed by completion of
thein-person 12-month study assessment (beta=0.88, SE=0.386,
P=.02), even when controlling for age, sex, baseline SBP, and
treatment group. Adaptively adjusted participants were 2.41
times more likely than the affectively distressed participants to
complete the in-person study assessments, Exp(B)=2.41,
regardless of age, gender, baseline SBP, or assigned treatment

group.
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Table 1. Assessing baseline outcome mean differences between profile groups. BMI: body mass index; BP: blood pressure; HADS: Hospital Anxiety
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and Depression Scale.
Outcome variable Profiles t test (df) P value
Adaptive adjustment (n=228)  Affectively distressed (n=35)

Demographics
Females, n 131 23 N/AZ N/A
Age, mean (SD) 57.88 (9.53) 55.51 (9.32) -1.37 (261) 7
Income®, mean (SD) 7.46 (2.80) 5.47 (2.86) -3.73(237) <.001
Education, mean (SD) 16.22 (2.62) 15.28 (3.01) 2.03 (250) .06

Physiological, mean (SD)
Systolic BP 141.02 (11.46) 140.17 (11.45) -0.41 (261) 69
Diastolic BP 87.26 (8.67) 87.26 (8.34) -0.001 (261) .99
Pulse pressure 53.76 (12.51) 52.91 (12.53) -0.37 (261) 71
Framingham risk index 16.24 (10.71) 15.11 (12.03) -0.56 (257) 58
BMI 30.63 (6.10) 33.97 (7.14) 2.95 (261) .003

Psychological, mean (SD)
Patient Health Questionnaire 3.69 (.23) 13.39 (.83) N/A N/A
HADS: Anxiety 5.40 (3.43) 10.59 (3.74) 8.1 (249) <.001
HADS: Depression 2.96 (2.64) 8.53 (3.13) 11.15 (251) <.001
Perceived stress 14.75 (5.04) 20.97 (4.70) 6.66 (247) <.001

Behavioral, mean (SD)
4-day step count 7900.38 (222.25) 7165.43 (562.44) N/A N/A
24-hour urinary sodium® 130.81 (4.47) 121.44 (9.74) N/A N/A
Fruit and vegetable intake 8.36 (5.55) 6.43 (4.16) -1.89 (241) .06

M otivational, mean (SD)
Exercise 3.98 (0.05) 3.34(0.25) N/A N/A
Diet 3.98 (0.07) 3.85(0.13) N/A N/A

3N/A: not applicable.

bSelf-reported income per family (Can $), 1=<$19,000, 10=$100,000.

€89.4% (236/264) of al participants completed the baseline 24-hour urinary sodium assessment.

Table2. Changein main outcomesat 12 monthsin adaptive adjustment group by treatment allocation. DBP: diastolic blood pressure; FRI: Framingham

risk index; PP: pulse pressure; SBP: systolic blood pressure.

Adaptive adjustment Treatment group F test (df) P value
e-Counseling (n=96), mean (SD) Control (n=80), mean (SD)

ASBP -10.51 (1.31) -5.81 (1.44) 5.80 (1) .02

ADBP -5.15(0.78) -3.40 (0.86) 2.28 (1) 13

APP -5.40 (0.90) -2.63(0.99) 4.27 (1) 04

AFRI -2.24.(0.64) -0.02 (0.70) 5.39 (1) .02
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Table 3. Changein main outcomes at 12 monthsin affectively distressed group. DBP: diastolic blood pressure; FRI: Framingham risk index; PP: pulse

pressure; SBP: systolic blood pressure.

Affectively distressed® Treatment group
e-Counseling (n=4), mean (SD) Control (n=16), mean (SD)
ASBP -12.00 (8.25) -6.63 (15.01)
ADBP -11.00 (8.29) -4.25 (8.51)
APP -1.00 (15.94) -2.37 (11.10)
AFRI -2.04 (1.34) -0.93 (6.05)

ANCOVA analyses were not conducted for the affectively distressed group because of small sample size; however, raw means and standard deviation

are reported.

Discussion

Principal Findings

This study identified 2 baseline psychobehavioral profiles for
hypertensive patients: adaptive adjustment and affectively
distressed. The affectively distressed group had significantly
lower income and significantly elevated baselineBMI and levels
of distress (eg, anxiety, depression, and perceived stress) and
engaged in the Web-based counseling program less than their
adaptively adjusted counterparts. Moreover, treatment effects
on SBP, PP, and FRI were statistically significant in the adaptive
adjustment group but failed to reach statistical significance for
DBP. These findings indicate that a large majority of patients
with hypertension arelikely to benefit greatly from interventions
designed to provide practical support regarding adherence to
lifestyle recommendations for the management of hypertension.
Nevertheless, a minority of patients may aso benefit from
additional support to help manage psychological symptomsand
associated stressors that may interfere with a patient’s ability
to adhere to Web-based interventions and suggested lifestyle
changes.

Psychobehavioral Profiles

Most participants (86.7%, 228/263) in this study were found to
be psychologically well-adjusted to their diagnosisand indicated
relatively high motivation to engage in both healthy diet and
exercise behaviors. Participants categorized in the adaptive
adjustment group reported levels of motivation and physical
activity within expected ranges for a cohort of patients seeking
help in lifestyle behavior changes to manage their blood
pressure. For example, the mean readinessfor changein exercise
and the somewhat active range of physical activity found in the
adaptive adjustment group was comparabl e to aprevious report
of both motivation toincrease physical activity and engagement
in physical activity in alarge sample of individuals diagnosed
with CVD and/or diabetes or who were at high risk of CVD
[26]. It is important to recognize that, although this group is
well adjusted to their hypertension diagnosis, there is still a
need for this group to engage in a comprehensive lifestyle
counseling program. For instance, although this group reported
high motivation for change in dietary behaviors, their urinary
sodium excretionsindicated difficulty in adhering to low-sodium
diet recommendations [5]. Similarly, although motivation to
increase exerciseisrelatively high in this group, average 4-day
step counts indicate suboptimal level of activity [20].

http://www.jmir.org/2018/5/e149/

A small proportion of the participants in this study (13.3%,
35/263) was identified as being affectively distressed, as their
profile was marked by clinically significant elevations in
depressive symptoms. Therate of clinically elevated depressive
symptoms is comparable to rates of diagnosis of anxiety or
depression previously reported in alarge sample of hypertensive
patients[27]. Although the affectively distressed group reported
comparable levels of motivation for change in exercise astheir
adaptively adjusted counterparts, thisgroup engaged in relatively
lower amounts of physical activity. In addition, the affectively
distressed group reported lower motivation to engagein dietary
changes, and their urinary sodium excretion was somewhat
lower than the adaptively adjusted group. Discrepancies between
self-reported ratings of motivation to change and more objective
health behavior indices may be an important clinical
manifestation of the overall distress experienced by individuals
in this psychobehaviora profiles group and may be important
to addressininterventionstail ored for this affectively distressed
group of patients with hypertension.

Differences Between Adaptive Adjustment and
Affectively Distressed Profile Groups

Basaline Characteristics

Examination of baseline differences between the profile groups
worked to further validate the 2 psychobehavioral groups
identified in this study. As would be expected, the 2 profile
groups differed significantly in their baseline endorsement of
psychological distress. On average, the affectively distressed
group was more anxious, depressed, and stressed compared
with their adaptive adjustment counterparts. The affectively
distressed group also reported, on average, alower household
income compared with their adaptively adjusted counterparts.
These results indicate that patients who are classified in the
affectively distressed group may not only experience clinically
elevated symptoms of depression but also the elevated symptoms
of awiderange of other psychological symptomsand associated
stressors that are also important to acknowledge and address
when planning interventions for this subgroup of patients with
hypertension.

Although there were no significant differences between these
groups on baseline measures of SBP, DBP, or PP, the 2 groups
did differ in baseline BMI. The affectively distressed group had
significantly higher mean BMI than the adaptive adjustment
group. The strong reciprocal association between depressive
symptomsand obesity hasbeen well established, and it hasbeen
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hypothesized that multiple biological, psychosocial, and
behavioral pathways likely account for this association [28].
For example, from a behavioral perspective, the adaptive
adjustment group had a higher mean 4-day step count compared
with the affectively distressed group. Similarly, the results of
thisstudy indicated that, on average, adaptive adjustment group
may consume higher levels of fruit and vegetable compared
with their affectively distressed counterparts. Because symptoms
of depression often include amotivation and decreased
engagement in activities, elevations in depressive symptoms
can place patients with hypertension at higher risk for
noncomplianceto self-care recommendations. These differences
in health behaviors, in addition to differences in metabolic
processes, may contribute to the higher mean BMI in the
affectively distressed group. It is important to note, however,
that both the adaptively adjusted and affectively distressed
groups had, on average, BMIs in the obese range. Because of
thereciprocal relation between obesity and depression, it would
be important for interventions designed for adaptively adjusted
groups to provide basic psychoeducation regarding stress and
coping and their potentiadl impact on healthy lifestyle
maintenance.

Twelve-Month Outcomes

Analysisof 12-month outcomes within the adaptive adjustment
group indicated that the e-counseling program effectively
reduced SBP, PP, and FRI for this profile group. Although there
was no treatment effect for DBP overall, these outcomes are
similar to those found in the primary outcomes paper for the
larger study (unpublished data, 2018, [29]) and indicated that
for most hypertensive patients, the current e-counseling program
islikely effectivein lowering risk for the devel opment of CVD.
Due to our limited sample size, we were unable to statistically
examine these same 12-month outcomes within the affectively
distressed group. It is important to note, however, that there
was a pattern of greater improvements in outcome measures
(SBP, DBPR, PP, and FRI) for distressed patients receiving the
e-counsdling intervention compared with their control
counterparts. This pattern of results indicates that, the current
e-counseling program may be effectivein reducing risk for these
patients. However, because of our lack of power to assess this
effect, no such conclusions can be made at thistime.

Program Engagement

This study also found that the adaptively adjusted participants
were 2.4 times more likely than the affectively distressed
participantsto complete both baseline and 12-month follow-up
assessments. This finding is important, as it highlights a
potentially significant difference in program engagement
between profile groups. This finding is consistent with other
studies that have found that psychological symptom severity is
an important predictor of adherence to Web-based interventions
[30]. Therefore, early identification of those who are
significantly distressed and tailoring of interventionsto address
potential psychosocial barriersto program engagement islikely
an important aspect of designing longitudinally effective
person-centered internet-based intervention programs for
patients with hypertension.
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Clinical Implications

As noted previously, psychobehavioral profiles identified in
this study are important to consider from aclinical perspective
when looking to implement large-scale Web-based lifestyle
intervention programs for hypertensive patients, such as the
program tested in the parent REACH study [13]. The
psychobehavioral profilesfound in this study are promising, as
they show that most patients with hypertension who enroll in a
Web-based behavioral counseling program are likely to be
highly motivated and aready on the road to effective
engagement in recommended self-care behaviors. Therefore,
most patients will likely benefit from programs focused on
behavioral adjustmentsto achieve aheart-healthy lifestyle, basic
psychoeducation regarding the association between stress and
the maintenance of ahealthy lifestyle, and strategiesto maintain
such changes over time.

Nevertheless, this study also identified a minority of patients
who indicated that they experienced clinically significant
elevations in low mood. Identification of these distressed
patients is likely critical. Previous studies have indicated that
patient distress or depression impairs their ability to adhere to
self-care behavior and to engage in programs focused on
promoting therapeutic changein lifestyle [31-33]. Our findings
suggest that among patients who endorse significantly higher
levels of distress, programs may prioritize supplementary
self-help counseling to reinforce cognitive behaviora skills
aimed at reducing psychological symptoms and managing
associated stressors, before presenting strategies to maintain or
adhereto recommended self-care behaviors. It isalso interesting
to note that adiagnosis of anxiety or depression has been found
to be associated with greater health care utilization and faster
blood pressure control in patients diagnosed with hypertension
[27]. Such studies highlight the complexities of the pathways
by which psychological symptoms ultimately influence blood
pressure in patients with hypertension, and they are important
to keep in mind when devel oping content for a wide-reaching
program likely to recruit adiverse population of patients.

Limitations and Future Directions

Although this study provides a promising new way to tailor
Web-based health behavior counseling interventionsfor patients
with hypertension, there are limitations with regard to these
results. First, it is important to consider limits to the
generalizability of these findings. This study sample represents
a cohort of patients with hypertension who actively sought
information regarding a Web-based program for self-care
adherence. Therelatively high levels of motivation and moderate
levels of engagement in physical exercise seen in the sample
may be a reflection of sampling bias introduced in the
recruitment strategy. Our sample comprised health information
seekerswho had initially landed on the website of apublic heart
health organization and responded to our invitation about
participating in aresearch project [13]. The overall population
of hypertensive patients may include a wider range of
psychobehavioral profiles. For example, there may be a
subgroup of patients who are both highly distressed and highly
unmotivated to change their lifestyle or a subgroup of patients
who are highly motivated and who have been highly effective
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in adhering to recommended self-care behaviors. Second, this
study was underpowered to detect treatment effects within the
affectively distressed group, making it difficult to make any
definitive conclusions regarding the effects of the e-counseling
program on those participants who are most distressed on
entering the program. Similarly, because of the greatly different
sample sizes between the 2 profile groups, we were unable to
conduct a more comprehensive analysis comparing treatment
effectsdirectly acrossthese groups. This study wasalso limited
inits ability to assess program engagement. Completion of the
in-person 12-month study assessment was used as a proxy for
program engagement, as more detailed information regarding
program engagement (eg, number of emails opened or online
resources accessed) was not available at the time of this study.

Future studies may aim to identify psychobehavioral profiles
acrossawider range of patientswith hypertension to get amore
accurate estimate of whether the 2 profiles reported here are
replicable. Furthermore, it would be important to examine
whether individuals with varying profiles respond differently
tointerventionsaimed at promoting self-care adherence. Future
randomized controlled trials may aim to oversample patients
who are particularly distressed at baseline to directly examine
how treatment effects may differ across varying
psychobehavioral profiles. Moreover, future studies would
benefit from working to eliminate in-person assessments and
collecting detailed information regarding the degree to which
participants engage in online programsto better define and tailor
such interventions for a heterogeneous population of patients.
Nevertheless, this study underscores the importance of
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identifying and understanding psychobehaviora profiles, as
they allow for efficient evidence-based tailoring of lifestyle
counseling programs for patients with hypertension.

Conclusions

This study identified 2 latent psychobehavioral profiles for
hypertensive patients based on an analysis of basdine
characteristics: adaptive adjustment (86.7%, 228/263) and
affectively distressed (13.3%, 35/263). Those in the affectively
distressed group had significantly lower self-reported household
income, elevated BMI, higher levels of distress (eg, anxiety,
depression, and perceived stress) and significantly lower
program adherence compared with their adaptively adjusted
counterparts. The adaptively adjusted patients enrolled in an
e-counseling intervention also showed significant improvements
in SBPR, PP, and FRI compared with their control counterparts.
Accordingly, alarge majority of patients with hypertension are
likely to respond well to Web-based interventions designed to
provide practical support regarding adherence to lifestyle
recommendations for the management of hypertension. It also
indicates that a minority of patients may require additional
support to help manage psychological symptomsand associated
stressors that may interfere with their ability to implement and
adhere to suggested changes. The establishment of such
psychobehavioral profiles provides an evidence-based strategy
to understand the variability in patients with hypertension
interested in enrolling in a Web-based intervention for lifestyle
change. Such information is imperative in the devel opment of
effective person-centered Web-based interventions for a broad
sample of patients with hypertension.
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Abstract

Background: Numerous Web-based interventions have been implemented to promote health and health-related behaviors in
persons with chronic conditions. Using randomized controlled trials to evaluate such interventions creates a range of challenges,
which in turn can influence the study outcome. Applying acritical perspective when evaluating Web-based health interventions
isimportant.

Objective: The objective of this study was to critically analyze and discuss the challenges of conducting a Web-based health
intervention as a randomized controlled trial.

Method: The MODIAB-Web study was critically examined using an exploratory case study methodology and the framework
for analysis offered through the Persuasive Systems Design model. Focus was on technology, study design, and Web-based
support usage, with special focus on the forum for peer support. Descriptive statistics and qualitative content analysis were used.

Results: The persuasive content and technological elements in the design of the randomized controlled trial included all four
categories of the Persuasive Systems Design model, but not al design principles were implemented. The study duration was
extended to a period of four and a half years. Of 81 active participants in the intervention group, a maximum of 36 women were
simultaneously active. User adherence varied greatly with a median of 91 individual log-ins. The forum for peer support was
used by 63 participants. Although only about one-third of the participantsinteracted in the forum, therewasafairly rich exchange
of experiences and advice between them. Thus, adherencein terms of social interactionswas negatively affected by limited active
participation due to prolonged recruitment process and randomization effects. L essons learned from this critical analysis are that
technology and study design matter and might mutually influence each other. In Web-based interventions, the use of design
theories enabl es utilization of the full potential of technology and promotes adherence. The randomization element in arandomized
controlled trial design can become abarrier to achieving acritical mass of user interactionsin Web-based interventions, especially
when socia support is included. For extended study periods, the technology used may need to be adapted in line with newly
available technical optionsto avoid therisk of becoming outdated in the user realm, which in turn might jeopardize study validity
in terms of randomized controlled trial designs.

Conclusions: On the basis of lessons learned in this randomized controlled trial, we give recommendations to consider when
designing and evaluating Web-based health interventions.
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Introduction

Background

Oneimportant component of eHealth research isthe evaluation
of the use of information and communication technology. This
was stated by Eysenbach morethan 15 yearsago [1] and further
critically discussed, focusing on emerging Web-based
interventions for patients with chronic illnesses. The issue of
using randomized controlled trials (RCTs) asthe “ gol d-standard”
research methodol ogy was also highlighted, aswastherisk that
the control group could becomeinvolved with other Web-based
applications with similar objectives, thus “contaminating” the
design [2]. Since then, the globa use of mobile phones, the
Internet, and aplethoraof related technol ogiesand applications
has increased exponentialy, and numerous interventions for
promoting health and health-related behaviors have been carried
out.

Thus, applying acritical perspectiveto Web-based interventions
for persons with long-term and chronic illnesses is of specific
importance. However, several methodological challengesexist,
for example, issues of recruitment, randomization, fidelity,
retention data quality, and degree of adherence [3]. Another
matter is how the used technology and its design influence a
Web-based intervention. To investigate whether intervention
characteristics and persuasive design affect adherence, 83
Web-based health interventions were reviewed by Kelders et
a [4]. Through the use of aframework for Persuasive System
Design (PSD) [5] and its design principles, they coded
persuasive technology elements and analyzed intervention
characteristicsand adherence. In amultipleregression anaysis,
they found that users’ adherenceto an intervention was predicted
by differences in technology and interaction with a counselor.
Providing persuasive technology for social support did not affect
adherence, although the need to further explore thiswas stressed
[4].

Objectives

In this paper, we further critically analyze and discuss the
challenges of conducting an RCT using Web-based technol ogy,
including devices for social support, with special focus on
adherence. According to Kelders et al, adherence is defined as
“the intended usage in line with the therapeutic regime” [4] in
which social support is a prominent component. The basisisa
recently finalized RCT inwhich Web-based support was offered
to women with type 1 diabetes mellitus (T1DM) in pregnancy
and early motherhood: the MODIAB-Web (MOtherhood and
DIABetes) study.

Thefollowing research questions have been elaborated uponin
this paper:

What persuasive content and technological elements were
used in the design of the Web-based support?
How was the Web-based support used?

http://www.jmir.org/2018/5/e160/

What was the content of the social peer support and how
did the peers support each other?

What were the main challengesin relation to adherence to
the RCT?

Methods

Research Design

Using an exploratory case study methodology [6] and the
framework for analysis offered through the PSD model [5], we
have critically examined the MODIAB-Web study. The
analytical focus was on technology and its design, as well as
the usage of the different parts of the Web-based support with
specia focus on the forum for peer support.

TheMother hood and Diabetes (M ODIAB)-Web Study

The MODIAB-Web RCT study was directed at women with
T1DM registered at 6 hospital-based antenatal care units in
Sweden. Complementary Web-based support was offered to
theintervention group, with support starting in early pregnancy
and persisting up to 6 months after the child was born [7,8].
The rationale for the study was that TIDM women face
particular demands in relation to pregnancy, childbirth, and
early motherhood. During pregnancy, they struggle to achieve
normal blood glucose levels, which optimize the probability of
giving birth to a healthy child [9-11]. In the early months after
childbirth, the women have to deal with unstable blood glucose
levels, whereas at the same time having to meet all the
challenges of early motherhood, and especially those related to
breastfeeding [9,12,13]. Their need of Web-based support
including social peer support has been identified in earlier
studies [14-16].

The Web-based support was developed in line with theideal of
participatory design [17] and includes three parts: (1)
information based on scientific evidence, (2) a self-care diary,
and (3) a forum for peer support divided into three topics:
pregnancy, childbirth, and life as anew mother. In addition, the
Web-based support comprised a frequently asked question
section where participants could ask questions and receive
answers from experts in the field, and a collection of links to
other recommended resources. The intention was to offer
complementary Web-based support as an add-on to regular
pregnancy care and use it especially after childbirth to fill the
gap of healthcare support between the different healthcare
providers, that is, the maternity care professionals and the
diabetes care professionals. If they wished, the women could
sharetheir self-care diarieswith healthcare professionals during
their visits, asthe diarieswere part of the Web-support structure
[7]. The hypothesis was that the Web-based support should
strengthen the women's personal capacity and autonomy,
thereby leading to improved self-management of diabetes and
overall well-being. Ethical approval was attained from the Ethics
Committee of Gothenburg, Sweden (No. 659-09), and the trial
was registered at clinicaltrials.gov (ID: NCT015665824).
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Eligible study participants were successively recruited by an
appointed study midwife in early pregnancy. The study was
performed over a period of more than 4 years. The first study
participant was included on November 22, 2011, and the last
participant ended participation on January 25, 2016, that is, 6
months after the last childbirth. Further details about the study
design are described elsawhere [7,8].

The findings showed that the Web-based support plus standard
care was not superior to standard care alone in terms of general
well-being and self-efficacy of diabetes management. Details
on this are reported elsewhere [18].

Analysis

Research question 1, “what persuasive content and technological
elements were used in the design of the Web-based support?;’
has been answered using the PSD model for coding design
principlesin different categories, each one comprising 7 design
principles. The categories are: primary task support, dialogue
support, system credibility support, and socia support [5]. A
deductive analysis consisted of identifying and describing which
PSD principles and technological elements were used in the
MODIAB-Web intervention. Research question 2, “how was
the Web-based support used?”, was answered using descriptive
statisticsand qualitative content analysis[19]. Research question
3, “the content of the social peer support and how the peers
supported each other” , was answered using descriptive statistics
and qualitative content analysis [19]. Initially, the forum posts
were read as a whole several times to get an overall sense of
the data. In the next step, new readings followed in which the
data were organized. This process included open coding, in
which notes and headings were written in the margins. The
headings were transferred to a separate coding sheet and were
grouped into categories. The categories were presented under
the preset topics of pregnancy, childbirth, and life as a new
mother. The quotations used to illustrate the dialogue in the
forum for peer support were professionally transated into
English. The anaysis was performed by MB in close
collaboration with AA. Research question 4, “what were the
main challenges in relation to adherence to the RCT?”, was
answered through a critical analysis based on the results of the
first three research questions and the intervention as awhole.

Results

Per suasive Content and Technological Elementsin the
Design of theM other hood and Diabetes-Web Support
The implemented categories with used design principles[5] in
the MODIAB-Web study are presented in Table 1. In the
category Primary Task Support the focus is on providing
technological elements to manage the targeted behavior [5].
The MODIAB-Web study implemented 3 out of 7 design
principles: tailoring, reduction, and self-monitoring, whereas
tunneling, personalization, simulation, and rehearsal were not
used. In Dialogue Support the focus is on providing various
kinds of feedback between the human and the system [5]. In
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the MODIAB-Web study reminders, liking and socia rolewere
implemented, whereas praise, rewards, suggestions, and
similarity were not. In System Credibility Support, the design
principles aim to increase credibility and consequently to be
more persuasive [5]. Five design principles were used in the
MODIAB-Web study: trustworthiness, expertise, surface
credibility, real-world feel, and authority, whereas third-party
endorsement and variability were not. The category Social
Support motivates usage by leveraging social influence[5]. The
MODIAB-Web study implemented the principles social learning
and socia comparison while the principles normative influence,
social facilitation, cooperation, competition, and recognition
were not used.

Use of the M otherhood and Diabetes Web-Based
Support

In total, 83 women were randomized to the MODIAB
Web-based support, and of these, 81 received alog-in. Asthe
women were successively randomized to either control group
or intervention, and as the intervention group could use the
Web-based support from randomization to 6 months after birth
of the child, a maximum of 36 women could be active
simultaneously. Thisisillustrated in Figure 1.

Of the 81 women with log-in, 69 women were classified as
“active users,” that is, they had logged in at least once after the
introduction session. How the participants used the Web-based
support is presented in Table 2.

The peer support forum was used by 63 women of whom one
was a facilitator appointed by the researchers in the first year
of the intervention. This facilitator was an experienced mother
with TIDM. After that period, it was presumed that theincluded
women could collectively run their activities. The forum was
moderated by amember of the research team to have somekind
of control over what was discussed and to make sureit did not
include advice that was contrary to current scientific evidence.
Almost al forum activity occurred in the first 3 years
(2011-2014). Of the 63 forum users, 39 participantswere readers
and 24 were active writersincluding the study facilitator.

Forum Content and Type of Peer Support

There were 109 written posts (range: 1-20) divided into 19
threads, of which 84 posts (16 threads) were related to the topic
pregnancy, 15 posts (1 thread) to childbirth, and 10 posts (2
threads) to life as a new mother. No inappropriate advice was
given during the study period, so the moderator did not haveto
act. Some women who asked questions in their posts had to
wait some time before receiving an answer, while others did
not receive an answer at all. This happened after the study
facilitator had |eft the forum.

Forum Content

The design of the forum for peer support was intended to help
users sort experiences in relation to the different phases of
pregnancy, childbirth, and life as anew mother. To some extent,
it became apparent that the topics overlapped in each category.
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Table 1. Categories and design principles in the Motherhood and Diabetes (MODIAB)-Web intervention according to the Persuasive Systems Design

(PSD) framework model.

Category and design principle®

Implementation in the MODIAB-Web intervention

Primary task support
Tailoring

Information provided by the system will be more persuasiveif it is
tailored to the potential needs, interests, personality, usage context,
or other factors relevant to a user group [5].

Reduction

A system that reduces complex behavior into simpletasks, helpsusers
perform the target behavior, and may increase the benefit/cost ratio
of abehavior [5].

Self-monitoring

A system that keeps track of one’s own performance or status and
supports the user in achieving goals [5].

Dialogue support
Reminders

If asystem reminds users of their target behavior, the users are more
likely to achieve their goals[5].

Liking
A system that is visually attractive to its usersis likely to be more
persuasive [5].

Social role

If a system adopts a socid role, users are more likely to useit for
persuasive purposes [5].

System credibility support
Expertise

A system that isviewed asincorporating expertise will haveincreased
powers of persuasion [5].

Trustworthiness

A system that is viewed as trustworthy will have increased powers
of persuasion [5].
Surface credibility

People make initial assessments of the system credibility based on a
firsthand inspection [5].

The evidence-based information was tailored to three themes [20],
adapted to reflect the unique aspects that type 1 diabetes adds: being
pregnant; labor and childbirth; and life as a new mother

The evidence-based information, presented with headlines and click-
able subheadingsto scan for quick access, contained simpletask helps
for the participants such as what a healthy breakfast might consist of
and how to adjust insulin doses in the first days after childbirth [20].

In the self-care diary, the women could use either a smartphone or
computer to register daily life information, such as blood glucose
levels, insulin and food intake, and overall well-being status. The
registered datawere presented in tables and diagrams, with theinten-
tion of supporting the woman in analyzing and managing her daily
life to accomplish optimal blood glucose levels. Thisinformation
could also be presented to health care professionalsif the women
consented.

Text messages to inactive users were sent to the participants as re-
minders every 2 weeks consisting of agreeting and contact information
in case of technical difficulties. There was no flagging of new posts
in the forum for peer support.

The Web-based support was developed in collaboration between the
research group and Web designers and evaluated by a group of
mothers with type 1 diabetes [21]. Pictures of pregnant women and
babies were used to illustrate the content.

The system was designed to enable the women to coach each other.
During the first year of the intervention when there were very few
participants, a*“coach,” awoman with type 1 diabetes who had given
birth to a child, was used as a social facilitator in the forum. Sheini-
tiated contact and replied to new users' postsin the forum.

All parts of the Web-based support were developed in acollaborative
developmental process by researchers and experts; including experi-
enced mothers with diabetes and Web-designers. The professional
expertswere: nurse-midwives specializing in diabetes care and human
|actation; gynecologist/obstetricians; diabetol ogists; neonatal nurse;
dietician [7,20]. The support’s design was reviewed by experienced
mothers with type 1 diabetes [21].

The names and titles of the healthcare professionalswho had contribut-
ed to the design were clearly stated in the information section of the
Web-based support.

The Web-based support was test-piloted by a focus group consisting
of women with diabetes with experience of pregnancy and childbirth.
The Web-based support was adapted in linewith their comments[21].
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Category and design principle®

Implementation in the MODIAB-Web intervention

Real-world feel

A system that highlights people or organization behind its content or
services will have more credibility [5].

Authority

A system that leverages roles of authority will have enhanced powers

of persuasion [5].

Social support

Social learning

A person will be more motivated to perform atarget behavior if he
can use a system to observe others performing the behavior [5].

Social comparison

System users will have a greater motivation to perform the target be-
havior if they can compare their performance with the performance

of others[5].

The frequently asked questions section contained the participants
questions and the anonymized expert answers, which were published
for al to read. There was adelay of up to 2 weeks before answers
were received and later published.

The physician-in-chief of the respective antenatal care units supported
the intervention. Thiswas clearly stated in the Web-based support.
The system did not include health care professionals as users.

Intheforum for peer support, the users could start up their own threads
as an opportunity for learning from each other’s experiences under
the three defined themes: pregnancy, childbirth, and life as a new
mother.

The system partly supported social comparison between participants,
specifically in the forum for peer support in which experiences were
shared.

&Cited from the description of the PSD model by Oinas-K ukkonen and Harjumaa [5].

Figure 1. Possible active users during the study period of the MODIAB-Web intervention.
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Table 2. Web-based support usage.
Activities N Median Minimum Maximum
Total log-ins by active users 69 91 2 6413
Evidence-based information 61 10 1 508
Forum for peer support 628 60 1 703
Self-care diary 37 21 1 5850
Freguently asked questions 53 2 1 17

8A study facilitator participated in the first year, giving 63 active users.
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Pregnancy

This topic had the largest number of posts. Its content related
to overly focusing on diabetes as a disease; thefirst ultrasound;
how to handle glycemiaand specifically hypoglycemic episodes;
insulin dosages, and the estimated weight of the expectant child.
Minor discussions concerned managing attendance at the many
checkups combined with working and how to plan for
parenthood after the birth of the child, including how to get in
contact with the Swedish socia insurance agency for the parental
benefit.

Childbirth

The postsrelated to inducing labor and labor routines, including
how the insulin was administered and if an insulin pump was
permitted during labor. Other posts discussed wounds and
wound healing. Onewoman who had given birth 3 times shared
her story of al these childbirths, one having been vaginal, one
vaginal vacuum extraction, and one elective cesarean section.

Lifeasa New Mother

Participants shared posts on this topic for a period of only 6
months (December 2011 to July 2012). Content mostly

Berg et a

insufficient professional support or insufficient knowledge about
diabetes. Another main concern was breastfeeding-related i ssues.
Onewoman expressed her disappointment that theward ignored
her wish to avoid giving her baby cows milk-based nutrition
supplements. Another woman concluded that in her situation
with diabetes, it was best to combine breastfeeding and a milk
supplement. One woman asked for experiences of breastfeeding
and how to integrate it in daily life as a mother with diabetes.
Unfortunately, no one responded. In addition, there were many
diverse posts, for example, about a baby who had got an
infection, and another baby who had aclaviclefracture. Several
guestions were asked, for example, did you get preeclampsia?
What type of painrelief did you choose? One woman, who was
active at the beginning of the intervention period (December
2012), advertised her own blog and its weblink.

Type of Support

The analysis of the peer support in the forum shows that,
although there were few participants there was arich exchange
between them. The dialogues comprised sharing of personal
experiences, giving concrete advice, affirmations, and words
of reassurance. Examples of two dialogues between the

concerned postpartum care at the hospital—that there was participating women are given in Textbox 1.

Textbox 1. Examples of dialogues in the peer forum between participating women.

Dialogue—Example 1

Woman 1: “As adiabetic, having kids isn't awalk in the park but I’'ve managed twice before with completely perfect kids...this pregnancy has been
really tough — with high blood pressure and low sugar but after alot of messing about, it's sorted itself out now.”

Woman 2: “I’m so inspired and motivated when | hear people like you — congratul ations on pregnancy number three! I’'m in my first but we're almost
the same age and |’ ve been a diabetic for 22 years. My biggest worry isthe hypos. | hate them and | worry the baby can feel them. Once all its organs
are I'm s and | know it can produce insulin and has a liver with a glycogen store, I'll be calmer. My levels aren’t low al the time —my HBA1C is
7.9 so it has to be lowered. One side effect of my managing to lower it isthat I'm moreinsulin sensitive. But | know that changes in different stages
of pregnancy. Was it obviousin your other pregnancies—in which case, when might you have become more insulin resistant?

I’m noticing I’'m actually pregnant now, week 10+4, and I've done the CUB (Combined Ultrasound and Biochemistry screening) and one ultrasound.
So it's weird and wonderful to see that afetusisliving inside me. Of course, it's early yet but it feels real now. | won't tell them at work until after
week 12. How do you feel about telling people, when did you do that?

Woman 1: “Yes the hypos suck, | have to say but don’t worry during the first weeks, during this pregnancy | had such low levels an ambulance had
to come lots of times but those little ones are tough — nothing happened to him. Now I’m in week 20+. What happens when you have high levelsis
that the baby has to work harder to produce more insulin but at low levels, not much happens, as long as you don’'t go into acoma, that is—don’t push
yourself or you'll go mad. | told work about my first pregnancy straight away but that was because | had heavy lifting and stuff to do. I've always felt
you should say when you're ready to say you're going to become a mum. And it takes time, | promise you — I’ve been a mum for almost eight years
now and | still can’t see myself as one. Everything will be aright, you'll see. Everything’s tough at the start but with time it gets better and calmer.”

Woman 2: “Thanks for such agood answer —it’s calming what you write about having hypos.”
Dialogue—Example 2

Woman 3: “| wonder if there are others like me who think it feels like all the focus is on the disease/s and that you never talk about the pregnancy.
I’min week 29 and had diabetes for 22 years and | also have trouble with my thyroid. My blood sugar and thyroid tests all have great results but still
the midwife just keeps talking about the diseases. Have you experienced that? Do you get enough support around pregnancy issues or is the focus
only on the diabetes?’

Woman 4: “| think that's varied a bit with each of my different pregnancies. It's had alot to do with the midwife | had. Sure, there's been a lot of
focus on diabetes and blood sugar levels but the midwife | have now makes a point of also talking about the baby and pregnancy-related things. But
my last onewasn't likethat...| think you should raise it with your midwife again — say you need her help with some pregnancy issues. After all, she's
there for you and your baby! Good luck!”

Woman 3: “Thanks! I'll try again tomorrow!!”

Woman 5: “I agree the focus is mostly on the diabetes when you visit the midwife — you almost forget what you've been wondering about and want
to discuss with the midwife but the only thing they want to talk about is test results. Of course, it's good to know they’re really on the ball with the
diabetes during the pregnancy but you've never felt thisill as a diabetic after living with it for so many years.”
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What Werethe Main Challengesin Relation to
Adherencetothe Web-Based Randomized Controlled
Trial?

This section comprises a critical analysis of both significant
and minor issues in relation to adherence (defined as “the
intended usage in line with the therapeutic regime” [4]) to the
Web-based intervention. It is also based on the fact that the
presumed effect of the RCT, in terms of increased well-being
and diabetes management, was not achieved [18]. The
MODIAB-Web study was typically designed according to the
gold standard of an RCT [22]. How did this come about and
why?

Adherence in Relation to Study Design

There were few women available to include in this study. In
Sweden, around 0.5% of all pregnant women have T1DM,
corresponding to 500 per year. At the beginning, two study
centers were included based on an estimate of few eligible
women. It became apparent that the recruitment rate of study
participants was slower than expected. In addition, four study
centerswereincluded to avoid amore prolonged data collection
period. Furthermore, the contact frequency between the
researchers and the healthcare professionals at the study centers
was increased. Prolonging clinical trials because of slow
recruitment pace and retention of study participantsisacommon
issue. One reason for this might be poor engagement from the
healthcare professionals who are inviting the patients to take
part in the study [23].

The slow inclusion pace prolonged the study duration, which
in turn meant only a few women (about 30) could be active at
thesametime (Figure 1). Thus, the critical mass of simultaneous
active users was not sufficient and undermined the extent of
interactions in the Forum. It has been concluded that many of
the participants in a Web-based study may be lost to follow-up
or end up not adhering to the intervention [2]. This was not
taken into account when cal culating the sample size. One way
to get around this could have been to have started the study at
more study centers from the beginning to gain agreater critical
mass faster.

Theuse of afacilitator who was activein the peer support forum
the first year was fruitful, as it increased the dialogues in the
peer support forum. A shortfall in the study design wasthat the
facilitator was not engaged during the whol e study period, which
led to the activity level in the forum dropping.

The quality of the support shared between the participants in
the MODIAB-Web study was reasonably good, as exemplified
in the dialogues (Textbox 1). The active writers in the forum
for peer support coached each other and shared their experiences
in agenerousway. The majority of participantswere“readers’;
they did not actively participate in the dialogues. However, in
line with recent research, these are probably also “passive
actors’—meaning only readers can receive social support related
to their specific needs [24].

The forum user who advertised the weblink to her blog in the
MODIAB-Web study at least potentially created an alternative
Web-based support. This makes it hard to truly evaluate the
usefulness of the intervention, as meaningful interaction might
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happen outside the study platform. It also proposes a threat to
adherence to the intervention, if participants choose to
communicatein alternative ways, such asthrough social media.
It is amost impossible to control for this, and it is a
methodological weakness in studies evaluating Web-based
social support.

A main problem arising due to the prolonged duration of the
MODIAB-Web RCT study was the simultaneous explosion of
more advanced general mobile phone technology [24] as well
as similar technology in diabetes care contexts. The devel oped
Web-support serving as a platform for self-management
consequently became outdated with time as few available
alternatives grew.

Adherence in Relation to Technology

With regard to the PSD model [5], four categories were
identified in the MODIAB-Web intervention: Primary Task
Support, Dialogue Support, System Credibility Support, and
Social Support (see Table 1). This shows that several but not
all of the design principles were implemented.

To accomplish adherence, Kelder et al argue that it is essential
to actually plan for adherence when designing Web-based
interventions [4]. The MODIAB-Web intervention was
developed using participatory design [17] and grounded on
previous empirical and theoretical investigations of the needs
of the user groups, as well as ongoing user participation of lay
and professional experts[7]. However, there was no theoretical
basisfor thetechnological design or the use of design principles
of amore general kind, such as the PSD model. A theoretical
grounding would have generated several advantages. One
prominent advantage is insights into a greater repertoire of
design elements than those available through participating lay
and professional experts. In this manner, design is based on
practical and theoretical knowledge outside of thelocal project.

Moreover, atheoretical grounding such as the PSD model was
launched in 2009, meaning that it existed well before the
investigations of general user needs [14] and the design of the
MODIAB-Web intervention in particular [ 7]. However, it must
be recognized that the recent increasing importance and
subtleties of research processes focusing on design to
accomplish behavior change are still treated in specific research
fieldssuch asdesign studies[25]. A theoretical grounding when
it comes to behavior change itself would enable arepertoire of
more passive and active strategies for influencing people that,
in turn, should be brought into the technology design part of
the intervention. Such strategies might involve using models of
how to accomplish afeeling of social connectedness[26], which
isrelevant ininterventionsaiming to increase the socia support
between peers. A theoretically more conscious design might be
an alternative to the recent suggestion of generating predictive
models of potential dropouts in online health communities by
Big Data analysis to inform design [27].

The use of design theory in the analysis of the MODIAB-Web
intervention enabled a discussion of the rationale behind its
emphasis on System Credibility Support and its significantly
less emphasis on Dialogue Support and Social Support. Quite
likely, potential was lost in unutilized design principles. For
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example, in the Dial ogue Support category, the design principle
“Rewards’ that aims to give credit for performing the target
behavior [5], that is, using the Web-support, could have been
implemented to increase adherence. For instance, this could
entail rewarding participants once they had used the support 5
times, or when at least 5 other participants had read a person’s
postsin the forum.

A further technical element related to Social Support, not used
in the MODIAB-Web forum for peer support, was “flagging”
of new posts. Such flagging had probably increased the
participants’ “adherence,” in terms of active communication.
Another issue that probably reduced adherence was that the
forum was divided into 3 parts. This division meant, there was
arisk, that new posts were not seen by the other participants.
Another shortfall was that the participants were not obliged to
write apost to introduce themsel ves upon first entering the peer
support forum. Admittedly, certain PSD design principlesrelated
to Social Support would have been positive in relation to
adherence, for example, “Recognition,” which would include
success stories. Other design principles, such as “Normative
influence,” might be less relevant in this context due to the
extreme demand for optimal diabetes control for childbearing
women.

Discussion

In this paper, we used case study methodology to enable a
critical discussion of RCTs involving Web-based support and
adherence in general, and social support in particular. In other
words, this methodol ogy has been used asabasisfor our critical
endeavor in line with Baxter and Jack, who state: “it enables
the researcher to answer ‘how’ and ‘why’ type questions, while
taking into consideration how a phenomenon is influenced by
the context within which it is situated” [6].

In this paper adherenceis, in linewith Kelderset al [4], defined
as “use in accordance with identified intentions,” and in which
the need for relevant information about the specific condition
aswell associal support from peersisemphasized. Our analysis
supports the conclusion that PSD does matter in general, by
positively influencing adherence [4]. We argue that there is a
particular value in basing technology design on theoretical
design principles, asit increases the repertoire of options, thus
enabling adaption to suit the target population for the
intervention and creating opportunitiesto utilize thefull design
potential of social support. The value of applying theory tiesin
with recent acknowledgment of theoretical consciousness
regarding adaptation and implementation of health information
technology innovations [28]. When it comes to health
information technology such as Web-based support, we argue
that theories related to technology use and design, such as the
ones discussed above, are equally important. This
notwithstanding, the essential rationale of Web-based health
interventions remains the same but becomes significantly better
theoretically informed. A systematic review published post
completion of our analysis showed that justifications for
intended use, and adherence to eHealth technology is often
underdeveloped and improperly used. The authors believe that
adherence can be standardized, and thiswill improve comparison

http://www.jmir.org/2018/5/e160/

Berg et a

of adherenceratesto different technol ogieswith the same goals
[29]. Our critical analysisthus contributesto ongoing discussion
about adherence.

Moreover, we conclude that study design matters and that
technology and study design might mutually influence each
other. With alimited target group, the comparative element that
congtitutes an RCT design becomes a barrier to achieving a
critical mass of user interactions. Extended project periods mean
that the used technology must either be changed or tailored
according to new technical optionsthat become available during
the process, which in turn might jeopardize study validity. Not
doing so implies a risk that the technology will become
somewhat outdated in the world of the users. In relation to
providing socia support, afurther conclusionisthat using theory
enablesamultifaceted repertoirein technology design. However,
we also notethat apparently low user activity might still provide
socia support for the individual, irrespective of whether they
are an active or passive user.

On the basis of critical analysis of how study design and
technology interacts, we recommend fellow researchers to
consider the following aspects when designing and evaluating
Web-based health interventions:

«  When designing a Web-based intervention, use existing
design theoriesto utilizethe full potential of the technology
and increase adherence, especially with regard to social
support.

- Beredlistic when calculating your sample size. Take the
risk of losing participants and poor adherence to the
intervention into account.

- Be aware of limited target populations. If the number of
possible participants is low, consider starting the
intervention in multiple study centers simultaneously to
avoid prolonged study periods and thereby outdated
technology.

« Bear in mind that the majority of participants will not
actively engage in discussions in peer support forums.
Therefore, a larger critical mass of participants is needed
in interventions based on effects of social support.

«  Keep the design of the forum for peer support simple and
avoid divisions. Web-design isoften costly if the researchers
do not possess the skills themselves or team up with
researchers from other fields. Consider integrating your
intervention into existing social media (but be aware of
ethical pitfalls if you cannot guarantee the security and
confidentiality of data).

- If your intervention consists of a forum for peer support,
consider engaging a study facilitator from the target group
for the entire study period to boost activity.

- Hedlthinterventionsare often complex intheir nature. RCT
design is one way of evaluating the effects of an
intervention but it isin itself inadequate for truly capturing
complex interactions. Design your study with multiple
methods of analysis and consider the contamination of the
control group astechnol ogy evolves during the study period.

- Adjust per-protocol criteriaafter intended usage or conduct
a dose-response analysis to properly evaluate the effect of
the intervention within the RCT design.
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Finally, we want to return to the initial critical questioning of  abetter research design, but we would like to encourage further
whether the RCT design really is appropriate as the gold constructive discussion on these issues within the scientific
standard for Web-based interventions [2]. Our analysis does community.

not fully answer this question, nor doesit reveal what could be
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Abstract

Background: In Internet-delivered cognitive behavioral therapies (iCBT), written feedback by therapists is a substantial part
of therapy. However, it is not yet known how this feedback should be given best and which specific therapist behaviors and
content are most beneficial for patients. Genera instructions for written feedback are available, but the uptake and effectiveness
of these instructionsin iCBT have not been studied yet.

Objective: This study aimed to identify therapist behaviors in written online communication with patients in blended CBT for
adult depression in routine secondary mental health care, to identify the extent to which the therapists adhere to feedback
instructions, and to explore whether therapist behaviors and adherence to feedback instructions are associated with patient
outcome.

Methods: Adults receiving blended CBT (10 online sessions in combination with 5 face-to-face sessions) for depression in
routine mental health care were recruited in the context of the European implementation project MasterMind. A qualitative content
analysiswas used to identify therapist behaviorsin online written feedback messages, and achecklist for the feedback instruction
adherence of the therapists was developed. Correlations were explored between the therapist behaviors, therapist instruction
adherence, and patient outcomes (number of completed online sessions and symptom change scores).

Results: A total of 45 patients (73%, 33/45 female, mean age 35.9 years) received 219 feedback messages given by 19 therapists
(84%, 16/19 female). The most frequently used therapist behaviors were informing, encouraging, and affirming. However, these
were not related to patient outcomes. Although infrequently used, confronting was positively correlated with session completion
(p=.342, P=.02). Therapists adhered to most of the feedback instructions. Only 2 feedback aspects were correlated with session
completion: the more therapists adhere to instructions containing structure (limiting to 2 subjects and sending feedback within 3
working days) and readability (short sentences and short paragraphs), the less online sessions were completed (p=-.340, P=.02
and p=-.361, P=.02, respectively). No associations were found with depression symptom change scores.

Conclusions: The therapist behaviors found in this study are comparable to previous research. The findings suggest that online
feedback instructionsfor therapists provide sufficient guidance to communicate in asupportive and positive manner with patients.
However, the instructions might be improved by adding more therapeutic techniques besides the focus on style and form.

(J Med I nternet Res 2018;20(5):€174) doi:10.2196/jmir.9890
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Introduction

Internet-Delivered Cognitive Behavioral Therapy

Thereis considerable evidencethat | nternet-based interventions
are effective for the treatment of mild, moderate, and major
depression [1-3]. Therapist-guided, Internet-delivered cognitive
behavioral therapy (iCBT) has been found to be more effective
than unguided iCBT [1,4] and has al so been found to be equally
effective compared with face-to-face-delivered CBT [5]. Beyond
these findings, a number of studies focused on nonspecific
factorsthat might be effectivein iCBT (eg, therapeutic alliance,
therapist competence, and placebo-expectancy effects) and
especialy showed interest in the role of therapist guidance in
iCBT [6]. So far, mixed results have been found. In asystematic
review, Richards and Richardson, eg, found that the way
guidance is given has an impact on treatment adherence in
depressed patients [4]. Therapist-quided iCBT had a 72%
completionrate, iCBT interventions with administrative support
(support by staff to guide patients through the program in a
nontherapeutic way) 65%, and interventions with no support at
al 26%. For Internet-delivered problem-solving treatment
(PST), there aso is evidence that the level of support is
important in reaching effects for patients with depression [7].
Patients who received PST with weekly support from a coach
improved significantly more than the waitlist control group. In
the group that received no support, completion rateswere lowest
(22%), and the compl etion rates were highest in the group that
received nonspecific support (60%). Patients who received
weekly support had comparable completion rates with patients
who received “ support on request” (33% and 31%, respectively).
In a study by Titov et al, patients with depression showed
significant clinical improvement after receiving iCBT, regardless
of whether the support came from a therapist or a technician
[8]. Findings of a recent American study indicate that iCBT
with 5 hours of therapeutic face-to-face contact was noninferior
to CBT that provided over 8 additional hours of therapist contact
for patients with depression [9].

Therapist Behaviors

However, thereis much moreto discover about online guidance.
One point of interest is how therapists give online feedback to
their patients. This can be done by looking at the communication
strategies and content they use in their written support. For
example, looking at therapist behaviors such as validating what
patients write (eg, “ That must be very difficult for you...”) and
stimulating patients to come up with their own solution (eg,
“When was the last time you felt that way? What did you think
and what did you do differently?’). Written feedback is a
substantial part of Internet-based treatments and requires specific
skills of therapists. It is therefore interesting to further explore
such therapeutic microprocesses in online feedback because
this part of therapy may be very relevant in the adherence and
also the effectiveness of iCBT [10].

http://www.jmir.org/2018/5/e174/
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Therapist Behaviorsin Face-to-Face Therapy

The content of feedback and itsimpact on treatment results have
been studied in face-to-face—delivered psychotherapies, and
especialy in CBT. Studies have identified different therapist
behaviorsthat are frequently usedin CBT sessionswith patients.
These behaviors range from expressing empathy, making
supportive communications (eg, encourage, praise, or guidethe
patient), asking directive questions, and confronting patients
with different points of view [11-13]. Self-disclosures by
therapists appear to be infrequently used [11], although these
are generaly considered helpful by patientsin the therapeutic
process [14,15]. In addition, research shows that therapist
behaviors such as expressing empathy, giving positive regards,
and confronting patients can have a positiveimpact on treatment
outcome in CBT for various patients such as people with
depression [11].

Therapist Behaviorsin Internet-Delivered Cognitive
Behavioral Therapy

Therapist behaviorsin iCBT have also been studied. This was
done for several psychiatric diseases such as eating disorders
[16], insomnia [17], anxiety [18], and depression [19,20].
Comparableto the behaviorsin face-to-face therapies, the most
frequently used therapist behaviors were encouraging,
reinforcing, and supporting patients. When looking at the
associ ation between these therapist behaviors, patient treatment
outcome, and patient online session completion, mixed results
were found. Holldndare et a found that encouraging, guiding,
and affirming were strongly associated with session completion
[19]. Encouraging, affirming, and self-disclosure were weakly
to moderately associated with an improvement in depressive
symptoms. The most important finding by Paxling et al wasthe
effect of therapists task reinforcement (eg, reinforcing
completed assignments) on session completion as well as
treatment outcome [18]. Interestingly, a negétive association
was found between deadline flexibility of therapists and
treatment outcome. Thus, the more lenient therapists werewith
homework assignment deadlines, the fewer patients improved.
In a replication study of Schneider et al, the same type of
therapist behaviors were found with the addition of afew more
behavior categories (eg, asking questions) [20]. However, a
different distribution of the therapist behavior frequencies was
found, and the outcomes were different for patients with
depression than for patients with anxiety. Thus, the way online
feedback is provided by therapists differs across studies,
patients, interventions, and possibly also the instructions used
for feedback.

Online Feedback I nstructions

In addition to more genera communicative behaviors of
therapists, the extent to which they follow instructionsfor online
feedback may also influence treatment effectiveness. Research
on written feedback predominantly stems from the field of
education. Some of the main principles can be applied to online
therapeutic feedback as well. Overal, research shows that
effective written feedback istimely (provided intime), selective
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(commenting only on 2 or 3 things that someone can change),
balanced (pointing out positive aspects aswell as areasin need
of improvement), forward-looking (suggesting how to improve),
and understandable (written in a language that someone will
understand) [21]. Instructions for training therapistsin written
feedback are adapted to the therapeutic process but also
comparable to those used in education (eg, beginning with a
compliment, responding within 3 working days, or being careful
with giving solutions). The elements in these instructions are
primarily based on expert opinion rather than theory and mainly
aim to motivate and support the patients, respond to the content
of homework, and structure the feedback.

Study Objectives

In this study, written feedback will be studied in blended CBT,
in the context of the European implementation project
MasterMind [22-24], with a focus on therapist behaviors and
on the extent to which feedback instructions are followed. In
the Netherlands, iCBT for depressionisslowly but increasingly
adopted in routine mental health care mostly in ablended format.
Blended CBT entailsoneintegrated, standardized CBT treatment
protocol that combinesface-to-face sessionsand digital modules
to the best clinical benefit for patients and therapists [25]. The
evidence of blended CBT over iCBT isunfortunately still scarce.
Some first studies indicate that potential benefits of blended
CBT are saving therapist time without reducing therapeutic
outcome, lower treatment dropout rates, more emphasis on
patient self-management, more face-to-face therapy time for
deepening the CBT elements, and targeting another (often more
complicated) population than iCBT [6,9,26]. The objectives of
this study were to (1) identify therapist behaviors in written
online communication from therapists to patients in blended
CBT for adult depression in routine secondary mental health
care, (2) identify the extent to which therapists adhere to
feedback instructions, and (3) investigate whether therapist
behaviors and therapist adherence to feedback instructions are
associated with patient outcome (symptom change scores and
number of completed online sessions).

Methods

Design

For the purpose of this observational study, the feedback
messages of 45 Dutch patients that were offered blended CBT
for depression by 19 therapists in routine mental health care
wererecruited between April 2015 and February 2017 from one
outpatient clinic. This clinic was one of the participating
MasterMind sites and was selected for this study because it
offered ablended treatment protocol to patientswithin secondary
health care, and the online usage information was made available
for research. Patients received 219 feedback messages through
asecure Web-based platform[27]. A mixed-method design was
chosen to explore the content of the feedback messages: a
directed qualitative content analysis [28] was used to identify
therapist behaviors, and achecklist for the feedback instruction
adherence of therapists was developed. To explore correlations
between the frequency of therapist behaviors, scores on the
checklist, and patients’ outcomes, an explorative quantitative
approach was used.
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The study was approved by aMedical Ethics Committee. They
confirmed that the “Medical Research Involving Human
Subjects Act” does not apply (registration number 2014.580)
because the patients in this study are not required to follow
certain procedures on behalf of the research (no randomization)
and routine practicewasfollowed. Aninternal scientific research
committee approved the research proposal (CWO 2015-005).

Participants

Patients

Patientswere recruited through their therapists. Eligible patients
received study information and an information leaflet from their
therapist. After approval for telephone contact with researchers
for additional information, patients received an informed
consent. Patients were invited for participation in MasterMind
if they (1) were aged 18 yearsor older; (2) had amild, moderate,
or severe depression as a primary diagnosis according to the
therapist; and (3) were indicated for cognitive behaviora
treatment for depression following routine secondary mental
health care procedures. All patients needed to explicitly consent
to take part in the study. Patients were excluded from the study
if they (1) did not have a valid email address and did not have
a computer with Internet access and (2) did not have adequate
Dutch language skills (both verbal and written).

Therapists

Therapists who weretrained in iCBT or who were motived for
iCBT wereinvited to participatein the MasterMind study. They
were recruited through team managers and eHealth attention
officers of the different therapist teams. The iCBT training
consisted of a4-hour group training, provided by the outpatient
clinic. During the training, the functionalities on the online
platform were shown, and therapists got the chance to practice
with a fictional patient. The therapists received individual
instructions, access to the blended CBT treatment protocol
online, and the feedback instructions. In addition, monthly
1-hour group onswere organized where the therapists could
exchange their experiences with each other.

The feedback instructions for therapists comprised general and
specific elementsthat go in to the structure of the messages (eg,
correct greeting, limiting to 2 subjects), readability (short
sentences and paragraphs), writing style (eg, limiting
abbreviations and misspellings, use of emoticons), referring to
parts of the treatment (eg, filling in the diary, referring to the
next online session), and communication skills (eg summarizing,
not providing solutions).

I ntervention

In the blended CBT treatment for depression of the outpatient
clinic, it was agreed upon in advance that patientswould receive
10 sessions online and meet with their therapist in 5 face-to-face
sessions hiweekly. In practice, therapists could deviate from
the protocol by repeating online sessions. The online and
individual face-to-face sessions were based on evidence-based
treatment protocols for face-to-face CBT and are in agreement
with multidisciplinary instructions for depression [29]. There
were 4 core components: (1) psychoeducation, (2) cognitive
restructuring, (3) behavioral activation, and (4) relapse
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prevention. Besides the online sessions on the treatment
platform, patients were given online accessto adiary and filled
out questionnaires to monitor their symptoms. After each
completed online session, the therapist (the same therapist as
in the face-to-face sessions) wrote a feedback message to the
patient. Patient and therapist could additionally communicate
through a message function about practical issues (eg, about
upcoming appointments and reminders or questions about
assignments).

M easures

Patient information on selected demographics (eg, age, gender,
employment status) and clinical data (eg, use of medication)
were obtained by an online self-report questionnaire at baseline.
Demographic and background information (eg, treatment and
iCBT experience) of the therapists were obtained by an online
self-report questionnaire at the end of the study. Usage
information (eg, number of online sessionsfollowed and number
of feedback messages) was obtained from the online platform.

Session completion was defined as the number of completed
online sessions per patient. Symptom improvement was
measured with the 16-item Quick Inventory of Depressive
Symptomatology (QIDS) [30]. The total score variesfrom 0to
27, with higher scores being indicative of a higher severity of
depressive symptoms. The QIDS was administered weekly on
the online platform during the course of the treatment. The
number of QIDS measures can vary, with up to 30 weekly
measures. Of each patient, the baseline scores were included,
and the last known value was used as a posttreatment score.
The change score on the QIDS was calculated by subtracting
the baseline measurement from the final measurement.

Coding of Therapist Behavior and Adherence

To subtract therapist behaviors from the 219 online feedback
messages, a coding matrix was developed, with 9 main
categories and 13 subcategories (see Multimedia Appendix 1).
The coding categories were based on the directed content
analysis; categories from prior research [18,19,31] were used
to develop the initial coding scheme before analyzing the data
[25]. To score the therapists adherence to the feedback
instructions, a coding checklist was created based on the
instructions that the therapists received. In total, there were 6
main categories and 19 different subcategories with a
dichotomous scale (present or not present, see Multimedia
Appendix 2).

The coding matrix and checklist were first tested by researcher
ED by coding 4 feedback messages from 2 randomly selected
patients. Each of the included feedback messages was then
anonymously coded and scored by researchers MM and SP. For
the coding of therapist behaviors, qualitative data analysis
software, ATLASLti 7.5.18 (ATLASt Scientific Software
Development GmBH, Berlin, Germany), was used.

To investigate interrater reliability, both researchers (MM and
SP) coded 60 transcripts of therapeutic feedback from 10
randomly selected patients. Theintraclass correlation coefficient
for thetherapist behaviorswas .83 (95% CI 0.82-0.85) indicating
good interrater reliability, based on 2-way mixed-effects
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agreement model [32,33]. The interrater reliability for the
feedback instruction adherence categories was found to be kappa
(k)=.84 (P<.001, 95% CI 0.80-0.87), indicating a good
agreement between theratersaswell. After reaching agreement,
the remaining messages (n=159) were equally divided between
the 2 coders. As analysis proceeded, additional codes were
developed, and the initial coding matrix and checklist were
revised, discussed, and refined.

Thetotal frequency of therapist behaviors was cal culated with
a query tool in ATLASL. A frequency score represented the
total number of times the therapist displayed a behavior in the
feedback messages sent to the patient (eg, total number of
informing the patient about the assignments). To correct for the
number of received feedback messages (eg, some patients
received 4 messages, and the others received 8 messages),
relative frequencies were used (frequency of one category
divided by the total number of frequencies of all categories per
patient). The percentage of therapists adherence to the
instructions for each patient was cal culated by the frequency of
the adherence (eg, the total number of times a therapist started
with giving a compliment) divided by the total number of
messages received by a patient.

Analyses

Statisticswere conducted using IBM SPSS (SPSS|nc., Chicago
IL), version 22. First, descriptive statistics (means, SDs,
percentages) were used to describe the patient and therapist
sample, number of online sessions, and symptom improvement.
Descriptive statistics were then used to examine the frequencies
of therapist behaviors and percentages of therapist instruction
adherencein the messagesto the patients. Spearman correlation
analyses, 2-sided, were conducted to assess the relationship
between the therapi st behaviors, feedback adherence scores and
session compl etion, and symptom improvement. Spearman rho
was used to avoid violation of assumptions of normality. Due
to the small sample size, only explorative analysis, no missing
values imputation techniques and no post-hoc correction for
multiple testing (ie, Bonferroni), were applied.

Results

Patients’ and Therapists Characteristics

A total of 45 patients (73%, 33/45 femal e, mean age 35.9 years)
were given blended CBT in routine care by 19 therapists.
Patients' characteristics can be found in Table 1. Of the 19
therapists (84%, 16/19 female), most were licensed
psychologists (53%, 10/19), others were psychologists in
training under supervision for health care psychologists (26%,
5/19) or mental health nurses (21%, 4/19). Moreover, 11%
(2/19) of the therapists had less than 3 years of professional
experience, 26% (5/19) had between 3 and 5 years of experience,
37% (7/19) had between 5 and 10 years of experience, and 21%
(4/19) had more than 10 years of experience. The experience
with iCBT treatments varied among the therapists: 32% (6/19)
had given less than 5 iCBT treatments, 26% (5/19) had given
between 5 and 10 treatments, 21% (4/19) had given between
10 and 15 treatments, and 16% (3/19) had given more than 15
treatments.
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Table 1. Characteristics of patients at baseline.
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Patients’ characteristics

Statistics (n=45)

Gender, female, n (%)
Ageinyears, mean (SD; range)
Education level, n (%)
Secondary education level
Higher education level
Employment, yes, n (%)
Antidepressant use, yes, n (%)
Duration of current depression symptoms, n (%)
Duration of current depression symptoms less than 3 months
Duration of current depression symptoms between 3 and 12 months

Duration of current depression symptoms more than 1 year

33(73)
35.9 (12.3; 21-64)

15 (37)
25 (61)
21 (51)
10 (24)

8 (20)
22 (54)
10 (24)

Frequencies of Therapist Behaviors and Percentages
of Therapist Instruction Adherence

Multimedia Appendix 1 lists the categories, definitions, and
examples of the therapist behaviors. In total, 1825 therapist
behaviors were coded. The most frequently used therapist
behaviors were informing (27.56%, 503/1825; eg, informing
the patient about the next session or specific assignments),
encouraging (23.56%, 430/1825; eg, praising past behavior),
and affirming (22.25%, 406/1825; eg, normalizing behavior,
summarizing what the patient has written or said). Making
self-disclosures, confronting, and emphasizing the responsibility
of the patient were never or rarely used.

An overview of the percentages of the categories, descriptions,
and examples of adherence to the feedback instructions can be
found in Multimedia Appendix 2. The therapists adhered in
most cases to correct greeting and ending of messages (95.9%,
210/219). They adso scored high on writing style (93.6%,
205/219; eg, limiting of abbreviations and misspellings) and
structure (87.7%, 192/219; eg, limiting to 2 subjectsand sending
the feedback within 3 working days). Therapists scored the
lowest on referring (34%, 74.5/219; eg, referring to monitoring
of the symptoms or reflecting on the dairy). Within the category
communication skills, therapists were very often careful with
giving solutions (95.6%, 209/219) and regularly showed intheir
writing that they read the patients’ homework (88.6%, 194/219).
Formulating sentences as hypothesesis something the therapists
did not often apply (10.5%, 23/219).

Session Completion and Symptom I mprovement

The 45 patients completed, on average, 6.3 online sessions
(Table 2). On average, patients received 4.9 feedback messages
(SD 2.7; range 1-10). One feedback message contained an
average of 139 words (SD 95.4; range 1-504), 14.2 words in
one sentence (SD 4.0; range 1-26), 3.5 sentencesin aparagraph
(SD 1.9; 1-17), and 2.9 paragraphs (SD 1.6; 1-10).

From 7 patients, all QIDS data were missing because their
therapists did not activate the online monitoring, leaving 38

http://www.jmir.org/2018/5/e174/

patients for this exploration. Results on depressive symptoms
showed that at baseline, the patients scored, on average, 15.8
points (SD 3.8) on the QIDS, and at postmeasurement, the
patients scored, on average, 11.0 points (SD 6.0), so there was
an average reduction of 4.8 points (SD 6.4). Looking at symptom
severity at baseline, 8% (3/38) of the patients had mild
symptoms, 34% (13/38) had moderate symptoms, and 58%
(22/38) had (very) severe symptoms (Table 3). At posttreatment,
21% (8/38) of the patients had no symptoms, 29% (11/38) had
mild symptoms, 24% (9/38) had moderate symptoms, and 26%
(10/38) had (very) severe symptoms. In total, 63% (24/38) of
the patients improved on one or more categories (Table 4).
Moreover, 24% (9/38) of the patients showed no change, and
13% (5/38) deteriorated in a category.

Multimedia Appendix 3 contains case descriptions of 3 patients.

Correlations of Therapist Behaviors With Session
Completion and Symptom I mprovement

One correlation between therapist behaviors and session
completion was found (Table 5): the therapist behavior
confronting was positively correlated with online session
completion (p=.342, P=.02). This indicates that more
confrontationswere related to completing more online sessions.
No significant correlations were found with symptom
improvement.

Correlationsof Therapist I nstruction Adherence With
Session Completion and Symptom I mprovement

In Table 6, correlations of therapist instruction adherence with
session completion and symptom improvement are shown.
Statistically significant negative medium correlations were
found between therapist instruction adherence and completed
online sessions for structure (p=-.340, P=.02) and readability
(p=—.361, P=.02). Meaning that the more therapists adhered to
instructions containing structure (limiting to 2 subjects and
sending feedback within 3 working days) and readability (short
sentences and short paragraphs), the less online sessions were
completed. No significant correlationswere found with symptom
improvement.
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Table 2. Treatment completion and duration (n=45).
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Treatment completion and duration

Mean (SD; range)

Completed online sessions,

Completed face-to-face sessions

Compl eted face-to-face + online sessions
Treatment duration in weeks

Period of online activity in weeks

6.3(2.6; 2-11)
7.1(27; 2-13)
13.4 (4.4; 5-23)
26.2 (11.2; 8-52)
17.8 (10.9; 2-45)

Table 3. Severity Quick Inventory of Depressive Symptomatology scores at baseline and postmeasurement.

Severity Quick Inventory of Depressive Symptomatol ogy

Quick Inventory of Depressive Symptomatology (n=38), n (%)

Basedline Postmeasurement

None 0(0) 8(21)

Mild 3(8) 11(29)

Moderate 13(34) 9(24)

Severe 20 (53) 5(13)

Very severe 2(5) 5(13)
Table 4. Changesin symptom severity (n=38).

Change in depressive symptom severity n (%)

Reduction in 1 category 11 (29)

Reduction in 2 categories 10 (26)

Reduction in 3 categories 3(8)

Deterioration 5(13)

No change 9 (24)

Table 5. Correlations of therapist behaviors with session completion and symptom improvement.

Therapist behavior

Session completion (n=45)

Change score Quick Inventory of
Depressive Symptomatol ogy (n=38)

Emphasizing responsibility
Affirming

Clarifying the framework

Self-disclosure

Informing

Confronting
Urging
Encouraging
Guiding
Questions

.094
.074
232

a

-.087

342°
258
-054
-.055
066

278
.035
.069

-.249

184
.310
-.008
.146
115

3 ndicates "not applicable"; self-disclosures did not occur.
bP<.05, a positive correlation indicates more session completion.
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Table 6. Correlations of therapist instruction adherence with session completion and symptom improvement.

Therapist instruction adherence

Session completion (n=45) Change score Quick Inventory of

Depressive Symptomatol ogy (n=38)

Greeting and ending
Communication skills
Structure

Referring

Readability

Writing style

=277 -.064
-.146 -212
3407 -214
170 -.085
— 3612 -.185
-.150 -.139

8p<.05, a positive correlation indicates more session completion.

Discussion

Aim of This Study

Thisobservational study has uncovered several important factors
in the content of online feedback messages in blended iCBT
for depression. We further explored therapist behaviors and the
extent to which therapists wrote their feedback according to
their instructions. In addition, we wanted to know if therapist
behaviors and adherence to the feedback instructions could be
linked to patient adherence and treatment outcome. The study
was carried out in a Dutch sample of participants of the
MasterMind study, in routine practice, in a patient population
with mild to (very) severe depressive symptoms and with a
diverse group of trained and skilled therapists.

Principal Findings

Results show that therapist behaviors in relation to the online
guidance are informing the patient about the functionalities on
the platform, encouraging the patient by praising past behavior
or inciting future behavior, and affirming by showing interest
in the thoughts, emotions, and behaviors of the patient. Making
salf-disclosures, confronting, and emphasizing the responsibility
of the patient are never or infrequently used. Thisislargely in
line with the frequencies of the categories found by Holldndare
et a and may indicate that therapists use the same CBT
principlesin their written communication asin their face-to-face
communication with the patient [19]. Previous research aso
found that more supportive therapists behaviors are used
frequently iniCBT and that behaviors such as confronting and
self-disclosures are seldom used [18,28]. However, in contrast
to the findings of Holl&dndare et al, we found that one and also
adifferent therapist behavior correlated with module completion,
and we also found that none of the therapist behaviors were
related to symptom improvement. A possible explanation for
this difference can be found in the patient group; in Hollandare
et ad’s study, patients with partially remitted depression were
included within the context of arandomized controlled trial.

Although therapists applied confronting in limited cases (<1%),
this was positively correlated with online session completion.
In face-to-face CBT, the occurrence of confrontations has been
found to be somewhat higher (6%-14.3%), but is aso
significantly correlated with therapy outcomes [11]. Hill et &
argued that “ confrontation often interrupts the client’s thinking
by presenting discrepancies and another point of view [...].
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Although confrontation feels negative at the time, such
disruption may be a necessary foundation for change” [15].

Furthermore, therapists followed the feedback instructions that
were used in this study on most of the defined elements, such
as beginning with a compliment and being careful about
providing solutionstoo soon. Different than expected, only half
of the therapists formulated their sentences as hypotheses, and
did so in only 10% of the feedback messages (eg, “It sounds
like you are not sure, is that correct?’). Misspellings occurred
regularly: in 21.5% of the feedback messages, therapists made
morethan 3 spelling mistakes. One of the possible explanations
for thisisthat the treatment platform did not contain a spelling
corrector, and it may have taken therapists more time to correct
their own writing. Emoticons were not used often, as only 3
therapists sometimes used an (positive) emoticon. In the
“Supportive Accountability” model by Mohr and Cuijpers, it
is argued that therapists may mirror the content, style, tense,
and cues (eg, emoticons) in online communication by patients
to create mutual trust [31]. In this model, it is also pointed out
that people pay attention to the timing and date stamps of the
responses. This means responses should be timely because
delays may be perceived as expressing lack of affection. In our
study, the therapists sent their feedback within the limit of 3
working days in amost 80% of the cases.

Only negative associationswere found with therapist instruction
adherence and session completion. Providing structure and the
readability was significantly negatively associated with session
completion. This means that if the therapists adhered more to
writing short sentences and paragraphs and the more they limited
their feedback to 2 different subjects and sent the feedback back
within 3working days, theless online sessions were compl eted.
These findings might be explained by the adaptive, and also
reactive, style of the therapists to the behavior of the patient.
When patients are doing well on the online platform, they are
more flexible with certain elements of the instructions. On the
other hand, when patients display more difficulties or when the
therapist gets the feeling that he or she is losing contact with
the patient, therapists may be more inclined to adhere more to
some parts of the instructions. Schneider et al also found that
therapistswereresponsivein their online feedback and that they
increased some behaviors during the course of treatment when
patient depressive symptoms worsened. There are similar
indicationsin psychotherapy, where moreflexibility of therapists
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was found related to better treatment outcomes than therapists
who were less flexible [34].

Strengths and Limitations

The study took place in anaturalistic setting, with routine care
patients and therapists and without the restrictions of a
randomized controlled trial. Patient demographic characteristics
in the study sample are comparable to blended CBT research,
also inroutine care[9,26]. Previous studies were carried out in
small samples of therapists (3-5), often trained students, who
delivered treatment in a research setting [16-19]. With the use
of a directed approach of the content analysis, the findings of
the previous research were supported and extended. We found
the same proportions of categories as Hollandare et a with the
addition of the category “asking questions’ [19]. Thiswasalso
found by Schneider et a when they replicated the study
conducted by Paxling et a [18,20].

In addition, there are severa limitations to this study. The
generalizability of the results is limited because of the small
sample size. With a greater sample size, it would have been
possible to explore initial symptom severity as a predictor of
the use of different therapist behaviors. The exploration of this
association would be interesting for further research. Second,
although this study was able to capture a group of experienced
professionals, the distribution of patients over the therapist was
dlightly skewed. Half of the therapists treated 3 to 6 patients,
and the other half treated 1 or 2 patients. Dueto the small sample
size, it was not possible to explore potential differences in
writing style or skills between the therapists. Furthermore, in
face-to-face treatment, therapist characteristics such as age,
gender, and ethnicity of the therapist seemed not to be related
to patient treatment outcomes [35], but therapist facilitative
interpersonal skills were found to be a successful predictor of
treatment outcome [1]. To further explore therapist online
feedback, it would be interesting to ook at therapeutic skillsas
well. In this study, there was a high variability in the number
of words in the feedback messages, and it could also be
interesting to further explore this. Third, within this
observational study, only prepost dataand explorative analyses
and, no post-hoc corrections, were used. The found correlations
should be interpreted with care. Previous research showed that
it is possible that therapist behaviors change over the course of
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treatment, with more focus on certain categories at the beginning
of treatment versus the end of treatment [19,20]. Finally, this
study only focused on the online part of the blended treatment
and not on the content in the face-to-face sessions.

Conclusions

In sum, this study showed that in blended CBT for depression,
therapists primarily used supportive and positive
communications like informing, encouraging, and affirming
patient behavior. Therapists refrained from using therapeutic
techniques, such as making self-disclosures, urging, and
confronting. This can be explained by the way the online
feedback instructions were constructed. They provided the
therapists guidelines that concentrate on style and form
instructions, and this is also reflected in the adherence of the
therapiststo most of these instructions. It can be suggested that
the instructions should also focus more on “disruptive’
therapeutic techniques that can foster patients to address their
symptoms. The blended format can give the therapist more
flexibility in writing feedback because of the combination with
face-to-face contact, meaning that therapists can check the
interpretation of their online feedback with the patients in the
face-to-face sessions. The combination with online contact gives
the therapist the possibility to incorporate elements and reflect
on issues that were discussed in the face-to-face sessions. On
the other hand, therapists are aware that online communications
can emotionally positively and al so negatively affect the patient,
without them being there, and are therefore careful in their
communications. The therapists may miss nonverbal cues such
asfacia expressions and are not able to respond immediately.
Writing feedback requires the therapist to assess whether the
patient can correctly understand it. The extent to which this
cals for specific competencies of the “onling” therapist is
assumed and requires further exploration. Additional research
isneeded to further explore the content of online feedback. With
an experimental design, more causal explanations can, eg, be
made about the amount of certain therapist behaviors, the
interaction with the written content of the patients, patient
expectations or the timing of feedback, and also the interaction
with the contact of the face-to-face sessions. With more
knowledge, instructions on feedback can be enriched, and
therapists can be offered more guidance in giving feedback.
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Main and subcategories therapist behaviors, definitions, examples and percentages out of 219 feedback messages.
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Multimedia Appendix 2
Main and feedback instructions, definitions, examples and percentages out of 219 feedback messages.

[PDE File (Adobe PDF File), 46KB - jmir_v20i5e174_app2.pdf ]

Multimedia Appendix 3
Case descriptions of 3 patients.
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Abstract

Background: The popularity of internet as an area of research has grown manifold over the years. Given its rapid devel opment
and increasing coverage worldwide, internet-based interventions seem to offer a promising option to ameliorate huge burdens
brought by type 2 diabetes mellitus. However, studies conducted by different researchers have provided contradictory results on
the effect of internet-based interventions in glycemic control.

Objective: Thismeta-analysis aimsto summarize currently available evidence and evaluate the overall impact of internet-based
interventions on glycemic management of type 2 diabetic patients.

Methods: A systematic literature search was performed in PubMed, ScienceDirect, and Web of Science. Randomized controlled
trials that used glycosylated hemoglobin values as the outcome measure of glycemic control were considered. Risk of bias and
publication bias were evaluated.

Results: Of the 492 studies, 35 were included in meta-analysis, and results indicated that the weighted mean difference (WMD)
between usual care and internet-based interventions at endpoint was —0.426% (95% CI —0.540 to —0.312; P<.001). Subgroup
analyses revealed that intervention duration <3 months yielded optimal performance (WMD —0.51%; 95% CI —0.71 to —0.31,
P<.001). Combined mobile and website interventions were substantially superior to solely Web-based and mobile-based
interventionsin glycemic control (combined WMD —0.77%, 95% Cl —1.07 to —0.47; P<.001; Web only: WMD —0.48%; 95% ClI
—0.71 to —0.24, P<.001; mobile only WMD —-0.31%, 95% CI —0.49 to —0.14; P<.001). Furthermore, the effect of interventions
with automated feedbacks was similar to those with manual feedbacks, and studies with internet-based educational contents were
more effective in glycemic control. The assessment revealed alow risk of bias.

Conclusions: In conclusion, utilization of internet-based intervention is beneficial for patients with type 2 diabetes mellitus,
and taking full advantage of thistype of intervention may substantially reduce theincidence of complicationsand improve quality
of life.

Trial Registration: International Prospective Register of Systematic Reviews (PROSPERO): CRD42017058032;

https://www.crd.york.ac.uk/PROSPERO/display_record.php?Recordl D=58032 (Archived by WebCite at
http://www.webcitation.org/6yY 7eQNHr)

http://www.jmir.org/2018/5/e172/ JMed Internet Res 2018 | vol. 20 | iss. 5 [e172 | p.71
(page number not for citation purposes)


mailto:xysun@bjmu.edu.cn
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

(J Med Internet Res 2018;20(5):€172) doi:10.2196/jmir.9133

Shen et al

KEYWORDS

internet; type 2 diabetes mellitus, HbA 1c; randomized controlled trial; meta-analysis

Introduction

With increasing prevalence and serious chronic and acute
complications, diabetes has brought enormous burden to
peopl€e's living and production. Glycemic control is vital in
disease management as hyperglycemia and hypoglycemia can
both lead to serious clinical consequences. However, in some
areas, health care providers can only obtain patients' information
on glycemic control and lifestyle during their consultation with
a doctor, which is probably infrequent because of various
reasons, such as patients' economic issues, educational levels,
health awareness, and remote distance to health care centers.
Hence, information obtained by doctors cannot comprehensively
reflect patients' health status and may lead to suboptimal health
decisions [1]. Therefore, most of the impetus of disease
management ison the patients asdiabetesisalife-course chronic
condition, and health care providers cannot possibly accompany
patients all the time [2]. As a result, to achieve wide-scale
promotion of diabetes self-management, it isessential to explore
an efficient, easily available, and cost-effective approach to
bridge geographical and economic gaps and reach broader
populations. Given the rapid development of new technology
and penetration of internet in people’s daily life, integrating
diabetic inventions into existing technologies may have
important implications and accord with clinical guidelines as
they have widely referred to the significance of self-management
and patients' education in diabetes control [3-5]. In this aspect,
internet-based interventions perfectly meet the requirement, as
they can not only easily reach the global population but also
serve as amedium of mass information exchange [6].

Currently, many studies have explored the efficacy of using
internet-based interventionsin diabetes management. However,
there is not a universally acknowledged verdict on whether
internet-based interventions could make a significant difference
in patients glycemic level. Some research reported that
compared with usual care, internet-based interventions could
significantly reduce glycated hemoglobin (HbA ) levels in
patients with type 2 diabetes mellitus (T2DM) [7-11], whereas
others reported otherwise [12-16]. Therefore, to
comprehensively evaluate the overall impact of internet-based
interventions, a meta-analysis is needed to achieve the pooled
result. Furthermore, to our best knowledge, although there were
some meta-analyses studying the effect of internet-based
i nterventions on diabetes management, most of them just looked
at a single form such as mobile apps and few conducted a
comprehensive comparison between different forms of
internet-based interventions. As aresult, by analyzing relevant
randomized controlled trials (RCTs) on this issue, this
meta-analysis aims to evaluate the feasibility and efficacy of
internet-based interventions on diabetes management and hopes
to discover the most effective model of intervention that will
benefit as many patients as possible.

http://www.jmir.org/2018/5/e172/

Thismeta-analysiswasregistered at theinternational prospective
register of systematic reviews (no. CRD42017058032).

Methods

Data Sources and Sear ches

For thismeta-analysis, we have conducted a search in PubMed,
Web of Science, and ScienceDirect to identify studies relevant
to thistopic from their beginning to January 16, 2017. Keywords
used in this search were “T2DM,” “type 2 diabetes,” “social
media,” “e-learning,” “new media” “m-health,” “mHealth,’
“internet-based,” “web-based,” “twitter,” “eHealth,” “e-health,”
“Facebook,” “computer-delivered,” “social web,” “social
software,” “online case-based learning,” “mobile learning,”
“digital game-based learning,” “serious games,” “wearable
devices” “mobile app,” “mobile application,” and “smart
phone-based.” To achieve a searching scope that was broad
enough, the above-mentioned keywords were not enclosed. In
PubMed, we searched in al fields and found 291 papers. In
both of Web of Science and ScienceDirect, we searched inftitle,
abstracts and keywords and retrieved 228 and 65 papers,
respectively. The language of studies was not limited.

"o

To extend our search scope and include more studies in this
field, we also manually searched the reference lists of severa
systematic reviews and meta-analyses that might be related to
our own study [6,17-23]. The number of studies identified in
this way was 76. Furthermore, in the process of records
screening, we found that 1 study was built on a previously
published research conducted by the same research group, which
examined the efficacy of improvement made to the previous
program and evaluated people's acceptance. As a result, the
study of the previous research was also found through the
reference list and was included. Therefore, atotal of 77 studies
wereretrieved from the references lists of other research. After
the removal of duplicates, 492 records were identified in total.
Multimedia Appendix 1 shows details of search syntax.

Study Selection

Two reviewers, Shen and Wang, independently reviewed
abstracts and full-text papers. Study sel ection was strictly based
on uniform inclusion and exclusion criteria. The exclusion
reason for each study was recorded, and in the case of
disagreement, Sun was consulted, and discussion was held until
a consensus was reached. Studies were included if they were
RCTs, assessed patients aged older than 18 years with T2DM,
compared the effect of internet-based interventionsin glycemic
management with a control group (CG) of usual care, and
reported meansand SDsof HbA ;. valuesfor intervention group
(IG) and CG both at baseline and endpoint or other relevant
data from which mean and SD of HbA ;. could be calculated.
If information on diabetes type was not clear, studies with the
mean age of patients older than 30 yearswere included asthere
is a high possibility that they have T2DM [24]. Studies were
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excluded if they were nonrandomized, reviews, protocols, case
reports, or commentaries; did not use HbA,. as the outcome
measure or there was an incomplete report of HbA ,; or included
patients with type 1 diabetes or gestationa diabetes.
Furthermore, we aso excluded studies that were not
predominantly internet-based or the internet was only used as
a supporting or additional tool to intensify the effect of other
interventions, asit was difficult to tell whether the study effect
was attributable to the internet or the other intervention.
Interventionsthat purely used the mobile phone asatool to send
text messages were al so excluded, asthiswas not internet-based.
Moreover, to comparethe effect of internet-based interventions
with usua care, the CG should use usua care rather than
internet-based interventions.

On the basis of retrieved abstracts, we excluded 398 records.
We further examined the full texts of the remaining 94 studies,
and 59 studies were excluded. A total of 25 studies did not
provide data on HbA . or provided incomplete data on HbA
15 studies aso studied patients with T1IDM; 7 studies used
internet-based intervention in CG; interventions in 5 studies

Shen et al

were designed for health professionals and still depended on
face-to-faceinteractions; 12 studiesreported results of the same
6 interventions, respectively, and thus 6 were excluded; and in
1 study, only 46.1% of patients (n=511) used the internet at
least monthly; therefore, the research group decided to send
participants paper versions of their medical record and ask them
to bring it during the next hospital visit. Therefore, as this
research was largely not internet-based, it was also excluded
(Figure 1).

Data Extraction and Quality Assessment

The following data in 35 studies were extracted using a
standardized spreadsheet: the first author, year of publication,
participants included (CG and IG, respectively), patients
characteristics (including attrition, completion rate, mean age,
body mass index [BMI], and gender ratio), study design,
intervention duration, study location, intervention method,
HbA . data (including values at baseline and endpoint), and
other useful information. Furthermore, studies included were
numbered from 1 to 35. One study had 2 |Gs that met the
eligibility criteria and was numbered 12a and 12b.

Figure 1. Flowchart of study selection. RCT: randomized controlled trials; T2DM: type 2 diabetes mellitus.
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Not RCTs (n=37)
Interventions not predominantly
Internet-based (n=13)

59 full-text articles excluded:

eligibility

v
Studies included in quantitative
synthesis (meta-analysis)
(n=35)
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No data or incomplete data of
HbA,; (n=25)

Not purely studied patients with
T2DM (n=15)

New media intervention in control
group (n=7)
Intervention purely designed for
health professionals (n=5)
Other reasons (n=7)
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Mean values and SD of HbA ;. at baseline and endpoint were
extracted separately for 1Gs and CGs. Some studies only
presented changes of HbA ., and in this case, HbA ;. values at
endpoint were calculated correspondingly based on baseline
and changes of values [8,16,25-27]. For studies that provided
SE rather than SD, SD value was calculated based on the SE
value [12,28-30]. Some studies gave 95% CI of mean HbA .,
and SD was derived according to 95% CI [14,25,31]. If neither
endpoint SD nor other information that could be used to
calculate SD was provided, baseline SD was adopted as endpoint
SD [26,32].

Cochrane collaboration’stool for ng therisk of biaswas
adopted to evaluate the quality of studiesincluded. Six domains
were assessed, including selection bias, performance bias,
detection bias, attrition bias, reporting bias, and other bias.

Data Synthesisand Analysis

Interstudy heterogeneity was evaluated by the 1% test. If 12<50%,
heterogeneity across studies was acceptable, and fixed effect

model could be used to achieve the pooled result. If 12>50%,
random effect model would be used, and source of heterogeneity
would be explored. Meta-analysis with continuous outcome
variableswas performed, and wei ghted mean difference (WMD)
was adopted as the effect indicator. If P<.05 and 95% CI did
not include zero, the point estimate of WMD was considered
statistically significant. Publication bias was explored by Begg
and Egger tests. Duval and Tweedie's nonparametric
“trim-and-fill” procedure was also performed to further assess
the possible effect of publication bias [33,34]. Sensitivity
analysis was conducted to assess the stability of studies.
Statistical analyses were performed with STATA/SE 14.1
(StataCorp LP, College Station, Texas) and risk of bias was
evaluated with Review Manager (RevMan 5.3; Cochrane
Collaboration).

Results

Characteristics of Studies

This meta-analysisincluded 35 studies with apooled dataset of
6475 participants, of which 3338 were allocated to the 1G and
3137 to CG [7-12,14,16,25-32,35-53]. The total humber of
patients in each study ranged from 30 to 1665. The
characteristics of eligible studies are presented in Multimedia
Appendix 2.

Of the 35 studies included, 11 were conducted in the United
States [11,12,26,27,29,32,37,39,40,48,50]; 10 in the Republic
of Korea [7,8,28,30,35,36,46,49,52,53]; 2 in Poland [38,45],
Italy [16,44], and China[43,47] each; 1 in Japan [42], Finland
[25], Turkey [10], Canada[9], Spain [31], Norway [14], England
[41], and Congo[51] each. Included studies were published
between 2004 and 2016, and the intervention duration ranged
from 6 weeksto 5 years. The mean age of the participantsranged
from 42.3to 79.9 yearsand BMI from 22.8 t0 36.9. All studies,
except 2, clearly stated that al participants had T2DM.
However, in these 2 studies, the mean age of the patients was
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above 60 years; therefore, it was assumed that the included
participants were all patients with T2DM [29,50].

Characteristics of | nterventions

A total of 8 studies used Web-based interventions solely
[7,9,10,12,28,38,43], 8 used mobile technology
[14,25,31,36,42,45,48,52], and 9 used a combination of both
[8,35,39,40,46,47,49,51,53]. In addition, 10 studies used other
forms of internet-based interventions, including portable digital
assistant, tablet computer, and data transmission equipment
only [11,16,26,27,29,30,32,37,41,44]. Moreover, 28 studies
clearly stated ways of providing feedbacks, among which 5 used
automated algorithm [25,36,39,46,52] and 22 provided
feedbacks manually viahealth care providers[7,9-11,14,27-32,
35,37,40,41,43,44,48-51,53]. In the automated algorithm,
patient-specific messages were automatically generated and
sent to patients based on the data entered into the system.
Manual feedback was accomplished through telephone,
videoconferencing, and short message services by cellular phone
and the internet. A total of 14 studies provided internet-based
education [8,10,27,29,32,37,39-41,43,47,49,50,53], and only 3
studies did not incorporate transmission function of glucose
measurements[8,12,47]. A detailed description of intervention
characteristicsis presented in Multimedia Appendix 3.

Publication bias was detected by Egger test but not by Begg
test. Trim-and-fill method was further conducted to account for
publication bias. In trim-and-fill method, although the strength
of intervention was dlightly attenuated, the pooled analysis
incorporating the hypothetical studies continued to show a
statistically significant positive effect of internet-based
interventions (WMD —0.332, 95% Cl —0.456 to —0.209; P<.001,
Multimedia Appendix 4), which suggested that the mean
difference of HbA . between |G and CG was not an artifact of
unpublished negative studies, but the effect of internet-based
interventions. However, the possibility was not atogether
excluded by this method. Detailed results on risk of bias,
publication bias, and sensitivity analysis can be found in
Multimedia Appendices4-6. Multimedia Appendix 7 describes
the HbA ;. value and related data of 1G and CG at baseline and

endpoint.

Overall Results of Internet-Based | ntervention

All 35 studies provided mean values and SDs of HbA . as the
outcome measure of internet-based interventions. At baseline,
therewas no significant difference of HbA ;. levels between the

CG and IG as 95% Cl including zero (Figure 2).

M easurements madeimmediately after interventionswere used
to achieve the overall pooled effect of the internet-based
intervention. In one study, 2 IGs met eligibility criteria, and
therefore, information was extracted twice and treated as from
2 digtinct studies[39]. They weremarked as Quinn, C.C., 2011a
and Quinn, C.C., 2011b in the analysis. Figure 3 presented the
combined results of the 35 studies in this meta-analysis. The
result showed that the WMD between CG and |G was —0.426
(95% ClI -0.540 to —0.312; P<.001), favoring the IG.
Heterogeneity was 60.1% across studies, and random effect
model was adopted.
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Figure 2. Forest plots of baseline results. WMD: weighted mean difference.
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Study %
D WMD (95% CI) Weight
Zhou, P, 2014 — 0.22 (-0.38, 0.82) 1.18
Orsama, A. L., 2013 + -0.23(-1.10,0.64)  0.56
Avdal, E. U., 2011 —_—— -0.13 (-0.48,0.21)  3.47
Noh, J. H., 2010 T + > 0.40 (-0.74, 1.54) 0.32
Tildesley, H. D., 2010 —i 0.30 (-0.41, 1.01) 0.82
Cho, J. H., 2006 ; - 0.20 (-0.42, 0.82) 1.11
Kwon, H. S., 2004 + 0.40 (-0.09, 0.89) 1.76
Rodriguez-ldigoras, M. ., 2009 —-:-—0—— 0.21 (-0.11, 0.53) 4.09
Lim, S., 2016 P 0.20 (-0.13,0.53)  3.77
Forjuoh, S. N., 2014 - 0.10 (-0.37, 0.57) 1.87
Glasgow, R. E., 2010 —AF:— -0.05 (-0.46,0.36)  2.50
Quinn, C. C., 2011 a +—7 -0.20 (-1.07,0.67)  0.55
Quinn, C. C., 2011 b ‘ + 0.70 (0.01, 1.39) 0.89
Bujnowska-Fedak, 2011 »> 0.02 (-0.62, 0.68) 1.03
Hsu, W. C., 2016 -l 010 (0.84,064) 076
Dario, C., 2016 — 0.01 (-0.25, 0.27) 6.10
Torbjornsen, A., 2014 —— -0.20 (-0.65, 0.25) 2.08
Kardas, P, 2016 + -0.06 (-0.59, 0.47)  1.49
Nicolucci, A., 2015 —— -0.10 (-0.27,0.07)  14.58
Tang, P. C., 2013 —_— -0.04 (-0.36,0.28)  4.09
Kim, H. S., 2007a tr * 0.50 (-0.29, 1.29) 0.67
Kim, C. S., 2010 = 0.00 (-0.51, 0.51) 1.61
Wakefield, B. J., 2014 1 -0.20 (-0.74,0.34)  1.43
Stone, R. A., 2010 : —— 0.20 (-0.31, 0.71) 1.64
Pressman, A. R., 2014 —_—,— 0.20 (-0.25, 0.65) 2.1
Steventon, A., 2014 —————— -0.03 (-0.34, 0.28) 4.43
Kayo Waki, MD, 2014 - 0.10 (-0.41, 0.61) 1.63
Greenwood, D. A., 2015 * 0.30 (-0.15, 0.75) 2.03
Weinstock, R. S., 2011 —— -0.02(-0.17,0.13)  17.94
Liu,C.T. * 0.08 (-0.52, 0.68) 1.18
Kim, H.S. : - 050 (-0.22,1.22)  0.80
Faridi, Z + -0.10 (-0.57,0.37) 1.93
McMahon, G.T. —_—— 0.10 (-0.21, 0.41) 4.44
Takenga, C - 0.08 (-0.67, 0.83) 0.74
Yoo, H.J. —_—— 0.20 (-0.13, 0.53) 3.74
Yoon, KH. T +- 0.50 (-0.29, 1.29) 0.67
Overall (I-squared = 0.0%, p = 0.907) 1? 0.04 (-0.02, 0.10) 100.00
:
| I
-1.54 0 1.54
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Figure 3. Forest plots of endpoint results. WMD: weighted mean difference.

Study %
ID WMD (95% CI) Weight
Zhou, P. —0—:— -0.76 (-1.29, -0.23) 249
Avdal, E. U. —— -0.69 (-1.03, -0.35) 3.59
Noh, J. H. > -0.64 (-1.78, 0.50) 0.84
Tildesley, H. D. —4-—1— -0.80 (-1.44, -0.16) 1.97
Cho, J. H. —,—— -0.70 (-1.22, -0.18) 2.53
Kwon, H. S. - -0.68 (-1.04,-0.32)  3.46
Rodriguez-Idigoras, M. 1. - —— 0.05 (-0.26, 0.36) 3.82
Lim, S. — | -0.60 (-1.05, -0.15) 2.89
Forjuoh, S. N. —— 0.10 (-0.49, 0.69) 2.21
Glasgow, R. E. : —r— 0.06 (-0.33, 0.45) 3.28
Quinn, C. C.a —_—,— -0.60 (-1.38, 0.18) 1.53
Quinn, C. C.b —_— -0.60 (-1.27, 0.07) 1.89
Bujnowska-Fedak —;—‘— -0.06 (-0.62, 0.50) 2.34
Hsu, W. C. + ; ! -1.20 (-2.39, -0.01) 0.78
Dario, C. | —— 0.02 (-0.27, 0.31) 3.98
Torbjornsen, A. +F -0.40 (-0.82, 0.12) 252
Kardas, P. :—0— -0.03 (-0.51, 0.45) 2.75
Nicolucci, A. —— -0.34 (-0.60, -0.08) 4.15
Tang, P. C. —:‘—- -0.23 (-0.58, 0.12) 3.53
Kim, H. S. —— -0.66 (-1.31, -0.01) 1.96
Kim, C. S. ——— -0.40 (-0.71, -0.09) 3.83
Wakefield, B. J. ———1 -0.20 (-0.73, 0.33) 2.48
Stone, R. A. —— 0.70(-1.12,-0.28)  3.09
Pressman, A. R. o 0.00 (-0.45, 0.45) 2.93
Steventon, A. —:"-" -0.23 (-0.52, 0.06) 3.96
Kayo Waki, MD * -0.40 (-0.89, 0.09) 267
Greenwood —_—— -0.11 (-0.59, 0.37) 2.72
Weinstock —-— -0.29 (-0.46, -0.12) 4.77
Orsama, A. L. - : -0.67 (-1.53, 0.20) 1.30
Liu,C.T. —— -0.65 (-1.00, -0.30) 3.56
Kim, H.S. —_— -0.72 (-1.28, -0.16) 2.31
Faridi, Z — — -0.50 (-0.97, -0.03) 2.81
McMahon, G.T. —t— -0.30 (-0.61, 0.01) 3.83
Takenga, C € + | -1.87 (-2.91, -0.83) 0.99
Yoo, H.J. —— -0.50 (-0.84, -0.16) 3.62
Yoon, K.H. —_— | -1.63 (-2.13, -1.13) 2,62
Overall (l-squared = 60.1%, p = 0.000) ¢ -0.43 (-0.54, -0.31) 100.00
NOTE: Weights are from randlom effects analysis : I

-2.91 0 2.91

Subgroup Analysis

Subgroup analyses were conducted based on intervention
duration, types of internet-based interventions, ways of feedback
provision, and whether or not internet-based educational content
was provided.

Results of Subgroup Analysis Based on | ntervention
Duration

Asintervention duration in the 35 studiesranged from 12 weeks
to 5 years, we divided included research into 3 mutually
exclusive groups (x<3 months: n=10, 3 months<x<6 months:
n=10, and x>6 months: n=16) to perform subgroup analysis. In
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the group of x<3 months [11,28,30,36,42,43,45,48,51,52],
heterogeneity across studies was 41.8% and the pooled WMD
was -0.51% (95% CI -0.71 to —0.31; P<.001). Significant
difference between 1G and CG was also observed in the group
of duration >3 months and <6 months
[8-10,27,32,35,37,38,46,49], with a pooled WMD of —0.48%
(95% CIl —0.68 to —0.28; P<.001). The heterogeneity across
study was 34.5%. In the group of duration >6 months
[7,12,14,16,25,26,29,31,39-41,44,47,50,53], differencein HbA ;.
outcomes between |G and CG groups decreased with a WMD
of —0.35% (95% CI —0.53 to —0.18; P<.001) and heterogeneity
increased to 70.5% (Figure 4).

JMed Internet Res 2018 | vol. 20 | iss. 5 [e172 | p.76
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Shen et al

Figure 4. Subgroup analysis based on intervention duration. WMD: weighted mean difference.

Study %
D WMD (95% Cl) Weight
. i
Zhou, P. —_— -0.76 (-1.29, -0.23) 249
Kwon, H. S. — -0.68 (-1.04, -0.32) 3.46
Hsu, W. C. -+ : -1.20 (-2.39, -0.01) 0.78
Kardas, P. e -0.03 (-0.51, 0.45) 275
Kim, C. S. —— -0.40 (-0.71, -0.09) 3.83
Wakefield, B. J. —r—— -0.20 (-0.73, 0.33) 248
Kayo Waki, MD —_—— -0.40 (-0.89, 0.09) 267
Faridi, Z —— -0.50 (0.97, -0.03) 2.81
Takenga, G € + X -1.87 (-2.91, -0.83) 0.99
Yoo, H.J. —— -0.50 (-0.84, -0.16) 362
Subtotal (I-squared = 41.8%, p =0.079) <:> -0.51 (-0.71, -0.31) 25.88

1
Jx<bm !
Avdal, E. U, —4—: -0.69 (-1.03, -0.35) 3.59
Noh, J. H. e -0.64 (-1.78, 0.50) 0.84
Tildesley, H. D. —_—— -0.80 (-1.44, -0.16) 1.97
Lim, S. —4:— -0.60 (-1.05, -0.15) 2.89
Bujnowska-Fedak B S — -0.06 (-0.62, 0.50) 234
Kim, H. S. —_—— -0.66 (-1.31, -0.01) 1.96
Stone, R. A. —4-—;— -0.70 (-1.12, -0.28) 3.09
Pressman, A. R e 0.00 (-0.45, 0.45) 2.93
Greenwood _H_ -0.11 (-0.59, 0.37) 272
Kim, H.S. —re -0.72(-1.28, -0.16) 231
Sublotal (I-squared = 34.5%, p =0.132) <> -0.48 (-0.68, -0.28) 24.65
- |
x=6m 1
Cho, J. H. e —— -0.70 (-1.22, -0.18) 253
Rodriguez-Idigoras, M. I. : —— 0.05 (-0.26, 0.36) 3.82
Forjuoh, S. N. —— 0.10 (-0.49, 0.69) 221
Glasgow, R. E. : ——— 0.06 (-0.33, 0.45) 3.28
Quinn, C. C.a —_— -0.60 (-1.38, 0.18) 153
Quinn, C. Cb —_—,r -0.60 (-1.27, 0.07) 1.89
Dario, C. |t 0.02 (-0.27, 0.31) 398
Torbjornsen, A. B e -0.40 (-0.92, 0.12) 252
Nicolueci, A. —pe -0.34 (-0.60, -0.08) 4.15
Tang, P. C. —_— -0.23 (-0.58, 0.12) 353

1
Steventon, A. et -0.23 (-0.52, 0.06) 3.96
Weinstock - -0.29 (-0.46, 0.12) 477
Orsama, A. L. - : -0.67 (-1.53, 0.20) 1.30
LiuC.T. —pre -0.85 (-1.00, -0.30) 356
McMahon, G.T. —— -0.30 (-0.61, 0.01) 3.83
Yoon, KH. —_—— X -1.63(-213, -1.13) 262
Subtotal (I-squared = 70.5%, p =0.000) < -0.35 (-0.53, 0.18) 49.47
. 1
Overall (l-squared = 60.1%, p = 0.000) <> -0.43 (-0.54, -0.31) 100.00
NOTE: Weights are from random effects analysis :

[
-2.91 0 2.91

Results of Subgroup Analysis Based on the Type of
I nternet-Based interventions

In this analysis, we divided 35 studies into 4 subgroups based
on types of internet-based interventions (Web-based solely:
n=8, mobile-based solely: n=8, combined website and mobile
technology: n=10, and others; n=10). Forms of intervention that
did not fall in the above 3 categories were classified as others.
In the group of website-only interventions
[7,9,20,12,28,38,43,50], there was statistically significant
difference in HbA ;. outcomes between 1G and CG, and WMD
was —0.48% (95% CI -0.71 to —0.24; P<.001). However, a
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moderate heterogeneity of 57% was also observed across studies
in this subgroup. In the group of mobile-only interventions
[14,25,31,36,42,45,48,52], differencein HbA ;. between |G and
CG decreased, with a pooled WMD of —0.31% (95% CI —0.49
to —-0.14; P<.001) and heterogeneity of 27.2%. In combined
mobile and website group [8,35,39,40,46,47,49,51,53], a
heterogeneity of 64.6% was observed, and the pooled effect
was —0.77% (95% Cl —-1.07 to —0.47; P<.001). In the group of
other intervention types, heterogeneity across studieswas 35.5%,
with apooled WMD of —-0.23 (95% CI —-0.38 to —0.09; P=.001,
Figure5).
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Figure 5. Subgroup analysis based on the type of internet-based interventions. WMD: weighted mean difference.

Sludy %
D WMD (35% CI) Weight
web-based I
Zhou, P. —— -0.76 (+1.29, -0.23) 2.43
Avdal, E. U. —pe -0.69 (-1.03, -0.35) 359
Tildesley, H. D. R S — 0,80 (-1.44, 0.16) 197
Cho, J. H. —-O-f— 20.70 (122, 0.18) 253
Kwon, H. S. —pe -0.68 (-1.04, -0.32) 3.46
Glasgow, A, E. —— 0.06 (-0.33, 0.45) 328
Bujnowska-Fedak 5 -0.06 (-0.62, 0.50) 234
McMahon, G.T. —e -0.30 (-0.61, 0.01) 3.83
Sublotal (l-sguared = 57.0%, p = 0.023) <P -0.48 (-0.71, 0.24) 23.50
1
mobile-based I
Orsama, A. L. >— 0.67 (1,53, 0.20) 1.30
Rodriguez-Idigoras, M. 1. f —e 0.05 (-0.26, 0.36) 382
Torbjornsen, A. —_—— -0.40 (0.2, 0.12) 252
Kardas, P. . om— 0.03 (-0.51, 0.45) 275
Kim, C. S. e -0.40 (-0.71, -0.09) 3.83
Kayo Waki, MD —— -0.40 (-0.89, 0.09) 267
Faridi, Z ———— 050 (-0.97, -0.03) 281
Yoo, H.J. —_—— -0.50 (-0.84, -0.16) 362
Sublotal (I-squared = 27.2%, p = 0.212) < -0.31 (0.49, -0.14) 2331
I
combined website and mobile '
Neh, J. H. . : 0.64 (-1.78, 0.50) 0.84
Lim, 5. e 060 (-1.05, 0.15) 2589
Quinn, €. C.a —pd e 060 (-1.38, 0.18) 1.53
Quinn, C. C.b - Il 0,60 (-1.27, 0.07) 1.89
Tang, P. C. ——— 0.23(-0.58,0.12) 353
Kim, H. 5. —eeeee -0.66 (-1.31, -0.01) 1.96
LuCT. —-@;— -0.65 (-1.00, -0.30) 356
Kim, H.S. ——r— 0.72(-1.28, 0.16) 231
Takenga, C £ & I -1.87 (-2.91, -0.83) 0.99
Yoon, KH. s E— ; -1.63 (-2.13, 1.18) 262
Subtotal (l-squared = 64.6%, p = 0.003) O[ -0.77 (-1.07, -0.47) 2212
I
others ;
Forjuah, S. N. L e c— 0.10 (-0.49, 0.69) 221
Hsu, W. C. - . | -1.20 (-2.39, -0.01) 078
Dario, C. - 0.02 (-0.27, 0.31) 398
Nicolucei, A. —— -0.34 (-0.60, -0.08) 4.15
Wakefield, B. J. 0.20 (-0.73, 0.33) 248
Stone, R. A. —-0-—#— 0.70 (41.12, -0.28) 3.09
Pressman, A. R. —— 0.00 (-0.45, 0.45) 293
Steventon, A. it -0.23 (052, 0.06) 3.96
Greenwood —_— -0.11 (059, 0.37) 272
Weinstock - 0.29 (-0.46, 0.12) 477
Subtotal (I-squared = 35.4%, p = 0.125) 1> -0.23(0.38, -0.09) 31.07
. I
Overall (I-squared = 60.1%, p = 0.000) -0.43 (-0.54, -0.31) 100.00

NOTE: Weights are from random effects analysis

-2.91 0

Results of Subgroup Analysis Based on Feedback
Provision

We divided included studies into 3 groups (manual: n=22,
automated: n=6, and unclear: n=8) to perform subgroup analysis
based on feedback provision. A total of 8 studies did not
specifically mention ways of providing feedback and thuswere
classified as unclear. In the group of manual feedback
[7,9-11,14,27-32,35,37,40,41,43,44,48-51,53],  atiticaly
significant difference in HbA,. between CG and IG was
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observed, and heterogeneity across studies was 67.2% (WMD
—0.50%, 95% ClI —0.65 to —0.34; P<.001). In studies that
provided automated feedbacks [25,36,39,46,52], heterogeneity
was reduced to 0.0%, and difference between groups was
—0.50% (95% CI —0.69 to —0.32; P<.001). In unclear group
[8,12,16,26,38,42,45,47], difference in HbA,. outcomes was
not significant as P=.14, which is greater than .05 (WMD
—0.17%, 95% Cl —0.39 to —0.06), and heterogeneity across
studies was 46.9% (Figure 6).
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Figure 6. Subgroup analysis based on feedback provision. WMD: weighted mean difference.
Study %
D WMD (85% CI) Weight
manual :
Zhou, P. —— -0.76 (-1.29, -0.23) 2.49
Avdal, E. U. —-0-—:- -0.69 (-1.03, -0.35) 359
Tildesley, H. D. ——— -0.80 (-1.44, -0.16) 1.97
Cho, J. H. ——— -0.70 (-1.22, -0.18) 253
Kwon, H. S. —0—:— -0.68 (-1.04, -0.32) 346
Rodriguez-Idigoras, M. 1. | —— 0.05 (-0.26, 0.36) 382
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Results of Subgroup Analysis Based on | nternet-Based
Education Provision

On the basis of internet-based education provision, 35 studies
were divided into 2 subgroups (yes: n=15; no: n=21). In the
group that provided internet-based diabetes education
[8,10,27,29,32,37,39-41,43,47,49,50,53], there was significant
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difference between CG and I1G, with apooled WMD of —0.51%
(95% CI —0.69 to —0.32; P<.001), and heterogeneity across
studies was 66.9%. In the group without internet-based
e d u c a t [ 0 n
[7,9,11,12,14,16,25,26,28,30,31,35,36,38,42,44-46,48,51,52],
heterogeneity decreased to 53.6%, and WM D was—0.36% (95%
Cl —0.51 to -0.22; P<.001; Figure 7).
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Figure 7. Subgroup analysis based on internet-based education provision. WMD: weighted mean difference.
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Discussion

Principal Findings
This meta-analysis included 35 RCT studies to evaluate the
effect of internet-based interventions on patients with T2DM.
WMD of HbA,. value was adopted as the effect indicator of
glucose control, and results indicated that the mean difference
of HbA,. values between the CG and internet-based

interventions was 0.43%,

favoring the

internet-based

interventions. It is reported in research that each 1% decrease
of mean HbA . values will lead to 21% reduction of risk for

any endpoint related to diabetes, including death, myocardial
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infarction, and microvascular complications [54]. Therefore,
optimizing the utilization of internet-based interventionsin the
management of T2DM has great importance.

Intervention Duration

Duration has a significant influence on the effect of
internet-based interventions. Results of this meta-analysis
indicate a downward trend of intervention effect with an
increasing duration, which is similar to that in other systematic
reviews and meta-analyses [19,23]. There are some possible
rationales that may serveto explain such differences over time.
First, the decline of efficacy may be attributed to patients
diminishing enthusiasm or motivation with the passage of
intervention, especially when most of the studies included in
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this meta-analysis involve a regular or daily transmission of
glucose data. Second, a lack of user-friendliness could aso
result in attenuated effect. As the mean age of recruited
participants exceeds 40 years, new forms of technology may
not be familiar and friendly for them. However, thisresult does
not encourage the shortening of intervention periods, but rather
it indicates that relative measures should be taken to increase
patients adherence and maintain their motivation, with theaim
to prevent attenuated intervention effect over time. Furthermore,
it ispromising to develop aform of internet-based intervention
that is both effective and friendly to use.

Types of Internet-Based | nterventions

In terms of the types of internet-based interventions, there is
not aconsensusin previous meta-analyses on which formisthe
most effective. In this paper, combined website and mobile
interventions have the largest WMD of HbA,., followed by
Web-based only interventions. Mobile-based only interventions
have the lowest mean difference, which indicates that mobile
technologies may not be the optimal options in diabetes
management. Thisresult coincideswith somefindingsin Toma's
meta-analysis [23]. Toma discovered that the effect of
mobile-only interventionsin HbA ;. outcomes was the poorest
and not statistically important (WMD —0.20%, 95% Cl —0.43
to 0.03; P=.09), whereas combined mobile and websites
interventions yielded the best performance (WMD —0.54%,
95% ClI —0.72 to -0.37; P<.001). Results of websites-only
interventionswere similar to thosein thismeta-analysis (WMD
-0.51%, 95% CI —0.68 to —0.34). However, in another 2
meta-analyses exploring the effect of mobile-based interventions
on diabetes management, the WMD in HbA . outcomes was
—0.40% (95% CI —0.69 to -0.11; P=.007) and —0.50% (95% ClI
—0.7 to —0.3) [22,55]. A possible explanation may be that in
most studies included (7 out of 8) in this meta-analysis, a new
mobile phone with functions related to diabetes management
is provided to participantsto replace their own cellular phones,
rather than installing a diabetic application in their old ones
[14,25,31,42,45,48,52]. Therefore, itislikely that such diabetic
phones are not user-friendly and require some time to get
familiar with. As a result, patients' satisfaction toward study
and frequency of datatransmission may be compromised, which
further leads to the compromise of HbA,. performance
ultimately. Furthermore, the fact that Pal’s meta-analysis on
mobile interventions only included 3 studies and Cui’'s
meta-analysisalso involved some studies that combined the use
of mobile phone and websites may aso contribute to the
contradictory situation [22,55]. However, this result does not
imply that we should atogether abandon mobile-based
interventions, as it is drawn from the currently available
evidence and therefore may lag in time. Due to the high
penetration and convenience offered by mobile phones, they
have great potentialsin diabetes management, and future studies
need to explore the effectiveness of apps that are easy to use
and directly installed on patients’ own cellular phones.

For ms of Feedback Provision and Function of
Internet-Based Educational Contents

Automated feedbacks generated by algorithms yield similar
effect to feedbacks provided manually. Asautomated algorithms
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could save manual labor and also provide real-time feedback
as soon as patients enter data, it may have great potentials to
alleviate the socia and economic burden brought by various
chronic diseases.

Furthermore, athough various clinical guidelines have
acknowledged the importance and effectiveness of diabetes
education, only 40% of studies included in this meta-analysis
embody thisfeature[4,5]. Thisresult coincideswith aprevious
review where among mobile diabetes apps on the market, only
20% of them had an educational module [3].

Limitations of This Meta-Analysis

This meta-analysis aso has some limitations. First of all,
because of limited time, we only searched 3 databases. Although
we tried to identify studies from the reference lists of other
reviews and include those published in other languages, it is
possiblethat some studiesin other databases and gray literature
are overlooked. Second, athough the studies included in this
meta-analysis are al RCTs and the quality of evidence is
relatively higher, only a few reported blinding of the outcome
assessment process. Therefore, it is possible that performance
bias isintroduced. Third, in some studies, CGs aso use some
forms of intervention rather than purely usual care, such as
paper-based education, note-keeping of glucose levels, and
telephone follow-ups. Furthermore, contents of usual care in
different locations may aso vary. Therefore, this could aso
bias the genuine effects of internet-based interventions. Fourth,
in some subgroup analyses, results are drawn from a small
number of studies and heterogeneity is high. Finally, although
the trim-and-fill method did not change the general effect of
internet-based interventions, suggesting that the effect was not
an artifact of unpublished negative studies, the possibility was
not fully ruled out.

Implicationsfor Future Studiesand Clinical Practices

First of al, athough blinding of participants and health care
providers seems impossible because of the nature of the
intervention, only a few studies explicitly reported that the
outcome assessment process was blinded. In future studies,
more importance should be attached to the blinding of outcome
assessment because this is a process that should be achieved
regardless of the type interventions. Only in this way, could
performance bias be reduced to aminimum and areliabl e effect
be revealed.

Second, subgroup analysis indicates that automated feedback
provision has a similar effect to manual feedback provision;
therefore, it is promising to take full advantage of automated
algorithms, asit could not only provide real-time feedbacks but
also save manual labors. However, the number of studiesin this
aspect is limited and few have explored its cost-effectiveness
and patients' satisfaction. As a result, future studies need not
only examine the efficacy of automated feedback provision but
also evaluate the feasibility of promotion on alarge scale.

Third, future studies need to integrate diabetes-related functions
to existing technol ogies, such as devel oping diabetic apps, which
could be directly installed into patients' own mobile phones,
rather than devel oping new types of phones. Only in this way,
the true effect of mobile interventions can be revealed.
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Finally, results in this meta-analysis also shed some light on
clinical practices. If health care practitioners would like to use
the internet as a way to help patients manage their glycemic
levels, a combined use of websites and mobile technologies
may achieve a better outcome than a standalone method.
Furthermore, if there are currently available mobile appson the
market, practitioners may as well recommend patients to
download such apps into their own mobile phones, rather than
developing a new one for them. Moreover, as internet-based
health education for diabetes management is proven to be
effective, if due to various reasons health care providers could
not provide a systematic and comprehensive intervention for
patients, they could recommend some reliable and informative
websites or information resources with diabetes-related contents

Shen et al

Conclusions

In conclusion, the WMD of endpoint HbA;. between
internet-based interventions and usual care was -0.426%.
Optimal outcomes appear in intervention duration of <3 months.
In terms of the types of internet-based interventions, according
to currently available evidence, combined interventions of
websites and mobile technologiesyield better results, and more
studies are needed to explore the potentials of mobile
technologies. Results also indicate that automated feedback has
similar effects to feedbacks provided manualy, and
interventions with internet-based educational contents have
better performance. As a result, interventions integrating the
above elements may achieve more satisfactory results and help

that could be easily understood by patients. patients manage their glycemic levels effectively.
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Abstract

Background: Cardiovascular diseases are aleading cause of premature death worldwide. International guidelines recommend
routine delivery of al phasesof cardiac rehabilitation. Uptake of traditional cardiac rehabilitation remains suboptimal, as attendance
at formal hospital-based cardiac rehabilitation programsis low, with community-based cardiac rehabilitation rates and individual
long-term exercise maintenance even lower. Home-based cardiac rehabilitation programs have been shown to be equally effective
in clinical and health-related quality of life outcomes and yet are not readily available.

Objective:  Given the potential that home-based cardiac rehabilitation programs have, it is important to explore how to
appropriately design any such intervention in conjunction with key stakeholders. The aim of this study was to engage with
individualswith cardiovascular disease and other professionalswithin the health ecosystem to (1) understand the personal, social,
and physical factors that inhibit or promote their capacity to engage with physical activity and (2) explore their technology
competencies, needs, and wants in relation to an eHealth intervention.

Methods: Fifty-four semistructured interviews were conducted across two countries. Interviews were audiotaped, transcribed
verbatim, and analyzed using thematic analysis. Barriers to the implementation of PATHway were also explored specifically in
relation to physical capability and safety as well as technology readiness and further mapped onto the COM-B model for future
intervention design.

Results: Key recommendations included collection of patient data and use of measurements, harnessing hospital based social
connections, and adviceto utilize a pati ent-centered approach with personalization and tail oring to facilitate optimal engagement.

Conclusions: In summary, a multifaceted, personalizable intervention with an inclusively designed interface was deemed
desirable for use among cardiovascular disease patients both by end users and key stakeholders. In-depth understanding of core
needs of the population can aid intervention devel opment and acceptability.

(J Med Internet Res 2018;20(5):€163) doi:10.2196/jmir.9181
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Introduction

Background

Cardiovascular diseases (CVDs) are a leading cause of early
death and disability within Europe and an economic burden
worldwide [1]. Importantly, from a behavioral science
perspective, approximately 80% of cases are precipitated by
lack of self-management of key modifiable risk factors,
including physical activity (PA), smoking, diet, acohol
consumption, stress management, and medication adherence
[2]. Cardiac rehabilitation (CR) is an essential part of the gold
standard management of CVD [3,4] and typically involvesrisk
factor education, supervised exercisetraining, and psychological
support. However, even though CR improves mortality and
morbidity rates, uptake of CR remains suboptimal. There are
several reasons for the low adherence rates, including travel
distance, low self-efficacy, perceived body image, and lack of
time [5]. Interestingly, home-based CR programs have been
shown to be equally effective in clinical and health-related
quality of life outcomes and overcome many of the stakeholder
identified barriers to CR participation [6]; however, few CR
programs offer a remote solution [7]. This gap in hedlth care
provision highlightsthe need to focus on the needs of individuals
living with chronic illness and contemporary CVD
self-management.

New Approachesto Self-M anage Car diovascular
Disease

As current CR delivery approaches do not suit everyone, new
innovative ways are needed to match patient preferences and
needs to improve uptake and completion of CR. PATHway
(Physical Activity Towards Health way) aims to be such an
innovative approach. PATHway proposes an Internet-enabled,
sensor-based home exercise platform that allows remote
participation in CR exercise programs at any time, either by
oneself or by a small number of patients, from the comfort of
their own living room. The home-based PATHway system will
provide an individualized exercise prescription and program
leveraging existing technology to facilitate participantsto better
self-managetheir CVD. The proposed technology at this current
development phase includes a portable personal computer,
including PATHway software complimented by wearable
sensors (eg, Microsoft Band 2 heart rate monitor to tailor the
PATHway experience.) These sensors will facilitate the
participant to engage in tailored exercise classes and gamesled
by an avatar instructor who demonstrates each exercise to be
conducted throughout the exercise session.

Saner highlighted how there are many obstacles to
implementation, including how development of el ectronic health
(eHealth) interventions is skewed toward technology
development rather than user needs and expectations [8].
Therefore, it isimportant that qualitative development work be
recognized as an integral aspect of creating a context specific,
fit-for-purpose, user-centered intervention.
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It has been identified that incremental stepped approaches to
developing and evaluating behavior change interventions are
most appropriate as per the Medica Research Council and
Behavior Change Whedl frameworks[9,10]. A key tenet of both
frameworks is to identify patients key personal, social, and
physical factorsthat inhibit or promotetheir capacity to engage
in PA and aso to identify their experience, needs, and wants
from a technol ogy-based intervention.

Furthermore, to ensure successful implementation of an eHealth
behavioral change intervention to self-manage CVD, it is
necessary to ascertain the views of key stakeholders from the
health care ecosystem and across Europe. It is important to
include stakehol ders from across the spectrum (as captured by
the Social Ecological Model, SEM; [11]), eg, from cardiologists
to health policy makers. The SEM incorporates a wide range
of individuals involved at various points of the CVD illness
journey through itsvariouslevels(eg, individual , interpersonal,
organizational, community, and policy). This includes those
who refer patientsto existing CR services and those who deliver
those services. Interestingly, this study also seeks to explore
the context of the implementation of the PATHway intervention,
taking into account the potentially differing health care systems
involved in the two sites (ie, Ireland and Belgium). These sites
were selected as part of a consortium from European Union’'s
Horizon 2020 Framework Programme for Research and
Innovation Action under Grant Agreement no. 643491.

Inan Irish context, CR services have been in development since
the1970's. CR servicesin Ireland grew at afast pace following
the implementation of the Building Healthier Hearts program
[12]. Both hedth care systems aim to operate within a
multidisciplinary — context supported by cardiologists,
physiotherapists, nurses, occupationa therapists, dietitians,
pharmacists, psychologists, and social workers.

In Belgium, patients receive reimbursement for involvement in
CR (ie, maximum of 30 in-hospital sessions, 45 outpatient
sessions), provided the patient meets certain criteria [13]. In
Ireland, free standard CR services are generally offered (without
reimbursement) to individuals. Unfortunately, particularly in
Ireland, some CR units have suffered cutbacksin recent years.

The purpose of this study was to explore opinions and
preferences to optimize PATHway intervention development
before piloting the intervention (Trial registration
number NCT02717806). This includes exploring the most
appropriate content and viable approaches for PATHway
intervention delivery. This was achieved through a
comprehensive needsidentification and analysiswith PATHway
patients and stakeholders using the capability, opportunity,
motivation, and behavior (COM-B) model framework in two
health care systems: Ireland and Belgium.
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Methods

Interview Script Development

In-depth, semistructured, individua interviewswere conducted
in two trial locations (Dublin, Ireland and Leuven, Belgium).
Interview scripts for both patient and stakeholders (see
Multimedia Appendices 1 and 2) were developed using the
COM-B model of health behavior change[10]. By adopting the
COM-B framework, different aspects of behavior were
investigated to design and implement the PATHway intervention
appropriately. Author DW conducted al interviewsin Ireland,
whereas authors NC, VC, and RB conducted interviews in
Belgium. All Irish interviews were transcribed by a selected
transcription service, whereas in Belgium, all interviews were
transcribed by the PATHway research team.

Patient Recruitment

To target individual and interpersonal levels, 33 CVD patients
wereinterviewed in acombined total across both sites (Dublin,
Ireland n=20; Leuven, Belgium n=13). These two sites were
selected asthey were the locations of the PATHway study team
clinical partners, and importantly, these siteswere the locations
of the phase 2 and phase 3 CR programs with access to patient
and health professional cohorts. These specific locations
facilitated an in-depth view of the varied CR practice across
different European countries. No other sites participated in this
discrete phase of development with patients.

Patients were recruited by the PATHway study team in
conjunction with hospital and community partners. Participants
from phase 2 (hospital-based) and phase 3 (community-based)
CR programs with different levels of engagement in CR were
approached. That is, four groups were identified: (1) those
attending phase 2 (hospital-based CR), (2) those who enrolled
but did not complete phase 2, (3) those who were engaged with
phase 3 (community-based CR), and (4) those who dropped out
of phase 3. For patients still engaged with CR programs in the
hospital or in the community, announcements and information
sheets were made available at the beginning and end of CR
classes to explain the study, and contact details were given.
However, for patients who were no longer attending CR
programs, CR staff contacted them, and if interested in
participating, potential participants were given contact details
of the PATHway study team. Before participating in an
interview, all patients were asked to complete the technology
usage questionnaire [14] to obtain further information on the
general and technological background of the patients. This
guestionnaire and related findings were published by the
PATHway study team (see [14]). Patient recruitment and
interviews conducted were determined by whether new
information or concepts emerged from the interviews [15].

Stakeholder Recruitment

The SEM was used to ensure inclusion of the full health
ecosystem [11]. All stakeholders were approached by the
PATHway study team following a brainstorming session with
CR coordinators about potential participantsto approach at each
level of the SEM and each profession. All potential participants
were then approached and given information sheets regarding
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the study and invited to participate. As such, interviews were
conducted with atotal of 21 stakeholdersfrom each of the public
policy, the community, and the organizational levelsin Dublin
(Ireland) and Leuven (Belgium): representatives from public
policy, specifically individuals from the Department of Health
(n=2) and from the Health Services Executive (n=1);
representatives from the community, specifically general
practitionerswho refer patientsto CR (n=3); public health nurses
(n=1); local patient organization (n=1); national patient
organization (n=1); representatives from the hospital,
specifically the CR cardiologists (n=2); hypertension specialist
(n=1); specialized cardiology nurses (n=3); physiotherapists or
exercise physiologists involved in CR phase 2 and 3 (n=4);
psychologist involved in CR (n=1); and technologists with
experience of health care devices in CR (n=1). This sample
endeavored to reflect the various levels and multidisciplinary
nature of CR services insofar as possible at different specified
levels of the SEM. This study aimed to capture the breadth of
experience of multiple stakeholders across the CVD journey;
however, it is acknowledged that potentially sufficient depth of
these experiences may not be fully captured within this sample.
Further sampling of each of the allied health professionalswould
be beneficia for future research as it was not possible within
the scope of the current project to recruit further participants.

Patient and Stakeholder Interview Analysis

All interviews were transcribed verbatim by the PATHway
team. Datawere subject to athematic analysis, guided by Braun
and Clarke's [16] five-step framework and mapped to the
COM-B framework. The five-step framework is listed as
follows:

1. Step oneincludes familiarizing yourself with data through
multiple readings.

2. Step two generates an initia list of ideas about what isin
the data and what is interesting about them and involves
the production of initial codes from the data.

3. Step three, themes begin to emerge, and this refocuses the
analysis at the broader level of themes.

4. Step four involves reviewing themes whereby a set of
candidate themes are explored and refined, including
similarities and differences between interviews. Thisisan
important step given the multisite approach in PATHway,
which may offer conflicting findings.

5. Step five involves defining and naming themes.

Audit trails were used throughout to ensure transparency from
raw interview transcripts to themes to use case formulationsin
bothtrial sites. Each sited coded all site-specific data separately.
Preliminary coding was shared at each step of analysisaslisted
above, and group discussions were held. Authors from the
Belgian site trandated al emerging codes, and numerous
representative quoteswere translated from Dutch to English for
thefull teamto discuss. All datawere then combined to facilitate
datasynthesisand integration of qualitative datafrom both sites.
This synthesis process was done in English and findings
corroborated by authors from the Belgian site to ensure that
codes and representative quotes were integrated appropriately.
This synthesis of data was especially important given the need
to reflect both the similarities but also the differences between
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thetwo health systemsrepresented withinthisdata. Thisanalysis
was done inductively and then mapped across to the COM-B
framework to allow transparent trandlation to PATHway
intervention requirements. Analysis was done separately for
patients and stakeholders.

Results

Results of Cardiovascular Disease Patient | nterviews

A total of 33 patientstook part in individual interviews across
thetwo sites. Thirteen patients (39%, 13/33) werefrom Leuven
and 60% (20/33) from Ireland (mean age=60 years;
female=21%, 7/33) and various levels of education (eg, second
level education or lower=36%, 12/33; third level education
[including undergraduate and postgraduate programs]= 64%,
21/33). There were 55% (18/33) from phase 2 and 45% (15/33)
from phase 3 with variousreasonsfor attending CR listed. There
were varying levels of technology use with 58% (19/33)
reporting high, 24% (8/33) moderate, and 18% (6/33) low
technology use. An overview of the patient sampleisshownin
Table 1.

Textbox 1 represents the main themes and subthemes that
emerged from the individual patient interviews.

Theme 1. Capability

Physical Capability

Capability was first explored with CVD patients to establish
whether individuals felt they were “physically capable” of
engaging with PA. Patientswere unsure of their physical fitness
levelsto engage fully with ahome-based program. Thislack of
confidence in their own physical ability highlights the need to
introduce exercises at a suitable level and carefully monitor
participant satisfaction following each session.

Some patients raised the issue of how they were concerned
whether the exercises would be “age-appropriate,” including
any potential negative impact on comorbidities that some
patients felt was an issue in their capability of initiating and
maintaining PATHway use:

That circuit in the gym, | do have difficulties when |
run...My hip starts to ache. [Participant 11, male, 65
years, low technology use, Leuven]

Psychological Capability

Psychological Readiness

Apprehensions were raised about potentially not having the
“psychological capability” or knowledge of CVD to know what
physiological reactions are acceptable to experience during
remote exercise participation. Patients suggested that
information should be provided on what to expect while
exercising, especialy in relation to any symptoms that may
suggest an adverse event. Thiswas suggested to help understand
their “new normal.” One patient stated:

| didn’t really know anything about physical activity.
Now thanks to this program, | learned that it takes a
lot more than you would think at first. [Participant
10, male, 42 years, high technology use, Leuven]
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Patients were interested to understand the different readings
from devices and knowing safe and optimal rangesfor exercise:

I’ll be anxious maybe initially to make sure that I’d
be doing it within the confines that I’ m supposed to.
[Participant 1, male, 62 years, moderate technology
use, Dublin]

Further educational training (ie, information on optimal target
heart rate zones, recommended daily step counts, and
recommended weekly minutes of PA) was suggested as
something to enhance capability so that patients could
understand different physical measurements and what they mean
for their CVD risk profile. Interestingly, although many patients
had attended and engaged with both phase 2 and phase 3, many
felt alack of knowledge and capability surrounding the type of
exercises to be conducted at home. Exercise examples and
information regarding specific exercises, musclegroups, training
types, and their respective benefitswerelisted asareas of interest
that PATHway could provide. One patient stated:

I’m not sure, we're piecing it together what we do
myself and my wife. | wouldn't be totally confident
now that it's a perfect training programme.
[Participant 26, male, 60 years, high technology use,
Dublin]

Technology Readiness

Although capability for using technology to self-manage CVD
among the target population was quite high, users were less
confident in their ability to “set up” the PATHway system for
thefirst time. This suggeststhat there may be an important role
of mentoring within PATHway. One patient stated the following:

| wouldn’t have a clue but my son or daughter would.
| wouldn’t have a clue how to set it up. [Participant
17, female, 36 years, high technology use, Dublin]

Familiarization with the system was seen as crucia as patients
wanted a face-to-face demo with the PATHway team initially.
Information technology support and phone support were
suggested as the most acceptable, with further suggestions of
email support and YouTube videosfor technically capable users.
Some patients suggested a manual with diagrams and pictures
with a quick guide to enable ease of use:

I think once you' ve had one session with people and
they show you how to use it, it would probably be ok
and maybe then if there was a place that you could
go...if you weren’t able to manage it. [Participant 14,
female, 74 years, moderate technology use, Dublin]

Theme 2: Opportunity

Physical Opportunity

Overall, patients expressed three common obstaclesto physical
opportunity. This was with particular reference to resources
such astime, equipment (including high speed Wi-Fi), and space
in the home. Patients showed various preferencesin relation to
having a set space for PATHway use at home vs a moveable
system to facilitate varying family and home life needs.
Flexibility of class start times within PATHway was seen as a
positive feature for those who were still working; however,
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many felt that with flexibility came the trade-off of We all have the best intentions. So | think to have
procrastination and no set time therefore leading to less facilities at home...you want to be motivated, unless

accountability: there was something you had signed up to.

[Participant 16, male, 67 years, high technology use,
Dublin]
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Table 1. Demographics of patientsin qualitative interviews (Leuven and Dublin sites).

Walsh et @

ID Site Phase Technology use Sex Age (years) Education Reason for attending CR?
P1 Leuven Adult congenital Moderate Male 25 PhD-student Congenital heart disease
heart disease (phase
3)
P2 Leuven Phase 3 Moderate Male 63 Master Percutaneous coronary inter-
vention (PCI)
P3 Leuven Phase 2 High Mae 59 Master PCI
P4 Leuven Phase 2 Moderate Mae 50 Bachelor Coronary artery bypassgraft
(CABG)
P5 Leuven Phase 2 Low Male 69 Master PCI
P6 Leuven Phase 3 Low Male 64 Bachelor PCI
pP7 Leuven Phase 3 High Mae 78 PhD (professor emeritus) CABG
P8 Leuven Phase 3 Moderate Male 74 Master CABG, ICD
P9 Leuven Phase 2 Low Mae 48 Leaving certificate CABG
P10 Leuven Phase 2 High Mae 42 Bachelor Heart failure
P11 Leuven Phase 2 Low Mae 65 PhD Heart failure
P12 Leuven Phase 2 (dropout) High Mae 55 Leaving certificate CABG
P13 Leuven Phase 3 High Mae 69 Bachelor PCI
P14  Dublin Phase 3 (dropout) Moderate Female 74 Bachelor Heart attack or stenting
P15  Dublin Phase 2 Moderate Male 62 Intermediate or junior or Heart attack or stenting
group certificate
P16  Dublin Phase 2 High Male 67 Leaving certificate Heart attack or stenting
P17  Dublin Phase 2 High Female 36 Intermediate or junior or Heart attack or stenting
group certificate
P18 Dublin Phase 2 (dropout) High Mae 61 Intermediate or junior or Stenting
group certificate
P19  Dublin Phase 2 High Mae 70 Primary level Heart attack or stenting
P20  Dublin Phase 2 (dropout) High Mae 60 Diplomaor certificate Stenting or pacemaker im-
plantable cardioverter defib-
rillator
P21 Dublin Phase 2 (dropout) High Female 56 Intermediate or junior or Heart attack or stenting
group certificate
P22 Dublin Phase 2 Moderate Mae 60 Bachelor Heart attack or stenting
P23 Dublin Phase 2 High Femae 46 Diplomaor certificate Heart attack or stenting
P24 Dublin Phase 2 (dropout) High Mae 49 Leaving certificate Heart attack or stenting
P25  Dublin Phase 3 (dropout) High Male 53 Intermediate or junior or Prediabetes
group certificate
P26  Dublin Phase 3(dropout) High Mae 60 Postgraduate or higher de-  Heart attack or stenting
gree
P27  Dublin Phase 2 High Male 62 Leaving certificate Bypass grafting
P28  Dublin Phase 3 Low Female 82 Diplomaor certificate Stenting
P29  Dublin Phase 3 Moderate Male 72 Master Heart attack or stenting
P30 Dublin Phase 3 High Mae 62 Leaving certificate Heart attack or stenting
P31  Dublin Phase 3 High Female — Bachelor —
P32  Dublin Pilot phase 3 High Mae 62 Bachelor Valve surgery
P33  Dublin Phase 3 Low Femae 77 Diplomaor certificate Stenting

8CR: cardiac rehabilitation.
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Textbox 1. Patient themes and subthemes.
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Capability
«  physical capability

Opportunity
«  physical opportunity

. socia opportunity

Motivation

o goa setting

« socid interaction

.  perceptions

«  structured approach to exercise
.  personaization

«  present and future health and well-being

«  psychological capability, including psychological readiness and technological readiness

Social Opportunity

Patients felt a high level of support from their socia
environments, including family and friend contexts. However,
anumber of patients felt that exercise had to be self-motivated
to ensure long-term maintenance. Several patients suggested
that PATHway could be introduced as a family-wide
intervention. Leveraging family connections to promote
intergenerational lifestyle could enable PA, while not necessarily
prioritizing it above other family commitments, as illustrated
in the following statement:

| don't want to become obsessed and say “ no kids
I’'m not talking to you tonight, forget about the
homework I've got my run” | did that for long enough
you know and now I’ mtrying to match everything up,
not to be too greedy with my own time. [Participant
26, male, 60 years, high technology use, Dublin]

Patientsfelt that they would like abridge between hospital -based
CR and community-based CR to maintain social connections
forged within the hospital-based CR program:

We're with people we all know, we know how each
other feel. We're with each other three times a
week...ITf we could stay together, we continue together.
[Participant 17, female, 36 years, high technology
use, Dublin]

This included connections with health care professionas
(HCPs). PATHway was seen as a potential way of on-going
professional support; however, an agreed structured approach
to monitoring was seen as desirable:

Would | useit? YES At least, if I'm till allowed to
come on a consultation fromtimeto time. [Participant
9, male, 48 years, low technology use, L euven]

Home exercise was seen as a positive alternative to gym use
for long term maintenance. Patients shared concerns regarding
didlike of gyms, embarrassment, and feeling out of placein the
gym context:

http://www.jmir.org/2018/5/e163/

You go to a gym, you're looking at the person next to
you, you're wondering are they looking at you. For
somebody who is overweight they don't want to go
to a gym and have anybody look at them. They feel
insecure. If you're at home you don't have that.
[Participant 23, female, 46 years, high technology
use, Dublin]

Theme 3: Motivation for Cardiovascular Disease
Patients

Variousfactors were explored in relation to motivation. Central
subthemes were as follows: (1) goal setting, (2) socia
interaction, (3) perceptions, (4) structured approach to exercise,
(5) monitoring, (6) personaization, and (7) present and future
health and well-being.

Goal Setting

Goal setting was a key motivator for most of the patients; most
identified that they felt less obligated to exercise at home.
Patientsfelt that tracking PA and creating concrete action plans
were key to success. Some patients wanted to set these goals
with HCPs or face-to-face to create a sense of accountability,
such as a contract agreement. Patients highlighted the need for
personal fitness goals and functional improvement:

I’d be checking to make sure I'd be getting near my
goal and if | wasn’t getting near then I'd make the
extra effort to do it. [Participant 21, female, 56 years,
high technology use, Dublin]

Patients wanted progress and indicators of performance to be
tracked to enable visual feedback, aswell as physical testing at
intermittent periods. Risk profiles were deemed important
infformation by patients as many expressed not fully
understanding the underlying cause of their CVD. Promptswere
also seen as an important and acceptable part of engaging in
maintenance of lifestyle change.
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Social I nteraction

Social interaction was the motivating factor for individuals
currently partaking in CR and general PA. Many patients were
interested in PATHway, allowing them accessto afurther social
network or an avenue to augment their existing network:

You meet the other people who are in the same boat
you'll all have similar stories. So that alone means
that you're not alone. [Participant 32, male, 62 years,
high technology use, Dublin]

| like to talk, I like to have people around me and |
have always been together with people. Being on my
own is nothing for me. [Participant 3, male, 59 years,
high technology use, Leuven]

The group was al so cited as creating a positive social pressure;
however, some patients were concerned about unwise
comparisons with fellow patients:

There's no sense in comparing me with a 20 stone
man. It'sinaccurate you know. [ Participant 15, male,
62 years, moderate technology use, Dublin]

IlIness Perceptions

Participant’s personal illness perceptions (ie, their current health
or CVD status and its subsequent impact) largely influenced
participant views of their personal exercise ability and
subsequent participation. Many patients did not consider CVD
to be a chronic condition that needed to be managed and had
difficulty understanding their personal risk profiles, with a
majority of patients assigning their CVD risk factor to family
history.

Certain exercises and sports were associated with specific age
groups. Many patients were not active before the CV D incident
and felt that fitness was purely functional, with many
experiencing low self-efficacy in relation to exercise. This had
an interesting impact on how different potential components of
PATHway were received by participants. The gaming module
of PATHway was often not considered as a viable option for
rigorous targeted exercise as it did not fit with many of the
participant’s traditional perception of what exercise “should
be” Some felt that implementing a “game” as a health care
self-management solution was not appropriate:

It wasn't used as an exercise thing; it was just
something to do. [Participant 19, male, 70 years, high
technology use, Dublin]

Conversely, many users were interested in a low-technology
solution such as engaging with PATHway through the Active
Lifestyle component. Key motivators were enjoyment of the
outdoors, engaging in exercise with a purpose, and getting out
of the house.

Structured Approach to Exercise

A key point that certain individuals felt was necessary was a
structured option to create a sense of obligation to engage:

Rather than going off and doing something which
would not be of any benefit for me but would nearly
be detrimental | think having a kind of a laid down
programme, you'd use different bits of it but it's the
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programme that suits your physical state, would be
avery good idea. [Participant 32, male, 62 years, high
technology use, Dublin]

Monitoring

Monitoring, feedback, and HCP's recommendation were key
aspects of motivation to engage in PA. Patients felt that
feedback could be delivered in a variety of ways including
motivational messages, recordings, videos, immediate audio
and visual feedback from the avatar and wrist-worn sensors,
summaries, and graphs. However, patients noted that they did
not want to become obsessive with the monitoring:

| think I’d become obsessed. 1'd like to be able to go
and say check my own when | need to but not to be
in my face all the time. [Participant 23, female, 46
years, high technology use, Dublin]

Patients valued health information and feedback could be
utilized by an HCP but wanted their information to be private.
Interestingly, patients referred to the PATHway system and
remote monitoring as a “big brother” type of device:

It's a bit like big brother as well...I personally think
it would work. [Participant 21, female, 56 years, high
technology use, Dublin]

Personalization

Many patients felt that this individualization and monitoring
would give them a greater insight into their personal health.
Personal datawas seen asaway to further their own awareness
and salf-reflection and aid the management of CVD. A further
aspect for patients was the ability to control the exercise
intensity, asillustrated in the following statement:

So long asit’s encouraging and it recognises people
not asa number assuch, asanindividual...that to me
now would be a hig; | feel everybody kind of is
inclined to be a number nowadays. That would
motivate me aswell. [Participant 23, female, 46 years,
high technology use, Dublin]

Present and Future Health and Well-Being

Prevention of further CV D incidences was a core motivator for
many patients. Patients noted that there was an immense sense
of achievement following exercise:

I know people who have had similar problemsto me
and they just haven't bothered but for me it was the
right thing. | still think it's a great idea; it's one way
of making sure that I’'m staying fitter and I’m doing
theright thingsfor the heart muscle to keep me going.
[Participant 32, male, 62 years, high technology use,
Dublin]

PA was seen as a core component of stress management by
patients who exercised regularly:

If you'rereally focused on something...all the normal
day to day stresses and everything are gone...and |
likethat. [Participant 31, Female, age not given, high
technology use, Dublin]
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Results of Stakeholder Interviews

Stakeholder interviews provided information from the
stakeholders' perspective of the key barriers preventing and the
motivators increasing the likelihood of stakeholdersin general
to use PATHway as a tool to facilitate long-term maintenance
of health behavior change among community-based CR patients.
Stakeholdersalso reflected on el ementsthat would act asbarriers
and motivators to engage. Stakeholders reflected on both
professional and patient elements within this model.

Stakeholders considered aspects of patient engagement within
community-based CR programs (eg, the psychol ogical capability
of some of the cohort to engage with new technology). However,
there is also professiona reflection in terms of barriers (eg,
whole team buy-in). These themes are presented in Textbox 2
using the COM-B model framework.

Theme 1: Capability
Capability was discussed in light of both psychological and
physical capahility for both patients and stakehol ders.

Walsh et @

Psychological Capability

Mismatch Between Current Cardiovascular Disease Patients
and Future Cardiovascular Disease Patients

Many stakeholders suggested that future CVD patients in the
coming yearswill becomeincreasingly knowledgeable of health
caretechnology and its usein self-management; however, some
were unsurewhether current typica profile CV D patientswould
be familiar enough with technology and willing to useit as part
of their long-term CR:

There’ s going to be new generation of patients going
into the future that are more tech savwwy than my
generation. [ Stakehol der 14, specialized cardiac nurse,
Dublin]

Other stakeholders recommended that data protection was an
important issue, and all information recorded and retained by
the system would need to be explained in full to the patient with
details of why such information is necessary or beneficial:

This is like Big Brother...they would need to be
reassured...it is people watching what’s going on but
for avery good reason...there’ san extra element there
with people who haven't grown up with this as part
of normal experience. [ Stakeholder 15, health service
executive, Dublin]

Textbox 2. Stakeholder themes mapped to capability, opportunity, motivation, and behavior (COM-B) model.

Capability
«  psychological capability

« easeof use

«  physica capability

« adarm and emergency protocols

Opportunity
« socia opportunity
e peer-to peer social connections
«  health care connections
«  wholeteam buy-in
« general socia support

o patient-led participation

«  physical opportunity

. finite resources

Motivation

«  potentia for real-time assessment and feedback
«  technology augmented care

«  positive patient reinforcement

«  personaization

« feedback

«  mismatch between current cardiovascular disease (CV D) patients and future CVD patients

http://www.jmir.org/2018/5/e163/

JMed Internet Res 2018 | vol. 20 | iss. 5 |e163 | p.95
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Ease of Use

Stakehol ders emphasized that the system above all else needed
to be easy-to-use for both clinicians and patients. Overly
complicated systemswere seen asabarrier to use. Stakehol ders
also suggested that the avatar should be able to issue teaching
pointsaswell asvisual cuesto the patient to aid interaction with
the system, including an explanation of how to wear and use
the sensors within PATHway. One stakehol der stated:

WE're dealing with patients putting on monitors every
day and it can be very difficult for some of them,
technically very difficult. [ Stakehol der 14, specialized
cardiac nurse, Dublin]

Stakeholders felt that information technology support should
be made available for patients:

| think people don't mind being talked through
something over the phone but certainly if you've to
go online and try and chat to someone | think there’s
abarrier. [Stakeholder 13, local patient organization,
Dublin]

This ease of use theme aso included a clinical and patient
interface. Stakeholders suggested that summary information
would have to be presented in a simple easy-to-use way,
including graphics of patient progress and the information and
progress in relation to important risk factors. These summaries
were recommended to be no longer than 1 page long and easily
read during a consultation with information that did not just
provide a duplicate of what is already available:

[People are] terribly impatient with stuff, you know?
It has to be the cat sat on the mat [Stakeholder 1,
cardiac rehabilitation cardiologist, Dublin]

Physical Capability

Alarm and Emergency Protocol

Stakeholder emphasized how clearly the system needed to alert
the patients to adverse events. Stakeholders also highlighted
the need to explain the potential for false alarms to patients
before interaction with the system:

You need a big red stop...Sop what you're doing, sit
down, have a glass of water, in big writing and it has
to be red, because that's alarm. [Stakeholder 14,
specialized cardiac nurse, Dublin]

Theme 2: Opportunity

In terms of opportunity, stakeholders reflected on aspects of
both socia and physical opportunity. Thisincluded how patients
engage but also how HCPs may also engage (see subthemes
“whole team buy-in” and “patient-led participation”).

Social Opportunity

New Social Peer-to-Peer and Health Care Connections

To ensure patient engagement with PATHway, stakeholders
suggested that PATHway should aim to harness initial
hospital-based social connections for optimal results in
facilitating recruitment and retention among current CVD
patients within the hospital. By using hospital-based CR as a
platform to launch and familiarize PATHway with patients,

http://www.jmir.org/2018/5/e163/
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preexisting groups and social interactions can be augmented,
whereby patients have the option to motivate one another,
provide peer mentorship, and strengthen habit-forming and
routine created during attendance at the hospital-based CR. One
stakeholder stated:

There's also the sense of belonging to a group, which
is very attractive for some patients. [Stakeholder 2,
public policy, Dublin]

Stakeholders felt that PATHway could be seen as a type of
remote follow-up for patientsto provide additional support and
as away to further educate and inform patients of best practice
and current guidelines. This was deemed, by the stakeholders,
to be integral to on-going patient self-management:

Thereisthat instant ready assessment of how they're
doing with a straight access to whoever the key
players are including the patient and their health
professional. [Stakeholder 13, local patient
organization, Dublin]
A “patient-centered approach” was deemed very important,
particularly in terms of engagement and long-term use of the
system:

It is not only about what you think is important but
also what the patient thinks is important, it always
the combination. [ Stakeholder 1, cardiac rehabilitation
cardiologist, Dublin]

General Social Support

Some stakeholders suggested the participation of family and
peersisapractical way to provideimplement a*“ patient-centered
approach.” Peer mentors who have experienced CVD arein a
unique position to guide, advise, and motivate fellow CVD
recoverees to engage with CR and PATHway in particular.
Family members can be active within the intervention as support
in PA maintenance, potentially playing a monitoring role to
create accountability for the CVD patient, as illustrated in the
following statement:

The participation of other members of the family, |
think that's really positive and | think children,
younger people love to take on and support a parent
particularly in getting better you know. So | think
there's huge potential there...we know it from other
settings, the peer and the group initiative.
[Stakeholder 13, local patient organization, Dublin]

Whole Team “Buy-In”

“Buy-in” from the cardiology unit was seen as crucial to the
implementation of such an intervention, including consultants
and senior staff members. The “buy-in” of the HCP was seen
as an advantage with regards to patient recruitment and
retention, and whole team “buy-in” was ideally envisaged as a
multidisciplinary effort to optimize patient experience.

Stakeholders within the Belgian system felt that further
information on past patients would be valuable and rewarding,
whereas within the Irish system, this extra information and
follow-up seemed to create a sense of further responsibility, as
illustrated in the following statements:
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I would feel satisfied to objectively see that the
patients keep exercising. | consider it very important
and I've been missing this aspect throughout my years
at the cardiac rehab. What is the long-term results of
all our investments, ie, time and effort we put in the
patients to clarify to him what is important the long
term. [Stakeholder 2, public policy, Dublin]

That's a whole new role though...I wouldn't feel
comfortable doing that in my daily work because |
have my own work to do and that’s a responsible job
you know? You' ve peopl€'slivesat risk at home...they
put a lot of onus on their own health, their
responsibility on to your shoulders and that can be
difficult. [Stakeholder 14, specialized cardiac nurse,
Dublin]

Patient-L ed Participation

Severa stakeholdersidentified that engagement with PATHway
needs to be patient-led. Stakeholdersidentified that if a patient
reguests information from the PATHway system to be a part of
their consultation thenit “forces’ them—the stakeholders—into
action and engagement with the system and can generate agood
foundation for further focused follow-up appointments, as
illustrated in the following quote:

Basically, they're patient held, they're patient
produced and it’'s part of the consultation. If you're
going to start to ask primary health care to provide
it at another time access a portal of some sort to view
patient data | think there's challenges around the
uptake of that. [Stakeholder 21, GP, Dublin]

Physical Opportunity

Stakeholders discussed barriers to PATHway implementation
that were mainly focused around resource issues.

Finite Resources

Time and money were seen asfinite resourceswithin theclinical
setting. A key concern regarding implementation of PATHway
within a clinical setting is whether PATHway would deliver
better patient care and useful clinica information while
maintaining or minimizing current workload:

These are serious time invests...If you really want to
do an intensive follow up it surely would be a serious
time-investment compared to just receiving a weekly
summary where you can see how frequent and at what
intensities the patient has been training. [ Stakehol der
2, public policy, Dublin]

Further concernswere raised regarding the follow-up of patients
and whether thistask fit into existing CR roles and whether the
obtained information would be used in existing practices. This
highlighted the need for an examination of intended financial
and staffing resources:

We're giving them information to go on to do
[ community-based CR] but wedon’t bring them back.
[Stakeholder 14, specialized cardiac nurse, Dublin]

http://www.jmir.org/2018/5/e163/
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Theme 3; Motivation

Age of Measurement

Stakeholders identified that technology as an integral part of
future health care, calling it the “age of measurement” where
patients and HCPs aike expect to have hedth status
measurements and feedback. Giving feedback and providing
various health measurements was identified as increasing the
acceptability and adding value to the use of PATHway among
patients:

I think it can or could offer added value for certain
topics, especially in terms of objectivizing a number
of parameters and general items that we are often
still evaluating in an approximate or very subjective
way. [ Stakeholder 2, public policy, Dublin]

HCPs felt that these measurements could increase efficacy
within patient consultations and act a good starting point for
follow-up appointments.

Mode of Feedback

Feedback was suggested in a variety of forms particularly in
relation to information available through PATHway and also
push notifications and prompts:

Technology can sometimes be a reminder, a stimulus
in order to motivate your patientsto practice, so that
they can rehabilitate and make some progress.
[Stakeholder 2, public policy, Dublin]

It was advised that patients should give feedback to aid tailoring
and program improvement. This was suggested to be easily
captured via brief feedback from the participant on their
satisfaction and enjoyment level sfollowing their exercise class.

Many stakeholders mentioned the issue of patients becoming
too dependent and obsessed with measurement and numbers
(ie, with wrist worn sensors, etc). Thiswas acause for concern,
asideally patients should feel safe to exercise limits using the
Rate of Perceived Exertion scale, and this would be a better
gauge of progress, asillustrated in the following statement:

They become obsessed with the numbersand if there's
any fluctuation they start panicking so that's why |
don't think it’'s, personally, it's a good method. And
we have always used the RPE scale here and | find
it works very well if you explain it properly to the
patient. [Stakeholder 14, specialized cardiac nurse,
Dublin]

In terms of feedback for stakeholders, key outcomes of interest
were as follows: body mass index, height, weight, cholesteral,
alcohol consumption, smoking cessation, medication adherence,
blood pressure, steps, PA (Frequency, Intensity, Type, and
Time), nutrition, well-being, general mental health, quality of
life, satisfaction using PATHway, self-efficacy, engagement
with pathway, social support, and social interaction.

Technology Augmented Care

Some stakeholders expressed that patients should be educated
in a holistic way, including exercise confidence and
psychological well-being. Thiswas seen asimportant outcome
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to facilitate a positive view of health and self-management,
potentially having animpact onillness and exercise perceptions:

I think it is also important to validate the
psychological well-being of the patients...does the
patient feel better, are patients more confident while
exercising and is he more motivated to exercise.
[Stakeholder 12, psychologist involvedin CR, Dublin]

Stakeholders clearly identified that although technology could
augment care and many were very supportive of the role of
technology in health care whereby a system such as PATHway
would be able to complement existing care practices and lead
amore efficient and satisfactory follow-on service:

It would makeit possible to interact with the patients

on a regular basis besides the more formal contacts

we have during the follow-up consults. [ Stakehol der

6, exercise physiologist, Leuven]
However, several stakeholders clearly raised the issue that the
therapeutic relationship should not be replaced totally:

You...would be very wary of programmes...taking
over...the irreplaceable role of the therapeutic
relationship...] only think of it as augmentative.
[Stakeholder 12, psychologist involved in CR]

Technology was seen something that could provide comfort
and safety to CVD patients who lacked confidence while
exercising:

The greatest challenge for me is to trandate the
feeling of safety to the patient, that they really get the
feeling “ | can exercise here safely”” | think that's the
most important. [Stakeholder 10, exercise
physiologist, Leuven]

Positive Patient Reinforcement

Positive reinforcement in the absence of negative reinforcement
was seen as important in terms of motivation and engagement.
Many stakeholders suggested a multidisciplinary approach
whereby patients set goals in tandem with key heath
professionals:

You should do it in cooperation with all healthcare
providers involved and set up certain goals together
with your patients on beforehand. [Stakeholder 4,
exercise physiologist, Leuven]
Positive reinforcement was a key point that was mentioned in
terms of feedback to the user. Nonconfrontational gradual
approaches were seen as a productive way to move forward
with health and lifestyle information and intervention in a
primary care setting:

Setting goal stogether with the patients and eval uating
with which means you'll try to achieve those goals. If
you impose a certain technology to your patients, in
whom they don't fully believe themselves, you'll fail.
It must beintegrated within some kind of motivational
strategy. [Stakeholder 4, exercise physiologist,
Leuven]

http://www.jmir.org/2018/5/e163/
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Personalization

Personalization was cited to be key for both usersand clinicians.
Provision of personalized exercise programs was deemed
important in terms of patient capability and enjoyment:

There has to be provided something whereby the
patient himself could personalize his therapy and be
personally responsible together with the health care
provider and also hel ps shaping his own programme.
[Stakeholder 4, exercise physiologist, Leuven]

Discussion

Principal Findings

This study addresses both patient and stakehol der requirements
for a CVD eHedlth intervention. This development work
highlightsthe need for certain aspects of capability, opportunity,
and motivation to be addressed for the implementation of an
eHealth self-management system among CVD patients and
stakeholders. This study highlights the core combined
requirements of such a system for both patients and other key
stakeholders. In summary, Textbox 3 broadly highlights
high-level needs such as (1) personalized feedback delivered
through easy-to-usetechnology, (2) facilitating social connection
and support (both peer and professional), (3) the importance of
the availability of resources, and (4) augmentation of existing
relationships through technol ogy.

Initially, before patients began PATHway use, physical and
psychological capabilities were felt to be important
considerations in terms of use of the system. Participants felt
that the PATHway system should be as integrated into daily
living as possible. Passive data collection or “sensed data,”
including heart rate, steps, calories, and minutes of PA will
allow awide range of information to be available for the users
to get up-to-date feedback facilitating engagement with
behavioral change components of PATHway. It has been shown
that personalized interventions have superior efficacy over time
compared with those that base their tailoring on single or
infrequent assessments (eg, baseline) [17,18]. Thisalso creates
abalance of user engagement but also allows flexibility around
potential participant difficulties or reluctance to enter
information manually.

Once issues of capability had been discussed, it was apparent
that patients valued information and measurement of their health
status. However, despite the desire for improved measurement
of core outcomes and increased reporting, stakeholder and
patient enthusiasm for “the age of measurement” must be
tempered with caution, as both patient and stakeholders had
reservations in relation to patient technology competencies.
This concern was reflected in the patient theme “ psychol ogical
capability” and subthemes “psychological readiness’ and
“technological readiness,” whereas stakeholders flagged a
“mismatch between current CVD patients and future CVD
patients’ technology competencies. Digital hedlth literacy isan
important consideration within eHealth interventions, and
participants need to be supported appropriately within
intervention standard operating procedures [19]. Potential
solutionsfor PATHway include auser manual, afamiliarization
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phase within CR classes, how-to videos, and a support line.
These options will be further explored within the PATHway
trial and further qualitative work in PATHway debrief
interviews. These will be guided by the Health information
technology Usability Evaluation Model [20] and will be used
to evaluate the experience with selected SEM stakehol ders.

Despite these concernsregarding digital health literacy, findings
from previous studies [14] suggest that the current target CVD
population are familiar with technology and, importantly, have
regular accessto smartphones and the Internet, with the majority
of patients reporting the concept of PATHway as appealing.
These findings support previous formative work from amobile
health (mHesalth) CR exerciseinterventionin New Zealand [21].
However, it is important to embed this formative work within
the context of recent evidence synthesis highlighting key
behavior change techniquesto be used in eHealth interventions

Walsh et @

with CVD patients[22,23]. eHedlth offersatangible opportunity
to provide pervasive connections between CVD patients and
HCPs, thus* harnessing phase 2 connections’ (asrecommended
by key stakeholders) for optimal phase 3 CR adherence and
engagement.

Findings revealed that “the instructor” was an essentia
component of the theme“ motivation” for patient CR adherence.
Previous research has cited the use of an avatar within mHealth
interventions as a potentialy “nonthreatening conversational
agent” [24]. Previous research has shown that often patients
perceive avatars positively, assigning high levels of empathy
and alliance to the avatar [25]. Significantly, this aso has
implicationsfor patientswith low levels of health literacy. From
the qualitative interviews, it was clear that many patients did
not engage with the health information and guidance provided
for them by traditional HCPs and stakeholdersin phase 2.

Textbox 3. Combined patient and stakehol der capability, opportunity, motivation, and behavior (COM-B). Italics indicate COM-B subcategories.

Capability
e psychological capability

o easeof use
«  psychological readiness
« technological readiness

« physical capability

« adarm and emergency protocols

Opportunity

o socia opportunity
« new socia peer-to-peer and health care connections
«  wholeteam buy-in

« general socia support

«  Physical opportunity
« finiteresources

o clinica and patient interface

Motivation

o  patient-led participation

«  mode of feedback

« potentia for real-time assessment and feedback
«  positive patient reinforcement

e  personalization

o goa setting

« socia interaction

.  perceptions

«  structured approach to exercise

«  present and future health and well-being

« mismatch between current cardiovascular disease (CVD) patients and future CVD patients
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Perhaps the use of an avatar or “conversational agent” within
PATHway can initiate engagement with certain at-risk
individuals who would otherwise not engage with regular CR
routes of care.

Thetheme“ opportunity” relatesto both “ physical opportunity”
and “social opportunity.” Within the subtheme *“social
opportunity,” a “community-of-practice” was called for with
theimplementation of afamily-wideintervention and workplace
intervention to enable greater adoption of CR guidelines. This
suggestion from patients and stakeholders to use the CVD
incident as an opportunity or “intervention window” whereby
patients and their families use the incident of CVD to promote
healthy behavior change within their home. This finding is
important for future CR interventions to optimize engagement
initially within the intervention but also within eHealth trials
for the purposes of recruitment and retention. This use of a
“teachable moment” has been used in previous PA interventions
to leverage a greater impact than stand-alone individual
intervention components [26].

Finite resources were an issue for stakeholders. A key goal for
eHealth interventionsisto provide an effective, evidence-based,
low-cost alternative to traditional health care routes. eHealth
can reduce the burden of patient management through enabling
remote participation in a phase 3 CR program. However, key
stakeholders have identified issues with role delineation and
remain concerned regarding the burden of remote patient
monitoring in conjunction with their existing duties. This
highlights the importance of the stakeholder identified theme
“wholeteam buy-in” and consideration of the health ecosystem.
Thisisparticularly relevant given the different contextsin which
the PATHway system may be implemented within. The Irish
Association of Cardiac Rehabilitation has stated that CR services
in Ireland have received cutbacks during a time of economic
recession in Ireland. It is therefore noteworthy that Irish
stakeholders found the prospect of further patient information
and potential related duties and responsibilities difficult to
envisage within their current context, whereas the Belgian
stakehol ders found these proposal s predominantly positive and
feasible to implement.

Goal setting and monitoring wereintegral e ements of the patient
theme“motivation.” Implementing goal setting isakey behavior
change technique to be used within PATHway and one that was
the most cited by patients as desirable. Previous research has
examined implementing different levels of goal options to
promote participant self-efficacy in relation to exercise [27].
Thisis very important for remote eHealth interventions given
participant concerns regarding “physical capability” and
“exercise perceptions.” Goa feedback is important to buffer
against patient disengagement and integral to participant
retention with the PATHway system. This relates back to the
stakeholder recommendation of using mainly positive
reinforcement. King and colleagues [27] employed positive
reinforcement statementsthat were delivered when participants
either met their weekly goal or exceeded their weekly goal.
Future PATHway development phases will be able to explore
how best to present such goal-setting and monitoring functions
to foster motivation for participants. Thisfinding is particularly
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relevant for studies that will implement exercise prescriptions
for participants and adapt goals based on monitored progress.

Personalization was also expected in PATHway feedback,
prompts, and notifications. This expectation isinteresting as it
has been previously demonstrated that tailored health messages
are more engaging and effective in terms of health behavior
change than untailored, generic messages [28]. As participant
engagement and retention are critical factors in successful
behavior changeresearch, it isimportant for further exploration
as considerable resources are needed to deliver tailored content.

Social interaction with othersisacore driver of motivation and
is closely linked to the “social opportunity” subtheme within
the opportunity category of the COM-B model. Socia
opportunity can be defined as an opportunity created by cultural
context that shapes how we think about things[10]. In essence,
it can be seen that the socia context (ie, social opportunity)
facilitates initial engagement with an eHealth system such as
PATHway (eg, your CR coordinator recommending its use). It
has been previously evidenced that people areinclined to expose
themselves to innovations that not only provide a solution to
their needs but that also appear to be consistent with and
reinforce their attitudes or value systems [29]. Further to this
“social opportunity,” social interaction as a motivation focuses
on the social connection that PATHway could potentially
facilitate. This subtheme highlighted again the importance of
the stakeholder call for harnessing phase 2 connections both in
relation to the peer-to-peer social connections made but also
theimportant health care connections. Theimportance of social
interaction as a motivation for engagement with the PATHway
system tied in with the stakeholder recommendation of a
“patient-centered approach,” employing key strategies such as
that of structured social support and peer mentoring for patients.
Augmenting existing social connections can be effective in
increasing PA, along with other healthy lifestyle behaviors. The
harnessing of these existing connections may be more effective
for patient engagement and satisfaction than trying to create a
whole new online community.

Strengthsand Limitations

The use of qualitative interviews in this study allows in-depth
understandings of PATHway patients and stakeholder views
that may not be reached using quantitative methods alone, while
the use of COM-B driven interview scripts facilitates
evidence-based intervention development and highlights areas
to addressfor futureintervention implementation across different
European health care systems.

The recruitment of abroad spectrum of users was an important
task for PATHway and akey strength given the multisite nature
of the project. Recruitment was balanced for age, gender, and
socioeconomic status insofar as possible. However, in terms of
limitations, “dropouts’ from phase 2 and phase 3 were difficult
to recruit because of their disengagement with services.

Future Research and Conclusions

Thisisthefirst phase of devel opment for the PATHway system.
Further extensive user testing will be conducted, and a process
evaluation in terms of the feasibility, acceptability, satisfaction,
and usability of the PATHway system from the participants
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perspective will be assessed before a randomized trial. This
future trial will also involve a health economics evaluation of
the cost-effectiveness of PATHway. Furthermore, following
thistrial, debrief interviewswill be conducted with participants
and stakeholders (ie, as defined by the SEM used previously).
This is crucia for future feasible implementation of the
PATHway system within other European health care systems.

Walsh et @

In conclusion, several broad |earnings emerged from the in-depth
qualitative work with individuals with CVD and HCPs. It is
clear that amultifaceted, personalizableintervention isdesirable.
Key learnings include the need for maximal patient tailoring,
simplicity within the platform, technology-augmented care,
enabling or increasing individual self-management through
eHealth, and capitalizing on an appropriate timeto intervenein

the CR journey.
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Abstract

Background: Digital interventions show promise in reducing problematic cannabis use. However, little is known about the
effect of moderatorsin such interventions. The therapist-guided internet intervention Quit the Shit provides 50 days of chat-based
(synchronous) and time-lagged (asynchronous) counseling.

Objective: In the study, we examined whether the effectiveness of Quit the Shit is reduced by shortening the program or by
removing the chat-based counseling option.

Methods: We conducted a purely Web-based randomized experimental trial using a two-factorial design (factor 1:
real-time-counseling via text-chat: yes vs no; factor 2: intervention duration: 50 days vs 28 days). Participants were recruited on
the Quit the Shit website. Follow-upswere conducted 3, 6, and 12 months after randomization. Primary outcome was cannabis-use
days during the past 30 days using a Timeline Followback procedure. Secondary outcomes were cannabis quantity, cannabis-use
events, cannabis dependency (Severity of Dependence Scale), treatment satisfaction (Client Satisfaction Questionnaire), and
working aliance (Working Alliance | nventory-short revised).

Results: In total, 534 participants were included in the trial. Follow-up rates were 47.2% (252/534) after 3 months, 38.2%
(204/534) after 6 months, and 25.3% (135/534) after 12 months. Provision of real-time counseling (factor 1) was not significantly
associated with any cannabis-related outcome but with higher treatment satisfaction (P=.001, d=0.34) and stronger working
alliance (P=.008, d=0.22). Infactor 2, no significant differenceswere found in any outcome. The reduction of cannabis use among
all study participants was strong (P<.001, d=1.13).

Conclusions: The reduction of program length and the waiver of synchronous communication have no meaningful impact on
the effectiveness of Quit the Shit. It therefore seems tenable to abbreviate the program and to offer a self-guided start into Quit
the Shit. Dueto its positive impact on treatment satisfaction and working alliance, chat-based counseling neverthel ess should be
provided in Quit the Shit.

Trial Registration: International  Standard Randomized Controlled Trial Number [ISRCTN99818059;
http://www.isrctn.com/ISRCTN99818059 (Archived by WebCite at http://www.webcitation.org/6uV DeJifD)

(J Med I nternet Res 2018;20(5):e166) doi:10.2196/jmir.9579
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Introduction

Cannabisisthe most widely used illegal drug in Europe with a
last-year prevalence of 14% among young adults and around
1% daily or almost daily users [1]. In 2015, cannabis use of
550,000 adults in Germany was clinically relevant [2].

In the past years, several online interventions targeting
individuals with cannabis use disorder (CUD) were made
availableto the publicin Europe[3]. The guided program “ Quit
the Shit” (QTS) isthe only intervention that has been tested in
a randomized controlled trial (RCT) [4-7]. Besides the
Australian intervention “Reduce your use” QTS is currently
the only evidence-based internet intervention targeting cannabis
usersthat isfreely available for the public [8].

As part of the drug prevention website drugcom, QTS is
operated by the German Federal Centre for Health Education
(BZgA) since 2004 and is one of the components of the
prevention strategy for CUD of the BZgA [4,9]. With 50 days
of individual counseling by trained therapists, QTS offersmore
intense support than most other evaluated interventions related
to cannabisuse[5,6]. Free and anonymous QTS providesdirect
(synchronous) and time-lagged (asynchronous) counseling.
Synchronous counseling via live chat is mainly offered during
admission and termination of the intervention. Asynchronous
support is delivered by weekly feedbacks on participants’ input
inthe cannabisusediary and exercisesof QTS. Theintervention
is described in detail in the Methods section.

To account for the increasing demand of QTS and to make the
program less dependent on prescheduled chat counseling, our
interest was to test whether shortening the intervention and
whether eliminating chat-based counseling has negative impact
on the effectiveness of QTS. A shorter version of QTS would
presumably reduce the counselor’s effort per client and thereby
allow increasing the number of participants. Moreover, a
program without synchronous communication would be more
flexible because participants would not be dependent on
prescheduled chats to start the intervention. However, those
changes should not significantly reduce the effectiveness of
QTS or decrease the user satisfaction or working relation
between the counselor and client.

Although internet interventions targeting substance-related
disorders have shown to be effective, little is known about
moderators of their effectiveness[6,10]. Despite someindication
in favor of longer alcohol-related treatments, evidence is still
mixed [10]. For internet interventions targeting CUD, there is
no such evidence in either direction [6]. Although internet
interventions based on synchronous interaction have shown to
be generaly effective [11], their effects compared with
asynchronous-only  counseling were not investigated
systematically, pointing to aneed of further research inthisarea
[12]. Evidence from an earlier meta-analysisindicated no better
performance of either synchronous or asynchronous mode of
interaction [13].

http://www.jmir.org/2018/5/e166/
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To secure the planned changesto QT Swith empirical evidence,
we therefore examined whether shortening the intervention or
eliminating chat-based counseling has negative impact on the
program. The main outcome was cannabis use frequency during
the past 30 days. Secondary outcomes were cannabis quantity,
cannabis use events, cannabis dependency, treatment
satisfaction, and working alliance.

Methods

Study Design

We conducted a purely Web-based pragmatic randomized
experimental trial using a two-factorial design. In the study,
participants were allocated to 1 of the 4 versions of QTS (Table
1). In the first experimental factor, we compared intervention
versions containing chat-based counseling with versionswhich
only consisted of counseling via asynchronous communication
channels. In the second factor, program versionswith the regular
length of 50 dayswere compared with versionswith the reduced
duration of 28 days.

The study was conducted on the website of the intervention.
Trial participants were directly recruited from al individuals
who were interested in signing up for QTS. At the beginning
of the program registration, potential participantswereinformed
about the study. A PDF file containing all relevant study details
was offered for download and in the confirmation email for
study participants. The PDF fileisincluded in the Multimedia
Appendix 1. Individuals who were willing to participate were
asked to register and provide their informed consent by checking
an“| agreeto participate” checkbox. The study outcomeswere
included in theregular registration questionnaire of QTS. Users
of the intervention who opted not to participate in the study or
who did not meet the eligibility criteria had full access to the
regular version of theintervention and were not included in any
follow-up surveys.

After registration, study participants were to choose an
appointment from aschedule provided by QTS. By logginginto
the program at this appointment, participants were randomized
automatically to 1 of the 4 intervention versions and directly
forwarded into the program. Neither the researchers nor the
counselors could influence or predict the randomization result.
Participants were blind to the results of the randomization
because they only received detailed information about the
program version they were allocated to. None of theintervention
versions underwent any changes during the eval uation process.

Follow-up surveys were conducted in online questionnaires 3,
6, and 12 months after randomization. Each follow up
participation was compensated for with a gift voucher for a
major internet-based retailer worth 10 euros.

The study was approved by the ethics committee of the
Department of Applied Human Sciences at the University of
Magdeburg-Stendal (Ref 4973-35) and was registered with
ISRCTN (ISRCTN99818059). Note: In the registry, the study
design was erroneously declared as RCT. The right indication,
however, should have been randomized factorid trial.
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Table 1. Experimental design.
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Experimental design

Factor 2: Intervention length

50 days 28 days
Factor 1. Chat-based counseling
Yes Version 1 Version 2
No Version 3 Version 4
26]. Therefore, the participants' responsibility to achieve
M easures [26] b b &0 y

Cannabis use was measured using the Timeline Followback
method (TLFB) [14]. In the TLFB form, participants had to
indicate the number of joints, bongs, and other cannabis usefor
each day in the past 30 days in a calendar. They were
encouraged to use anchor events such as birthdays,
appointments, or holidaysto get abetter orientation. The number
of cannabis use days and the number of use events (ie, the sum
of joints, bongs, and other cannabis use) were derived from the
input from the TLFB form. To measure the cannabis quantity
in grams, participants were asked to estimate this sum over the
past 30 days.

Cannabis dependence was measured by the German version of
the Severity of Dependence Scale (SDS) [15,16], changing the
reference period from 12 to 3 months. Participants with a SDS
score of at least 4 pointswere categorized as cannabis dependent
[17]. Effects on treatment satisfaction were measured using the
German version of the Client Satisfaction Questionnaire
(CSQ-8) [18,19]. Data on the working aliance between
counselor and participant were collected using the German
version of the Working Alliance Inventory-short revised
(WAI-sr) [20,21]. The CSQ-8 and WAI-sr were not listed in
the study registry, as they were introduced after registering the
study.

As ameasure of the program usage, we tracked the number of
logins and the duration of chat-based counseling for each
participant.

Study Criteria

To be dligible for the study, individuals had to be at least 18
yearsold and to befirgt-time users of theintervention. Exclusion
criteriawere alcohol use disorder operationalized by a score of
at least 3 in the CAGE [22], diagnosed psychotic or bipolar
disorder based on self-report, current use of other illicit drugs
on more than 4 days during the last 30 days, and suicidal
thoughts as measured by selected items of Becks Scale for
Suicide Ideation [23]. Individuals who displayed suicidal
thoughts were given detailed information on suitable
psychosocial support options such as telephone helplines or
local institutions.

Interventions

Version 1 (Regular Quit the Shit)

The first intervention version of the trial was identical to the
regular QTS program and therefore was 50 days long. QTS in
genera is based on the principles of self-regulation and
self-control [24]. The weekly feedbacks are based on the
solution-focused approach [25] and motivational interviewing

http://www.jmir.org/2018/5/e166/

personal changeis accentuated, current personal developments
and achievements arereviewed, and clear recommendationsfor
further steps concerning the solution of problems are given.
After the registration, the intervention comprises 3 consecutive
phases:

First, admission takes place during a preschedul ed appointment
in a one-to-one chat with a counselor of QTS. The chat takes
50 min and is mandatory to enter QTS. It aimsat clarifying the
situation of the client and helps determine individual
consumption goals and coping strategies. Usually, each user
stays with the same counsel or throughout the whole program.

Second, after the admission chat, the login area of QTS is
activated. It contains adiary where participants are required to
write down all relevant aspects of their cannabis use over the
whole duration of 50 days. Moreover, the login area includes
coping exercises, for example, aiming to develop control
strategies, enhancing quality of life, or balancing the pros and
cons of using cannabis. Once a week, participants receive
detailed feedback by their counselor on their entries in diary
and exercises. Depending on the involvement of each
participant, up to 7 feedbacks are given. They discussthe current
cannabis use, the psychosocial situation, and the counseling
process as such.

Third, at the end of the program, clients are invited to a
concluding chat, where the initial consumption goals and the
applied control strategies arereflected. If necessary, participants
arereferred to local addiction counseling or therapy.

Version 2

Version 2 is an abbreviated variant of the original intervention
and thusis only usable for 28 days. As the counselor feedback
istimed weekly, version 2 therefore includes only 4 feedbacks
as opposed to 7 in version 1. Apart from that, there are no
differences.

Version 3

In contrast to versions 1 and 2, this variant of QTS does not
offer synchronous communication between the counselor and
client. Instead of starting theintervention vialive chat, users of
version 3 areto describetheir current situation and their program
goalsin a self-guided tour. In open text boxes, participants are
requested to outline their cannabis use, their personal pros and
cons for using cannabis, and their ideas of what or who might
help them to reduce their use. After concluding the self-guided
tour, the login area, as described above, is activated
automatically. The first counselor feedback 1 week later refers
to the first-week entries in diary and to the input in the
self-guided tour.
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Likeversion 1, thisvariant of QTSis50 dayslong and therefore
provides up to 7 weekly feedbacks. Instead of alive chat at the
end of the program, the last feedback is used to summarize the
progress made during participation, to reconsider the working
strategies, and to determine whether further professiona help
isrequired.

Version 4

Identical to version 3, version 4 does not include chat-based
interaction and instead consists of the same self-guided
admission procedure as described above. The only difference
in comparison with version 3 is the shortened duration of 28
days. For a comparison of the intervention versions, see Table
2. A screenshot of the QTS home page is shown in Figure 1.
Furthermore, a screenshot of the program diary is provided in
Multimedia Appendix 2.

Statistical Analysis

Generalized estimating equations were used to examine the
effects of the experimental factorson all cannabis-related study
outcomes (ie, cannabis use and cannabis dependence).
Treatment-related satisfaction and working alliance only were
collected at thefirst follow-up. To measure the effects on these
outcomes, we therefore used generalized linear models. In a
first step of dataanalysis, weincluded both factors (Table 1) as
main effects, the interaction of each factor with time, the
interaction of both factors with each other, and the 3-way
interaction of both factors and time in each model. Moreover,
we tested whether group differences at baseline and group
differences in follow-up participation moderated the factorial
effects on each study outcome. If statistically significant, the
respective term and itsinteraction with each factor wereincluded
in the models. Otherwise, it was not considered in the
effectiveness testing. We assumed factorial effects on each

Table 2. Comparison of the interventions.
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outcomeif the interaction between the respective factor and the
timevariable was statistically significant. To measure the overall
development for each outcome, the main effect of time was
examined.

The study was powered to detect a difference between factor
levels in the reduction of cannabis use frequency (ie,
consumption days in the past 30 days) of at least 20%. We
utilized means and SDs of an earlier trial [4] to compute the
associated effect size[27]. Inthat tria, participants of the regular
QT Sintervention reduced their cannabis use by approximately
14 days (SD=12.0). We, therefore, aimed to detect a difference
between 14 days and 11.2 days [14 days x (1-0.2)] reduction.
To detect the corresponding effect size of f=0.12, atotal sample
of n=552 isrequired (n=138 for each cell of the factorial design;
two-sided alpha=.05; power=0.80).

We conducted intention-to-treat anayses, including all
randomized participants according to their group allocation.
Missing data were estimated by multiple imputations. We
performed 50 imputations. The effectiveness results of the
imputed datasets were compared with the results of the
nonimputed dataset (completer-only analyses).

Logistic regression analyses were conducted to compare study
participants with study nonparticipants (ie, regular users of
QTYS) at baseline, to compare factor levels at baseline, and to
determine whether baseline measureswere predicting follow-up
participation.

All analyses were conducted with R 3.4.1 (R Foundation for
Statistical Computing, Vienna, Austria) [28], utilizing the
following commands: gim [28], geeglm [29], and des [30].
Multiple imputations were estimated with R's mice package
[31].

Characteristics Version 12 Version 2 Version 3 Version 4

Duration 50 days 28 days 50 days 28 days

Chat-based counseling Yes Yes No No

Registration (baseline) Registration questionnaire  Registration questionnaire  Registration questionnaire  Registration questionnaire
Admission to intervention  Live chat (~50 min) Live chat (~50 min) Self-guided Self-guided
C_annabisusediary andexer- Upto 50 days Upto 28 days Up to 50 days Upto 28 days

cises

Weekly feedback Upto7 Upto4 Upto7 Upto4

Conclusion of intervention  Live chat (~30 min)

Live chat (~30 min)

The last weekly feedback ~ The last weekly feedback

A/ersion 1 isidentical to the original Quit the Shit intervention.
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Figure 1. Home page of “Quit the Shit” (QTS).

" Quit the Shit
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drugcom.de

DAS PROGRAMM HOME

RS SERCMIERIES BERATUNG FINDEN

B0 Quit the Shit
4

FORUM

USERBERICHTE

ANMELDUNG

LOGIN

Wenn du mit dem Gedanken spielst, weniger oder gar nicht mehr zu kiffen, dann bist du
hier richtig. Quit the Shit ist ein Informations- und Beratungsservice speziell fir
Cannabiskonsumentinnen und -konsumenten.

Hallo! Melde dich an, um deine personliche Beratung zu erhalten.

LOGIN QUIT THE SHIT

LOGIN
» Passwort vergessen?

» Neu hier? Zur Anmeldung

USERBERICHT
NifNifff
23 Jahre
weiblich

Es ist machbar. Wenn ich es
geschafft habe, dann
schafft ihr das auch!

[... mehr]

Du findest hier nitzliche Informationen, die helfen, den eigenen Cannabiskonsum in den
Griff zu bekommen. Kernstiick von Quit the Shit ist ein mehrwochiges
Beratungsprogramm. Wir bieten dir an, dich individuell bei deinem persoénlichen
Vorhaben zu unterstitzen. Die Teilnahme ist kostenlos und anonym.

Mehr Informationen zum Programm

Cannabiskonsum in den Griff kriegen: Wissenswertes

Zur Anmeldung

Results

Flow of Participants

During the study, 876 individuals accessed the baseline
questionnaire of QTS and therefore were assessed for eligibility
(Figure2). Intotal, 339 individuals did not take part in the studly,
mainly because they refused to participate (n=239). In total,
100 persons did not meet all study criteria, primarily due to
problematic alcohol use (n=46), suicida thoughts (n=34), or
because they had used QTS before (n=21). The randomization
of the 534 participants resulted in similar-sized study groups.
In total, 252 individuals provided data at the first follow-up,
204 at the second, and 135 participants filled out the last
follow-up survey 12 months after randomization, resulting in
follow-up rates of 47.2%, 38.2%, and 25.3%, respectively.

Follow-up participation was significantly predicted by ahigher
age (OR 1.03, 95% Cl 1.00-1.06, P=.02, d=0.19), lower cannabis
quantity (OR 0.99, 95%-Cl: 0.98-1.00, P=.004, d=0.25), higher
school education (OR 1.76, 95% CI 1.35-2.30, P<.001), and
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higher number of logins during program participation (OR 1.05,
95% CI 1.04-1.06, P<.001, d=0.88). The allocation to either
factor level, however, was no significant predictor for follow-up
participation (Factor 1: OR 0.43, 95% CI 0.18-0.99, P=.05;
Factor 2: OR 1.05, 95% CI 0.71-1.54, P=.82).

Sample Description

Baseline characteristics and program usage of the study
participants are shown in Table 3. The majority of participants
were male (65.7%) and had a high educational level with 64.7%
attending or having successfully finished the highest German
secondary school type (“Gymnasium”) [32]. As expected,
cannabis use was high with only few abstinent days during the
last month.

Individuals who used the regular QTS intervention without
taking part in the study (n=339, see Figure 2) had comparable
valuesin most baseline variables. The only exception wasfound
in the cannabis use days, which was dlightly higher among
individuals who were excluded from the study (OR 1.02, 95%
Cl 1.01-1.04, P=.01, d=0.19).
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Except for asmall age-related difference in factor 2 (OR 0.97,
95% CI 0.95-0.996, P=.03, d=0.20), randomization resulted in
similar groups. As expected, the duration of chat-based
counseling differswithin factor 1 (OR 1.08, 95% CI 1.07-1.09,
P<.001, d=2.72) with 105.3 min of counseling chats among
participants who were in the chat-based versions of QTS. In
factor 2, individuals who used the longer versions logged in
significantly more often than participants allocated to the shorter
versions (OR 1.01, 95% CI 1.01-1.02, P=.001, d=0.32).
However, with 31.6 as opposed to 23.2 logins, that number is
disproportionally low regarding the difference of 50 versus 28
days program length.

Comparison of Effectiveness

The effectiveness results reveal no significant differences
between factor levelsin any of the cannabis-related outcomes
both in the imputed and in the nonimputed dataset (Tables 4
and 5; Multimedia Appendix 3). In working alliance and
treatment satisfaction, however, significant differences with
small effect sizes were found favoring chat-based
communication.

None of the 3-way interactions (factor 1xfactor 2xtime) on the
cannabis-related outcomes were significant, suggesting no

Jonas et al

relevant effectiveness differences between particular program
versions (eg, versions 1 and 4). In theimputed dataset, thisalso
applies to the two-way interactions (factor 1xfactor 2) on
working alliance and treatment satisfaction, which were only
measured during the first follow-up (see Table 5). However, in
the nonimputed dataset, we found significant two-way
interactions on working aliance and treatment satisfaction
(WAI: beta=-.55, Cl -1.00 to -0.10, P=.02; CSQ: beta=-.41,
Cl -0.72t0-0.10, P=.01; MultimediaAppendix 3). The highest
WAI and CSQ ratings were identified in the short version
including chat-based counseling and the lowest ratings were
found in the short version without chat-based counseling (see
Multimedia Appendix 3).

Significant and strong time effects indicate a great overall
reduction of cannabis use and use-related symptoms. The
strongest reduction in the imputed dataset is found in the
cannabis use days (beta=—.34, Cl -0.45 to -0.23, P<.001,
d=2.05) followed by the number of use events (beta=—.51, Cl
-0.68 to —0.34, P<.001, d=1.21; see Multimedia Appendix 3).
The proportion of participants with cannabis dependence
dropped from 98.5% during baseline to 78.4% (3 months),
67.0% (6 months), and 62.6% (12 months).

Figure 2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of participants.

Assessed for eligibility
(n=876)

Excluded (n=339)

- Refused to participate (n=239)
- Not meeting inclusion criteria (n=100)
- Problematic alcohol use (n=46)

- Suicidal thoughts (n=34)
- Previous program participation (n=21)
- Frequent use of other illegal substances (n=17)

Randomized
(n=534)

- Age below 18 years (n=15)
- Schizophrenia and/or Bipolar disorder (n=10)

Version 1: Version 2:
Chat and 50 days Chat and 28 days
(n=136) (n=135)

Version 3: Version 4:
No chat and 50 days No chat and 28 days
(n=132) (n=131)

Completed follow-ups: Completed follow-ups:

Completed follow-ups: Completed follow-ups:

3 months: n=68 (50.0%)
6 months: n=53 (39.0%)
12 months: n=39 (28.7%)

3 months: n=58 (43.0%)
6 months: n=46 (34.1%)
12 months: n=32 (23.7%)

3 months: n=67 (50.8%)
6 months: n=59 (44.7%)
12 months: n=34 (25.8%)

3 months: n=59 (45.0%)
6 months: n=46 (35.1%)
12 months: n=30 (22.9%)

Analyzed:
3 months: n=136
6 months: n=136
12 months: n=136

Analyzed:
3 months: n=135
6 months: n=135
12 months: n=135

Analyzed:
3 months: n=132
6 months: n=132

12 months: n=132

Analyzed:
3 months: n=131
6 months: n=131
12 months: n=131
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Table 3. Participant characteristics at baseline and usage of the intervention.

Characteristics Factor 1: Chat-based communication  Factor 2: Length All participants (n=534)
No (n=263) Yes (n=271) 28 days (n=266) 50 days (n=268)
Intervention versions 3,4 1,2 2,4 1,3 1,234
Gender
Female, n (%) 85(32.3) 98(36.2) 91(34.2) 92 (34.3) 183 (34.3)
Male, n (%) 178 (67.7) 173 (63.8) 175 (65.8) 176 (65.7) 351 (65.7)
Age, mean (SD) 27.5(7.3) 27.6 (6.7) 28.2(7.1) 26.8 (6.8) 275 (7.0)
Educational level, n (%)
Basic school (Hauptschule) 25(9.5) 29 (10.7) 30(11.3) 24 (9.0 54 (10.1)
Middle school (Realschule) 64 (24.3) 57 (21.0) 61 (22.9) 60 (22.4) 121 (22.7)
High school (Gymnasium) 165 (62.7) 181 (66.8) 167 (62.8) 179 (66.8) 346 (64.8)
Other school 9(3.4) 4(15) 8(3.0) 5(L9) 13 (2.4)
Cannabis
Use days?, mean (SD) 247 (7.3) 25.1(6.5) 24.9 (7.0) 24.9 (6.8) 24.9 (6.9)
Use events?, mean (SD) 122.5 (111.6) 120.1 (104.1) 123.7 (108.9) 118.9 (106.8) 121.2 (107.7)
Quantity (grams)® mean (SD) 23.2(18.8) 21.3(18.6) 23.2(19.6) 21.3(17.8) 22.2(18.7)
SDSP€, mean (SD) 9.9(2.8) 10.0 (2.7) 10.1(2.5) 9.8(2.9) 10.0 (2.7)
SDSP€ cannabis dependence, n (%) 260 (98.9) 266 (98.2) 265 (99.6) 261 (97.4) 526 (98.5)
Currently no professional help, n (%) 196 (74.4) 217 (80.1) 206 (77.4) 207 (77.2) 413 (77.3)
Usage of theintervention, mean (SD)
Number of logins 25.1(26.4) 29.7 (27.2) 23.2(20.8) 31.6 (3L.2) 27.4(26.9)
Chat-based counseling (min) 3.2(30.1) 105.3 (43.8) 53.8 (59.9) 56.8 (66.9) 55.3 (63.5)
8During the past 30 days.

bsps: Severity of Dependence Scale.
CCutoff of >4 for cannabis dependence [17].
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Table 4. Outcome scores at al 4 study points.

Characteristics Factor 1: Chat-based communication? Factor 2: Length®
No (n=263) Yes (n=271) 28 days (n=266) 50 days (n=268)

Cannabis use” (days), mean (SD)

Baseline 24.7 (7.3) 25.1 (6.5) 24.9(7.0) 24.9 (6.8)
3 months 8.1(9.4) 7.6 (9.6) 8.6 (9.9) 7.1(9.0)
6 months 85(9.7) 8.5(9.9) 9.4(10.2) 7.6(9.3)
12 months 9.6 (10.3) 9.1 (10.3) 10.3 (10.6) 8.4(9.9)

Cannabis use” (number of events), mean (SD)

Basdline 1225 (111.6) 120.1 (104.1) 123.7 (108.9) 118.9 (106.8)
3 months 25.2 (43.5) 20.3(35.7) 253 (44.3) 20.1(35.0)
6 months 29.1(48.9) 25.5 (45.0) 30.4 (49.8) 24.2 (44.1)
12 months 339 (55.2) 29.3(51.1) 35.2 (56.4) 27.9 (49.5)

Cannabis use” (grams), mean (SD)

Basgline 23.2(18.8) 21.3(18.6) 23.2(19.6) 21.3(17.8)
3 months 6.4(9.8) 5.0(8.2) 6.3(9.7) 5.2(8.2)

6 months 6.5(9.5) 55(8.7) 6.9 (10.1) 5.1(8.0)
12 months 7.3(10.6) 6.8 (10.4) 7.6(10.8) 6.5(10.1)

Cannabis dependence (SDS®), mean (SD)

Baseline 9.9(2.8) 10.0 (2.7) 10.1(2.5) 9.8(2.9)
3 months 7.2(3.5) 6.8 (3.6) 7.0(35) 6.9 (3.6)
6 months 5.4 (3.5) 5.1(3.8) 5.4 (3.6) 5.1(3.7)
12 months 5.5 (3.6) 5.4 (3.8) 5.7 (3.6) 5.2(3.8)

Working alliance (WAI-srd), mean (SD)

3 months 3.3(L0) 35(0.9) 35(0.9) 33(L0)
Treatment satisfaction (CSQ-8%), mean (SD)

3 months 1.8(0.7) 2.1(0.7) 2.0(0.6) 19(0.7)

8 ntention-to-treat analyses following multiple imputation. Results of the nonimputed datasets can be found in Multimedia Appendix 3.
bDuri ng the past 30 days.

CSDS: Severity of Dependence Scale.

WA I-sr; Worki ng Alliance Inventory-short revised.

€CSQ: Client Satisfaction Questionnaire.
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Table 5. Group comparisons and interactions between both factors.

Characteristics ~ Group difference; chat no versus yes®? Group difference: 28 versus 50 days®? Interaction factor 1xfactor 2xtime®©
Beta (95% Cl) Pvaue Effectsize Beta(95% Cl) Pvaue Effectsize Beta(95% Cl) P value
d (95% Cl) d (95% CI)

Cannabis use® (days), mean (SD)

Basdine  -.02(-0.14100.10) .74 N/A® -.09(-0.23t00.05) .20 N/A -.01(-0.18t00.16) .91

3months  N/A N/A  010(-007 N/A N/A  015(-002 N/A N/A
100.27) 100.32)

6months  N/A N/A  007(-010 N/A N/A  018(001 N/A N/A
t0 0.24) t0 0.35)

12months  NJ/A N/A  010(-007 N/A N/A  017(0.00 N/A N/A
100.27) t0 0.35)

Cannabis use® (number of events), mean (SD)

Basdine  -.05(-0.25t00.16) .64 N/A -.09(-0.31t00.13) .43 N/A -.03(-0.30t00.24) .82

3months  N/A N/A  010(-007 N/A N/A  009(-008 N/A N/A
10 0.27) t0 0.26)

months  N/A N/A  005(-012 N/A N/A  009(-008 N/A N/A
100.22) t0 0.26)

12months  N/A N/A  006(-011 N/A N/A  009(-008 N/A N/A
10 0.23) t0 0.26)

Cannabis use® (grams), mean (SD)

Basdine  .01(-0.17t00.19) .88 N/A -.04(-0.23100.15) .70 N/A -.05(-0.27100.18) .69

3months  N/A N/A  006(-011 N/A N/A  002(-015 N/A N/A
10 0.23) t00.19)

6months  N/A N/A  000(-017 N/A N/A  009(-008 N/A N/A
t00.17) t0 0.26)

12months  N/A N/A -0.06 N/A N/A  001(-016 N/A N/A
(-0.23to t00.18)
0.11)

Cannabis dependence (SDSf), mean (SD)

Basdine  -.02(-0.09t00.05) .63 N/A -02(-0.0t00.05) .57 N/A 01(-0.09t00.10) .91
3months  N/A N/A  014(-003 N/A NA  -010 N/A N/A
t00.31) (-0.27to
0.07)
emonths  N/A N/A  011(-006 N/A NA  -0.04 N/A N/A
t00.28) (-021to
0.13)
12months  N/A N/A  006(-011 N/A N/A  000(-017 N/A N/A
t00.23) t00.17)

Working alliance (WAI-sr%), mean (SD)

3months  .36(0.09t00.63) .008  022(0.05 -.05(-0.32100.22) .71 -0.21 -.27 (-0.64100.09) .15
t0 0.39) (-0.38t0
-0.04)

Treatment satisfaction (CSQ-8>h), mean (SD)

3 months .33(0.14t0 0.52) .001 0.34(0.17 -.03(-0.21t00.16) .76 -0.17 -.16 (-0.42t00.10) .22
t0 0.51) (-0.34to
0.00)

8 ntention-to-treat analyses following multiple imputation. Results of the nonimputed datasets can be found in Multimedia Appendix 3.

bBetween-group comparisons were conducted with the interaction of each factor with time, except for the effects on WAI-sr and CSQ-8 which were
analyzed with the main effect of each factor.
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CEffects on WAI-sr and CSQ-8 were analyzed with the interaction between factor 1 and factor 2.

9Duri ng the past 30 days.

EN/A: not applicable.

fsps: Severity of Dependence Scale.

9WAI-sr: Working Alliance Inventory-short revised.
hCSQ-8: Client Satisfaction Questionnaire.

Discussion

Principal Findings

This study examined whether the effectiveness of the internet
intervention QT Sisreduced by removing chat-based counseling
or by shortening the program. To our knowledge, it is the first
trial designed to systematically analyze these key characteristics
of guided internet interventions. According to the results, neither
of these changes has meaningful impact on the effectiveness of
QTS. Asstudy participants were comparabl e to nonpartici pants,
we assume results can be generalized to regular users of QTS.

The results correspond to outcomes of meta-analyses, which
also found no effects of changes in program duration on the
outcomes of internet interventionsfor substance users[6,33,34].
In QTS, similar results of the shorter and longer program
versions might be explained by arelatively fast onset of effects
inthefirst weeks of participation and by a stabilization of these
effects afterwards. Similar developments of use-related
outcomes were found in another trial about an internet
intervention for cannabis users [35].

The similar effects of the longer versions might also be related
to a disproportionally low user engagement in these versions,
a pervasive phenomenon coined as the law of attrition [36].
Therefore, the increment of received support was probably too
small to significantly enhance the effects as compared with the
shorter program versions.

Thesimilar performance of the nonchat-based program versions
correspondswith results of an earlier meta-analysis, which found
no effectiveness difference between synchronous and
asynchronous communication [ 13]. Our results suggest that the
removal of chat-based counseling can be compensated by other
elements of QTS, like the self-guided tour at the beginning or
by enriching the weekly feedbacks with more information.
However, extended feedbacks might not be sufficient to
compensate alack of an effectiveintervention element, asresults
from another study in this field of research suggest [37]. In
contrast to our results, Schaub et al [35] found additional effects
of chat counseling in a Web-based intervention for cannabis
users. One key reason for the differences between their and our
findings may be due to the reference conditions: the
nonchat-group (active control) in the Swiss study received an
automated self-help program, whereas the nonchat-conditions
inour study included therapist guidance. Therefore, in our study,
the chat and nonchat groups were probably more similar in
terms of received support than the corresponding group in the
study of Schaub and colleagues.

In contrast to the nonsignificant cannabis-related outcomes, we
found astronger working alliance and higher satisfaction ratings
among users of the chat-based versions. These results are in

http://www.jmir.org/2018/5/e166/

line with outcomes of an earlier comparison study [38],
supporting the assumption that direct interaction leadsto acloser
cooperation between the client and counselor and thusto better
satisfaction ratings. These findings, therefore, should be taken
into account in future modifications of QTS.

With a within-group effect size of d=2.05 between study
baseline and the 3-month follow-up, study participants strongly
reduced the frequency of their cannabis use. This effect
surpasses the reductions found among QTS participants in our
earlier trial (within-group d=1.47 for use frequency) [4,39] and
also goes beyond the effects found among users of the
Web-based intervention with chat counseling studied by Schaub
et a (within-group d=0.75 for use frequency) [35] and the
reductions found in the self-guided treatment examined by
Rooke and colleagues (within-group d=1.08 for use frequency)
[40]. Although within-group changes should aways be
interpreted carefully, the strong overall reductionsin this study
presumably reflect the high level of support provided by QTS.

Strengths and Limitations

Wetook several measuresto ensure validity of the study results.
We strictly adhered to the CONSORT rules, implemented a
randomized factorial study design, tested and controlled
potential confounders in the analyses, and compared results
from the main analyses with those of completer-only analyses.
Furthermore, the original intervention was already successfully
tested in arandomized study [4] and is conducted by qualified
staff with several years' experiencesin online counseling.

Asin other studiesinthisfield of research [4,35,40,41], amajor
weakness is the low follow-up rate. Although we applied
multiple imputations on the dataset, validity of the longer-term
resultsis probably reduced. However, results are coherent across
follow ups and, except for the significant interaction on the
WAI and CSQ score, across datasets. Nevertheless, future
studies in this field of research should look for ways of
decreasing participant attrition. Compared with our earlier trial
on the effectiveness of QTS [4], we were able to increase
follow-up rates significantly. We suppose this mainly goes back
to improvements in the follow up-recruitment, like offering
shopping vouchers for each follow-up, emphasizing the short
duration of each questionnaire, repeatedly inviting every
participant for each follow-up, and addressing each
nonresponder personally.

Asall purely Web-based RCTs, werelied on self-reported data.
Thisposesathreat to validity, especialy for the cannabis-related
outcomes, as cannabis use till is illegal in Germany and
therefore might be understated by the participants. However,
we deemed abiological validation of these outcomes unfeasible,
as the collection of biological markers is associated with high
costs, alow measurement precision, and a narrow selection of
participants to those who are willing to provide these data. It
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must also be noted that the outcomes “quantity of cannabis’
and “number of use events’ did not account for the type of
cannabis product (eg, hashish, marijuana), its administration
(eg, joint, bong), or its THC content. Therefore, the
measurement precision of these outcomesis probably reduced.
Other studiesaim to improve the estimation by astandardization
formula[37,40] or by gaining more detailed information on the
cannabis product typically used [35]. Despite their apparent

Jonas et al

advantages, we chose not to use either of these procedures as
they are not validated for application in the German setting.

Conclusions

Thereduction of program length and the waiver of synchronous
communication have no meaningful impact on the effectiveness
of QTS. It therefore seems tenable to abbreviate the program
and to offer a self-guided start into QTS. As chat-based
counseling shows higher user ratings, it should be provided for
those users who prefer to be supported that way.
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Abstract

Background: Physical activity ismarkedly low in Latinaadolescents, yet few physical activity interventions have been attempted
in this population. Web-based interventions can incorporate theory-based components, be appealing to adolescents, and have
potential for low-cost dissemination.

Objective: This study aimed to assess the feasibility, acceptability, and potentia efficacy of a Web-based physical activity
intervention for Latina adolescentsin asingle-arm pilot trial.

Methods: A total of 21 Latina adolescents (aged 12-18 years) who could read and write in English and were underactive (<90
min/week) participated in a 12-week, theory-informed Web-based physical activity intervention. The intervention website was
modified from a previous Web-based intervention for L atina adults. Web content was individually tailored based on the responses
to monthly questionnaires. Feasibility was measured by recruitment, retention, and adherence/engagement, and acceptability was
measured by satisfaction surveys. Physical activity was measured at baseline and follow-up (12 weeks) using the 7-day physical
activity recall (PAR) interview and accelerometers.

Results. Baseline activity as measured by the 7-day PAR and accelerometerswas 24.7 (SD 26.11) and 24.8 (SD 38.3) min/week,
respectively. At 12 weeks, 19 participants (90%, 19/21) returned. Adherence and engagement with materials were low, but 72%
(15/21) of the participants indicated that they were satisfied with the intervention. Activity at 12 weeks increased by 58.8 (SD
11.33) min/week measured by the 7-day PAR (P<.001). Accelerometer-measured activity did not increase. Activities reported
at follow-up were more varied than at baseline, including some activities measured poorly by accelerometers (eg, biking and
swimming). Participants suggested simplifying the website and incorporating other technologies.

Conclusions. Good retention and increases in self-reported activity suggest a promising approach to delivering a physical
activity intervention to L atinaadolescents. I ncorporating other technol ogies, such as smartphone apps, could make theintervention
more engaging, acceptable, and effective.

(J Med I nternet Res 2018;20(5):170) doi:10.2196/jmir.9206
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Methods

The health benefits of physical activity for children and
adol escents are extensive and include improved cardiovascul ar
and metabolic health, decreased rates of obesity, and improved
mental health [1]. To realize these health benefits, physical
activity guidelinesrecommend that school-aged children engage
in at least 60 min of moderate to vigorous physical activity
(MVPA) on at least 5 days per week [2]. Rates of meeting
guidelines in children in the United States, however, are quite
low, particularly among adolescents. Although 42% of children
aged 6 to 11 years meet guidelines based on objective measures,
thisdrops sharply to only 8% in adolescents[2]. Ashealth habits
devel oped during adol escence predict health behavior and status
later in adulthood [3-5], low rates of MV PA during this period
could tranglate to insufficient MV PA for many years.

Although participation in MVPA is low during adolescence, it
is especially low for girls, particularly racial/ethnic minority
females. Compared with 17.9% of Mexican American boys,
only 2.9% of adolescent Mexican American girls meet activity
guidelines[6]. Paralleling this, Latinaadultsreport lessMV PA
than non-L atino white and non-L atino black women [ 7] and are
at higher risk of chronic diseasesrelated to inactivity including
overweight/obesity [8] and diabetes [9]. Developing effective
interventions to increase MVPA in Latina adolescents is thus
essential to promote health throughout thelife course and reduce
growing disparities.

Despitethelow rates of activity and high risk of chronic disease
in young Latinas, few MV PA interventions have targeted this
group. Evaluations of past interventions showed that simply
providing more information or more opportunities to be active
was not effective in changing MV PA habits in Latino children
[10,11], emphasizing a heed for new theory-based and tailored
interventions. Interventions grounded in psychosocia theories
may be especially appropriate for increasing MVPA in youth,
as self-efficacy and social support consistently emerge as the
strongest correlates of MVPA in adolescents [12,13], and are
consistently lower in adolescent girls than in boys [14,15].
Trandl ating theory-based interventionsinto a\Web-based format
could be both appealing to adolescents and have potential for
broad dissemination. Recent data showed that 92% of
adolescents reported accessing the Internet daily, and 82% of
L atino adolescents had accessto acomputer intheir home[16].

We previously developed and tested a Web-based MVPA
intervention for Latina adults (Pasos Hacia La Salud), which
effectively increased MV PA over 6 months[17] and maintained
increases 6 months later [18]. This intervention was adapted
for Latinas and grounded in Social Cognitive Theory and the
Transtheoretical Model, and could thus be an appropriate
intervention approach for Latina adolescents. In this study, we
modified this Web-based intervention based on formative
research to ensure appropriateness for Latina adolescents and
then tested the modified intervention in a 12-week single-arm
demonstration trial. The aim of this study was to report the
feasibility, acceptability, and potential efficacy of this
theory-based, Web-delivered intervention for L atina adol escents.

http://www.jmir.org/2018/5/e170/

Participants

The study sample comprised 21 Latina girls aged 12-18 years.
Participants were eligible to enroll in the study if they (1)
identified as Latina; (2) could read, write, and speak English
fluently; (3) were physically inactive (<90 min/week MV PA);
and (4) had regular access to the Internet. Participants were
ineligible for the study if they reported a health condition that
would make unsupervised physical activity unsafe (according
to the Physical Activity Readiness Questionnaire [19]). The
study received human subjects approval from the University of
Cdlifornia, San Diego's Institutional Review Board. All
participants gave written informed assent, and parents/guardians
provided consent.

Recruitment

The primary mode of recruiting participants was through
health-focused community events, including health fairs, onsite
school presentations, and church youth group meetings in San
Diego. We also contacted adult L atinas who participated in the
Pasos Hacia La Salud study to inquire if they had family or
friends who could be eligible for the study. Other methods of
recruitment included participant referrals and advertisements
posted in churches, gyms, grocery stores, high schools, and
parks.

Protocol Overview

After a screening interview in person or via telephone to
determine eligibility, participants cameto an orientation session
with their mother (or other primary caregiver) to learn about
the study and complete the informed consent process.
Participants were given an ActiGraph GT3X+ accelerometer
(ActiGraph, Pensacola, FL), with instructions to wear it the
following week. One week after the orientation visit, participants
returned with the accelerometer and a completed packet of
psychosocial questionnaires. Certified staff then administered
the 7-day physical activity recall (PAR) interview to assess
self-reported physical activity. Participants then received the
individually tailored intervention, including a goal setting
session and access to the personalized intervention website for
12 weeks. Check-in calls were made at 1 week and 1 month.
Follow-up visitswere completed approximately 12 weeks after
study initiation.

Tailored I ntervention

The Nifias Saludables Web-based intervention was adapted
from the Pasos Hacia la Salud intervention for adult Latinas.
Semistructured interviews with 11 Latina girls, aged 12-19
years, were conducted to modify the content of the website.
Similar to adult Latinas, the main theme across all age groups
was finding time to exercise, followed by wanting support and
not feeling motivated. As girls emphasized the importance of
support, we included information on support throughout the
website and challenged them to identify sources of support for
that week’sgoals. Girlsalso interacted with and commented on
the Pasos Hacia la Salud website to guide intervention
modification and make it more appealing for this age group.
Main themes in the website feedback included needing more
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pictures throughout the website, particularly pictures that
featured girls their age. Participants also reported wanting a
more colorful template and reducing the amount of writing to
provide a less cluttered look. The website was then modified
to include more pictures of girls being active and a simplified
homepage with highlighted shortcutsto goal setting and activity
reporting. All tip sheets were redesigned to be more visual and
reduce the amount of writing. We also included linksto exercise
videosfor activitiesthey expressed interest in, including Zumba
and hip-hop dance. The website was then formatted to be mobile
phone friendly, as many of the girls reported that they would
only be accessing the website on their cell phones.

Thefirst part of the intervention was a one-on-one goal setting
session based on principles of motivational interviewing. A
trained interventionist taught participantsto set specific physical
activity goals and performed guided problem-solving.
Participants were given a pedometer to wear daily and were
encouraged to track their steps and minutes of activity on a
logging calendar on the website. All participants then received
accessto the Nifias Saludabl es study websitefor 12 weeks. The
intervention was based on Social Cognitive Theory and the
Transtheoretical Model and emphasized behavioral strategies
for increasing activity levels (eg, goal setting, self-monitoring,
and increasing socia support). Intervention componentsincluded
Internet-delivered activity manuals that were matched to
participants current level of motivational readiness,
computer-expert system tailored reports, activity tip sheets, and

Larsen et al

a guide of local activity resources. The tailored reports and
activity tip sheets were both updated to reflect activities and
common barriers that girls had reported in the formative
interviews, such as dancing and how to resolve time conflicts.

Participants completed monthly questionnaires on the website
(see the section Measures) that generated individually tailored
content: (1) stage-matched webpages provided information
about MVPA that was matched to the participant’s level of
readiness, or stage of change, for becoming more physically
active, according to the Transtheoretical Model and Social
Cognitive Theory (see Figure 1), and (2) personalized computer
expert system reports. The expert system draws from a bank of
330 messages addressing psychosocial and environmental
factors influencing MVPA and automatically generates
personalized reports on (1) their current stage of motivational
readiness for physical activity; (2) increasing self-efficacy for
physical activity; (3) cognitive and behavioral strategies
associated with physical activity behavior change (processes of
change); (4) how the participant’s answers compared with their
prior responses (progress feedback); (5) how the participant’s
responses compared with other adolescents who are physically
active (normative feedback); and (6) self-monitoring of physical
activity behavior (using online activity logging calendars). This
expert system has been used in multiple intervention studies,
and targeted theoretical constructs were shown to mediate
changesin physical activity [20,21].

Figure 1. Screenshot of stage-matched moderate to vigorous physical activity information page.
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In addition, participants received tip sheets addressing barriers
identified by Latina adolescents, such as support from family
and friends, beating boredom, and finding time to exercise. New
tip sheets were made available on a weekly basis during the
first month, then biweekly during months 2 and 3. Per feedback
from the formative interviews, participants were al so sent email
reminderswhen anew tip sheet was available. Thelocal activity
resource guide on the website included information and links
to free and low-cost activity resources in the area, such as
recreation center fitness schedules and mapped walking and
hiking routes.

We aso developed intervention materials for mothers to help
them support their daughters. On amonthly basis, motherswere
sent tip sheets on topics identified in formative interviews and
literature to beimportant for supporting MV PA behavior change
intheir daughters, including positive support strategies, helping
daughters choose activities, and tipsfor getting the whole family
active. Tip sheets were available in English and Spanish.

M easures

Adolescent’s weight, height, and resting blood pressure were
collected at baseline. Parents provided basic demographic
information (income, marital status, and family size) and filled
out the Brief Acculturation Scale, which assesses language use
across 4 life contexts [22]. All adolescent participants were
fluent in English and were al relatively highly acculturated;
thus, we did not assess acculturation in adolescents.

Psychosocial and environmental access variableswere used for
both evaluation and intervention-tailoring purposes, and all
were assessed at baseline and post-test. The PACE+Adolescent
Psychosocial measure assessed motivational stage for MVPA
change (3 items), MVPA change strategies (15), self-efficacy
(6), decisional balance (10), family influence and support (4),
peer influence and support (6), enjoyment for activity (2), and
environmental access (4). Items in each domain included
guestions that participants rated 1-5, with options differing by
domain. For example, for self-efficacy, participants responded
to questions such as, “do you feel you can do physical activity
even when you feel sad or stressed?’ (1: I'msurel can't, 5: 1I'm
sure | can), or for family support, “during a typical week, how
often has a member of your household done a physical activity
or played sports with you?' (1: never, 5. every day). This
measure has been shown to bereliable in an ethnically diverse
sample of children as young as 11 years [23]. The Stages of
Change for Physical Activity, Processes of Change, and
Self-efficacy for Physical Activity were administered monthly
on the website to generate stage-matched manuals and expert
system reports. These 3 measures have been used extensively
in physical activity research [24,25].

A consumer satisfaction questionnaire used in our past trias

[18,26] was adapted specifically to assess the feasibility and
acceptability of the current intervention.

Physical Activity M easurement

Physical activity was measured at baseline and 12 weeks using
the 7-day PAR, a semistructured interview to assess the
frequency, duration, and intensity of MVPA, which has been
validated against objective measures and shown to be sensitive

http://www.jmir.org/2018/5/e170/
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to change over time [27-29]. At baseline and follow-up, this
was preceded by a 10-min treadmill walk or walk outdoors to
demonstrate what MVPA should feel like. Activity was aso
measured objectively using ActiGraph GT3X+accelerometers.
Accelerometer wear was considered sufficient if participants
wore it for =10 hours/day on =5 days. After processing
accelerometer files using the Choi 2008 wear time validation
algorithm [30], wear time was further visually examined to
determine whether the accelerometer was in fact worn during
short (<3 hours) and long (=16 hours) periods of continuous
wear. Once examined and unnecessary data categorized as
nonwear, the data were scored using procedures identified by
Treuth et al [31], which have been validated specifically for
adolescent females.

Data Analysis

Feasibility was determined by considering recruitment, retention,
and adherenceto the intervention at 12 weeks. For recruitment,
we considered the number of peoplewho needed to be contacted
and screened to enroll 20 participants and the proportion of
interested individuals who were deemed ineligible. The study
was considered feasible if at least 80% of participants were
retained, defined as attending the 12-week assessment.
Adherence was determined by the percentage of monthly
guestionnaires that were completed and the percentage of
materials participants reported reading. Acceptability was
assessed by the satisfaction with the intervention at 12 weeks.
The intervention was considered acceptable if at least 75% of
participantsindicated they were satisfied/very satisfied with the
program.

The primary aim was to assess feasibility and acceptability;
thus, we did not calculate power to detect efficacy. However,
we examined changes in MV PA to explore potential efficacy.
Unadjusted within-subject changes in MVPA were examined
using t tests, and generalized linear models were used to assess
changesin MV PA from baseline to 12 weeks (for both reported
and objectively measured MVPA). Modds use a
likelihood-based approach to estimation and thus make use of
all available data without directly imputing missing outcomes.
All accelerometer data were adjusted for wear time. We tested
the sensitivity of the findings to completers only and found no
significant differences (P>.05 for sensitivity parameter). Our
results present the intent-to-treat analyses with alpha level set
at .05.

Results

Recruitment

A total of 50 individuals expressed interest in the study. The
majority of these (n=39) came from community events, such
ashealth fairsor school presentations. The next most successful
recruitment strategy was contacting women who had recently
completed the Pasos Hacia la Salud study (n=8). Passive
recruitment, through advertisements posted in community
locations, yielded only 2 calls. Another participant referred the
fina individual.

Of the 50 individualswho expressed interest, 30 were screened,
26 were deemed eligible, and 21 were enrolled in the study (see
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Figure 2). Participant yield was lowest from health fairs, where
parents often signed up on behalf of their daughters, and we
were unable to contact daughters to complete screenings.
Enrollment was highest from presentations at schools and other
sites where adolescents were directly targeted. Reasons for
ingligibility included too much activity (n=2) and medical
conditions (n=2).

Baseline

Baseline characteristics are displayed in Table 1. The sample
comprised 21 adolescent Latinas, aged 12-18 years (mean
age=14.7, SD=2.1). Body mass index (BMI) varied greatly,
ranging from underweight (BMI=17.4) to obese (BMI1=33.5),
with amean BMI of 25.3. Familieswere generally low income,
with 38% (8/21) reporting an annual family income below US
$20,000. Overall, mothers had low acculturation levels, with
over two-thirdsreporting being thefirst generation in the United
States, and the majority (76%, 16/21) speaking only Spanish or
more Spanish than English.

Physical activity at baseline was relatively low, with a mean of
24.7 min/week of MVPA measured by the 7-day PAR (Table
1), and 24% (5/21) of girls reporting no activity at al. One
outlier (4+ SDs above mean) was excluded from analysis. A
large percentage of participants (28%, 6/21) had insufficient
accel erometer wear time at baseline. Mean objectively measured
MVPA at basdline was 24.8 (SD 38.3) in the entire sample and
21.1(30.1) min/week among the subsampl e with sufficient wear
time. Baseline stage of change was evenly split between
contemplation (those thinking about becoming physically active)
and preparation (those doing some activity, but not regularly).
Of those reporting any activity at baseline, the majority (71%,
10/14) reported walking as their primary activity.

Figure 2. Recruitment and retention of participants.

Larsen et al

Girls reported relatively high levels of enjoyment for physical
activity (mean=3.47; range 1-5), but low levels of family and
friend support (2.06 and 1.84, respectively). Psychosocia
variables were modestly correlated with baseline physical
activity (see Table 2). The strongest correlates of baseline
activity were self-efficacy (r=.34) and number of physically
active friends (r=.32).

After 1 month, 81% (17/21) completed acheck-in call, of which
59% (10/17) reported meeting their initial goals. The most
commonly cited barrier for MVPA by far was time (70%,
12/17), followed by low motivation/energy (18%, 3/17), finding
activities to do (6%, 1/17), and weather (6%, 1/17). None
mentioned environmental barriersto activity. The most common
source of support identified was their mothers (43% 6/14),
followed by friends (29%, 4/14), other family members (21%,
3/14), and teachers (7%, 1/14).

Twelve-Week Follow-Up

Feasibility

Of the 21 participants who began the study, 19 (90%) returned
for the 12-week assessment. One was placed on an indefinite
medical hold due to serious illness, and one could not be
contacted again (Figure 2). This exceeded the predefined
threshold of 80%, suggesting good feasibility. Adherencetothe
intervention, however, was moderate. Participantslogged on to
the website on a mean of 4.29 days (SD=3.24) and visited a
mean of 32.2 different pages on the website (SD=15.9).
Approximately two-thirds (63%, 40/63) of monthly
guestionnaires were completed. Only 42% (8/19) reported
reading most/all of the individually tailored reports, and 42%
(8/19) reported reading at least half of the additional emailed
tip sheets.

Expressed Interest (n=50)

Excluded (n=29)

+ Not meeting inclusion criteria (n=4)
+ Declined to participate (n=3)

+ Failed to complete screener (n=20)
+ Eligible, unable to schedule (n=2)

Enrolled in study (n=21)

Did not return (n=2)
+ Unable to contact (n=1)
+ Indefinite medical hold (n=1)

v

Returned for 12-week follow-up (n=19)
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Table 1. Baseline characteristics of study sample.

Baseline characteristic Statistics
Study sample, N 21

Age, mean (SD) 14.7 (2.1)
Body mass index, mean (SD) 25.3(4.2)

Annual family income, n (%)

<US $20,000 8(39)
US $20,000-$40,000 8(39)
>US $40,000 5(24)

Parent’s marital status, n (%)

Married/living with partner 10 (47)
Never married 4(20)
Separated/divorced 7(33)

Parent’s acculturation level

Generation status, n (%)

First generation 14 (67)
Second or third 7(33)
Language, n (%)
Mostly/only Spanish 16 (76)
Spanish and English 3(14)
Mostly English 2(10)
Number of other children livingin the home, n (%)
0 0(0)
1 8(39)
2 5(24)
3+ 8(39)

Minutes/week of MVPA? mean (SD)
7-day physical activity recall 24.7 (26.1)
ActiGraph GT3X+ accelerometer 24.8 (38.3)
Baseline stage of change, n (%)

Contemplation 10 (47)

Preparation 11(53)
Self-efficacy (1-5), mean (SD) 2.82(0.6)
Physical activity enjoyment (1-5), mean (SD) 3.47(0.7)
Environmental access (1-5), mean (SD) 3.39(0.7)
Family support (1-5), mean (SD) 2.06 (0.8)
Friend support (1-5), mean (SD) 1.84(0.9)

Number of physically active friends, n (%)

0 0(0)

1 6(28)
2 6 (29)
3+ 9(44)

3\ VPA: moderate to vigorous physical activity.
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Table 2. Predictors of baseline weekly minutes of activity (7-day physical activity recall).

Baseline psychosocial measures

r

Self-efficacy

Family support

Friend support

Number of active friends
Environmental access

Physical activity enjoyment

34
.28
29
32
.01
-.01

Acceptability

A total of 18 participants completed final consumer satisfaction
surveys. Overall satisfaction was moderate, with 72% (13/18)
of participants saying they were satisfied/very satisfied with the
program, 28% (5/18) indicating they were dissatisfied, and none
saying they were very dissatisfied. Similarly, 72% (13/18) said
they werelikely/very likely to recommend the program to family
or friends. Thiswasjust bel ow the predefined threshold of 75%.
Participants rated the most useful features of the website (in
order) to be (1) thegoa setting calendar, (2) the activity logging
calendar, and (3) the information on local activity resources.
The message board and Ask the Expert forum were rated the
least helpful.

The most common complaint about the program was having to
log into usethewebsite, particularly when accessing the website
through a smartphone. Participants expressed enthusiasm for
expanding to other media channels, particularly a smartphone
app and/or texting, and making the website more “youthful”
and decreasing the amount of writing. Another common theme
was to make the program more social; suggestions included
enrolling friendstogether, incorporating teams or clubs, offering

it at a school, and expanding the program to all girls, not just
Latinas.

Physical Activity

Measured by the 7-day PAR, participants increased weekly
minutes of MVPA from a mean 24.7 (SD 26.1) at baseline
(range: 0-85) to 79.4 (SD 46.8) at follow-up (range: 14-177),
with a mean increase of 58.8 (SD 46.3) min/person (P<.001;
range: 4-155). Likelihood-based estimates showed significant
increases baseline to 12 weeks (P<.001). All participants who
completed follow-up visits reported doing some physical
activity, ranging from 14 to 177 min/week. Activity types
reported were more varied than at baseline and included running,
walking, soccer, Zumba, swimming, and cycling.
Accelerometer-measured MV PA decreased from 24.8 min/week
at baseline to 10.4 (SD 30.2) at 12 weeks. Some girls who
reported high activity at follow-up participated in activitiesin
which the accelerometer could not be worn (eg, swimming or
contact sports) or that were not well measured by the
accel erometer (eg, cycling). Figure 3 showstotal weekly minutes
reported across the sample for different types of activities at
baseline and 12-week follow-up.

Figure 3. Total weekly minutes reported in different activities at baseline and follow-up. PE: physical education.
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Discussion

Principal Findings

These data suggest good feasibility of the MV PA intervention
for Latinaadol escents, as demonstrated by the study recruitment
and retention rates. Moreover, self-reported MVPA results
suggest the potential efficacy of the Nifias Saludables
intervention in increasing MVPA among Latina adolescents.
These results are consistent with previous studies that have
successfully used adaptations of this intervention to promote
MV PA among other populations, including adult Latinawomen
[32-34].

Although the theory-based intervention was modified based on
feedback from the target population, qualitative interviews and
consumer satisfaction questionnaires conducted on intervention
completion showed that Nifias Saludables was only somewhat
acceptablefor L atina adol escents, and additional modifications
may be necessary to increase acceptability. A recurring theme
from postintervention interviews was the need to further tailor
the reports and stage-matched manual s to be more age-specific
and concise. Girls expressed a preference for shorter reports
more often, as opposed to longer reports once per month. This
was also captured by the low adherence rates, with participants
reading a relatively small amount of the information provided
in response to their monthly assessments. These findings are
consistent with the literature: overall, Internet-based
interventions for the promotion of physical activity have been
found to be effective [35], yet adherence remains an obstacle
that may account for small effect sizes [36]. Previous research
hasfound that harnessing the persuasive capability of technology
(using tools such as tailoring, rewards, and competition)
improves adherence to Web-based interventions.

Web-based interventions will need to further capitalize on the
use of technological tools, which have become increasingly
popular with the rise of mobile health (mHealth) [37]. For
example, use of multimedia elements like videos and images
has been shown to increase understanding and improve
performance in avariety of behaviors and populations[38-40],
and could address the common complaint in this study of having
too much writing on the website. Nifias Saludabl es participants
endorsed the possibility of using newer technologies, including
smartphone apps and texting, which could circumvent the need
to log in to awebsite. Interactive features such as goal setting
and activity logging were identified asthe most useful features,
along with the personalized reports and goal-setting session.
Given our increasing capability to incorporate technology and
interactive features in promoting physical activity, future
research should aim to include more of these features in
interventions to appea to this specific population, while
maintai ning theory-based strategiesto promote behavior change.
Future qualitative research may be necessary to understand how
to incorporate these elements and how to develop effective
physical activity interventions that address the needs of Latina
adolescents, and to further investigate therole of environmental
access and enjoyment, which were surprisingly unrelated to
MVPA in this study. To gain greater insight into the feasibility
of technol ogy-based MV PA interventions among young L atinas,
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consumer satisfaction measuresin future studies can also include
an evaluation of socia acceptability as described in the study
by Poder et al [41].

Results from the 7-day PAR showed that changesin activity at
12 weeks were seen not just in quantity but also in type.
Increasesin self-reported MV PA in our study were comparable
to those found in Pasos Hacia la Salud at 6 months (ie, mean
increases in minfweek MVPA 58.8 vs 50, respectively);
however, changes in accelerometer-measured MVPA differed
substantially between the 2 studies. A potential explanation for
thedecreasein objectively measured MV PA in Nifias Saludables
isthat the broad range of activity typesthat participants reported
engaging in at 12 weeks may not be accurately measured using
accelerometers (eg, swimming, cycling). Although activity at
baseline was mostly restricted to walking, activities reported at
follow-up were more varied. This could be in response to
intervention materials that specifically encouraged trying new
activities, including tip sheets for keeping activity interesting,
tip sheets for mothersto help daughtersfind new activities, and
the activity resource guide, which provided information on
sports and activity classes in the community. This could be an
important feature of interventions, as previous literature suggests
individuals who enjoy activity are more likely to increase and
maintain their MV PA. Thesefindingsare contrary to the results
from previous studies among adult Latina women, who have
mostly increased walking as a result of similar interventions
[33,42], athough walking was still a popular activity in our
study. Our findings are thus encouraging and merit further
research to understand the different results obtained among
adolescent L atinas compared with adult Latinas, and whether
engagement in activities other than walking may result in
increased enjoyment and maintenance of MV PA. Our findings
also differ from previous studiesin that Latina adolescents did
not endorse incorporation of Latino culture into intervention
components and expressed preference for a program their
non-Latina friends could aso participate in. An intervention
targeted to all adolescent girls could be more generalizable and
prevent Latinas from feeling singled out.

Our findings also revedled challenges associated with the
measurement of physical activity among Latina adolescents.
Compliance with accelerometer wear was low compared with
our previous studies [17]. Accelerometers may also have
underestimated activity, as participants could not wear
accelerometers during certain activities such as swimming or
contact sports, and activities such as biking may have been
inadequately captured by accelerometers. Given the high
proportion of participantswho reported engaging in these types
of activities, accelerometry provided an incomplete measure of
MVPA. Moreover, there are a wide range of suggested MV PA
accelerometer cut points for adolescents, and there is no
consensus on which is most appropriate [43-45]. Although the
cut points used here were validated specifically for adolescent
girls, the validation study found that cycling and step aerobics
had poor calibration with accel erometers and found awiderange
of metabolic equivalents in individuals for each level of
accelerometer counts. These difficulties emphasize the
importance of continuing to use validated self-report measures,
both to measure quantity and type of activity, and to improve
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tools of objective measurement of MV PA among thisand similar
populations. Girlsin our study also reported a good amount of
activity in 10-min bouts, which, if it were slightly less than 10
min, would not have been counted by accelerometers. Few girls
participated in the treadmill walk at follow-up, which may have
also increased reporting of activities that were not moderate
intensity. Social desirability could have also influenced
self-reported physical activity. Optionsfor objective assessment
of physical activity are expanding and include integration of
geographic positioning system, accelerometer, and geographic
information system data to reveal where people are active; use
of heart rate monitors along with accelerometers; and devices
such as ActivPAL to collect complementary data on sedentary
behavior [46]. However, all these options require wearing
additional devices, which increases participant burden.

Strengths and Limitations

Limitations of this study included the small sample size and
single-arm design, which were appropriate for the current
feasibility study but prevented formal efficacy analysesor more
detailed explorations of data, including potential mediatorsand
moderators. Given the preliminary nature and small samplesize
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of this pilot study, results cannot be generalized to a broader
population of Latina adolescents or to locations outside the
research setting. Results need to be replicated among larger
samplesin arandomized trial with acontrol group to determine
whether this intervention is efficacious in helping Latina
adolescents increase their MVPA. Strengths of this study
included thenovel, high-risk population; Web-based intervention
channel; formative research; and individually tailored,
theory-based intervention content.

Conclusions

Thefindings detailed here are promising, particularly given the
paucity of research regarding the promotion of MVPA among
Latina girls and adolescents and the importance of MVPA to
lifelong health. These data suggest that delivering an
individually tailored Web-based physical activity intervention
to Latina adolescents is feasible and has potential to be
efficacious, particularly when the intervention is made more
acceptable by incorporating more mHealth strategies and
technol ogiesthat are becoming increasingly available on abroad
scale in this and other populations.
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Abstract

Background: Internet-delivered exercise, education, and pain coping skillstraining is effective for people with knee osteoarthritis,
yet it is not clear whether this treatment is better suited to particular subgroups of patients.

Objective: The aim was to explore demographic and clinical moderators of the effect of an internet-delivered intervention on
changesin pain and physical function in people with knee osteoarthritis.

Methods: Exploratory analysis of data from 148 people with knee osteoarthritis who participated in a randomized controlled
trial comparing internet-delivered exercise, education, and pain coping skills training to internet-delivered education alone.
Primary outcomes were changes in knee pain while walking (11-point Numerical Rating Scale) and physical function (Western
Ontario and McMaster Universities Osteoarthritis Index function subscale) at 3 and 9 months. Separate regression models were
fit with moderator variables (age, gender, expectations of outcomes, self-efficacy [pain], education, employment status, pain
catastrophizing, body mass index) and study group as covariates, including an interaction between the two.

Results: Participants in the intervention group who were currently employed had significantly greater reductionsin pain at 3
monthsthan similar participantsin the control group (between-group difference: mean 2.38, 95% CI 1.52-3.23 Numerical Rating
Scale units; interaction P=.02). Additionally, within the intervention group, pain at 3 months reduced by mean 0.53 (95% ClI
0.28-0.78) Numerical Rating Scale units per unit increase in baseline self-efficacy for managing pain compared to mean 0.11
Numerical Rating Scale units (95% Cl —0.13 to 0.35; interaction P=.02) for the control group.

Conclusions:  People who were employed and had higher self-efficacy at baseline were more likely to experience greater
improvementsin pain at 3 months after an internet-delivered exercise, education, and pain coping skills training program. There
was no evidence of a difference in the effect across gender, educational level, expectation of treatment outcome, or across age,
body massindex, or tendency to catastrophize pain. Findings support the effectiveness of internet-delivered care for awide range
of people with knee osteoarthritis, but future confirmatory research is needed.

Trial  Registration:; Australian  New  Zedland Clinica  Trids Registry = ACTRN12614000243617;

https.//www.anzctr.org.au/Trial/Registration/Trial Review.aspx 7 d=365812& isReview=true  (Archived by WebCite at
http://www.webcitation.org/6z4660TPs)
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Introduction

Knee osteoarthritis (OA) is prevalent, affecting approximately
one-quarter of adults[1]. People with knee OA often experience
persistent pain, impaired function, reduced quality of life, and
psychological disability [2]. Education and exercise are key
nonsurgical, nondrug strategies recommended by all clinical
guidelines for the management of knee OA [3]. In addition,
because low self-efficacy, increased pain catastrophizing, and
mal adaptive pain coping strategies are common among people
with OA [4-6], interventions that target these psychological
factors may also provide benefits. Growing evidence supports
the use of pain coping skills training (PCST) to improve pain
and physical and psychological functioning in chronic pain
conditions [7-9]. However, many people with OA may have
difficulties accessing health professionals skilled in the
prescription of exercise or psychological interventions[10,11].
As such, more accessible models of health service delivery are
needed.

Providing careremotely viatheinternet isoneway to potentially
improve accessto treatmentsfor people with OA. For example,
programs such as Skype or FaceTime are freely available,
offering potentially accessible waysin which people can consult
viavideo with health professionals such as physical therapists.
Our recent randomized controlled trial (RCT) found that an
internet-delivered intervention combining online educational
material, an automated PCST program, and physical
therapist-prescribed exercise via Skype led to greater
improvements in pain and function in people with knee OA
compared to online educational material alone [12]. These
improvements were also maintained at long-term follow-up (9
months). These findings are consistent with evidence in other
populations, where care delivered via videoconferencing for
people who have undergone knee joint replacement surgery led
to improvements in physical activity and function that were
similar to those after face-to-face consultations [13].
Collectively, these studies provide support for the effectiveness
of telerehabilitation as an alternative model of service delivery.

When evaluating novel models of service delivery, it is
important to consider whether there are subgroups of patients
that respond more or less favorably. Moderation analysis of
RCT data can be used to determine if the effect of a treatment
relative to the control differsfor distinct subgroups of patients.
In these analyses, baseline characteristics that interact with the
treatment to influence clinical outcomes are identified as
moderators [14]. As such, the aim of moderation analysisisto
determine whether groups of peoplewith different characteristics
respond differently to the treatment. Identifying moderators of
the effect of atreatment on an outcome can help match patients
to the most effective and appropriate treatment thereby
improving outcomes, in turn helping to control treatment costs
and promoting efficient use of resources. In addition, moderation
analyses can help guide future refinements to an intervention
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so that it may be more effective for subgroups who do not
respond as well.

To our knowledge, few previous studies have conducted
moderator analyses on outcomes following an intervention
involving exercise or PCST for people with OA. Thereissome
evidence that pain coping style, expectation of treatment
response, radiographic disease severity, age, and educational
level may moderate the effects of a face-to-face PCST
intervention on treatment outcomes among people with hip and
knee OA [15]. Another study found that body massindex (BMI)
moderated the effects of a supervised aquatic exercise
intervention on changes in quality of life anong people with
OA [16]. Although a number of studies have identified
predictors of outcomes following exercise for people with OA
(eg, self-efficacy for managing pain [17], gender [18], and age
[19]), outcome predictors are not necessarily the same as
moderators of the effect of atreatment. For example, participants
with aparticular characteristic may improve over time no matter
what treatment they receive and, although that characteristic
might predict improvement, it may not necessarily moderate
the effect of a treatment. Thus, predictors of outcome do not
allow identification of subgroups that respond, or do not
respond, to agiven intervention. Therefore, the aim of thisstudy
was to explore potential demographic and clinical moderators
of the effect of a combined internet-delivered exercise,
education, and PCST program on changesin pain and physical
function for people with knee OA. This will provide future
directions for confirmatory studies.

Methods

This study involved exploratory moderation analyses using data
from a parallel, two-group pragmatic RCT (Australian New
Zedland Clinical Trials Registry: ACTRN12614000243617)
aiming to evaluate the effectiveness of internet-delivered
physical therapist-prescribed home exercise, education, and
PCST compared to internet-delivered education alone (IMPACT
trial). Study procedures were approved from the University of
Melbourne Human Research Ethics Committee and all
participants provided written informed consent. The trial
protocol [20] and outcomes [12] have been published.

Study Population

A total of 148 people with chronic knee pain were recruited
Australiawide to participate in the RCT. Briefly, inclusion
criteriaincluded age 50 years or older, knee pain for more than
3 months and on most days of the previous month, knee pain
during walking in the previous week (=4 on an 11-point
Numerical Rating Scale [NRS]), mild to moderate physical
dysfunction (>20 out of 68 on the physical function subscale
of the Western Ontario and McMaster Universities Osteoarthritis
Index [WOMAC]), and having an active email account and
computer with internet access.

JMed Internet Res 2018 | vol. 20 | iss. 5 [€10021 | p.130
(page number not for citation purposes)


http://dx.doi.org/10.2196/10021
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Intervention

Participants in the intervention arm of the tria received three
internet-delivered treatments. (1) educational material about
exercise and physical activity, pain management, emotions,
healthy eating, complementary therapies, and medications
(freely available on the Arthritis Australiawebsite [21]); (2) an
online interactive automated PCST program [9,22], involving
completion of one 35 to 45 minute training module per week
for 8 weeks; and (3) seven physical therapist consultations via
Skype over 12 weeks, with each consultation lasting 30 to 45
minutes. Participants were randomly allocated to one of eight
different physical therapists, who delivered all subsequent Skype
sessions. Physical therapists performed a brief assessment and
prescribed a lower-limb strengthening home exercise program
to be completed by the participant three times per week.
Participants were also encouraged to increase their physical
activity levelsand were given the opportunity to use a pedometer
for motivation if desired, and were aso encouraged to practice
pain coping skills daily.

The control group received access to the same educational
material as the intervention group (ie, material about exercise
and physical activity, pain management, emotions, healthy
eating, complementary therapies, and medications through the
Arthritis Australiawebsite), but did not have accessto the PCST
program.

Dependent Variables

Participants completed questionnaires online at baseline, 3
months, and 9 months. Primary outcomeswerevalid and reliable
measures of pain and function [23]. Pain during walking over
the last week was measured using an 11-point NRS ranging
from O (“no pain”) to 10 (“worst pain possible”). Function was
measured using the WOMAC physical function subscale [24]
with scores ranging from 0 (no dysfunction) to 68 (maximum
dysfunction). Thus, we calculated the 3-month change in pain
and function as baseline minus 3-month values, and 9-month
change in pain and function as baseline minus 9-month values.

Selected M oder ators

Based on previous research [15-19] and/or theoretical
plausibility (Multimedia Appendix 1), we investigated whether
the effect of the internet-delivered treatment relative to the
control treatment was moderated by each of the following
baseline variables: gender, age, level of education (dichotomized
as no tertiary training or some tertiary training), employment
situation (dichotomized as employed or not employed), pain
self-efficacy using the pain subscale of the Arthritis
Self-Efficacy Scale [25] (scores ranging from 1 to 10, with
higher scores indicating greater self-efficacy), pan
catastrophizing using the Pain Catastrophizing Scale[26] (scores
ranging from O to 52, with higher scores indicating greater
catastrophizing), expectation of treatment effects using a

http://www.jmir.org/2018/5/€10021/

Lawford et d

five-point Likert scale ranging from “no effect” to “complete
recovery” (dichotomized into “no effect to moderate
improvement” or “large improvement to complete recovery”),
and BMI based on self-reported height and weight.

Analysis

To determine whether the effect of the treatment relative to the
control on change in each of the primary outcomes was
moderated by the selected baseline variables, separate linear
regression model swerefit with the potential moderator variable
and study group as covariates, and an interaction between the
two. Thisanalysis providesan answer to the question of whether
the effect of the treatment, relative to the control condition,
differs for different subgroups of participants. For binary
moderators, the estimated effect of treatment and a 95%
confidence interval was determined for each of the moderator
levels. For continuous moderators, results were calculated as
the effect of aone-unit increase of that moderator in each of the
control and intervention groups. The linear regression
assumptions of linearity, heteroscedasticity, and normality were
assessed using standard diagnostic plots. Scatterplots of the
outcome against each continuous moderator by treatment group
were examined to determineif more complex models (including
nonlinear terms for moderators) were warranted. All statistical
analyses were performed using Stata version 14.1 (StataCorp
LLC, College Station, TX, USA).

Results

A total of 148 people with knee OA were enrolled in the study,
with just over half femae (56.1%, 83/148) and currently
employed either full-time or part-time (57.4%, 85/148; Table
1). At baseline, participantsin theintervention group had higher
educational levelsthan thosein the control group. At 9 months,
nine people in the intervention group and seven people in the
control group had been lost to follow-up (unable to contact,
family issued/illness, deceased).

M oder ator sof the Effect of the I ntervention on Change
in Walking Pain

There was no evidence for moderation of the effect of the
intervention on changein walking pain at 3 or 9 months by most
binary variables, including gender, level of education, and
treatment expectations (Table 2). There was some evidence for
moderation of the treatment effect by employment status for
changeinwalking pain at 3 months (interaction P=.02). Among
those who were currently employed, participants assigned to
theintervention group had greater reductionsin pain than those
in the control group, with an estimated difference between
groups of mean 2.38 (95% CI 1.52-3.23) NRS units. Among
unemployed participants, the estimated difference in reduction
in pain at 3 months between the intervention and control groups
was mean 0.86 (—0.13 to 1.85) NRS units.
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Table 1. Baseline descriptive characteristics (N=148).

Lawford et d

Characteristic

Intervention (n=74) Control (n=74)

Age (years), mean (SD)
Body mass index (kg/mz), mean (SD)
Gender (female), n (%)
Level of education, n (%)
No tertiary training
Some tertiary training
Employment status, n (%)
Employed
Unemployed
Expectation of treatment outcomes, n (%)
No effect to moderate improvement

Large improvement to complete recovery
Self-efficacy (pain)®

Pain catastrophizi ngb

60.8 (6.5) 61.5 (7.6)
32.0(13.9) 30.1(10.2)
43 (58) 40 (54)
16 (22) 24 (32)
58 (78) 50 (68)
40 (54) 45 (61)
34 (46) 29 (39)
11 (15) 21 (29)
63 (85) 52 (71)
6.1(1.8) 5.9 (1.8)
8.8(9.2) 10.1 (9.6)

8ASES: Arthritis Self-Efficacy Scale (range 1-10; higher scores indicate greater self-efficacy).
bpCS: Pain Catastrophizing Scale (range 0-52; higher scores indicate greater catastrophizing).

Scatterplots of changes in pain against each continuous
moderator (Multimedia Appendices 2 and 3) indicated that
exploration of linear terms for each moderator was sufficient,
and more complex modelswere not warranted. Results of linear
models for each of the continuous moderators are presented in
Figures 1 and 2. There was no evidence that age, pain
catastrophizing, and BMI interacted with treatment group in
the model for changesin walking pain at 3 or 9 months (Table
3). However, there was evidence that self-efficacy for managing
pain interacted with treatment group at 3 months (P=.02). Within
the intervention group, for each additional unit of self-efficacy
(pain) at baseline, pain a 3 months reduced by an additional
mean 0.53 (95% CI 0.28-0.78) NRS units, whereasin the control
group, the association between self-efficacy (pain) and change

http://www.jmir.org/2018/5/€10021/

in pain was estimated asmean 0.11 (95% Cl —-0.13t0 0.35) NRS
units. That is, people with higher self-efficacy for managing
pain at baseline demonstrated greater reductions in walking
pain with the intervention compared to control.

M oder ator sof the Effect of theIntervention on Change
in Physical Function

Scatterplots of changes in function against each continuous
moderator (Multimedia Appendices 2 and 3) indicated that
exploration of linear terms for each moderator was sufficient.
Results of linear models are presented in Figures 1 and 2. None
of the selected binary (Table 2) or continuous (Table 3)
moderators had a significant interaction with the treatment in
the model for changesin physical function at 3 or 9 months.
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Table 2. Results of the moderation analysis for binary moderators for change in walking pain and physical function.

Moderator 3 months 9 months
Intervention-control difference  Interaction  Intervention-control difference Interaction
(95% CI)2 (Pvaue)  (95% CI)° (P vaue)
Changein walking pain
Gender .64 45
Mae 1.88 (0.85, 2.90) 0.74 (-0.47, 1.94)
Female 1.56 (0.69, 2.42) 1.33(0.31, 2.36)
Level of education .22 .58
No tertiary training 0.96 (-0.29, 2.21) 0.57 (-0.97, 2.12)
Some tertiary training 1.87(1.10, 2.64) 1.08 (0.18, 1.97)
Treatment expectation .70 .85
No effect-moderate improvement 1.76 (1.01, 2.51) 1.08 (0.22,1.94)
Large improvement/compl ete recovery 1.45 (0.06, 2.85) 1.26 (-0.41, 2.93)
Employment .02 .86
Not employed 0.86 (-0.13, 1.85) 1.06 (-0.13, 2.25)
Employed 2.38 (1.52, 3.23) 1.20 (0.17, 2.22)
Changein physical function
Gender 43 .88
Male 7.80 (2.46, 13.14) 6.87 (1.63, 12.12)
Female 10.63 (6.11, 15.15) 7.42 (2.94, 11.90)
Level of education .22 .25
No tertiary training 5.66 (-0.88, 12.20) 3.25 (—3.46, 9.96)
Some tertiary training 10.44 (6.41, 14.48) 7.75 (3.86, 11.64)
Treatment expectation 73 .99
No effect-moderate improvement 9.77 (5.87, 13.69) 7.25 (3.46, 11.04)
Large improvement/complete recovery ~ 8.35 (1.05, 15.65) 7.27 (-0.12, 14.65)
Employment 14 81
Not employed 6.88 (1.74, 12.01) 6.72 (1.50, 11.93)
Employed 11.94 (7.48, 16.41) 7.57 (3.05, 12.08)

¥Baseline-3 months.
bBaseline-9 months.
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Figurel. Differencein changein NRSwalking pain and WOMAC function (baseline-3 months) between treatment groupsfor each potential continuous
moderator. Negative values favor the intervention group. Solid line indicates the difference between the control and intervention arms. Shaded areas
indicate 95% confidenceintervals. ASES: Arthritis Self-Efficacy Scale (range 1-10; higher scoresindicate greater self-efficacy); NRS: Numerical Rating
Scale (range 0-10; lower scores indicate less pain); PCS: Pain Catastrophizing Scale (range 0 to 52; higher scores indicate greater catastrophizing);
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; ranges from 0 to 68, where lower scoresindicate better function.
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Figure2. Differencein changein NRSwalking pain and WOMAC function (baseline-9 months) between treatment groups for each potential continuous
moderator. Negative values favor the intervention group. Solid line indicates the difference between the control and intervention arms. Shaded areas
indicate 95% confidenceintervals. ASES: Arthritis Self-Efficacy Scale (range 1-10; higher scoresindicate greater self-efficacy); PCS: Pain Catastrophizing
Scale (range 0-52; higher scores indicate greater catastrophizing); WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index (range
0-68, lower scores indicate better function).
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Table 3. Results of the moderation analysis for continuous moderators for change in walking pain and physical function.

Moderator 3 months

Estimated moderator coefficient (95% CI)

Control group

Intervention group

Changein walking pain

Age (years)

Self-efficacy (pain)?

Pain catastrophizi ngb

Body mass index

Changein physical function

Age (years)
Self-efficacy (pain)?

Pain catastrophizi ngb

Body mass index

0.02 (~0.04, 0.08)
0.11 (-0.13, 0.35)

-0.04 (-0.09, 0.01)
-0.02 (-0.09, 0.04)

-0.08 (-0.40, 0.23)
0.96 (-0.35, 2.26)

-0.14 (-0.39, 0.11)
-0.08 (-0.44, 0.28)

~0.06 (-0.13, 0.01)
0.53 (0.28, 0.79)

-0.04 (-0.09, 0.01)
-0.02 (-0.09, 0.04)

-0.21 (-0.58, 0.17)
1.67 (0.32, 3.03)

-0.39 (-0.64,-0.13)
-0.19 (-0.52, 0.14)

9 months

Interaction  Estimated moderator coefficient (95% ClI) Interaction
(P value) Control group Intervention group (P value)
.10 —-0.01(-0.08,0.06) -0.03(-0.12,0.05) .69

.02 0.21 (-0.08, 0.51) 0.31(0.00, 0.61) .66

94 0.01(-0.01,0.03) 0.02(-0.00,0.04) .49

98 -0.07(-0.15,0.01) -0.05(-0.12,0.02) .72

62 -0.01(-0.32,0.31) -0.09(-0.46,0.29) .74

45 0.88(-0.40,2.17)  1.68(0.36, 3.00) .39

17 -0.03(-0.13,0.07)  0.04 (-0.05, 0.14) .28

64 -0.04(-0.38,0.30) —0.27(-0.59,0.05) .32

8ASES: Arthritis Self-Efficacy Scale (range 1-10; higher scores indicate greater self-efficacy).
bpCS: Pain Catastrophizing Scale (range 0-52; higher scoresindicate greater catastrophizing).

Discussion

Principal Findings

Theaim of this study wasto explore potential demographic and
clinical moderators of the effect of an internet-delivered
exercise, education, and PCST program for people with knee
OA on changes in pain and physical function. We found that
the effect of the intervention at 3 months differed by
employment status and self-efficacy, such that the effect of the
intervention on reductionsin pain was greater among those who
were employed and had higher self-efficacy for managing their
pain at baseline. There was no evidence that any of the selected
baseline variables moderated the effect of the intervention on
changesin physical function at 3 months, and no evidence that
any moderated the effect of the intervention on changesin pain
or function at 9 months.

We found some evidence that employment status moderated
the effect of the intervention on changes in walking pain at 3
months. Those who were currently employed had greater
improvements in walking pain with the treatment compared to
the control, whereas among those who were not employed there
was no difference in changes on walking pain at 3 months
between the intervention and control groups. Wright and
colleagues [19] found that employment status did not
significantly predict changesin pain or function after an exercise
and/or manual therapy intervention for people with hip OA.
However, they looked at predictors, rather than moderators, and
used seven different categories to define employment status
(ranging from “homemaker” to “full-time or part-time
employment”) with a small number of participants in each
group, which may have limited the study’s power. Being
employed exposes people to a range of psychosocial
environments and experiences (eg, structured and meaningful
use of time, opportunitiesto use new and existing skills, variety
in tasks, and social contact outside of the home) that have been
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linked to decreases in emotional distress within chronic pain
populations, independent of pain severity [27-29]. People who
are employed may also be more mativated to improve so that
they can continue working; furthermore, being employed has
been associated with higher self-efficacy among people with
chronic musculoskeletal pain [30,31], which may have
contributed to greater reduction in pain with treatment at 3
months. However, there was no evidence that employment status
moderated treatment effects on changes in pain at 9 months.
The reasons for this are not clear, but support the longer-term
effectiveness of this intervention for people who are employed
or unemployed.

To our knowledge, no previous research has investigated
self-efficacy as a potential moderator of an exercise or PCST
i ntervention on outcomesin peoplewith chronic pain conditions.
Skou and colleagues [17] found that self-efficacy for managing
pain at 3 months predicted pain and quality-of-life outcomes at
1 year among people with knee or hip OA who received an
education and exercise intervention. However, they did not
investigate whether baseline self-efficacy also predicted
outcomes and only looked at predictors of outcomes, rather than
moderators of the effect of treatment. According to Social
Cognitive Theory [32], self-efficacy influencesaperson’schoice
of effort and persistence in the face of adversity (eg, knee pain)
[33]. As such, our findings make intuitive sense in that people
who are more confident in their ability to succeed despite the
presence of pain are more likely to experience greater
improvements with a treatment program that emphasizes
self-management in the form of home exercise and utilizing
pain coping skills. However, there was no evidence that
self-efficacy for managing pain moderated intervention effects
on changes in pain at 9 months. Although the reasons for this
are not clear, the results support the longer-term effectiveness
of the intervention for people with either high or low
self-efficacy at baseline.
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In contrast to previous studies exploring moderators of PCST
[15] and exercise [16], we found no evidence that age, BMI,
expectation of treatment outcome, pain coping style, and
education moderated the effect of the intervention relative to
the control on changes in pain and function. In the literature,
there appears to be some heterogeneity in moderators of
treatment effects following exercise or PCST interventions for
people with chronic pain conditions [34], which might be
because of differencesin intervention design or delivery across
studies. Our intervention was unique in that it was remotely
delivered and combined both physical and psychological
interventions. Other studies involved face-to-face supervised
exercise programs [16,35] or 10 sessions of PCST delivered
face-to-face by nurse practitioners [15]. The exercise
interventions of other studies also differed to ours, in which
they investigated moderators of aquatic exercisefor peoplewith
OA [16] or acombined intervention of dietary weight loss and
exercise (combining aerobic and resistance training) [35]. In
addition, our sample comprised fewer females who were also,
on average, younger than those of previous studies [15,16,35].
These differences in delivery mode and freguency/type of
exercise/PCST, aswell asheterogeneity in sample characteristics
and measures of outcomes or moderator variables, might explain
the differences between our findings and the limited existing
literature.

To our knowledge, thisisthe first study to explore moderators
of the effect of internet-delivered care on outcomes for people
with achronic muscul oskel etal condition. Wefound no evidence
that age or level of education moderated the effect of
internet-delivered care on changesin pain or function at 3 or 9
months. Similarly, previous studies found that age had no
association with outcomes following an intervention involving
behaviora treatment delivered via Skype for veterans with
posttraumatic stress disorder [36,37]. Our recent survey also
found that, among people with knee and/or hip OA, there was
no evidence that age and level of education influenced interest
in receiving exercise from a physical therapist via video [38].
These findings counter commonly held misconceptions of
telehealth, namely that it may be most suitable for people who
are younger and/or highly educated, and are therefore
“technology savvy” [39,40]. Our findings suggest that people
of varying ages, and those with high or low levels of education,
benefited just as much with internet-delivered care. This study
thus provides further support for an increased use of
telerehabilitation as an aternative model of service delivery for
people with OA.

Our findings have a number of practical implications.
Internet-delivered education, exercise, and PCST appearsto be
effective for a range of people with OA, including both men
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and women with varying educational backgrounds, of different
ages, as well as those who are obese or normal weight. This
suggests that the intervention does not need to be targeted at
specific subgroups of patients. For greater improvements in
pain at 3 months, or if services or resources are limited, service
providers or physical therapists could consider using measures
to screen for people with low self-efficacy for managing pain
as a means of identifying potentialy vulnerable patients who
might need some additional support before receiving this kind
of intervention or an alternative such as face-to-face care.

Strengthsand Limitations

Thisstudy hasanumber of strengths, including the robust study
design (moderation/subgroup analysis using RCT data), the
range of potential moderators included, the use of meaningful
patient-reported clinical outcomes of pain and physical function,
and the fact that we recruited participants from regional/remote
and metropolitan areas across Australia. This study also has
some limitations. Because the analyses in our study were
exploratory in nature, our results should be interpreted with
caution. For example, it ispossiblethat some of theinteractions
in our analysis were nonsignificant due to lack of power rather
than the absence of asignificant effect. Assuch, further research
is required to confirm our findings. Our intervention included
multiple components (ie, Skype-delivered exercise in addition
to PCST and online educational materials), so it isnot possible
to determine which treatment component i nteracts with each of
the moderator variables. In addition, more than 75% of the
peoplein theintervention arm of the study had completed some
tertiary education and, therefore, our results may not be
generalizable to people who are less educated.

Conclusions

In summary, people who were employed and had higher
self-efficacy at baseline were more likely to experience greater
improvements in pain at 3 months after an internet-delivered
exercise, education, and PCST program. This may be because
peoplewho are more confident in their ability to succeed despite
the presence of pain are more likely to experience greater
improvements with a treatment program that emphasizes
self-management. There was no evidence of adifferencein the
effect across gender, educational level, expectation of treatment
outcome, or acrossage, BMI, or tendency to catastrophize pain.
This study provides further support for telerehabilitation as an
alternative model of service delivery that is suitable for abroad
range of peoplewith OA. Further research isrequired to confirm
our findings and identify moderators of the effect of exercise
and PCST on long-term changesin pain and function, and aso
identify moderators of the effects of other modes of service
delivery (eg, telephone-delivered care).
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Abstract

Background: Women significantly decrease their activity levels in the transition to motherhood. Digital health technologies
arelow cost, scalable, and can provide an effective delivery mechanism for behavior change. Thisisthefirst study that examines
the use of videoconferencing and mobile apps to create exercise groups for mothers.

Objective: The aim of the study was to test the feasibility, acceptability, and effectiveness of an individually adaptive and
socially supportive physical activity intervention incorporating videoconferencing and mobile apps for mothers.

Methods: The Moms Online Video Exercise Study was an 8-week, 2-armed, Web-based randomized trial comparing the
effectiveness of a group exercise intervention with a waitlist control. Healthy mothers with at least 1 child under the age of 12
yearswere recruited through Facebook and email listservs. Intervention participants joined exercise groups using videoconferencing
(Google Hangouts) every morning on weekdays and exercised together in real time, guided by exercise mobile apps (eg, Nike+,
Sworkit) of their choice. Waitlist control participants had accessto recommended mobile apps and an invitation to join an exercise
group after the 8-week study period. Main outcomes assessed included changesin self-reported moderate, vigorous, and moderate
to vigorous physical activity (MVPA) minutes per week in aggregate and stratified by whether women met Centers for Disease
Control and Prevention guidelines for sufficient aerobic activity at baseline. Outcomes were measured through self-assessed
Web-based questionnaires at baseline and 8 weeks.

Results: The intervention was effective at increasing exercise for inactive women and proved to be feasible and acceptable to
all participants. A total of 64 women were randomized, 30 to intervention and 34 to control. Women attended 2.8 sessions per
week. There was a strong, but not statistically significant, trend toward increasing moderate, vigorous, and MV PA minutes for
all women. Ashypothesized, in the prespecified stratum of women who wereinactive at baseline (n=51), intervention participants
significantly increased their activity by an average of 50 (95% CI 4.0-95.9, P=.03) MV PA minutes per week more than control
participants. They had a corresponding statistically significant net increase of 19 (95% CI 3.2-34.8, P=.02) minutes of vigorous
activity. Inactive women in the intervention arm also experienced promising reductions in depression, reporting a statistically
significant net decrease in their depression score (-3.8, 95% Cl -7.0 to -0.6; P=.02).

Conclusions. Wefound that agroup exerciseintervention using videoconferencing and mobile apps was afeasible and acceptable
way to deliver aphysical activity intervention to mothers. Theintervention increased physical activity ininactive mothers. Further
studies are needed to better establish how long these changes in physical activity can be maintained and whether these findings
can be reproduced in a more diverse popul ation.

Trial Registration: Clinical Trials.gov NCT02805140; https://clinicaltrial s.gov/ct2/show/NCT02805140 (Archived by WebCite
at http://www.webcitation.org/6yY ZwRveg)

http://www.jmir.org/2018/5/€179/ JMed Internet Res 2018 | vol. 20 | iss. 5 [e179 | p.141
(page number not for citation purposes)


mailto:Maya.Mascarenhas@ucsf.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

(J Med Internet Res 2018;20(5):€179) doi:10.2196/jmir.9310

Mascarenhas et al

KEYWORDS

mobile applications; videoconferencing; Internet; health promotion; exercise; social support; mothers; randomized controlled

trial

Introduction

Background

Despite strong evidence of the health benefits of physical
activity and decades of effortstoincrease activity levels, almost
half of the United States adult population fails to meet Centers
for Disease Control and Prevention (CDC) exercise guidelines
of 150 minutes of moderate or 75 minutes of vigorous exercise
per week, and 70% of the population failsto meet the biweekly
muscle strengthening guidelines [1-6]. One group with unique
challenges to being sufficiently active is women with young
children. Women significantly reduce their activity levels in
the transition to motherhood [7-9]. Mothers are less likely to
be active than fathers, women of the same age who do not have
children, and compared with their own activity levels before
having children [7]. The proportion of hours per week that
motherswith young children are physically active has decreased
by 14 hours per week in the past 45 years, whereas sedentary
activities such aswatching television and driving have increased
by 6 hours per week [10]. This decrease in physical activity is
not only a concern for the health of mothers but aso for their
potential impact on their children. Active mothers have a
positiveinfluence on the activity levelsof their children[11-13].
In addition, when mothers exercise, they report being able to
better manage the demands of raising children [14-17]. Dueto
mothers’ unique needs and risks, it isimportant that we design
appropriate interventions to help mothers be more physically
active.

Mothers experience a wide range of barriers to exercising
including isolation, alack of leisuretime, lack of social support,
lack of child care, lack of spousal support, and the need to put
family obligations ahead of themselves[16-19]. Reviews suggest
that 2 elements of effective physical activity interventions that
can help overcome such barriers include (1) adapting to
individual needsand (2) incorporating community-based social
support [20,21]. Individually adaptive interventions are able to
tailor to individuals' needs, preferences, and contexts. Social
support interventions often draw upon support and accountability
that individualswithin anetwork can provide one another. These
elements have each been tested successfully in physical activity
interventions with mothers, but their combined impact is not
known [7]. Unfortunately, individually adaptive and group
physical activity interventions can be costly and complicated
to deliver, and in-person groups can be particularly inconvenient
for mothers.

Digital technology interventions represent a convenient,
cost-effective, and scalable delivery mechanism for providing
socially supportive and individually adaptiveinterventions[22].
Inthe United States, 77% of the adult popul ation ownsamobile
phone, and this proportion continues to increase rapidly [23].
Morethan half of downloaded apps are in the health and fitness
domain, yet few exercise apps incorporate evidence-based
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content [24-28]. Mothers, in particular, are heavy users of
technology, and thus represent an important group to test
evidence-based technology interventions [29]. Technology
interventions have a growing evidence base for being effective
at increasing activity, though thisresearch isin its early stages
[30-33]. Additionally, videoconferencing tools such as Google
Hangouts and Skype have been tested for exercise video
coaching but not as a way to bring participants, and mothers
specifically, together for real-time exercise video groups [34].

Objectives

In this study, we assessed the feasibility and acceptability and
estimated the effectiveness of a group physical activity
intervention that incorporated videoconferencing and exercise
mobile apps. This intervention relied on providing
evidence-based elements of social support and individualization
to increase physical activity in mothers.

Methods

Study Design

The Moms Online Video Exercise (MOVE) Study was an
8-week, 2-armed, paralel, Web-based randomized trial
comparing the effectiveness of an intervention arm consisting
of exercise groupsthat used videoconferencing and mobile apps
with awaitlist control arm. We detailed our methods below and
in an eHealth checklist (Multimedia Appendix 1).

Recruitment

We recruited participants using advertisements that included a
link to our study website in parent-specific Facebook groups
and email listservs. Participants were recruited from all over
the country, though the recruiting efforts and time zones
available were targeted to the West Coast. |n addition to email
and Facebook advertisements, al recruited participants were
asked to share the advertisement with any relevant email
listservs or Facebook groups and any individuals they thought
might be interested. Once on the study website, women were
able to sign up for an introductory phone call in which study
staff reviewed study procedures and consent forms using
DocuSign (DocuSign, California, USA) before enrollment
began. Recruitment efforts took place between July 2016 and
November 2016. Before recruitment, we received approval from
the University of California, San Francisco Institutional Review
Board (14-15344), and registered our trial with the Clinical
Trials Registry (NCT02805140).

Participants

Our dligibility criteria stipulated that women needed to be
between the ages of 18 and 60 years, speak and understand
English, be ableto give consent, and have at least 1 child under
the age of 12 years. Enrolled women could not be pregnant or
plan on being pregnant during the study period. Participants
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were also required to have access and understand how to operate
2 devices, one with videoconferencing capacity and one with
mobile app capacity. These devices could include cell phones,
computers, and smart tablets. Participants had to be capable of
exercising safely, which was assessed using the validated
Physical Activity Readiness Questionnaire [35]. We targeted
women who were inactive (did not meet CDC physical activity
guidelines), but hypothesized that even physically activewomen
with young children might benefit from the intervention, and
hence included them, but planned a priori to analyze them

separately.
Protocol

Women who were eligible for the study were asked to complete
one introductory phone call, a baseline survey, and a practice
group exercise video session to be randomized. Informed
consent was obtained by study staff in the introductory phone
cal, and consent forms were electronically signed during or
after the call. In practice group video sessions, participants
signed into Google hangouts, introduced themselves, and then
opened up a mobile app to complete a short workout using the
Johnson & Johnson mobile app 7-minute workout routine [36].
Participants who confirmed their continued interest in
participating in the study and who completed a baseline survey
were randomized to the intervention or waitlist control. All
participants were provided with accessto alist of recommended
mobile exercise apps. Women randomized to the intervention
were additionally assigned to a video exercise group at atime
of their preference and provided an exercise prescription. The
exercise prescription over 8 weeks for intervention participants
consisted of 5 weekday video exercise sessions|asting between
5 and 30 minutes and varying in type (interval training, dance,
yoga, etc) and intensity (low to high) depending on the
participant’s choice of mobile app and associated routine for
each session. Adherence to this prescription was monitored via
self-report, and staff support was provided if needed viaemail.
After the 8-week study period, all participants were asked to
fill out end of study surveys. Women in the intervention arm
were then given the option of continuing for an additional 8
weeks, whereasthosein the waitlist control wereinvitedtojoin
an exercise group for 8 weeks. The main analysisincluded only
data from the 8-week study period, during which the waitlist
control participants were not participating in video sessions.

Before randomization, women were asked to pick a morning
time dot that they could attend every weekday for 8 weeks. We
offered exercise group time dots on the half hour from 6:00
AM to 9:30 AM Pacific Standard Time Zone (PST). Exercise
group sizes ranged from 2 to 5 participants. We enrolled
participants over aperiod of 5 months. Groups grew over time
as new participants enrolled and those from the waitlist arm
joined groups after their 8-week waiting period. Group sessions
lasted no more than a total of 30 minutes, beginning with a
check-in lasting up to 5 minutes. Participants had an
individualized website that contained a link to their respective
Google Hangouts videoconferencing group callsand atracking
form that they filled out before each session (Multimedia
Appendix 2). Women usualy did their workouts while
remaining on video to provide accountability (passive
monitoring) and support (solidarity from working out
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simultaneously), much like having a “gym buddy.” We
recommended freely available mobile apps and YouTube
exercisevideosroutinesthat were updated on our study website
asthe study progressed (Multimedia Appendix 3). Participants
were also encouraged to find exercise maobile apps and videos
that were not on the list. Women were encouraged to
individualize their choice of workout during a session, so
participants in groups were often performing a wide range of
workouts simultaneously. One of the study goals was to assess
whether the hypothesized benefitsin accountability and support
would still be obtained while providing individual choice of
workout routines. In addition to group exercise sessions,
participants were connected to their group members via email
primarily so they could communicate about planned or
unplanned absences. Study staff monitored attendance via
tracking forms that were filled out at each session and reached
out to participantswho had missed more than aweek of workout
sessions to check in over email.

Randomization

Participants were randomized using parale arms, equa
alocation (1:1), and block randomization (random block sizes
of 2 and 4 participants). The randomization was stratified on
the participant’'s morning time slot of choice and the
participant’s baseline activity status, abinary variable of whether
they met CDC guiddines of 150+ moderateto vigorous physical
activity (MVPA) minutes per week. We stratified on these 2
factors to address potential confounding by baseline activity
status and to ensure evenly sized intervention and control arms
within time strata. Our statistician generated a stratified block
random sequence using Stata 14 (StataCorp, Texas, USA) and
stored it in Research Electronic Data Capture (REDCap), a
secure, Web-based database application hosted at the University
of California, San Francisco [37]. The sequence was concealed
from the primary investigator who used REDCap to reveal the
computer-assigned randomization once participants were
enrolled. The assignment was not blinded to investigators or
participants.

M easures

Study Measurement Procedure

During the recruitment phase, participantsfilled out a screening
survey to establish eligibility. Once €eligibility was confirmed
by study staff, participants were asked to complete a
self-assessed baseline survey that included primary and
secondary outcomes. At 8 weeks, all tria participants were
asked to fill out self-assessed questionnaires with the same
outcomes. Mothers who were randomized to the intervention
arm were asked additional evaluation questions. All surveys
were Web-based and completed online using Qualtrics
(Qualtrics, Utah, USA) software.

Physical Activity

We assessed our primary outcome of physical activity using a
self-assessed validated questionnaire, the Active Australia
Survey [38,39]. Participants reported the frequency and duration
of the past 7 days of activity in thefollowing categories: walking
(for at least half amile), moderate activity (makes you breathe
harder than normal), and vigorous activity (makes you swest,
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out of breath). MV PA minutes per week were calculated by the
sum of vigorous minutes multiplied by a factor of 2 plus the
number of moderate minutes. The Active Australia Survey has
good reliability and good validity compared with accelerometry
and was found to be responsive to change in clinical trials
[40,41]. Furthermore, it has been used in a number of physical
activity trials with mothers [42,43].

Secondary Measures and Study Evaluation

We collected a self-report of weight. We assessed psychosocial
measures specific to physical activity, which included social
support for physical activity and physical activity self-efficacy
[42,44,45]. We used Patient-Reported Outcome M easurement
Information System (PROMIS) short form measuresfor anxiety,
sleep disturbance, depression, and fatigue, and converted
summary scores into standardized T-scores [46]. PROMIS
T-scores are a standardized score based on amean of 50 and a
standard deviation of 10 using the reference population of a
sample of the 2000 General Census [47-50]. We assessed
participant adherence by monitoring their session attendance
per week throughout their 8-week participation. Adherence took
into account holiday weeks; the rate for the week excluding the
holiday was applied to the whole holiday week. Acceptability
was assessed through survey eval uation questions administered
to participantsin the intervention arm at the end of the study.

Statistical Analysis

We used an intention-to-treat analysis. We analyzed all women
who completed baseline and 8-week surveys (complete cases)
according to their randomization status. On the basis of our a
priori hypothesisthat inactive women would benefit most from
the study, we analyzed results for all women who completed
8-week surveys, followed by an analysis stratified by whether
women met CDC aerobic guidelines (150+ minutes of MV PA
per week) at baseline. We used linear regression to compare
changes in minutes per week of physical activity from baseline
to 8 weeks across randomized armsfor the following categories:
MV PA, moderate, and vigorous minutes per week. Weincluded
thefollowing additional covariatesin our model: baselinevalue
of the outcome and the timeslot at which women choseto join
their sessions. Time was included as an 8-part variable (time
dotsfrom 6:00 AM to 9:30 AM PST) and included in the model
using dummy variables. We did not include time as a covariate
in models for women who met activity guidelines due to
inadequate sample size. We used these same linear regression
models and covariates to analyze secondary outcomes of
changes in weight and psychosocial measures. We assessed
recruitment and retention rates, adherence (measured by
attendance of video sessions in the intervention arm), and
acceptability (through questionnaire feedback from intervention
participants). We carried out 4 sensitivity analyses for inactive
and all mothers for the physical activity outcome measures of
MVPA, moderate, and vigorous minutes per week. They
included omitting time from the model, adjusting for total
number of children which wasimbalanced at baseline, replacing
missing values assuming no change from baseline, and finally
a“worst case scenario” where we replaced missing valueswith
the respective randomization arm mean plus astandard deviation
for control participants and minus a standard deviation for
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intervention participants. Our sample size was estimated based
on informal pilot data where we found an average increase of
30 minutes per week (standard deviation of 15 minutes per
week) in 5 adherent participants over 8 weeks using a single
intervention arm. We calculated that we needed at least 32
participants to have 80% power (with alpha=0.05) to detect a
20-minute difference in MVPA minutes per week between
randomization arms if attrition was less than 10%, and we
assumed an increase of 10 minutes per week in the control arm.
As we found that it was feasible to recruit more participants
during the planned recruitment period, we exceeded the
minimum number of participants we aimed to enroll based on
these sample size calculations.

Results

Participant Characteristics

We randomized 64 participants who were recruited over 5
months (July 2016-November 2016), 30 were allocated to the
intervention and 34 to the control arm (Figure 1). All participants
completed baseline surveys in which the majority reported not
meeting CDC activity guidelines (54/64, 84%). At the 8-week
follow-up time (October 2016-January 2017), 3 out of 64
participants were unable to be contacted, 2 from the control arm
and 1 from the intervention arm, resulting in an overall loss of
5% for al participants (in analyses stratified by baseline activity,
this equated to a6% (3/54) loss for the inactive group, to which
all 3 missing participants belonged). Participantswith complete
data (n=61) were included in analyses of primary, secondary,
adherence, and feasibility outcomes.

The mean age of al women enrolled in thetrial (n=64) was 37
years, and on average, they had less than 2 children (Table 1).
Participants were predominately married, white, and had ahigh
level of education, the majority with a post-graduate degree.
Most women worked full-time or part-time jobs.

Physical Activity

Mothers in the intervention arm (n=29) increased their mean
number of MV PA minutes per week by 42.2 (95% CI -11.3to
95.7, P=.12) more minutes than mothers in the control arm
(n=32), adjusted for baseline MVPA minutes per week and
group time dlot (Table 2). The intervention arm mothers
increased moderate activity by 13.8 (95% CI -4.8 to 32.4,
P=.14) more minutes per week and vigorous activity by 13.2
(95% CI -7.3to 33.8, P=.20) more minutes per week.

Mothers who were inactive at baseline (n=51) increased their
MV PA minutes per week by 50 (95% CI 4.0- 95.9, P=.03) more
minutes in the intervention arm (n=23) compared with the
control arm (n=28; see Table 2 and Figure 2). Inactive mothers
at baseline assigned to the intervention arm increased their
vigorous minutes per week by a net 19 (95% CI 3.2- 34.8,
P=.02) minutes compared with the controls and increased their
moderate activity minutesby 9.7 (95% CI -11.3t0 30.7, P=.36)
min. In contrast, we found no statistically significant differences
in physical activity outcomes across armsin motherswho were
active at baseline (n=10).
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Post Hoc Sensitivity Analysis

Our sensitivity analyses indicated that our physical activity
models for al and inactive mothers were neither sensitive to
omitting exercise time dot as a covariate in the model nor to
various strategies for imputing the values of missing data (n=3,
see Methods for a description of the imputation approaches).
However, the estimated effect of treatment on MV PA ininactive
women was attenuated and no longer statistically significant
after adjustment for how many children women had, a baseline
variable which was imbalanced across randomization arms.
Women had more children in the control arm, and having
additional children was independently associated with lower
activity levels. However, the significant treatment effect on
vigorous activity in inactive women was not sensitive to
adjustment for thisimbalancein number of children acrossarms
(Multimedia Appendix 4).

Secondary Outcomes

We examined changes in several secondary outcomes: weight,
social support for physical activity, physical activity
self-efficacy, and 4 health-related quality of life measures (Table
3). Among women who were inactive at baseline, the
intervention arm lost 2 (95% CI —4.2 to 0.2) more kilograms

Mascarenhas et al

than the control arm (P=.07). Social support for physical activity
increased more for women in the intervention arm than in the
control arm (P=.04). The difference in physical activity
self-efficacy changes across trial arms was not statistically
significant (P=.80).

Women in the intervention arm compared with the control arm
did not experience satistically significant changes in the
health-related quality of life measures of sleep, anxiety, fatigue,
or depression acrossthe 8 weeks. In stratified analyses, inactive
women had a greater decrease in their depression score, a
statistically significant difference of —3.8 (95% CI -7.0t0 -0.6,
P=.02).

Adherence and Acceptability

Women in theintervention arm (n=30) attended 2.8 group video
sessions per week on average for over 8 weeks. The attendance
had a standard deviation of 1.17 and a skewed distribution with
amedian of 3.5. Participants attended 3.3 sessions per week in
thefirst half of the study and 2.4 sessions per week in the second
half. Moreover, 5 participants from the intervention arm did not
complete the entire 8 weeks, though all, except 1, completed
end-of-study assessments. Women reported multiple reasons
for noncompletion, including work, ill health, and lack of sleep.

Figure 1. Participant flow diagram. One participant declined to participate after randomization to the intervention arm, and that same participant did
not complete end-of-study assessments. For our main analysis, we included complete cases (n=61); we also completed 2 sensitivity analyses to assess
the possible effects of missing data that included all randomized participants (n=64).

Assessed for eligibility (n=285)

Excluded (n=221)
-Did not meet inclusion criteria: 69
-Did not complete screening call,
baseline survey, or video call: 121
-Declined to participate: 31

Randomized

(n=64)

Allocated to intervention (n=30)
-Received intervention: 29
-No intervention received: 1

Allocated to control (n=34)
-Received control: 34

l

|

Lost to follow-up (n=1)
-Unable to recontact: 1

Lost to follow up (n=2)
-Unable to recontact: 2

|

l

Analyzed (n=29)
-Excluded from analysis: 0

Analyzed (n=32)
-Excluded from analysis: 0
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Table 1. Baseline characteristics.

Characteristic Control (n=34)2 Intervention (n=30)2
Mother’s age in years, mean (SD) 36.8 (6.5) 37.3(4.0)

Children’s age in years, mean (SD) 25(1.9) 29(21)

Number of children, mean (SD) 1.8(0.8) 1.4(0.5)

Marital sIatusb, n (%)

Married or living as married 29 (88) 28 (93)
Never married 3(9 1(3.3)
Separated or divorced 1(3) 1(3)
Race ethnicity, n (%)
African American 1(3) 1(3)
Asian 4(12) 3(10)
Latina 0(0) 1(3)
Middle Eastern 2(6) 0(0)
Two or more races® 5(15) 4(13)
White 22 (65) 21 (70)
Employment, n (%)
Full time 17 (50) 18 (60)
Not employed 9(27) 4(13)
Part time 7(21) 6 (20)
Student 1(3) 2(7)
Education level, n (%)
Some college 1(3) 1(3)
Bachelor degree 9(27) 10(33)
Post college degree 24 (71) 19 (63)
Currently breastfeeding, n (%) 15 (44) 12 (40)
Physical activity in minutes per week, mean (SD)
Moderate to vigorous 59.1 (80.1) 89.5 (112.5)
Vigorous 13.5(29.6) 24 (44.8)
Moderate 32.1(38.2) 415 (50.3)
BMI19 (kg/em?), mean SD) 24.1(3.3) 25.6 (4.6)
Physical activity measuresin score, mean (SD)
Physical activity self-efficacy 3.5(0.7) 3.6 (0.7)
Physical activity social support 2.0(0.6) 2.1(0.8)

PROM I S® measuresin T-scoref, mean (SD)

Depression 48.2 (6.8) 48.7 (7.6)
Sleep 57.7 (7.6) 57 (6.9)

Fatigue 60.0 (8.7) 59.4 (6.0)
Anxiety 50.4 (9.2) 51.9(7.9)

A\e used stratified randomization (time and baseline activity status), which resulted in intervention and control arms of unequal sizes.
bone person (from control arm) chose not to answer.

CRace/ethnicity—Two or more races category includes the following (n): Latina/white (1), Latina/Middle Eastern (1), Middle Eastern/white (3),
Asian/white (2), American Indian/white (1), Mixed race-not specified (1).

dBMmI: body mass index.
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®PROMIS: Patient-Reported Outcome Measurement Information System.
fSee Methods for scori ng of PROMIS measures

Table 2. Changesin minutes of physical activity over 8 weeks by randomization arm and differences in changes across randomization arms.

Outcome measures 8-week changein physical activity minutes per week? (95% Cl) Difference acrossarmsin 8-week P value

. changes®” (95% Cl)
Control arm Intervention arm

All mothers (n=61)

MVPAS -7.3(-43.71029.2) 34.9(-3.41073.2) 422 (-11.31095.7) 12
Vigorous 0.9 (-13.0t0 14.9) 14.2 (-0.5 0 28.8) 132 (-7.3t0 33.8) 20
Moderate -8.2(-21.0t0 4.5) 5.6 (-7.810 19) 13.8 (-4.8t0 32.4) 14

I nactive mother s (n=51)

MVPA® 15(-29.3t032.2) 51.4 (17.5-85.4) 50.0 (4.0-95.9) .03
Vigorous -0.1(-10.7 to 10.4) 18.9 (7.2-30.5) 19.0(3.2-34.8) .02
Moderate 2.8(-11.2t016.8) 12.5(-3t027.9) 9.7 (-11.3t0 30.7) .36

Active mothers (n=10)

MVPAC -9.1 (2040 185.8) -68.1 (-225.5 t0 89.3) -59.0 (-315.9 to 197.9) .60
Vigorous 10.8 (-81.8t0 103.3) -5.5(-81.0to 70.0) -16.3 (-135.9t0 103.3) .76
Moderate -65.3 (-110.6 to —20.0) -34.0 (-70.5t0 2.5) 31.3(-28.7t091.3) 26

3Adjusted for baseline value of outcome and exercise time slot of choice for al mothers and inactive mothers. Adjusted for baseline value of outcome
for active mothers.

bDifference of the withi n-group change for intervention versus control arm.
°MVPA: moderate to vigorous physical activity.

Figure 2. Moderate to vigorous physica activity (MVPA) minutes per week at baseline and 8 weeks for inactive (n=51) and active (n=10) women.
MVPA minutes are calculated as follows: moderate minutes+(2xvigorous minutes). Unadjusted minutes of MVPA per week at baseline are in dark
gray and at 8 weeksin light gray.

Inactive mothers Active mothers
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Table 3. Differences across randomization arms in changes in secondary outcomes over 8 weeks.

Outcome measures All mothers (n=61)

Treatment effect? P value

(95% Cl)

Inactive mothers (n=51) Active mothers (n=10)

P value P value

Treatment effect?
(95% Cl)

Treatment effect®
(95% CI)

Weight loss (kg) -1.6 (-3.7t00.6) A5

Physical activity social support® 0.3(0.0-0.6) .04
Physical activity self efficacy® 0.0(-0.3t00.2) .80

PROM IS measures

Depression® -30(-59t00.0) .05
Sleep disturbance® -1.3(-38t01.2) .32
Fatigue® -11(-51t028) .57
Anxiety® -11(-45t1022) .50

-20(-421002) .07 -26(-1821012.9) .69

0.2(-0.1t0 0.5) 15 0.9(0.1-1.7) 04
-01(-03t002) 71 0.0 (-0.6 10 0.6) 87
-38(-7.0t0-06) .02 25(-7210123) 56
-12(-40t016) .40 -03(-81t07.6) .94
-16(-561025) .44 05(-135t0145) .93

-13(-52t027) 52 1.6(-65t09.7) 66

3adjusted for baseline value of outcome and exercise time slot of choice.
bAdj usted for baseline value of outcome for active mothers.

®Higher scores indicate a more optimal outcome.

dPROMIS: Patient-Reported Outcome Measurement Information System.
€ ower scores indicate amore optimal outcome.

Textbox 1. Satisfaction with the Moms Online Video Exercise (MOVE) intervention—participants qualitative survey assessments.

Thingswe liked best

o “That it got me doing SOMETHING physical which | realy, really needed.”

o "I liked having the time set out for me to do the workout and having other people ‘ keeping me company.” That was a HUGE motivator.”

«  “Creating astructured time for myself and following through.”

«  “Loved the group motivation.”

«  “Working out from home, having accountability, the “come as you are” mentality, the other gals were great!”
« “l discovered that 15 minutes of morning exercise made my body feel better immediately and often for the rest of the day.”

. “Theworkouts. You really can notice results with 15 minutes per day.”

« “The'live nature of the sessions.”

«  “Knowing that there were other moms in the same boat as me.”

«  “Having aprogram to participate in created more support from [my] partner around exercise.”

Things we would change

«  “Someway to help push yourself to increasingly challenging programs in a measured way.”

«  “Moreworkout options”
o “Offer moreflexibility in the time”

«  “Better introductions when a new person starts.”

« “Itwould be niceto be able to join alater group if we can’t make our regularly scheduled group.”

The mgjority of mothers (86%) expressed satisfaction (extremely
or somewhat satisfied) with the intervention. All mothers said
they would recommend it to afriend, either certainly (96%) or
maybe (4%). Mothers reported that the most significant impact
from their participation wasincreasing their fitnesslevels (36%),
being a good role model for their kids (14%), improving mood
(11%), and feeling better about their body (7%). The most
frequently (sometimes and often) used appsand YouTube videos
included Sworkit, Yoga YouTube videos, Johnson and Johnson,

http://www.jmir.org/2018/5/e179/

RenderX

and Nike+. All women reported feeling abenefit after sessions,
for example, “energized,” “great!,” and “proud.” A little less
than half of the women in the intervention arm (42.9%) reported
increasing their activity levels outside of the study and described
these increases as. “ The kids wanted to start doing more yoga
(Cosmic Kids on YouTube) and dance parties as afamily” and
“1 had more energy to do other activities throughout the day.”
Most women reported that their biggest barriers to attendance
were lack of deep, family commitments, and work
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commitments. Most women (78%) reported in the survey that
their commitment to the group and the expectation that others
would be there and rely on them being present were the main
motivators to attending sessions. In open survey responses to
why participants liked the study, most listed social support,
accountability, and convenience as their favorite features, as
well as ones they would like further strengthened in future
iterations of the program (Textbox 1).

Discussion

Summary of Results

The MOVE tria assessed an exercise group intervention using
videoconferencing and mobile appsfor mothers over an 8-week
period through arandomized controlled design. Theintervention
was feasible and acceptable to participants. There was a trend
toward increasing MVPA, moderate, and vigorous minutes of
physical activity per week for all women, although thisdid not
reach statistical significance. As hypothesized, women in the
prespecified stratum who were inactive at baseline statistically
significantly increased their MVPA minutes by an average of
50 minutes per week more in the intervention arm. A
corresponding statistically significant increase of 19 minutes
of vigorous activity drove the increase in total MV PA minutes
per week for inactive women.

Feasibility and Acceptability

Digital tools were the driving force behind the feasibility and
acceptability of thisintervention. Recruitment, enrollment, data
collection, and intervention delivery were all conducted remotely
using technology, which was convenient for participants and
study staff. Programs that can adapt to the individual context
of their participants and onesthat provide strong social support
have proved effective at increasing physical activity [20,21].
Thedigital toolswe used helped us address individual needs of
participantswhile creating asocially supportive exercise space.
Mobile apps allowed participants to choose short, and often,
vigorous workouts, which could be customized to individual
abilities and interests. Using mobile exercise apps provided
participantswith away of efficiently exercising without having
to make maor changes to their existing routines. \Women
exercised from the convenience of their home at the time of
their choosing, usually alongside their children. The
videoconferencing tools hel ped create a supportive socia group,
which enabled women to check in face-to-face regularly, and
facilitated accountability. Simultaneous exercise sessions also
provided asense of solidarity, even when theindividual exercise
routines were not coordinated within groups.

The participants enthusiasm for the program was important in
the early recruitment efforts, where participants shared study
advertisements with multiple types of mother support group
networks, and in the retention of participants who almost
uniformly filled out end of study surveys, evenif they no longer
were ableto participatein sessions. Many physical activity trials
for mothers require fairly high time commitments from
participants, primarily through coaching and education in person
[43,51,52], remotely via telephone and texts [53,54] or both
[55]. Participants' timein this study went almost entirely toward
exercising. Participants reported a strong appreciation for the
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convenience and flexibility of the intervention, which are
particularly important features for mothers of young children
who report feeling overwhelmed and unable to prioritize their
own self-care [15,17-19,56]. Accordingly, our retention rates
of 94% to 95% were higher than rates for 2 comparable
technology trials on physical activity with mothersat equivalent
time points of 86% at 1 month [53], 87% at 13 weeks[55], and
among the highest of physical activity trials with mothers
[43,51,52,54]. The high feasibility and acceptability of thistrial
has implications for future Internet physical activity trials
targeting mothers.

Effectiveness

Randomized trials of physical activity with mothers have mixed
results. Sometrials havefound statistically significant increases
in physical activity [43,51-53,55], whereas others report
nonstatistically significant changes [54]. There is great
heterogeneity in the types of interventions delivered and even
inconsistency in the definition of MVPA. Some studies use a
simpleequation [moderate + vigorous= MV PA], whereas others
use a vigorous enhanced equation [moderate + vigorous x 2 =
MVPA] as used in these analyses. Moreover, 2 comparable
randomized technology trias of physical activity with mothers
that incorporated technology found statistically significant
increases in MVPA minutes in the range of the increases we
found in inactive women [53,55]. One tria that utilized a
physical activity website with resources, pedometers, and
telephone counselors to provide motivational interviewing to
help mothers incrementally work up to a goal of 150 MVPA
found an increase of 92 MV PA minutes per week for mothers
of babies 3+ months comparable with our difference of 50
MV PA minutes per week using the vigorous enhanced equation;
asecond trial that had mothers set their own exercise goalsand
provided support in meeting these goals over 13 weeks via
individually tailored text messages found an increase of 49
MV PA minutes per week comparable with our difference of 30
MVPA minutes per week using the ssmple equation. These 2
studieswere larger and longer and they differed from this study
in that they had a large coaching component, did not include
any group social support, and did not use apps or
videoconferencing tools. Changesin vigorous minutes were not
disaggregated from MV PA minutes per week in either of these
studies.

Secondary Findings

In addition to the increases in physical activity, we observed
improvements in several secondary measures. Social support
specific to physical activity increased for mothersin this trial.
Mothers have auniquely challenging set of barriersto physical
activity. Our participants reported that they were motivated to
show up for one another (social support), and the presence of
other mothers re-enforced their own capacity to exercise
consistently (self-efficacy). We observed a statistically
significant decrease in depression among inactive women in
the intervention arm across the trial period. The increases in
physical activity and social support that we observed could both
contributeto decreased depression [4,57]. These are mechanisms
that could be tested individually and synergistically in future
trials.
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Limitations

Our digital tools helped create an efficient recruiting process;
however, our recruitment and enrollment strategiesand inclusion
criteriaresulted in a sample that was not representative of the
United States population. Our requirements of completing a
phone call, survey, and a practice video session before
randomization could have produced a sample that was more
adherent than the general population. Furthermore, recruitment
strategies that targeted mothers' groups through Facebook and
email aswell astheinclusion criteriathat required an ability to
own and use 2 deviceswhile potentially caring for achild could
have contributed to our sample consisting primarily of women
who were highly educated, married, white, of an older age at
first child, and typically lived in large cities on the West Coast.
Futuretrials are needed to test whether thistype of intervention
could be replicated in a more diverse population.

We relied on a self-report measure of physical activity, which
though validated and widely used, could have introduced bias.
Participants and investigators were not blinded to their
randomization status, which could have aso introduced bias.
Our sample size limited our ability to fully explore the
differencesin outcomes by baseline activity status. In particular,
the group of mothers who were physically active at baseline
was quite small (n=10). Although our results clearly suggest
that this type of intervention is most likely to benefit mothers
who are inactive, it would be premature to conclude, based on
our data, that this approach does not benefit all mothers.

In post hoc sensitivity analyses, we found that our model was
neither sensitive to the removal of exercise time slot nor to 2
imputation strategies to address missing data. However, we did
find that our results for MVPA among inactive women were
sensitive to adjustment for number of children, which was
imbalanced at baseline. In contrast, resultsfor vigorous activity
retained statistical significance, suggesting that our intervention
may be most effective at increasing higher intensity activity.
Although theimbal ance resulted by chancein thissmall sample,
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stratification of the randomization by number of children could
be worth exploring in future studies in this population.

We were unable to test a longer intervention due to limited
resources, and we could not assess whether the intervention
effect could be maintained over alonger time dueto our waitlist
design. In addition, we were unable to fully disentangle the
impact of videoconferencing separate from theimpact of mobile
apps. The waitlist group participated in a required initial
videoconferencing session using a mobile app and was given
accessto the recommended list of apps, which suggeststhat the
videoconferencing drove the difference between randomization
arms; however, the intervention arm additionally had a specific
prescription of exercise as well as support and monitoring by
study staff to meet the prescription, which limits our ability to
attribute any differences solely to videoconferencing.

Conclusions

This study suggests that technology can be used to create an
individualized physical activity intervention with social support
using a scalable and cost-effective delivery mechanism for
mothers. Thereisgreat excitement in the use of new technology
to solve old problems; however, often new technology alone
cannot overcome the barriers to behavior change. We utilized
technology to deiver evidence-based components of
individualization and social support in a physica activity
program that was convenient and compelling for our busy
participants. To our knowledge, this is the first study that
examines the use of videoconferencing paired with exercise
mobile apps to create exercise groups. We found that using
videoconferencing and mobile apps was a feasible and
acceptableway to deliver aphysical activity group intervention
for mothers. Furthermore, we showed our intervention increased
physical activity ininactive mothers. Further studies are needed
to better establish how long these changes in physical activity
can be maintained and whether these findings can be reproduced
in amore diverse popul ation.
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Abstract

Background: Noncommunicable diseases (NCDs) account for 70% of all deathsin ayear globally. The four main NCDs are
cardiovascular diseases, cancers, chronic pulmonary diseases, and diabetes mellitus. Fifty percent of persons with NCD do not
adhereto prescribed treatment; in fact, adherenceto lifestyle interventionsis especially considered asamajor challenge. Smartphone
apps permit structured monitoring of health parameters, as well as the opportunity to receive feedback.

Objective: Theaim of this study wasto review and assess the effectiveness of app-based interventions, lasting at |east 3 months,
to promote lifestyle changesin patients with NCDs.

Methods: InFebruary 2017, aliterature search in five databases (EMBASE, MEDLINE, CINAHL, Academic Research Premier,
and Cochrane Reviews and Trials) was conducted. Inclusion criteria was quantitative study designs including randomized and
nonrandomized controlled trials that included patients aged 18 years and older diagnosed with any of the four main NCDs.
Lifestyle outcomes were physical activity, physical fitness, modification of dietary habits, and quality of life. All included studies
were assessed for risk of bias using the Cochrane Collaboration’s risk of bias tool. Meta-analyses were conducted for one of the
outcomes (glycated hemoglobin, HbA ;) by using the estimate of effect of mean post treatment with SD or Cl. Heterogeneity

was tested using the 1 test. All studiesincluded in the meta-analyses were graded.

Results: Of the 1588 records examined, 9 met the predefined criteria. Seven studies included diabetes patients only, one study
included heart patients only, and another study included both diabetes and heart patients. Statistical significant effect was shown
in HbA . in 5 of 8 studies, as well in body weight in one of 5 studies and in waist circumference in one of 3 studies evaluating

these outcomes. Seven of the included studies were included in the meta-analyses and demonstrated significantly overall effect
on HbA ;. on a short term (3-6 months; P=.02) with low heterogeneity (1=41%). In the long term (10-12 months), the overall
effect on HbA ;. was statistical significant (P=.009) and without heterogeneity (1°=0%). The quality of evidence according to
Grading of Recommendations Assessment, Devel opment and Evaluation was low for short term and moderate for long term.
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Conclusions:

Lunde et al

Our review demonstrated limited research of the use of smartphone apps for NCDs other than diabetes with a

follow-up of at least 3 months. For diabetes, the use of apps seems to improve lifestyle factors, especially to decrease HbA ..
More research with long-term follow-up should be performed to assess the effect of smartphone apps for NCDs other than

diabetes.

(J Med I nternet Res 2018;20(5):162) doi:10.2196/jmir.9751
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smartphone; telemedicine; noncommunicable diseases; lifestyle; diet; exercise

Introduction

Noncommunicable diseases (NCDs) account for as much as
70% of al deaths globaly [1]. The four main NCDs are
cardiovascular diseases (CVDs), cancers, chronic pulmonary
diseases, and diabetes mellitus (DM), which all share the same
behavioral risk factors. physical inactivity, unhealthy diet,
tobacco use, and harmful use of alcohol [1]. Lifestyle changes
toward amore healthy behavior are of great importance in both
prevention and treatment of these NCDs [2-5].

Adherence to treatment isthe most important modifiable factor
that compromises treatment outcome. Traditionally, adherence
has focused on medication, which alsoisreflected in the World
Health Organization's (WHO) definition of adherence; “the
extent to which the patient follows medical instructions’ [6].
However, adherence a so encompasses numerous health-rel ated
behaviors such as smoking cessation and changes in physical
activity (PA), exercise, or diet, which are considered asamajor
challenge in treatment of NCDs [6]. Usually the interventions
designed to promote healthy behavior are conducted as
face-to-face modes of delivery, and their mainly short-term
effectiveness has been extensively documented in a number of
systematic reviews [7-10]. One reason of the inconclusive
long-term results are probably lack of systematic follow-up and
monitoring, which are crucial elements of all effective health
behavior change [11].

Feedback seemsto be essential for successin behavioral change
[12]. Modern technology such as electronic devices permits
structured monitoring of important health parameters and
follow-up of patients with NCD [13]. A meta-analyses
(n=43,200) documented that mixed mode of delivery
interventions where traditional behavioral change techniques
(BCTs) were used together with dedicated digital tools were
more effective than traditional techniquesfor behaviora change
alone[12]. Another meta-analyses (n=20,000) supportsthisand
concludes that tallored Web-based interventions was
significantly more effective in improving heath outcomes
compared with nontailored Web-based interventions [14].
Although several interventions such as Web portals, SM S text
messaging (short message service, SMS), and phone calls to
improve health for patients with NCDs are promising [15-19],
smartphone technology has been emphasized because of its
possibility to monitor and follow-up patients' heath from
anywhere at any time [20].

Thus, the purpose of this systematic review wasto examinethe
effectiveness of interventions with smartphone apps, lasting at
least 3 months, to promote lifestyle changes such asPA, physical

http://www.jmir.org/2018/5/e162/

fitness, modification of dietary habits, and quality of life (QoL)
in patients with NCDs.

Methods

Reporting Standards

This systematic review and its procedures were planned,
conducted, and reported in accordanceto the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidance. Thereview protocol wasregisteredin the International
Prospective Register of Systematic Reviews, registration number
CRD42017057796.

Inclusion Criteria

Randomized and nonrandomized clinical trialswith aminimum
of 3-monthsfollow-up that eval uated the effect of interventions
with apps aiming to monitor PA and/or dietary habits were
considered for inclusion. Patients had to be aged 18 years or
above and diagnosed with CVD, cancer, chronic pulmonary
disease, or DM. Case series with 10 or less participants were
not included. If change of lifestyle was not the main goal of the
intervention, studies were excluded. Due to limited resources
for trandation, the review was restricted to publications in
Norwegian and English.

Outcome M easures

Primary outcomes of interest were PA, physical fitness,
modification of dietary habits, and/or QoL. Regarding PA and
physical fitness, the following measures were considered
relevant: steps, self-reported minutes in activity, self-reported
minutes of exercise, maximal oxygen consumption, 6-minwalk
test, shuttle walk tests, and submaximal physical fitness tests.
Regarding effect on modification of dietary habits, measures
included body weight, body mass index (BMI), waist
circumference, and glycated hemoglobin (HbA,.). Both generic
and disease-specific QoL questionnaires were evaluated.

Search Strategy

Five databases (EMBASE, MEDLINE, CINAHL, Academic
Research Premier, and Cochrane Reviews and Trials) were
systematically searched for relevant studies with help from a
research librarian. Boolean operators were used to expand,
exclude, or join keywordsin the search using theterms“AND”
and “OR.” Articles published before February 23, 2017 in
English were included in this systematic review. The search
strategy of each database islisted in Multimedia Appendix 1.
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Selection of Studies

Figure 1 showsthe PRISMA flowchart of reviewed and included
studies.

The first author conducted the database search assisted by a
research librarian. After conducting the search, duplicateswere
removed, and 2 authorsindependently reviewed title and abstract
of al studies. We kept relevant reviews to hand screen the
referencelistsin case somearticlesgot lost in theinitial search.
Disagreements between the two authors conducting thetitle and
abstract review were discussed until a consensus was reached.
All the studies that met the inclusion criteria went through a
full-text screening process by two reading pairs. Thefirst author
reviewed all the studies. In the full-text screening phase, we
hand screened the reference lists of al reviews, and we also
screened the study characteristics of theincluded studiesin the

Lunde et al

reviews. Additional studies were identified for inclusion to
full-text screening. In case of disagreement in this phase, the
other reading pair contributes to achieve consensus. In case of
uncertainty related to the intervention used in some of the
studies, we contacted authors. In addition, phone developers
own description was used if there was any uncertainty whether
the phones were smartphones or not.

The first author extracted data from the studies. In studies with
morethan oneintervention arm, datafrom the most intervening
arm were extracted [21,22]. This was done to make the
interventions in the different studies as homogeneous as
possible. Data extracted from the studiesincluded authors, year,
country, study design, patient group (sample size and disease),
inclusion criteria, details of the interventions, outcomes, and
results.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of reviewed and included studies.
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Figure 2. Risk of biaswithin studies.
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. Collaboration’srisk of bias tool [23]. Again, the other reading
Quality Assessment pair assisted to reach consensusif necessary. Regarding scoring
In total, five reviewers (two reading pairs and first author the different studies with respect to “selective reporting,” we
reading all papers) independently assessed each included study  followed the judging criteria given by Cochrane Collaboration
for risk of bias (high, low, or unclear) using the Cochrane  and read all protocols available in clinical trials or in journals
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if published. The results of the risk of bias assessment were
then exported to the software RevMan, version 5.3 [24] to create
visual representation of the publication (Figure 2). Difficulty
in scoring some of the studies was handled by reading the
protocol if published, either in paper or in Clinical Trialsand/or
by contacting study authors.

Data Synthesis and Statistical Analyses

After the first author had extracted data from the studies, al
authors evaluated the preliminary results of the review.
Meta-analyses were performed based on sufficient homogeneity
across most of theincluded studieswith regard to disease (DM)
and primary outcome (HbA ;). One meta-analysisfor short-term
effect (3-6 months) and onefor long-term effect (10-12 months)
were performed. In the end, all studies included in the
meta-analyses were evaluated using the Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) [25].

Meta-analyses were conducted by using estimate of effect of
mean posttreatment HbA . values for both intervention and
control group with SD. In studies where mean change were the
only presented result [26,27], we used thisin addition to SD for
both groups. If only Cls were presented, we calculated SD. In
one study [27], both adjusted and nonadjusted estimate of effect
were presented. We chose to use the adjusted estimate as authors
reported this as results. To carry out the meta-analyses, we
pooled studies based on length of the interventions.
Heterogeneity was tested using the 12 test. Forest plot were
constructed to visualize the results. All analyseswere performed
with RevMan version 5.3 software, with double entry of the
estimate of effect.

Results

Study Selection

Our search resultsare summarized inthe PRISMA flow diagram
(Figure 1). A total of 1588 studies were identified. Duplicates
were removed, leaving 1228 studies to screen. After screening
title and abstracts, 1181 papers were excluded for not meeting
the inclusion criteria, leaving 47 studies for full-text review.
On the basis of the full-text review, 6 studies were included in
this review. From ahand search of review paper references and
study characteristicsin thereviews, an additional 5 studieswere
identified as potentially eligible, of which 3 studies were
included. In total, 9 studies were included in the systematic
review and 8 were eligiblefor meta-analysis[21,22,26-31]. One
study [28] was not included in the meta-analysis because of
poor outcome reporting and lack of response on email.

Study Characteristics

The characteristics of theincluded studiesare presented in Table
1. Six of the included studies included patients with DM type
2 only [21,22,27-30]. One study included both type 1 and type
2 DM [31], 1 study included patients with DM type 2 or CVD
(ischemic heart disease and/or heart failure) [26], and 1 study
included patients with myocardial infarction [32]. Four studies
were carried out in Europe [21,26,27,32], 3 in North- and East

http://www.jmir.org/2018/5/e162/

Lunde et al

America [22,28,30], and 2 in Asia [29,31]. Study duration
ranged from 3 months to 1 year of follow up; 3 months (n=3)
[28,29,31], 6 months (n=2) [30,32], 10 months (n=1) [27], and
1 year (n=3) [21,22,26]. All the included studies had a control
group, where 6 studies involved “usual care” or “standard
medical care” as control. Two of the included studies gave the
control group part of the intervention, whereas one of them
received a simplified smartphone app with drug adherence
e-diary [32], and the other received health coaching [30]. One
study did not describe what the control group received [28].

Intervention Characteristics

An overview of the characteristics of the interventions used in
included studiesis presented in Table 2. All theincluded studies
[21,22,26-32] used appswhereit was possible to register blood
glucose data. All studies had registration of lifestyle factors,
whereas 6 studies registered exercise and/or PA in the app
[21,26,27,29,30,32] and/or registration of dietary habits
[21,22,28-31]. Patientsin al studies monitored themselves on
lifestyle factors and clinical measurements. In 7 of the studies
[22,26-31], health personal and/or researchers monitored them
as well. Patients received feedback based on what they had
registered in the app, whereas 4 of the studies had automatic
feedback [21,22,28,32], 3 studies had individualized feedback
[26,30,31], 1 study had automatic feedback and individualized
if warranted [27], and 1 study had both automatic and
individualized [29]. In 6 of the included studies, they had
additional support to the app [21,22,26-28,30]; however, the
app was the main part of the intervention.

Risk of Bias Within Studies

There was high risk of biasin all the included studies (Figure
2).

Six of the studies were registered in clinica trials
[21,22,26,30-32]. All of them reported on more outcomes than
registered. The additional outcomes were not exclusively
positive. The reason might be not updating the study protocol
rather than selective outcome reporting. Therefore, they got
“low risk of bias” on “selectivereporting” score. The three other
studies were neither registered in clinical trials nor published
elsewhere [27-29]. However, the published reportsincluded all
expected outcomes, and therefore, they wereall given “low risk
of bias’”

Effects of Smartphone App

An overview of effects of apps on lifestyle factors including
physical fitness, PA, modification of dietary habits, and QoL
ispresented Table 1. Five of 8 studies evaluating HbA ;. reported
statistical significant differences between groupsin favor of the
intervention groups [22,27-29,31]. One of 3 studies evaluating
waist circumference reported a statistical significant effect
between groups in favor of the intervention group [26].
Additionally, 1 study reported a statistical significant within
group change for the intervention group [30]. One of 5 studies
evaluating body weight reported statistica significant
differences between groups in favor of the intervention group
[27], and 2 studies reported a statistical significant change in
body weight within the intervention groups [26,30].
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Table 1. Study characteristics.
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Intervention group (1G) or
control group (CG)

Outcomes of interest®

Results”

Reference (year), Study design and study Sample size; disease

country duration

Holmenetal (2014), 3-armrandomizedcon- N=151; Diabetesmel-

Norway [21] trolled trial (RCT), litus (DM) type 2
multicenter, 12 months

Johnston et & 2-arm RCT, multicen-  N=174; Myocardial

(2016), Sweden[32] ter, 6 months infarction

Karhulaet al (2015),
Finland [26]

2-arm RCT, 12 months N=519; Heart disease
patients (ischemic
and/or heart failure)

or DM type 2

Orsamaet a (2013),
Finland [27]

2-arm RCT, 10 months N=53; DM type 2

Quinn et al (2008), 2-arm RCT, multicen- N=30; DM type 2
Maryland, United ter, 3 months

States [28]

Quinnetal (2011), 4-armcluster RCT, 12 N=163; DM type 2
Maryland, United months

States [22]

Waki et a (2014),
Japan [29]

2-arm RCT, 3months ~ N=54; DM type 2

Wayne et a (2015),
Canada [30]

2-arm RCT, multicen-
ter, 6 months

N=131; DM type 2

IG 1: app to increase self-
management ; IG2: 1G 1
+ five health counseling
sessions by a diabetes
nurse; CG: usual care

|G: apptoregister informa-
tion about drug adherence,
exercise, weight, smoking,
blood pressure, low-densi-
ty lipoprotein cholesterol,
and blood glucose; CG:
simplified app with drug
adherence e-diary

|G: app with health coach-
ing and self-monitoring of
health parameters; CG:
usua care

|G: app for monitoring and
remote reporting of dia-
betes hedlth-related param-
eters, CG: usud care

| G: app with monitoring of
health parameters; CG: not
mentioned

|G 1: app alowing patients
to enter diabetes self-care
data. Web portal that aug-
mented the app. Health
providers had access to
analyzed patient data; 1G
2: as1G 1, but in the Web
portal, health providers
had access to unanalyzed
patient data; 1G 3: as1G 2,
but the health providers
had only access to patient
dataif the patients chose
to shareit; CG: usual care

|G: app aiming to increase
self-management; CG:
usual care, continue their
self-care regimen

IG: app monitoring health
parameters; CG: usual care
and health coaching

Glycated hemoglobin
(HbA;c), Weight,
Health-related quality
of life (HRQoL ; 36-
item short form sur-
vey, SF-36), Lifestyle
change (dietary and
physical activity)
Cardiovascular risk
(body mass index,
physical activity),
QoL (EuroQoL-5D)

HRQoL (SF-36),
HbA;. (in DM pa-
tients), Body weight,
Wiaist circumference

HbA; ., Body weight

HbA1 ¢

HbA

HbA1, Body massin-
dex (BMI)

HbA; ., Body weight,
BMI, Waist circumfer-
ence, QoL (SF-12)

No statistical differ-
ences between groups
(NS) in outcomesof in-
terest

NSin outcomesof inter-
est

Diabetics: Changein
waist circumference,
P=.01; IG: -2.03, 95%
Cl (-2.76 to —1.29),
CG: - 0.29, 95% ClI
(-1.47t00.9); NSin
other outcomes of inter-
est; Heart patients: NS
inall outcomes of inter-
est

Changein HbA 1,
P=.02, 1G: -0.4, 95%
Cl (-0.67 to -0.14),
CG: 0.004, 95% CI
(-0.35t00.36)-Change
in body weight, P=.02,
IG: -2.1 kg, 95% ClI
(-3.6t0-0.6), CG: 0.4
kg, 95% CI (-1.1to
1.9)

Changein HbA 4,
P=.04, IG: —2.03%,
CG: -0.68%

Changein HbA 4,
P=.001, 95% CI change
inlG: -2.3to-15, CG:
-11t0-0.3

Changein HbA 1,
P=.015, |G: —0.4%,
CG: 0.1%; NSin other
outcomes of interest

NSin outcomesof inter-
est.
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Reference (year), Study designand study Samplesize; disease  Intervention group (IG) or - oytcomes of interet®  Results?

country duration control group (CG)

Zhou et a (2016), 2-arm RCT, 3months  N=100; DM type 1 IG: app monitoring health  HbA;; Body weight, Changein HbA 1,
China[31] and type 2 parameters; CG: usual care  BM|, Waist circumfer-  P<.01, 1G: =1.95%,

ence

CG: -0.79%; NSin
other outcomes of inter-

est.

3utcome in italics indicate primary outcome in the study.

bResults are reported as difference between groups (P value) and as mean change in each group in accordance what is used by the authors.

Table 2. Intervention characteristics.

Smartphone app Additional
a
First author (year) Logging lifestyle Clinical measurements ~ Monitoring personnel Education or  Feedback Support
factors logging information
Holmen et a (2014) [21] b Blood glucose (BG) Patient g Automatic 013
Johnston et a (2016) [32] O Blood pressure (BP), BG, Patient O Automatic
Low-density lipoprotein
cholesterol, Weight
Karhula et a (2015) [26] O BP, Weight, BG (diabet- Patient, Health-coach a Individualized 0O (2,3)
ics) viatelephone
every 4-6
weeks
Orsamacet a (2013) [27] O BP, Weight, BG Patient, Study nurses a Automatic, In- 0 (2)
dividualized if
warranted
Quinn et al (2008) [28] O BG Research team, Patient, [0 Automatic 0(24)
Physician
Quinn et al (2011) [22] O BG Patient, Health care O Automatic 023
provider
Waki et a (2014) [29] O BG, BP, Weight Patient, Research team, Automatic, In-
Dietitian dividualized
Wayne et a (2015) [30] O BG, Mood Patient, Health coach Individualized 0O (1,3)
Zhou et a (2016) [31] O BG, BP Patient, Researchteam [ Individualized

#: Exercise advice; 2: Patient Web portal; 3: Telephone contact or coaching; 4: Email.
bCheck mark denotes characterigtic is present.

Effect of Smartphone App for Patients With Diabetes
With Regard to Glycated Hemoglobin

Seven studies were included in the quantitative synthesis; 3
studies evaluated the effect of apps on short term [29-31], and
4 studieson long term [21,22,26,27]. The overall effect on short
term was statistically significant (P=.02; Figure 3). The
heterogeneity was acceptable with 1% at 41%. The overall effect
on long term was statistically significant (P=.009) with no
heterogeneity (1=0%; Figure 4).

[21,22,26,27].
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The quality of evidence (GRADE) is presented in Table 3. The
quality of evidence in the included studies in short- and
long-term effect analysis was scored as low and moderate,
respectively. In the short-term effect analysis, the quality was
downgraded because of risk of bias and imprecision [29-31].
In thelong-term effect analysis, the quality was downgraded to
moderate because of imprecision in the estimate of effect
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Figure 3. Forest plot: short-term effect on glycated hemoglobin (HbA 1c).
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App Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI I, Random, 95% Cl
Waki 2014 BT 07 e 111 27 380%  -0.40[0.89,0.08] — &
Wayne 2015 7.a8 117 48 B3 1.27 49 385%  -0.25[0.74,0.24] —
Zhou 2016 791 1.58 A0 B.97 2.08 A0 235% -1.06[1.78,-0.34] - &
Total (95% CI) 125 126 100.0% -0.50 [-0.91, -0.08] e~
Heterageneity: TauF= 0.06; Chi*=3.41, df= 2 (P=0.18); F= 41% 5_2 51 3 15 25

Test far overall effect £= 2.34 (P = 0.02)

Figure 4. Forest plot: long-term effect on glycated hemoglobin (HbA 1¢).

Favours [app] Favours [control]

App Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Haolmen 2014 8 1.28 40 82 1.36 41 101% -0.20[-0.78, 0.38]
Karhula 20145 0.04 082 156 018 0.78 61 G0.8% -0.14 [0.37, 0,09 —
Orsama 2013 -04 0B 23 0.038 077 24 11.5% -0.44[-0.83,-004] e —
Quinn 2011 Ta 17 56 85 18 a1 TA%  -0.B0[F1.27,007] ' E
Total (95% CI) 275 177 100.0% -0.24 [-0.43, -0.06] -
Heterogeneity, Chif= 279, di=3 (P =042, F=0% 4 5 3 o' 1

Test for overall effect: 2= 2.62 (P=0.009)

Table 3. Quality of evidence of glycated hemoglobin (HbA ).

Favours [app] Favours [control]

Outcome Number of participants (number of studies)  Standardized mean differences (95% ClI) Quality of evidence (GRADE?)
HbA . short term 251 (3) -0.50 (-0.91 to -0.08) LowP®
HbAjclongterm 452 (4) —0.24 (-0.43 to -0.06) Moderate

8GRADE: Grading of Recommendations Assessment, Development, and Eval uation.
bDowngraoled because of risks of biases (such as attrition bias, blinding, and other bias).

“Downgraded because of imprecision (few participants, less than 300).
dDowngraded because of imprecision (variation in the estimate of effect).

Discussion

This is, to our knowledge, the first systematic review that
examines the effectiveness, for at least 3 months, of apps to
promote lifestyle changes for patients with NCD. Eight of 9
studies in this review were performed in persons with DM. In
this group, the app showed better effectiveness to improve
lifestyle factors than traditional ways to intervene and/or no
intervention, especially regarding decrease of HbA .. Only 2
studies had included persons with CVD, and no differences
were found in variables reflecting lifestyle.

A major strength of this review are the authors attempt to
identify all relevant studies by using a comprehensive search
strategy in multiple databases led by a research Liberian, as
well aswell documented methodological strictness performing
the systematic review and meta-analyses. In total, five authors
participated in this process, which also included hand searching
of review paper references to identify additional studies that
may have been lost in the initial search. All authors also
independently screened the studiesfor risk of bias. Asthe search
results turned out to be relatively homogeneous, it also was
possible to pool the results of one common outcome into two
meta-analyses and grade them. However, despite the existence
of hundreds of studies involving apps used by CVD, cancer,
chronic pulmonary, and/or DM patients, there is a lack of
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rigoroustrialsregarding specific lifestyle outcomes such as PA,
physical fitness, modification of dietary habits, and QoL.

Statistical significant improvements between groupson lifestyle
factorswerereported in 6 of 9 studies (67%). To our knowledge,
only one systematic review has previously evaluated the impact
of mobile health (mHealth), which WHO hasdefined asmedical
and public health practice supported by mobile devices such as
mobile phones patient monitoring devices and other wireless
devices [33], in more than one chronic disease. They reported
significant improvements between groups on disease-specific
outcomesin 39% of the 41 included studies [34]. The different
results may be explained by different study aims. Although the
aim of this review was to study the effectiveness of apps to
promote lifestyle changes, the former review aimed to assess
the usability, feasibility, and acceptability of mHealth
interventions. It isthereforelikely that the included studies[34]
aso were designed to assess usability, feasibility, and
acceptability and not necessarily to improve lifestyle and
di sease-specific outcomes.

To our knowledge, only one systematic review and
meta-analyses on the effect of apps to improve HbA,. has
previously been conducted [35]. This review included several
studies also included in this review [21,22,27-29], but they did
not have any exclusion criteria based on follow-up, and the
resultswere pooled into meta-anal yses based on methodol ogical
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quality. They reported amean reduction in HbA ;. in participants
using an app compared with control of 0.49% (95% CI 0.3-0.68;

12=10%). Studies with fair or good quality showed lower effect
compared with studies with poor quality [35]. In the current
meta-analyses, the mean reduction in HbA . in participants
using an app compared with controls were 0.50% (95% ClI
0.08-0.91; 1°=41%) and 0.24% (95% Cl 0.06-0.43; 1°=0%) for
short term and long term, respectively.

Despitethe fact that the mgjority of theincluded studies showed
significant efficacy, 3 of theincluded studies[21,30,32] did not
show any effect on outcomes of interest, and significant effect
were not found in heath-related QoL [21,26,30,32]. One
explanation for this might be the fact that the studies did not
have enough power to detect such differences, as HbA,, was
the primary outcome, and statistical power and theintervention
design were based on this. In addition, we should not ignore
the fact that it might be with apps similar to other lifestyle
interventions, it is hard to actually get a change that lasts over
time [6]. This may be what we see as a tendency in our
meta-analysesregarding HbA ;. aswell, where short-term effect
is superior to long-term effect.

A recent systematic meta-review evaluated telehealth
interventions, which are also regarded as mHealth, to support
self-management of long-term conditions [36]. It revealed that
most of the research in the field of technology-based
interventions is currently conducted in patients with DM, and
their results support our findings. Monitoring of blood glucose
and feedback improved glycemic control in patients with DM
[36]. Meta-analysis on the effects of mHealth in patients with
DM have reported a significant reduction in HbA ;. of 0.33%
[37]. Such interventions may also have a potential to improve
well-being in patients with DM type 2, although the results did
not reach statistical significance in favor of the intervention
[38], whichisin line with our results.

The use of mobile technologies and their innovative apps to
address lifestyle change in patients with NCD seems to be in
its early days, which can explain our limited findings in other
NCDs than DM. However, mHealth interventions have been
demonstrated as effective to reduce CVD outcomes, body
weight, and BMI and to increase adherence to medical therapy,
aswell as adherence to nonpharmacologic therapy for patients
with CVD [18,39]. Telehealth interventions have been
demonstrated as potentially effective interventions to improve
outcomes in cancer patients [40]. Apps to support
self-management in patients with asthma have been pointed as
potential effective [41]. Although appsfor lifestyleimprovement
in patientswith DM seemsto be ahead compared with the other
NCDs, we believe that in a few years more studies will exist
for CVD, cancer, and chronic pulmonary diseases as well. We
screened many studies evaluating apps for CVD, cancer, and
chronic pulmonary diseases in the screening phase of this
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systematic review; however, most of them were excluded
because of follow-up time and outcomes. The reason why apps
for DM ismajor and ahead compared with the other NCDs may
be because of difficultnessin developing apps that are feasible
and with high utility for the more complex NCDs.

App asan intervention can be defined as acomplex intervention
defined as interventions containing several interacting
components [42]. All studies included in his review used apps
with several and different components as the main part of the
intervention. Most of the studies also had additional support
(see Table 2). It can be difficult to understand the cause of any
effects of a complex intervention, and therefore, it is crucial to
have an idea of the underlying theory of the intervention [42].
In this review, 5 studies [21,22,26,27,30] showed some
underlying theory of their intervention. However, it was just
one of the included studies that explicitly mentioned their
predefined theoretical framework for the intervention [21]. For
Internet interventions, it isshown that if atheoretical framework
based on several BCTs is incorporated, the interventions are
more effective [12]. This may be because different techniques
target different stages of abehavioral change process [43]. Al
studiesincluded in this review used different kinds of feedback
and monitoring as BCTs in the app (Table 2). BCTs that have
been reported as effective and feasible, especially individualized
feedback, have been pointed as being essential to behaviora
change and improvement of lifestyle factors [12,44].

Self-management isan important part of thetreatment in NCDs.
PA, exercise, and a health-promoting diet are the keysto enable
agood lifewhile coping with the disease, aswell asapossibility
to reduce morbidity and mortality [45]. As these are al such
important aspects, it is interesting that none of the studies
included in this review objectively measured PA or physical
fitness.

In conclusion, the results of this study demonstrate that there
islimited research of the use of apps for other NCDs than DM
with afollow-up of at least 3 months. For DM, the use of apps
seems promising to improve lifestyle factors, especialy to
decrease HbA ;.. As self-management, including PA and healthy
diet, is the key in treatment for all NCDs, it is plausible to
believe that such an intervention may also be promising for
other NCDsthan DM. However, this systematic review clearly
indicates aneed of further research to evaluate the effect of apps
for follow-up for NCDs beforeimplicationsfor practice can be
concluded. Especially, thereisaneed of powered long-term (at
least a year) studies for NCDs to be able to evaluate the real
effect asNCD patients need to handle their diseasesfor the rest
of their lives. Furthermore, this review reaffirms that future
studies must ensure that complex interventions, such as apps,
are based on a theoretical framework to bring out the desired
behavior change and to understand the impact of the
intervention. Finally, appropriate measurements based on the
aim of the intervention are always warranted.
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Abstract

Background: Although health care organizations such as hospitals and clinics have widely embraced social media as a means
to educate the community on health topics and increase patient loyalty and satisfaction, little is known about the content these
organizations actually share when using social media channels.

Objective: This study aimed to explore the types of content US hospitals post on their Facebook pages and how hospitals
Facebook activities differ with regard to content types.

Methods: We collected and thematically analyzed more than 1700 Facebook posts made over a 3-month period by 17 US
hospitals. During the first phase, the 2 researchers coded a set of 159 posts and created an initial thematic web of content. During
the second phase, the researchers coded the remaining posts and then revised, refined, and validated the initial web of content
accordingly. Coding consensus was achieved on 1184 of the 1548 analyzable sampled posts (76.49%).

Results: Weidentified alist of 13 unique health social media post themes and classified those themes into 3 thematic groups
that included announcing, sharing, and recognizing activities. The most frequently used theme was sharing health information,
which appeared in 35.81% (424/1184) of the posts analyzed. Such posts sought to provide health tips and advice to community
members. Recognizing special days and recognizing employeeswere the second and third most frequently used themes, respectively,
with 14.95% (177/1184) and 11.82% (140/1184) of the posts containing those themes. The frequency of these themes was
surprising as the content was geared more toward stakeholders internal to the organization, although most previous literature has
focused on social media as atool to connect with external stakeholders. In addition, we found many of the posts involved more
than onetheme, and sel ected sets of themes co-occurred frequently. For example, 25.4% (45/177) of the posts recognizing special
days also included content to share health information, and approximately 38% (32/85) of the posts announcing research activities
also included content to share health information. Finally, we found similarities and differences between the sampled hospitals
in terms of the types of content they posted more frequently on their Facebook pages.

Conclusions: Hospitalsuse Facebook as an inexpensive way to educate people on health and wellnesstopics and to communicate
different types of information and newsto the public audience. Hospitalsand clinicsthat are expanding their social mediaactivities
or are starting to embark on social mediastrategies can use the results of thisstudy to better formulate their activities on Facebook.

(J Med Internet Res 2018;20(5):€190) doi:10.2196/jmir.9549

KEYWORDS
socia media; qualitative research; socia networking; health care providers

: use social media channels such as Facebook and Twitter to
Introduction communicate with their patients and the surrounding

Over the past decade, social mediahasinfiltrated the health care  COMMUNity. Themain goals of using social media platforms by
industry [1]. Hospitals, clinics, and other health care providers health care providers such as hospitals and clinics include
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disseminating health information, tips, and advice; promoting
health care services and products, managing brand recognition
and reputation; and strengthening tieswith their audience[2-5].
Some of these goal's such as brand management and recognition
are common with organizations in other sectors such as travel
and tourism, fashion, and restaurants [6,7]. Other goals such as
educating the community about health issues, promoting
monetary and organ donation, and sharing patient success stories
are specific to the health care domain.

As of April 2018, over 1600 US-based hospitals maintained
officially sponsored social media accounts [8]. For example,
Johns Hopkins Hospital, a world-class ingtitution based in
Baltimore, Maryland, has more than 580,000 Facebook
followers[9], whereas the organization’s YouTube channel and
Twitter page have more than 47,000 subscribers [10] and
500,000 followers [11], respectively. Use of social media by
European-based health care organizations has also increased
drastically. A mere 10% of 873 European hospitals sampled in
2010 reported having an ingtitutionally sponsored Facebook
account [12], although the following year, over 67% of those
institutions had such accounts.

Health careingtitutions use social mediaplatformsfor different
purposes. In a survey of 36 US hospitals and health systems
conducted by Computer Sciences Corporation’s (CSC) Glabal
Ingtitute for Emerging Healthcare Practices in 2012 [5],
respondentswere asked for what purpose doesyour organization
use social media and what are your organization’s primary
objectivesin using social media? The top responses to thefirst
guestion were to promote wellness and healthy behaviors as
well as marketing services or products. The top responses to
the second question included to engage patients or consumers,
build greater brand recognition, and attract new customers.

Despite the number of studies concerning how health care
organizations use social media, littleisknown about the content
of the posts hospitals make on their social media pages. Among
thevery few studiesthat have addressed these questions, Richter
et al [13] analyzed hospitals Facebook fan page posts to
determine which of those institutions had postings related to
patient education, staff discussion, staff awards, hospital awards,
and consumer engagement. The results showed Facebook was
primarily used for educational purposes (91%), followed by
staff discussion (76%) and staff awards (63%). These categories
used did not emerge from the data but were considered a priori
knowledge. In addition, Richter et al [13] employed a binary
coding schema to show whether or not there was at least one
post related to each of the aforementioned categories. Therefore,
their findings did not show what proportion of postswasrelated
to each of the categories. For instance, having one post related
to hospital awards was treated the same as having 100 posts
related to the category. To fill those gaps and to provide more
insights into the actual use of socia media platforms in the
health care domain, we conducted this study. Our main
objectives are as follows: (1) understanding the main content
themes of the posts made by major US hospitals on Facebook
and (2) examining the differences between hospitals in terms
of the types of content they post on their Facebook pages.

http://www.jmir.org/2018/5/€190/
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Methods

Overview

We employed a two-phased thematic analysis to identify the
types of content health care institutions post on their
institutionally sponsored Facebook pages. Thematic analysisis
a qualitative method used to identify, analyze, and report on
patterns found in text data [14-16]. Use of the method requires
“careful reading and rereading of the data” [17] to identify
explicit and implicit meaning embedded within the text [18].
Thematic analysis has been widely employed in health careand
medical informatics research. Kneafsey et a [19] used the
method to analyze hedlth care professionals compassion
perceptionsto reveal 4 overarching components of the concept.
Holm and Severinsson [20] used thematic analysis to identify
key patterns found in geriatric patients’ narratives regarding
their experiences of surviving with depression. Hickey et al [21]
employed thematic analysisin their mixed-method, longitudinal
study of factors that influence nurses career choices and
aspirations. Finally, Amann and Rubinelli [22] used thematic
analysis to understand the views of community managers on
knowledge cocreation in Web-based health communities for
people with disabilities.

The thematic analysis process involves 6 steps with iteration
allowed between steps [14,23,24]. The process begins with the
research team becoming familiar with the data to generate an
initial set of themesto code the data. Next, the researchersread
and reread the text data to tag individual elements with theme
codes. When using the method inductively, tagging can be a
highly iterative activity with the researchers actively updating
and revising the list of theme codes and data elements
throughout the search process[18]. Onceall dataelementshave
been tagged, the final list of themes are reviewed and
corresponding names and definitions developed. Finally, a
graphical thematic web of content is devel oped to visually depict
the relationship between the data and the final list of identified
themes. In this study, we performed 2 phases of thematic
analysis. In the first phase, we developed an initial thematic
web of content using a small sample of Facebook posts. In the
second phase, we used alarger sample to validate the thematic
web developed in the first phase of the study.

Sampling and Data Collection

To identify the types of content shared by heath care
institutions, we first collected the Facebook posts made during
a 3-month period (March 2014 to May 2014) by a set of highly
ranked, US-based hospitals, selected from the US News Best
Hospitals 2013-2014 list. We chose the 3-month time window
because a shorter window could raise the possibility of
month-specific patterns in the data, which would decrease the
generalizability of the results. Conversely, a longer window
would result in a much larger dataset, making the content
analysis process significantly harder and more complex. 1t would
also potentialy increase the likelihood of errors and time to
publication of the results.

From the US News Best Hospitals 2013-2014 list, we selected
the top 10 institutions from each category. We then eliminated
duplicate ingtitutions and removed all institutions offering
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servicesin alimited health care domain such as psychiatry. We
felt this last step was necessary as we were most interested in
how general care hospitals use socia media and believed
specialty institutions would be more specialty topic focused.
Thisresulted in afinal list of 54 general medicine hospitals.

Next, we searched Facebook to determine which of those
institutions offered an institutional ly sponsored Facebook page.
A total of 28 hospitals met that criteria; however, there was
wide diversity in the popularity of the institutions' Facebook
main pages. Three ingtitutions, including Cleveland Clinic,
Mayo Clinic, and Johns Hopkins Hospital, had very popular
main pages with 1,008,069; 517,519; and 205,115 main page
likes, respectively. Seventeen ingtitutions had between 5000
and 65,000 main page likes, and the remaining 8 institutions
had fewer than 5000 main page likes.

To ensure we compared data from similar organizations, we
choseto ignorethe 3 institutions with highly popular main pages
and the ingtitutions with fewer than 5000 main page likes. We
included, instead, the 17 organizations with between 5000 and
65,000 main page likes in our sample frame. We chose these
thresholds because fewer than 5000 likes may indicate the
organization isnot following a systematic social mediastrategy

Table 1. Sample characteristics.

Kordzadeh & Young

and hence may not be used as a reliable benchmark for other
medical institutions. Moreover, Mount Sinai Medical Center
with nearly 65,000 page likes was the most popular page after
Mayo Clinic's main page with over 500,000 likes. Thus, we
felt the difference between those two represented a natural
cut-off point in the data. Table 1 presentsinformation about the
sampled hospitals and the data collected from each hospital’s
Facebook page.

Data Analysis

Phase 1

For thefirst phase of the study, our goal wasto identify aninitial
list of themesthat represented the intent or purpose of the posts
made by hospitals on their institutionally sponsored Facebook
pages. To do so, werandomly selected 5 of the 17 organizations
included in our sampleframe. The selected institutionsincluded
Mount Sinai Medical Center, Rush University Medical Center,
Massachusetts General Hospital, Yale-New Haven Hospital,
and National Jewish Health. These 5 hospitals made atotal of
159 posts between March 1, 2014, and April 30, 2014, on their
Facebook pages. Following the thematic analysis steps proposed
by Braun and Clarke [14] and widely adopted in the extant
literature (eg, [22-24]), we analyzed the 159 posts.

Hospital’s name®

Number of page

Number of posts

likes as of the data

collection date March 2014 April 2014 May 2014 Total
Mount Sinai Medical Center 64,932 21P 2P 54 97
Barnes-Jewish Hospital Washington University 62,936 27 43 37 107
New York-Presbyterian University Hospital of Columbiaand Cornell 42,159 23 36 47 106
Rush University Medical Center 30,254 16° 17° 13 46
University of Pittsburgh Medical Center 27,337 39 53 58 150
Stanford Hospital and Clinics 26,316 14 15 14 43
Brigham and Women's Hospital 20,109 36 45 30 111
National Jewish Health, Denver-University of Colorado Hospital 19,074 50 18° 54 77
Shepherd Center 15,153 31 35 36 102
Cedars-Sinai Medical Center 12,300 25 25 32 82
Yale-New Haven Hospital 10,540 11° 16° 28 55
Northwestern Memorial Hospital 9452 47 84 58 189
Thomas Jefferson University Hospital 8326 74 65 73 212
Massachusetts General Hospital 7574 gP 25P 20 53
NYU Langone Medical Center 7185 26 31 28 85
Florida Hospital 6977 40 34 27 101
Magee-Women’s Hospital of UPMC 5622 36 37 33 106
Total 376,246 479 601 642 1722

#The hospitals are ordered in the table based on the number of their followers (ie, page likes) on Facebook.
BThe numbers are associated with the posts analyzed during the first phase of the study.
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Figure 1. Thematic web of content (phase 1).
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We first familiarized ourselves with the sample data and
independently generated initial lists of theme codes. We then
met, compared our lists, discussed differences, and settled upon
an initial set of codes to use when tagging the sampled data
elements. In addition, we agreed each researcher could add
codes to the list, and we would discuss those additions later.
Next, we each independently reviewed each of the sample data
elements and inspected any photos or videos included in the
post to discern meaning. We then tagged it with up to 3 theme
codes believed to be relevant to the post. We met on 2 separate
occasions during the coding process to compare our updated
lists of theme codes, resolve differences, and discuss the
processes we each employed. During the early course of those
discussions, we agreed to shift away from applying a strictly
semantic lens (word meaning) when analyzing the data elements
and toward amoreinterpretive lens (statement intent) [25]. This
was necessary, as intent was not always clearly conveyed in
just the post text. For example, the text of one post announced
the date and time of an upcoming social event; however, the
attached image contained a graphic indicating the event was
sponsored by an organization concerned with organ donation.
An interpretive lens was necessary to induce meaning from the
photo, which ultimately resulted in coding the post as both
announcing a social event and promoting organ donation.

We made several iterations through the entire sample. Once we
reached consensus on the final set of codes and coding of all
data elements, we developed names and definitions for each

http://www.jmir.org/2018/5/€190/

RenderX
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theme code. We then spent time analyzing theindividua theme
codesto identify similaritiesin purpose and intent to group the
codesinto theme content categories and subcategories. Finally,
we used that information to devel op our thematic web of content
(Figure 1).

Phase 2

Accordingto Lincoln and Guba[26], the validity and soundness
of qualitative research is determined based on the credibility,
transferability, and confirmability of the results. In the context
of thematic analysis, these criteria can be achieved by
conducting a thematic content analysis on a second dataset to
confirm the findings of the first round of analysis [26]. Thus,
to enhance the overall robustness of the phase 1 thematic web
of content and to validate the list of content themes identified,
we conducted a second thematic analysison the remaining posts
made by the 17 hospital s between March 1, 2014, and May 30,
2014. As such, for the 12 ingtitutions not included in the first
phase, we analyzed all posts made during the 3-month sample
period. For the 5 ingtitutions included in the first phase of the
study, we only analyzed the posts made in May 2014. As such,
in the second phase, we analyzed 1563 Facebook posts.

Over the course of several months and using the theme
categories and subcategoriesidentified during the first phase of
the study, we each independently reviewed and tagged each
data element in the new sample with up to 3 theme codes
deemed to be most relevant to the post intent. Again, an
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interpretive approach was applied with each of usreading every
post multiple times to induce the underlying purpose before
assigning codes. In cases where URL links, photos, or videos
were included, we accessed those links and reviewed the
multimedia content to ensure any meaning included in those
items was considered. As potential new codes were identified
during the coding process, we tagged the corresponding elements
with the Other code and a note specifying a possible code
addition.

At 3 points during the phase 2 coding process, we met to discuss
our progress, issues we had encountered, and any elements
tagged with the Other code. During those discussions, we found
that no elements were consistently tagged with the Other code
by both researchers. Accordingly, no additional codes were
added to the agreed upon list. Again, we applied a highly
iterative process in which individual data elements were
reviewed multiple times by each researcher.

Results

Phase 1

At the end of thefirst phase, we had identified 33 unique theme
codes. Of the 159 posts, we did not code 6 posts as they were
cover photo changes and did not contain any textual content.
We tagged most posts (122) with a single theme code, whereas
29 posts were tagged with 2 theme codes and 2 posts were
tagged with 3 theme codes. Review, comparison, and grouping
of the individual theme codes resulted in a list of 11 theme
categories. donation information, events, research activities,
organizational news, recognizing special days, recognizing
employees, recruiting employees, recruiting volunteers, sharing
patient success stories, sharing health career information, and
sharing health information. Moreover, 3 of the 11 categories
could be further broken into multiple subcategories. We
identified 2 subcategories within the donation information
category, 5 subcategories within the event category, and 3
subcategories within the organizational news category. We
further organized the 11 theme categoriesinto 4 theme purpose
groups, which included announcing and reporting, sharing,
recognizing, and recruiting activities.

We found that 2 of the individual theme codes (issue debate
and nonmedical product promotion) did not fit within any of
theidentified theme categories. A single post was coded asissue
debate and 2 posts were coded as nonmedical product
promations. The issue debate post was related to the pediatric
immunization issue. The nonmedical product promotion posts
concerned t-shirt salesat asingle hospital. Aswe did not believe
either of those codes were of significant importance for our
study, we did not include them in the thematic web of content
but did retain the codes for use in phase 2 of the study. The
announcing and reporting theme purpose group involved posts
communicating information concerning donations, upcoming
or past events, institution research activities, and organi zational
news. A total of 94 of the collected posts (59%) involved
announcing or reporting activities. Table 2 lists the category
and subcategory themes identified within the announcing and
reporting purpose group and provides sample posts for each of
the subcategories and categories identified within that group.

http://www.jmir.org/2018/5/€190/
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The sharing purpose group involved posts disseminating
information concerning health information, health careers
information, and patient success stories. A total of 44 posts
(28%) involved sharing information. The recognizing purpose
group involved posts acknowledging employees and special
days. Furthermore, 42 posts (26%) involved recognition
activities. Finally, the recruiting purpose group involved posts
soliciting new employees and volunteers. Only 3 posts (2%)
involved recruiting activities. Table 3 liststhe theme categories
identified within the sharing, recognizing, and recruiting
purpose groups and provides sample posts for each category.

Figure 1 presents the thematic web of content we devel oped
during phase 1 of the study. Thismodel showsthe relationships
between the identified theme purpose groups, categories, and
subcategories.

Phase 2

We began phase 2 with the 20 theme codes identified during
the first phases of the study plus the Other code for atotal of
21 theme codes. Thesetheme codesrepresented al| subcategories
and single-dimensional categories included in the phase 1
thematic web, as well as the nonmedical product promation,
and theissue debate theme codes that were not included because
of low representativeness. During the coding process, we found
we were consistently assigning the organizational
news-achievements and the organizational news-new facilities
concurrently. This was because new facilities announcements
were made in conjunction with new servicesthat were promoted
as ingtitutional achievements. Accordingly, we decided to
combine the 2 codes into a single theme code midway through
the coding process.

Of the 1563 posts analyzed, 15 posts were not assigned any
theme code, as they were cover photo changes and did not
contain analyzable content. Thefirst researcher tagged 988 posts
with a single theme code, 487 posts with 2 theme codes, and
73 postswith 3 theme codes. The second researcher tagged 1063
posts with a single theme code, 415 posts with 2 theme codes,
and 70 posts with 3 theme codes. We achieved coding consensus
on 1184 of the sampled posts (76.49%). We cal cul ated interrater
reliability based on Cohen kappa statistic using a weighted
average of each theme code's kappa value [27]. The resulting
reliability was measured at 73.44%, (k=.7344), which is
considered avery good level of interrater reliability [28].

As our goal was to generate a validated set of content theme
codes the 2 researchers achieved a consensus upon, we felt it
was important to proceed with only the data elements where
we both agree on their themes. Accordingly, we eliminated the
337 data elements to which we assigned different codes. This
reduced the analyzable sample sizeto 1184 data el ements. Next,
we conducted frequency analysis on this reduced sample to
determine how representative each of the 20 theme codes was.
In line with our phase 1 results, the sharing-health information
code was assigned most frequently, with 35.81% of the data
elements representing this theme code. Recognizing-special
days and recogni zing-employees were the second and third most
frequently assigned codes, representing 14.95% and 11.82% of
the data elements, respectively. This too was in line with our
phase 1 results where recognizing-special days was aso the
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second most frequently assigned code and code. Figure 2 shows the percent frequency of each of the
recognizing-employees was the fifth most frequently assigned content theme codes assigned during the phase 2 analysis.

Table 2. Announcing and reporting theme categories, subcategories, and example post excerpts.

Category Count Example post excerpt
Donation

Monetary 5 Thank you New York Rangers' Brad Richards for your generous gift of US$25,000 to support
our Pediatric #Palliative Care Program!

Organ 6 What doesiit feel like to save a life? At our #OrganDonor Appreciation Ceremony, donors
shared personal stories of why they gave the #GiftofLife.

Events

Charity 6 Areyou a Tough Mudder? Learn how you can participatein and support the Sudent \eteran
Society from Columbia College’s Paved in Mud campaign to benefit the Center for \eterans
and Their Families at Rush.

Health information 17 Arthritisinyour knee can make even simple daily tasks hard to complete. Join an orthopedic
surgeon and rheumatologist at Rush on April 9 to learn about nonsurgical and surgical
treatment options.

Heslth screening 9 Join our #HealthFair this Saturday from 10 AM -3 PM for FREE health screeningsincluding
#HepC, #Diabetes, #BloodPressure, and #Cholesterol.

Social 16 National Jewish Health and the LA Professional Services Black and White Ball presented
by Debbie & Su Seinberg and Paul Zaffaroni.

Support groups 1 CPAP Support Group May 10 at 10 AM in MDT National Jewish Health in Denver, Colorado.

Research activities 9 A research teamisinvestigating whether the body’s own immune system can be encouraged

to mount a defense against #cancer before healthy tissue is damaged.

Organizational news

New facilities 7 Thank you to everyone who celebrated the opening of our new #Mater nal#Fetal Medicine
Center and #Pediatric Specialty Center expansion at One Long Wharf in New Haven last
night.

Services 8 Hereis the Department of Maternal-Fetal Medicine's Photo of the Month! Our MFM spe-

cialists and registered sonographers use state-of-the-art 3D or 4D ultrasounds

Achievements 10 Mass General is proud to again be listed on Diversitylnc'slist of Top 10 Hospital Systems.
Diversitylnc, a publication about diversity and business, ranked Mass General 7th on its
annual list of top employers, noting the hospital’s commitment to mentoring minority
physicians and nurses. For more information on the Diversitylnc list, visit link

Table 3. Sharing, recognizing, and recruiting theme categories and example post excerpts.

Theme purpose and category Count  Example post excerpt
Sharing
Health information 31 How much fiber is on your plate? You need 25-35 g/day. Rethink your #salad
Patient success and feel good stories 11 Amazing story about a 3-year old who beat the odds following a failed kidney transplant.
Health career information 2 What isa Child Life specialist? Learn more: link
Recognizing
Employees 28 YNHH'’s Friedlaender earns top leadership honor from American Academy of#Or-

thopaedic #Surgeons. http://ow.ly/JuUAGHV

Specia days 14 Everyone lovesto get a thank you note, including your doctor. You can expressyour gratitude
by sending your doctor at Rush a thank you eCard and making a gift in hisor her honor in
celebration of National Doctor’s Day, which is Sunday, March 30.

Recruiting
Volunteers 2 National Jewish Health is currently seeking volunteers who are looking for a challenging
opportunity to use their retail and/or professional skillsin Nan and Dolli€'s Gift Shop.
Employees 1 Do you want to become a part of Mount Snai and hel p transformthe #healthcare landscape?
Register for our #Research #OpenHouse in May
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Figure 2. Theme frequency distribution by percentage.
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As 6 of the identified theme codes each represented less than  dropped the announcing and reporting events-support groups,
1% of the postsin the sample, we decided those codeswerenot  sharing-health career information, recruiting employees, issue
representative of the entire sample and should not beincluded debate, nonmedical product promotion, and recruiting
in our validated thematic web of content. Accordingly, we volunteerstheme codes. In addition, we agreed to drop the Other
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code asno distinct themes arosefrom theitemstagged withthat  frequency of use) that each of the 17 hospitalsincluded in their
code. Finally, we updated the thematic web of content toreflect Facebook posts. The results (Table 4) demonstrated
this validated set of theme code categories and subcategories.  sharing-health information was consistently among the top 3
Figure 3 presents the revised model. most frequently used themes by the hospitals. The only
exception was New York-Presbyterian Hospital that had used
thethemein only 6 of the 55 posts; thus, it was not among that
hospital’s top 3 themes.

Next, we examined the frequency distribution of the post themes
for each hospital and compared the top 3 themes (in terms of

Table4. Most frequently used themes by each hospital.

Hospital? Total number of Theme and n (%) of posts containing the theme
postsandyzed - f Second most f Third most f
in phase 2 irst most frequent nd most frequent ird most frequent
Mount Sinai Medical Center 3g° Sharing health information, Recognizing employees, 9  Announcing or reporting
9(24) (24) event-health information, 6
(16)
Barnes-Jewish Hospital Washington 68 Sharing health information, Recognizing special days,  Sharing patient success sto-
University 22(32) 19 (28) ries, 16 (24)
New York-Presbyterian University Hos- 55 Announcing or reporting Recognizing special days, 9 Sharing patient success sto-
pital of Columbiaand Cornell events-health information,  (16) ries, 7 (13)
10(18)
Rush University Medical Center 10° Recognizing specia days,5 Sharing health information, Recognizing employees, 3
(50) 4 (40) (30)
University of Pittsburgh Medical Center 111 Sharing health information, Recognizing specia days,  Announcing or reporting or-
52 (46.9) 20 (18.0) gan donation and recogniz-
ing employees, 9 (8.1)
Stanford Hospital and Clinics 35 Sharing health information, Recognizing special days,  Sharing patient success sto-
12 (34) 10 (29) ries, 3 (9)
Brigham and Women's Hospital 92 Sharing health information, Announcing or reporting Announcing or reporting re-
38 (41) events-charity, 11 (12) search activities, 11 (12)
National Jewish Health, Denver-Univer- g4b Sharing health information, Announcing or reportingre- Recognizing employees, 4
sity of Colorado Hospital 22 (41) search activities, 9 (17) @)
Shepherd Center 84 Sharing patient success sto-  Sharing health information, Announcing or reporting
ries, 23 (27) 17 (20) event-charity, 14 (17)
Cedars-Sinal Medical Center 68 Sharing health information, Announcing or reportingre-  Announcing or reporting
37 (54) search activities, 8 (12) events-health information, 7
(10)
Yae-New Haven Hospital o7b Sharing health information, Recognizing special days, 6 Recognizing employees, 5
10(37) (22) (29)
Northwestern Memorial Hospital 139 Sharing health information, Recognizing specia days,  Sharing patient success sto-
42 (30.2) 21 (15.1) ries, 17 (12.2)
Thomas Jefferson University Hospital 175 Sharing health information, Recognizing employees, 38 Recognizing specia days,
68 (51.1) (21.7) 26 (14.9)
Massachusetts General Hospital 120 Sharing health information, Announcing or reporting Recognizing special days, 1
6 (50) events-charity, 2 (17) (8)
NY U Langone Medical Center 68 Sharing health information, Recognizing employees, 11 Announcing or reporting re-
21 (30) (16) search activities, 11 (16)
Florida Hospital 70 Sharing health information, Announcing or reporting Recognizing specia days,
24 (34) events-health information, 11 (16)
18 (26)
Magee-Women's Hospital of UPMC 78 Sharing health information, Recognizing special days, = Recognizing employees, 15
34 (44) 22 (28) (19)

#The hospitals are ordered in the table based on the number of their followers (ie, page likes) on Facebook.

B The numbers are associated with the posts made only in May 2014 because the March and April posts of those hospitals were analyzed during thefirst
phase of the study.

http://www.jmir.org/2018/5/€190/ JMed Internet Res 2018 | vol. 20 | iss. 5 [€190 | p.174
(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Kordzadeh & Young

Table 5. Theme co-occurrence rates. N=number of posts tagged with the theme. N/A: not applicable.

Theme? Sharing Health  Recognizing  Recognizing Event Charity, Event Social,
Information, Special Days, Employees, n (%) n (%)
n (%) n (%) n (%)
Sharing Health Information (N=424) N/A 45 (10.6) 8(1.9) 0(0.0) 0(0.0)
Recognizing Special Days (N=177) 45 (25.4) N/A 21(11.9) 1(0.6) 4(2.3)
Recognizing Employees (N=140) 8(5.7) 21 (15.0) N/A 1(0.7) 1(0.7)
Organizational News New Facilities and Services (N=90) 11 (12) 3(3) 6(7) 0(0) 0(0)
Research Activities (N=85) 32(398) 2(2) 5(6) 1(1) 0(0)
Event Charity (N=86) 0(0) 1(1) 1(1) N/A 10 (12)
Event Social (N=53) 0(0) 4(8) 1(2) 10 (19) N/A
Organizational News Achievements (N=43) 2(5) 2(5) 8(19) 0(0) 0(0)
Donation Organ (N=35) 3(9) 4(11) 1(3) 4(11) 0(0)
Event Health Screening (N=17) 0(0) 3(18) 0(0) 0(0) 0(0)

#To improve clarity and readability of the table, rows and columnswith no percentages> 10% have been removed from thetable. Thefull tableincluding
all the themes on the columns and rows is provided in Multimedia Appendix 1.

The other most commonly used themeswere recognizing-special
days, recognizing-employees, and sharing-patient success and
feel good stories. Those themes existed in the top 3 themes of
11, 8, and 5 hospitals, respectively. Moreover, in 8 cases,
event-related themes were among the commonly used themes
by the hospitals. The most frequently used event-related theme
was announcing and reporting events-health information, which
appeared in the top themes of 4 hospitals. Announcing and
reporting events-charity wasthe other event-related theme used
commonly by 3 of the sampled hospitals.

Announcing and reporting research activities was also one of
the top 3 themes for 4 hospitals including Brigham and
Women’s Hospital, National Jewish Health, Denver-University
of Colorado Hospital, Cedars-Sinai Medical Center, and NYU
Langone Medical Center. This is consistent with what we
expected from hospitals such as Brigham and Women's
Hospital, which is an academic medical center affiliated with
Harvard Medical School. Finally, University of Pittsburgh
Medical Center included announcing and reporting-organ
donation information in 9 of its 111 posts, which was unique
among the sampled hospitals. Overdl, the results showed
differences in the ways hospitals used their Facebook pagesto
communicate with their audience, although some themes were
commonly used by several hospitals.

Finally, we examined co-occurrence patterns between themes
by calculating the rate at which pairs of themes co-occurred in
the sample. Table 5 and Multimedia Appendix 1 present the
short and full versions of the co-occurrence analysis results,
respectively. Each cell in Table 5 and Multimedia Appendix 1
shows the percentage of the posts tagged with the themein the
corresponding row that was also tagged with the theme in the
corresponding column. For example, 85 posts in the sample
were classified asannouncing and reporting-research activities.
Of those posts, approximately 38% (32/85) were also classified
as sharing-health infor mation. Thismeans hospitalsand clinics
frequently use social media to make followers aware of the
institutions' research activities and to inform the audience of

http://www.jmir.org/2018/5/€190/

the health-related outcomes and issues related to that research.
Similarly, 25.4% (45/177) of the posts classified as
recognizing-special days were at the same time used for
sharing-health information. It is worth mentioning that, to
improve clarity and readability of Table 5, we only included
therowsand columnswith at least one co-occurrence percentage
greater than or equa to 10%. The full table containing the
co-occurrence percentages associated with all the ordered pairs
of themesis available in Multimedia Appendix 1.

Discussion

Principal Findings

Theresults of this study showed most postsin the sample could
be classified as serving 3 purpose groups:. announcing and
reporting, recognizing, and sharing activities. Within the
announcing and reporting purpose group, we found the sampled
institutions used Facebook to broadcast information relating to
donations opportunities, upcoming events, research activities,
and organizational news. We further found that recognizing
posts were used to acknowledge employees and special days,
whereas sharing posts were used to disseminate health
information as well as patient success and feel good stories.

Over one-quarter of the content posted by the sampled
institutions focused on sharing health-related information.
Accordingly, we believe hedlth care organizations perceive
social media as a tool for disseminating heath-related
information. This is most likely because of information being
disseminated very quickly at no cost and remaining persistent
on the ingtitution’s Facebook page. Thisfinding isin line with
the results of the extant literature (eg, [4,13]) that indicates
educating health consumers such as patients and caregiversis
among the main reasons health care institutions adopt social
media. Furthermore, our findings substantiate CSC's Global
Institute for Emerging Healthcare Practices' conclusion [5] that
health professionals perceive the primary reason for institutional
social mediauseisto promote community wellnessand healthy
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behaviors. Accordingly, health care institutions strive to raise
awareness about diseases, medications, nutrition, physical
activities, and other health and wellness-rel ated topicsto benefit
their patients and improve the health of the surrounding
community.

The second and third most frequently occurring themes in our
sample were recognizing special days and recognizing
employees. These themes were quite interesting, as most
previous research has focused on how health care institutions
use social mediato interact with external stakeholders such as
patients, family members, and the surrounding community (eg,
[4,13]). The recognizing posts we examined were primarily
geared toward stakeholders who were internal to the
organization. For example, Nurses Recognition Week fell within
our sample timeframe and all of the included institutions made
several posts recognizing the nurses in their organizations. In
addition, many of the sampled institutions used posts to
recognize the contributions and accomplishments of specific
individuals and departmentswithin the organization. We believe
these acknowledgments increase employees’ satisfaction with
the organi zation and may indirectly promotethe quality of health
care services provided to the public.

In addition to Nurses Recognition Week, the sampled posts
recognized a range of other special days. By acknowledging
these days, the organizations may aim to promote health in the
society (eg, through promoting National Walking Day), raise
awareness about diseases and medical conditions (eg, World
No Tobacco Day), or acknowledge the role of people who play
major rolesin providing health care services to the community
(eg, National Doctor's Day). We believe this finding is an
important contribution to the literature as recognizing employees
and recognizing special days were not adequately emphasized
in previous studies as main purposes of using socia media by
health care organizations.

Another difference between our findings and the results of the
related studies is although recruiting employee and recruiting
volunteers emerged as 2 themesin our study, only 3 of the 1184
posts the researchers achieved consensus on (<0.3%) were
related to recruiting employees or volunteers. Thisfindingisin
contrast to the survey of 36 US hospitals and health systems
conducted by CSC’'s Global Institute for Emerging Healthcare
Practices in 2012 [5], which revealed 47% of the respondents
indicated they used social media for workforce recruitment.
This deviation may imply health care institutions have realized
that Facebook is not an effective tool for communicating with
health-related job seekers. Instead, those organizations may use
professional social media platforms such as Linkedin for
recruitment purposes.

Finally, we found certain themes co-occurred significantly more
frequently than othersdid. For example, 38% of the postsrelated
to announcing and reporting-research activities were used to
also share health information with community members and
12% of the posts announcing and reporting health screening
events linked the posts back to organizational research
activities. This may indicate that health care organizations
purposely link the content they shareto specificinitiativeswithin
the organization.

http://www.jmir.org/2018/5/€190/
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From apractical point of view, our results demonstrated | eading
hospitals use social media platforms primarily for educating
patients on health and wellness topics, announcing and reporting
on different types of events, and recognizing employees and
special days. These results can be used as a benchmark for the
health care institutions that want to establish a social media
presence to communicate with the public audience and for the
smaller clinics and hospitals that want to further expand and
improve their activities on social media websites.

From atheoretical standpoint, our results add to the literature
onthe usesof social mediain health care. Previous studies have
reported general intentions for health care institutions' social
media use, and our findings revealed both similarities and
differences between the content hospitals share and those
intentions. Our results suggest health care organizations' use
of Facebook for recognizing employees, sharing research
activities, and announcing organizational newsand achievements
may befor the purpose of brand recognition. Thisisinlinewith
previous research in the health care context [5] and other
domains such as travel and fashion [6,7] that have found brand
recognition to be one of the major reasons organizations use
Facebook and other social media platforms. Moreover, to the
best of our knowledge, this is among the first studies that
empirically and inductively developed a hierarchical thematic
web of content of general care health careinstitutions’ postings
on social media websites. This novel research method can
further be adopted in different research areas within the medical
informatics and health care information systems domains.

Limitations and Future Research

This study haslimitations. For example, we collected datafrom
the Facebook posts made by a sample of 17 hospitals during a
3-month period. Those hospitals and their posts may not
represent the activities of all the health careinstitutions and all
social media websites. Future studies can fill this gap by
expanding the scope of the sampled hospitals and social media
platforms. Collecting post data associated with alonger period
will aso enable future researchers to perform time series
analysis and examine trends of the content generated by clinics
and hospitals on their Facebook pages. Another limitation of
our study is that the data were collected in 2014. Considering
health careingtitutions may change their social mediastrategies
and activities over time, future studies can collect more recent
datato compare and contrast the results with our findings. This
will enhance understanding of the evolution of health social
media activities by medical institutions.

Building on our results, researchers of future studies can
examine the efficacy of different themes by investigating
guestions such as the following:

1. Doesannouncing eventson Facebook increase attendance?
2. Does acknowledging employees increase their
organizational commitment, morale, and satisfaction?

3. Is sharing health information via Facebook an effective
approach in raising awareness about diseases and medical

issues in the community?

Furthermore, future research can examine user engagement in
different types of posts to understand the extent to which each
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content type can draw users attentions and trigger their reactions
in terms of liking a post, leaving acomment on it, or sharing it
with others on Facebook. Understanding user engagement is
important  because it can  transform  one-way,
provider-to-consumer information dissemination activitiesinto
two-way or many-to-many communication processes. In this
way, the “social” aspect of such platforms as Facebook can be
realized more meaningfully, adding value to the health care
organizations' activitiesin virtual environments.

Another limitation of thisstudy isthat our sample only included
US-based organizations. To enhance the generalizability of
results, future studies should include data from alarger sample
of international-based health care ingtitutions on different
websites such as Twitter, YouTube, LinkedIn, and Yelp during
awider range of time. In addition, health care organi zation types
other than hospitals and clinics could be included in future
samples.

Furthermore, we used the thematic network developed in the
first phase as a foundation for coding the posts in the second
phase of the study. At the same time, we were open to adding
new themes that might emerge in the second phase and to
removing the themes represented in an infrequent number of
posts analyzed. Nevertheless, the coders judgments in the
coding process during the second phase might still be subject
to alevel of bias toward the themes identified during the first
phase. This limitation could be mitigated in future studies by
using automatic, computer-based coding algorithms and tools
to objectively validate the hierarchical thematic model developed
in this study. Another avenue for future research isto examine
the content generation process in terms of who is responsible
for posting contents on health care organizations Facebook
pages, and whether their expertise is in hedth care (eg,
physicians, dentists, and nurse practitioners) or in social media

Kordzadeh & Young

marketing. Such research should investigate how the content
provider impactsthetype of content shared, the manner in which
it is shared, and the resulting level of audience engagement.
Thiscan ultimately influence the overall effectiveness of health
care organizations activities on Facebook and other social
media platforms.

Conclusions

Previous studies in the health care social media domain have
predominantly focused on staff members’ perceptionsregarding
the purpose of social mediausefor the institution. In this study,
we took an aternative approach and focused on thematically
analyzing the actual content shared by 17 major headlth care
institutions to understand the different types of content shared
by those organizations. Our results provide arobustly validated
set of standard content themes aswell asinformation concerning
the content themes most frequently shared by the various
institutions. Frequency analysis of those themes revealed 2
interesting and unexpected findings. First, a large number of
the sampled posts contained information targeted toward
stakeholders internal to the organization (nurses, staff, and
physicians). This was unexpected as previous studies have
focused on how hedlth care institutions use socia media to
connect with patients, caregivers, and the larger community.
Second, very few of the analyzed posts (<0.3%) were geared
toward employee recruitment, which previous studies have
noted as akey reason staff members believe the institution uses
social media. Finally, we identified several co-occurrence
patterns within the identified themes, indicating health care
institutions often leverage the information in a post to serve
more than one objective. We believe these findings can provide
aframework that other health care institutions can useto assess
their own social media activities to benchmark their activities
against a set of nationally recognized institutions.
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Abstract

Background: Each year, many young Australians aged between 16 and 25 years experience a mental health disorder, yet only
a small proportion access services and even fewer receive timely and evidence-based treatments. Today, with ever-increasing
access to the Internet and use of technology, the potential to provide all young people with access (24 hours aday, 7 days aweek)
to the support they require to improve their mental health and well-being is promising.

Objective: The aim of this study was to use participatory design (PD) as research methodol ogies with end users (young people
aged between 16 and 25 years and youth health professionals) and our research team to develop the Mental Health eClinic (a
Web-based mental health clinic) to improve timely access to, and better quality, mental health care for young people across
Austraia.

Methods: A research and development (R&D) cycle for the codesign and build of the Mental Health eClinic included several
iterative PD phases. PD workshops; trandation of knowledge and ideas generated during workshops to produce mockups of
webpages either as hand-drawn sketches or aswireframes (simplelayout of awebpage before visual design and content is added);
rapid prototyping; and one-on-one consultations with end users to assess the usability of the alpha build of the Mental Health
eClinic.

Results: Four PD workshopswere held with 28 end users (young people n=18, youth health professionalsn=10) and our research
team (n=8). Each PD workshop was followed by a knowledge translation session. At the conclusion of this cycle, the alpha
prototype was built, and one round of one-on-one end user consultation sessions was conducted (n=6; all new participants, young
people n=4, youth health professionals n=2). The R&D cycle revealed the importance of five key components for the Mental
Health eClinic: a home page with a visible triage system for those requiring urgent help; a comprehensive online physical and
mental health assessment; a detailed dashboard of results; a booking and videoconferencing system to enable video visits; and
the generation of a personalized well-being plan that includes links to evidence-based, and health professional+ecommended,
apps and etools.

Conclusions. The Mental Health eClinic provides health promotion, triage protocols, screening, assessment, avideo visit system,
the development of personalized well-being plans, and self-directed mental health support for young people. It presents a
technologically advanced and clinically efficient system that can be adapted to suit a variety of settings in which there is an
opportunity to connect with young people. This will enable al young people, and especially those currently not able or willing
to connect with face-to-face services, to receive best practice clinical services by breaking down traditional barriers to care and
making health care more personalized, accessible, affordable, and available.
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Introduction

Background

The Internet and emerging technologies have long been
identified as having the potential to significantly expand the
reach of quality mental health care by addressing geographical,
economical, and human resource barriers [1,2]. Over the past
decade, evidence suggests that the Internet is considered not
only a major source of information about health (including
mental health) and well-being [3-5], but that it isalso useful for
mental health promotion, screening, prevention, early
intervention, and referral processes[6-9]. Web-based platforms
are also being used to deliver real-time stepped care services
[10], providing information and low-intensity treatment for
those in the early stages of help-seeking, with the capacity to
increase scope and intensity of treatments as illnesses progress
[11].

In Australia, new and emerging mental health technologies are
urgently needed as 1 in 5 young Australians aged between 16
and 24 years experience amental health disorder each year, yet
only 1 in 4 receives professiona help [12]. Of those who do
receive help, only a small proportion receives timely and
evidence-based treatments [13]. Access to quality care is
especially difficult for disadvantaged and vulnerable
populations, including children; Aborigina and Torres Strait
Islander young peoples; young people from culturally and
linguistically diverse backgrounds; and young people living in
regional, rural, and remote areas [14,15].

Today, with ever-increasing availability and use of technology,
the potential to reach young peopleisespecially promising [7].
For example, in 2014-15, 85% of people aged 15 yearsand over
in Australia were Internet users, and young people in the age
group of 15t0 17 years had the highest proportion of use (99%)
[16]. Importantly, there is also a growing body of literature
supporting the use of Internet-based treatment approaches for
a range of mental health problems in adults and adolescents
[6,17-19]. Although there is far less research focusing on
systemsthat integrate real -time Web-based stepped care support
in mental health services [20], some research examining
comprehensive Web-based support systemsis starting to emerge
[21,22].

Web-Based Health I nfor mation

Young people are increasingly relying on the Internet to find
answers about their health concerns. For example, in Australia,
anational survey in 2012-13 revealed that 53% of young people
aged between 16 and 25 years with moderate and very high
levels of psychological distress sought Web-based information
related to amental health and/or alcohol or other substance use
problem; the majority found thisinformation to be helpful [23].
In other surveys, young people reported feeling comfortable
accessing Web-based mental health tools because they felt they
were anonymous, welcoming, less stigmatizing, and, for the

http://www.jmir.org/2018/5/e188/

most part, trustworthy [24]. Similarly, in the United States, a
survey in 2013 found that 59% of patients had gone online to
look for health information in the previous year and 35% had
gone online to self-diagnose or diagnose someone else’s
condition. Of the“online diagnosers,” 46% concluded that they
needed to see a health professional, whereas 38% preferred a
self-management option [25].

Similarly, a small pilot study evaluating an online triage
platform aso found that, for every user requiring a general
practitioner response through an e-consultation, 5 usersrequired
online self-help only (WebGP, 2014) [26,27]. The Internet,
therefore, offers people seeking information with a useful and
easy gateway to answers and solutions that respond to their
needs.

Internet-Based Screening

Individual s often show apreference for computerized screening
over face-to-face interviewswhen the subject matter is sensitive
in nature [28-32]. Importantly, Internet-based screening for
common mental health problems has been shown to bereliable
and effective [9,33,34]. In relation to screening for suicidal
ideation, it is argued that the implementation of standardized,
self-reported, computer-based assessments (with stringent
suicide response protocols) may be a strategy that is both
accurate and viable if followed up with health professional
support [20,35]. In generdl, thereis, however, the potential that
symptom, Web-based assessment tools may increase demand
on services asthetoolsare often risk averse (dueto medico-legal
concerns), recommending professiona care  when
self-management is an appropriate aternative [36,37].

Videoconferencing

The provision of mental health servicesthough videoconference
systems have been widely used since the 1960s [38].
Videoconferencing is viewed as more advantageous than
telephone support asthe health professional can gauge important
visual cuestoinform their assessment such as appearance, facia
expression, motor activity, movements, and mannerisms [39].
Supportive Web-based conversationswith ahealth professional
and referral to appropriate resources have also been found to
negate risky behaviors, such as suicide and violence, in highly
distressed people [40]. Importalty, videoconferencing has been
found to be as reliable as face-to-face assessments, and more
cost-effective [41].

In Australia, telepsychiatry (videoconferencing) has been
practiced since the 1990s and its benefits have been trandlated
into a wide range of populations including rural populations,
Indigenous communities [42], the defense force [43], and
children and adolescents[44]. Surprisingly, despite thereliability
and benefits of videoconferencing, use of videoconference
systems remains low in the different settings [45]. Embedding
videoconferencing in comprehensive Web-based support
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systems would enable amore systematic use of thistechnology
and agreater number of peopleto access mental health services.

Comprehensive Web-Based Mental Health Care

The augmentation of traditional videoconferencing with online
self-reported heal th questionnaires or screening results has now
emerged intheresearch literature[20,46]. In astudy conducted
by Williams and colleagues, participants who screened positive
for major depression or suicidality were given the opportunity
to schedule a videoconference via Skype with a psychiatrist
within a2-week period [46]. In arecent study conducted by our
team, an initiad Web-based clinical assessment (with an
embedded suicidality escalation protocol) was completed as a
routine part of the assessment process (either before avideo or
face-to-face visit with a health professional) for a subset of
participants. After the assessment was completed, the severity
of mental illnesswas determined using aclinical staging model
[47], and those who were considered to be high-risk (according
to the suicidality escalation protocol) were escal ated to the youth
health service, bringing forward their initia face-to-face
appointment [20].

Mental Health Interventionsfor Young People

Inasystematic review of Web-based mental health interventions
for young people, however, limited uptake, engagement,
adherence, and dropout rates have been identified as significant
problems[48,49]. Someresearchers, including ourselves, believe
that the involvement of young people and youth health
professionalsin the design, development, and delivery of youth
services could lead to better engagement and outcomes [50-52].

Participatory Design and Technology-Based Mental
Health Interventions

Participatory design (PD) methodol ogies, which were devel oped
inthe late 1960s and early 1970s, emphasize the importance of
involving all stakeholders (including end users, developers, and
researchers) during the devel opment of productsto help ensure
the end product meets everyone’s needs; improve usability; and
increase engagement of users [53-55]. The process involves
iterative design cycles in which end users and researchers
contribute to knowledge production and the devel opment of the
end product [50,56]. Importantly, end users should participate
in al stages of development [57], not as consultants or
controllers of the process, but sharing equal responsibility with
the research team for the outcomes[50]. Some researchers[58],
including us, consider PD as key research methodol ogies that
overtly put the end user at the center of research and here, the
development of the MHeC [59].

The use of PD is expanding in the development of
technology-based mental health and well-being interventions
for young people. In 2015, a systematic review [50] described
the development of these interventions in areas such as
prevention, screening [60], and treatment programs [61]. In the
majority of cases, however, end users assumed more of a
consultative role. Despite the fact that uptake of PD in the
development of technol ogy-based mental health and well-being
interventions has increased, evidence is still needed to assess
the impact of these research methodologies in the outcomes of
these interventions [50].

http://www.jmir.org/2018/5/e188/
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As consumers have the opportunity to share their preferences
before the development of expensive, and potentialy helpful,
systems, the rational e behind the use of PD in the devel opment
of mental health technologies could mean that an active
engagement of end users could reduce the 17-year gap in
tranglational research [62].

This Study

In Australia, Web-based mental health services include health
promoation, self-directed, and low intensity mental health support
(eg, ReachOut! [63]; beyondblue [64,65]); national online
counseling services (eg, eheadspace [66]); structured
self-directed online therapy (eg, MoodGYM [67]); and those
offering a combination of assessment and structured online
therapy, including additional therapist support (eg, MindSpot
Clinic [68]).

What is missing is a Web-based mental health clinic that
includes accessto all the components and services necessary to
meet the needs of al young people (those between the ages of
16 and 25 years), regardless of where they are on the spectrum
of mental health or ill-health, or where they residein Australia.

The aim of this study was to use PD with end users (young
people and youth health professionals) and our research team
to codesign and build a Mental Health eClinic (MHeC) to
improvetimely accessto, and better quality, mental health care
for young people across Australia.

Methods

Participants

Participants included young people attending headspace
Camperdown and headspace Campbelltown, and youth health
professionalsfrom both headspace Camperdown and headspace
Campbelltown (headspace is the national youth mental health
foundation dedicated to improving the well-being of young
Australians; Camperdown and Campbelltown are two different
sociodemographic areas of Sydney).

The University of Sydney’sHuman Research Ethics Committee
approved the study (Protocol No. 2014/689). For all phases,
participants (young people aged between 16 and 25 years and
youth health professionals) who expressed an interest to
participate in the study were provided with the participant
information statement and participant consent form before
providing consent and participating in the study. Parental
consent was al so obtained for participants aged between 16 and
17 years. At the conclusion of each PD workshop and
one-on-one end user consultation, each young person was
provided with agift voucher to thank them for their participation
and sharing their expertise; young people were al so reimbursed
for any travel-related expenses to attend the workshop or
session. Youth health professional s were not provided with gift
vouchers as they participated in stages 1 and 3 during work
time. All workshops were catered.

Recruitment Strategy

Recruitment strategies for young people included the posting
of flyers at each headspace center inviting young people to be
involved in the study, and informing youth health professionals
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and reception staff at each headspace center about the study so
they too could assist with recruitment. All young people
belonging to headspace Camperdown and headspace
Campbelltown Youth Reference Group were also invited to
participate in the study. Inclusion criteria for the study were as
follows: young person attending either headspace Camperdown
or headspace Campbelltown; aged between 16 and 25 years;
and with access to the Internet through a mobile phone, tablet,
desktop, or laptop.

In relation to the recruitment of youth health professionals,
senior management at headspace Camperdown and headspace
Campbelltown informed all staff about the study and called for
expressions of interest to participate.

Resear ch and Development Cycle

The research and development (R&D) cycle for the codesign
and build of the MHeC included several iterative PD phases
(Figure 1): PD workshops (phase 1); translation of knowledge
and ideas generated during workshops (“knowledgetrand ation”;
KT) to produce mockups of webpages (either hand-drawn
sketches or wireframes; phase 2); and rapid prototyping and
one-on-one consultations with end users, including assessing
the usability of the online alpha build of the MHeC (phase 3).
The remaining phases of PD for the MHeC (rapid prototyping
and user [acceptance] testing of the beta build [phase 4], and
real-world study of the delta build [phase 5]) are currently
underway and will be reported separately.

Ospina-Pinillos et al

Participatory Design Workshops (Phase 1)

The PD employed in this study was informed by the research
methodol ogies developed by the Young and Well Cooperative
Research Centre for the devel opment of evidence-based online
youth mental health promotion, intervention, and treatment [58].
PD workshops were developed to accommodate a maximum
of 12 participants per workshop. The same group of researchers
facilitated all PD workshops. Importantly, a mental health
professional was present on-site for the duration of all
workshops involving young peoplein case anyone experienced
psychological distressasaresult of the subject matter. A scribe
was present to take hand written notes at each workshop.

PD workshops were held in two stages with young people and
youth health professional s attending separate workshops (stage
1) or a combined workshop (stage 2; Textbox 1). Following
each workshop, the knowledge and ideas generated during the
workshop were translated to produce mockups of webpages,
either as hand-drawn sketches or wireframes produced using
Balsamiq (Balsamiq Solutions, LLC, Sacramento, California,
United States. a rapid wireframing tool that reproduces the
experience of sketching on awhiteboard but using a computer)
[69]. The mockups were then presented at the next workshop,
enabling content and broad design ideas to be discussed,
critically analyzed, and further devel oped.

Figure 1. PD research methodologies used during the design and build of the MHeC where end users participate in all stages of development, are at
the center of the R&D cycle, and share equal responsibility with the research team for the outcomes. PD: participatory design; MHeC: Mental Health

eClinic; R&D: research and devel opment.
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Textbox 1. Phases 1 and 2 workflow.

Ospina-Pinillos et al

o Phase 1, stage 1 (young people only, Camperdown): One 1-day participatory design (PD) workshop with young people attending headspace

Camperdown; workshop held in headspace Camperdown

Knowledge trandation for young people only (phase 2)

. Phasel, stage 1 (young people only, Campbelltown): One 1-day PD workshop with young peopl e attending headspace Campbel Itown; workshop

held in headspace Campbel ltown.

Knowledge trandation for youth health professionals only (phase 2)

o Phase 1, stage 1 (youth health professionals only): One 1-day PD workshop with youth health professionals from headspace Camperdown and
headspace Campbel ltown; workshop held in headspace Campbel ltown.

Knowledge trand ation combined workshop (phase 2)

«  Phase 1, stage 2 (young people and youth health professionals combined): One half-day PD workshop with both young people and youth health
professionals from headspace Camperdown and headspace Campbelltown (all participants must have previously participated in a stage 1

workshop); workshop held in headspace Camperdown.

Topicsfor stages 1 and 2 workshops included the MHeC home
page; important website functions; ook and feel of thewebsite;
online physical and mental health assessment; provision of
assessment  results online (including consideration of a
dashboard of results); a video visit system (utilizing live
interactive videoconferencing); and the development of
personalized well-being plans based on assessment results.
Importantly, technology was not used in any PD workshop;
instead, several artifacts and design activities (Figure 2) were
used in each workshop to facilitate discussions and the design
process. The activities included:

1 The use of propositions to explore and communicate the
concept of the MHeC

2. End user sketching [70] (hand-drawn sketches by young
people and youth health professionals, either individually
or in groups) to enhance the feedback process and
generation of new ideas

3. Analysis of mockups of webpages (hand-drawn sketches
and wireframes) to test designs and provide feedback about
the look, feel, content, and behavior of the MHeC.

Knowledge Trandlation (Phase 2)

At the conclusion of each workshop, thetranscript and all visual
artifacts were independently analyzed by a KT Team (three
2nd-and 3rd-year psychology students [Al, ML, and ED], all
femal es aged between 20 and 23 years) who were interns at the
time at The University of Sydney’s Brain and Mind Centre).
Observations were tallied, and those observations with three or
moretallieswere considered for inclusion in the next generation
of wireframes for discussion and analysis at the following
workshop. Information was compiled until saturation point was
reached (defined as the point where no new information was
attained) [71].

http://www.jmir.org/2018/5/e188/

One-on-One ConsultationsWith End Users, Including
Assessing the Usability of the Alpha Build of the
Mental Health eClinic (Phase 3)

Phase 3 involved in-depth one-on-one consultations with new
end users (young people and youth health professionals who
had not participated in Phase 1). The inclusion of new
participants aimed to reduce biased responses due to habituation
or familiarity with the topic asaresult of prior participation in
the study. In each 90-min one-on-one end user consultation, a
researcher was paired with a participant (end user) and an
observer took notes. Sessionsinvolved the use of laptopswhere
participants had accessto the a pha build of the MHeC website.
Employing a think-aloud protocol [72], participants were
observed as they navigated the MHeC and responded to
guestions posed by the researcher about the main components
of the MHeC; responses were recorded by the observer. The
initial effectiveness of the system was then assessed by asking
participants to complete 3 usability tasks: (1) create an account
and login; (2) find the “need help now” button; and (3) book
an appointment. Task completion time was recorded to assess
the efficiency of the system. No instructions or clues were
provided, and commentsin relation to navigation were recorded.

Data Analysis

Qualitative data were interpreted using thematic analysis
techniques [73] according to the following themes: general
elements of the MHeC; general look and fedl; privacy and data
sharing; and interaction of the MHeC with social networks.
Records of all tallies obtained in Phases 1-3 were then grouped
and interpreted by a team of researchers (LOP, TD, and 2nd-
and 3rd-year psychology students [AH and FY] who were
interns at the time at The University of Sydney’s Brain and
Mind Centre). Each theme and associated content was discussed
by the group, and differences of opinion were discussed until
consensus was reached.
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Figure 2. Samples of visual artefacts. (A) Hand-drawn sketch by end users during a PD workshop; (B) Hand-drawn sketch of a webpage generated
following aKT session; and (C) Wireframe generated using Balsamiq following a KT session. PD: participatory design; KT: knowledge translation.
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Results

A total of 4 PD workshops, 4 knowledge translation sessions,
and 1 round of one-on-one end user consultation sessionswere
conducted between October 2014 and June 2015 (Figure 3).

Participant Characteristics

PD workshops were held with young people attending
headspace Camperdown (n=7) and headspace Campbelltown
(n=11), and youth health professionalsworking at those services
(headspace Camperdown n=5; headspace Campbelltown n=5).
A total of 18 young participants participated in stage 1 (young
people only) PD workshops. there was equal gender
participation, and 78% (14/18) were aged between 18 and 25
years. Ten youth health professionals participated in stage 1
(youth health professionals only) PD workshop: the majority
of these participantswere femal e (70%, 7/10) and aged between
20 and 30 years (70%, 7/10). The group comprised 4
psychologists, 2 occupational therapists, 1 medical student, 1
general practitioner, 1 social worker, and 1 Aborigina youth
worker.

Nine participants participated in stage 2 (young people and
youth health professionals combined): young people (n=5) and
youth hedlth professiona s (n=4). The mgjority of the participants
were male (56%, 5/9); the youth health professional’s group
included 3 psychologists and 1 occupational therapist.

Six people participated in Phase 3 (consultation with end users,
including usability assessment of the online alpha build). The
majority of these participantswerefemale (67%, 4/6). The group
contained 1 clinical psychologist, 1 psychology student, and 4
young people.
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Main Components of the Alpha Build of the Mental
Health eClinic

The iterative R& D cycle revealed the importance of five main
components of the MHeC. These informed the alpha build of
the MHeC (Figure 4-8): awelcoming home page with avisible
triage system; a comprehensive physical and mental health
assessment; a detailed dashboard of results; a booking and a
video visit system; and the generation of a personalized
well-being plan that includes linksto evidence-based, and health
professional-recommended, apps and etools. The five
components will have different functionalities depending on
whether the user is ayoung person or a health professional.

Element 1: Home Page and Triage

Young peopl e suggested the home page should be a“welcoming
space,” where young people can feel “comfortable,” without
compromising the authenticity and professionalism of the site.
As such they indicated a banner with the institutional logos
should be visible at all times at the footer of the home page.
Young people al so wanted the following featuresto beincluded
on the home page: testimonials from young people about their
experiences with the MHeC (“a young person explaining why
they are there and how to use it"); reliable mental health
information (resources); information about how to help afriend;
frequently asked questions; and a brief explanation about how
the MHeC works. Young people also suggested that as this
information would be of interest to awide range of people, the
home page needs to be available to everyone, even if they have
not signed up for the MHeC. Youth health professionals and
young peopl e suggested that, before any login process, atriage
system needs to be in place to ensure that young people in
distress can accessimmediate care and a“ need help now” button
should be clearly visible for those in crisis.

Figure 3. Study Gantt chart. KT: knowledge trandation; MHeC: Menta Health eClinic.
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Figure 4. Home page with aclearly visible triage system for those requiring urgent help.
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Figure5. Comprehensive online physical and mental health assessment.

Mental Health

E+CLINIC

ting Room
£ MyApps & eTools
& Resources

©  About MHeC

hecatiptow |

MODULE 1

© DI What sex were you ssslaned at birth, an your original birth certificate?
Choose one of the fallowing answers

Hale
Female

* DIA Mow go you deseribe yoursel?
Choose ene of the fallowing answers

ale

fy s famale, male or transgandar

D2 What s your date of birth?
Answer must bo between 01.01,1979 and 31,12.2004

+ DI What s your current posteode and suburb?
Please ast 2 answers

* D4 What I the maln language spoken In your home?
Choose ene of the fallowing answers

English

Ospina-Pinillos et a

Tracey 4% Reumtohub

Figure 6. Dashboard of results and progress report.

WMental Health

et o |

Tracey & Rewmtorud

E-CLINIC
< T e e ) >
m ) Self harm andior suicide behaviours o - Soclal and economic participation e
Wy o i 1 u;" . gaged with some dysfunctio
B Waiting Room ) =)
.rc b 11
#  MyApps & eTools
& Resources - Other Drug Use Ly Tobacco use &
@ AboutMHeC ,/(\ p - ) B
D4 1]
.. Physical health 2 . Depression severity
) s-Highesk G ;e
VY —
\/
SPHERE-12
-

Cagnitive complaints

http://www.jmir.org/2018/5/€188/

XSL-FO

RenderX

JMed Internet Res 2018 | vol. 20 | iss. 5 [e188 | p.188
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 7. Booking and video visit system.
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Element 2: Online Physical and Mental Health
Assessment

Young people said they felt comfortable about completing an
online physical and mental health assessment and receiving
immediate feedback of their results. The majority also initially
reported that they preferred short questionnaires (approximately
15 min in duration). After an explanation was provided,
however, about the number and types of questionnaires that
would be included to fully assess their physical and mental
health (including the range of standardized assessmentsthat are
currently being used in headspace centers and completed using
paper and pencil or iPad) and that a comprehensive assessment
would enable a detailed dashboard of results and well-being
plan to be generated (including recommended apps and etool s),

http://www.jmir.org/2018/5/€188/
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RenderX

young people understood the need to complete a more
comprehensive assessment (up to 1-hour duration). Young
peopl e suggested that a pause and “resume later” feature would
be helpful with alonger questionnaire to ensure completion. In
addition, young people reported that they preferred Likert-scale
questions (typicaly a 5-, 7-, or 9-point agreement scale),
two-way close-ended question (no/yes) or multiple-choice
guestionsrather than free-response (“ enter text”) questions. The
MHeC's assessment includes medical history, physical health,
mental health symptomatology, and health behaviors. For youth
health professionals, the questionnaire functionality enables
them to write notes or complete/add additional information for
relevant questions in relation to their young person’s progress
or specific clinical observations (eg, provide ascorein the Socia
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and Occupational Functioning Assessment Scale[74] or alocate
participants to a clinical stage [47]).

Element 3: Dashboard of Results and Progress

Young people reported that after completing the assessment,
immediate feedback about their resultswas essential. They also
reported that knowing this would occur would improve
motivation to respond as best as possible and answer all
guestions. Young people said they wanted accurate feedback
about their results and for this to be represented in a detailed
dashboard (“visual concept”), with the option of printing or
saving the file as a PDF for their records, or to share with a
health professional in the future. Simple bar graphs, colored
icons, and traffic light representations were seen as the most
acceptable and understandable options for the presentation of
results. Line graphs were the preferred option to represent
changes over time and to track progress. Young people aso
suggested the availability of a “customize option” would be
useful to enable individuals to select multiple variables of
interest to explore if, and how, they influence another. Youth
health professionals would have access to a young person’s
resultsand progress asthey reported that adashboard of results
would help guide care before and during video and face-to-face
visits.

Element 4: Waiting Room, Booking System, and Video
Visit System

Young people requested that a booking system be available to
make timely appointments with youth health professionals
attached to the clinic. Young people also suggested a “waiting
room” beincluded inthe MHeC whereindividualswait for their
video visit to begin. While on this page, young people suggested
various activities could be available, for example, breathing
exercises or watching selected videos until the video visit icon
changes color, signaling their video visit isabout to commence.
In relation to the youth health professionals' functionality of
this component, they suggested that it would be important to
have access to a booking system (“to add or cancel a booking
aswell as block timeslots”).

Acknowledging cultural preferences, and that some people do
not feel comfortable seeing their image (“ seeing myself distracts
me, | would be looking at myself”), it was suggested by some
young people that at the moment of booking an appointment
the option of hiding their image should be available. It was also
suggested that in the event of communication cut-offsor ayoung
person wanting to say something sensitive, a chat box would
allow afluid conversation. All participants agreed that the video
visit system needs to be embedded in the MHeC as “it would
be secure” As it happens in regular practice, the youth health
professionals are in charge of inviting a young person to come
to their office; therefore, in the MHeC, the youth health
professional has the possibility to start and end the video visit.
Importantly, this video visit system includes a “share”
functionality, where relevant information can be shared and
made visible on a young person’s screen (eg, “explain their
dashboard of results during the session”).

http://www.jmir.org/2018/5/e188/
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Element 5: Personalized Well-Being Plan That I ncludes
Linksto Evidence-Based, and Health
Professional-Recommended, Apps and Etools

All participants reported that they would like to be provided
with a personalized well-being plan (generated from their
assessment  results) that included tailored automatic
recommendations on how to improve their heath and
well-being. Young peopl e believe that apps and etool stargeting
their main concerns/issueswould be beneficial. However, young
peoplebelievethat “ health professional recommended” and free
apps/etools are more likely to be downloaded over apps/etools
that haveto be purchased or that are not recommended by health
professionals. The areas of main interest to young people were
apps/etools that help them with their deep; improve their
memory; assist with mood tracking; and help with tracking their
progress over time. Ideally, apps and wearable devices should
be integrated with the MHeC. Youth health professionals felt
confident about the MHeC suggesting apps and etoolsto young
people“only if they arefrom areputable source” and had greater
confidence in those that had been independently rated using the
Mobile App Rating Scale[75]. Interms of functionality, all end
users suggested that the MHeC should have alist of apps sorted
by categories such as sleep, mood, anxiety, and physical health,
among others. Participants suggested that each app should have
an Apple Store and Google Play link to facilitate the download
process.

User Interface

Inrelation to the look and feel of the MHeC, young people and
youth health professionals agree that the system should be“clean
andtidy,” displaying short and conciseinformation and making
good use of space. Most of the participants preferred to have
icons instead of text and preferred to self-explore the system
rather than having lengthy instructions. The use of stereotyped
photos with “happy” or “sad people” was highly discouraged
by young people. The participants wanted to see videos about
how to use the system, but indicated that these should be short
(no more than 30 s) and not auto-play due to data download
size concernsand privacy issues (eg, avideo commencing while
sitting in a public space). Soothing colors were preferred for
the background and brighter colors for the functionalities,
suggesting combinations such as blue and orange for
consideration. Young people also suggested the possibility of
a“customizing” option to enable users to choose between two
to three text types and background color options.

Privacy and Data Sharing

Young males were more concerned about privacy issues than
young females. For example, young male participants said
“sharing data is OK, but it must say it's confidential” or “I
wouldn’t share my location with the system.” On the other hand,
young femal e participants said, for example, “1 have no privacy
concerns specifically if going to aclinician.” All young people,
however, said they would share their data as they believe the
MHeC would be a professional and trustworthy site and this
would enable them “to get most help.” Young people, however,
emphasized that they want to be informed about how the data
will be handled before giving permission for data sharing and
to have the opportunity to withdraw this permission at any time.
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Integration With Social Networks

Young people believe that the MHeC should be part of social
networks as they would like to be able to share the MHeC in
their profile or with a friend through a private message.
Moreover, they wanted to be able to like the MHeC or write a
comment on it. One of the suggested preferred features of the
MHeC was “tips” and for these to be displayed throughout all
components of the MHeC. Young people a so thought it would
be valuable if they were able to share these tips viatheir social
networks.

Usability

Information about the efficiency and effectiveness of the alpha
build of the MHeC was obtained during the one-on-one
consultation sessions. All participants (n=6) completed usability
tasks. All participants found that “creating a MHeC account”
and “login” were relatively simple processes. Half of the
participants thought that giving the option of login with their
social mediadetails (singlesign on) wasagood ideaasit would
speed up this process (“ super easy”). The other half were against
social media login as they were concerned about the MHeC
sharing information with their friends (“1 don’t want my friends
seeing this information”). Finding the “need help now” button
was a simple task; all participants found it in less than 5 s.
Booking an appointment was a straightforward task as well,
and participants were able to navigate the MHeC and complete
the process almost immediately.

Discussion

Principal Findings

Our study utilized an innovative approach to the devel opment
of a Web-based mental health clinic for young people (the
MHeC). The PD employed ensured that end users (young people
and youth health professionals) had an active and equal
involvement in all phases of the design and development
process. By engaging these stakeholders, we attempted to
respond to end users’ expectations about the MHeC and what
was achievablein terms of technology and what has been proven
to be effective in the mental health field. The use of several
design activities (propositions, hand-drawn sketches, and
mockups) and the combination of different PD methodologies
(workshops and one-on-one consultations with end users,
including assessing usability of the online alpha build of the
MHeC) enhanced feedback processes and the generation of new
ideas. This combination of research methodologies also
accelerated the refinement of the MHeC to achieve the build of
the apha prototype.

In the past decades, the development and use of eHealth
solutionsin mental health care have expanded; however, these
solutions have been devel oped to address specific problems or
to replace different components of the traditional health care
system. As an example, the mgjority of self-triagetoolsrely on
people actively searching for these tools on the Internet;
however, some health services provide self-triage tools on their
websites, particularly when booking appointments online [26].
Telepsychiatry (videoconferencing), as another example, has
also been a particularly effective way of providing support as
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it allows real-time interaction while negating barriers such as
cost, geographical location, and stigma concerns associated
with face-to-face support [46]. To the best of our knowledge,
our MHeC is one of a kind as it integrates triage, online
assessments, online provision of results with easy-to-interpret
graphic representati ons (adashboard), enablesvideo visitswith
youth health professionals, provides a personalized well-being
plan with immediate interventions, and tracks progress. We
believethisis more sophisticated and technol ogically advanced
than traditional telemedicine.

One of the strengths of our system isthat it integrates new and
emerging technologieswith the traditional face-to-face process.
Several studies emphasize that screening alone is insufficient
for connecting end users with the necessary resources for
effective treatment [9,76-78]. Instead, it is argued that online
screening should supplement, and be integrated when necessary,
with additional support and assessment, which can include
face-to-face or online assessments with health professionals
within mental health services [9,78]. In line with these
recommendations, Internet-based clinical assessments have
been implemented and trialed in various Web-based clinics as
ameans of rapid assessment and referral to appropriate online
interventions[79,80] and integrated with face-to-face and online
support [20].

Important considerations need to be made in relation to an end
user's health literacy asit is argued that Web-based health care
communication demands a higher level of health literacy from
end users, including the knowledge and skills that enable them
to navigate the health system [81]. National datasets report that
60% of Australianshave hedlth literacy scores at the lowest two
levels of proficiency (scoring 1 or 2), whereas only 6% attain
the highest two levels (scoring 4 or 5) [82]. Furthermore, if an
end user is experiencing active psychosis or is in crisis, for
example, the ability to accurately read or reflect upon
information may prove challenging [83,84].

Video visits (as provided in the MHeC with “share”
functionality), and face-to-face support provided by health
professionals, may provide end userswith the support they need
to help them navigate the online physical and mental health
assessment, dashboard of results, and the health system. These
noted challenges highlight the need for health professionals to
remain involved in some capacity in the online assessment
process, particularly to prevent the unnecessary funneling of
end usersinto the health system.

In 2017, it was estimated 95% of young peoplein Australiahad
access to amobile phone [85,86], making Internet access more
widely available to individuals. Mabile phones also provide
individualswith higher levels of privacy (compared with shared
computers) when participating in a video visit or completing
assessments. Consequently, these devices could serve as great
facilitators of health care provision, playing a crucial role in
health reform.

Implications

In 2014, the Australian Government asked the National Mental
Health Commission (NMHC) to review existing mental health
services and programs and “...assess the efficiency and
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effectiveness of programsand servicesin supporting individuals
experiencing mental ill health and their families and other
support people to lead a contributing life and to engage
productively in the community” [87]. Similar to previous
reviews, the NMHC, called for an overhaul of the Australian
mental health system, including an integration of e-mental health
with face-to-face services. Innovationsin the use of technology
during the assessment process hold potential as they can go
some way to addressing documented youth service capacity
issues [84,88].

In aignment with the NMHC's three key components
(person-centered design principles; new system architecture;
and shifting funding to more efficient and effective “ upstream”
of servicesand supports), we envisage that the MHeC will result
in ausable system, with high engagement rates, and could finaly
improve accessfor all young people requiring assistance across
Australia. We see the MHeC as areal-time primary care clinic
integrated with current face-to-face services, offering end users
at aminimum immediate online clinical assessment; immediate
generation of adashboard of resultsand personalized well-being
planwith tailored interventions; and inbuilt triage and escalation
protocols to accurately respond to severe and risky cases. The
MHeC offers timely support and interventions through the
development of an individual and health professional shared
treatment plan. It a so provides an opportunity for young people
to have a video visit with a health professional despite their
current geographical location. Although developed for
Ausgtralian settings, the MHeC hasthe potential to be customized
for use in developed and developing countries (and especially
in those countries where Internet connectivity is high).

Information obtained from this alpha build (more specifically
it's screening and triage protocols; online physical and mental
health assessment, video visit system; and self-directed mental
health support features) are now informing the development
and build of the Synergy Online System (Synergy). Synergy is
a Web-based modular platform that links integrated and
interoperable resources (eg, apps, etools, data sharing, and
accessto online and in-clinic health services). Synergy operates
through existing health providers to promote access to
high-quality and cost-effective mental health services. This
system does not deliver services or compete with existing service
providers; rather, it aims to complement them by linking with
other services. In addition, it enablesreal-time health and social
outcomestracking, thus providing high-quality and personalized
service recommendations to the person seeking help. Synergy
has been configured to permit the transfer of individual-level
data (allowing for other ethical, consent, governance, and
privacy considerations) between it and other existing record
systems. The actual capacity to do thisin any specific service
setting depends on the ways in which existing service systems

Acknowledgments

Ospina-Pinillos et al

are configured and governed. Synergy aimsto enable Australian
mental health service transformation for better outcomes for
individual users, their families and supportive others, health
professionals, and service providers.

Currently, a series of collaborative research trials are planned
to evaluate the use of Synergy acrossthelifespan. Thisresearch
is funded by a 3-year agreement (2017-20) between the
Australian Government Department of Health and InnowWell
Pty Ltd (ajoint venture between The University of Sydney and
PricewaterhouseCoopers) to the value of Aus $30 M. Results
from this research will be reported separately.

Limitations

Our sample size in Phase 3 (one-on-one consultation with end
users) was in the lower range of the average numbers for this
type of study (between 6 and 12 participants) [89]. However,
our sample size still enabled usto collect sufficient information
for analysis in the framework and reach a saturation point.
Further research is needed to understand the acceptability and
usability of the system, aswell asto validate all the components
in real-world settings.

Conclusions

The MHeC has been designed to be accessible, affordable,
available, and applicable to the many and varied settings in
which there is the opportunity to connect with young people
experiencing mental health concerns at anytime, anywhere
across Australia, regardless of geographic location. The MHeC
especialy represents a solution for regional and rural/remote
locations and the developing world where the need for mental
health care far outstrips the number of health professionals
available.

To the best of our knowledge, it is the first time that a
Web-based clinic has been conceptualized and codesigned
through aniterative cyclewith end users. The close collaboration
between all different stakeholders hasthe potential to effectively
increase accessibility to mental health servicesfor young people,
the quality of care provided to young people, and also increase
engagement with, and usability of, the final product. The main
components of this system ensure that young people seeking
help can find what they need within one system. The alpha
prototype of the MHeC not only provides end users with
accurate health information but also provides each person with
the opportunity to have a comprehensive clinical (physical and
mental health) assessment as well as rea-time tailored
interventions, including a video visit with an appropriate heath
professional. Further research is needed to assess the
acceptability of the MHeC as well as its applicability in
large-scale studies.
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Abstract

Background: Expertsworldwide agree that skin cancer isaglobal health issue, but only afew studies have reported on world
populations’ interest in skin cancer. Internet search data can reflect the interest of a population in different topics and thereby
identify what the population wants to know.

Objective: Our aim was to assess the interest of the German population in nonmelanoma skin cancer and melanoma.

Methods: Google AdWords Keyword Planner was used to identify search terms related to nonmelanoma skin cancer and
melanoma in Germany from November 2013 to October 2017. The identified search terms were assessed descriptively using
SPSS version 24.0. In addition, the search terms were qualitatively categorized.

Results: A total of 646 skin cancer-related search terms were identified with 19,849,230 Google searches in the period under
review. The search terms with the highest search volume were “skin cancer” (n=2,388,500, 12.03%), “white skin cancer”
(n=2,056,900, 10.36%), “basalioma’ (n=907,000, 4.57%), and “melanoma’ (n=717,800, 3.62%). The most searched localizations
of nonmelanomaskin cancer were“nose” (n=93,370, 38.99%) and “face” (n=53,270, 22.24%), and the most searched of melanoma
were“nails’ (n=46,270, 70.61%) and “eye” (n=10,480, 15.99%). The skin cancer related category with the highest search volume
was “forms of skin cancer” (n=10,162,540, 23.28%) followed by “skin alterations’ (n=4,962,020, 11.36%).

Conclusions: Our study providesinsight into termsand fields of interest related to skin cancer relevant to the German popul ation.
Furthermore, tempora trends and courses are shown. This information could aid in the development and implementation of
effective and sustainable awareness campaigns by devel oping information sources targeted to the population’s broad interest or
by implementing new Internet campaigns.

(J Med Internet Res 2018;20(5):€10327) doi:10.2196/10327

KEYWORDS
skin cancer; melanoma; nonmelanoma skin cancer (NM SC); Google; search analysis; population

and face, are particularly at risk [5,6]. Less commonly, NMSC
can occur on skin areas that are not exposed to sunlight owing
to other etiopathogenetic factors, such asaterationsin lymphatic
circulation [7,8]. Currently, NMSC has an enormous
socioeconomic impact with acontinuously increasing incidence

Caucasians worldwide [2]. In Germany alone, approximately wit_hin the last few years [9]. In Germany, the incidenc_:e is
180,000 new cases are reported each year [3]. The main risk esti matgd to d_ouble by 2Q30 [3]. Not as f.requent, but Wlth a
factor for NMSC is exposureto solar ultraviolet radiation (UVR) ~ Substantially higher mortality thanNMSC, ismelanoma, which

[4]. Thus, sun-exposed skin areas, such as the nose, neck, head, is diagnosed in approximately 21,000 new patients each year
in Germany [10]. Recently, new diagnostic and treatment

Introduction

The incidence of skin cancer, including nonmelanoma skin
cancer (NMSC) and melanoma, is a mgjor public health issue
[1]. In fact, NMSC is the most common cancer among
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options, especially for melanoma, have had asignificant impact
in the global medical community [11-14]. At the same time,
NM SC has been recognized as an occupational diseasein some
countries, and new techniques and productsfor UV R protection,
including apps and gadgets, have been developed [15,16]. In
summary, experts agree about the global problem of skin cancer,
but few studies have focused on the interest of the population
[17], which might help lower the global burden. One option for
analyzing the interest of the population is an Internet search
analysis. This is a promising approach to reflecting the
population’s interest in a certain topic [18]. It isanovel tool to
estimate the impact of disease in a population where traditional
methods are inadequate or in the absence of data sources[19].
Analysisof the Internet search volumefor different search terms
providesinsight into the population’sgenera interest. Therefore,
the term “search volume” concentrates on the number of
searches of aparticular topic or search term. This procedure has
been used by communication mediafor several years[20]. The
Internet’s emerging role as amain source of health information
for the population [21,22] has created a corresponding value as
anovel and informative method in the medical field. Recently,
Huang et a reported a small association between online
cancer-related information searching behaviors and skin cancer
incidences [23], and Wehner et a successfully demonstrated
that Internet search volume positively correlated with the
incidence and mortality rates of common cancers, including
melanoma, in the United States [18]. This indicates that the
unconventional method of Internet search analysis can provide
useful dataon the characteristics of adiseaseincluding incidence
and mortality. Hence, the Internet search data reflecting the
population’s interest can provide information about real-life
skin cancer incidence aswell as medical needs. For this purpose,
the Google search engineis promising for Germany because of
its 95% market share[24]. Moreover, the popul ation prefersthe

Seidl et &

use of search engines such as Google over specialized websites
when searching for health information online [25-27].

Theaim of this study wasto analyze the interest of the German
population in skin cancer by analyzing Google searches of terms
related to NM SC and melanoma.

Methods

Study Design

In this retrospective longitudinal study, we used Google
AdWords Keyword Planner to identify the search volume of
terms related to NMSC and melanoma. Google AdWords
Keyword Planner is usually used by advertisers to optimize
Google marketing campaigns. The most important part of
Google AdWords is keywords. With their help, an advertiser
can specify in advance that an ad should be displayed only in
the result for a search for the mentioned terms or thematically
appropriate pages. Therefore, the tool can search for keyword
ideas; new keywords can be included or lists of keywords can
be uploaded [28]. However, because this technology indicates
the monthly search volume estimated by Google, it can also be
used for scientific questions. In our study, the search terms
related to NM SC and melanomawereidentified using akeyword
cluster including the following 13 common termsfor skin cancer
in German: “skin cancer,” “black skin cancer,” “white skin
cancer,” “light skin cancer,” “nonmelanocytic skin cancer,”
“nonmelanomaskin cancer,” “NMSC,” “melanoma,” “malignant
melanoma,” “basalioma,” “basal cell carcinoma,” “spinalioma,”
and “sguamous cell carcinoma.” On the basis of this cluster,
Google AdWords Keyword Planner identified search terms to
be analyzed regarding their search volume. The search volume
data included only those from Google users with a German
Internet protocol address and were analyzed from November
2013 to October 2017.

”

Figure 1. Content categorization of search terms identified by Google AdWords Keyword Planner. The search terms were manually screened and
categorized into 6 skin cancer—related categories and 2 other categories. “No category” was used for search terms not fitting in any category. The figure
includes absolute numbers and percentages of search volume and an example search term for each category.
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Statistical Analysis

The search volume data from the identified search terms were
assessed descriptively using SPSS version 24.0. Furthermore,
the search terms were qualitatively categorized based on their
content after having been read carefully. In the first step, the
content of al search terms was anayzed, and 6 skin
cancer-related categories were identified (Figure 1). A further
category for “other malignant diseases’ (eg, “lung cancer”) was
also identified. Search terms that did not fit in any of these
categories were placed in the “no category” (eg, “healing
chances breast cancer”; Figure 1). Each search term was only
assigned to one category. In the second step, we categorized
and analyzed the search termswithin the category “localization
of skin cancer” according to the exact localization of NMSC
and melanoma separately.

Results

In total, Google AdWords Keyword Planner identified 714
search terms related to NMSC and melanoma with a search
volume of 43,659,510 in Germany from November 2013 to

Seidl et &

October 2017. Sixty-eight search terms referred to other
malignant diseases or were not assignable terms, while 646
search terms directly referred to skin cancer (Figure 1). Of the
skin cancer—related search terms, the most common termswere
“skin cancer” (n=2,388,500, 12.03%) followed by “white skin
cancer” (n=2,056,900, 10.36%), “basalioma’ (n=907,000,
4.57%), “melanoma’ (n=717,800, 3.62%), and “black skin
cancer” (n=649,400, 3.27%; Table 1 and Multimedia Appendix
1).

Time Analyses

Figure 2 shows the Google search volume of terms related to
NMSC and melanoma from November 2013 to October 2017
with annual increases. The lowest search volume was in
December 2013 (n=208,400, 1.05%), while the highest volume
was in June 2017 (n=398,590, 2.01%). Every year, the search
volume increased in April and May, remained high over June
and July, and decreased again in August. The month with the
highest search volume over all consecutive years was July,
except in 2017, when it was June. The largest increase was
measured from April 2014 to May 2014, when the search
volume increased 32.9% from 266,970 to 354,780 (Figure 2).

Table 1. Most frequently searched skin cancer—related terms in Germany from November 2013 to October 2017 (N=19,849,230).

Ranking Skin cancer—related term Search volume, n (%)
1 Skin cancer 2,388,500 (12.03)
2 White skin cancer 2,056,900 (10.36)
3 Basalioma 907,000 (4.57)

4 Melanoma 717,800 (3.62)

5 Black skin cancer 649,400 (3.27)

6 Actinic keratosis 482,500 (2.43)

7 Squamous cell carcinoma 433,300 (2.19)

8 Skin cancer pictures 366,700 (1.85)

9 Malignant melanoma 336,900 (1.70)

10 Basal cell carcinoma 292,500 (1.47)

Figure2. Nationwide Google searches of termsrelated to nonmelanoma skin cancer and melanomain Germany from November 2013 to October 2017.
Only skin cancer—related search terms are included; search terms from the categories “no category” and “other malignant diseases” are not.
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In atotal of 8,953,870 searches of terms related to NMSC and
melanoma, NMSC-related terms (eg, “white skin cancer,’
“nonmelanomaskin cancer”) had a search volume of 4,421,480
(49.39%), which was categorized as referring to basal cell
carcinoma or sguamous cell carcinoma or not classifiable to
either. Melanoma-related terms (eg, “black skin cancer,”
“malignant melanoma’) had a search volume of 2,014,130
(22.49%; Figure 3). A total of 2,518,260 (28.12%) searches
referred to skin cancer overall, including search terms such as
“cancer skin.”

A total of 927,090 searchesreferred to precursor lesions of skin
cancer: 895,710 (96.62%) on NM SC precursor lesionsand 7080
(0.76%) on melanoma precursor lesions. A total of 24,300
(2.62%) searches referred to precursor lesions of skin cancer
overal (eg, “skin cancer precursor lesion”).

Few searches referred to skin cancer stages (n=204,510) or
metastasis of skin cancer (n=58,210); however, melanoma
(n=79,830, 39.03% and n=28,170, 48.39%, respectively) had a
larger search volume than NMSC (n=63,000, 30.81% and
n=15,880, 27.18%, respectively).

Search Term Categories

Intotal, 92.62% of the search volumefit into aspecific category,
whereas 7.38% was summarized into “ no category” because of
nonspecificity (eg, “cancer”) or the topic (eg, “healing chances
breast cancer”).

Seidl et &

Nearly half of the search volume (N=43,659,510) was in the
category “other malignant diseases’ (n=20,586,340, 47.15%)
followed by the categories “forms of skin cancer”
(n=10,162,540, 23.28%) and “skin alterations’ (n=4,962,020,
11.36%; Table 2). Few searches referred to “treatment of skin
cancer” (n=1,751,330, 4.01%), “localization of skin cancer”
(n=435,770, 1.01%), or “questions on skin cancer” (n=173,940,
0.40%).

L ocalization

In atotal of 435,770 searches of terms related to skin cancer
localization, 239,530 (54.97%) referred to NMSC and 65,530
(15.04%) referred to melanoma. A total of 130,710 searches
(29.99%) did not fit into either NMSC or melanoma because
the search terms contained only “skin cancer”; these were
included in “skin cancer overal.”

The most commonly searched localizations of NMSC were
“nose” (n=93,370, 38.99%) followed by “face” (n=53,270,
22.24%) and “ey€” (n=33,320; 13.9%). There were considerably
less NMSC searches for “legs’ (n=2730, 1.14 %) or “hands”
(n=1860, 0.78%). For melanoma, interestingly, the most
commonly searched localization was “nails’ (n=46,270,
70.61%). With asearch volume of 10,480 (15.99%), “ melanoma
eye,” which probably refersto uveal melanoma, was the second
most searched term, followed by melanoma of the “face”
(n=3720, 5.68%) and melanoma.of the* head” (n=3420, 5.22%).
Few searches were done for melanoma of the “back” (n=1640,
2.50%). For “skin cancer overall,” “face” (n=33,830, 25.88%),
“head” (n=23,740, 18.16%), and “nose” (n=20,960, 16.04%)
were the most frequently searched localizations (Figure 4).

Figure 3. Google search volume of terms related to nonmelanoma skin cancer (NM SC) and melanomain Germany from November 2013 to October
2017. “NMSC overal” includes search terms such as “white skin cancer”, “BCC”, and “SCC”. “Melanoma’ includes search terms such as “malignant

melanoma’. (BCC=basal cell carcinoma; SCC=squamous cell carcinoma).
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Table 2. Content categorization of the identified search terms related to nonmelanoma skin cancer and melanomain Germany from November 2013

to October 2017 (N=43,659,510).

Search term category n (%)

Other malignant diseases 20,586,340 (47.15)
Forms of skin cancer 10,162,540 (23.28)
Skin alterations 4,962,020 (11.36)
No category 3,224,040 (7.38)
Identifying skin cancer 2,363,630 (5.41)
Treatment of skin cancer 1,751,330 (4.01)
Localization of skin cancer 435,770 (1.01)
Questions on skin cancer 173,940 (0.40)

Figure 4. Google search volume of localization of nonmelanoma skin cancer, melanoma, and skin cancer overall in Germany from November 2013
to October 2017. Search terms without an exact skin cancer term (eg, “ skin cancer nose”) are included in “skin cancer overall.”.

Discussion

Principal Considerations

Intotal, approximately 19.85 million skin cancer-related Google
searcheswere conducted in Germany between November 2013
and October 2017. The search terms with the highest search
volume were “skin cancer,” “white skin cancer,” “basalioma,”
“melanoma,” and “black skin cancer.” The course of time shows
anoverall increasein Google search volume from 2013 through
2017, with a higher search volume during each summer.

The overall increase in Google search volume of “NMSC” and
“melanoma’ in the course of time might be explained, in part,
by the continuously increasing incidence of skin cancer [10,29]
and public awareness campaigns [30]. Thismight have also led
to an overal increase in public interest in skin cancer.
Particularly, the recognition of NM SC asan occupational disease
in Germany in 2015 could have led to an increased interest
[15,29,31-33], which might be a reason for the higher search
volume over summer 2015 compared with summer 2014.

http://www.jmir.org/2018/5/€10327/
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Dueto the fact that UVR isthe main risk factor for NMSC and
asignificant risk factor for melanoma[10], it is not surprising
that the summer months had the highest search volume each
year. In addition, the mediareport on sun safety and many skin
safety campaigns run during this season [34,35]. Moreover,
Figure 2 demonstrates that the public interest increasesin late
spring, when people more frequently wear short-sleeved clothing
due to rising temperatures and decreases in late summer when
temperatures begin to decrease in Germany [36]. The seasonal
variation may also be affected by diagnoses of NMSC and
melanoma, which are reported to be significantly higher in late
spring and early summer [37,38]. These seasonal differences
in search volume were also reported by Bloom et al with regard
to skin cancer and melanoma in the United States[17].

The incidence of NMSC is several times higher than that of
melanoma [39]. The population’s interest, as measured by the
Google search volume, does not reflect this; the search volume
of NM SC was not even three times higher than that of melanoma
(Figure 3). Thesmall difference might betraced back to thefact
that melanomais associated with a higher mortality, leading to
a relatively higher interest. A striking finding is the search
volume of precursor lesions of NMSC compared with
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melanoma. Thisis probably related to the clearer definition of
precursor lesions of NMSC. Moreover, the search volume of
metastasis of NM SC is appreciably lower than that of melanoma,
whichreflectsthelower incidence of NM SC metastasisrel ative
to melanoma metastasis [40,41].

The large share of the category “other malignant diseases’ can
be explained by thefact that it covered several cancers(eg, lung
cancer, cervical cancer), while the category “forms of skin
cancer” referred only to skin cancer. These other malignant
diseases were identified because Google AdWords Keyword
Planner also shows search termsthat are not primarily relevant
to the topic of interest. The search volumes of |ocalizations of
NMSC and melanoma reflect the typical localizations where
skin cancer is diagnosed [42-44]. The second most searched
localization of melanoma, “eye,” gives rise to the question of
whether the search was intended for uveal melanoma. Because
uveal melanomaisrare [45], our study shows a conspicuously
high overall interest, which might reflect people’'s special fear
or dismay regarding melanoma of the eye.

Limitations

This study has somelimitations. Although Google has amarket
share of 95% in Germany [24], it is not used by all population
groups to the same extent [46]. Younger-age groups use the
Internet more frequently than older ones [46], who are more
often affected by NMSC [10]. This could have led to
underestimation of specific terms that would be searched by
affected people. In addition, Google AdwWords Keyword Planner
gives only estimations regarding the monthly search volume of
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search terms based on a Google algorithm without any further
information. Therefore, we do not know how precise the
estimates are. However, it has been shown that Google data do
correlate with skin cancer prevalence [18]. Moreover, the
automatic completion of search terms, which is suggested by
Google, may influence people's search behavior. It is possible
that often-searched terms are even more frequently searched,
while less frequently searched terms are discarded. However,
this should not have a great impact on our assessment of the
overal interest in a particular topic, as interest was mostly
assessed in categories rather than by individual search terms.

Conclusion

This analysis of Google search data reflects the German
population’s interest in NMSC and melanoma. Despite the
limitations, our study provides insight into terms and fields of
interest related to skin cancer relevant to the German popul ation.
This information could ad in the development and
implementation of effective and sustainable awareness
campaigns. Therefore, future sources of information should be
developed on the basis of general interest, such as the interest
in melanomaof the eye. Educators should a so use thistechnique
toidentify keywordsto use when buying Google adsfor Internet
campaigns. In addition, prevention and screening programs
should take advantage of the increasing role of the Internet as
asourcefor skin cancer related information. To facilitate better
understanding of Internet search data, the authors’ future studies
will focus on the correl ation between search volume and redl-life
characteristics of skin cancer.

The 50 most frequent skin cancer-related search termsin German.
[PDE File (Adobe PDF File), 20KB - jmir_v20i5e10327 appl.pdf ]
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Abstract

Background: Society always has limited resources to expend on health care, or anything else. What are the unmet medical
needs? How do we allocate limited resources to maximize the health and welfare of the people? These challenging questions
might be re-examined systematically within an infodemiological frame on amuch larger scale, leveraging the latest advancement
in information technology and data science.

Objective: We expanded our previous work by investigating news media data to reveal the coverage of different diseases and
medical conditions, together with their sentiments and topics in news articles over three decades. We were motivated to do so
since news media plays a significant role in politics and affects the public policy making.

Methods: We analyzed over 3.5 million archive news articles from Reuters media during the periods of 1996/1997, 2008 and
2016, using summary statistics, sentiment analysis, and topic modeling. Summary statistics illustrated the coverage of various
diseases and medical conditions during the last 3 decades. Sentiment analysis and topic modeling hel ped us automatically detect
the sentiments of news articles (ie, positive versus negative) and topics (ie, a series of keywords) associated with each disease
over time.

Results. The percentages of news articles mentioning diseases and medical conditions were 0.44%, 0.57% and 0.81% in the
three time periods, suggesting that news mediaor the public has gradually increased its interests in medicine since 1996. Certain
diseases such as other malignant neoplasm (34%), other infectious diseases (20%), and influenza (11%) represented the most
covered diseases. Two hundred and twenty-six diseases and medical conditions (97.8%) were found to have neutral or negative
sentiments in the news articles. Using topic modeling, we identified meaningful topics on these diseases and medical conditions.
For instance, the smoking theme appeared in the news articles on other malignant neoplasm only during 1996/1997. The topic
phrases HIV and Zika virus were linked to other infectious diseases during 1996/1997 and 2016, respectively.

Conclusions: The multi-dimensional analysis of news media data allows the discovery of focus, sentiments and topics of news
mediain terms of diseases and medical conditions. These infodemiological discoveries could shed light on unmet medical needs
and research priorities for future and provide guidance for the decision making in public policy.

(J Med I nternet Res 2018;20(5):€10047) doi:10.2196/10047
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Introduction

Advancesin biomedical research have greatly improved public
health and human longevity; however, many biomedical
problems remain unsolved, and many diseases still need feasible
treatmentsor cures. Limited societal resources, such asfunding
and scientific research, are availablefor health care or anything
else. Allocating resources and prioritizing scientific research to
maximize health and welfare are important and challenging
problems. Systematic investigations of allocation problems
would help address unmet medical needs and promote public
health. Appropriate understanding of resource allocation
mechanisms in health care would also greatly benefit
governmental and private funding agencies, biotechnology and
pharmaceutical companies, and scientists and clinicians.

Scientists have gradually paid more attention to the notable
problems of resource allocation and research prioritization in
health care and have explored different methods to better
understand resource allocation mechanisms. Measurement of
resource alocation typically requires determination of disease
burden and its association with available resources. Measures
of disease burden are often quality-adjusted life years (QALY's),
disability-adjusted life years (DALYS), or other health-related
quality-of-life metrics. In 1999 and 2011, Gross et al [1] and
Gillum et a [2] investigated the relationship between National
Ingtitutes of Health (NIH) funding and disease burden by
studying the number of deaths, disease prevalence and incidence,
and length of hospital stay for 29 common diseases and medical
conditions. Both studies indicated a correlation between NIH
funding and disease burden as calculated with DALYs and
suggested that some diseases are overfunded (such as HIV,
diabetes, and breast cancer) and some are underfunded (for
example, depression and injuries). Sampat et al [3] investigated
107 diseases and medical conditions and determined a strong
correlation between clinical trial funding from NIH and deaths
or length of hospital stay. These studies examined the resource
allocation problem by relating 1 or 2 resource factorsto disease
burden measured by DALYs and others. The practical
calculation of DALYs or QALY sisusualy expensive, since it
requires surveying the preferences of the target population [4,5].
These works were hindered by data scarcity and examined up
to 107 common diseases at arbitrary single time points, which
limits the rigorousness and transferability of these studies.

In addition, scientists have proposed using conventional survey
methodsto include the opinions of citizens, patients, and experts
when defining unmet medical needs and research priorities. For
example, Dowsett et al [6] interviewed 420 oncologists about
themost important research questionsin breast oncology. Annals
of Oncology launched a new section called Research Needs,
which reports on 10 to 15 high-priority research topics. Thelist
of high-priority topics is selected and discussed among
biomedical experts using the Delphi method. Cardoso et al [7]
published the first articlein Annals of Oncology that used this
strategy to report research needsin breast cancer. However, the
conventional survey method is qualitative and does not
efficiently or systematically detect unmet health needs.

http://www.jmir.org/2018/5/€10047/
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In 2015, we introduced the research opportunity index (ROI)
and public health index (PHI) for gauging resource allocation
based on the assumption that the resources should be
proportionally aligned with the burden of each disease[8]. ROI
quantitatively measures resource alocation for a particular
disease, and PHI assesses resource allocation for all medical
conditions as a whole by considering public health needs (as
measured by disease prevalence and financial cost), biomedical
research (as calculated by the number of published articles),
and clinical developments (as determined by the number of
clinical trials). These quantitative indices are very flexible and
can integrate many other quantifiable factors for research
prioritization and resource alocation in biomedicine. Our
analysis showed that resource alocation is influenced by
previous research and that the current resource allocations are
far greater than health needs, thereby resulting in a massive
imbal ance between research and devel opment investments and
US health needs.

More recently, we applied an infodemiological approach [9] to
investigate if disease burden for thousands of diseases and
medical conditions can be approximated by Internet usage data,
including search volume on Google and page view counts on
Wikipedia [10]. We found strong correlations between search
volume on Google and disease burden measured by prevalence
and treatment cost for 39 diseases.

In this study, we extended our previous work by investigating
millions of news articles to determine the coverage of various
diseases and medical conditions as well as the sentiments and
topics in news articles over the last 3 decades. The derived
information could reflect the health problems and concerns of
news media and the public in a similar way that social media
have shown us[11-15]. In addition, news mediainfluences our
daily lives [16], has a vital role in politics, and affects public
policy making [17]. Thus, our study could provide useful
information on unmet medical needs and research prioritiesfor
the future and aid in decision making in public policy.

Methods

Wor kflow

Our workflow to mine Reuters news dataisillustrated in Figure
1 and consists of 2 main processing components: datacollection
and preprocessing, and natural language processing (NLP) and
analysis. In the component of data collection and preprocessing,
the 3 Reuters news corpora (Reuters Corpus Volume 1 [RCV 1],
Thomson Reuters Text Research Collection [ TRC2], and Reuters
Corpus 2016 [RC16]) were collected and cleaned due to
heterogeneities and noisein the news articles. The cleaned data
were then imported into Apache Solr (The Apache Software
Foundation) for information indexing and searching. Solr is a
popular, open-source, enterprise search platform built on Apache
Lucene. The Reuters corpora were filtered in Solr to retrieve
news articles that mentioned a list of disease synonyms from
the Unified Medical Language System (UMLS) [18,19].
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Figure 1. Workflow for mining news media data. Concat: concatenate; dx: disease; PheWAS: phenome-wide association study.
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The UMLS assigns each disease concept a Concept Unique
Identifier (CUI) and provides a disease synonym lookup table.
It aso provides the mapping between different controlled
vocabularies, such as from the CUIs to the International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM). Therefore we were able to group various hames
of the same disease concept to UMLS CUIs and then convert
the CUIs to ICD-9-CM [20,21]. Then we aggregated different
|CD-9-CM codesto phenome-wide association study (PheWAS)
codes using their mapping table [22].

In NLP and anaysis, we performed summary statistics,
sentiment analysis, and topic modeling for the news articles
grouped by PheWAS codes. To summarize the data, we
calculated the percentage of news articles mentioning each
PheWAS disease concept by dividing the number of articles
mentioning each PheWAS concept by the total number of
articles that mentioned al diseases and medical conditions in
ayear, that is 3516 in 1996/1997, 8835 in 2008, and 9633 in
2016. For sentiment analysis, articles that mentioned diseases
and medical conditions were tokenized at the sentence level,
and only sentences that mentioned diseases and medical
conditions were selected to compute the sentiment scores. For
topic modeling, all compound disease namesin the newsarticles
werereplaced by their concatenated, single-word forms, in order
to preserve the compound concepts as potential candidates of
meaningful topics. For example, “lung cancer” was converted
to“lung_cancer” beforetopic modeling. The newsarticleswere
then tokenized at the word level with stop words removed. A
stop word is a commonly used word such as “the” “and,” or
“off” that is usually discarded in the text analysis. All words
were lemmatized to reduce inflectional forms to a single base
form. Finaly, a n-gram (n=1-4) modd was used to track
meaningful short phrasesin topic modeling. Sentiment analysis
and topic modeling were performed using Valence Aware
Dictionary and sEntiment Reasoner (VADER) in Natural
Language Toolkit (NLTK) [23] and the Gensim library in
Python [24].

http://www.jmir.org/2018/5/€10047/

Additional details about data collection, data cleaning, summary
statistics, sentiment analysis, and topic modeling are discussed
in the following sections.

Data Collection

Inthiswork, 3 news corporain English were collected from the
online newswire achieves of Reuters media (Reuters Group
before 2008 and Thomson Reuters after 2008). Reuters media
isaleading global information and news agency and theworld's
largest international text and television news provider. The 3
Reuters news corpora used in this study, each in a span of a
1-year period, represent 3 decades (1990s, 2000s, and 2010s)
and alow us to study the temporal trends of major topics in
news media. Table 1 summarizes the dates and statistics of the
3 data sets including the numbers of all news articles, the
numbers and percentages of articles that mentioned diseases
and medical conditions, and the numbers of the mapped
PheWAS codes[25].

RCV1isthefirst official Reuters corpus [26,27] and isalarge
collection of over 800,000 news articles in English that were
published from August 20, 1996, to August 19, 1997. In 2000,
Reuters made this corpus available for free use by researchers.
RCV 1 has been extensively used for information retrieval and
the development of NLP and machine learning tools [26].

TRC2 isanother large newswire corpus of Reutersmedia. TRC2
includes more than 1,800,000 news articles produced by Reuters
journalists from January 1, 2008, to February 28, 2009. This
data set was initially provided to the participants of the 2009
blog track at the Text Retrieval Conference. In this study, we
used the news articles from January 1, 2008, to December 31,
2008, which includes more than 1,500,000 news articles.

RCV1 and TRC2 are distributed free of charge by the National
Ingtitute of Standards and Technology and can be downloaded
on request [28]. To analyze the latest news articles, we also
created a third news article corpus from the Reuters archive
websites [29-31] for 3 available English-speaking countries:
United States, United Kingdom, and India
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Table 1. Summary statistics of Reuters historical news data.
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Data set Date Articletota, n Articles mentioning diseases, n (%) Mapped PheWAS? codes
Rcv1P 8/20/1996 to 8/19/1997 806,791 3516 (0.44) 342
TRC2® 1/1/2008 to 12/31/2008 1,546,350 8835 (0.57) 311
RC16¢ 1/1/2016 to 12/31/2016 1,182,761 9633 (0.81) 375

8PheWA'S: phenome-wide association study.
PRCV1: Reuters Corpus Volume 1.

®TRC2: Thomson Reuters Text Research Collection.
9RC16: Reuters Corpus 2016.

The new Reuters news corpusis called RC16 for the purposes
of this study. RC16 includes more than 1,100,000 news articles
from January 1, 2016, to December 31, 2016.

Data Cleaning

News articles we collected are mostly heterogeneous and noisy
and need to be cleaned before text analysis. In practice,
automatic data cleaning isrelatively difficult and data cleaning
needs to be performed on a case-by-case basis because
heterogeneities and noises vary among raw text corpora [11].
For example, Reuters tags and editorial information exist in
Reuters corpora, and some sentences are delimited by “>" or
“*” in the news articles. These are different from tweet data
used in our previous study on disease burden. We designed and
used the following steps to clean the data retrieved from the 3
Reuters corpora.

« Removed Reuters tags such as “(Reuters)” and “(Reuters
Life)”

« Removed editorial information. All sentences starting with
“Editing by,” “Reporting by,” “Written by,” or “Page
editor” were deleted

«  Removed comments from news articles. Comments and
remarkswere discarded (eg, “ click on the codesin brackets
to see stories,” “the following statement was released by
the rating agency,” and " note to subscribers: this top news
page will change its name to healthcare from August 4 to
better describe the sector it covers’)

- Replaced hyperlinks such as
“http://topnews.session.rservices.com” with theword “link”

« Removed repeating special characters, for example,

«  Replaced the sentence ddimiters“*” and “>" using aperiod.
Replaced all uppercase |etters with lowercase letters

The above steps cleaned up irrelevant metadata and special
charactersand are necessary for meaningful topic modeling and
sentiment analysis. For example, the tag of Reuters appears at
the end of each Reuters news article. If we do not remove it,
the topic modeling resultswould be biased. In another case, the
repeating special characters and sentence delimiterssuch as“*”
and “>" can confuse the sentence segmentation process and
impact the sentiment analysis results.

Summary Statistics

We counted the total numbers of the news articles that
mentioned all diseases and medical conditions in terms of a
PheWA S disease concept. Dueto different sizes of the 3 Reuters

http://www.jmir.org/2018/5/€10047/

corpora, we adopted the coverage in percentage instead of the
raw count of articles mentioning a PheWAS disease concept
from 1 year to another. Therefore, we employed the normalized
coverage (in percentage) to assess the coverage of different
diseases and their temporal trendsin the last 3 decades. In other
word, we normalized the counts of disease-specific newsarticles
by the total number of all news articles covering al diseases
and medical conditions.

Sentiment Analysis

Sentiment analysis refers to the computational treatment of
subjectivity in texts to evaluate opinions, sentiments, attitudes,
and emotions. It quantifies the sentiment contents in the given
textsin a continuum scale (eg, [-1, 1]) [14,15].

We used the VADER module in NLTK for sentiment analysis.
VADER is a lexicon- and rule-based sentiment analysis tool
that is specifically optimized for sentiments expressed in social
media. VADER reports a normalized and weighted compound
score as a unidimensional measure of sentiment for a given
sentence. The compound score of a sentence is computed by
summing the predefined score of each word that exists in the
sentiment lexicon. The compound score is then adjusted
according to the embedded rules and normalized to be between
-1.0 (the most negative) and 1.0 (the most positive), with 0.0
indicating neutral. The sentiment of each PheWAS disease
concept was computed by averaging all sentence sentiments
related to the PheWAS disease concept.

Topic Modeling

Topic modeling automatically detects abstract topics in a
collection of documents. Here, a topic refers to a repeating
pattern of co-occurring termsin atext corpus. Intuitively, a set
of words that appear most frequently represent the topic of a
collection of documents. Topic modeling helps us to gain
insights from large document collections by identifying hidden
topics [11-13].

In this study, we used latent Dirichlet allocation (LDA), a
state-of-art unsupervised topic-modeling technique [32]. LDA
is a probabilistic model with a hierarchical structure for its
components, which include documents, topics, and words. LDA
assumes that a given document is generated from a mixture of
topics and these topics produce the words in the documents
according to their probabilistic distributions. LDA backtracks
and derives the hidden topics that create those documents on
the basis of the statistics of the included words.
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More specifically, given a corpus of documents (D) with a
vocabulary (V) and apresel ected number of topics (K), the LDA
model tries to infer 2 types of probability distributions, the
probability of a topic t in a document d, P(t|d), and the
probability of aword w associated with atopic t, P(w]t), where
d, t, and w denote adocument, atopic, and aword, respectively.
The prior distributions of P(t|d) and P(w|t) are estimated from
the Dirichlet distribution with 2 given hyperparameters, a and
. Because of the high number (KxD+VxK) of unknown
probability densities, a Gibbs sampleisapplied to makeiterative
inference until these probability densities converge. In each
inferenceiteration, P(t|d) isupdated with the proportion of words
currently assigned to atopict in adocument d, and P(w]t) is set
to the proportion of a word linked to a topic t over all
documents. Topic assignment of aword w in a document d is
then updated with the topic t if the product of P(wi|t)xP(t|d)
achieves amaximal probability.

We used the LDA modulein Gensim to identify the topicsfrom
the group of news articles that mentioned the same PheWAS
disease concept. Gensim isarobust, open-source, topic modeling
toolkit written in Python. Since we are mainly concerned with
the specific contents of the disease-related topics and their
temporal trends rather than the distribution of an arbitrary
number of topicsin each document, the number of topicsin the
LDA model is set to 1. The top 50 topic words were set to
output, whereas all other parameters kept default values. Each
topic model was iterated for at least 500 steps.

Results

Phenome-Wide Association Study Disease Concepts

After data preprocessing, 342 PheWAS disease concepts were
found in RCV1, 311 PheWAS disease conceptsin TRC2, and
375 PheWAS disease concepts in RC16, with 231 PheWAS
disease concepts found in al 3 corpora. Summary statistics,
sentiment analysis, and topic analysiswere used to evaluate the
news articles related to these 231 common PheWAS disease
concepts. These results illustrate the temporal patterns that
occurred in the last 3 decades.

Summary Statistics

Table 1 summarizes the numbers and percentages of articles
that mentioned diseases and medical conditionsand the numbers
of the mapped PheWAS disease concepts in the 3 Reuters
corpora. The percentages of articles that mentioned diseases
and medical conditions were 0.44% (3516/806,791), 0.57%
(8835/1,546,350), and 0.81% (9633/1,182,761) in the 3 study
periods, suggesting an increasing reporting coverage on diseases
and medical conditions by Reuters media.

We computed the coverage percentages of the 231 PheWAS
disease concepts, and the results of coverage percentages can
be found in Multimedia Appendix 1. Of the 231 PheWAS
disease concepts, 53 have mean coverage percentages greater
than 1% in the past 3 decades (1996/1997, 2008, and 2016), as
shown in descending order in Figure 2. In total, 53 PheWAS
disease concepts account for 90.27% (3174/3516) of the
disease-mentioning newsarticlesin RCV 1, 94.76% (8372/8835)
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of the disease-mentioning news articles in TRC2, and 87.72%
(8450/9633) of the disease-mentioning news articles in RC16,
suggesting that these diseases were the major disease subjects
reported by Reuters media. Some diseases, such as other
malignant neoplasm, other infectious diseases, and influenza
have dominating mean coverage percentages of 34%, 20%, and
11%, respectively, in the past 3 decades.

In addition, we analyzed the temporal trends of coverages of
the 231 PheWASS disease concepts in the past 3 decades, and 4
major temporal trends were observed:

1 Some diseases maintained steady coverage percentages
with small standard deviations in the last 3 decades.
Examples include other malignant neoplasm (34.0% [SD
7.1%]), pain (10.3% [SD 1.8%]), neoplasm of uncertain
behavior (7.1% [SD 0.6%]), asthma (3.2% [SD 0.5%]),
convulsion (2.6% [SD 0.3%]), and multiple sclerosis (1.8%
[SD 0.1%)]).

2. Some diseases showed large fluctuations (ie, upward or
downward swings) in their coverage percentages during
the 3 decades. For instance, other infectious diseases,
unknown original fever, other headache syndromes, other
paralytic syndromes, and nausea and vomiting showed
much lower coverage percentages in 2008 than in
1996/1997 and 2016. Some diseases such as arthropathy
not otherwise specified, other anemias, leukemia,
osteoporosis, epilepsy, and schizophrenia had very high
coverage percentages in 2008 compared with 1996/1997
and 2016.

3. Steady increase refers to the overall growing of coverage
percentages in the 3 study periods. For example, the
coverage percentages of diabetes mellitus, obesity, heart
faillure, attention-deficit/hyperactivity disorder, and
rheumatoid arthritis continually increased in the last 30
years. Influenza showed amuch larger coverage percentage
since 2008. The coverage percentages of depression,
hypertension, and rash and skin eruption considerably
increased in 2016.

4. Some diseases showed steady decreases: the coverage
percentage of meningitis showed a continual decrease, for
instance. The coverage percentage of other brain disease
largely decreased since 2008. Cystic fibrosis showed amuch
lower coverage percentage in 2016 compared with
1996/1997 and 2008.

Sentiment Analysis

Sentiment analysiswas performed for all 231 PheWA S disease
concepts, and the results were summarized in Multimedia
Appendix 1. The sentiment scores of the 231 PheWAS disease
concepts ranged from —0.94 to 0.73, with 226 of them having
neutral or negative sentiments in news articles.

Figure 2 illustrates the sentiments of the 53 PheWAS disease
concepts. While 43 diseases had neutral sentiments, the other
10 diseases, other malignant neoplasm, depression, heart attack,
breast cancer, prostate cancer, heart failure, other skin cancer,
ovarian cancer, renal failure not otherwise specified, and joint
pain, had moderate negative sentiments with mean scores of
approximately —0.59.
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Figure 2. Coverage percentages and sentiments of the top 53 phenome-wide association study disease concepts. Blue, white, and red in a diverging
color map denote the most negative (—1.0), right neutral (0.0), and the most positive (1.0) sentiments, respectively. The 53 phenome-wide association
study disease concepts are put into 3 buckets based on coverage percentages for better resolution and comparison. From top to bottom, there are 10, 17,
and 26 phenome-wide associ ation study disease conceptsin each budget with mean coverage range of 34% to 5%, 5% to 2%, and 2% to 1%, respectively.
ADHD: attention-deficit/hyperactivity disorder; ASCVD: atherosclerotic cardiovascular disease; COPD: chronic obstructive pulmonary disease; dx:
disease; mal neo: malignant neoplasm; NOS: not otherwise specified; other nerv sys d/o: other and unspecified disorders of the nervous system; unc
behave: uncertain behaviour; unkn orig: unknown origin; unsp: unspecified; syn: syndrome.
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Figure 3. Top 30 topic keywords associated with the top 6 disease concepts in 3 decades. The rings represent the study periods of 1996/1997 (inner

circle), 2008 (middle circle), and 2016 (outer circle). The size of the circleslocated on each ring denotes the permille of each term or phrasein atopic.
dx: disease; mal neo: malignant neoplasm.
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Interestingly, some diseases maintained steady sentimentsfrom  diabetes mellitus, depression, and hypertension showed
1996 to 2016 (eg, other infectious diseases, pain, heart attack, fluctuations in sentiment. The sentiments of other malignant
prostate cancer, and ovarian cancer). A few diseases such as  neoplasm and breast cancer gradually increased. Influenza had
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more negative sentiments in 2008 and 2016 compared with
1996/1997.

Topic Modeling

Topic modeling results of the 231 PheWAS disease concepts
are summarized in Multimedia Appendix 1. On the whole, the
top 10 topic words occurring in the news articles about the 231
PheWAS disease concepts were drug, patient, health, study,
risk, disease, treatment, researcher, trial, and FDA (US Food
and Drug Administration). Figure 3illustrates the topic contents
of the 6 representative PheWAS disease concepts (other
malignant neoplasm, other infectious diseases, influenza,
diabetes mellitus, depression, and heart attack) in the 3 different
study periods. The disease name for each PheWAS disease
concept is shown in the center of the circle. The 30 most
common topic words or phrases for each PheWAS disease
concept are placed along small circles whose sizes represent
the permille of each topic word or phrase in the topic content.

Two typical temporal patterns were found among the topics of
the 231 PheWASS disease concepts in the past 3 decades.

1. There was no mgjor change in the topic contents of some
diseases over time or the permilles of key topic terms
remained steady. Examples are diabetes mellitus, obesity,
heart attack, breast cancer, and hypertension.

2. Some diseases showed considerable variation. Here
considerable variation denotesthat different or special terms
arose in the topic contents of a certain disease in 1 or 2
study periods or the permilles of key topic words or phrases
exhibited large variation. For example, the word smoking
occurred in the topic contents of other malignant neoplasm
only during 1996/1997. In the topic content of other
infectious diseases, the permille of the word HIV has
decreased by more than 50% since 2008.

Discussion

Combined Analysis

The top PheWAS disease concept was other malignant
neoplasm. Its coverage remained steady at 34.0% in the last 3
decades (Figure 2). There are 4 other cancer-related diseases,
breast cancer, prostate cancer, other skin cancer, and ovarian
cancer, among the top 53 PheWAS disease concepts. Reuters
media had a negative attitude toward all of these cancers. The
large coverage percentages and negative sentiments indicate
that Reuters mediawas strongly concerned with cancer, possibly
because cancer is a primary global public health problem and
is the second leading cause of death worldwide [33,34]. But
Figure 2 shows that the overall sentiment scores have slightly
increased since 1996. A 2017 report on cancer statistics noted
that the overall cancer death rate declined by 25% from 1991

Huang et a

to 2014 in the United States as aresult of aseries of regulations
and actionstaken by the US government, such astobacco control
initiatives since the 1960s and cancer screenings[33]. Tobacco
use is the most important risk factor for cancer and linked to
about 80% to 90% of lung cancers [35]. Other malignant
neoplasm was associ ated with the topic words tobacco, smoking,
and cigarette in 1996/1997 but not in 2008 and 2016, which
possibly reflects the progress in tobacco control in the United
States (Table 2). Overall smoking prevalence decreased from
42.4% in 1965 to 16.8% in 2016, and the mortality rate due to
lung cancer declined by 43% in men from 1990 to 2014 and by
17% in women from 2002 to 2014 [33]. In addition, breast
cancer and prostate cancer are the top 2 and 3 cancers shown
inFigure 2, which is consistent with arecent study that reported
prostate cancer as the leading cancer in men and breast cancer
as the leading cancer in women [33].

Other infectious diseases were the second most common
PheWAS disease concept reported by Reuters media. Its
coverage was 22.2% in 1996/1997, 7.6% in 2008, and 31.5%
in 2016, which showed alarge fluctuation in the last 30 years.
Reuters media has neutral sentiment toward it, probably because
infectious disease isno longer amajor cause of death [36]. The
topics associated with other infectious diseases varied with time.
Two interesting termsthat stand out initstopic content are HIV
in 1996/1997 and Zika in 2016, suggesting that HIV and Zika
virus probably attributed to the large fluctuation in news media
coveragein the past 3 decades. The decreasein attentionto HIV
corresponded to adecline in the HIV/AIDS mortality rate after
the introduction of antiretroviral therapy in 1995 [37]. Topics
in 2016 included Zikarelated words such as outbreak,
microcephaly, Brazil, mosquito, and CDC (Centersfor Disease
Control and Prevention). The appearance of these topic words
coincided with 2 events: the Zika virus outbreak in Brazil in
2015 (transmitted primarily by mosquitoes) and an association
found at the same time between Zika virus infection and
microcephaly [38,39].

Thethird most reported PheWA S di sease concept wasinfluenza.
The coverage percentage of influenza dramatically increased
from 1996 (1.3%) to 2008 (23.7%) and moderately decreased
in 2016 (7.5%). The sentiment scores a so largely declined from
—0.11 (1996/1997) to —0.40 (2008) and slightly decreased to
—0.48 (2016). In 2008 and 2016, the topic of influenza consisted
of many terms related to avian influenza (eg, poultry, chicken,
strain, H5N1, H5N8, outbreak, farm, China, India, and CDC).
The outbreaks of avian influenzain 2008 and 2016 contributed
to the high coverage percentages of influenza and received a
large amount of attention from Reuters media[40-43]. The high
mortality rate most likely resulted in the negative sentiment
toward this disease [41].

Table 2. The permille of tobacco-related topic terms associated with other malignant neoplasm.

Topic term 1996/1997 2008 2016
Tobacco 15 0.0 0.0
Smoking 0.8 0.0 0.0
Cigarette 0.7 0.0 0.0
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In addition to these top 3 covered PheWAS disease concepts,
depression demonstrated someinteresting findings. Its coverage
percentage showed a 2-fold increase in 2016 compared with
1996/1997 and 2008, which isin accordance with a 2017 report
published by the CDC [44]. The sentiment toward depression
was negativein al 3 study periods, possibly because depression
is the leading cause of disability worldwide and a major
contributor to the overall global burden of disease [45]. Topics
in news articles related to depression contained the words
women, children, and suicide in 2016. The recent depression
incidences have grown among adolescents and young adults,
in particular among girls and young women [46], and suicide
is often led by depression at its worst [47].

Here we discussed interesting observations and associationsfor
4 PheWAS disease concepts. However, further studies are
needed to carefully and rigorously investigate the underlying
causal events.

Limitations

The study has some limitations. First, the data source from
Reuters mediain this study islimited to 3 sparse time periods:
1996/1997 (RCV1), 2008 (TRC2), and 2016 (RC16). These
datasets do not include all the news articles from 1996 to 2016
and might create biases in the temporal trend analysis for the
last 3 decades. However, fundamental biomedical changes do
not occur in a day, a month, or a year for most diseases and
medical conditions due to the slow development of the health
careindustry. The exception isinfectious diseases, which come
and go quickly.

Second, although Reuters media is a leading information and
news agency and the largest international text and television
news provider in the world, the news data used in this study
might not be representative of all English-language newsarticles
intheworld. Reuters could have biasesin their newsreport that
were not taken into account in our analysis.

Third, weidentified disease-mentioning news articles based on
a disease synonym lookup table generated from UMLS.
Although thetable contains more than 20,000 disease synonyms
for about 1800 PheWA S di sease concepts, the disease synonym
list may not guarantee all the mentions of disease and medical
conditions in the Reuters news articles. Disease hames may
have a lot of morphologic variations and abbreviations. In
addition, we converted disease synonymsto the PheWAS codes
via a chain of mapping. In this process, the percentage of
definitive mappings (one-to-one and multiple-to-one) from
disease synonyms to PheWAS codes is 94%, which indicates
that the upper bound of errors caused by ambiguous mappings
(one-to-multiple or multiple-to-multiple mappings) might be
6%.
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Fourth, the sentiment analysis and topic modeling step may aso
introduce bias. We used VADER for sentiment analysisin this
study. It isalexicon- and rule-based model. Although VADER
has been used to analyze New York Times articles with a
performance close to trained human raters, it has not been
evaluated or tuned for Reuters news articles. On the other hand,
LDA for topic modeling requires manual tuning parameters,
including the number of topics, which can be more art than
science. The perplexity plot showsthe relationship between the
perplexity and the topic numbers and thus provideslimited hints
on determining the optimal number of topics [48]. However, it
still requires further topic visualization and input from domain
expertsto determine the optimal number of topics, whichisnot
practical to do for 231 PheWAS disease concepts. We kept the
number of topicsto 1 in this study for al 231 PheWAS disease
concepts, and other parameters were set to default values for
practicability.

Finally, it would be valuable to perform correlation analysis
between funding dataand focusesin news articlesto understand
resource all ocation. However, thereis no comprehensive funding
datafor the large number of diseases and medical conditions.

Conclusions

News media not only affects our daily lives but also plays a
significant role in palitics by influencing public policy making.
In our study, we applied statistical analysis, sentiment analysis,
and topic modeling techniquesto over 3.5 million news articles
from Reuters media in the past 3 decades in order to discover
statistical and temporal patterns of coverage, sentiments, and
topics for a large number of diseases and medical conditions.
Our results show that Reuters media has gradually increased its
coverage on diseases and medical conditions since 1996.
Diseases and medical conditionslike other malignant neoplasm,
other infectious diseases, and influenza were the main focus of
Reuters media with large coverage percentages, and 97.8% of
diseases and medical conditions showed neutral or negative
sentiments. Meaningful topics were identified in the news
articles mentioning diseases and medical conditions. Combined
analysis indicates statistical and temporal patterns of diseases
and medical conditionsthat correspond to relevant policiesand
published research.

Theinfodemiological study expands our previouswork on health
resource allocation and disease burden estimation using online
data. The multidimensional analysis of news mediadataenables
the discoveries of disease-related focus, sentiments, and topics
of news media. These discoveries could provide valuable
information on unmet medical needsand research prioritiesand
offer guidance for future decision making in public policy.
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Abstract

Background: Frequent expression of negative emotion words on social media has been linked to depression. However, metrics
have relied on average values, not dynamic measures of emotional volatility.

Objective:  The aim of this study was to report on the associations between depression severity and the variability
(time-unstructured) and instability (time-structured) in emotion word expression on Facebook and Twitter across status updates.

Methods: Status updates and depression severity ratings of 29 Facebook users and 49 Twitter users were collected through the
app MoodPrism. The average proportion of positive and negative emotion words used, within-person variability, and instability
were computed.

Results: Negative emotion word instability was a significant predictor of greater depression severity on Facebook (r4(29)=.44,
P=.02, 95% CI 0.09-0.69), even after controlling for the average proportion of negative emotion words used (partial r(26)=.51,
P=.006) and within-person variability (partial r{(26)=.49, P=.009). A different pattern emerged on Twitter where greater negative
emotion word variability indicated lower depression severity (r4(49)=-.34, P=.01, 95% CI -0.58 to 0.09). Differences between
Facebook and Twitter users in their emotion word patterns and psychological characteristics were also explored.

Conclusions: Thefindings suggest that negative emotion word instability may be asimple yet sensitive measure of time-structured

variability, useful when screening for depression through social media, though its usefulness may depend on the social media
platform.

(J Med I nternet Res 2018;20(5):e168) doi:10.2196/jmir.9267

KEYWORDS
automated text analysis, depression; Facebook; Twitter; emotions; variability; instability

therelative frequency of wordsindicating positive and negative
emotion relate to other characteristics such as mental health
status, or which words (or set of words) best predict different
outcomes. Such studiesindicate that the frequent expression of
negative emotion wordsin status updates can accurately identify

Introduction

Extending How Social M edia L anguage Predicts
Depression

“Wth as much as we have learned about emotions, it is as if
we have been taking still photos of a dance” [1].

Social mediais used in different ways by different people, but
for many individuals, status updates provide snapshots of their
lived experience. Studiesto date have primarily considered how

http://www.jmir.org/2018/5/e168/

individuals experiencing symptoms of depression [2-6].
However, an individual’s mental health is reflected by more
than just the average frequency or the type of words used;
variability in emotional expression over timemight also provide
significant insights. In the current research, fluctuations in
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emotional expression over timeis explored as another window
of insight into the psychological health of social media users.

Depression in Status Updates on Social Media
Depression, including major depressive disorder (MDD) and
dysphoria, are characterized by persistent low mood (including
sadness or emptiness) or anhedonia (inability to experience
pleasure from activities that are usualy enjoyable) [7]. At a
broad level, the frequent expression of negative affect within
social media status updates has been associated with higher
levels of depression symptoms [2,3,5,8-11]. Frequently
expressing positive affect, on the other hand, tends to be
associated with lower levels of depression and greater levels of
well-being [9,12,13]. The link between expressed emotion in
status updates and mental health is unsurprising considering
that expressing current emotion and venting frustration have
been reported to be a primary purpose for many users posting
on Facebook [14]. Indeed, negative and positive emotional
language has been observed to occur in approximately 34% and
55% of status updates on Facebook, respectively [15]. Adding
to this, depressed individuals have also been shown to post
content more frequently than nondepressed persons [16], and
changes in depression severity may be signaled by increasesin
posting behavior on socia media [17]. Combined, the
time-structured features and emotional features of status updates
may provideinsightsinto the depression status of social media
users.

Several studies have sought to code the content of social media
posts for depression disclosures[6]. For instance, Moreno et al
[3] demonstrated that status updates on Facebook with
references to depression symptoms such as hopel essness were
positively correlated with self-reported depression symptoms.
Others extended this by describing the linguistic characteristics
of depression in posts and devel oping coding schemesto identify
depression-indicative tweets or status updates [2,4,8,18].
Although specific topics, keywords, and linguistic features
(especially negative emotions) are able to identify
depression-indicative posts with high accuracy, many of these
features may also be present in posts that are nonindicative of
depression (low specificity). For example, Mowery et a [18]
found considerable signal discrepancies—over 70% of tweets
identified in their sample containing words rel ated to depression
were not actualy indicative of depression. Thus, athough
negative emotion words correlate with the presence of
depressive symptoms, it is anoisy and imprecise metric.

This highlights the need to move beyond the frequency of
emotiona language alonetoward other online behavioral indices
that may better differentiate depressed and nondepressed
individuals. Due to the time-sensitive nature of social media
data, examining the dynamic movement of emotion across status
updates may provide an additional avenue to tap into the
nuanced cognitive-emotional processes underlying depression
and may provide amore specific index of maladaptive emotional
functioning.

The Emotion Dynamics of Depression

A major change in functioning associated with the onset of
depression is the ability to effectively regulate emotion.

http://www.jmir.org/2018/5/e168/
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Although the capacity for emotion to vary over timeis adaptive
and may contribute to psychological well-being, higher levels
of emotion variability, especialy of negative emotions, have
been linked to depression [1,19]. For example, individualswho
experience intense negative affect reactivity in responseto daily
stressors are at greater risk of developing depression [20-22].
This experience is supported by young people's qualitative
accounts of depression, where depression is reported to “[take]
over during times of vulnerability such asstress or fatigue” [23].
Negative cognitive biases al so contribute to emotion variability
in depression. Excessive focus on personal distress (rumination)
may lead to persistent experiences of severe negative affect and
difficultly regulating mood away from negative states [24,25].
The combination of cognitive-emotional processes results in
emergent emotion patterns that can manifest at inappropriate
times and in inappropriate ways in response to internal and
external events. Maladaptive patterns of emotion build over
time to place the individual at an increased risk for depression
onset and maintenance [19,26-28].

The emotion variability in depression described above has
predominantly been operationalized in two ways. First,
variability may be operationaized as within-individua
variability as iSD, an individual’s SD of emotion expression.
Like the mean, variability may best be viewed as a trait-like
measure of emotion expression, as it provides a single number
that summarizesthe overal variability in affect for an individual
across their recording period but ignores time-structured
information [29].

A second operationalization of variability describes emotional
instability and uses the mean sgquared successive difference
(MSSD) dtatistic [30] that quantifies differences between
consecutive observations of emation [1]. This time-structured
measure of variability uses the temporal ordering of
measurementsto quantify the magnitude of incremental changes
in emotion [30-32]. Crucialy, unlikeiSD, where the same result
would be obtained if the same set of emotion expression
observations are shuffled through time, the MSSD is sensitive
to the time-ordering of observations. For example, for the same
distribution of negative emotion values (and thusthe samei D),
negative emotion increasing in small incremental steps from
mild to severe would result in a small MSSD value, whereas
negative emotion alternating (or swinging) between mild to
severewould result in alarge MSSD value. In thisway, MSSD
captures the temporal instability of positive or negative affect.

Negative affect instability, as measured by the MSSD, has been
linked to more severe depression symptoms across several
studies and has been identified as a concomitant and early
indicator of depression [25,31,33-36]. It has been shown to be
a significant risk factor for more frequent and severe suicidal
ideation [35] and may be a unique underlying emotion pattern
in depression. Negative affect instability has been shown to
continue to predict depression when average negative affect
and the frequency of negative event exposure are held constant
[25,36]. In addition, reductions in negative affect have been
shown to be greater for depressed individuals in response to
positive events when compared with those who are not
depressed, further contributing to potential moment-to-moment
variability [37].

JMed Internet Res 2018 | vol. 20 | iss. 5 [e168 | p.220
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Definitions and conceptua overlap of variability, instability, and inertia.

Seabrook et al

Name Definition Operationalization Conceptual overlap
Variability Theamplitude of anindividual’semotion. Thisistime-unstructured, referring  Within-person SD (iSD)  Variance
to the “general dispersion” of scores.
Instability  The amplitude of moment-to-moment changes in emotion. Thisistime- Mean squared successive  Variance, time-dependency
structured, where higher scores indicate greater variance and less positively  difference
correlated between observations.
Inertia How well a previous emotional state predicts the next emotional state. This  Autocorrelation coefficient  Time-dependency

istime-structured, where greater correlation coefficient indicates increased

temporal dependency between observations.

Bowen et al [33] recently aggregated 4 studies to examine the
differences in mood instability between depressed and
nondepressed individuals. Participants completed daily mood
diary ratings of negative and positive mood upon awakening
and before bedtime for 1 week. Depressed individuals
experienced greater negative mood instability over the course
of theweek compared with nondepressed individuals. Depressed
individualsalso reported greater severity in negative mood than
the nondepressed group, suggesting depressionis characterized
by both persistent low mood and more extreme daily variation
in its severity.

Although depression has also been associated with a blunted
emotional response to stimuli and smoother emotional
experiencesfrom day to day (inertia) [32,38,39], variability and
instability span major categories of emotion dynamics as they
relate to depression and are the focus of this study. Table 1
outlinesthe definitions of variability, instability, and inertiaand
describes their conceptual overlap. To best examine the unique
associations that emotion dynamic patterns have with mental
health, it has been recommended that the conceptual overlap
between these measures be taken into account and controlled
for in analyses [32], asis donein this study.

Social M edia and Emotion Dynamics

Emotion dynamics may provide important insights into the
“building blocks” of depression [28], but it is aso challenging
and time-intensive to collect adequate longitudinal emotion
data. Current approaches rely on experience sampling methods
(ESMs), where an individual inputs emotion information
throughout the day [1,28,40]. Although the potential burden
and invasiveness of real-time data collection has been
significantly reduced by incorporating new and familiar
technologies into ESM design (eg, smartphones) [41,42], the
need to respond to automated prompts creates a context that is
different than normal daily activities. Furthermore, these
methodol ogies may not be practical for large-scale monitoring
of public mental health.

Social media may be a powerful complementary tool.
Considering the frequent use of emotion language in status
updates that relate to current experiences [14,15], for a large
proportion of the population, socia media can provide
unobtrusive access to time-sensitive and ecologically valid
samples of expressed emotion [2,43-45]. Diurnal and seasonal
variation in depression severity have been observed at a
population [2] and individual level [4] on social media. Inthese
studies, an increase in the linguistic features predictive of
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depression risk was observed from day to night and from
summer to winter months. Using the social media platform
Reddit, De Choudhury et a [46] considered transitions from
mental health subreddits only to also using a suicide support
subreddit. Findings suggested that a shift from commonly
expressed sentiment (ie, the average) may represent a change
toward better or poorer mental health, particularly where the
magnitude of the change is more pronounced. Although
observations of emotion variability and instability are yet to be
applied to socia media as a means of automatically screening
for individuals at risk of depression, itislikely that in addition
to the ability to track macro-level changes in depression on
social media, microlevel changes in emotion (emotion
variability) relevant to mental health may also be observable.

This Study

Evidenceis mounting to suggest that emotion patterns, including
variability and instability, are early indicators for depression
risk [19], and there is aneed to utilize scalable and unobtrusive
means of collecting emotion data to effectively apply these
insights to monitoring public mental health. Targeting emotion
variability and instability asindicators of maladaptive emotional
functioning in depression is a clear area in need of further
research on social media. To date, most studies examining
emotion language on social mediaand depression have provided
astatic view of emotion by compressing the variation of social
medialanguage over time into an overall average, stripping the
dataof what could be meaningful patternsintemporal variation
of emotion expression. Although the average emotion that
individuals express on platforms such as Facebook and Twitter
can provide accurate and sensitive insightsinto the presence of
depression, the variability in emotion across posts has yet to be
examined as a legitimate individual difference (rather than
measurement error) that may be indicative of depression
Severity.

Taking advantage of the time-sensitive and naturally occurring
data available from status updates on Facebook and Twitter,
the major aim of this study was to demonstrate the feasibility
of using status update emotion variability and instability as an
indicator of depression severity (measured by the Patient Health
Questionnaire-9, PHQ-9) [47]. It aso amed to examine if
emotion instability was related to depression when controlling
for its conceptual overlap with variability.

It was hypothesized that (1) Self-reported depression severity
would be positively related to negative emotion word variability
and instability across status updates, (2) Self-reported depression

JMed Internet Res 2018 | vol. 20 | iss. 5 [e168 | p.221
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

severity would be positively related to the average proportion
of negative emotion words used and negatively related to the
average proportion of positive emotion words used in status
updates on Facebook and Twitter, (3) Negative emotion word
instability would remain positively associated with depression
severity when controlling for negative emotion word variability,
(4) The emotion word patterns and their association with
depression would be consistent across Facebook and Twitter,
and (5) Depression severity would be positively associated with
the average number of status updates per day and negatively
associated with the time interval between consecutive status
updates (ie, shorter periods of time between posts).

Methods

Participants

This study used a subset of users from the MoodPrism project.
MoodPrism is a mood-tracking app that collects data and
provides engaging feedback to its users on their mood, mental
health, and well-being [42]. MoodPrism is available for
download on the iPhone operating system (iOS, AppleInc) and
Android stores for smartphone. All procedures were approved
by the Monash University Human Research Ethics Committee.

Participants were recruited by convenience sampling,
community engagement, and targeted online advertising
(smartphone owner, interested in mental headth, lives in
Australia). To be included in this study, participants had to
download the MoodPrism smartphone app, complete the
depression severity index available in the app, and opt in to
contribute their Facebook or Twitter data, which were
automatically collected by the MoodPrism app. A minimum of
10 status updates over aminimum period of 7 dayswasrequired
for the inclusion of a participant, to allow robust calculation of
emotion word variability and instability over time. Additionaly,
status updates were only included if they occurred within the
12 months before the administration of the PHQ-9. For the
Twitter data, only origina tweets (not retweets) were used.
Although retweets may reflect values or interests of auser and
include topics similar to self-authored tweets [48], they aso
introduce ambiguity about the author's sentiments [49,50].
Furthermore, the Facebook data did not have a similar repost
function, such that self-authored tweets provide a more direct
behavioral comparison.

Of the 1518 users who downloaded the MoodPrism app from
April 2016 to May 2017, 223 (14.70%) provided permission to
access their social media data. After applying the inclusion
criteria outlined above, 3 participants were found to have
contributed both Facebook and Twitter data. These participants
had a greater number of language samples on Facebook than
on Twitter, and thus, were allocated to the Facebook group. A
final sample of 29 Facebook users (11 males, 17 females, 1
missing) with amean age of 32.77 years (SD 8.40, range=19-45,
n=22) and 49 Twitter users (16 males, 32 females, 1 missing)
with amean age of 35.03 years (SD 12.33, range=16-57, n=39)
was obtained. Participants werewell educated, with 35% (10/29;
Facebook) and 41% (20/49; Twitter) of participants having
completed tertiary education. Chi-square tests revealed no
significant differences gender or education between theincluded
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samples and those who had opted in to contribute social media
databut did not meet theinclusion criteria. Independent samples
t tests revealed no significant differences between groups in
age. There were aso no significant differences between the
included Facebook (n= 29) and Twitter (n= 49) samplesin age,
gender, or education.

Procedure

After downloading and opening MoodPrism, participants read
an explanatory statement and provided their consent to
participate. They then provided an additional opt-in consent to
share their Facebook or Twitter data. If consent was provided,
the MoodPrism app then automatically extracted the
participant’s previous status updates on Facebook or Twitter
and repeated this extraction for all new status updates posted
while MoodPrismwasinstalled on the participant’s smartphone.
Status updates were processed locally on the participant’s
smartphone through the app, pulling out the time, total word
count, and number of positive and negative emotion words, and
then these summaries were uploaded to a secure server every
24 hours, at which point the status update content was
permanently deleted from MoodPrism 's memory. Thus, the
app provided summaries of how often emotion words were
expressed, but the actual status updates were unavailable for
analysis.

Participants additionally completed several blocks of
guestionnaires on MoodPrism. These blocks included
demographic items collecting gender and age information and
measures assessing mental health, personality, and other
psychological characteristics (see [40] for the full list of
measures). Blocks could be completed in any order at atime of
the participants convenience and collectively took an average
of 37 min 14 s(SD 11 min 33 s) to complete.

M easures

All data for this study was collected via the MoodPrism app.
Depression symptom severity was measured by the PHQ-9 [47],
a 9-item self-report measure for depression that indicates the
severity of symptoms experienced over the previous 2 weeks.
Each item on the PHQ-9 (eg, “Feeling down, depressed, or
hopeless’) israted from 0="Not at all” to 3="Nearly every day.”
These ratings are summed to create a total score ranging from
0 to 27, where higher scores indicate greater severity of
depression symptoms. The PHQ-9 has been validated for use
in the general population (Cronbach apha=.87) [51] and in
primary care settings (Cronbach apha=.89) [47]. The internal
reliability of the PHQ-9 was good for both the Facebook
(Cronbach alpha=.87) and Twitter (Cronbach alpha=.90)
samples.

Language samples from Facebook and Twitter were obtained
by MoodPrism via the Facebook and Twitter application
programming interfaces, as detailed in Rickard et al [40]. The
period of posts sampled per participant between their first status
update and the administration of the PHQ-9 ranged from 9 to
365 days (Facebook mean 170.69, SD 116.05; Twitter mean
145.61, SD 124.97).

MoodPrism’s automated scripts identified the total number of
words and positive and negative emotion words in the status
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updates. Words on social mediainclude both normal words and
variants (eg, misspellings, emoticons, and abbreviations) that
are common on social media[43]. The scriptsincorporated the
positive and negative emotion dictionaries of the Linguistic
Inquiry and Word Count 2007 (LIWC 2007) [52], awidely used
corpus of dictionaries commonly used for language analysis.
The LIWC 2007 dictionaries were supplemented by common
emoji’s and internet slang that indicated positive or negative
emotion (see Multimedia Appendix 1). Although not definitive,
these inclusions were made to better reflect the language used
on social media (for further discussion, see [43]).

MoodPrism aso collected data on the psychologica
characteristics of participants, which included personality,
self-esteem, and social desirability. Multimedia Appendix 2
presents additional analyses, complementary to the findings
presented here, exploring Facebook and Twitter user differences
across these characteristics that may inform the patterns of
emotion expressed over time.

Data Analysis

Within person variability, instability, and the average proportion
of positive and negative emotion words in status updates on
Facebook and Twitter were calculated for each participant. All
equations are presented in Figure 1 and are defined below.
Correlations with PHQ-9 scores were calculated. The
distributions of al Facebook and Twitter variables were
non-normal; consequently Spearman rho was selected for
computing correlations. Exploratory post hoc comparison
between the Twitter and Facebook samples on their
psychological characteristics were aso performed using
Mann-Whitney U tests because of non-normal distributions.
All analyseswere performed in SPSS tatistics, version 24 (IBM
Corp) [53].

Average Proportion

Equation 1 in Figure 1 showsthe relative proportion of positive
and negative emotion words, which was calculated for each
status update collected to adjust for the total number of words
expressed, as described in Kern et a [43]. An average of these
proportions was taken for each participant, resulting in the
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average proportion of positive emotion words and average
proportion of negative emotion words across all status updates
(range: 0-1), where count(word) refers to the total number of
positive emotion words (or negative emotion words; the LIWC
2007 category) contained in a status update, and N_words is
the total number of wordsin that status update.

Variability

The within person variability (iSD) was computed for each
participant across their status updates as shown in equation 2
in Figure 1, where the sum is taken over posts, i, § indicates
deviations from the mean in an individual’s proportion of
positive (or negative) words used in status updates, and n refers
to the number of status updatesfor that individual. Thisresulted
in the positive emotion word variability and negative emotion
word variability across status updates for each participant.

I nstability

The MSSD is defined for an individual in equation 3 in Figure
1, where x; indicates the observation at index i, x4 refersto the
next consecutive observation, and n refers to the total number
of observations for that individual.

A major challenge in applying measures of time-structured
variability to socia media data is managing the irregularly
spaced time intervals between posts. As observations on
Facebook and Twitter occur in anatural setting, they often occur
at irregular intervals spanning, for example, between hours and
months. Thus, in addition to considering time order, the time
elapsed between successive observations also needs to be
considered. Emotion instability, when operationalized asM SSD,
assumes even sampling of observations to be computed
meaningfully [30,31]. Where thisis not possible, adjustments
can be applied to the data to provide a weighted estimate of
time-structured variability [31]. Asin the study by Jahng et a
[31], a time-adjusted MSSD, which accounts for an uneven
sampling of observations through time, was applied. This is
showninequation 4 in Figure 1, where median(At) isthe median
of incremental time differences across the whole recording
period.

Figure 1. Equations for average proportion, within-person variability, and instability.
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Figure 2. A simulated time series showing the proportion of negative emotion words used in status updates over 14 days. This irregularity of status
updates (ie, missing observations on days 4-8 above) can be accounted for by reweighting pairs of observations by the time elapsed between them,
resulting in a lower weight for the pair of points (points C and D). The observations within the box show similar levels of negative emotion word
expression but occur 6 days apart and may appear to be temporally correlated if their relative temporal distance is not accounted for. The red points
show the hypothetical unobserved fluctuations in negative affect that may have occurred during the intermediate 6 days.
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more important and those further apart less important to the
reweighted MSSD statistic, relative to a participant’s median
time increment between posts. Importantly, the time-adjusted
MSSD, equation 4, reduces to the standard MSSD, equation 3,
in the case that samples are spaced equally through time. The
benefit of this adjustment in relation to social mediadataisthe
ability to utilize every observation without imposing strict
inclusion criteria on the data (eg, a status update each day). As
illustrated in Figure 2, this means that the overall variability
contributed by all points can be included, and the potential
contribution from pointsthat may appear temporally correlated,
if assumed to have occurred near in time (points C and D), is
reduced when observations are in fact distant.

Applied to the Facebook and Twitter data for each participant,
incremental time differences (t;,,—t;) between each status update
were computed. The median of these time differences wasthen
taken for each participant and applied to each incremental time
difference and successive difference (x,,1— %) in the proportion
of positive or negative emotion words in a status update, as
shown in equation 4. The average of the squared reweighted
successive differences was then computed, resulting in the
time-adjusted MSSD or the positive emotion word instability
or negative emotion word instability across status updates. Here,
greater values of time-adjusted MSSD indicate a greater
magnitude of change in the proportion of emotion words
expressed between all consecutive pairs of status updatesrelative
to their median temporal separation.
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Sample Description

In total, 1856 status updates were collected (Facebook=538;
Twitter=1,318) with 29,809 words expressed (Facebook=10,373;
Twitter=19,436). In the Facebook sample, participants posted
an average 18.55 (SD 10.01) status updates acrossthe recording
period; 55.8% (300/538) of the collected status updates
contained positive emotion words, and 29.2% (157/538)
contained negative emotion words. In the Twitter sample
participants posted an average 26.90 (SD 11.71) status updates
across the recording period; 63.6% (838/1318) of the collected
tweets contained positive emotion words, and 56.2% (741/1318)
contained negative emotion words.

Table 2 report the means, SDs, median, and interquartile range
of the PHQ-9 scores and all Facebook and Twitter variables. It
also presents descriptive statistics for the temporal aspects of
posting status updates in the sample. Mann-Whitney U tests
revealed no significant differences between Facebook and
Twitter groups in the length of recording period sampled
(U=590.50, P=.22), though there were differencesin the median
time difference (U=344.00, P<.001) and average number of
status updates per day (U=509, P=.04), where Twitter users
posted status updates more frequently and, based on their
individual median, had smaller intervals in minutes between
status updates.

Tables 3 and 4, respectively, report the two-tailed Spearman
correlations (alpha level=.05) between the PHQ-9 and the
positive emotion variables and the negative emotion variables
from Facebook (above the diagonal) and Twitter (below the
diagona).
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Facebook Emotion Variability and Depression

Facebook users reported an average depression rating of 11.48
(SD 6.38) on the PHQ-9 and expressed 9.5% positive emotion
words and 3.5% negative emotion words on average acrosstheir
status updates. Depression severity was not significantly related
to the average proportion of positive or negative emotion words
expressed, positive or negative emotion word variability (iSD),

Seabrook et al

or positive emotion word instability (time-adjusted MSSD).
Negative emotion word instability did, however, show a
significant positive association with depression severity ratings,
sharing 19% of the variability. This indicates that successive
status updates differed more in their proportion of negative
emotion words used for individuals with higher self-reported
depression symptoms.

Table 2. Descriptive statistics of the Patient Health Questionnaire-9 (PHQ-9), status update frequency, and the emotion features expressed in status

updates on Facebook (n=29) and Twitter (n=49).

Variable Facebook Twitter
Range Mean (SD) Median (IQR? Range Mean (SD) Median (IQR)
Depression severity (PHQ-9°%) 1-22 1148 (6.38)  10(55-17) 0-26 9.80 (6.81) 9 (4-14)
Status update frequency
Recording period (days)® 22-356 170.69 (116.05) 134 (54-290) 9-365 145,61 (124.97)  74.00 (33.50-
272.00)
Status updates per day 0.03-1.72  0.03(0.36) 0.16 (0.07-051)  0.03-4.56 0.79 (1.09) 0.40 (0.09-0.90)
Interval difference (min) between 661-34827  8446.65 3818.00 (1877.75- 4.0-284285  3939.79 1037 (206.25-
status updates? (8724.25) 13522.75) (6616.84) 4571.25)
Positive emotion wor ds
Average proportion 0.02-0.57 0.10 (0.10) 0.08 (0.05-0.11) 0.01-0.14 0.07 (0.03) 0.08 (0.05-0.09)
Variability (iSD)® 0.04-0.47 0.13 (0.09) 0.10(0.07-0.16)  0.03-0.17 0.07 (0.03) 0.08 (0.05-0.09)
Instability (time-adjusted MSSD)’  0.003-11.54  1.14 (2.94) 0.11 (0.02-047)  0.0002-26.80  1.49 (4.40) 0.12 (0.02-0.83)
Negative emotion words
Average proportion 0.00-0.17 0.04 (0.04) 0.02 (0.01-0.05) 0.01-0.26 0.09 (0.06) 0.09 (0.04-0.12)
Variability (iSD®) 0.00-0.31  0.07(0.08) 0.03(0.02-009)  0.02-0.14 0.08 (0.03) 0.08 (0.06-0.11)
Instability (time-adjusted MSSD’)  0.00-1.23  0.11(0.24) 0.01(0.002-0.14)  0.0006-37.99  1.31(5.43) 0.15 (0.03-0.49)

3 QR: interquartile range.
bPHQ-9: Patient Health Questionnaire-9.

®Recording period refers to the range of days between the first status update collected and the administration of the PHQ-9.

%The median interval differences between status updates.
€D refers to within-person variability.
*MSSD: mean squared successive difference.

Table 3. Spearman rho correlation analyses between depression severity (as rated by the Patient Health Questionnaire-9, PHQ-9) and the positive
emotion features expressed in status updates on Facebook (n=29) and Twitter (n=49). Twitter correlations are shown below the diagonal; Facebook
correlations are shown above the diagonal. Cls are reported at 95% and shown in brackets.

Variable 1 2 3 4
1. PHQ-9% - .04 (-0.33 10 0.40) 17 (-0.21t0 0.51) -.04-0.4010 0.33
2. Average proportion .02 (-0.26 t0 0.30) - 79° (0.60 to 0.90) 48°(0.14100.72)
3. Variability (iSD% -.09 (-0.36 10 0.20) 49 (0.24 10 0.68) - .61° (0.31 t0 0.80)
4. Instability (time-adjusted MSSD®) ~ —.20 (~0.46 to 0.09) 31 (0.03 to 0.54) 48" (0.2310 0.67) -

3PHQ-9: Patient Health Questionnaire-9.
bp< 001.

°P<.05.

4D refersto withi n-person variability.

€M SSD: mean squared successive difference.
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Table 4. Spearman rho correlation analyses between depression severity (as rated by the Patient Health Questionnaire-9, PHQ-9) and the negative
emotion features expressed in status updates on Facebook (n=29) and Twitter (n=49). Twitter correlations are shown below the diagonal; Facebook
correlations are shown above the diagonal. Cls are reported at 95% and shown in brackets.

Variable 1 2 3 4
1. PHQ-9% - .12 (-0.26 t0 0.46) .20 (-0.18t0 0.53) .44P (0.09 t0 0.69)
2. Average proportion -.14(-0.41t0 0.15) - .95 (0.90 t0 0.98) 72° (0.48 10 0.86)
3. Variability (iSD% -.36° (-0.58 to 0.09) 57°(0.3410 0.73) - .82°(0.65 t0 0.91)
4. Instability (time-adjusted MSSD®) .20 (~0.46 to 0.09) .28 (~0.001 to0 0.52) 49° (0.24 10 0.68) -

3PHQ-9: Patient Health Questionnaire-9.
bp<.05.

°P<.001.

4D refers to withi n-person variability.

€M SSD: mean squared successive difference.

When controlling for the average proportion of negative emotion
words expressed in status updates, negative emotion word
instability remained strongly associated with depression severity
(partial Spearman correlation: r(26)=.51, P=.006). Similarly,
when controlling for negative emotion word variability, negative
emotion word instability remained strongly associated with
depression severity (r{(26)=.49, P=.009). Toillustrate this effect,
Figure 3 shows samples of the pattern of negative emotion word
instability from 2 participants, one with low and one with high
self-reported depression symptoms. As can be seen in Figure
3, the individual with low depression severity shows small
magnitude changesin their use of negative emotion words across
status updates. In contrast, the individual with high depression
severity exhibits greater magnitude spikes in negative emotion
word expression. Here, instability isindependent of variability
(see Multimedia Appendix 3 for consideration of instability
under fixed variability conditions).

Twitter Emotion Variability and Depression

Twitter users reported an average depression rating of 9.80 (SD
6.81) on the PHQ-9 and expressed 7.4% positive emotion words
and 9.2% negative emotion words on average acrosstheir status
updates. Depression severity was not significantly related to
the average proportion of positive or negative emotion words
expressed, positive emotion word variability (iSD), or positive
or negative emotion word instability (time-adjusted MSSD).
Negative emotion word variability, however, was significantly
negatively associated with depression severity ratings, sharing
13% of the variability. That is, a greater general dispersion of
negative emotion across status updates on Twitter was associated
with lower depression severity. When controlling for the average
proportion of negative emotion words expressed in status
updates, negative emotion word variability retained its
association with depression severity in a partial Spearman
correlation ry(46)=-.35, P=.01.

To illustrate this effect, Figure 4 shows samples of the pattern
of negative emotion word variability from 2 participants; one

http://www.jmir.org/2018/5/e168/

with low and onewith high self-reported depression symptoms.
As can be seen in Figure 4, the individual with low depression
severity shows larger overall variability in their use of negative
emotion words across status updates. In contrast, the individual
with high depression severity exhibits more restricted variability
in negative emotion word expression. It is important to note
that in Figure 4, tweets often occurred on the same day, which
accounts for the clustering in the figure.

Facebook and Twitter Status Update Frequency and
Depression

Descriptive statistics for the average number of status updates
per day and the median time interval between status updates
are presented in Table 2. Spearman correlations reveded a
significant positive association between the average number of
status updates per day and depression severity for Facebook
users, r{(29)=.48, P=.008. There was a so asignificant negative
association between the median time interval between status
updates and depression severity for Facebook users, r(29)=
-.61, P<.001. Depression severity was not significantly related
to the average number of status updates per day or the median
interval between status updates for Twitter users.

Differencesin Emotion Language Patterns

As indicated in Tables 3 and 4, the pattern of relationships
between depression and emotion language use varied between
Facebook and Twitter users. To explore this further,
comparisons of the social media emotion language variables
between the samples were conducted. As all variables were
nonnormally distributed, Mann-Whitney U tests were used to
compare the mean rank differences between Facebook and
Twitter users in their emotion language patterns. The Twitter
sample expressed more negative language (U=256.00, P<.001)
that was more variable (U=400.00, P=.001) and unstable
(U=379.00, P=.001) than did the Facebook group across the
recording period. Twitter usersalso expressed greater variability
in their positive emotion compared with Facebook users
(U=413.00, P=.002).
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Figure 3. Graphs showing the proportion of negative emotion words used in individual status updates on Facebook across 35 days. () Shows an
individual with low self-reported depression severity (Patient Health Questionnaire-9, PHQ-9 score=9) who demonstrated little post-to-post variation
inthe proportion of negative emotion words used, with the maximum difference of .03. The horizontal trend line showsthe median proportion of negative
emotion words used (.022) and interpolation lines link consecutive status updates. (b) Shows an individual with high self-reported depression severity
(PHQ-9 score=22), who demonstrates large post-to-post changes in the proportion of negative emotion words used in status updates with the largest
differencebeing .21. The horizontal trend line showsthe median proportion of negative emotion words used (.01) and interpolation lineslink consecutive
status updates.
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Figure 4. Graphs showing the proportion of negative emotion words used in individual status updates across (a) 160 and (b) 182 days. (a) Shows an
individual with low self-reported depression severity (Patient Health Questionnaire-9, PHQ-9 score=8) and high variability in the proportion of negative
emotion words used acrosstheir recording period. The horizontal trend line shows the median proportion of negative emotion words (.17) and interpolation
line links status updates. (b) Shows an individual with high self-reported depression severity (PHQ-9 score=16) and low variability in the proportion
of negative emotion words used across their recording period. The median proportion of negative words used was .00 and is therefore not shown. The

interpolation line links status updates.
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Discussion

Principal Findings

This study aimed to determine whether emotion variability and
instability across status updates on Facebook and Twitter are
useful indicators of depression. Differences between the social
media platforms were also explored. The findings suggest that
instability in the negative emotion content across Facebook
status updates may indeed be a useful indicator for depression
and that the time-adjusted MSSD is an effective index of
instability that accounts for the uneven tempora sampling of
social media posts. As hypothesized, negative emotion word
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instability retained its association with depression severity when
the average proportion of negative emotion word use and
negative emotion word variability were controlled. This index
may provide additional sensitivity over basic frequency indices
that are typically used in social media and depression studies.
However, negative emotion word instability did not emerge as
a predictor of depression on Twitter. Rather, in contrast to
expectations, negative emotion word variability was negatively
associated with depression severity. Furthermore, the average
proportions of negative and positive emotion word use were
not significantly associated with depression severity on either
Facebook or Twitter. Other temporal features, the average
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number of status updates per day, and the median time interval
between status updates were also associated with depression
severity, but only for Facebook users.

Negative Affect I nstability on Facebook

Greater negative emotion word instability on Facebook was
associated with individuals experiencing greater depression
severity. The time-adjusted MSSD scores were driven by the
pattern of frequent, high magnitude changesin negative emotion
word use between status updates, not variability alone. This
finding is consistent with previous studies measuring negative
affect through self-report over time that have demonstrated
negative affect instability to be predictive of depression
[25,31,33-36].

Many users post on Facebook to broadcast emotion [14], and
emotion words are often present in posts[15]. Individualswith
depression are more likely to produce more content on social
media when experiencing more severe symptoms [16,17], and
this often relates to the disclosure of symptoms, negative
experiences, or posting to seek social support [3,8,10,11].
Indeed, thiswasreflected in the current sample where Facebook
userswith greater depression severity ratings posted more status
updates per day, morefrequently (ie, therewasasmaller median
timeinterval between consecutive status updates). L arge changes
in the proportion of negative emotion words used between
consecutive status updates could reflect patterns of Facebook
use that mirror the inherent variation in the severity of
depression symptoms over time. In this way, the negative
emotionword instability in the status updates on Facebook may
reveal the ebb and flow of depression symptoms and emotion
dysregulationin daily life [36].

Negative emotion word instability on Facebook may also be
tied to specific events, capturing momentary responses to
internal and external stressors. Individuals exposed to an
emotional event generally post status updates in a mood
congruent way (eg, happy or sad) [54]. The proportion of
negative emotion words used in a status update may reflect the
extremity with which an event is perceived as negative or
positive. In this light, status updates could provide insight into
emotional reactivity to events. A depression-specific pattern of
instability in status update expression on Facebook may exist
that reflects the amplification of negative emotion in response
to ambiguous or negative events [55] and a mood brightening
effect in response to positive stimuli, where there is a large
reduction in expressed negative affect [36,56].

The unique fluctuating pattern of negative emotion expression
in individuals with more severe depression symptoms was
further supported by negative emotion word instability, which
remained associated with greater depression symptoms when
controlling for the average proportion of negative emotion words
used in status updates. This suggests that the time-structured
patterns of emotion expressed on Facebook may provide better
differentiation between individual s with and without depression
where they express similar levels of negative emotion words.
This study suggests that the poor hit rate in some keyword
approaches to classifying depression in status updates, as
described by Mowery et al [18], may be enhanced by including
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measures of moment-to-moment variability in emotion word
use.

Within-Per son Variability in Emotional Expression
on Twitter

Contrary to expectations, Twitter userswho had lower variability
in their use of negative emotion words across the recording
period were morelikely to have greater self-reported depression
severity. This sits in contrast with a recent meta-analysis that
showed negative emation variability shares apositive association
with depression [1].

It could be that the greater variability in emotion expressed by
individuals lower in depression on Twitter reflects adaptive
emotional functioning. In addition to personal disclosures and
using Twitter to talk about daily events [57], people turn to
Twitter to post content about politics, world events, and to share
information [58]. Expressing awide range of negative emotion
in response to these diverse personal and community-related
events may be appropriate to the context or be apart of effective
emotion regulation strategies. Indeed, expressive emotional
writing has been linked to better psychological and physical
outcomesin offline and online settings [59-62].

Ontheother hand, Twitter userswith higher levels of depression
expressed amore clustered spread of negative emotion. Emotion
appraisals of internal and external events and their subsequent
expression in status updates may be more restricted or blunted
for Twitter users with higher levels of depression. This is
consistent with studies indicating that MDD is associated with
reduced emotion reactivity [63].

Variability Differences Between Facebook and Twitter

Two divergent emotion patterns relating to depression emerged
from the Facebook and Twitter samples. This highlights the
importance of collecting data from multiple social media
platforms, as differences in the communication mechanisms
and population demographics across social media sites greatly
impacts on the generalizability of findings [49]. In terms of
emotion expression, Twitter users expressed more negative
emotion that was more variable acrossthe recording period than
Facebook users. This may be because of the 140-character
restriction placed on tweets (recently increased to 280
characters) [64] compared with the 63,206-character limit on
Facebook [65], which may impact on the total proportion of
emotion words expressed and the magnitude of change observed
between posts. On Twitter, when an emotion word isused, it is
likely to occur inthe context of fewer total words and will result
inagreater proportion emotion expressed per Tweet. In contrast,
when a Facebook user expresses emotion, it may occur in the
context of more total words, potentially reducing the overall
proportion of emotion words expressed.

Other confounding variables may also create differences
between negative emotion expression on Facebook and Twitter.
For example, Twitter allows users to generate anonymous
accounts, whereas Facebook accounts are likely to be linked to
areal name. The anonymity may release the user from social
norms and increase expression of negative emotion [66,67].
Twitter also is less symmetrical, with weaker relational ties,
and less dense network structures, which impacts on the emotion
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people expressto their networks [68,69]. These different social
contexts and related norms are afruitful areafor future research.

Aver ages of Negative and Positive Emotion Word Use
Are Not Associated With Depression

Inconsi stent with many previous findings[2,3,5,9], the average
proportion of positive and negative emotion words used across
status updates on both Facebook and Twitter were not
significantly associated with depression. Other approachesusing
the LIWC 2007 positive and negative dictionaries have found
that as negative emotion expression increases, so doestheratings
of self-reported depression severity (eg, [5]). Thiscould be due
in part to the small sample used here; language is noisy [43],
and with only 29 and 49 participantsin the Facebook and Twitter
samples, respectively, the signa may not be enough to
counteract that noise (see Kern et a [43] for further
consideration of language and sample size considerations).
Among this noise, it is notable with the small number of
participants that a robust association between negative affect
instability and depression on Facebook was found, suggesting
a strong relationship between these two quantities. Although
thisresult needsto bereplicated in other samples, this suggests
that when a smaller number of participants are available,
instability may be a more sensitive measure than frequency in
detecting depression severity.

The null findings between depression and the average proportion
of wordsin status updates may also reflect the lack of precision
that frequency measures provide. As shown by Mowery et a
[18], using a keyword approach to identifying depression in
social mediapostsresultsin alarge proportion of false-positives,
reducing the specificity with which depression can beidentified
through the average emotion expressed over time. Context
matters [43], such that the use of a word may not directly link
to an experienced emotion (eg, “1 went to visit Happy Valley”
does not indicate positive emotion). It is important to
acknowledge also that negative emotion expression is not the
exclusive domain of individualswith higher levels of depressive
symptoms. It is also possible that in this study, the amended
negative emotion word dictionary of the LIWC 2007 alone was
not sufficient in identifying the words most indicative of
depression. Indeed, the dictionarieswere recently updated [70],
and future studies should examine whether the updated LIWC
2015 dictionaries offer a better indication of depression.
Personality, gender, and age have al previously been shown to
impact on the number of negative emotion words people use
online (cf [71]), and this complexity might also be considered
in future research.

Limitations and Future Directions

There are several limitations to this study. First, although
emotion scores were calculated, the actual posts were not
available (because of privacy considerations), such that the
context of their content could not be considered. It is therefore
possible that some posts may have obtained a negative emotion
word count where a positive message was conveyed. Future
research should seek to apply more sophisticated open
vocabulary approaches or postprocessing of status updates
[18,43] to provide greater detail and accuracy of the language
use context.
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Second, the sample analyzed was small, and this may have
impacted on the power to detect significant associations between
variables. This may have obscured potentia associations
between the expression of negative emotion words and
depression severity. It isalso likely that, because of samplesize,
the findings obtained here may not be generalizable to the
Facebook and Twitter populations. Replication is required in
larger samples.

Third, only origina posts were used, with retweets or shared
posts excluded. Although retweets may be anindirect indication
of a person’s emotions, beliefs, values, and behaviors, the
intentions underlying reposting are unclear. Furthermore, at the
time of data collection, reposting updates was less common in
Facebook, so excluding retweets provided a clearer comparison.
Future studies might explore the extent to which reposts
(retweets and the sharing of posts) reflect a user’s values and
emotions and indicate depression status.

It is also important to note that it was unknown if the emotion
words expressed on Facebook or Twitter accurately reflected
same-day subjective changesin mood. Further research should
seek to link consecutively measured mood ratings with social
media data to strengthen the assumption that interpretation of
social media content reflects real-world emotion experience.

Finally, studies should seek to explicitly consider inertiain the
emotion expressed in status updates as a predictor of depression
and consider how the sensitivity and accuracy of frequency and
instability metrics changes across different sample sizes. Such
analyses will, however, require adjustments be made to
calculations to account the sparseness and irregularity of social
media data.

Conclusions

This study suggests that instability in the negative emotion
expressed on Facebook provides insight into the presence of
depression symptoms for social media users, and greater
variability of negative emotion expression on Twitter may be
protective for mental health.. If replicated in other samples,
emotion dynamics might be applied to big data approaches for
depression screening at a population level, providing insight
into the emotion processes underlying depression and improving
the specificity of depression identification above using language
averagesa one. Thetime-adjusted M SSD appropriately accounts
for the uneven temporal sampling of real-world social media
data, providing a sensitive measure of emotion instability that
may be used asan early indicator of (or identified asarisk factor
for) depression. Variability is often seen as a nuisance factor
that creates noise and obscures other associations. Treating
emotion variability as a legitimate individual difference may
be an important step in better describing the microprocesses
that lead to psychopathology. Thefindings aso point to possible
differences across the online culture created by a particular
socia mediaplatform, such that different platforms may provide
different insights into mental health.

The widespread and frequent use of social mediahas generated
considerable concern around its impact on mental health. Yet,
social mediaisalso revealing itself to be a valuable avenue for
the ongoing monitoring of depression. This study contributes
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to understanding the best approaches for using the technology  to help users suffering from depression.
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Abstract

Background: The contents of traditional communication media and new internet social media reflect the interests of society.
However, certain barriers and alack of attention towards mental disorders have been previously observed.

Objective: The objective of this study is to measure the relevance of influential American mainstream media outlets for the
distribution of psychiatric information and the interest generated in these topics among their Twitter followers.

Methods: We investigated tweets generated about mental health conditions and diseases among 15 mainstream general
communication media outlets in the United States of America between January 2007 and December 2016. Our study strategy
focused on identifying several psychiatric terms of primary interest. The number of retweets generated from the selected tweets
was also investigated. Asacontrol, we examined tweets generated about the main causes of death in the United States of America,
the main chronic neurological degenerative diseases, and HIV.

Results: Intotal, 13,119 tweets about mental health disorders sent by the American mainstream media outlets were analyzed.
The results showed a heterogeneous distribution but preferential accumulation for a select number of conditions. Suicide and
gender dysphoria accounted for half of the number of tweets sent. Variability in the number of tweets related to each control
disease was also found (5998). The number of tweets sent regarding each different psychiatric or organic disease analyzed was
significantly correlated with the number of retweets generated by followers (1,030,974 and 424,813 responses to mental health
disorders and organic diseases, respectively). However, the probability of atweet being retweeted differed significantly among
the conditions and diseases analyzed. Furthermore, the retweeted to tweet ratio was significantly higher for psychiatric diseases
than for the control diseases (oddsratio 1.11, Cl 1.07-1.14; P<.001).

Conclusions:  American mainstream media outlets and the general public demonstrate a preferential interest for psychiatric
diseases on Twitter. The heterogeneous weights given by the media outlets analyzed to the different mental health disorders and
conditions are reflected in the responses of Twitter followers.
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Introduction

Mental health disorders occur frequently in the genera
population. In 2015, approximately 44 million Americans
suffered from some type of mental illness, with depression and
anxiety representing the most prevalent forms[1]. Mental health
disorders lead to a poor quality of life and patient disability
[2,3]. Furthermore, mortality is significantly higher among
peoplewith mental health disordersthanitisamong comparable
populations, with a 10-year median of potential life lost [4,5].
Additionally, mental health diseases commonly provoke
self-stigma, societal stigma, or both, which negatively affect
patients' disclosure of these psychiatric disorders [6,7]. Social
regard for mental health disorders appearsto be akey factor for
the adequate consideration of these diseases, for the
understanding and support received by psychiatric patients, and
for the funding provided for medical investment and research
of these disorders[8]. Thus, measurement of the social relevance
of mental disordersis afundamental objective for progressing
the field of psychiatry [9].

Access to, and the diffusion of news information, has
dramatically changed in recent years. In addition to traditional
media, the internet and social media have become pivotal
instruments for sharing knowledge [10-12]. Accordingly, the
internet has radically modified how most people find,
communicate, and share information regarding health and
medical conditions, and its use and popularity have increased
considerably [13]. Its relevance is further exemplified by the
growing reliance on the internet as a source of information and
health advice [14]. Social media is a relatively new health
communication channel that enables interactions among large
groups of people suffering from the same afflictions and
promotes the ability to find and share information about health
and medical conditions and receive health messages [15].

For example, Twitter is a social networking site that is one of
themost popular and widely used forms of social media[16,17]
in which users (“tweeters’) post status updates (ie, “tweets’)
that are distributed to “followers” These tweets are also made
availableto the public. Thisform of largely public conversation
in which “short bursts’ of inconsequential information are
relayed in 140-character “tweets’ seems an unlikely sourcefor
lifelong learning [18,19].

Mainstream mediaoutlets, such astelevision, radio, newspapers,
and online journals are considered to be sensors and drivers of
society [20-22]. These media outlets use Twitter as a tool for
news distribution and thus subsequently influence large groups
of people in real time [23]. The analysis of distributed tweets
could represent an effective indicator of “real-world
performance’ [24-26]. Furthermore, because Twitter has become
more popular, different players in health and medicine have
begun to redlize its potential for acquiring and distributing
medical information [27]. Moreover, the qualitative and
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guantitative relevance of tweets has been shown in various
investigations, including analyses of the interests and feelings
of the general population with respect to health and disease, the
interactions between patients and doctors or health care
providers, and the promotion of the scientific impact of medical
research in the news media. However, the validity of Twitter
as areflection of public opinion has been challenged [28-32].
Furthermore, patient attitudes toward various medical topics,
including vaccines, illnesses, pain, drug use, and oncological
and cardiovascular disease have been analyzed [33-41].
Consequently, the analysis of distributed tweets about mental
health disease by primary media channels and the frequency of
retweets they generate may be an effective tool for assessing
social and individual interest toward psychiatric diseases.

In this paper, we investigated the distribution of tweets about
mental health diseases from highly recognized and relevant
American communication media sources. More specifically,
the study cites periodicals and various television and radio
channels, which are used as sensors of societal attitudestowards
psychiatric disease throughout the first decade of Twitter's
networking activity. Furthermore, we analyzed the interest
generated among followers through the quantification of
subsequent retweets. As a control, we simultaneously studied
the number of tweets distributed by our selected social media
platforms about diseases considered to be the main causes of
death within the United States of America (USA) as well as
tweets about HIV because of its recognized social relevance.

Methods

Communication Media Analyzed

In this study, we focused on tweets sent among arepresentative
sample of primary American communications media outlets.
We selected 15 general media outlets among those with the
highest number of followers on Twitter, as estimated by their
individual accounts, and ranked among those with highest socia
influence during the study duration [42-46]. Furthermore, we
selected representative samples from different categories of
mediaoutletsto avoid potentia bias. Weincluded 6 newspapers
(New York Times, Washington Post, Los Angeles Times, USA
Today, Chicago Tribune, and New York Post), 5 TV or radio
channels (NBC, CBS, Fox, CNN, and ABC), 1 general magazine
(Time), 1 news agency (AP), and 2 online news outlets
(Buzzieed and Huffington Post).

Search Strategy

Our research strategy focused on searching for tweets that
referred to common psychiatric terms of interest. We
investigated all tweets sent from Twitter accounts, filtering them
according to specific criteria using the following list of
keywords. anxiety, phobias, posttraumatic stress disorder
(PTSD), panic disorder, generalized anxiety disorder (GAD),
obsessive compulsive disorder (OCD), depressive disorder,
suicide, bipolar disorder, insomnia, schizophrenia, attention
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deficit hyperactivity disorder or hyperactivity (ADHD),
alcoholism, drug addiction, gambling disorder, anorexianervosa,
bulimia, dysthymia, addictions, addictive, Asperger syndrome,
autism, personality disorder, and gender dysphoria. Additionaly,
ascontrols, we used tweets focused on the main causes of death
inthe USA (prostate, lung, colorectal, and breast cancer, stroke,
diabetes mellitus, and chronic obstructive pulmonary disease
[COPD]), the main causes of chronic neurologic degenerative
disease (Alzheimer and Parkinson diseases) [47,48], and HIV
infection.

Search Tool Utilized

In this study, we used the Twitter Firehose data stream, which
is managed by Gnip and allows access to 100% of al public
tweets that match a set of “search” criteria (query) [49]. In our
study, the search criteria were the previously indicated
keywords, and the following is an example of a query:
“depression -economic -great -tropical from:nytimes OR
from:washingtonpost OR from:nypost OR from:latimes OR
from:USATODAY OR from:chicagotribune OR from:CNN
OR from:ABC OR from:NBCNews OR from:CBSNews OR
from:FoxNews OR from:AP OR fromTIME OR
from:HuffingtonPost OR from:BuzzFeed until:2017-01-01.
Tweet Binder, the search engine we employed, uses automatic
machine learning text analysis algorithms, and it also uses
node.js and the PHP language, which enables an analysis of
tweets in the json format (used by Gnip).

Next, all the collected tweets were individually inspected by 3
members of the research team to identify tweets deemed
irrelevant for the purpose of this study. Tweets that included
keywords not related to psychiatric content were excluded, such
as those referring to suicide attacks, economic depression, etc.
The content of the tweets was then specifically analyzed by 3
separate blinded members of the research team, and those with
at least 2 coincidences were excluded. This process led to the
creation of a more concise database that we could easily
reference. Moreover, the number of tweets generated was
stratified by month and year beginning in January 2007 and
terminating in December 2016. We also analyzed the number
of retweets that each tweet generated, which yielded a total
database of 19,117 tweets and 1,455,787 retweets.

Statistical Analysis

A descriptive analysis of the number of tweets and retweetswas
performed for both the mental health and control conditions.
The correlations among the observation time units (months)
were evaluated using the Spearman rank test. To analyze the
retweets generated by the disease-related tweets, odds ratios
(ORs) were calculated for each of the studied diseases. The odds
of the sum of al conditions (retweet to tweet ratio) was used
as the baseline and confidence intervals were calculated using
a Bonferroni-adjusted significance level (alpha) of .001. To
evaluate the annual changeswithin and differences between the
two groups, a multivariable generalized linear model (negative
binomial regression) was performed for both tweets and
retweets. Finally, seasonality was studied through the Seasonal
Decomposition procedure of amultiplicative time seriesmodel.
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All statistical analyses were performed using SPSS v22 and
STATA v14.

Results

M edia Outlets Showed a Marked Interest in Mental
Health Diseases and Tweet Patterns Gener ated
Responses From Follower s

We first analyzed the number of tweets generated by 15
mainstream American media outlets related to mental health
disorders beginning in 2007 (soon after the launch of Twitter)
through December 2016. As a control, we also included a
parallel analysisof tweetsrelated to the primary causes of death
inthe USA (prostate, lung, colorectal, and breast cancer; stroke,
diabetes mellitus, and COPD), the two most relevant chronic
neurologic degenerative diseases (Alzheimer and Parkinson
disease), and HIV infection.

Asshownin Table 1, 13,119 tweetswere generated by the media
about mental health disorders. The number of tweets about each
of the analyzed diseases follows a heterogeneous pattern of
distribution, with apreferential accumulation for aselect number
of conditions. Suicide and gender dysphoria accounted for half
of the total number of tweets. The tweets related to highly
prevalent anxiety and its different clinical formsonly accounted
for 11.39% (1494/13119) of the total number, and it was
followed by depression, which accounted for 10.66%
(1399/13119) of tweets. Mental health diseases characterized
by child and adolescent incidence, such as autism, Asperger
syndrome, ADHD, anorexia, and bulimia, accounted for 13.87%
(1819/13119) of thetotal tweets generated. Additionally, 9.39%
(1232/13119) of al tweets were related to addictive disorders,
specifically alcoholism, drug abuse, and gambling disorders.
Less than 8% of the analyzed tweets referred to the eight other
diseases included in the study. Of note, bipolar disorder and
schizophrenia, both of which are highly prevalent and disabling,
only accounted for 0.63% (82/13119) and 1.33% (174/13119)
of al generated tweets, respectively.

Intheparallel control study, we measured the tweets distributed
by American media on the diseases that are considered to be
the main causes of death in the USA and paradigmatic examples
of diseases with a demonstrated level of social interest (Table
2). In total, only 5998 tweets were generated by social media
on this group of prevalent and severe diseases. The number of
tweets focused on each individual disease analyzed also
followed a heterogeneous pattern of distribution. A
predominance of tweets was observed for a select number of
conditions. In total, 31.06% (1863/5998) of the tweetsreferred
to the four most lethal forms of cancer, although they mainly
focused on breast cancer (1321/5998, 22.02%). HIV infection
and Alzheimer disease received 22.79% (1367/5998) and
17.56% (1053/5998) of the tweets about organic disease
generated by social media, respectively. Additionally, 28.59%
(1715/5998) of the tweets were related to diabetes mellitus,
stroke, Parkinson disease, and COPD. However, despite its
prevalence, COPD only accounted for 0.08% (5/5998) of the
tweets.
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Table 1. Number of tweets about mental health diseases distributed by American mediaand the retweetsthey generated. Percentages (%) were calculated
with respect to the total number of tweets distributed about the mental diseases group and the retweets generated. Spearman rank correl ation coefficients
(rho) between the tweets and retweets are shown for each condition or disease along with the level of statistical significance.

Mental health condition or disease Tweet, n (%) Retweet, n (%) Spearman rho P vaue
Suicide 4124 (31.44) 268,395 (26.03) 0.876 <.001
Gender dysphoria 2555 (19.48) 238,298 (23.11) 0.941 <.001
Total for anxiety disorders 1494 (11.39) 134,726 (13.07) 0.907 <.001
Anxiety 984 (7.50) 92,042 (8.93) 0.872 <.001
PTSD? 453 (3.45) 39,243 (3.81) 0.991 <.001
Phobias 34 (0.26) 1018 (0.10) 0.886 <.001
GADP 22(0.17) 2386 (0.23) 0.172 .064
Panic disorder 1(0.01) 37 (<0.01) -0.008 927
Depression 1399 (10.66) 11,067 (11.26) 0.785 <.001
Autism spectrum disorders 1337 (10.19) 129,066 (12.52) 0.870 <.001
Autism 1253 (9.55) 117,955 (11.44) 0.860 <.001
Asperger syndrome 84 (0.64) 11,111 (1.08) 0.875 <.001
Addictivedisorders 1232 (9.39) 83,809 (8.13) 0.822 <.001
Addictions 933 (7.11) 67,114 (6.51) 0.798 <.001
Alcoholism 146 (1.11) 7392 (0.72) 0.865 <.001
Drug addiction 143 (1.09) 8997 (0.87) 0.865 <.001
Gambling disorder 10 (0.08) 306 (0.03) 0.933 <.001
Anorexiaand bulimia 274 (2.09) 11,792 (1.14) 0.852 <.001
ADHDS® 208 (1.59) 12,103 (1.17) 0.853 <.001
Schizophrenia 174 (1.33) 15,232 (1.48) 0.839 <.001
Insomnia 128 (0.98) 10,014 (0.97) 0.825 <.001
Bipolar disorder 82 (0.63) 6946 (0.67) 0.867 <.001
ocp? 81(0.62) 3564 (0.35) 0.907 <.001
Personality disorder 31(0.24) 962 (0.09) 0.038 684
Dysthymia 0(0) 0(0) N/AE N/A
Total for mental health disorders 13,119 (100) 1,030,974 (100) 0.915 <.001

3PTSD: posttraumatic stress disorder.

bGAD: generalized anxiety disorder.

CADHD: attention deficit hyperactivity disorder.
docp: obsessive-compulsive disorder.

EN/A: not applicable.

Next, we investigated the impact of tweets about mental health
and disease control among social mediafollowers by analyzing
the responses based on the number of retweets. In total,
1,030,974 retweets were related to the studied mental health
diseases and 424,813 were rel ated to the control organic diseases
(Tables 1 and 2). We observed asignificant correlation between
the number of tweets referring to each individual mental health
disorder and the number of subsequent retweets generated. The
statistical significance of the correlations was similar for the
control organic diseases. The percentages of tweets and retweets
generated for each of the control diseases, mental health
conditions, and psychiatric diseases are shown in a figure in
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Multimedia Appendix 1. A scatterplot of the tweets about mental
health conditions, psychiatric diseases and control diseases as
well asthe number of retweetsthat they subsequently generated
isalso shown in the Multimedia Appendix 2.

We also investigated the retweets of disease-related tweets by
analyzing the retweet to tweet ratio and absolute numbers for
the mental health disorders and control diseases. We found that
the retweet to tweet ratio for the psychiatric diseases was
significantly higher than that found for the control diseases (OR
1.11, ClI 1.07-1.14, P<.001). The analysis of the probabilities
of retweeting a tweet related to a specific disease showed a
marked heterogeneity between mental health and organic
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disorders (Figure 1). Among the mental health conditions and
diseases, the tweets about suicide, addictive disorders, anorexia
and bulimia, and ADHD had a statistically significantly lower
probability of being retweeted. In contrast, the probability of
being retweeted was significantly higher for tweets related to
gender dysphoria, anxiety, and autism spectrum disorders. For

Alvarez-Mon et d

the control diseases, we aso found a heterogeneous pattern of
retweet responses, with the highest statistically significant
probability of being retweeted found for Parkinson disease. In
contrast, the tweets about cancer, diabetes, and stroke had
significantly lower probabilities of being retweeted.

Table 2. Number of tweets about control diseases distributed by American media and the retweets they generated. Percentages (%) were calculated
with respect to the total number of tweets or retweets distributed in the control group of diseases. Spearman rank correlation coefficients between the
tweets and retweets are shown for each condition or disease along with the level of statistical significance.

Control disease Tweet, n (%) Retweet, n (%) Spearman rho P value
Total for cancers 1863 (31.06) 109,697 (25.82) 0.715 <.001
Breast cancer 1321 (22.02) 79,152 (18.63) 0.763 <.001
Prostate cancer 326 (5.44) 13,675 (3.22) 0.648 <.001
Lung cancer 196 (3.27) 16,425 (3.87) 0.733 <.001
Colorectal cancer 20(0.33) 445 (0.10) 0.845 <.001
HIV 1367 (22.79) 110,919 (26.11) 0.812 <.001
Alzheimer disease 1053 (17.56) 82,334 (19.38) 0.828 <.001
Diabetes 760 (12.67) 47,354 (11.15) 0.734 <.001
Stroke 701 (11.69) 44,328 (10.43) 0.796 <.001
Parkinson disease 249 (4.15) 30,160 (7.10) 0.873 <.001
corp? 5 (0.08) 21 (<0.01) 0.624 <.001
Total for control diseases 5998 (100) 424,813 (100) 0.869 <.001

8COPD: chronic obstructive pulmonary disease.

Figure 1. Different probabilities of retweets generated for tweets posted on mental health conditions and diseases (blue dots) and organic diseases (red
dots). The odds ratios (ORs) are shown for the retweet to tweet ratios found for each individual disease with more than 100 tweets. Circles represent
the calculated OR, and the vertical lines represent the Cl. ADHD: attention deficit hyperactivity disorder.
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Figure 2. Kinetic study of the number of tweets (left panel, continuous line) distributed by American mass media outlets on mental health conditions
and diseases (blue) and control diseases (red) and retweets (right panel, dotted line) generated by their followers; Y-axis: total number of tweets or

retweets.
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Figure 3. Left panel: monthly distribution of the tweets sent by American mass media outlets about mental health conditions and diseases (blue solid
line) and control diseases (red solid line); Y-axis: percentages were calculated with respect to the total number of tweets. Top right panel: specific
analyses of breast cancer and HIV infection; Y-axis: number of tweets. Bottom right panel: specific analyses of depression and gender dysphoria; Y-axis:

number of tweets or retweets.
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Number of MassM edia Tweetsand Follower Retweets
IsContinuoudly Increasing

We analyzed the evol ution of the number of tweets about mental
health conditions and control diseases that were distributed by
the mainstream American media outlets along the analyzed
decade. We also studied the kinetics of the retweets that these
tweets generated (Figure 2); and observed a steady and
progressive increase in the number of tweets generated for
mental health conditions and diseases by communication media
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acrossthe analyzed years. Furthermore, there was an associated
increase in the number of retweets sent by followers.
Interestingly, alargeincreasein retweet responses was observed
beginning in 2014. For the control diseases, an increase in the
number of communication mediagenerated tweetswas observed
between 2007 and 2012, and a steady level was reached by
2016. However, the number of generated retweets among
nonpsychiatric control diseases also showed a continuous
increase. To determine the effects of the year and type of
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disease, we ran generalized linear models for both tweets and
retweets. In both models, these variables were statistically
significant (P<.001). The output of the negative binomial
regression parametersisincluded in the Multimedia Appendix
3.

We also investigated the number of tweets generated over
continuous months about the mental health and control diseases.
Temporal variability was observed in the frequency of tweets
about psychiatric disease, with a significant increase in April
and August and a decrease in February (Figure 3). Monthly
variability in thetweets generated about organic control diseases
was also observed, with a statistically significant increase in
months July and October and a decrease in January. This
monthly variability was aso observed in the analysis of
individual mental health conditions and diseases. The results
obtained for gender dysphoria, depression, breast cancer, and
HIV are shown asrepresentative casesfor both the mental health
conditions and control diseases.

Discussion

Principal Findings

In this paper, we showed that American outlets show preferential
interest in psychiatric disorders compared with prevalent and
severe organic diseases. The elevated number of tweets sent by
the analyzed media outlets about mental health conditions and
diseases was heterogeneously distributed between the different
clinical entities studied. The relative attention of media outlets
for the different mental health disorders conditioned the retweet
response of followers.

The important role of communication media outlets in
generating popular opinion and emotions via information
distribution has been clearly established in our society [50]. In
addition to traditional forms of communication media, both the
internet and social media have become particularly pivotal
instruments for sharing knowledge and news. Along with this
change in the pattern of access to and sharing of information,
communicative mass media includes the use of social media
for connecting to the public. Currently, the use of social media
websites, such as Facebook and Twitter, is commonplace, with
approximately 65% of American adults and 66% of British
adults reporting ownership of at least one active social media
account [51]. Likewise, Twitter is currently considered an
equally effective channel for communication [52].

Communication Media and Psychiatry

Our work demonstrates that American classic communication
media outlets show a relevant interest in psychiatric diseases,
as measured by the number of tweets about mental health
conditions and disorders with respect to those about a group of
severe and prevalent nonpsychiatric diseases, including themain
causes of death in the USA. In recent decades, the stigma
associated with mental health-related disorders has been
widespread as evidenced by our social behaviors [53,54]. This
socia attitude has had magjor adverse effects on the lives of
people with mental health problems, conditions, and diseases
[55]. Therefore, theinterest of traditional communication media
outlets in psychiatric diseases should decrease over time.
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However, our findings contradict this hypothesis. The number
of tweets sent about the analyzed mental conditionsand diseases
was higher than that of the control group throughout the decade
examined, and a continuously increasing trend was observed
in recent years. Interestingly, the control diseases included the
main causes of mortality in the USA, such as the most
predominant malignant tumor causes of death (cancer), stroke,
diabetes mellitus, chronic degenerative neurological diseases,
and COPD [47,48]. The control group of diseasesalso included
HIV infection, a disease that has maintained a high level of
general interest in our society in recent decades [56,57]. In
addition to the demonstrated interest in mental health conditions
and diseases by mass media, we found that thisinterest ismore
focused on certain clinical entities.

Interestingly, the relative weight given to each disease as defined
by the percentage of tweetsreceived was not related to the actual
prevalence of the disease (the prevalence of mental health
conditions, psychiatric diseases, and control diseases are
included in the Multimedia Appendix 4). Despite the low
incidence of suicide and gender dysphoria, these topics
accounted for half of the tweets generated by communication
media. In contrast, anxiety and depression are highly preval ent
in society but only accounted for a quarter of the total number
of tweets. Furthermore, psychiatric diseases with a marked
preval ence and associated morbidity, such as schizophreniaand
bipolar disorder, only accounted for a marginal percentage of
the tweets. Thislack of correlation between the prevalence and
the morbidity or mortality (or both) of adisease and itsrelative
presence in the number tweets generated by communication
media outlets was also observed in the control group. These
results are aligned with previous results demonstrating that
certain chronic diseases, such as hypertension, are
“undertweeted” relative to their prevalence, whereas other
chronic diseases, such as diabetes and heart failure, are
“over-tweeted” relative to their prevalence [58].

Interest in Psychiatry on Twitter

Theinterest provoked by mental health disease-associated tweets
sent by mass media organizations to the general public, as
measured by the number of retweets generated by followers, is
clearly relevant. The retweet frequency is a parameter that
indicatesthe user interest in the topic of each tweet [59,60]. Our
data demonstrate that the retweet to tweet ratio generated by
mental health disease-related tweets was significantly higher
than that of the control diseases. Thus, in addition to a
correlation between the number of tweets sent about a specific
disease and the retweet response provoked, the characteristics
of the health disorder a so modulate theinterest and quantitative
retweet response of the followers. This finding is clearly
supported by the significantly higher possibility of retweeting
a tweet on gender dysphoria, anxiety, and autism spectrum
disorders and the decreased possibility of retweeting a tweet
related to suicide, addictive disorders, anorexia and bulimia,
and ADHD. Several reasons that are not mutually exclusive
may explain thispublic behavior. First, the potential anonymity
of Twitter might favor its use by people who present feelings
of potentia self-stigma. For example, tweeting about mental
health conveysthe notion of a“ Twitter community” that allows
communication to flourish, awareness to be raised, stigmas to
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be fought, and support to be both offered and received [51].
Twitter use allowsfor anonymity; thus, it is preferred by people
with real or perceived persona and/or or social restrictions[61].
Thereported use of Twitter by transgender individualsand allies
to discuss health and social needs supports this statement [62].
Second, Twitter is becoming more popular in our society, and
the average user profile is distributed across different age
groups. However, Twitter is predominantly used by younger
and middle-aged demographics [63,64]. Thus, the social media
pattern of Twitter might indicate a modification in attitudes
toward mental health diseases among these two generations.
Furthermore, the age of the person affectstheir general interest
in health-related matters [65]. Third, high rates of social media
use are observed among individuals who experience mental
health problems [66,67]. Fourth, health care professionals and
provider communities may also show agreater interest in mental
diseases and contribute to the dissemination of thisinformation.
However, the attitudes of professionals, such as genera
practitioners, towards these diseases cannot be considered
optimal at the present time [68]. Additionally, certain mental
health conditions, such as gender dysphoria and suicide, are
topicsthat often appear in breaking social news and may easily
goviral on Twitter. Theinformation transmitted by mass media
may be selected using different criteria, including content
generally considered to be of public interest [69]. According to
cultural selection theory, any selection of messages from
communication media outlets will have a profound effect on
society at large and can contribute to the modulation of
individual and societal attitudes and knowledge [70]. Based on
thefrequency of tweets generated about mental health disorders
found in thiswork, we conclude that mass media outlets do not
support aquantitative stigmatic exclusion of psychiatric patients.
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However, the results observed for suicide should be further
discussed. Suicide was one of the most frequently mentioned
topics on Twitter by communication mediaoutlets. Interestingly,
the Werther effect of suicide reportsin socia media networks,
such as Twitter, has been established [71]. Thus, the criteria
applied for generating thisincreased frequency of suicide-related
tweets by communication media outlets may require revision.
Fortunately, a suicide-related tweet has a significantly reduced
possibility of being retweeted by followers.

Limitations

This study has some limitations. The relevance of Twitter as a
marker of social interest is a matter of controversy
[24-26,28-32]. Furthermore, news media outlets do not
necessarily reflect the interests of society [72]. Large media
outlets can also have adifferent set of prioritiesthan news media
in general. The newsworthiness of health science articles has
previously been reported [73-75].

Conclusions

In conclusion, our findings show amarked correlation between
the number of tweets generated about a psychiatric or control
disease and the number of retweets that are subsequently
generated. Theseresults could represent a coincidence between
the interest of communication media outlets and the genera
population and/or merely the quantitative reactive response of
followersto the tweetsthey receive. Interestingly, the frequency
of retweeting atweet related to suicide was less than expected,
whereas that of gender dysphoria was greater. Moreover, there
are contradictory resultswith respect to the association between
mental health problems and social media, which indicates either
the potential for harm or a significant improvement in social
media engagement as previously described [71,76-78].
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Multimedia Appendix 1

The percentages of tweets and retweets generated for each of the control diseases, mental health conditions, and psychiatric

diseases.

[PNG File, 138KB - jmir_v20i5e205_appl.png ]

Multimedia Appendix 2

A scatterplot of the tweets about mental health conditions, psychiatric diseases and control diseases as well as the number of

retweets that they subsequently generated.
[PNG File, 147KB - jmir_v20i5e205_app2.png ]

Multimedia Appendix 3

Output tablefor the negative binomial regression parameters.Estimated coefficientsfrom | RR reportstransformed into incidence-rate
ratios.The standard errors (SEs) reported in the table were cal culated using the robust or sandwich estimator of variance.
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Multimedia Appendix 4
Prevalence of mental health conditions, psychiatric diseases, and control diseases.
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