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Abstract

Background: Self-guided internet-based cognitive behavioral therapies (iICBTs) for depressive symptoms may substantially
increase accessibility to mental health treatment. Despite this, questions remain as to the generalizability of the research on
self-guided iCBT.

Objective: We sought to describe the clinical entry criteria used in studies of self-guided iCBT, explore the criterid's effects
on study outcomes, and compare the frequency of use of these criteriawith their usein studies of face-to-face psychotherapy and
antidepressant medications. We hypothesized that self-guided iCBT studies would use more stringent criteriathat would bias the
sample toward those with aless complex clinical profile, thus inflating treatment outcomes.

Methods: We updated a recently published meta-analysis by conducting a systematic literature search in PubMed, MEDLINE,
PsycINFO, and EMBA SE. We conducted a meta-regression analysis to test the effect of the different commonly used psychiatric
entry criteria on the treatment-control differences. We also compared the frequency with which exclusion criteria were used in
the self-guided iCBT studies versus studies of face-to-face psychotherapy and antidepressants from arecently published review.

Results: Our search yielded 5 additional studies, which we added to the 16 studies identified by Karyotaki and colleaguesin
2017. Few self-guided iCBT studies excluded patients with severe depressive symptoms (6/21, 29%), but self-guided iCBT
studies were more likely than antidepressant (14/170, 8.2%) studies to use this criterion. However, self-guided iCBT studies did
not use this criterion more frequently than face-to-face psychotherapy studies (6/16, 38%). Beyond this, we found no evidence
that self-guided iCBTs used more stringent entry criteria. Strong evidence suggested that they were actually less likely to use
most entry criteria, especialy exclusions on the basis of substance use or personality pathology. None of the entry criteria used
had an effect on outcomes.

Conclusions: A conservative interpretation of our findingsisthat the patient population sampled in the literature on self-guided
iCBT is relatively comparable with that of studies of antidepressants or face-to-face psychotherapy. Alternatively, studies of
unguided cognitive behaviora therapy may sample from a more heterogeneous and representative patient population. Until
evidence emerges to suggest otherwise, the patient population sampled in self-guided iCBT studies cannot be considered as less
complex than the patient population from face-to-face psychotherapy or antidepressant studies.

(J Med Internet Res 2018;20(11):€10113) doi:10.2196/10113

KEYWORDS
depression; psychotherapy; CBT; internet-based therapy; pharmacotherapy; generalizability; exclusion criteria; cognitive therapy;
telemedicine; drug therapy; patient selection

http://www.jmir.org/2018/11/€10113/ JMed Internet Res 2018 | vol. 20 | iss. 11 |e10113 | p.5
(page number not for citation purposes)


mailto:lolorenz@indiana.edu
http://dx.doi.org/10.2196/10113
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Introduction

Background

Depressionisone of theleading causes, if not the leading cause,
of disability worldwide [1,2]. A well-recognized barrier to
reducing the level of disability associated with depression and
other common mental disorders is the scarcity of available
treatment providers[3]. Although thereisascarcity of providers,
the research data support a wide variety of treatments for
depression that vary in their modality (eg, self-management,
psychotherapy, medications), as well as in how time and
resource intensive they are for patients and providers. The
combination of antidepressants and psychotherapy is widely
seen as providing the best cost-benefit ratio for severe depression
[4]. However, it is nearly impossible to advocate this or any
other treatment approach as a first-line intervention because
depression is highly heterogeneous in its prognosis [5-7]. For
example, 50% to 75% of patients with first-onset major
depressive episodes recover within a 3- to 6-month period, but
15% to 20% of cases are chronic [8-11]. Similarly, athough
50% of patients recover and do not experience arelapse in 20-
to 30-year follow-ups, approximately 35% of individuas
experience a recurrent course [9,12,13]. Moreover, the
presentation of depressive symptomsis highly heterogeneous.
Approximately half of cases are classified as mild to moderate
[14], but aproportion of casesinvolve psychotic symptoms[15]
or suicidal risk (eg, 27%-53% [16]). As well, there is a
substantial degree of comorbidity with other disorders[14].

A mgjor advancement in the study of treatmentsfor depression
is the discovery that self-guided internet-based cognitive
behavioral therapy (iCBT) can be more effective than control
conditions [17]. In these interventions, patients complete
interactive Web-based programs based on the principles of
cognitive behavioral therapy with no therapeutic support,
although sometimestechnical support isavailable. The efficacy
of these interventions can be enhanced by therapist support,
although this effect may be smaller than previously thought (eg,
standardized mean difference symptoms = 0.27 [18-20]). The
high prevalence of depression and the ubiquity of internet access
and mobile phone ownership make self-guided iCBTs hugely
promising in reducing the burden of disability associated with
depressive symptoms, even if they were somewhat less effective
than guided iCBTs [21]. Kazdin and Blase [3] have called
attention to the fact that the number of individuals with mental
disorders such as depression far outhumbers the number of
mental health providers available to deliver treatment. Thus,
self-guided iCBT has the potential for a greater public health
impact than guided iCBT or other forms of treatment that require
contact with atrained professional [21]. However, akey concern
in evaluating the self-guided iCBT treatment literature is the
degree to which the patient population in randomized controlled
trials (RCTs) is representative of the heterogeneous nature of
the prognosis, severity, and comorbidity found in depressed
patients. More than 20 years ago, Seligman [22] pointed out
that the literature attesting to the efficacy of face-to-face
psychotherapy was limited by virtue of the inclusion and
exclusion criteria used, which excluded patients with
subthreshold symptoms aswell as comorbid conditions. Westen
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and Morrison [23] quantified the nature of this problem,
reporting that most (68%) patients with depression were
excluded from a typical psychotherapy study because of
suicidality, comorbid disorders, especialy substance use, and
subclinical symptoms. Furthermore, these authors reported that
the number of participants excluded from psychotherapy trials
was related to the study-level effect size, such that studies that
excluded more patients tended to find larger effect sizes for
psychotherapy (see also van der Lem et a [24]). Zimmerman
et al [25] made similar observations in the literature on
antidepressants. More recently, Zimmerman and colleagues
[26-29] reported on the inclusion and exclusion (henceforth
entry) criteria for RCTs of antidepressant medications. They
stated that most studies excluded patients on the basis of a
minimum symptom threshold, suicidality, psychotic features,
and substance use disorders.

Objective

We sought to review the entry criteria used in trias of
self-guided iCBT. We did this by updating and coding the
studiesfrom the latest meta-analysis of self-guided iCBT, which
was published by Karyotaki et al [17]. In addition to reporting
the overall frequency with which specific criteria were used,
we sought to explore the rel ationshi p between the specific entry
criteria and the study-level outcome. Finaly, to provide some
context for evaluating the frequency with which self-guided
iCBT studies used different exclusion criteria, we compared
the frequency of use of entry criteriain self-guided iCBT trias
versus the rate of inclusion criteria used in face-to-face
psychotherapy trials and trials of antidepressant medications.
Theaim of thisanalysiswasfor face-to-face psychotherapy and
antidepressant studies to serve as akind of benchmark against
which to comparethe self-guided iCBT literature. A prior study
suggested that face-to-face psychotherapy trialswerelesslikely
than antidepressant trial sto use most of the specific entry criteria
coded by the study authors [30]. Other studies similarly
suggested that psychotherapy studies may be somewhat more
generalizable than pharmacotherapy studies for adolescent
depression [31], borderline personality disorder [32], social
anxiety [33], and posttraumatic stress disorder [34], although
not generalized anxiety disorder [35]. Based on prior data[23],
we hypothesized that the use of more stringent entry criteria
would be associated with better outcomes. However, because
studies of self-guided iCBT are often fully remote and lack
human support, we hypothesized that studies of self-guided
iCBT would use more stringent psychiatric entry criteria than
would face-to-face psychotherapy and pharmacotherapy trials.

Methods

Identification and Rating of Studies

We obtained RCT's exploring the efficacy of self-guided iCBT
for depression in adults by referencing and updating the latest
meta-analysis of self-guided iCBT for depression [17]. Those
authors consulted a broad database of psychological treatments
for depression that was constructed from a systematic literature
search of free terms combining “psychotherapy” and
“depression” in PubMed, EMBASE, PsycINFO, and the
Cochrane Library published up to January 1, 2016. We updated
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thereview by applying the same search criteria (see Multimedia
Appendix 1), narrowing our search for internet-based
interventions. We included studies if they included adults (>18
years of age) with adiagnosis of major depressive disorder on
apsychiatric semistructured interview, with elevated symptoms
of depression (ie, any specific cutoff score on a depression
guestionnaire), or who were seeking or undergoing treatment
for depression. Two of the authors (LLL, EJ) rated all articles
for the presence of common psychiatric inclusion and exclusion
criteria used in treatment studies [26], resolving discrepancies
by consensus. Descriptive analyses summarizing the specific
entry criteria of the iCBT trials are presented. We rated risk of
bias according to the Cochrane Collaboration risk-of-bias
assessment tool [36]. We rated the primary outcome studies.
When we could not determine a specific domain category from
the main outcome study, we rated protocol articlesif they were
avallable or any publicly available study registry (eg,
Clinical Trials.gov).

M eta-Regression

We calculated Hedges g to quantify the difference between
self-guided iCBT and control conditions on symptoms of
depression. Hedges g is derived from the difference between
the average posttreatment scores on self-reported measures of
depressive symptoms in the 2 groups (ie, self-guided iCBT
group vs the control group), divided by the pooled standard
deviation while adjusting for small-sample bias. For entry
criteria that had sufficient representation in the dataset (ie, =3
studies used them), we conducted meta-regressions, using the
R datistical computing language version R-3.5.0. (R
Foundation) package metafor [37], to examine the relationship
between using specific entry criteria and outcomes. First, we
conducted individual meta-regressions in which we regressed
the study-level effect size on each of the exclusion criteriaused.
Then, we regressed the number of exclusion criteria used on
the study-level outcomes. Finally, we conducted asimultaneous
meta-regression in which we regressed outcomes on all entry
criteria.

Meta-regressions were run in a random effects meta-analytic
framework, using exclusion criteria either as dummy-coded
categorical variables (0/1) or as an ordinal variable (ie, the
number of exclusions). In line with current best practices for
calculating confidence intervals with more accurate coverage
and less-inflated type | error, we used the Sidik-Jonkman
random effects estimator and the Hartung-Knapp adjustment
[38,39].

Benchmarking Against Antidepressant and
Face-to-Face Psychother apy

To provide arough index of how entry criteriafor guided iCBT
studies compare with those of other treatments, we drew on
recent reviews of the entry criteria of trials of adult depression
with antidepressants [26-29] and face-to-face psychotherapy
[30]. These reviews employed searchesin PubMed, EMBASE,
and PsycINFO, aswell asindividual meta-analyses and specific
journals, to identify acute treatment outcomes studies for
depression. The search was limited to studies in which
antidepressants or face-to-face psychotherapy was compared
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with a control condition, so studies of multiple treatments (eg,
2 psychotherapies) were only included if a control condition
was used. There are systematic differences between
antidepressant and face-to-face pharmacotherapy studies
regarding the type of controls employed [40]. Virtualy all
pharmacotherapy studies use apill placebo, whereasthe efficacy
of face-to-face psychotherapy, as well as self-guided iCBT, is
tested with amore diverse mix of controls, including awaiting
list, treatment as usual, pill placebos, and other conditions (eg,
relaxation) that are intended as a control for nonspecific effects
(eg, attention). Thus, we searched for face-to-face psychotherapy
trials in which a waiting list, treatment as usual, or placebo
control was used. We excluded trialsif they focused exclusively
on comorbidities (eg, only depression and alcohol use), whether
psychiatric or general medical, as they are, by definition, less
inclusive. Aswell, wedid not includetrialsfocused on subtypes
of depression, inpatients, or patients with specific symptom
profiles (eg, cognitive symptoms). The application of these
criteriayielded 170 studies of antidepressants and 16 studies of
face-to-face psychotherapy. To compare the differences between
the self-guided iCBT studies and studies of antidepressantsand
face-to-face psychotherapies, we used a chi-squaretest, or Fisher
exact test when we expected any cell to have afrequency lower
than 5.

Results

Study Characteristics

Weidentified 5 new studies (see MultimediaAppendix 1) since
the publication of the review by Karyotaki et al [17] that met
our inclusion criteria (see Figure 1). Thus, we coded 21 RCTs
comparing self-guided iCBTs versus a control in our updated
review. These studies analyzed datafor 4781 participants. Like
Karyotaki et al, we found risk of bias to be low across most
studies (see Multimedia Appendix 1).

There were differences between the self-guided iCBT studies,
the antidepressant studies, and the face-to-face psychotherapy
studies in terms of sample size per study arm (F;50,=6.45,

P=.002) and country of origin (x?,=48.3, P<.001), but no
differences in the percentage of studies that excluded
participants based on an upper age limit (x%=1.5, P=.48).
Antidepressant (mean 120.69, SD 74.10) and self-guided iCBT
(mean 140.61, SD 109.16) studies tended to have more
participants in each study arm than face-to-face psychotherapy
studies did (mean 55.12, SD 39.48). Most self-guided iCBT
studies originated from single sites within European countries
(14/21, 67%). By way of contrast, only 5 of the psychotherapy
studies were conducted in Europe (5/16, 31%) and, instead, the
face-to-face psychotherapy studies were more likely to be
published in the United States (8/16, 50%). Very few
antidepressants studies were published from within single
European countries (15/170, 8.8%), as most were published in
the United States (101/171, 59.4%).

Table 1 lists the psychiatric inclusion and exclusion criteria
used in the self-guided iCBT trials.
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Figurel. Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses (PRISMA) flowchart for self-guided internet-based cognitive behaviora
therapy (iCBT) studies included in the systematic review and meta-regression analysis. CBT: cognitive behavioral therapy.

Ty
Records identified through database Additional records identified
_S searching (n=1234): PubMed through other sources
E (n=312); Cochrane Library (n=513) (n=0)
= PsycINFO (n=369); EMBASE (n=40)
E
Q
=
\ ) b4 v
Records after duplicates removed
y
(n=872)
oo
£
c
[}
g Y
e Records screened Records excluded
(n=872) (n=801)
| S
( ) v
Full-text articles assessed Full-text articles excluded,
£ for eligibility with reasons
3 (n=71) (n=66)
o Guided iCBT (n=13)
w Medical population (n=10)
v Not CBT (h=9)
) Studies included in Not denrlessmn (n=7)
litati thesi Reanalysis (n=6)
— qualita W‘i;vn ests Uncontrolled study (n=6)
(n=5) Review/protocol (n=4)
Subpopulation (n=4)
g Not acute phase (n=3)
° Y Not adults (n=2)
% Studies included in Other (n=2)
£ quantitative synthesis
(meta-analysis)
(n=5)
— . .
Trials discovered by
Karyotaki et al (n=16)
Total studies (n=21)
http://www.jmir.org/2018/11/€10113/ JMed Internet Res 2018 | vol. 20 | iss. 11 |e10113 | p.8

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Lorenzo-Luaces et d

Tablel. Psychiatric exclusion criteriaof randomized controlled trials of self-guided internet-based cognitive behavioral therapy for depressive symptoms

(N=21).

Exclusion criteria n (%)
Severity scale score below the cutoff (minimum score) 15 (71)
Severity scale score above the cutoff (maximum score) 6 (29)
Psychosis 12 (57)
Substance abuse or dependence 5(24)
Significant suicidal ideation or risk 13(62)
History of suicide attempt(s) 1(5)
Episode length too long 1(5)
Episode length too short 1(5)
Any axis || disorder 0(0)
Any axis| disorder 1(5)
Borderline personality disorder 0(0)
Antisocia personality disorder 0(0)
Schizotypal personality disorder 0(0)

At least half of the iCBT studies used the following 3 criteria:
psychotic disorder or current psychotic symptoms (12/21, 57%),
a minimum symptom severity on a depression scale (15/21,
71%), and significant suicidal ideation (13/21, 62%). The other
criteriawere used relatively infrequently. As has been noted of
studies of antidepressants and face-to-face psychotherapy, there
was considerable variability in the operationalization of these
criteria. For example, of the 15 studies that excluded patients
on the basis of a minimum score on a depression severity
measure, 6 used the Patient Health Questionnaire-8 or -9 as an
exclusion criterion, 4 used the Beck Depression Inventory (BDI),
and 2 used the Kesser Psychological Distress Scale. The
remaining 3 studies used other scales (eg, the Center for
Epidemiologic Studies Depression Scale [CES-D]).

Effectsof Entry Criteria on Outcomes

Only 5 of the exclusionary criteria were used with enough
frequency (ie, >3 uses) that we could explore whether their use
was associated with treatment outcomes: minimum symptom
Severity, maximum symptom severity, psychosis, substance
misuse, and suicidality. Table 2 lists the results of the
meta-regressions in which we regressed the study-level effect
sizes in the 5 exclusionary criteria, individually as well as
considered simultaneously. The updated meta-analysis found
results similar to those by Karyotaki et al [17]. At the study
level, self-guided iCBT was associated with more improvement
in depression than were the control conditions (g=0.33, 95%
Cl 0.20-0.46, SE 0.06; P<.001).

We detected a high degree of between-study heterogeneity of

effect sizes (1=76%), indicating that exclusion criteria could
potentially explain between-studies differences in effects.
Despite this, the meta-regressions did not find any significant
effects of specific exclusionary criteria (P values >.39) or the
total number of criteriaused on study-level treatment outcomes
(B=-0.01, 95% CI -0.09 to 0.10, SE 0.05; P=.92). The
study-level exclusion criterion that appeared to have the largest
effect on study-level differences was the use of a minimum of
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symptom severity as an exclusion (B=—0.12, 95% CI -0.41 to
0.17, SE 0.14; P=.39). A simultaneous regression considering
all of the exclusion criteriain tandem likewise did not find any
significant effect of the use of specific entry criteriaon outcomes
(P values >.28).

Comparison of Entry Criteriain Internet-Based
Cognitive Behavioral Therapies, Antidepressants, and
Psychother apy

Table 3 shows the comparisons of the frequency with which
different entry criteriawere used in studies of self-guided iCBT
versus studies of face-to-face psychotherapy versus studies of
antidepressant medications. Contrary to our hypothesis, virtually
all the exclusion criteria coded were used less frequently in the
iCBT trials than in faceto-face psychotherapy and
antidepressant trials, though not all these differences were
statistically significant.

When specifically compared with studies of antidepressant
medications, studies of self-guided iCBT werelesslikely to use
almost all the exclusion criteria coded. For example, compared
with studies of antidepressants (143/170, 84.1%), self-guided
iCBT studieswerelesslikely (12/21, 57%) to exclude patients
on the basis of psychotic symptoms or a diagnosis (x21:7.2,
P=.01). Similarly, 41.2% (70/170) of studies on antidepressants
excluded patients on the basis of borderline personality disorder,
although no self-guided iCBT study used this criterion (Fisher
P<.001). The only exception to this general pattern of
self-guided iCBT studiesbeing more, rather than less, inclusive
was on the basis of a maximum symptom severity exclusion.
Only 29% (6/21) of the self-guided iCBT studies excluded
patients on the basis of high symptom severity. However, this
exclusion occurred more frequently intheiCBT studiesthanin
the antidepressant studies (14/170, 8.2%; x?,=6.2, P=.01). The
self-guided iCBT studies were no more likely than face-to-face
psychotherapy studies (6/16, 38%; x%,=.05, P=.83) to use this
criterion.
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Table 2. Meta-regression coefficients for the relationship between individual exclusion criteria and study-level internet-based cognitive behavioral

therapy controlled outcomes. No findings were significant at P<.05.

Exclusion criteria

Single-predictor models, g (95% ClI)

Simultaneous-predictor model, g (95% CI)

Minimum symptom severity —-0.12 (-0.41t00.17)
Maximum symptom severity —0.04 (-0.331t0 0.25)
Psychosis 0.07 (-0.20t0 0.34)
Substance problems 0.02 (-0.29t0 0.33)
Suicidality 0.09 (-0.18t0 0.36)

~0.18 (-0.5210 0.16)
~0.10 (-0.45 t0 0.26)
0.04 (-0.38 10 0.46)
0.05 (-0.39 t0 0.49)
0.16 (-0.24 0 0.55)

Table 3. Comparison of the frequency of use of different inclusion and exclusion criteriaacross self-guided internet-based cognitive behavioral therapy
(iCBT), face-to-face psychotherapy (F2F), and antidepressant medication (AM) trials.

Exclusion criteria iCBT (n=21) F2F (n=16) AM (n=170) P value
iCBT vsF2FvsAM  iCBT vsF2F iCBT vsAM

Minimum symptom severity 15 (71) 13(81) 170 (100.0) <.001 .70 <.001
Maximum symptom severity 6 (29) 6 (38) 14 (8.2 <.001 .83 .01
Psychosis 12 (57) 14 (88) 143 (84.1) .02 .07 01
Substance abuse or dependence 5(24) 12 (75) 137 (80.6) <.001 <.001 <.001
Suicidal risk 13 (62) 9 (56) 128 (75.3) 14 .99 .29
Prior suicide attempt(s) 1(5) 2(12) 35 (20.6) 21 .57 A3
Episode length too long 1(5) 2(12) 34(20.0) 21 57 13
Episode length too short 1(5) 2(12) 81 (47.6) <.001 .57 <.001
Any axis || disorder 0(0) 3(19) 60 (35.3) <.001 .07 <.001
Any axis| disorder 1(5) 1(6) 46 (27.1) .01 >.99 .03
Borderline personality disorder 0(0) 5(31) 70 (41.2) <.001 .01 <.001
Antisocia personality disorder 0(0) 531 68 (40.0) <.001 .01 <.001
Schizotypal personality disorder 0(0) 5(31) 63(37.1) <.001 .01 <.001

Most of the differences between self-guided iCBT and
face-to-face psychotherapy studies did not meet the statistical
significance threshold of P<.05, athough the arithmetic
differenceswere often in favor of the self-guided iCBT studies.
Face-to-face therapy studies were more likely to specifically
exclude participants based on the diagnoses of borderline,
schizotypal, or antisocia personality disorder (each 5/16, 31%)
than were the iCBT studies, which did not use this exclusion
(each 0/21, 0%; Fisher P<.001).

By far the largest observed difference between theiCBT studies
and the face-to-face and antidepressants studies was that iCBT
studiesinfrequently excluded patients on the basis of asubstance
use disorder (5/21, 24%), though this exclusion was typical in
antidepressant (137/170, 80.6%; Fisher P<.001) and face-to-face
psychotherapy studies (12/16, 75%; Fisher P=.003).

Discussion

Principal Findings

We summarized the exclusion criteriaused in self-guided iCBT
studies, explored the rel ationship of the use of these criteriaand
the treatment effect size reported in the trial, and compared the
frequencieswith which such criteriawere used in antidepressant
trialsor trials of face-to-face psychotherapy. Overall, self-guided
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iCBT studies infrequently used exclusion criteria that are the
norm in studies of depression. Contrary to our hypotheses, we
did not find the type and number of exclusion criteria to be
related to outcomes. Also contrary to our hypothesis, self-guided
iCBT trials were either equally likely or less likely to use
specific psychiatric entry criteria.

Limitations

A noteworthy limitation of this review is the small number of
self-guided iCBT studies. It is possible that the entry criteria
used had a small effect on outcomes, but a larger number of
studies is needed to detect this effect. Our review was limited
to studies of self-guided iCBTs. While these interventions may
have a broader public health impact than guided iCBT [21],
there is evidence that they have somewhat smaller effects and
lower rates of treatment completion [18-20]. Future research
should study the entry criteriain studies of guided iCBT.

The fact that studies did not use a specific entry criterion (eg,
substance use disorder) does not imply that the trial actually
had patients representative of that feature, which is another
limitation of our study. Because studies do not uniformly report
on all characteristics of their patient sample (eg, substance use,
duration, suicide risk), it isimpossible to test for the presence
of these features of the sample across al the studies. It isaso
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possible that studies used specific entry criteria but did not
disclosethem in the published report. M oreover, the psychiatric
inclusion and exclusion criteria are only one aspect of the
generalizability of the sample. Self-guided iCBT studies may
have more selective patient samples by virtue of other criteria
that they use explicitly (eg, access to the internet) or implicitly
(eg, willingnessto participate in an iCBT study).

While we updated the review by Karyotaki et al [17], we drew
on published reviews by Lorenzo-Luaces et al [30], instead of
updating thisreview aswell. A difference between the 2 reviews
isthat thereview by Lorenzo-L uacesand colleagueswaslimited
to studiesin which patients had adiagnosis of major depressive
disorder. This difference specifically limited the number of
face-to-face therapy studies eligible for coding. Our aim,
however, was not to provide an exact estimate of the difference
in frequency of use of exclusion criteria, but to provide a
benchmarking context to evaluate the frequency with which
self-guided iCBT studies excluded patients. The studies aso
differed by year of publications, as per the search strategy,
country of origin, and size. These differences, along with the
differencesweidentified as per our objectives, suggest that the
studies are not directly or indirectly comparable (eg, asin a
network meta-analysis). Our aim, however, was not to claim
that the evidence base behind self-guided iCBTs is equivalent
to the evidence base behind antidepressants or face-to-face
psychotherapy but to provide aframe of reference against which
to compare the entry criteria of self-guided iCBTSs.

Implications

Only 29% of the self-guided iCBT studies excluded patientson
the basis of severe depression, but it is till worth noting that
self-guided iCBT studies appeared more likely than
antidepressant studiesto exclude participantson thisbasis. The
perception that self-guided iCBT will not be effective for cases
of more severely symptomatic depression aligns with common
sense but is not supported by research data. For example, Bower
et a [41] reported that the effects of self-guided internet-based
therapieswere more rather than less pronounced among patients
high in symptom severity. In our analyses, wefound no evidence
that the effects of iCBT varied strongly according to exclusions
by high or low symptom severity. It is possible that self-guided
iCBTs are less effective for patients who have more complex
presentations, with symptom severity being only one index of
case complexity [5]. For example, the presence of anxiety and
chronic depression duration have al been implicated in
treatment outcomes in depression and may relate to lower
response to iCBT [42]. Although we did not find the use of
psychosis as an exclusion criterion to be related to outcomes,
psychotic depressionisrelatively rare, and even studiesallowing
these patients into the trial may have had alow representation
of psychotic depression. In contrast, approximately 50% of
cases of depression are rated as severe or very severe. It is
probable that patients self-select into treatment trials in away
that patientswith severe depression avoid iCBT studies, but the
data do not strongly support this conclusion. For example,
Karyotaki et al [17] reported a mean score of 28 onthe BDI for
patientsin their dataset along with a score of 26 on the CES-D,
both of which are in the moderate to severe range for each
measure.

http://www.jmir.org/2018/11/€10113/

Lorenzo-Luaces et d

Self-guided iCBT studies often excluded patients on the basis
of suicidal risk. Our findings suggest that thisexclusion criterion
was not associated with outcomes, a finding that mirrors the
resultsof van der Lem et al [24], aswell asthefact that suicidal
risk is not consistently reported as a predictor of treatment
outcomes with face-to-face psychotherapy or antidepressants.
A common exclusion criterion in antidepressant and face-to-face
psychotherapy studies is substance use disorder, although this
was missing from most self-guided iCBT studies. The findings
of van der Lem et al [24] suggested that alcohol use disorder is
not a strong predictor of outcomes in treatment for depression,
and other studies have also not found an association between
substance use disorder and outcomesin treatment for depression
[43]. Given that there is no evidence to suggest negative
outcomes for suicidal patients and those with substance use
disorders, aswell asthelow rate of trestment utilization in these
and other patient groups, more self-guided iCBT studies
specifically recruiting from these patient groups are needed.
Hoertel et al [44] have argued that using, or not using, specific
criteria may influence not only the external validity and
generalizahility of astudy but alsoitsinternal validity, by virtue
of influencing outcomes. This runs counter to the prevailing
logic that there is a trade-off between external and internal
validity. Overall, our results suggest that the inclusion criteria
commonly used in the field sacrifice external validity but
provide no gainsin internal validity.

Conclusions

To our knowledge, thisis the first exploration of the effects of
inclusion and exclusion criteriain self-guided iCBT studies, as
well as the first comparison of the specific inclusion and
exclusion criteria used in RCTs of iCBTs versus studies of
face-to-face psychotherapy or antidepressants. Our findings can
be taken to suggest that self-guided iCBT studies are more
inclusive by design than studies of antidepressants or
face-to-face psychotherapy. It is possible that, by using remote
designs in which no individual face-to-face interviews can be
conducted, self-guided iCBT trialslimit their ability to exclude
participants on specific features. For example, no self-guided
iCBT trial excluded participants due to personality pathology
broadly construed or borderline, schizotypal, or antisocial
personality diagnosis, which are usually measured in psychiatric
interviews, not self-reported questionnaires. By comparison,
around a third of psychotherapy and around 40% of
antidepressant trials used these exclusions. Given the differences
in the entry criteria used, it stands to reason that, by design,
studies of self-guided iCBT may be characterized by a more
heterogeneous group of patients than studies of antidepressant
or face-to-face psychotherapy. This level of heterogeneity in
the underlying patient population increasesthe external validity
of the research. Moreover, this variability can facilitate the
discovery of process-outcome correlations [45], as well as
effects of individual patient differences on outcomes [5]. This
heterogeneity in the patient population may also contribute to
heterogeneity in the overal effect size reported in
treatment-control comparisons. Until evidence emerges to the
contrary, however, it cannot be said that iCBT studies apply
more stringent inclusion and exclusion criteria than studies of
other treatments for depression or that the efficacy of the
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treatmentsisinflated by using aless complex or severe patient  population.
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Abstract

Background: Until now, the use of technology in health care was driven mostly by the assumptions about the benefits of
electronic health (eHealth) rather than its evidence. It is noticeabl e that the magnitude of evidence of effectiveness and efficiency
of eHealth is not proportionate to the number of interventions that are regularly conducted. Reliable evidence generated through
comprehensive eval uation of eHealth interventions may accel erate the growth of eHealth for long-term successful implementation
and help to experience eHealth benefitsin an enhanced way.

Objective: Thisstudy aimed to understand how the evidence of effectiveness and efficiency of eHealth can be generated through
evaluation. Hence, we aim to discern (1) how evaluation is conducted in distinct eHealth intervention phases, (2) the aspects of
effectiveness and efficiency that are typically evaluated during eHealth interventions, and (3) how eHealth interventions are
evaluated in practice.

Methods: A systematic literature review was conducted to explore the evaluation methods for eHealth interventions. Preferred
reporting items for systematic reviews and meta-analyses (PRISMA) guidelines were followed. We searched Google Scholar
and Scopus for the published papers that addressed the evaluation of eHealth or described an eHealth intervention study. A
qualitative analysis of the selected papers was conducted in several steps.

Results: We intended to see how the process of evaluation unfolds in distinct phases of an eHealth intervention. We revealed
that in practice and in several conceptual papers, evaluation is performed at the end of the intervention. There are some studies
that discuss the importance of conducting evaluation throughout the intervention; however, in practice, we found no case study
that followed this. For our second research question, we discovered aspects of efficiency and effectiveness that are proposed to
be assessed during interventions. The aspects that were recurrent in the conceptual papers include clinical, human and social,
organizational, technological, cost, ethical and legal, and transferability. However, the case studies reviewed only evaluate the
clinical and human and social aspects. At the end of the paper, we discussed a hovel approach to look into the evaluation. Our
intention wasto stir up adiscussion around this approach with the hope that it might be able to gather evidencein acomprehensive
and credible way.

Conclusions: The importance of evidence in eHealth has not been discussed as rigorously as have the diverse evaluation
approaches and evaluation frameworks. Further research directed toward evidence-based evaluation can not only improve the
quality of intervention studies but also facilitate successful long-term implementation of eHealth in general. We conclude that
the devel opment of more robust and comprehensive eval uation of eHealth studies or animproved validation of eval uation methods
could ease the transferability of results among similar studies. Thus, the resources can be used for supplementary research in
eHealth.

(J Med Internet Res 2018;20(11):€10971) doi:10.2196/10971
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Introduction

Background

The use of electronic health (eHealth) is still driven by
assumptions about the benefits of eHeath rather than its
evidence [1]. With time, the trustworthiness and robustness of
eHealth to facilitate safe and cost-efficient care are being
questioned because of alack of evidence[2]. This may trigger
reluctance in investing and developing policies related to
eHealth in organizations as well asin countries [3].

The term eHealth was introduced in the 1990s [4]; however, it
was hardly in use until 1999 [5]. According to Eysenbach [5]:

e-health is an emerging field in the intersection of
medical informatics, public health and business,
referring to health services and information delivered
or enhanced through the Internet and related
technologies.

Eysenbach believes eHealth stands for more than internet and
medicine [5]. In our study, eHealth was used as the broadest
umbrella encompassing everything that comes within
information and communication technology and health care,
including telemedicine, mobile health, and health informatics.

Systematic eval uation can capture the evidence and criteriathat
evaluative judgment isbased on and curtail the sources of biases
[6]. The quality of an evaluation is assessed by the credibility
of evidence assembled through it and using evidencein refining
the policies and programs [7]. Evaluation of eHealth
interventions is complex because of several reasons (eg, the
need for multidisciplinary collaboration [8], context dependency
[9], and differences in epistemological beliefs considering the
interventions in clinical studies or including social aspects as
well [10-14]). Therefore, variety exists concerning how the
evaluation of eHealth interventionsis performed and presented.
Garnering robust evidence through eval uation becomes difficult
because of these circumstances.

It is relevant to understand evidence-based medicine (EBM)
while discussing the importance of evidence in eHeath
interventions. A common query ishow EBM can help generate
evidence for eHealth interventions [15]:

Evidence-based medicine is the conscientious,
explicit, and judicious use of current best evidence
in making decisions about the care of individual
patients. The practice of EBM means integrating
individual clinical expertise with the best available
external clinical evidence from systematic research.

As per thisdefinition, evidencein EBM is conspicuously related
to the clinical aspect. Although it is argued whether EBM is
only about randomized controlled trials [16] or not [15], it is
quite explicit that EBM usually does not contemplate anything
outside clinical practices. However, eHealth interventions have
more aspects to evaluate besides the clinical aspects. An
extensive assessment of the aspects including sociotechnical

http://www.jmir.org/2018/11/e10971/

aspects is needed through each phase of the technology’s life
cyclewhileevaluating eHealth interventions[10,11,17]. Hence,
to gather evidence from eHealth intervention, the evaluation
process requires a distinct approach than what is usualy put
forward within EBM.

Objective

Our objective wasto elucidate how the evidence of effectiveness
and efficiency of eHealth can be generated through evaluation.
Consequently, aliterature review was conducted to understand
the evaluation process regarding both theories of eHealth and
the practices in case studies of eHealth interventions. We
decided to employ abroader perspective at the beginning of the
review process to achieve our research objective. As the
literature review progressed, our research objective narrowed,
and the research questions were redefined severa times.
However, the objective was always to understand the eval uation
of eHealth from a comprehensive perspective. It was pertinent
to recognize the phases of eHeadth interventions where
evaluation occurs and the aspects of effectiveness and efficiency
that are evaluated during such interventions. Our 3 research
guestions were as follows:

1. How isevaluation conducted in distinct eHealth intervention
phases?

2. What aspects of effectiveness and efficiency are typically
evaluated during eHealth interventions?

3. How have eHedth intervention case studies been evaluated?

Finaly, we presented an approach to evaluate eHeath
interventions by developing a model—Evidence in eHealth
Evaluation. To our knowledge, this model is a novel way of
looking into evaluation of eHedth interventions for
comprehensive evidence. This conceptual model was based on
the findings of the literature review.

Methods

Systematic Review

I dentification and Screening

A systematic search of relevant literature was conducted
following preferred reporting items for systematic reviews and
meta-analyses (PRISMA) guidelines[18]. Google Scholar and
Scopus were used to search the following identified terms,
“research methods’ and “eHealthinterventions,” “ study design”
and eHealth interventions,” “evaluation methods” and “ eHealth
interventions,” “eHealth interventions’ and “evaluation
framework,” “evidence based” and “evaluation,” and “eHealth
interventions.” The selected set of termsisaligned to the broad
scope of eHealth interventions' evaluation methods and to the
aim of including and analyzing as many relevant studies as
possible in the review. We included scientific papers published
between 1990 and 2016. As the term eHealth evolved during
the 1990s [4], we deemed it reasonable to consider the literature
published on eHealth interventions since then. A total of 1624
records were found with these selected search keywords.
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The screening of the papers was conducted in 3 steps. For the
first 2 steps, the screening was based on the title of the
manuscripts using a predefined set of exclusion and inclusion
criteria. Only scientific papers were used, whereas books and
patents were excluded during the search. To avoid overanalysis
and repetition of the papers, the exclusion criteria for the first
step were citations, literature reviews, and meta-analyses. In
addition, studies addressing specific health issues designed to
answer clinical research questions were excluded (ie,
publications solely addressing behavior change theory,
ergonomics, drugs, sedentary issues, or physical activity
intervention aswell asthose addressing nonadult patients). The
number of recordswas reduced to 813 after thefirst elimination.
At thispoint, all the records were listed together, and duplicate
records were removed. During the second step, title screening
was conducted. For papers whose titles did not explicitly
mention the intervention target group, the abstracts were read
to decide. When in doubt, the papers were included for further
scrutiny in the next step. Consequently, only those records that
included either a conceptual discussion about eHealth
interventions or discussion about eHealth interventions that
focused on adult patients and caregivers were selected. The
third step of the screening process started with 279 records; this
time, al the abstracts and the methodology of the papers were
read by 2 of the authors individually. Previously, we devised
theinclusion parametersfor this stage; specifically, the selected
papers ought to (1) be aligned to the study objective, (2) have

Enamet d

the potential to provideinsight for 1 or more research question,
and (3) comply with the inclusion and exclusion criteria
described above. At the end of step 3, the authors discussed
their observations, and 81 papers were selected for thorough
reading and analysis. Besides the papers selected through
systematic search, 10 records were added for further analysis.
These records were found from the citation of the papers
selected using the systematic literature search. All 10 papers
were included in this study because of their relevance to our
objective.

Eligibility and Inclusion

To extract and record useful information from the papers and
to gan a general overview of evauation in eHedth
interventions, a Microsoft Excel spreadsheet was created with
the criteria shown in Multimedia Appendix 1. Although most
of the criteria were adopted from section 2.2.3 Planning the
topic and scope of a review in the Cochrane review [19],
criterion such aslearning point wasincluded by us. Thissection
of Cochrane review was adapted to identify the potentials of
the selected papers in fulfilling the research objectives. On the
other hand, it seemed advantageous to record novelties of the
studies concerning learning points for our own development.
During these phases, the papers (N=91) were read meticulously,
which led to the final screening. As a result, 46 papers were
selected for the qualitative analysis that categorically focused
on evaluation in terms of phases and aspects. Theflow diagram
of the papers selection processis presented in Figure 1.

Figure 1. Preferred reporting items for systematic reviews and meta-analyses flow diagram of the study selection process.

Identification

1624 records identified
through database searching

J |

10 additional records identified
through other sources

45 full-text articles
excluded

Screening
[ 813 records after duplicates removed W
‘ 279 records screened H 187 records excluded ‘
Eligibility
91 full-text articles assessed H
for eligibility
Included

46 studies included in
qualitative synthesis
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Qualitative Analysis

On the basis of the summary of studies mentioned in the
previous section, the papers (N=46) were classified into 2
categories: (1) conceptual exploration of eHealth interventions
(n=21) and (2) case studies of eHealth interventions (n=25).
Using the summary table (Multimedia Appendix 1), the papers
in thefirst category were divided into 2 groups: (A) evaluation
of distinct eHealth intervention phases (n=10) and (B) aspects
of evaluation in eHealth interventions (n=11).

Evaluation of Distinct Phases of an Electronic Health
I ntervention

For the papers in group A, thematic scrutiny was applied by
mapping out the content of the papers and grouping the phases
of intervention with similar objectives, activities, or results. The
objective of the analysis was to understand whether the
researchers emphasize some phases over others during
evaluation and, if so, what phases are most frequently evaluated
during an intervention.

Aspects of Electronic Health | ntervention Supposed to
Be Evaluated According to Electronic Health Literature

The studies in group B elaborated on the aspects evaluated to
gather evidence of the efficiency and effectiveness of eHealth
evaluations. These aspects and their key area of measurements
were extracted from the papers to understand the parameters of
efficiency and effectiveness that are emphasized by eHealth
literature.

http://www.jmir.org/2018/11/e10971/
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Evaluation Reported in Empirical Studies of Electronic
Health I nterventions

The studies categorized as case studies of eHealth interventions
were analyzed based on several characteristics (ie, duration of
the intervention, number of participants, used a framework or
predefined theory for evaluation or designing the intervention,
aspects assessed for evaluation, phases involved in the
evaluation, data collection method, and presentation of
intervention results). The purpose of the analysiswasto conduct
a descriptive comparison of the characteristics of evaluation
performed in case studies with that of the conceptua papers.

Results

Evaluation of Distinct Phases of an Electronic Health
Intervention

This subsection concentrates on how evaluation is conducted
in distinct phases of an eHealth intervention. From the selected
studies in group A, a spectrum of phases of an eHealth
intervention was identified including design, pretesting, pilot
study, pragmatic trial, evaluation, and postintervention. Table
1 provides a compilation of the phases along with the area of
focus and key activities within each phase.

It can be ascertained from Table 1 that evaluation is not
commonly performed in the design and pretesting phases.
Although some researchers see eval uation as an ongoing process
throughout the intervention [12,21,23], others believe there is
vauein evaluating theintervention at the end of the study period
[12]. Concerning thelatter, evaluation itself isone of the phases
of theintervention.
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Table 1. Characteristics of distinct phases of an electronic health intervention.

Phase Areaof focus Key activities

Design phase Conceptualization Gather theoretical foundations and empirical evidence to detect the existing problems
and identify viable solutions [20-24] and define the objectives of the to-be-devel oped
technology [20,25]

Contextual inquiry Identify the end users and stakehol ders to define and analyze the characteristics of the
context the technology is going to be implemented on [20,21,23-25]

Value specification Prioritizethe critical values of thetechnology derived from the end users and stakeholders’
needs [12,22-25]

Requirements specification  Trandlatethe valuesinto functional and technical requirementsthat framethefinal design
and the technology development [12,23-25]

Pretesting phase Conduct short-term trials Provide evidence of efficacy of thetechnology [12,24,26]; measure factors such as optimal
intensity, timing, safety, feasibility, usability, intervention content, and logistic issues
[21,22,26]; and eva uate the correspondence between technol ogy capabilities and technol-
ogy requirements [24]

Pilot study Strategic plan Define the preliminary plan of the pilot study (ie, objective, timeline, budget, sponsors,
and team members [27,28] and identify related ethical and legal issues[20,28]

Study design Define the study type, duration, and participants [20,26,28] as well as data collection
methods [28] and design the recruitment process to conform to statistical validity and
minimize selection bias[27]

Evaluation Evaluate the technology and itsimpact simultaneously [27] and eval uate the effectiveness
of the intervention [22]

Pragmatic trial phase Execution Administer the intervention to alarger group of participants [21,23,26] with fewer ligi-
bility restrictions [26]
Evaluation Formative and summative eval uation (discussed in the eval uation phase) and internal and

Evaluation phase

Postintervention phase

Formative evaluation

Summative evaluation

Internal evaluation

External evaluation

externa evaluation (discussed in the evaluation phase)

Generate measuresthat providetimely feedback [ 12,23] and perform an evaluativeiterative
process, as the findings from each step are used to inform subsequent steps [21]

Provide generalizable knowledge and benefits of the intervention [12,23]

Perform an evaluative process intrinsic to information and communication technology
implementations and conducted by the implementation team [12]

Conduct the evaluation by external evaluatorsto provide expertise whereit is needed and
minimize the bias of in-house evaluators [12]

Conduct postmarketing or surveillance studies to follow up the technology once scaled
up and used by awider audience [22,26]

Aspects of Electronic Health I ntervention Supposed
to Be Evaluated According to Electronic Health

Literature

interventions that are proposed to be measured by the studies
categorized in group B (n=11). While excerpting the dimensions
during the qualitative analysis, we found that they can be
classified into 7 aspects: organizational aspect, technological

We determined the aspects that researchers evaluated to gather
the evidence of efficiency and effectiveness of an eHedlth
intervention. To understand the aspects of efficiency and
effectiveness, we compiled the dimensions of eHedth

http://www.jmir.org/2018/11/e10971/

RenderX

aspect, human and social aspect, clinical aspect, cost and
economic aspect, ethical and legal aspect, and transferability
aspect. Table 2 exhibits these aspects along with their key area
of measurements.
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Table 2. Description of identified aspects of evaluation in electronic health interventions.

Aspects of assessment Key areas of measurement

Organizational aspect Organizational setting where the intervention is taking place; it can differ depending on the scale of the intervention
(eg, headlth center, region, and country) [29]; al type of individuals or groups in the health care system that participate
in the eHealth intervention, their characteristics, and expectations [30]; organizational performance and professiona
practice standards [30]; changes in the functions of the health care provider, skills and resource demands, and the roles
of the professionals in the organization [29,31-33]; representativeness and participation rates of the health care profes-
sionals during the intervention [34]; capability of the organization to implement the intervention [30,34-38] and the
extent that the technology fits the organizational strategy, operations, culture, and processes [30]; and sustainability or
the degree that the technology becomes accustomed in the daily practice of an organization [29,32,34]

Technological aspect Ensure trust [38], effectiveness, and contribution of quality of care [30,36] of the technology implemented; system
performance: hardware and software requirements, correct functioning of the components[29,38], and system capabil -
ity to meet users’ needs and fit the work patterns of the health care system’ professionals [30,39,40]; usability: broad
experience of the users with the system [29,33,37,40]; privacy and security: safety and reliability of the technology
[29], and security of the data managed in the technology [37,38]; technical accuracy: quality of the transfer of data
[41]; information quality: relates to accuracy, completeness, and availability of the information produced by the system
(eg, patients’ records, reports, images, and prescriptions), and it depends on users’ subjectivity [30,39]; service quality:
measures the support and follow-up service delivered by the technology provider [39]; triability: the ability of theinno-
vation to be tested on asmall scale before the final implementation [40]; maturity: whether the system has been used
on asufficient number of patientsto addressall thetechnical problems[36]; and interoperability: communication between
the technology and the pre-existing systems, the fit between the technology and the existing work practices [37]

Human and socia aspect Acceptance and usability satisfaction of the technology used in the intervention [30,31,33,36,38,39,41] where the user
can be physicians, nurses and other staff, and patients, depending on the type of the participantsin theintervention [41];
system use: volume of use, who is using, purpose of use, and motivation to use the technology [39]; user satisfaction:
perceived usefulness, enjoyment, decision-making satisfaction, and overall satisfaction for the technology [30,39]; and
psychological aspects such as satisfaction, well-being, and other psychological variables, and socia aspects such as
accessibility to the technol ogy, the social relationships evolving over the transmission of care, or activities of the patients
under the intervention [31]

Clinical aspect Benefits and unanticipated negative effects of the intervention, biological outcomes including disease risk factors, be-
havioral outcomes of the participants, staff who deliver the intervention and the sponsors, and quality-of-life outcomes
to evaluate participants mental health and satisfaction [34] and long-term measurements of the diagnostic and clinica
effectiveness [41,35,36], safety of care [33,35,36], and quality of care [33]

Cost and economic aspect  Cost analysis methods to compare the intervention with relevant alternatives in terms of costs and consequences [36];
diverse cost analysis methods can be considered (eg, cost-minimization analysis, cost-effectiveness analysis, cost-ben-
efitanalysis, cost-utility analysis, and cost-consequence analysis) [30,31,41] and are conducted from several perspectives
such as societal, third-party payers, health care providers, or patient [31]; and diverse costs can beincluded such asin-
vestment cost, monthly user charge of equipment, costs of used communication line, education of the technology, costs
of patientsand their close relatives[41], wages of doctor and other staff [30,41], expenditure and revenue for the health
care organization adopting the technol ogy [36], and resource utili zation and opportunity cost of the eHealth intervention
[34]

Ethical and legal aspect Ethical concerns of the app itself and itsimplementation including all the stakeholders’ viewpoints on using the tech-
nology and the key ethical principles associated with the context in which intervention is conducted [35,36] and legal
aspect identifies and analyzes the legisl ative documents and legal obligations that may exist in each context involved
in the intervention [30,35,36]

Transferability aspect Participation and representativeness of the intervention, percentage of personswho receive or are affected by the program,
and the characteristics of participants and nonparticipants to investigate the extent that participants are representative
and what population group should be a priority for future research [34] and transferability of results from studies of
eHealth from one setting to another and the assessment of validity and reliability of the study [36]

. . . . organizational aspect. The other aspects discussed by the
Evaluation Repqrted in Case Studies of Electronic theory-based literature (Table 2) are not evaluated in any of the
Health I nterventions case studies.

The papers categorized as case studies of eHealth intervention

show substantial variation in the approaches taken to evaluate  DiScuUSSIion

the interventions. The use of standardized frameworks and — —
theories for evaluating the interventions was hardly noticed in ~ Principal Findings

these studies. Multimedia Appendix 2 providestheresult of the  From the papers reviewed in this study, it has been revealed
analysis [20,42-65]. that numerous approaches to conceptualize and conduct eHealth
To summarize Multimedia Appendix 2, it can be said that out intervention coexist. Several attributes of evaluation of eHealth

of 25 case studies, 16 (64%, 16/25) evaluate clinical aspects, intervention have become known through this review. There
12 (48%, 12/25) evaluate human and social aspects, 5 (20%, &€ vivid differences between how evaluation is conducted in
5/25) eval uate technological aspect, and 4 (16%, 4/25) evaluate practice (case studies) and how it is discussed in the conceptual
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papers. Moreover, awide range of variety prevails within each
group. Evaluation has been depicted as both static action
performed at the end of the intervention [20,24,26-28] and
dynamic action dividing it further into summative and formative
evaluation [12,21,23]. Depending on the evaluators, evaluation
can aso be classified into internal and external assessment [12].
However, all case studies conducted evaluation at the end of
the intervention. Although several aspects of evaluation have
been found in conceptual papers [32-39,41], the case studies
mostly evaluated clinical [20,42-44,46-49,52,53,55,59-61,64,65]
and human and social aspects [42,46-49,53-55,59,61,63,65].

Although analyzing standardization of eHealth evaluation was
not an objective of this review, the variability found in the
studies compelled us to think whether it hinders the sharing of
evidence among eHealth interventions. Scarcity of evidence, in
turn, could delay the growth of eHealth. It is noticeable that the
need for evidence is not clearly stated in any of the papers. The
evaluation of the empirica studies typically focused on the
success or failure of the technology (eHedlth) in that
intervention. It seemsthat the numerous effortstaken in eHealth
research are till quite disconnected, and they are thus unable
to create a synergic effect on the growth of eHealth.

Evidencein Electronic Health Evaluation M odel

It was noticeable from the review that although some studies
elaborate on the aspects of evaluation for eHealth intervention
(studies from group B) and some organize the evaluation of
intervention into certain phases (studies from group A), no
visibleinteraction has been made so far between these 2 groups
of works (ie, what to assess during what phase). Thereisagap
where a connection can be made between the distinct phases of
intervention and aspects of evaluation. This led us to develop
the Evidence in eHealth Evaluation model (Figure 2), which
exhibits the accumulation of evidence by assessing certain
aspects of evaluation in distinct intervention phases. The
Evidence in eHealth Evaluation model is a novel approach to
investigate the evaluation of eHealth interventions.

In this study, an eHealth intervention comprising al 6 phases
(ie, design, pretesting, pilot study, pragmatic trial, evaluation,
and postintervention) was conceived as a comprehensive
intervention. We propose that the generation of robust evidence
of effectiveness and efficiency would be plausible when the
evaluation is conducted through all intervention phases.
Moreover, the aspects of evaluation (ie, organizational aspect,
technol ogical aspect, human and social aspect, clinical aspect,
cost aspect, ethical and legal aspect, and transferability aspect)

http://www.jmir.org/2018/11/e10971/
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would vary in each phase depending on activities of the phases.
For example, when an eHealth intervention initiates with the
design phase, the decisions are made based on the evaluation
of thetechnol ogical aspect and cost of technology development.
The formal evaluation of the intervention beginsin succeeding
phases. The evaluation of technol ogical, human and social, and
cost aspects occurs in the pretesting phase. During the pilot
study phase, the focus of evaluation shifts primarily to clinical
aspect followed by human and social, technological, and ethical
and legal. Depending on the evidence garnered in the pilot
study, the intervention may proceed to the next phase or go back
to the design phase. As the intervention is scaled up in the
pragmatictrial, the evaluation is conducted to identify whether
the technol ogy-enabled care can be executed within the realistic
layout of an organization. Hence, the key areas of evaluation
in this phase are organizational and cost aspects along with
other aspects such asclinical, human and social, technological,
and ethical and legal. The last phase of gathering evidence is
summative evaluation, where all the aspects are assessed
including transferability. Thiscomprehensive eval uation process
gradually accumulates the evidence that reaches its peak in the
summative eval uation phase and is used in the postintervention
phase to make future decisions. The model also exhibits how
the involvement of patients increases continuoudly from the
design phase to the pragmatic trial, escalating the complexity
of the evaluation process.

The inclusion of relevant information regarding other aspects
besides the clinical aspect (eg, organizational aspect and cost
aspect) allows creating reusable knowledge to facilitate the
transfer of results to other settings [36] and to obtain useful
insights for long-term implementations. It can be assumed that
assessing all the aspects in a single study might conclude with
a confounding result, as al the aspects are interrelated and
inferior performance in an aspect can affect the performancein
other aspects, which might create amideading result. Therefore,
our model proposesto extend the eval uation process throughout
the 6 phases of eHealth intervention. The underlying ideaisto
assess specific aspects in each phase instead of evaluating all
aspects in a single phase. This way of evaluating eHealth
interventions can capture comprehensive evidence that isusually
dynamic and complex in nature.

We acknowledge thefact that an eHealth intervention including
all the phases presented in the model will become cumbersome
because of high resource consumption. This conceptual model
is not a prescription but just away to show the progression of
evidence in eHealth intervention in areliable manner.
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Figure 2. The evidencein electronic health (eHealth) evaluation model.

Enamet d

Generation of evidence while evaluating

High
r— - S .- - W
‘E /
E == (Generation of evidence
.E == w=  Use of evidence
3
" /
=%
. - ae - - =
Low
. " " \ , Summative . .
Phases Design Pretesting Pilot Study Pragmatie Trial Evaluation Postintervention
Aspects  Technological Technological Clinical Organizational Clinical
Cost Human and social Human and social Cost Human and social
Ethical and legal  Technological Clinical Technological
Ethical and legal Human and social ~ Organizational
Technological Transferability
Ethical and legal Cost
Ethical and legal
. micro-trials or short-term tests on the effects of the technology.
Conclusions

To date, the importance of evidence has not been discussed as
rigorously as the diverse research approaches and evaluation
frameworks have been discussed. In this study, the Evidence
in eHealth Evaluation model was developed to exhibit how
evidence can be generated by evaluating certain aspectsin each
intervention phase. Assessing distinct aspects during distinct
phases is a novel concept discussed in this study and requires
further analysis. Moreover, this study implies an inconsistency
between the literary concepts and practices of eHealth
intervention, which has not been noted until now.

As health interventions are context-specific, the transferability
of results from eHealth studies may be difficult. Moreover,
neither the conceptual nor the case studies suggested the
long-term implementation of specific technology into the health
care settingswhere it has been tested. We believe that thismight
be caused by alack of or insufficiency of preliminary evidence
of the effectiveness and efficiency after conducting the
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Abstract

A health data economy has begun to form, but its rise has been tempered by the profound lack of sharing of both data and data
products such as models, intermediate results, and annotated training corpora, and this severely limits the potential for triggering
economic cluster effects. Economic cluster effects represent a meansto elicit benefit from economies of scale from internal data
innovations and are beneficial because they may mitigate challenges from external sources. Within institutions, data product
sharing is needed to spark data entrepreneurship and data innovation, and cross-institutional sharing is aso critical, especially
for rare conditions.

(J Med I nternet Res 2018;20(11):€11519) doi:10.2196/11519

KEYWORDS
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Data innovation and data entrepreneurship have the potential
to dramatically alter the current health care landscape as health
data economy is beginning to revolutionize thefield [1-3]. The
European Commission estimated that the value of the European
Union data economy would increase to US $860 (€739) billion
by 2020, up from US $331 (€285) hillion in 2015 [4,5]. Data
economy, wherein health care will increasingly participate, has
formed, and it is lucrative and quickly growing. Sharing data
isnecessary to enable thriving health data economy and produce
clinical advancesthat are not possiblein the current health care
environment because of siloed data resources. These data
resources span from the bench to the bedside and beyond,
including genetic, genomic, proteomic, clinical, imaging,
patient-centered, public health, and other relevant data
Electronic health record systems enabl e health care organizations
to share clinical data across their organization, with patients
themselves through patient portal's, and to alimited extent owing
to alack of interoperability, with other organizationsor systems.

http://www.jmir.org/2018/11/e11519/

Rethinking how we share data and data productsis essential for
health data economy to thrive.

Data products, such as models, intermediate results, and
annotated training corpora, are the outcomes from data
preparation, processing, and analysis (eg, statistical analysis,
datamining, and machine or deep learning). Data products also
include visualizations and dashboards created by the artistic
manual work of data scientists to assist in the interpretation of
theanalysisin an actionable way. Data products, like dataitself,
are“nonrivalrous,” meaning that they can be utilized by >1 data
scientist at atimeto create additional data products or services.
For exampl g, critical to the development of deep neural networks
for image recognition tasksisthe training set of >10,000 |abeled
images on ImageNet [6] created by manual annotation efforts
that were made publicly available. Similarly, raw journa article
titles can be easily searched through PubMed or MEDLINE,
yet a data product from this resource that is created after
standard text processing techniques (eg, tokenization and
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stop-word removal) have been applied is usable for many
subsequent analyses. However, similar data products at scale
tend to not be available in health care, resulting in a lack of
generalizability for models and concerns regarding the
reproducibility of results.

Sharing data products across health care provider networks can
reveal different insights into different clinical departments and
may also indirectly promote the core business of health care
through better revenue and profitability margins, as data
products can easily be used for secondary purposes. The second
benefit of data sharing is to alow data to spread beyond the
current data silos, which would facilitate data entrepreneurship,
datainnovation, data processing, and secondary data mining.

Data products need not contain identifiable patient data that
would be useful for general research purposes. Deidentified
dataproductsfrom clinical care must be treated with appropriate
care and respect. If one had a covariance matrix and
corresponding mean vector for variables, one could run
regression or advanced analyses using structural equation
modeling to explore latent variables that were not even
postulated in the original research. The National NLP Clinical
Challenges [7] provides annotated, fully deidentified corpora
of clinical notes centering around particular clinical tasks,
allowing researchers to start with a verified gold standard and
benchmark their systems against others. As the Medical
Information Mart for Intensive Care Il [8] contains both
structured and unstructured dataand is accessible to researchers,
any data products (eg, annotated clinical notes and models) built
on top of this or similar resources, should they be made
available, could be openly critiqued and improved upon by the
community.

Learning health care systems and precision medicine are two
data-driven innovations at different scales in the health care
data environment, where sharing data and data products are
most applicable. Learning health systems are centered on the
organization where new knowledge is captured as an integral
byproduct of the delivery experience[9]. For example, electronic
health record data that contain rich clinical information (eg,
patients medical history, family history, surgical resection
approach, and postoperative supervision) offer an opportunity
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to design algorithms for acute interventions, such as predicting
30-day hospital readmission or whether a patient is at risk for
cardiac decompensation. Similarly, exploring care process
protocols, including acombination of medications, for aspecific
disease could inform drug inventory management. Precision
medicine represents aleading driver of the health dataeconomy
in which health care recommendations can be individually
tailored on the basis of a person’s genes, lifestyle, and
environment [10]. Similarity-based classifiers aimed at
automatically grouping patients with similar characteristics
together enable improvements in assessment, diagnosis, the
selection of therapeutic choice, and the prediction of prognosis.
For example, abnormalities in a clinical pathway could be
highlighted using trend recognition algorithms to identify a
similarity cohort to allow the assessment of the complexity
associated with a disease cluster. Furthermore, sharing data is
critical for rare diseases, both from alearning health care system
perspective to optimize the delivery of care and a precision
medicine perspective to be able to effectively personalize the
care plan.

We envision that economic cluster effects (ie, a geographic
concentration of interconnected stakehol ders and their associated
ingtitutions in a field through a nested interorganizational
network of relationships) within the health data economy will
emerge soon, but that the sharing of data products will be
necessary to maximize their potential. Multistakeholder health
data governance would be beneficia, as it would allow
balancing of value for all actors (eg, clinicians, patients, and
other data generators; data scientists, researchers, and other data
product enhancers), which is useful in determining not only
how data products should be owned but a so what types of data
should be shared to maximize data resource utilization toward
the problems of interest to the community. The status quo isfar
from optimal from an economic perspective, and we collectively
have poorer health [11] because of thislack of sharing and void
in meaningful governance. From a technical perspective,
blockchain or similar technologies can be utilized to insure the
integrity of shared data and data products. Only with the wide
availability and use of diverse data products will the future of
learning health systems and precision medicine be truly
accessible in the emerging health data economy.
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Abstract

Targeted Facebook advertising can be an effective strategy to recruit participants for a large-scale online study. Facebook
advertising is useful for reaching people in a wide geographic area, matching a specific demographic profile. It can also target
peoplewho would be unlikely to search for the information and would thus not be accessible via Google AdWords. It isespecially
useful when it is desirable not to raise awareness of the study in a demographic group that would beineligible for the study. This
paper describes the use of Facebook advertising to recruit and enroll 1145 women over a 15-month period for a randomized
clinical trial to teach support skills to female partners of male smokeless tobacco users. This tutorial shares our study team’s
experiences, lessons learned, and recommendations to help researchers design Facebook advertising campaigns. Topics covered
include designing the study infrastructure to optimize recruitment and enrollment tracking, creating a Facebook presence viaa
fan page, designing adsthat attract potential participants while meeting Facebook’s strict requirements, and planning and managing
an advertising campaign that accommodates the rapid rate of diminishing returns for each ad.

(J Med I nternet Res 2018;20(11):6290) doi:10.2196/jmir.9372

KEYWORDS
research subject recruitment; advertisements; social media

Introduction

Inthe past two decades, hedlth interventionsviaelectronic media
(electronic health, eHealth) have become widespread. Some
studies continue to recruit through traditional methods such as
print and broadcast media, flyers, and word-of-mouth, whereas
others have taken advantage of online methods such as social
media publicity and search engine advertisements.

Facebook has become a major player in the field of digital
advertising, with about US $8 billion revenue in 2015 [1].
Facebook allows advertisers to create target audiences by
specifying gender, marital status, age, and geographic region
as well as other personal characteristics. About 74% of adult
American women and 62% of adult American men use Facebook
[2]. Facebook is widely used in all age groups (78% of age
30-49 years, 65% of age 50-64 years, and 41% of age 65 years

http://www.jmir.org/2018/11/e290/

and above) and across racia and ethnic categories (67% of
whites, 70% of blacks, and 73% of Hispanics) [2].

Facebook is now widely used in research. In their 2015
American Psychologist article, Kosinski et al [3] summarized
awide variety of ways by which social scientistsare now using
Facebook as a research tool, from recruiting participants (with
paid advertising or snowball sampling) to tracking participants
across studies and staying connected with participants over time,
to collecting and using Facebook profile data, and collecting
self-reports. Their detailed discussion of ethical considerations
focuses on privacy, consent, and appropriate boundaries.
Facebook has also been used to deliver interventions, for
example, increasing physical activity among young adult cancer
survivors[4] and reducing problem drinking at auniversity [5].
Whitaker et a [6] reviewed 35 unique studies that used
Facebook to recruit participants for health, medical, or
psychosocial research and found that the participants were
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broadly similar to those recruited via traditional methods,
although various studies reported an over-representation of
women, white people, younger people, and people who were
better educated or had a higher rate of income than the general
public. Topolovec-Vranic and Natarajan [ 7] reviewed 30 studies
that used both social media and at least one other method for
recruitment; of the 14 studies reporting demographic
information, 12 studies found that their social media sample
was different from those recruited via traditional methods.
Frandsen et al [8] showed that participants recruited to their
smoking cessation study viasocial ascompared with traditional
media were somewhat younger (mean age: 39.3 years vs 44.9
years) but otherwise demographically similar (gender, education,
and income). Those recruited via traditional media were more
likely to follow the study protocol and complete the study.

To date, most of the studies reporting the use of Facebook
recruitment have been surveys [9-17] or modest-sized
randomized clinical trials (RCTs) [18-20] and pilot studies[21].
Facebook can also be used to recruit participantsfor larger-scale
RCTs[22,23], but this requires careful planning and oversight
to ensure the optimal use of funds allocated for recruitment.
Our team relied on Facebook advertising for a2010 pilot study,
recruiting 522 women who were wives or domestic partners of
smokeless tobacco users, and we used a similar strategy for a
larger RCT, recruiting 1145 participants from the United States
and Canada between August 2015 and November 2016.
Interested women visited the study website and completed
information for eligibility screening, gave informed consent,
provided contact information, and completed a baseline survey
entirely online. Participating women were then automatically
randomized by the Web-based program to receive an
intervention (access to an interactive website plus mailed
booklet) or delayed treatment (receiving the intervention after
completing a7.5-month follow-up assessment). Theintervention
program was designed to help the women encourage their
partner to consider quitting smokeless tobacco, support him if
he decided to do so, and accept his decision if he was not
interested in quitting [24]. All study activities were conducted
online, with the exception of phone callsto completefollow-up
assessmentsfor women who did not respond to email reminders.
Ethicsapproval for the RCT was obtained from theinstitutional
review board at Oregon Research Ingtitute. This study is
registered at Clinical Trials.gov (ID: NCT01885221).

The goal of this paper isto share strategies and lessons learned
from implementing Facebook advertising to recruit large
samples from a narrowly targeted population. As Facebook’s
advertising procedures and features change frequently, a specific
how to articleisnot feasible. Instead, this paper provides general
guidelines and principles that should remain valid for the
foreseeable future.

Steps and Strategies

Deciding Whether Facebook Advertising I s Right for
Your Study

A wide variety of methods exist for recruiting participants for
online RCTSs, ranging from traditional print and broadcast media

http://www.jmir.org/2018/11/e290/
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and in-person recruitment to innovative uses of social networks
(eg, virtual snowball sampling [25]). A comparison of studies
recruiting viasocial mediaand at least one other method found
that for those studies reporting cost-effectiveness, about half
found social mediato be more cost-effective and about half did
not [7]. Many companies offer online paid advertising, and
many times, other services will be more cost-effective than
Facebook. When recruiting participantsfor astudy topic related
towordsthat potential participantsare likely to typeinto search
engines, Google AdWords is an obvious option (eg, for
depression prevention [26]). For studiesrelated to specific health
conditions, existing online communities may provide research
studies with access to their members (athough in our
experience, many communities now tend to view research as
exploitive and will not cooperate). Facebook advertising can
be especially useful for studies targeting specific geographical
or demographic groups, for conditions for which participants
are not already seeking help (eg, using search engines), and for
topics for which friends and family would be likely to refer
them to the study (ie, by tagging them when they see the ad,
that is, naming their friend in a comment on the ad in such a
manner that the friend receives a notification). Facebook
advertising is especially suitable for cases when the study team
wishesto avoid exposing a particular demographic group to the
advertisements—in our case, we had previoudly found that men
interested in quitting smokel ess tobacco would sometimes claim
to be women (when undergoing online screening) to get access
to our studies for women. To minimize thisform of participant
fraud, we sought to advertise in locations where only women
would see the ad.

Designing Infrastructurefor Enrolling and Managing
Participants and for Monitoring Facebook Ads Over
Time

At the intervention design stage, we recommend taking several
factors into account to facilitate recruitment and enrollment in
eHealth studies, which are challenged by the lack of personal
contact with participants. It is imperative to have an
infrastructure in place that alows easy access for potential
participants and real-time monitoring of recruitment strategies
linked to participant enrollment. Planning and creating this
infrastructure will typically take place many months before
study recruitment begins.

First, in our experience, we have found that enrollment for an
online study isgenerally more successful if potentia participants
are allowed to stay within a single medium, that is, entirely
online, rather than asking them to switch from being online to
using a phone or mail. Changing from one medium to another
may feel more burdensome as it may involve having to create
areminder to do so at alater time (eg, when the person is done
with their online activities). In an earlier study, when we
switched from asking participants to call a phone number they
saw onlineto registering online directly, enrollment dramatically
improved. If phone contact is an important step in enrollment
for the study, we recommend that the research team initiate such
contact without relying on the potential participant (eg, ask the
participant to provide their phone number for the researchers
to call).
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Figure 1. UCare study home page.
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UCare

HELPINEG YOU SUPPORT ¥OUR FARTMER WHEN HE'S READY TO QUIT SKUFF O CHEW

Welcome to UCare

He chews. You wish he'd quit

Mayine you've already wld him how you feel, and you're
frustrated that hie JCesnT want 1o guit. Or maybe he's
tried to Quit, but It was 1oa hard.

Emiail:

Forgat your password?

.women married ud (or Iving with) a man who uses
srrakeless tobacco. The UCare program can help you
ralk wo your husband about his srokeless use and
become a more effective supparter If ne decides o
quit.

1f yiou sign up with UICare, youll get S0085S 10 3 proven
quitting program for smokeless 1o users. Youll alss
learn

» how o fird out If your husband Is ready to guit

» what 1o da If he Nt reaty

* the best ways (o quit smokeless

* Wiy quitTing smokeless |s 5o difficult

* things you can do (o make quitting easier

* ways 10 reduce wour frusiraton and Imprave your
relatianship, whether or not e quits hacoe

You don't need your husband's permission to sign up,
and he doesnT have to be Interested In quitting. This
program s for you.

Wall ask you [0 Complele S0Me SUMeys La0er, S0 wa Can
learn how well the program worked for you. That's it

Our research team has many years of experience in
helping pecple quit smokeless tobacco. join the
hundreds of wormen who have already halped their

partners!

“I think you have dane a fantasic job
prowiding the nepessary information and
resources o help people support their
oartners inthe process of guitting the
addicricn of tobacos.”

“1like the fact that you reinforce that it is the
parner'spouse’s choice o quit. | fought
‘with mine far 0 long, and we could hawve
avoided a lot of tension If I'd nad this
nfarmation sooner. | lowe thacthis is
avzliable o help women now!

The UCare study Is & project of the Oregon Research Institute (ORI} and sponsored oy the Natdonal Instwice an Drug Abusa [(NIDA).

pout Us | Comao Us | Privacy Statement

Second, the study home page, where the potentia participant
will go after clicking on the ad, should be pleasing to the eye,
maximally welcoming, and aimed at a lay audience. Our first
attempt at astudy home page was aresearch-oriented, text-heavy
description of the study conditionsand procedures. Onthe basis
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of poor response from our first few days of recruitment, we
overhauled the page, rewriting the text in afriendlier style that
focused on the woman’s concerns about her partner and how
study participation could benefit her. We added more graphics
and user testimonials (see Figure 1). Our conversion of
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Facebook clicksto enrolled participantsimproved immediately
(eg, from 0.5 to 3 participants per day).

Third, as part of the enrollment infrastructure, a study needs
either an administrative portal (admin page) or other robust
participant management system to make it easy to monitor
enrollment and the success of recruitment strategies. For
maximum usefulness, we recommend that the admin page
dashboard displays the information needed to monitor the
performance of each successive version of the ad (eg, total
numbers of people completing each step of the enrollment
process) [27], along with a downloadable Excel file of
participant-level data for more in-depth tracking and analysis.
The participant management system can send an automated
email to the research staff at the same time each day with key
enrollment figures such astotal enrolled overal, total enrolled
for each condition, and new enrolled since the previous day. In
our study, we used a system custom-developed for us by our
software subcontractor, but it may be possible to customize a
more generic system for this purpose, such as REDCap.

Staffing the Advertising Campaign

Assign primary responsibility for the Facebook ad campaign to
research staff who are detail-oriented, with good writing and
graphic design skills and excellent spelling and punctuation.
The research staff should have access to the study’s online
administrative functions and authority to use an organizational
credit card. These staff will use their persona Facebook
accountsto accessthe Facebook advertising management system
(currently called “Ad Manager”). They will need to search their
Facebook home page for alink to Create Ad or other reference
to Facebook advertising; once they have begun working with
Facebook ads, Facebook will likely display the link to access
the Ad Manager more prominently.

Running the ad campaign will take approximately 1 hour per
week, after an initial investment of 1 to 2 hours to learn how
the system works and create the initial ad. Subseguent ads can
generaly be adapted from the first ad, which would typically
take 5 to 10 min 2 or 3 times a week. Overdl, the time
commitment issmall, but daily monitoring of the campaign will
allow the staff to respond rapidly to changes in the response
rate.

Establishing the Study’s Facebook Presence

Before beginning the advertising campaign, it is important to
create a Facebook fan page for the study, which will be
connected to the ad. Ask friends and colleaguesto like the page
so that it will not look new to potential participants. We gave
our page the name “UCare Research Study,” in the category
“Community,” with the study home page as the “Website,” and
a “Short Description” summarizing how the study could
potentially help the participants. Assign at least two staff
members (at least one of whom should also have responsibility
for the ad campaign) as managers of the page; they will receive
Facebook natifications of people’s interactions with both the
page and the study’s linked ads.

Keep the fan page active by regularly posting news and related
news links to the page, also referred to as curating the page.
We found that updating the page twice aweek was agood rate,
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balancing the time needed to find and post news items with the
desirability of keeping the page content looking fresh. Few of
our links received evidence of attention (likes or shares), but
their presence makes the page (and by extension, the research
study) appear active. If the intervention arm involves providing
information to participants or changing their behavior, take care
not to reveal or overly hint at the intervention content on this
page, as this could potentially contaminate the participants
randomized to the control condition.

Designing the Advertising Campaign

Facebook currently uses an advertising structure of ads within
ad sets within campaigns. The campaign could encompass all
ads for a single study, or multiple campaigns could be created
for the study. Combining all adsinto 1 campaign makesit easier
to monitor the costs. The ad set (formerly advert set) iswhere
the researcher delineates the criteria of the target audience and
the budget; the ad (formerly advert) is where the graphics and
text for the ad are designed. Each of the 3 levels must be
switched on for an ad to display. While designing your first ads,
keep the overall campaign turned off until you are ready to start
advertising.

Plan to create multiple ad sets, each targeting a meaningful
subsection of your overall audience, such as by geographic
region, age group, or gender. Plan to switch your ad from one
ad set to another (rotating it) when each ad reaches saturation
(the limit of cost-effective enrollment of participants) and new
enrollmentstrickle to a minimum.

Design the ad campaign with aspecific rotation strategy in mind
(eg, geographic region or a demographic variable). We began
by advertising to our target demographic throughout the United
States and Canada, but after 9 days and 12,405 clicks, we had
randomized only 3 participants. We then chose to rotate our ad
to different geographic regions, targeting 1 region at atime and
focusing on areas with high smokeless tobacco use prevalence.
All our ads targeted women, aged 25 to 65 years and above,
who specified their language as English and whose rel ationship
status was married, engaged, domestic partnership, or in a
relationship.

The more specifically you can target your ads, the more
cost-effective they will be—if you are paying per click, you
will not want to encourage clicks by people ineligible for the
study. To this end, Facebook also offers more sophisticated
targeting options based on interests (eg, healthy eating and
bodybuilding); Facebook gleans this information from
information that users provide about themselves, such as
Facebook pages they like or Facebook groups they join [28].
In other publications about Facebook advertising, interests have
also been referred to as keywords [10,12,29] and key profile
words [14].

However, as Pedersen and Kurz [30] note, recruiting based on
Facebook interestsor likeswill fail to capture many populations.
They give the example of a spouse of a problem drinker who
will not like Al-Anon groups on Facebook if they do not want
their Facebook friends to know their partner is a problem
drinker. In our case, there were no specific interests that were
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suitable for our population of women who wanted their partner
to quit his use of smokeless tobacco.

Furthermore, one could ask permission to post about astudy in
a Facebook group, a community of people sharing an interest,
but approval must be obtained from the group moderator. For
our study, there were no organi zed groups of women concerned
about their husbands' smokel esstobacco use. Studiesrecruiting
people with a specific medical diagnosis or shared health
promotion activity may have better luck in finding Facebook
groups to target. Groups may be found by typing a keyword
into the main Facebook search box and then selecting groups
to display communities fitting that criterion. Valdez et al [31]
described their experiences using Facebook groups for
recruitment; in 2 studies, the groups yielded 166 participants,
which they found sufficient for qualitative but not quantitative
research. Our efforts to use Facebook groups to publicize an
unrelated study were unsuccessful as many groups now have
firm policies against mentioning research opportunities.

Facebook offers the opportunity to pay per impression (every
time they show someone the ad) or per click (every time
someone clicks on the ad). The former is most suited to cases
where the advertiser wants the public to be aware of some
information but without taking an immediate action; a good
example is a political campaign. The latter is best when you
want people to take an action such as clicking on the ad to visit
your study home page and consider enrolling. We chose to pay
per click. The payment amount for Facebook outcomes such as
clicks is determined by a highly complex auction process. We
chose the default, automatic bidding, which (according to the
Ad Manager) will “let Facebook set the bid that helps you get
the most link clicks at the best price”

Decide how much to budget per day for the ad. We budgeted
for US $250 per day, based on our previous experience in
Facebook advertising with this population, which had cost US
$70 per participant. We anticipated that the US $250 per day
budget would yield 3 to 4 participants per day and allow usto
complete our recruitment in 10 to 11 months. In the summer of
2016, Facebook decided not to observe the daily budgets strictly
but to let them average out over time. Assign a credit card to
pay for the ads automatically, and be sure that the credit limit
is at least twice the amount budgeted per month so the ads can
continue while the previous month’sbill isbeing processed and
paid. If it takes longer to pay the bill at your institution, then
adjust your credit limit accordingly. After the daily budget is
entered into the Ad Manager, it will display the“estimated daily
results reach”—the number of people likely to see the ad on a
given day. Our numbersweretypically 15,000 to 40,000 people,
which yielded about 5 participants per day the first timewe ran
the ad in each location and later yielded 1 to 3 participants per
day. When determining their daily advertising budget,
researchers should take into account both their study’s desired
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recruitment period and the risk of sinking costs into an
ineffective campaign. It isimportant not to spend more per day
than necessary and yet to spend enough so that effective ads
can be distinguished from ineffective ads. The Advertising Costs
section below discusses the cost issue more generally.

Designing the Ad

Facebook ads have strict design specifications that generally
involve a graphic image and several categories of text, which
are displayed in varying ways depending on where the ad will
appear, for example, in the right margin, in the newsfeed, and
on Instagram (Instagram, owned by Facebook, may be better
for reaching adolescents than Facebook itself [32].). Ad
specifications change frequently. When we began advertising
for our pilot study in 2010, Facebook ads could be text-only,
with an optional image. Later, the image became arequirement
and was generally small and square. When we began recruiting
for our new study in August 2015, we found that the image was
again required and the dimensions must be 1200x628 pixels (a
horizontal orientation). In early 2013, Facebook began regulating
the amount of text that could appear within the image, and for
some time, it had a limit of 20% [33]. As of late 2016, there
was no official percentage limit on text within graphics, but any
such text (including product logos) was highly discouraged.

For our study, the graphic theme was happy couples, and
because such images convey no information about quitting
smokeless tobacco, we did include text in our image to help
catch the eye of potential participants (our UCare logo and the
phrase “aprogram for women who want a chewer to quit”). We
used stock images for our graphics, showing a smiling
younger-middle-aged coupl e, which seemed sufficiently generic
to appeal to both younger and older couples, al of whom are
in our target audience. The mean age of women in our final
sample was 43.2 years (SD 9.5, range 19-78). We aso went
with white couples for the ad because the vast mgjority of
smokeless users are white.

For the text part of the ad, Facebook currently allows a brief
title and a brief block of descriptive text. The text should be
succinct and read like an advertisement, without implying that
you aretrying to sell something. For maximum credibility, have
the text mention that recruitment is for a research study
conducted by a hospital, university, or nonprofit organization
[34]. Anidea ad would encourage those digible for the study
to click the ad and those who are not digible (or do not have
eligible friends) to ignore it. Note, however, that Facebook
prohibits advertisement that “asserts or implies personal
attributes including disability or medical condition (including
physical or personal health).” They prefer that ads say that help
for a condition is available than attempt to engage the reader
more directly, for example, “Depression counseling available”
rather than “ Depression getting you down? Get help now.” [35].
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Figure 2. Sample Facebook ad.
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(lCapg UCare Research Study

Wish you could help him quit? Online research
study for wives of chewers. Enroliment ends

so0on - sign up today!

a program for women who
want a chewer to quit

Husband chew tobacco?

oo
Like

For our ad title, we used “Husband chew tobacco?’ throughout
the study (which may now violate the policy just described),
and we varied the main block of text to see what would work
best. We also changed the text depending on the stage of the
study. The first ads mentioned that the study was “new,” and
toward the end of recruitment, we used “enrolIment ends soon”
as a method to motivate potential participants to take quick
action. For adsin between, wefound that “ Everything he wishes
you knew about quitting smokeless. Online research study —
sign up now!” was especialy effective. Wetested adsthat stated
that participating in the study was “free,” but those ads had a
low responserate. We carefully avoided mentioning the financial
incentives we provide for completing follow-up surveys, either
inthe ad or on the study’s main marketing page (the home page),
to avoid attracting fraudulent participants[36,37]; other studies
have been able to mention financia incentives by using an
insider knowledge check to screen for fraud (eg, when recruiting
veterans, checking to see that rank and pay grade at discharge
matched [19,23]). See Figure 2 for an example of our ad.
Research teams may do well to conduct formative work to get
feedback from target participants on sample ads, including both
text and graphics, before the recruitment campaign.

As part of creating the ad, it isimportant to link the ad both to
the study URL (the place where participants are directed when
they click on the ad) and to the Facebook fan page.

The“create asimilar ad” or “duplicate advert” function can be
useful for a campaign that will be rotating among different
audiences. Sometimes, the function allowed us to set up the
same ad in a different ad set with minimal input, and at other
times, we were required to enter al the details again. All the
graphics uploaded for use in an ad campaign are saved in the
campaign’s “image library” and can be accessed again easily.

Each ad will require Facebook approval, which typically takes
less than an hour, although we did find that some would
occasionally take up to 12 hours. The display often said the ad
was approved immediately, but it was not actually approved
until we received a natification later. Facebook has specific
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criteriafor approving or denying adsto prevent illegal marketing
of certain products or services. For researchers studying
addiction, this can result in erroneous denial of ads. Once we
had an ad denied for mentioning tobacco—the reviewer (whether
human or automated) had assumed that we had fallen afoul of
the ban on tobacco advertising. We were able to file an appeal,
following instructions we received in the email from Facebook
telling us about the denial, but processing the apped took several

days.
Monitoring Facebook Users' Interaction With the Ad

There are 2 aspects of responses to the ad that the researcher
can attend to: Facebook activity related to the ad and participants
enrolling in the study. The Facebook notification feature will
allow the researchers to see easily throughout the day when
people are interacting with the ad with likes, shares, and
comments, which typically include people tagging their friends
to see the ad. The staff members who have been assigned as
managers for the Facebook fan page and who are creating ads
for the study will receive these notifications, which will give
them clues regarding the popularity of the study and the times
of days the ad is being shown.

In the comments on the ads, many women tagged specific
friends, which gave us an implied endorsement from the tagger
when the tagged woman saw the ad. Our study was unique and
may have met a need that many potential participants had been
expressing to their friends (eg, “| wish he'd quit!”); advertising
on Facebook allowed usto capitalize on this. Many women also
tagged their husbands to let them know about their interest in
the study, and the husbands often responded. Many men
encouraged their wives to sign up for the study or at least
assured them that they would try to quit smokeless tobacco.

Tracking Enrollment

If the study admin page allows for the researcher to see at a
glance how many participants have enrolled, then monitoring
enrollment will take a trivial effort; however, for greatest
accuracy in tracking, this monitoring should be done at the same
time daily. As mentioned earlier, an automated email with key
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enrollment figures can be sent to the research staff to facilitate
tracking. We manually tracked the enrollment from each ad,
recording the ad targeting and text, the dates, the number
enrolling between those dates, and the number enrolling per
day. Wewere ableto enroll about 5.6 participants per day during
the first 9 weeks of the study (the first pass through all
geographic areastargeted for recruitment); the rest of the study
averaged 1.9 participants per day.

Strategiesfor Sustaining a Long-Term Advertising
Campaign

Our primary campaign strategy was to rotate the ad among
distinct geographic regions, focusing on 1 region at atime so
that we could easily see how well each ad was doing (by
monitoring the locations of enrollees on our admin page). We
would typically give an ad at least 2 days to have an impact,
and once people had begun enrolling in response to an ad, we
would wait for responsesto taper off and then movethe ad once
it seemed fairly dormant for 2 days. Facebook notifications of
user interaction with the ad let us judge whether interest had
truly dwindled or whether people were too busy to complete
the enrollment on a given day.

We recruited throughout the United States and Canada. Asnoted
above, we began by rotating through broad regions with ahigh
prevalence of smokeless tobacco use. This phase of our
campaign lasted about 2 months. Next, we began switching up
the graphic and text and rotated through our broad regions again
for 4 months. Then, we targeted very specific areas where our
ad had done well for about 3 months, making sure to have
approximately 15,000 to 40,000 in Facebook’s projected reach
for the ad. To target specific areas, we used a map to identify
the named communities in the region, which we entered into
Facebook as a list. Facebook allows communities to be
designated with a user-specified surrounding radius, allowing
suburbsand morerural communitiesto beincluded or excluded.
For some states with high numbers of smokeless tobacco users
but low overall smokeless tobacco prevalence, we excluded the
urban areas from the recruitment zone by specifying the names
of the cities we wanted to exclude. (We did so anticipating that
urban people would use up the budget if not excluded; see the
discussion of ineligible or uninterested people clicking the ad
in the Saturation: The Problem of Diminishing Returns section
below). Researchers can use their own expertise to identify
groups they would expect to respond to the ad and tailor their
campaigns accordingly.

The time of year isimportant to take into account. September
has historically been agood recruitment timefor us, but for this
study, September coincided with both the study launch and the
“ends soon” ad campaign; therefore, we cannot conclude that
thetime of year wasitself akey factor. January and early spring,
like September, are also traditional new beginnings times and
could potentialy be good as well for an intervention focusing
on changing health behaviors. Our recruitment was very low
from mid-November to early January, even though we tried a
boost of advertising in many areas simultaneously during early
January to try to capitalize on New Year's resolutions. The
appeal to resolutions may be relevant for changing some
behaviors such as quitting tobacco but did not appear to engage
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supporters. Researchers may want to consider the times of year
that their prospective participants would be most responsive to

their message.

By the time we had finished advertising in the very specific
regions described above, we had accumul ated around 1500 likes
on our Facebook fan page, which allowed usto try 2 additional
Facebook targeting options. The first of these was an
advertisement that targeted Facebook friends of people who
had liked the page, not limited by geographic region. This ad
received afairly high response rate: 32 participantsin 13 days.
Next, we used the “Lookalike” function in which Facebook
used an internal algorithm to identify 1,000,000 people who
they considered similar to the people who had liked our page.
We then targeted members of this Lookalike sample, starting
with an ad to all Lookalike sample members, then again going
region by region (still specifying women aged 25 to 65 years
and above who were married, etc, as described above). This
strategy revitalized the campaign. To conclude the campaign,
we returned to the most successful ads that included our “ends
soon” message, rotating between them until we had reached our
recruitment goal .

The “friends of people who like the page” and “Lookalike”
options will be most useful when recruiting for a large study
with a target audience that is demographically homogeneous
(eg, wives of smokelesstobacco users). Thistype of advertising
will be less useful for smaller studies and studies enrolling
participants with health conditionsthat are relatively infrequent
and randomly distributed. For example, a breast cancer patient
is unlikely to have many friends who are also breast cancer
patients, and people who are demographically similar to her
will not be appreciably more likely to have breast cancer than
people who are demographically different.

Saturation: The Problem of Diminishing Returns

Perhaps the most important thing to know about Facebook
advertising isthis; although enrollment from each ad will taper
off within afew daysof itslaunch, peoplewill continueto click
on the ad (and use up your budget) every day. If you are paying
per click rather than per impression (view), you are paying for
these clicks. Whether these extra clickers are people who for
whatever reason click on anything or botswho scour theinternet
to follow any available link [38-40], little can be done about
the waste, other than to note that the ad will quickly see
diminishing returns (reach saturation), and thus, it should be
shown to a fresh target audience every few days.

It may be that fewer than 1% of the people who click on an ad
will enroll in astudy, especialy if the study isafull-scale RCT.
In our RCT, we enrolled 1145 people from 371,472 clicks, a
rate of 0.3%. When we first began advertising on Facebook, the
ratio of enrolled participantsto clicks was much higher but still
not more than about 1%. Others have had similar experiences:
Ramo et al [29] converted 5875 clicks into 79 participants in
an RCT for young adult smokers (1.3%), and Adam et al [18]
converted 1001 clicks into 45 participants for a
pregnancy-related RCT (4.5%). In our case, enrollment required
first completing an eligibility screening, followed by informed
consent, registration with personal contact information, and
finally completion of a baseline survey that took perhaps 20
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min to complete. This series of hurdlesto enrollment may have
discouraged many potential participants, but it also suggests
that those who do compl ete the process may be more motivated
to be actively involved in the intervention, which we consider
agood trade-off. Simpler studies (eg, those requiring compl etion
of asingle survey) can get higher ratesfor converting Facebook
ad clicksto participants (with some offering financial incentives
and others not doing so0). For example, Ramo and Prochaska
[16] converted 14,808 clicks into 1548 completed surveys on
tobacco and marijuana use (10.5%); Tan [17] converted 280
clicks into 59 completed surveys on math students’ learning
preferences (21.1%). Conversely, Kapp et al [13] received 280
clicks on a Facebook ad to recruit women to complete a health
survey on mammography, but no surveys were completed. A
human papillomavirus study requiring an online questionnaire
and a self-collected penile swab converted 41,811 clicks into
535 study completers (1.3%) [41].

Table 1 displays the recruitment results for our study, showing
the numbers of people “reached,” clicking the link, beginning
the enrollment process, eligible, consenting, and randomized.
The reach and click data may be found in the Facebook Ad
Manager, and the totals for beginning the process, digible,
consenting, and randomized were shown on the online
admini strative participant management system we had designed
for this purpose. Asthetableindicates, Facebook displayed the
ad to about 6.6 million women meeting our criteria, and 5.63%
(371,472/6,600,839) of them clicked on the ad to see our study
home page. A very small fraction of those then began the
eligibility screening, and 30.63% (1554/5074) of those who
began the dligibility screening completed it and were eligible
to participate in the study. Of the eligible people, 96.99%
(1416/1460) completed the informed consent, and 80.86%
(1145/1416) of consenters provided their personal contact
information, completed the lengthy baseline survey, and were
randomized. Overall, 22.57% (1145/5074) of those who began
the eligibility screening were randomized; 78.42% (1145/1460)
of those who were eligible were randomized.

Table 1. From “Reach” to randomization: UCare study recruitment data.
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Examining Ad Effectiveness

We analyzed the registration patterns associated with each of
the 91 adswe used during the study. Almost 30% of participants
were enrolled from the first 7 regional ads in approximately 2
months. The most successful ad in terms of total enrolled
participants was the first ad targeting the Midwest, which
yielded 95 participants from 13 days of advertising. After this
period, from mid-October to late December, 10 adsyielded only
113 participants. The New Year's simultaneous advertising plan
(counted asasingle ad for analyses) yielded 43 participants but
was very expensive. Regional advertising wasthen hit-and-miss
for several months, with some ads doing acceptably but others
poorly. The “friends of friends’ ad yielded 32 participants, and
the Lookalike ads were moderately successful, with many
yielding more than 15 participants but some far fewer.

Figure 3 displays the recruitment pattern from the Midwest ad
yielding 95 participants. The figure illustrates 2 key points:
enrollment gradually tapers off within afew days of launching
even asuccessful ad like this one (the saturation effect), whereas
ad clicks remain high throughout (700 to 1135 clicks per day).
For this ad, enrollment dropped sharply on a holiday (day 4,
Labor Day) but resumed thereafter; we discontinued the ad after
day 13.

The vast mgjority of the participants (94.2%) lived in the target
areafor an ad and enrolled while the ad was running or within
2 days of its conclusion. Of the others, 2.2% could plausibly
have been stragglersfrom an earlier ad (enrolling within several
weeks of an ad beginning in their region and assigned an
identification number based on that ad period) and were
attributed to that ad. The other 3.6% lived outside the current
ad'starget area (sometimes nearby but sometimes on the other
side of the country), and we expect that most of these people
weretagged or otherwise notified of the study by afriend seeing
the ad; we attributed their enrollments to the current or most
recent ad. Enrollment was consistent across the days of the
week, from alow of 13.0% of the total sample enrolling on a
Thursday to a high of 15.7% enrolling on a Sunday. Ads were
placed on each day of the week, ranging from 6 ads that began
on Sundays to 20 ads that began on Fridays.

Enrollment step Number Proportion continuing from prior step
“People Reached” 6,600,839 Total viewing Facebook ad

Link (ad) clicks 371,472 5.63% of “reached”

Began online eligibility screening 5074 1.37% of clicks

Completed online eligibility screening 1554 30.63% of began screening

Eligible 1460 93.95% of completed screening
Consenting 1416 96.99% of eligible

Randomized 1145 80.86% of consenting
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Figure 3. Enrollment versus ad clicks (tens of clicks) for 1 ad by day of ad.
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Smokel ess tobacco prevalence data are available by state. We
designed our study admin pageto provide adownloadable Excel
file with participant registration data, including their mailing
addresses. These dataallowed usto calcul ate per capitaresponse
rates by state to see which states were most welcoming (very
simply, state adult population x smokeless tobacco user
rate=estimated smokeless tobacco users in that state, divided
by women enrolled from that state=state enrollment rate). For
example, 33 women enrolling from Idaho gave us our best rate,
at 47 per 100,000 smokel esstobacco users; 11 women enrolling
from Texas gave us our worst rate, at 1 per 100,000 smokeless
tobacco users. (As our previous smokeless tobacco cessation
study [42] enrolling chewers directly had been very popular in
Texas, we made extra efforts to improve recruitment of women
there, but with no success until wewereabletorun a“lookalike”
ad, as described above.) By tracking this type of information,
researchers can target geographical regions that may be more
responsive than others or take extra stepsto enroll participants
from audience subsections that are lagging behind expectation.

If aparticular ad does poorly, it may reflect alack of interest
among the targeted group. This may be temporary (eg, severe
local weather conditions). It may also reflect a decision by
Facebook on how much to promote the ad, for example, if they
deem this ad has “too much” text (although it may be identical
to an ad recently used successfully). The same ad could betried
again in a few weeks, or a new (and if desired, essentialy
identical) ad could be created to seeif the results improve.

Advertising Costs

This advertising campaign resulted in acost of US $112.48 per
randomized participant (US $0.35 per click). In our pilot 2010
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Facebook recruitment campai gn with the same study population,
we spent just under US $70 per participant. Asthe cost per click
for that campaign isno longer available, we are unableto discern
whether the rising cost was due to lower rates of converting
clicksto participants or higher advertising prices. In their 2016
review of Facebook recruitment for health and psychosocial
research, Thornton et al [34] reported that 110 studies had
experienced costs per participant ranging from US $1.36 to US
$110 (mean=US $17.48, SD US$23.06). Whitaker et a’sreview
of 35 studies found a median value of US $14.41 per heath
study participant recruited using Facebook [6]. The magnitude
of the difference between these costs and our own may be
attributable in part to the fact that most of these studies were
not RCTs, and the burden of enrollment intermsof time, effort,
and commitment would thus befar smaller. These studies could
also be targeting populations that are easier to reach than those
targeted in our study. Our cost of US $112 per participant isin
line with the costsweincurred for using traditional advertising
megdiain 2004 to 2005 (US $92 per participant for free publicity
in newspaper, radio, and TV news and US $115 per participant
for newspaper display ads); inthat study, Google AdWordswas
far more cost-effective (US $7 per participant). None of these
advertising methods would have allowed us to exclude men
from seeing the study and attempting to enroll, an outcome we
wanted to avoid.

The costsfor recruiting our population may not be representative
of other groups. Pedersen et a recruited 793 young veteran
drinkersto avery brief intervention in only 7 daysfor less than
US $5 per participant [23]. For this study, 4.4% of clicks were
converted to participants, in comparison with our rate of 0.3%.
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Ethical Consider ations

There are 2 important ethical concerns to using Facebook
advertising: Facebook’s potential use of the data and the risks
from interacting with socia networks. When a user clicks on
an ad, and especialy when they like an ad or a campaign’s
Facebook page, information about these choices is stored by
the user's browser cookies [19], and Facebook’s algorithms
may conclude that the user hasan interest in the topic and begin
showing the user related links. This may make the user
uncomfortable, and they may concludethat the study isviolating
their privacy. One way to partially mitigate this risk would be
to include text on the study’s fan page cautioning the user that
liking the page or clicking on the embedded link to the study’s
own homepage may be used by Facebook marketing. Visitors
could be provided with a nonhypertext URL to the study, with
the suggestion that they accessthe study by copying and pasting
the URL to a new browser tab. This option may be weighed
against the risk to the study of reducing its page likes, whichis
an important element of along-term advertising campaign, as
described above.

The risks from interacting with social networks are largely
related to privacy, especially for stigmatizing health conditions.
When someone sees an ad and tags afriend who they think may
beinterested, others can see this tagging and will assume there
issome associ ati on between the tagged person and the condition.
Unless Facebook provides a way to eliminate tagging (eg, by
disabling comments on the ad), thereis no realistic way to avoid
thisrisk other than not advertising for this population. One study
recruiting for adomestic violenceintervention took 2 measures
to protect potential participants safety: placing their ads at the
side of the screen rather than in the user’s newsfeed and asking
women'’s organi zations to post the ad for them such that women
would aready be following those pages to receive the
information about the study in their newsfeed. They aso
included accompanying text for al ads, “Please open the link
in a new browser window” and “Share only if safe to do so”
[43].

Detailed ethical guidelines for protecting users' privacy during
social media recruitment have been devel oped by Bender et al
[44], using Privacy by Design principles.

Key Pointsfor Using Facebook Advertising

Following are our key recommendations for using Facebook
advertising:

Akers & Gordon

First, decide whether Facebook is readly an optimal
advertising medium for the study.

For alarge-scale RCT, asubstantial advertising budget may
be necessary.

Before launching recruitment, design an infrastructure for
enrolling and managing participants, including a smple
method to monitor the success of each ad daily.

Before beginning a Facebook advertising campaign, create
a fan page on Facebook for the study to connect with the
ad; plan to keep the page active with regular posts.

Be aware that Facebook changesits ad requirements often.
Consider getting feedback from targeted participants on the
text and graphics of ads before using them.

Plan for each Facebook ad to reach saturation quickly.
Design the ad campaign with a specific rotation strategy in
mind (eg, geographic region or a demographic variable),
and create an easy way to track enrollment by thisvariable
to help monitor each ad’s effectiveness.

The“friends of peoplewho likethe page” and “Lookalike’
optionswill be most useful when recruiting for alarge study
with atarget audiencethat is demographically homogeneous
but less so for a target audience whose members are
heterogeneous, for example, those diagnosed with a
particular low-incidence disease.

Monitor the advertising campaign regularly to avoid
overcommitting the advertising budget and be flexible and
ready to change strategies if the responses are not as
expected.

Above all, be aware that a great many people will click on
Facebook adswithout theintention of enrolling in the study,
and an ample budget will be necessary.

Conclusions

Our experiences have shown that it is possible to recruit a
moderately large RCT sample via Facebook. This recruitment
method provides considerable flexibility to monitor and modify
the advertising tactics based on feedback. In our case, we were
advertising for participating in a study that would be very
appealing to potential participants if they became aware of it
and that was easy for people to promote to their Facebook
friends who they knew may also be interested. This method of
recruitment may not work for all types of projectsor participant
populations. Furthermore, Facebook and other social mediaare
in a constant state of flux, and the methods described in this
paper may not work the same way in the future.
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Abstract

Background: Over 75% of individuals are exposed to atraumatic event, and a substantial minority goes on to experience mental
health problems that can be chronic and pernicious in their lifetime. Early interventions show promise for preventing trauma
following psychopathology; however, a face-to-face intervention can be costly, and there are many barriers to accessing this
format of care.

Objective: Theaim of thisstudy wasto systematically review studies of internet-delivered early interventionsfor trauma-exposed
individuals.

Methods: A literature search was conducted in PsycINFO and PubMed for papers published between 1991 and 2017. Papers
were included if the following criteria were met: (1) an internet-based intervention was described and applied to individuals
exposed to a traumatic event; (2) the authors stated that the intervention was intended to be applied early following trauma
exposure or as a preventive intervention; and (3) data on mental health symptoms at pre-and postintervention were described
(regardless of whether these were primary outcomes). Methodological quality of included studies was assessed using the Downs
and Black checklist.

Results: Theinterventionsin the 7 studies identified were categorized as selected (ie, delivered to an entire sample after trauma
regardless of psychopathology symptoms) or indicated (ie, delivered to those endorsing some level of posttraumatic distress).
Selected interventions did not produce significant symptom improvement compared with treatment-as-usual or no intervention
control groups. However, indicated interventionsyiel ded significant improvements over other active control conditions on mental
health outcomes.

Conclusions: Consistent with the notion that many experience natural recovery following trauma, results imply that indicated
early internet-delivered interventions hold the most promise in future prevention efforts. More studies that use rigorous methods
and clearly defined outcomes are needed to eval uate the efficacy of early internet-delivered interventions. Moreover, basic research
on risk and resilience factors following trauma exposure is necessary to inform indicated internet-delivered interventions.

(J Med Internet Res 2018;20(11):€280) doi:10.2196/jmir.9795
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psychological trauma; secondary prevention; trauma and stressor-related disorders; internet

threatened death, serious injury, or sexua violence [1]. The

Introduction types of traumatic exposures that are most commonly
Background experienced include sexual assault, witnessing another person

. 0 L . getting killed or badly injured, sudden unexpected death, and
Approximately 75% of individuals are exposed to atraimaliC |ie threatening motor vehicle accidents[1]. Following trauma,

stressor in their lifetime that involves exposure to actual or  the mgjority of individualswill experience subclinical symptoms
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of distressthat abate over timewithout intervention, considered
natural recovery [2-4]. Although natural recovery is the most
common trajectory following trauma exposure, a subset of
trauma-exposed individual s experience significant distress and
impairment that require intervention to facilitate recovery to
healthy levels of functioning [1]. These individuals may be
diagnosed with posttraumatic stress disorder (PTSD), major
depressive disorder, generalized anxiety disorder, panic attacks,
and health-risk behavior such as substance abuse [5-7]. These
disorders can be chronic and pernicious but may be preventable
if interventions are delivered early following trauma exposure
[8]. The purpose of this paper wasto systematically review early
interventions delivered through the internet for individuals
exposed to trauma.

Although natural recovery is expected for most trauma-exposed
individuals, trauma experts recommend that mental health
professional s should not wait to provide care until problemsare
chronic and purport the value of early preventive interventions
[9]. The Institute of Medicine defines prevention as efforts to
reduce the incidence of a disorder, as opposed to reducing the
prevalence[10]. Within thisdefinition, preventive interventions
have been organized into 3 categories: universal, selected, and
indicated [11]. Universal interventions are provided to all
members of a population regardless of risk for developing a
disorder, for example, interventions applied to an entire
population before a traumatic event regardless of trauma
exposure. Selected interventions are intended for those who
exhibit risk factors for the disorder but show no signs or
symptoms of the disorder, such as individuals exposed to a
traumatic event who may or may not be experiencing symptoms
of the disorder. Indicated interventions are provided to only
those who have subthreshold symptoms of the disorder or a
subclinical diagnosis, for example, those who screen positive
as experiencing symptoms of distress following trauma [10].

Universal intervention delivered before trauma exposure has
been argued to be infeasible and too costly. However, as
compared with other mental health disorders that have a
prodromal phase (eg, schizophrenia) or a waxing and waning
course (eg, depression), disordersthat have an onset subsequent
to trauma exposure (eg, PTSD and acute stress disorder) have
a clear onset, providing a unigue window for selected or
indicated prevention. Following a traumatic event, individuals
may present to emergency rooms or be seen by health care
providers, and these circumstances are opportune for the
provision of intervention [12]. In light of these considerations,
this paper focuses on selected and indicated interventions
delivered to individuals already exposed to trauma.

Reviews of early interventions for trauma-exposed individuals
demongtrate that efficacy varies acrossmodalities. Theliterature
consistently contraindicates psychological debriefing as an
intervention following trauma [9,11,13]. Interventions based
on cognitive and behavioral principles have been found to be
valuable in the prevention of posttraumatic mental health
problems[9,11,14]. Despite their potential value, Feldner et al
[11] highlight that face-to-face preventive interventions can be
intensive, time-consuming, and costly. Moreover, many
individuals who experience distress following trauma do not
receive intervention [15] due to perceived stigma, difficulty
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scheduling appointments, and lack of accessto care (eg, dueto
living in a remote location, lack of transportation, lack of
financial resources|[6]). Given these considerations, the internet
may be a valuable platform to deliver early intervention. The
internet provides amedium to deliver interventionswith awide
reach as websites can be accessed remotely at alow cost, and
users can maintain anonymity. Such interventions may be
particularly valuablein reducing the economic and psychol ogical
burden of natural disasters, terrorist attacks, or war because
internet-delivered interventions can be delivered on alarge scale
and accessed by the entire affected communities.

Objective

Research suggeststhat internet-based interventions arefeasible
[16] and efficacious in reducing PTSD and other
psychopathol ogies (eg, anxiety disorders) that may follow from
trauma[17,18]. However, to date no research has systematically
reviewed theliterature on early interventionsfor trauma-exposed
individuals delivered viathe internet. Given the potential value
of such interventions for targeting a large number of people
following trauma in a cost-effective way, an understanding of
the available interventions and their efficacy in preventing or
ameliorating posttraumatic distress is important. This study
systematically reviewed internet-delivered interventions
intended to be delivered acutely following trauma exposure,
and the empirical data on mental heath symptom change
following these interventions.

Methods

Literature Search

A search was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
statement [19]. Theliterature search was conducted in PsycINFO
and PubMed, using the search terms “Trauma’ OR
“Posttraumatic Stress” OR *“ Posttraumatic Stress Disorder” or
“Recent Trauma’ OR “PTSD” and “Early Intervention” OR
“Preventive Intervention” and “Online” OR "“Web-based” OR
“Internet-based therapy” OR “Internet-delivered.” Searches
were limited to papers published after 1991 when the internet
became available in North America. Reference lists of reviews
and meta-analyses on early interventions [8,14] and
internet-delivered interventions for PTSD [17] were aso
reviewed.

Selection Criteria

Two reviewers (NE and |1S) screened identified abstracts and
titles to identify full-text studies. Due to the nascency of
internet-delivered interventions, and to review all available early
posttraumainterventions, inclusion criteriawere broad and not
limited to controlled trials. Paperswereincluded if the following
criteria were met: (1) an internet-based intervention was
described and applied to individuals exposed to a traumatic
event; (2) the authors stated that the intervention was intended
to be applied early following traumaexposure or asapreventive
intervention; and (3) data on mental health symptoms at pre-
and postintervention were described (regardless of whether
these were primary outcomes). Internet-based interventions
were defined as interventions delivered online via a computer
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or mobile phone platform. The terms internet-based and
Web-based were used synonymously to describe such
interventions. Papers that described stepped care interventions
whereby 1 aspect of a broader intervention involved an
internet-based intervention were included [20].

Papers were excluded if (1) the intervention was delivered via
the telephone or videoconferencing [21]; (2) an intervention
was described and implemented, but empirical data on
participants’ mental health symptoms pre- and postintervention
were not reported (eg, protocolsfor randomized controlled trials
[22] and studiesthat only describe feasibility data[23,24]); and
(3) the authors did not explicitly state that the intervention was
preventive or intended to be delivered early following trauma.
Level of agreement between the 2 reviewers (NE and 1S) was
100%.

M ethodological Quality of Included Studies

A total of 2 raters (NE, 1S) evaluated the methodol ogical quality
of each included empirical study (ie, only studies examining
empirical evidence for the intervention) using the Downs and
Black Checklist [25]. This checklist was selected because it
evaluates the quality of both randomized and nonrandomized
trias, given that both wereincluded in thisreview. The checklist
assessesitems under the foll owing subscales. reporting, external
validity, internal validity (bias and confounding), and power.
A modified version of the power item was used [26]. With this
modification, a study can achieve atotal possible score of 28.
The test-retest reliability (r=.88), inter-rater reliability (r=.75),
and internal consistency (Kuder-Richardson formula 20=.89)
of the checklist are good [25]. Higher scores indicate greater
quality. In this study, inter-rater reliability ranged from 85% to
100% on each article reviewed. Raters discussed each
discrepancy and achieved consensus for all discrepantly rated
items.

Data Extraction

After screening for relevance, full papers were examined. Data
on the intervention, sampling, recruitment, methodology, and
design were extracted from all included studies. Dataon mental
health outcomes at pre- and postintervention as well as
longer-term follow-up, if available, were extracted (ie, feasibility
data were not reviewed). Any measures of mental health
symptoms (eg, depression, anxiety, and worry) were reviewed,
given the range of psychological responses that individuals
might experience after trauma. Results from intent-to-treat
analyses and completer analyses were extracted. Interventions
were coded as “ selected” or “indicated.” Selected interventions
were defined as interventions that were delivered to the entire
sample, regardless of whether or not they endorsed mental health
symptoms. I nterventionswere coded asindicated when ddlivered
only to participants endorsing cut-off criteria of mental health
symptoms.

Results

Database searches yielded a total of 2346 articles. Review of
reference lists of relevant articles yielded an additional 15
papers. Abstracts and titleswere screened for inclusion. A total
of 7 articles were included in the review based on selection
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criteria (see Figure 1). The most common reason for exclusion
was that the intervention was not delivered via the internet or
not an early or preventiveintervention (eg, intended for chronic
PTSD).

Interventions

Descriptions of interventions are provided in Multimedia
Appendix 1. Each paper described adifferent intervention. With
regard to age of target population, 4 interventionswere designed
for adults [20,27-29], 1 for adults and adolescents [30], and 2
for children [31,32]. In terms of the type of trauma that
interventions were designed to address, 4 interventions were
intended for survivors of physical injury or medica events
[20,27,31,32], 2 for individuals exposed to natural disasters
[28,30], and 1 for veterans following combat [29]. No
interventions specifically targeted survivors of interpersonal
trauma such as sexua assault.

Each of the 7 interventions described were based on cognitive
and behavioral principles. Moreover, 3 interventions were
completely self-guided and consisted only of self-help
psychoeducational materials [28,30,31]. Of the interventions,
1 intervention [32] was formatted as an interactive game with
a storyline whereby children chose characters exposed to
different types of trauma. The goal of the game was for users
to help people in atown whose emotions had been zapped.

One intervention [20] was a stepped care approach in which
patientswere given laptops at their hospital bedside with access
to an online community forum website, and they also met
clinicians who consulted them about their intervention
preferences. In the intervention described by Van Voorhees et
al [29], patients received instant messages from clinicians and
peers trained as counselors to encourage continued use of the
website. The authors described this approach as motivational
interviewing instant messages. The intervention described in
Mouthaan et a [27] also had a peer support forum.

Summary of Research Findings

The included studies are described in Table 1 and Multimedia
Appendix 2. Thequality of the studies according to the modified
Downs and Black Checklist [26] ranged from 18 to 24,
considered fair to good quality, with a median score of 21 (see
Multimedia Appendix 1). Acrossall studies, assessorswere not
blind to patient intervention conditions. In only 1 study [29],
adverse events that may have been important during the trial
were reported, and only 2 studies [27,31] were adequately
powered to detect a clinically important effect. Only 1 study
[27] assessed symptom outcomes using gold standard
clinician-administered measures and blinded assessment. There
were 15 different assessment measures used across the studies
because studies included multiple outcome measures. There
were 3 assessment measures that were used across more than 1
study, and in each case, these measures were used in 2 studies
only (see Table 1).

Across studies, participants were recruited from hospital
emergency departments, intensive care units or surgical wards
[20,27,31,32], random digit-dial methods in disaster-affected
areas [30], online advertisements [29], and outpatient clinics
[28]. There was variability with respect to the time the
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participants were recruited following trauma as well as the
length of time that participants were followed after the
intervention (Multimedia Appendix 2).

With regard to outcomes, in controlled studies of selected
interventions (ie, all trauma-exposed participants received the
intervention regardless of mental health symptoms), the
interventions were not better than control conditionsin reducing

Enniset d

mental health symptoms. Means of outcome measures for
intervention and control groups are reported in Multimedia
Appendix 3. There was 1 exception to this finding. Ruggiero
et al [30] found marginally statistically significant decreasesin
PTSD and depression symptoms in the group that received the
Bounce Back Now intervention as compared with the
assessment-only control group at 12-months postbaseline.

Figure 1. Flow diagram of literature search. PTSD: posttraumatic stress disorder.
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Table 1. Empirical data on internet-delivered early interventions.
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Study (year) Outcome measures Intent-to-treat results

Completer results

Cox et a (2010) [31] No advantage of intervention on any outcome

at any assessment

TSCC-A% IES-RP

Kassam-Adamseta  cpss® pedsQL? No advantage of intervention on any outcome
(2016) [32] at any assessment
Mouthaanetal (2013) caps': IESR: HADS? No advantage of intervention on any outcome
[27] at any assessment

Ruggiero et a (2015)
[30]

National Survey of Adoles-

cents PTSD", depression,
substance use modules

No advantage of intervention on any outcome
at any assessment

Steinmatzetal (2012) psd: cse: Mpssk: cEs.  Advantage of intervention on worry at

[28] D'; PSWQ™ postassessment.

Van Voorhees et & CES-D 10; PCL-M" Advantage of intervention on depression at 4
(2012) [29] and 12 weeks and on PTSD at 4, 8, and 12

weeks

Zatzick et a (2015)
[20]

Advantage of intervention on PTSD at 6

PCL-C® PHQ-9P
months

Advantage of intervention on anxiety only, at
both follow-up assessments

NR®
Results similar to intention-to-treat (ITT)

analyses for all outcome measures (statistics
not reported in paper)

Resultssimilar to ITT analysesfor al outcome
measures (statistics not reported in paper)

NR

Advantage of intervention on depression at 4
and 12 weeks and PTSD at 4, 8, and 12 weeks

NR

8TSCC-A: Trauma-Symptom Checklist for Children-A.
bIESR: Impact of Event Scale-Revised.

®CPSS: The Child PTSD Symptom Scale.

dPedsQL: Pediatric Quality of Life Inventory.

ENR: not reported.

fCAPS: Clinician-Administered PTSD Scale.

9HADS: Hospital Anxiety and Depression Rating Scale.
PpTSD: posttraumatic stress disorder.

'PSS: Perceived Stress Scale.

Icsk: Coping Self-Efficacy Scale for Trauma.

KMPSSs: Modified PTSD Symptoms Scale.

|CES-D: Center for Epidemiologic Studies Depression Scale.
MPSWQ: Penn State Worry Questionnaire.

"PCL-M: PTSD-Checklist Military version.

OPCL-C: PTSD Checklist Civilian version.

PPHQ-9: Patient Health Questionnaire-9.

The Bounce Back Now intervention isacombination of selected
and indicated prevention wherein all participants had
experienced trauma and were enrolled regardless of symptom
presentation. However, within the intervention, modules were
indicated based on participants symptomatology (eg,
participants with a clinical level of symptoms of depression
were invited and encouraged to use the depression module).

Inthe 3 studiesin which interventionswereindicated [20,28,29],
significant reductions on some mental health symptoms were
found compared with control conditions. Steinmatz et a [28]
found that the group receiving the My Disaster Recovery
intervention endorsed significantly greater reduction in worry
over time as compared with the groups receiving online
information only and the intervention-as-usual group. No
significant differences among intervention conditions were
found for symptoms of depression, PTSD, perceived stress, or
coping self-efficacy. Van Voorhees et a’s [29] study did not
have a control group, and they found significant decreases in
depression and PTSD over time. Zatzick et a [20] found

those not-at-risk.

https://www.jmir.org/2018/11/e280/

significant reductions in PTSD symptoms among participants
in the intervention group from baseline to 6-month follow-up
as compared with their usual care control. They did not find
clinically or statistically significant differences between groups
in depression scores over time. Although the intervention was
delivered to al those who were exposed to trauma, regardless
of symptom presentation, Kassam-Adams et al [32] conducted
exploratory analyses separating those participants considered
at-risk for posttraumatic stress (as indicated by baseline scores
of 15 or higher on the Child PTSD Symptom Scale; [33]) from

They found medium to large

between-intervention-group effect sizesfrom baselineto 6 weeks
(d=—-0.84) and for baseline to 12 weeks (d=—0.68) for those
at-risk, in favor of the intervention group. Small effect sizes
were found for those not-at-risk between baseline to 6 weeks
(d=-0.15) and for baseline to 12 weeks (d=-0.24).
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Discussion

Principal Findings

The aim of this paper wasto systematically review theliterature
on studies of internet-delivered early interventions for
trauma-exposed individuals. Although previous reviews have
identified numerous internet-delivered interventions for PTSD
[17] and other chronic psychological disordersfollowing trauma
[16], this review identified only 7 studies that evaluated early
internet-delivered interventionsfor trauma-exposed individuals.
The lack of research on internet-based interventions following
traumatization is interesting, given the potential low cost and
wide-reaching impact of such prevention efforts.

Overview of Included Studies

The quality of the included studies ranged from fair to good.
Studies were generally not adequately powered to detect
differences. In addition, most studies did not employ gold
standard clinician-administered assessments and lacked
long-term follow-up data. The objectives of studies varied as
mental health symptoms were not the primary outcome of
interest in several studies [28,32], and the same assessment
measureswere not used across studies. Mental health outcomes
of interest also varied across studies (eg, PTSD, worry, and
depression). The heterogeneity in outcomes assessed and general
poor quality of assessment measures limit the conclusions that
can be drawn about the effects of such interventions.

Degspite the authors of these included studies describing the
interventions as preventive or early interventions, thetimesince
traumavaried widely across studies. For example, Van VVoorhees
et a’s [29] intervention was designed to be delivered acutely
after return from deployment but was not delivered and tested
until up to 5 years after deployment. The heterogeneity across
studies in terms of when these interventions were provided is
problematic. Interventions in these studies may not actually be
early interventions, given the time elapsed since trauma, and
therefore, findings may not represent the value of early
interventions or be generalizableto individual s recently exposed
to trauma. In addition, given that the trajectory of change in
posttraumatic distress is most robust in the first 3 months
following trauma exposure [3], it is recommended that early
posttrauma intervention be tested within 3 to 6 months. Before
conclusions can be drawn about the results of these studies,
rigorous research is needed, and interventions should be
delivered in the window of time after trauma within which the
intervention was designed to be employed.

Findingsand Interpretation

Although limited conclusions can be drawn about the effects
of the interventions because of the varied study quality and
potential problems with timing of delivery in the included
studies, a pattern emerged whereby interventions that were
indicated (as compared with selected) tended to yield more
promising results. In these studies, greater symptom
improvement was found in intervention groups compared with
controls. Interestingly, Kassam-Adams et al [32] provided the
intervention to all trauma-exposed children and found no effect
compared with the wait-list control. However, exploratory
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analyses showed larger effect sizes of the intervention for
children at risk of PTSD compared with children not at risk. In
studies of selected interventions, intervention groups faired
similarly to control groups over time. This finding is in line
with the notion that natural recovery is expected following
trauma, and it suggests that the interventions may be most
advantageous when delivered specifically to individuals
demonstrating early symptoms of psychopathology. Delivering
interventions when they are not indicated may not be cost
effective since recovery without intervention is expected for
the majority of those exposed to trauma.

Although datafrom thisreview and theory support that indicated
interventions may be superior to selected early interventions,
the potential for sampling bias acrossthese types of interventions
should be considered. For example, in over half of theincluded
studies, the proportion of those who were approached to
participate compared with the number who agreed was not
reported, and no information was provided on how participating
individuals might have differed from those who declined to
participate. Inindicated interventions, participants present with
mental health symptoms. Individualswho self-select for astudy
and agree to participate may have more awareness of their
symptoms and potentially more motivation for intervention,
and this may contribute to better outcomes than studies of
selected interventions. It is possible that stigma-related biases
might render trauma-exposed individuals more likely to agree
to participate in selected interventionswhere all individuals are
given the intervention, regardless of whether they demonstrate
natural recovery. Sampling bias must be considered when
comparing outcomes across sel ected and indicated interventions,
and reported in future studies.

Underscoring the importance of indicated over selected
intervention, Feldner et a [11] hold that, given the high
frequency of trauma exposure in the population, interventions
should be delivered to those most at risk. Data on moderators
of the interventions can contribute to better understanding of
who will benefit the most from these interventions. However,
none of the included studies examined moderators of
intervention outcomes. In addition, potential mechanisms of
interventionswere not examined in any of theincluded studies,
and thus, conclusions about the specific potency of specific
strategies in these programs are limited.

Although the current data point to the potential benefits of
indicated interventions, finding out whether users find them
acceptable and sustainable and how far-reaching the
interventions were is arguably as important asit is to ascertain
whether the interventions are effective (ie, what communities
they could reach). Data provided on accessibility, sustainability,
and reach differed across studies when reported, with the
majority not demonstrating far reach, given that the design was
apilot study. For example, Kassam-Adamset a [32] found that
35 of the 36 participants (participants were recruited from a
hospital setting) accessed the website and roughly half
completed the intervention. In contrast, in Ruggiero et a’s study
[30] in which 2000 families were approached to participate in
the intervention (viarandom digit dialing), approximately half
of those approached accessed the website, and 37.5% completed
one module. Just over a quarter of those who completed a
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module, completed the entire intervention. The differencesin
reach between studies and findings related to sustained use
warrant further exploration.

Limitations and Future Directions

Findings highlight several areas for future investigation. More
research is needed before conclusions can be drawn about the
efficacy and cost-benefit analysis of selected versus indicated
prevention. The most common methodological weaknesses
across the studies included variability in timing of the
intervention (ie, interventions posited to be early interventions
were not delivered acutely following trauma), lack of adequate
power to detect significant differences, and potential sampling
bias. To address design weaknesses in the current literature,
rigorous and adequately powered research with clearly defined
objectives should be conducted on existing interventions that
utilize gold standard, blinded-clinician assessment, control
groups, and follow-up data. Blinded-clinician assessment
reduces potential bias, and clearly defined objectives may
increase internal validity of the study.

Interventions should be delivered and tested in the intended
acute phase after trauma. Accuracy in thetiming of intervention
delivery will ensure validity and generalizability of results. Due
to the potential value of indicated over selected prevention,
more research on posttrauma risk and resilience factors is
necessary to determine for whom and how to target
interventions. Participants should be recruited from diverse
settings to determine the generalizability and efficacy of such
interventions across survivors of different types of trauma
Moreover, to address potential sampling bias, recruiting
participants from settingsthat draw traumasurvivorsfor reasons
other than mental health purposes (eg, motor vehicle accident
reporting centers, emergency departments, or family physician
offices) could be employed. By recruiting individuals who do
not necessarily present for mental health posttrauma care,
samples may include individuals who do not self-select based
on predetermined symptoms of trauma. Future research should
aso identify barriers to accessing internet-delivered
interventions.

In addition to lack of rigor across studies, the literatureislimited
in that none of the studies evaluated early internet-delivered
intervention in survivors of interpersonal trauma (eg, sexual
assault) specifically. Interpersona trauma may be especialy
important to target, given its prevalence[34] and that most cases
of posttrauma pathology stemsfrom interpersonal trauma[35].
Online interventions aimed at victims of interpersona trauma
may be valuable in these populations and increase intervention
seeking, because victims may be at risk for experiencing shame
and stigma after trauma that could hinder them from seeking
face-to-face mental health care [36].
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Despite calls for interpersonal-based early posttrauma
interventions[11] and findingsthat lack of posttraumatic social
support isapotent risk factor for psychopathology [37,38], none
of the interventions reviewed were interpersonally based
(although 3 included peer support [20,27,29]). As none of the
included studies examined mediators of intervention outcomes,
littleisknown about whether peer support groups offered unique
benefits compared with other aspects of the interventions. No
studies examined the use of early interventions for individuals
with poor posttraumatic social support, despite consistent
findingsthat theseindividualsare at greater risk of posttraumatic
pathology [37,38]. In studieswhereinterventionswere delivered
to only those at-risk, risk was not defined in terms of socia
support (ie, always as symptom elevation). Feldner et a [11]
hold that preventive interventions that mobilize social support
may be best suited to naturalistic settings (eg, schools, religious
communities), but theinternet may serve asavaluable platform
through which connections between socially isolated trauma
survivors can be fostered. Researchers should continue to
investigate interpersonal risk factors for posttraumatic
psychopathol ogy to develop and target such interventions.

In addition, although there was an approximately equal
distribution of interventions included in this review that were
targeted at adults, compared with children and adolescents, only
7 studieswere reviewed. Researchers should continue to develop
and study early posttraumatic interventionstargeted at different
age groups, given the prevalence of trauma across the life span
[1]. There were also differences in terms of the complexity of
theinterventions delivered acrossthe included studies, as some
interventions [20,29,30] employed hybrid approaches (ie,
stepped care, combination of a support group and clinician
messages, self-help for parents in addition to an online
intervention). Hybrid approaches may require more resources
and could be more expensive[39]. However, thereisapotential
that such interventions may yield better results in aleviating
psychopathology [39]. Researchers should continue to explore
hybrid interventions compared with single treatments to
determine the most parsimonious, cost-effective way to
effectively prevent posttrauma psychopathol ogy.

Conclusions

To conclude, data suggest the potential efficacy of indicated
early internet-delivered interventionsin reducing mental health
symptoms among trauma-exposed individuals experiencing
elevated mental health symptoms. However, more high-quality,
adequately powered studies are necessary before concrete
conclusions can be drawn about the efficacy of such
interventions.

Multimedia Appendix 1
Description of interventionsin included studies.
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Multimedia Appendix 2
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CSE: Coping Self-Efficacy Scale for Trauma

HADS: Hospital Anxiety and Depression Rating Scale
|ES-R: Impact of Event Scale-Revised

ITT: intention-to-treat

MPSS: Modified PTSD Symptoms Scale

NR: not reported

PCL-C: PTSD Checklist Civilian version

PCL-M: PTSD-Checklist Military version

PedsQL : Pediatric Quality of Life Inventory

PHQ-9: Patient Health Questionnaire-9

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analysis
PSS: Perceived Stress Scae

PSWQ: Penn State Worry Questionnaire

PTSD: posttraumatic stress disorder

TSCC-A: Trauma-Symptom Checklist for Children-A
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Abstract

Background: Web-based and theory-based interventions for multiple health behaviors appears to be a promising approach with
respect to the adoption and maintenance of a healthy lifestyle in cardiac patients who have been discharged from the hospital.
Until now, no randomized controlled trials have tested this assumption among Chinese rehabilitation patients with coronary heart
disease using a Web-based intervention.

Objective: The study aim was to evaluate the effect of an 8-week Web-based intervention in terms of physical activity (PA),
fruit and vegetable consumption (FVC), lifestyle changes, social-cognitive outcomes, and health outcomes compared with a
waiting control group in Chinese cardiac patients. The intervention content was theory-based on the health action process approach.
Self-reported data were evaluated, including PA, FVC, healthy lifestyle (the synthesis of PA and FVC), interna resources
(combination of intention, self-efficacy, and planning), and an external resource (socia support) of PA and FVC behaviors, as
well as perceived health outcomes (body mass index, quality of life, and depression).

Methods: In arandomized controlled trial, 136 outpatients with coronary heart disease from the cardiac rehabilitation center
of ahospital in China were recruited. After randomization and exclusion of unsuitable participants, 114 patients were assigned
to 1 of the 2 groups: (1) the intervention group: first 4 weeks on PA and subsequent 4 weeks on FVC and (2) the waiting control
group. A total of 2 Web-based assessments were conducted, including 1 at the beginning of the intervention (T1, N=114), and 1
at the end of the 8-week intervention (T2, N=83). The enrollment and follow-up took place from December 2015 to May 2016.

Results: The Web-based intervention outperformed the control condition for PA, FVC, internal resources of PA and FVC, and
an external resource of FVC, with an eta-squared effect size ranging from 0.06 to 0.43. Furthermore, the intervention effect was
seenintheimprovement of quality of life (F; ,9=16.36, P<.001, n?=.17). When predicting a healthy lifestyle at follow-up, baseline
lifestyle (odds ratio, OR 145.60, 95% CI 11.24-1886; P<.001) and the intervention (OR 21.32, 95% CI 2.40-189.20; P=.006)
were found to be significant predictors. Internal resources for FVC mediated the effect of the intervention on the adoption of a
healthy lifestyle (Rzadj:.29; P=.001), indicating that if the intervention increased the internal resource of behavior, the adoption
of ahealthy lifestyle was more likely.
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Conclusions: Patients’ psychological resources such as motivation, self-efficacy, planning, and social support aswell aslifestyle
can be improved by a Web-based intervention that focuses on both PA and FVC. Such an intervention enriches extended
rehabilitation approaches for cardiac patients to be active and remain healthy in daily life after hospital discharge.

Trial Registration: ClinicaTrials.gov NCT01909349; https.//clinicaltrials.gov/ct2/show/NCT01909349 (Archived by WebCite

at http://lwww.webcitation.org/6pHV 1A0G1)

(J Med Internet Res 2018;20(11):€12052) doi:10.2196/12052

KEYWORDS

eHealth; physical activity; diet; cardiac rehabilitation; health resources

Introduction

Background

Cardiovascular disease (CVD) is the leading cause of death
worldwide, with coronary heart disease (CHD) being the major
component [1]. In China, CVD was the number one cause of
death in 2017, and CHD was the dominant component
responsible for 51.6% of al CVD deaths [2]. Cardiac
rehabilitation is widely recognized as an effective intervention
to avoid further progression and relapse of CVD [3-5]. CHD
patients receive the guidance provided on healthy lifestyle
changes regarding physical activity (PA) and a healthy diet
during rehabilitation in the hospital [6,7]. However, several
studies have revealed that it is often difficult for patients to
integrate and transfer these recommendations and learning
outcomes into their daily life after discharge from the hospital
[8,9]. Thus, they need internal and external resources, which
can be supported by an extended rehabilitation aftercare when
they are at home[10].

With the prevalence of internet use, Web-based interventions
are widely developed and applied in the field of cardiac
rehabilitation [11-13]. The effectiveness of Web-based
interventionson PA and fruit and vegetable consumption (FVC)
has been proven to facilitate healthy lifestyle changes after
discharge among cardiac patients and people with cardiovascul ar
risk profiles in the Western Hemisphere [14-16]. However, in
the Eastern Hemisphere, and especially in China, alarge body
of Web-based rehabilitation interventions only focus on
knowledge, education, and learning. Very few integrate
individualized and comprehensive interventions that include
educational, cognitive, and psychological elements[17,18].

Thisstudy applied the Health Action Process Approach (HAPA)
[8] as the theoretical backdrop, which suggests that there are 2
distinctive phases during the health behavior change process.
Thefirst phaseisthe motivation phase, which plays animportant
role before a goal is set. Subsequently, individuals enter the
volition phase, which plays an important role in planning and
maintaining health behavior changes. This distinction allows
interventions to be tailored based on variables that correspond
to either the motivation or the volition phase. In particular,
motivation must be built up before individuals can actually
change unhealthy behaviors (eg, physical inactivity). Therefore,
individuals with an unhealthy lifestyle and no intention to
change it might benefit most from interventions that will
increase risk perception, self-efficacy, and positive outcome
expectancies, to support the formation of goal intentions that
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focus on healthy lifestyle changes [19]. The purposeisto lead
toward a specific intention (eg, “| intend to eat five portions of
fruit and vegetables today”). Once the intention is formed and
the goal is set, individuals enter the volition phase.

In the volition phase, people benefit most from planning
interventions, which can help cross the so-called intention
behavior gap [14]. In this phase, individualslearn how to make
specific plans (eg, when, where, and how to eat fruit and
vegetables), determine priorities, and trand ate their action plans
into behavior. Such self-regulatory planning skills are necessary
to maintain progress once people initiate a healthy behavior.
Positive behavior change will be guided by self-efficacy, as
self-efficacy regulates how much effort is invested in goal
achievement, and how much persistence is maintained if
obstacles and setbacks occur. In addition, promoting
behavior-specific social support from people's socia context
isequally important in preventing relapse[8]. In general, cardiac
rehabilitation patients need internal (forming and improving
intention, self-efficacy, and planning) and external (forming
behavior-specific social support) resources to support them to
adopt and maintain ahealthy lifestyle after their discharge from
the hospital.

Until now, how internal and external resources interplay with
lifestyle change in cardiac patients (eg, following
recommendationsfor PA and FV C) has not been fully addressed.
Interventionsthat integrate both internal and external resources
may enhance social cognitions, which in turn can lead to the
adoption of a healthy lifestyle. Thus, mediation analysis might
disclose the underlying mechanisms of such an intervention.
All of this has been researched in the Western Hemisphere
[15,20] but not in the Eastern Hemisphere, and therefore, the
purpose of this study isto fill this gap.

Aim and Hypotheses

Themain research aim of this study wasto examine the efficacy
of an 8-week Web-based intervention compared with awaiting
control group (WCG) to improve PA and FVC in Chinese
rehabilitation patientswith CHD after hospital discharge. Effects
on single health behaviors, healthy lifestyle (the synthesis of
PA and FVC), social-cognitive indicators for PA and FVC
(internal and external resources), and perceived health outcomes
(body mass index [BMI], quality of life, and depression) were
tested (see hypotheses 1 to 3). The second aim of this study was
to examine whether changesin internal resources (combination
of intention, self-efficacy, and planning) and an external
resource (socia support) mediate the effect of the intervention
on changesin lifestyle (hypothesis 4).
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The main intervention effects were hypothesized in terms of
(1) self-reported increase in PA and FVC behavior (single
behavior indicators; hypothesis 1a) and adoption of a healthy
lifestyle (hypothesis 1b); (2) more improvements in indicators
of internal resources (combination of intention, self-efficacy,
and planning) and an indicator of external resources (social
support; hypothesis 2); (3) improvement in health outcomes
(BMI, quality of life, and depression level; hypothesis 3); and
(4) the expectation that those patientswho had increased internal
resources (combination of intention, self-efficacy, and planning)
and an external resource (socia support) because of the
intervention would be more likely to adopt a healthy lifestyle
(mediation effect; hypothesis 4).

Methods

Study Design, Procedure, and Participants

This study was a pilot randomized controlled trial involving 1
intervention group (IG) and 1 WCG. Therewere 2 assessments:
a pretest after randomization and before intervention start or
thewaiting time (T1, n=114) and a posttest at 8 weeks after the
pretest (T2, n=83). The WCG was allowed to accessthe 8-week
Web-based intervention after T2, once the |G had finished the
intervention. All patients were informed about the purpose of
the study with an informed consent form. The study received
ethical approval by the Committee for the Use of Human &
Animal Subjectsin Teaching & Research of Hong Kong Baptist
University (FRG1/12-13/064) and was registered with
ClinicalTrials.gov (NCT01909349; Multimedia Appendix 1
[12)).

Enrollment and follow-up took place from December 2015 to
May 2016. Outpatients with CHD were recruited face-to-face
by the physician of the research team, with the assistance of a
nurse in the cardiac rehabilitation center of a hospital in south
China. Theinclusion criteriawere asfollows. aged between 18
and 75 years, no restriction of physical mobility under the
cardiac function at entry, no restriction of other relevant diseases
such asdiabetesor fruit allergies, sufficient reading and writing
skills in Chinese, internet access via a computer at home, and
mobile access.

Figure 1 showstheflowchart of patientsfrom enrollment in the
study to allocation to the 2 groups (IG and WCG) and posttest
after 8 weeks. A total of 136 patientswith CHD were recruited.
Of these, 16.2% (22/126) were excluded after random all ocation
due to restrictions in terms of PA or FVC (n=11), no internet
access viaacomputer at home (n=4), or because they declined
to participate (n=7). Subsequently, 83.8% (114/136) eligible
patients fulfilled the online registration and provided personal
information within 1 week during the period of hospital
rehabilitation. In total, 60 patients (52.6%) in the IG and 54
patients (47.4%) in the WCG were included. During the last
week before they were discharged from the hospital, patients
in both groups were invited to complete the first online
guestionnaire (pretest; T1). Patientsin the |G were encouraged
to access a Web-based health program viatheir home computer
once aweek during the following 8 weeks, whereas patientsin
the WCG did not receive any treatment. Upon completion of
the 8-week intervention, patients in both groups were invited
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to fill in the second online questionnaire (posttest; T2). The
final longitudinal sample consisted of 83 (72.8%) patients,
including 44 (53%) inthe 1G, and 39 (47%) in the WCG (Figure
1).

All website links for the questionnaire surveysat T1 and T2 as
well asfor the weekly intervention program were delivered via
email. To boost the engagement of patients, short message
service (SMS) text messages were sent as reminders.
Furthermore, the nurse contacted participants via phone calls
once per week before each intervention session and at the 2
measurement points to remind the patients. Moreover, patients
were offered a 60 renminbi (RMB; US $9) telephone recharge
card as an incentive in exchange for their participation in the
study and completion of the 2 data collection waves.

Intervention

The 8-week Web-based intervention started with PA in thefirst
4 weeks, followed by the FVC in the later 4 weeks. This
sequential design fallsinto the previous study results, suggesting
PA might act as gateway behavior [21,22], and PA modules are
the most favored modulesin tailored electronic health (eHealth)
lifestyle promotion [23].

The intervention content was designed based on the HAPA
theory. Accordingly, social-cognitive variables of PA and FVC
were targeted in the intervention (Multimedia Appendix 2). In
particular, the targeted variables were as follows: week 1 and
week 5—risk perception, outcome expectancies, and goal
setting; week 2 and week 6—devel opment of action plans; week
3 and week 7—revision and adjustment of previousaction plans
and development of coping plans, and week 4 and week
8—revision and adjustment of previous coping plans and
development of behavior-specific social support. Self-efficacy
was a fixed intervention variable that was included from week
1 to week 8. Multimedia Appendix 2 indicates intervention
variables and content for each week.

In addition, selected behavior change techniques were addressed
in the intervention to facilitate the implementation and
maintenance of behavior [24]. For example, 2 types of feedback
were provided: patients received individualized feedback on
their self-reported behavior performance 4 weeks ago, 3 weeks
ago, 2 weeks ago, and 1 week ago. Criterion-based feedback
was also presented (eg, accumulated at least 150 min with
moderate intensity of PA per week and 5 portions of FVC per
day). The examples of the feedback can be found in a separate
publication [25]. Moreover, examples of role models were
provided throughout the intervention to support patients to set
goals, develop plans, and increase their self-efficacy.

M easures

All variables were self-reported online at pretest (T1) and
posttest after the 8-week intervention period (T2).

Demographic I nformation

Sociodemographic information such as gender, age, level of
education (low-level: primary school; high-level: high school,
and university or college), and relationship status (single or in
a relationship) was assessed. In addition, self-reported body
height (cm) and weight (kg) were collected at T1 and T2.
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Figure 1. Flowchart of participant progress throughout the study phases. FV C: fruit and vegetable consumption; PA: physical activity.
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Health Behavior (Single Behavior | ndicators)

Thelevel of PA was assessed using an adaption of the Chinese
short version of the International Physical Activity Questionnaire
[26]. Patientsindicated how often per week and how long each
time they performed vigorous PAs (eg, fast bicycling and
intensive swimming) and moderate physical activities (eg,
carrying light loads and bicycling at aregular pace) during the
last week. The total PA score (in min/week) for each patient
was obtained by summing up all questions.

FV C during the past 7 days was assessed with 4 items, including
raw vegetables, fruits, fruit or vegetable juice, and cooked or
steamed vegetables [27]. For each item, patients were asked to
count the number of portions or glasses of liquid, fruit, and
vegetables they consumed on average per day (11 options such
as 0,05 1,15, 2, 25..., 5, or above). The total consumed
portion was the sum of each item.

Combined Healthy Lifestyle I ndicator

To combine the 2 behaviors, PA and FVC behaviors were
categorized according to whether or not the patients met the
health recommendations [20]. After exploring the usefulness
of different criteria, the thresholds of 150 min of PA with
moderate intensity per week and 5 portions of fruit and
vegetables were chosen. Both criteria were validated and have
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been shown to be effective in improving health [28,29]. At T1,
60% of patients (50/83 eligible patients participating in T1 and
T2) did not perform 150 or more min of PA with moderate
intensity per week. Moreover, 71% (59/83) of patients did not
eat 5 or more portions of fruit and vegetables per day. When
both behaviors were combined, 84% (70/83) participants met
only 1 or none of these 2 behavioral criteria and were
categorized ashaving an unhealthy lifestyleat T1. Overall, 15%
(13/83) of the patients met both behavior recommendations and
were categorized as having a healthy lifestyle.

At T2, 50% of patients (42/83 eligible patients participating in
T1 and T2) did not perform 150 or more min of PA with
moderateintensity per week. In addition, 60% (50/83) of patients
did not eat 5 or more portions of fruit and vegetables per day.
When both behaviors were combined, 73% (61/83) of
participants met only 1 or none of these 2 behaviora criteria
and were categorized as having an unhealthy lifestyleat T1. In
total, 26% (22/83) of patients met both behavior
recommendations and were categorized as having a healthy
lifestyle.
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Social-Cognitive I ndicators as Internal Resources of
Behavior Change

Intention

Intention concerning PA was measured with the stem “On 5
days a week for 30 min, | have the intention to perform...”
followed by 3 items such as “...strenuous sports activities,”
“...moderate PA,” and “...mild PA, like walking” (Cronbach
alpha=.40) [30]. Intention concerning FV C was assessed by the
stem “I intend to...” followed by 3 itemssuch as*...eat at least
5 servings of fruits and vegetables each day,” “...eat fruit and
vegetables at every meal,” and “drink at least one fruit or
vegetable juice every day” (Cronbach apha=.51) [30]. The
answers were indicated on a 4-point scale ranging from 1 “not
true” to 4 “exactly true.”

Self-Efficacy

Self-efficacy for PA was assessed with 5 items such as “I am
certain that | can permanently be physically active for at least
5 days aweek for 30 minutes each day” (Cronbach alpha=.89)
[31]. Self-efficacy for FVC was assessed by 5 items such as“|
am certain that | can eat 5 portions of fruits and vegetables a
day, even if it is sometimes difficult” (Cronbach alpha=.95)
[32]. The answers were given on a 5-point scale ranging from
1“don’t agree at all” to 5 “totally agree”

Planning

The planning indicator was categorized into action planning
and coping planning. Action planning was assessed by the stem
“For the next month | have carefully planned...” followed by 3
items for PA such as “...which PA | will pursue’ (Cronbach
alpha=.94) or followed by 3 items for FVC such as “...what |
will eat” (Cronbach alpha=.91) [32,33]. Coping plans were
measured by the stem “For the next month | have carefully
planned...” followed by 3 items for PA such as“...What | can
do in difficult situations to stick to my intentions’ (Cronbach
alpha=.90) or followed by 3 items for FVC such as “...How |
can eat hedthy, even if something happened” (Cronbach
alpha=.92) [32,33]. The answers were given on a 5-point scale
ranging from 1 “strongly disagree” to 5 “strongly agree.”

Social-Cognitive I ndicator as External Resources of
Behavior Change

Social Support

This indicator was measured with 3 items for PA (Cronbach
alpha=.72) and with 3 items for FVC (Cronbach alpha=.87)
such as “My partner helps me/my family helps me/my friends
and acquaintances help me to stay physicaly active” or “My
partner helps me/my family helps me/my friends and
acquaintance help me to eat healthy.” Answers were given on
a 4-point scale ranging from 1 “totally disagree” to 4 “totally
agree” [34].

Health Outcomes

Body Mass | ndex
BMI was calculated using the formula“ BMI=weight (kg)/height

(m?).” Body weight and body height were reported by the study
participants.
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Quality of Life

This indicator was measured using the Hong Kong version of
the World Health Organization’s Quality of Life questionnaire
(Brief version) [35]. Respondents were first asked about their
general quality of life by the item “How would you rate your
quality of life?’ Study participants were assessed with a5-point
scale ranging from 1 “very poor” to 5 “very good” and by 7
items on physical health subdomains. Such subdomains were
“How satisfied are you with your ability to perform your daily
living activities?” Response categories used a 5-point scale
ranging from 1 “very dissatisfied” to 7 “very satisfied”
(Cronbach apha=.87).

Depression

Level of depression was measured using the Chinese trand ated
Center for Epidemiological Studies-Depression (CES-D) scale.
Respondents were asked with the stem “In the past week how
often | feel...” followed by 20 items such as“...I was bothered
by thingsthat usually don't bother me.” Respondentswere asked
toindicatethe frequency of symptomson a4-point scale (O=less
than a day, 1=1 to 2 days, 2=3 to 4 days, 3=5 to 7 days).
Positively formulated items were reversed. The total score
consisted of the sum of all 20 items and ranged from O to 60
(Cronbach apha=.88). A CES-D score =16 indicated the
likelihood of aclinically significant depression [36].

All questionnaires above stem from validated and well-tested
measurement tools in the Chinese version used in previous
studies [25,26,35,36]. In addition, pretests were conducted to
ensure the usability and technical functionality of the electronic
versions of the questionnaires before the main study.

Data Analysis

All data analyses were performed using IBM SPSS 24.0. The
analyses of dropout and comparison of participant characteristics
at T1 were conducted with independent sample t tests and
chi-square tests. The 5% level (2-tailed) was used as the
statistical significance cutoff point.

Intervention effects on PA and FV C behaviors (hypothesis 1a)
were tested with repeated-measures analysis of variance
(ANOVA). Hypothesis 1b on the combined healthy lifestyle
indicator was tested using chi-square and logistic regression
analysis (determining oddsratio, OR). In addition, intervention
effects on socia-cognitive variables (indicators of internal
resources and externa resources; hypothesis 2) and health
outcomes (BMI, quality of life, and depression level; hypothesis
3) were evaluated by conducting a series of repeated-measures
analyses of covariance (ANCOVA) with baseline behavior as
the covariate. The 2 factors for both ANOVAs and ANCOVAS
were time (T1 and T2) as the within-participants factor and
treatment (IG vs WCG) as the between-participants factor.
Hypothesis 4 on the multiple mediation models was performed
using an SPSS macro [37]. Before the mediation analysis, the
diagnostics of multicollinearity were performed. Thecriteriaof
serious multicollinearity problem include high correlation
(r>.85), low tolerance (<0.01), high variance inflation factor
(VIF>10), low eigenvalue (approach zero), and large condition
index (>30) among mediators[38]. Residualized change scores
were used, and 95% Cls of the standardized effects of the
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intervention were estimated by applying the bootstrap approach
(5000 bootstrap samples).

Results were reported based on those cardiac patients who
participated in both measurement points. As less than 5% of
items were missing and belonged to arandomized distribution,
the expectation-maximization method was adopted to impute
the missing data within each measurement point in time [39].

Results

Sample Characteristics and Randomization Check

There were 114 cardiac patients who participated in data
collectionat T1 (1G=60, WCG=54), and 83 of them completed
data collection at T2 (1G=44, WCG=39). The dropout rate of
participantswas 27.2% (31/114) from T1 to T2. For participants
inthe |G, 44 (T2) out of 60 (T1) patients (73%) adhered to the
whole 8-week intervention program. The 83 final patient sample
included more females (57%, 48/83) than males, aged from 20
to 75 years (mean=49.18 years, SD=13.96). The mgjority of
patientswerein arelationship (94%, 78/83). Most patients had
a high education level (89%, 74/83). The average BMI of
patients was 23.65 (SD 2.89, range 16.71-31.25).

Participants at T1 and T2 did not significantly differ from
dropoutsat T2 regarding the gender (x21=2.3, P=.13), education
level (x%,=1.6, P=.20), relationship status (x*=0.3, P=.56), age
(t11,=—0.77, P=.44), amount of PA at T1 (t;5o=—1.78, P=.08),
and FVC at T1 (t;5=—0.88, P=.38).

Results also indicated that there were no significant differences
across the 2 groups at T1 with respect to single behaviors of
PA and FVC, interna resources for PA and FV C (combination
of intention, self-efficacy, and planning), an external resource
for PA and FV C (socia support), age, or health outcomes (BMl,
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quality of life, and depression; al P=.11 to .86). In addition,
there were no significant differences between the 2 groups on

gender (x%=0.4, P=.54), education level (x%=0.8, P=.49),
relationship status (x%=0.02, P=.90), and combined health

lifestyle indicator (combination of both behaviors; x2,=0.5,
P=.50).

Evaluation of Timeand Treatment on Single-Behavior
Indicators aswell as Social-Cognitive I ndicator s of
Behavior Change

Table 1 presents the evaluation result of the time, treatment,
and time x treatment effect. Out of 6 interaction effects, 5 were
statistically significant, with an effect size of n’ranging from
0.06 to 0.43. The mean values of PA, FVC, internal resources
of PA, internal resources of FVC, and socia support of FVC
between 2 groups over time are presented in Figure 2.

Although there was no significant interaction effect on social
support for PA (P=.08), the mean value of social support for
PA (seeFigure 2, panel C) indicated that there was adescriptive
difference between the 2 groups, which was clearly in favor of
thelG.

Evaluation of Time and Electronic Health Treatment
on Combined Healthy Lifestyle Indicators

Asthe purpose of theintervention was not only to change single
behaviors but also to improve patients' lifestyle including both
PA and FV C behaviors, changein the combined health indicator
was evaluated. According to their PA and FVC behaviors,
patients were categorized into groups based on whether or not
they met the recommended criteria. The frequencies and
percentage of a healthy and an unhealthy lifestyle at T2
depending on T1 lifestyle and treatment are presented in Table
2.

Table 1. Intervention efficacy evaluated in terms of changes over time assessed in a 2-factorial repeated measures analysis of variance.

Variables Time Treatment Baseline behavior Interaction time x treatment
Ftet(df) n° Pvadue Ftest(d) n? Pvaue Ftest(d) n? Pvaue Ftest(d) n? Pvaue
Physical activity (minutes/week)

Behavior? 2.88(1,81) .03 .09 133(1,81) .02 .25 N/AP N/A  N/A 9.25(1,81) .10 .003
Internal resources  14:13(1,80) .15 <001  11.17 12 001 1366 15 <001 130(1,80) .14 .001
(1,80) (1,80)

External resource  3.26(1,80) .04 .08 251(1,80) .03 .12 0.19(1,80) <01 .66 3.08(1,80) .04 .08

(social support)
Fruit and vegetable consumption (portions/day)
Behavior 23.69 23 <001 727 .08 .009 N/A N/A  N/A 59.01 43 <.001
(1,80) (1,80)
Internal resources  11.06 12 .001 9.21(1,79) .10 .003 10.21 11 .002 24.96 24 <001
(1,79 (1,79 (1,79
External resource 159(1,79) .02 .21 1.05(1,79) .01 .30 046 (1,79) <01 .31 461(1,790 .06 .04

(social support)

8Behavior indicators: moderate-vigorous physical activity or fruit and vegetable consumption.

BN/A: not applicable.
CInternal resources: intention, self-efficacy, and planning.
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Figure 2. Mean values for intervention group (solid line) and waiting control group (dotted line) at T1 and T2. (A) Performed physical activity (PA)
(minutes/week). (B) Internal resources for PA (combination of intention, self-efficacy, and planning). (C) External resources for PA (social-support).
(D) Fruit and vegetable consumption (FVC) behaviour (portions/day). (E) Internal resources for FVC (combination of intention, self-efficacy, and

planning). (F) External resources for FVC (social-support).

Internal Resources for PA
3.900

Performed PA (minutes / week)

215.000 as.2z7

200.000

185.000

170.000

157.436
155.000

140,000 =
143.386 ~® 136,180

125.000

External Resource for PA

3.100
3.07%

2350

2.650 -

Time1 Time2 Time1 Time2 Time1 Time2
(A) (B) (C)
FVC Behavior (portions / day) Internal Resources for FVC External Resource for FVC
5.500 - 3.500 3.300 4
3.368 3,208
5.000 - 3.300
3.150
4,500 3.100 -
4.000 3.855 2.900 283
2,902 —
3.500 - . e 2447 2.700 2735 @ mm s ® 2.708 2850 4 v 2
3.000 2.500 2700 +
Time1 Time2 Time1 Time2 Time1 Time2
(DY (E) (F)
Table 2. Performance of a healthy and an unhealthy lifestyle at T2 based on lifestyle and treatment at T1.
Lifestyleat T1 and treatment Lifestyle T22 n (%) Total, N
Unhealthy T2 Healthy T2
Unhealthy T1
I ntervention group 26 (72) 10 (28) 36
Control group 33(97) 1(3) 34
Healthy T1
I ntervention group 0(0) 8 (100) 8
Control group 2 (40) 3 (60) 5
Unhealthy and Healthy T1
I ntervention group 26 (59) 18 (41) 44
Control group 35 (90) 4(10) 39
Total 61 (74) 22 (27) 83

8 ifestyle T1 or T2=1 indicates meeting both behavior recommendations (conducting =150 min of moderate-vigorous physical activity per week and
adopting =5 portions of fruit and vegetables per day); lifestyle T1 or T2=0 indicates not meeting both behavior recommendations (conducting =150 min
of physical activity per week and adopting =5 portions of fruit and vegetables per day).

Descriptively, among those with an unhealthy lifestyle at T1,
the |G outperformed the WCG in performing healthy lifestyle
behavior (ie, 24.9% more). For those with a healthy lifestyle at
T1, 100% (8/8) of patientsinthe G still maintained their healthy
lifestyle throughout treatment, compared with only 60% of
patientsin WCG. If al patientswere considered together, it was
found that 40% (18/44) of patientsin the |G adopted a healthy
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lifestyle through treatment compared with only 10% of (4/39)
patients in the WCG. However, due to the small sample size,
the differences could not be statistically tested.

To further explore which variables predict healthy lifestyle
behavior at T2, logistic regression analyses were employed with
3 models (Table 3). First, gender and age (all at T1) were used
aspredictorsfor the adoption of ahealthy lifestyleat T2. Neither
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of these 2 variables, however, was asignificant predictor (P=.30
to .47). Lifestyle at T1 was then added as a predictor in model
2, which exhibited asignificant correlation to ahealthy lifestyle
at T2: patients who had a healthy lifestyle at T1 were about
47.51 times more likely to also adopt or maintain a healthy
lifestyle at T2 (Table 3). Furthermore, the treatment was
included asapredictor in model 3, which was also asignificant
predictor for a healthy lifestyle at T2 (P <.006; Table 3). In
other words, those patients receiving the intervention were about
21.32 timesmorelikely to practice or maintain ahealthy lifestyle
in comparison with patients in the control group. With model
3, lifestyle at T1 and treatment could attribute to 37% of the
variance of a healthy lifestyle at T2.

Evaluation of Time and Electronic Health Treatment
on Health Outcomes

Analyses of the time and treatment effect on health outcomes
in terms of BMI, quality of life, and depression level were
performed. A significant difference was yielded for the
interaction factor (time x treatment) on quality of life

(F170=16.36, P<.001, n%=.17). Regarding the BMI and
depression level, however, theinteraction of time and treatment
were not significant, respectively (F, 76=3.35, P=.07, n%=.04;
F, g0=0.001, P=.98, n°<.001). The mean valuesfor BMI, quality
of life, and depression at T1 and T2 are displayed in Figure 3.

Table 3. Predicting lifestyleat T2.

Duanet d

Testing M echanism of How the Electronic Health
Treatment Facilitated a Healthy Lifestyle

Finally, amultiple mediator analysis tested whether the effects
of the intervention on lifestyle change could be explained by
changes in internal and external resources (Figure 4). The
multicollinearity diagnosticsindicated that there was no serious
multicollinearity problem among mediators (r=0.26-0.55,
tolerance=0.48-0.60, VIF=1.66-2.07, eigenvaue=0.25-2.43,
and condition index=1.00-3.11). Residualized change scores
obtained by regression T2 scores on T1 scores were chosen for
the proposed mediators (Figure 4). Group assignment predicted
changesin all socia-cognitive variables, in particular, ininternal
resources for PA (beta=.44, SE .81; P<.001), external resource
for PA (beta=.25, SE .94; P=.02), interna resources for FVC
(beta=.57, SE .68; P<.001, shown in bold in Figure 4), and
external resourcefor FVC (beta=.28, SE .92; P=.009). Lifestyle
change, as operationalized by meeting the recommendation
toward PA and FVC, was predicted by changes in internal
resourcesfor FVC (beta=.54, SE .13; P<.001, showninboldin
Figure 4) and by no other variables. After controlling for
changesin these predictor variables, the relation between group
assignment and behavior change was no longer significant
(beta=.26, SE .23; P=.27; without controlling: beta=.74, SE .21,
P<.001), which indicates that internal resources for FVC was
afull mediator of the intervention effectiveness. The multiple

mediator model accounted for 33% of the variance (Rzadj:,zg;
P=.001) in lifestyle.

Variable Model 1 Model 2 Model 3

OR (95% ClI) P value OR (95% ClI) P value OR (95% ClI) P value
Constant 0.71 N/AZ 0.05 N/A 0.002 N/A
Gender 1.46 (0.53-4.04) A7 2.60 (0.65-10.29) 18 2.89 (0.65-12.79) 16
Age 0.98 (0.95-1.02) 30 1.01 (0.97-1.06) 56 1.03 (0.98-1.08) .30
Lifestylein T1° N/A 47.51 (6.97-324.02) <.001 145.60 (11.24-1886)  <.001
Treatment® N/A N/A 21.32 (2.40-189.20) .006
R? .02 <.05 .27 <.001 .39 <.001
AR? N/A N/A .25 <.001 A2 <.001

3N/A: not applicable.

bLifestyle T1 or T2=1 indicates meeting both behavior recommendations (conducting =150 min of physical activity/week and adopting =5 portions of
fruit and vegetables/day); lifestyle T1 or T2=0 indicates not meeting both behavior recommendations (conducting =150 min of moderate-vigorous

physical activity/week and adopting =5 portions of fruit and vegetables/day).

“Treatment: 0 indicates waiting control condition; 1 indicates intervention condition.
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Figure 3. Mean vaues of health outcomes (Body mass index, quality of life, and depression) for intervention group (solid line) and waiting control

group (dotted line) at T1 and T2. (A) Body massindex. (B) Quality of life.
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asterisk.

(C) Depression.

Depression
1.200

1.150

TT-w 115
1.100 -

1.050

Looo

0.950

Time2 Time1 Time2

(B) [{e]

Significant changes are indicted by an

Internal Resources for Physical Activity
(Intention, Self-efficacy, and Planning)

Internal Resources for Fruit-vegetable
Consumption (Intention, Self-efficacy, and
Planning)

/ R=33

Intervention

External Resource for Physical Activity
(Social support)

Healthy Lifestyle

I

28%

External Resource for Fruit-vegetable
Consumption (Social support)

(74%)

.26

Discussion

Principal Findings

The aim of this study was to gain insights into an 8-week
Web-based health promotion intervention for Chinese cardiac
rehabilitation patients after discharge from hospital. The
majority of the research hypotheses were supported.

The main expected intervention effects on single behavior and
combined lifestyle were identified. Compared with patientsin
the control group, patients in the | G reported significantly less
decrease of PA and FVV C over time (hypothesis 18). Thefindings
on multiple behavior change are in line with previous studies,
which showed effects on both behaviors for patients with
metabolic syndrome [40,41].

http://www.jmir.org/2018/11/€12052/
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Furthermore, testing the effect of the intervention on lifestyle
indicated that more patientsin the |G than in the control group
improved their lifestyle by meeting the recommendations for
PA and FVC, with a 21 times higher likelihood to practice or
maintain a healthy lifestyle in comparison with patients in the
control group, after controlling for baseline behavior (hypothesis
1b). In addition, patients who already had a healthy lifestyle at
baseline were 47 times more likely to engage in a healthy
lifestyle than patients in the control group, after controlling for
gender and age, which were both insignificant. The effect of
baseline behavior matches previous findings. For instance, this
wasfound in another study targeting employees at theworkplace
[20] and in rehabilitation settingsin North Americaand Europe
[15,33,42]. The findings of this study performed in China
support the merits of a\Web-based extended program for cardiac
rehabilitation patients to improve their lifestyle and thus
comparably improve their health, for the Western and the
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Eastern Hemisphere. Taking the different findings together,
hypothesis 1a and hypothesis 1b were confirmed.

The hypothesized intervention effects on internal (combination
of intention, self-efficacy, and planning) and external (social
support) resources of behaviors were also identified—a3 out of
4 social-cognitive test variables were found to be significant.
The Web-based intervention increased the internal resourcesin
the PA domain; it was even able to improve nutrition-related
internal and external resources compared with the control group.
The majority of hypothesis 2 was confirmed.

When testing the hypothesis on theintervention effects on health
outcome, we found patients in the |G were more successful in
improving their quality of life, which is coherent with the |atest
literature using asimilar intervention program among university
students [25]. However, the significant time x treatment
interaction was not detected for BMI, athough differential
intervention effects surfaced on a descriptive level. In a
systematic review on interactive computer-based interventions
for weight loss or weight maintenance in overweight or obese
people, it was indicated that treatment duration of such
interventions significantly leading to weight loss is 6 months
[42]. Likewise, the reduction of BMI through Web-based
interventionsin cardiac patients also needs long-term treatment
duration in the future. In addition, we did not find the expected
intervention effect on depression. The possible cause might be
that the high percentage of cardiac rehabilitation patients (68%,
56/82) who reported their depression score at the start of the
study was equal or higher than 16, which reflects the critical
mental status of many patients. To reduce depression levelsin
cardiac patients, long-term and combined provision of guidance,
information, stress management, and relaxation skills
incorporated into the intervention would need to be devel oped
in the future. This suggestion is also supported by another
intervention study in rehabilitation patients with myocardial
infarction [43]. Overal, hypothesis 3 was confirmed with
one-third of the tested variables.

The hypothesized changesin internal and external resources of
behavior change (combination of intention, self-efficacy, and
planning; social support) were found inthe majority of the tested
variables in the mediation analysis. In addition, based on the
sequential intervention modein thisstudy (first 4 weeksfor PA,
followed by latter 4 weeks for FVC), the gateway effect of the
PA mechanism on nutrition was confirmed with the increasing

close relationship from PA to nutrition on internal (R*from .44

to .57) and external (Rfrom .25 to .28) resources, which was
also found before [23,44]. However, internal resource for FVC
was the only facilitator of the intervention effectiveness. In
particular, in the mediation model, it was found that patientsin
the IG who gained more internal resources on nutrition (eg,
increased intention, higher self-efficacy, and more specific
planning; Figure 2, panel E) were more likely to adopt or
maintain a healthy lifestyle (Figure 4). Thus, it isimportant to

http://www.jmir.org/2018/11/€12052/
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empower the motivation to change, aswell asthe self-regulation
ability of cardiac rehabilitation patients regarding nutrition
behavior. This can boost patientsto eat healthier and to maintain
or adopt PA. Referring back to hypothesis 4, the data support
the assumption of a mediator. However, only the interna
resource of FVC was revealed to be amediator but no internal
resources of PA or external resource of PA and FVC. Thus,
hypothesis 4 was only partially supported.

Limitations

Thisstudy is subject to somelimitations. First, asit wasasmall
study, it provides only alimited sample size and power. Thus,
the statistical analysis of chi-sguare could not be computed due
to the small cell distributions. Second, all variables used in the
study were self-report measures. Therefore, the inclusion of
objective measures such as accel erometers, wearable cameras,
or height and weight measurementsisdesirablein future studies.
Third, physical health outcomesin the study only included BMI,
whichistoo simpleto reflect the comprehensive health situation
of cardiac patients. More clinical health indicators such asblood
pressure, total cholesterol, low-density lipoprotein cholesteral,
high-density lipoprotein cholesterol, triglycerides, peak VO,,
VO,@AT, and HR@AT should be added in the future. Fourth,
only short-term effects were investigated. Long-term effects
should be addressed in depth in the future with such an eHealth
intervention. Fifth, patients received monetary incentives in
exchange for their participation in the study, which might lead
to a bias when evaluating the treatment effects. Moreover, the
study could only include patients with accessto acomputer and
the internet; therefore, the results cannot be generalized to
patientswithout such access. Finaly, although previoudly tested
interventions in the Western Hemisphere [15,20] were tested
with this study in the Eastern Hemisphere, no direct comparative
study was conducted. It can only be concluded in this study that
the intervention was as effective in Eastern Hemisphere as in
Western Hemisphere. Future study should be warranted to test
the same intervention in a comparative study to tease out
differencesin a systematic way.

Conclusions

To conclude, the study demonstrated the potential of a
Web-based multiple hedlth behavior intervention among Chinese
rehabilitation patients with CHD. The majority of study
hypotheses were supported. Such an intervention enriches the
extended rehabilitation approaches for cardiac patients to be
activeand remain healthy in daily lifewhen they are discharged
from the hospital. The mechanism of exploration indicates that
internal psychological resource (eg, high intention and good
self-regulation capability) is a central variable and should
especialy be considered in cardiac patient health promotion.
In addition, gateway or transfer effects, from 1 behavior to
another, should be addressed in depth to explore synergetic
effects.
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Abstract

Background: The reported efficacy of telemedicine in patients with inflammatory bowel disease (IBD) is inconsistent among
studies, and data for complex IBD are lacking.

Objective: We aimed to evaluate the impact of remote monitoring using a Web system—Telemonitorizacion de la Enfermedad
de Crohn y Colitis Ulcerosa or Telemonitoring of Crohn’s Disease and Ulcerative Colitis (TECCU)—as compared to standard
care and telephone care on health outcomes and health care in patients with complex IBD.

Methods: We performed a 3-arm randomized controlled trial. Adult patients with IBD who received immunosuppressants and
biological agents were recruited from the IBD Unit of atertiary university hospital. The patients were randomized into groups
to receive remote monitoring (G_TECCU), nurse-assisted telephone care (G_NT), or standard care with in-person visits (G_control).
All patients completed the study visits at baseline and at 12 and 24 weeks in addition to each type of intervention. The primary
outcome was the percentage of patients in remission at 24 weeks. Secondary health outcomes were quality of life, medication
adherence, adverse effects, satisfaction, and socia activities. Dataon the number of outpatient visits and tel ephone calls, emergency
visits, hospitalizations, IBD-related surgeries, and corticosteroid courses were also collected.

Results: A total of 63 patientswere selected (21 patientsin each group). During the study, 90.5% (19/21) of patientsin G_control,
95.2% (20/21) in G_NT, and 85.7% (18/21) in G_TECCU were compliant to the intervention. After 24 weeks, the percentage of
patients in remission was higher in G_TECCU (17/21, 81%) than in G_NT (14/21, 66.7%) and G_control (15/21, 71.4%). A
higher improvement in disease activity was observed in G_TECCU than in G_control in terms of the Harvey-Bradshaw/Mayo
(odds ratio=0.12, 95% CI=0.003-2.162, P=.19) and Harvey-Bradshaw/Walmsley (odds ratio=0.11, 95% CI=0.004-1.55, P=.13)
indexes. Improvement in disease activity was associated with alarger reductioninfecal calprotectin valuesin G_TECCU compared
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to G_control (estimated intervention effect: oddsratio=—0.90; 95% Cl=-1.96 t0 0.16, P=.11). All completers adhered to treatment
in G_TECCU. In addition, the quality of life, social activities, and satisfaction improved in all 3 groups. Although the number
of outpatient visits and telephone calls was lower in G_TECCU than in G_NT and G_control, the safety profile was similar in
all 3 groups.

Conclusions. Thispilot clinical trial suggeststhat the TECCU Web-based system isa safe strategy for improving health outcomes
in patients with complex IBD and reducing the use of health care resources.

Trial Registration: ClinicalTrials.gov NCT02943538; https://clinicaltrial s.gov/ct2/show/NCT02943538 (Archived by WebCite
at http://www.webcitation.org/746CRRtDN).

(J Med Internet Res 2018;20(11):€11602) doi:10.2196/11602

KEYWORDS
Crohn disease; e-health; inflammatory bowel disease; information and communication technology; telemedicine; ulcerative colitis

Introduction

Inflammatory bowel disease (IBD), comprising ulcerative colitis
(UC) and Crohn disease (CD), is a chronic relapsing disorder
characterized by inflammation of the gastrointestinal tract. Its
natural progression includes flares and periods of remission,
and I1BD requires continuous and personalized follow-up to
ensure long-term remission. Patients with IBD use health care
resources significantly more often than patients with other
conditions [1]. Importantly, 30%-45% of adult patients with
IBD are nonadherent to treatment [2], which increases the
probability of relapse by 4-fold and consequently increases the
health care costs [3]. The high percentage of nonadherence is
associated with behavioral and psychological factors and the
physician-patient relationship [2]. In addition, IBD isrelated to
high levels of school absenteeism and work disability [4],
interference with social activities, and impairment of
health-related quality of life (HRQoL) [5]. Therefore, IBD has
asignificant medical, social, and financial impact.

To addressthese difficulties, telemedicine usesinformation and
communication technologies (ICTs) to provide health care
services remotely. Despite the heterogeneous nature and
progress of IBD, ICTs alow tailored follow-up with better
communication between physicians and patients [6-8] and
provide educational resources that promote patient
empowerment [6] and optimize treatment [9,10]. ICTs were
initially used to support the management of other chronic
diseases such as congestive heart failure [ 11], diabetes mellitus
[12], and chronic obstructive pulmonary disease [13] and
showed excellent acceptance by patients and improvement in
HRQoL . Owing to these positive results, telemedicine systems
have been evaluated in patients with IBD [14,15].

A ground-breaking evaluation of telemedicine in patients with
IBD by Cross et al. [16], who designed the Home Automated
Telemanagement system, was acceptable, increased patients
knowledge about their disease, and facilitated greater
self-control of IBD symptoms [17]. However, in arandomized
controlled trial of 47 patientswith UC in remission or with mild
UC activity, no significant differences were noted in disease
activity, HRQoL, or medication adherence between patients
who followed the telemedicine system and those who received
usua care at 12 months [18]. These results were partially
explained by a higher discontinuation rate in the Home

http://www.jmir.org/2018/11/e11602/

Automated Telemanagement group due to the platform design.
To avoid similar problems, the authors subsequently designed
a mobile phone-based Web program to determine the impact
of telemedicine on health outcomes [19]. Web programs and
mHealth interventions are increasingly used to provide
information and health care at adistance. Unlike other telehealth
systems, Web-based apps do not require home installation and
areless expensive. Web-based systems adapted to IBD are safe
and feasible for adults and adolescents [20-22], improve
medication adherence, and reduce the duration of relapses [6].
A recent multicenter, randomized controlled trial including
more than 900 patients with different subtypes of IBD showed
that compared with standard care, empowerment through these
systems reduces outpatient visits and hospital admissions, with
potential cost savings[8]. Web-based systems are currently the
most useful platforms, and their application allows devel opment
of distance care projects aimed at providing access to health
care in remote areas [23,24]. These models promote
collaboration and knowledge exchange between specialists,
potentialy reducing variability in clinical practice, and could
modify the future structure of health systems if they prove to
be cost-effective. However, the effect of telemedicine systems
on disease outcomes is inconsistent and varies across studies
according to the population and health care system in which
they are applied [6,8,18,20,22]. Moreover, no specific studies
have thus far focused on the impact of telemedicinein patients
with complex I1BD.

Our research group designed a Web-based telemanagement
system known as Telemonitorizacion de la Enfermedad de
Crohny Colitis Ulcerosa or Telemonitoring of Crohn’s Disease
and Ulcerative Colitis (TECCU) for remote monitoring of
patients with moderate-to-severe IBD activity or who initiate
treatment with corticosteroids, immunosuppressants, and
biological agents. We performed a randomized controlled trial
to assess the safety of care provided through this system and its
impact on disease activity, HRQoL, medication adherence,
satisfaction, work productivity, social activities, and use of
health care resources and compared these outcomes with those
of nurse-assisted telephone care and standard face-to-face visits.
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Methods

Study Design

A 3-arm, paralel-group, randomized controlled trial was
performed to compare the impact of the Web-based
telemanagement system TECCU, nurse-assisted telephone care,
and standard face-to-face visits on health outcomes and
outpatient visits in patients with complex I1BD. Neither the
patients nor the researchers were masked to the intervention,
but the resultswere analyzed by an independent stati stician who
was blinded to group identification.

Ethical Considerations

The study protocol was reviewed and approved by the local
independent ethics committee of La Fe University and
Polytechnic Hospital, Valencia, Spain; the regional independent
ethics committee (Comité Etico Autonémico de Estudios
Clinicos de Medicamentos y Productos Sanitarios de la
Comunitat Valenciana); and the Spanish Agency of Medicines
and Medical Devices (Agencia Espafiola de Medicamentos y
Productos Sanitarios). According to the physiciansinvolved in
the study, the risks did not outweigh the potential benefits, and
each participant provided informed consent without coercion
before inclusion in the study. The trial is registered at
Clinical Trials.gov with the identifier NCT02943538.

Patient Selection

Patientswererecruited from the IBD Unit of atertiary university
hospital. All participants were diagnosed with IBD at least 6
months previoudly and according to theinternationally accepted
criteria[25,26].

Inclusion and Exclusion Criteria

Theinclusion criteriawere age > 18 years; initiation of therapy
with corticosteroids, immunosuppressants, and biological agents
due to disease activity; and provision of written informed
consent to participate in the study. The exclusion criteriawere
inability to speak and read Spanish; inability to manage amabile
phone or tablet or the Internet or not having a telephone line;
participation in other clinical trials during theinclusion period;
uncontrolled medical or psychiatric disease; presence of
ileorectal or ileal pouch-anal anastomosis; receipt of definitive
ileostomy; perianal disease; and pregnancy.

Recruitment

Thisproject wasfunded in 2012, and the platform wasinstalled
and configured in 2013-2014. Enrollment was started in October
2014 and ended in June 2016. Thefollow-up ended in December
2016. Patientswereincluded consecutively from the Outpatient
Clinic of the IBD Unit or the Gastroenterology Department if
they were admitted for a flareup of IBD. During the visit, the
inclusion and exclusion criteria were verified, and the patient
was informed about the study through the patient-information
sheet. If the patient agreed to participate, he or she signed the
informed consent document.

Randomization

Eligible patientswere randomized to 1 of the 3 groupsto receive
remote monitoring (G_TECCU), nurse-assi sted telephone care
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(G_NT), or standard care with in-person visits (G_control) in
al:1:1 ratio by using a block randomization method through a
Web-based tool [27] in order to generate a random-allocation
sequence and ensure allocation concealment. Once a humber
was assigned, it could not be reassigned, and members of the
research team who were in contact with patients did not have
access to the randomization tables or lists.

Study Outcomes

Participants completed study visits at the baseline, 12 weeks,
and 24 weeks, in addition to routine visits scheduled for their
clinica care. The variables measured at baseline were
sociodemographic variables, disease profile and activity,
HRQoL, adverse events, medication adherence, and patient
satisfaction.

Primary Outcome

The primary objective of the study was to determine the
percentage of patients in clinical remission at 24 weeks.
Remission was evaluated using the modified Harvey-Bradshaw
index (HBI) for patients with CD [28]. For patients with UC,
we used the Simple Clinical Colitis Activity Index (SCCAI,
also known as the Walmdley index) [29] for remote checkups
together with the partial Mayo score for face-to-face visits[30].

Patients with CD and an HBI < 5 were considered to be in
clinical remission, whereas patients with scores of 5-7, 8-16,
or >16 were considered to have mild, moderate, or severe
activity, respectively [28]. For remote checkupsin patientswith
UC, clinical remission was defined as a Walmsley score < 2,
whereas mild-to-moderate and severe activities were defined
as scores of 3-5 and >5, respectively [31]. In the face-to-face
visits, clinical remission was defined as a partial Mayo score <
2 and no individual Mayo subscore > 1; scores of 2-5, 6-8, and
9 were defined as mild, moderate, and severe disease activity,
respectively [30].

Laboratory parameters were measured at baseline and each
subsequent visit according to individual patient’s schedule and
included a complete blood analysis with nutritional profile and
C-reactive protein level (mg/L). Feca calprotectin (FC, pg/g)
was assessed at basdline, 12 weeks, and 24 weeks after inclusion.
Changesin the medication were made on the basis of theresults
obtained, in association with clinical activity indexes, and were
prescribed according to specific intervention plans adapted to
the severity of each aert.

Secondary Outcomes

The HRQoL of patients at inclusion and at week 24 was
evaluated using the specific questionnaire Inflammatory Bowel
Disease Questionnaire 9 (IBDQ-9) and the generic questionnaire
EuroQol-5D (EQ-5D). IBDQ-9 is a validated questionnaire
comprising 9 items distributed in 4 dimensions. bowel
symptoms, systemic symptoms, emotional function, and social
function. It correlated very well with the Spanish version of the
36-item IBDQ [32]. Each item is scored on a 7-point Likert
scale, with an overall score ranging from 7 (Ilowest QoL ) to 63
(highest QoL) points, and calculated over 100 points. EQ-5D
is a generic questionnaire that has been used for patients with
various chronic diseases such as IBD and was previously
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validated in Spain [33]. Thisinstrument providesaglobal value
for HRQoL, with 5 questionsrelated to 5 dimensions: mobility,
selfcare, usual activities, pain or discomfort, and anxiety or
depression. Additionally, avisual analog scale (VAS) wasused.
Each question was scored with 1, 2, or 3 points, depending on
whether impairment in the dimensi on assessed was nonexi stent,
moderate, or extreme, respectively; subsequently, the results
were converted for each dimension according to the specific
coefficients calculated for the Spanish population [34]. The
maximum score of 1 represents the best health status, a score
of O represents a health state considered equivalent to death,
and negative index scores represent health states considered
worse than death. The VAS rates overall health between O
(poorest imaginable health) and 100 (best imaginable health).

We assessed the impact of disease on work productivity and
activities of daily living using the Work Productivity and
Activity Impairment (WPAI) questionnaire[35], which patients
completed at baseline and week 24. The questionnaire comprises
6 questions on the effect of the disease on work and activities
of daily living during the previous 7 days. A higher score on
the questionnaire indicates a more pronounced effect on work
and daily activities. The Spanish version has been validated and
isreproducible in patients with CD.

M edication adherence was eval uated using the Morisky-Green
index [36], which has been used to evaluate adherence in
patients with IBD in clinical trials [18]. We considered
adherence to be adequate when the patient answered all
guestions correctly and inadequate if any answer was associated
with nonadherence.

We recorded the number of outpatient visits and telephone
consultations, as registered in the NOMHADCHRONIC app
(version V2.RC6; Connected Health Services SL, Valencia,
Spain) for patients in G_TECCU and in the Orion Clinic
information system (as part of daily clinical practice at our
hospital) for al 3 groups during the study. Patients who adhered
to >80% of checkups in the study protocol were considered to
be compliant.

The safety of each intervention was assessed by measuring the
number of visitsto the emergency department, hospitalizations,
IBD-related surgeries, corticosteroid courses, and adverse effects
to medication. Finally, patient satisfaction with the care received
was evaluated at 24 weeks by using an adapted version of the
Client Satisfaction Questionnaire, which comprises 6 questions
(measured on a scale of 0-10) on the quality, usefulness, and
viability of the system of care applied for each case [37].

Setting and Interventions

This pilot trial was developed at the tertiary referral center La
Fe University and Polytechnic Hospital, Valencia, Spain. The
hospital serves more than 1500 patients with IBD, has 2
specialist IBD nurses, and provides an email and telephone
consultation structure for IBD patients to contact the hospital.

Thetrial had 3 arms and compared remote monitoring through
aWeb-based tel emanagement system, nursing care by telephone,
and usual care provided in our IBD Unit (Outpatient Clinic).
All patients completed the study visits at baseline and 12 and
24 weeks, in addition to routine visits to the IBD clinic,
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telephone consultations, or Web tel emonitoring based on group
assignment at randomi zation. Disease activity, HRQoL , adverse
effects, adherence, and use of health care resources were
measured at baseline and during the 24-week follow-up.

To adequately control disease activity and adverse effects of
immunosuppressants, patients treated with these drugs alone or
in combination with biological agents were monitored every
1-2 weeks during the first month, every 2-4 weeks between
months 1 to 3, and every 4 weeks from month 3 until the end
of follow-up. Patientstreated with biological agentsalonewere
monitored every 2-4 weeks during the entire follow-up period.
Patients from all 3 arms who took the same type of drug
underwent these follow-up schedules; the schedules only
differedintermsof the monitoring: patientsin G_TECCU were
monitored via the NOMHADCHRONIC app, those in G_NT
were monitored via a telephone line managed by nursing staff
from the IBD Unit, and those in G_control were monitored by
the usual face-to-face visits combined with tel ephone calls made
by physiciansaccording to standard clinical practice. Moreover,
additional clinical visits were performed, if required, during
patient evolution in any of the 3 arms.

Telemonitoring Apps

In G_TECCU, follow-up and monitoring were performed
telematically using the integrated platform for management of
chronically ill patients (NOMHADCHRONIC app), which was
designed to meet the specific needs of this group. The
NOMHADCHRONIC platform is an innovative technological
system that was designed to boost the rollout of servicesfor the
management of chronicaly ill patients. The telemanagement
care system was developed in collaboration with patients, the
La Fe telemedicine Unit, and Tecnologias para la Salud y €l
Bienestar SA. The protocol of the Web-based tel emanagement
system (TECCU) has been described elsewhere [27]. TECCU
is a secure webpage with an HTTP app for mobile phones,
tablets, and computers. Patients connected to the platform via
the Internet using a computer or an app on a mobile phone or
tablet had to self-complete questionnaires. In addition, they
received advice, reminders, educational material about their
disease, and information on prevention. This information was
received by the case managers and filtered using an intelligent
prioritization system with generation of aerts and push
notifications according to an integrated intervention protocol.

Patients monitored viathe TECCU used NOMHADhome[38].
The resources of the NOMHADhome platform were also
available on the NOMHAD mobile app, which patients could
download onto their mobile phones. After inclusion, these
patients automatically received an email with a personal code
that allowed them to access the platform. Each patient profile
contained the following information: contact information, active
IBD medications, testing schedule (blood and stoal tests), log
of disease activity, medication use, body weight, vital signs,
HRQoL, aerts and action plans, progress of inflammatory
activity and vital signs in the form of graphs, electronic
messaging to the study nurse coordinator and health care
provider, and educational tips.

Patientsin G_TECCU had to answer several simple questions
related to their IBD symptomsand possible adverse effects since
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the last evaluation via text messaging. In the main menu of the
platform, patients accessed the questionnaires by clicking on
specific icons designed for this purpose and could answer the
multiple choice and yes or no questions needed to complete
these items (Figures 1 and 2). We established individualized
alerts and action plans based on the answers to questions about
the activity index, adverse effects, and blood biochemistry
results. A scale of valueswas assigned for each alert depending
on the severity (green, yellow, orange, and red zone).

After receiving an aert, the specialized medical staff, in
collaboration with the nurses, used the general recommendations
of the action plansto guide medication adjustmentsin biological

Del Hoyo et d

therapy, immunomodulators, corticosteroids, and salicilates.
These treatment changes were performed with the support of
the platform messaging system in combination with telephone
calls or in-person visits when it was necessary to train patients
for the administration of medications such as subcutaneous
biological agents. Once the disease was in remission again
(green zone), the patient had to continue with the initially
programmed follow-up. All patients had access to tools that
informed them about their disease. In G_TECCU, information
was available on the NOMHADhome platform itself; in
G_control and G_NT, patientsreceived written documentswith
the same information.

Figure 1. Homepage of the NOMHADhome platform for access to questionnaires (patient version).
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Figure 2. Home page of the NOMHADmobile platform for access to vital signs (patient version).
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Usual CareProvided in theInflammatory Bowel Disease
Unit

The G_control patients received the normal care provided in
the IBD Unit (Outpatient Clinic) for patients with moderately
to highly complex IBD, based on national and European clinical
guidelines[25,26,39]. Treatment was adjusted according to the
evolution of disease activity and medication adherence, which
was measured using specific indexes and biological markers
used to report the study outcomes during office visits or
telephone calls. In addition, to measure the time in remission,
clinical activity of patientswas self-recorded in adiary on paper
at home weekly during the first 12 weeks and every 2 weeks
subsequently, until the end of the follow-up.

This care was complemented by ad hoc hospital care in case of
flareups or if the patient’s health deteriorated for any reason.
Ad hoc intensive care was maintained until the patient’s
condition stabilized, at which point he or she returned to
follow-up based on standard carein the Unit. For comparability
among the 3 groups, we provided information on all available
on-paper educational materials about IBD for remotely
monitored patients as well as information on prevention and
written action plans in case of flareups. Questionnaires on
HRQoL, satisfaction, and work productivity were recorded at
baseline and at the end of the studly.

Nursing Care by Telephone

The G_NT patients were asked about their health through
telephone calls by the nursing staff in the IBD Unit. We
performed tel ephone assessment periodically by using structured
interviews to evaluate health status, and clinical activity was
self-recorded at home, as described for the G_control patients.
The interventions depended on the results of the interview and
changesin the medication or foll ow-up schedul e established by
nurses with the support of medical staff, according to the alerts
and action plans designed in the intervention protocol [27].
Furthermore, we provided these patients with all educational
elements made available to the other 2 groups.
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Notification of Adver se Effects

TECCU is a minimum-risk system. The characteristics of the
interventionsin the present study are designed such that patients
do not experience direct adverse effects. Theinterventionswere
proposed to control and achieve long remission periods in
patients with IBD and were not expected to cause lesions or
damage to the patients’ health, since we did not test a new
experimental drug. We evaluated a Web-based telemonitoring
system designed to improve communication between patients
and health care providers, with a proactive remote follow-up
method, allowing changes in the patients treatment and
follow-up schedule when flareups are detected or when the
flareupsincreasein severity as per the alert system. In addition,
we incorporated educational elements in G_TECCU and the
other 2 groups to make them more comparable.

With respect to the platform, a risk-minimization study was
performed to ensure accomplishment of ethical norms and that
the appropriate ethics committees approved the study. We also
recorded all adverse events from the time the patient provided
consent to participate in the study until 28 days after study
completion.

Power Calculation

The most-efficient means of determining differences between
the 3 groups was by contrasting differencesin activity indexes
for CD and UC. Considering the differences in the scales, the
analysis was stratified by performing a comparison of patients
with UC and another comparison of patients with CD. The
sample size was calculated by estimating the size required to
detect a difference of 3 points in the HBI; considering an SD
of 4, apower of 80%, and an alpha significance level of .05, a
total of 30 patients with CD (10 per arm) was required. In
addition, for a 2-point difference in the Mayo index, an SD of
2.5, apower of 80%, and an apha significance level of .05, a
total of 30 patients with UC (10 per arm) was required.
Therefore, the overall sample size was 60 patients (20 per arm).
We al so stratified patients globally (CD and UC) by comparing
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patientsin remission or with inflammatory activity, irrespective
of disease severity (mild, moderate, or severe).

Statistical Analysis

First, we described the characteristics of patientsin the test and
control groups by applying appropriate estimators (means,
medians, or proportions) according to the type of variables and
evaluated possible differences between the groups in the main
and secondary outcomes by using regression models to assess
differences in these measures. We evaluated the effects of the
different treatment groups on the probability of remission using
mixed-effectslogistic regression modelsincluding aninteraction
between week and treatment groups. Individualswereincluded
in the model as a random intercept to correct for the
nonindependent data. Differences in slopes for weeks 12 and
24 were evaluated by assessing the interaction between week
and treatment groups. P values were estimated using the
Satterthwaite approximation for degrees of freedom. We used
mixed-effects ordinal logistic regression models to evaluate
progress according to the IBDQ-9 and EQ-5D scores in the 3
study groups between weeks 0 and 24. However, owing to
convergence problems in assessing medication adherence
(because of the reduced sample size and the ordinal character
of the Morisky-Green test), Bayesian techniques were applied
in the ordina logistic regression model. Differences in the
percentage of missed work hours, work impairment, and social
impairment were analyzed using mixed-effectslinear regression
and mixed-effects beta regression models (% work hours
missed). Profile likelihood 95% confidence intervals were
caculated for al estimations, and P<.05 was considered
statistically significant. A likelihood-based analysis for all
patients included was performed using R (version 3.5.1) with
the Imed (version 1.1-17), ImerTest (version 3.0-1), brms
(version 2.2.0), clickR (version 0.4.04), ordina (version
2018.4-19), and gimmADMB (0.8.3.3) packages [40].

Results

Study Sample

A total of 68 patients with complex IBD were invited to
participate in this study between October 2014 and June 2016,
of which 3 (4.4%) declined to participate owing to
inaccessibility to the Internet at home and 2 (2.9%) did not meet
the inclusion criteria. The remaining 63 eligible patients
provided informed consent and were randomly assigned to the
3 groups (21 patientsin each group, Figure 3). During the study
period, all patients except 1 patient in G_TECCU (95.2%)
continued to use the Web-based telemanagement system and 2
other patients did not respond to >80% of checkups. The
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remaining 18 patients (85.7%) in G_TECCU showed good
adherence to the study protocol as compared to 19 patients
(90.5%) in G_control and 20 patients (95.2%) in G_NT. We
did not observe any differences between the completers and
patients who did not adhere to the study protocol. The baseline
characteristics of the 3 study groups are shown in Table 1.

Disease Activity

According to the HBI and the partiad Mayo scores, 47.6%
(10/21), 38.1% (8/21), and 57.1% (12/21) of patients were in
clinica remission at baseline in G_TECCU, G _NT, and
G_control, respectively. The baseline percentage of remission
according to the Walmsley score for UC was the same for each
group and improved progressively at 12 and 24 weeksin all 3
groups. This percentage was higher in G_TECCU, even after
considering dropouts, with 81% of patients (17/21) inactive
after 24 weeks compared with 66.7% (14/21) in G_NT and
71.4% (15/21) in G_control (using both Mayo and Walmsley
scores for evaluation of UC); therefore, the percentage of
patientsin remission increased by 33.4%in G_TECCU, 28.6%
in G NT, and 14.3% in G_control (Figure 4). In the
intention-to-treat analysis, ahigher probability of remission was
observed in G_TECCU than in G_control at 12 weeks (odds
ratio (OR)=0.12, 95% CI=0.003-2.103, P=.18) and 24 weeks
(OR=0.12, 95% CI=0.003-2.162, P=.19) using the HBI-Mayo
scores. With the HBI-Walmsley scores, no differences were
observed between G_TECCU and G_control at 12 weeks
(OR=0.92, 95% CI=0.08-9.71, P=.94), but the probability of
remission was higher in G_TECCU at 24 weeks (OR=0.11,
95% CI=0.004-1.55, P=.13). Themediantimein remission was
17.9 weeks (interquartile range, 12-24 weeks) in G_TECCU
compared to 17.3 weeks (interquartile range, 10-24 weeks) in
G_NT and 14.3 weeks (interquartile range, 8-24 weeks) in
G_control.

Disease activity was evaluated on the basis of FC levels
throughout the study. At 24 weeks, the median FC level for
clinical activity improved progressively from a baseline value
of 490 ug/g to 137 pg/g in G_TECCU and from 526 ug/g to
115.5 pg/g in G_NT; however, this reduction was smaller in
G_control, from 330 ug/g to 230 ug/g. Theimprovement in FC
levels was larger in G_TECCU than in G_control, with an
estimated intervention effect of —0.76 (95% Cl=—1.85t0 0.336,
P=.18) in the reduction of FC values at 12 weeks and —0.90
(95% Cl=-1.96t0 0.16, P=.11) at 24 weeks. Similarly, alarger
improvement wasnotedin G_NT thanin G_control at the same
time points, with an estimated intervention effect of —0.61 (95%
Cl=-1.62t00.39, P=.25) at 12 weeksand —0.91 (95% CI=-1.96
to 0.15, P=.10) at 24 weeks (Figure 5).
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Figure 3. Flowchart of study participants. G_CONTROL: group receiving standard care with in-person visits; G_NT: group receiving nurse-assisted

telephone care; G_TECCU: group receiving remote monitoring; 1BD: inflammatory bowel disease.
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Table 1. Baseline characteristics of patients.
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Characteristics

Control group (n=21)

Telephone group (n=21)

TECCU?®group (n=21)

Median age, years (range)
Sex, n (%)
Men
Women
Education, n (%)
Primary
Secondary
University
Disease profile
Crohn disease, n (%)
Ulcerative colitis, n (%)
Median time since diagnosis, months (range)
Treatment (%)
Immunomodulators
Biological monotherapy
Combination therapy
Corticosteroids
Clinical Remission, n (%)
Crohn disease
Ulcerative colitis
Median calprotectin level, pg/g (interquartile range)
Quality of life
Median | BDQ-9b score (interquartile range)
Median EQ-5D°® score (interquartile range)
Median VASd, % (interquartile range)
Medication adherence, n (%)
WPA|®
Not working, n (%)

Percentage of work hours missed, median (interquartile
range)

Work impairment score, median (interquartile range)
Socia impairment score, median (interquartile range)

Satisfaction score, median (interquartile range)

39.31 (22-61)

12 (57.1%)
9 (42.9%)

4/21 (19%)
9121 (42.9%)
8/21 (38.1%)

14/21 (66.7%)
7/21 (33.3%)
123.32 (6-427)

10/21 (47.6%)
421 (19%)
6/21 (28.6%)
1/21 (4.8%)
12121 (57.1%)
10/14 (71.4%)
2/7 (28.6%)
330 (103-617)

38.50 (33.25-46.75)
0.816 (0.754-0.914)
60.5% (50%-85%)

14/21 (66.7%)

8/21 (38.1%)
27.5% (0%-52%)

7(2.75-10)
3.5 (1-5.75)
49,5 (42.5-53.75)

40.91 (24-60)

12 (57.1%)
9 (42.9%)

4/21 (19%)
6/21 (28.6%)
11/21 (52.4%)

13/21 (61.9%)
8/21 (38.1%)
108.27 (7-452)

10/21 (47.6%)
421 (19%)
5/21 (23.8%)
2/21 (9.5%)
8/21 (38.1%)
6/13 (46.2%)
2/8 (25%)

526 (115-1724)

37.50 (28.75-46.25)
0.825 (0.710-0.914)
62.5% (50%-80%)

7/21 (33,3%)

7/21 (33.3%)
40% (15%-62.5%)

7(3-10)

35 (2-7)
53 (50-59)

41.32 (19-66)

9 (42.9%)
12 (57.1%)

5/21 (23.8%)
6/21 (28.6%)
10/21 (47.6%)

13/21 (61.9%)
8/21 (38.1%)
146.72 (7-424)

9/21 (42.9%)
4/21 (19%)
6/21 (28.6%)
2/21 (9.5%)
10/21 (47.6%)
9/13 (69.2%)
1/8 (12.5%)
490 (23-2016)

42,00 (33.75-47.50)
0.825 (0.576-0.914)
60% (40%-90%)

12/21 (57,1%)

5/21 (23.8%)
32.5% (7.5%-57.5%)

10 (2.25-10)
6 (2.75-8)
52 (47.5-55)

3TECCU: Telemonitoring of Crohn's Disease and Ulcerative Colitis.

bIBDQ-9: Inflammatory Bowel Disease Questionnaire 9.
®EQ-5D: EuroQol-5D.

dVAS: visual analog scale.

€eWPAI: Work Productivity and Activity Impairment.
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Figure4. Evolution of disease activity over the study period in the 3 groups. G_CONTROL: group receiving standard care with in-person visits; G_NT:
group receiving nurse-assisted telephone care; G_TECCU: group receiving remote monitoring; HBI: Harvey-Bradshaw index.
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Health-Related Quality of Life

HRQoL scoreswere similar between all groups at baseline, and
the HRQoL of patients from all 3 groups improved after 24
weeks. The median IBDQ-9 scores increased from 38.5 to 53
in G_control, from 37.5t053in G_NT, and from42t0 52.5in
G_TECCU (overdl intervention effect on the IBDQ-9 score:
OR=8.42, 95% Cl=3.98-17.81, P<.001). The median EQ-5D
scoreimproved from 0.816t0 1.00 in G_control and from 0.825
t01.00in G_NT and G_TECCU (overall intervention effect on
the EQ-5D score: OR=1.99, 95% CI=1.09-3.63, P<.001).
However, the improvement in HRQoL was not significantly
different among groups with regard to the IBDQ-9 score
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(G_TECCU vsG_control: OR=1.25, 95% CI=0.49-3.15, P=.64;
G_NT vsG_control: OR=0.79, 95% CI=0.32-1.98, P=.62) and
the EQ-5D score (G_TECCU vs G_control: OR=1.42, 95%
Cl=0.49-4.13, P=.52; G_NT vs G_control: OR=1.68, 95%
Cl=0.59-4.81, P=.33). In addition, a significant improvement
in the HRQoL of patients from the 3 arms was evident in the
EQ-5D-VAS scores, with an increase in the median score from
60.5% to 85% in G_control, from 62.5% to 70% in G_NT, and
from 60% to 80% in G_TECCU (overall intervention effect on
the score increase: OR=3.53, 95% CI=1.79-6.95, P<.001);
however, the improvement was not significantly different
between the groups at 24 weeks (G_TECCU vs G_control:
OR=0.63, 95% CIl=0.26-1.57, P=.32; G_NT vs G_control:
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OR=0.69, 95% CI=0.28-1.71, P=.43; Figure 6). The HRQoL
improvedin 4 patientsin G_TECCU who werefollowed up via
mobile phone, from a median baseline IBDQ-9 score of 31.5
to 47.75 and a median baseline EQ-5D score of 0.71 to 0.94,
with an improvement in the median EQ-5D-VAS score from
50% to 70% at study completion.

Work Productivity and Social Activities

With regard to work productivity and activity impairment, we
compared the median percentage of work hours missed owing
to disease on the basis of the answersto question 2 of the WPAI
guestionnaire (“During the past seven days, how many hours
did you miss from work because of problems associated with
your ulcerative colitis’/Crohn’s disease?’). We found wide
variability in the percentage of hours missed inthe 3 arms, with
no significant reduction in any group (OR=0.99, 95%
Cl1=0.43-2.29, P=.93) and no differences among the groups at
24 weeks (G_NT vs G_control: OR=0.64, 95% CI=0.21-1.99,
P=.44; G_TECCU vsG_control: OR=0.97, 95% CI=0.31-3.08,
P=.96). Moreover, the median scores of impairment in work
productivity over 12 weeks showed a larger reduction in
G_TECCU than in G_control (OR=0.14, 95% CI=0.01-1.46,
P=.10; G_NT vs G_control: OR=0.13, 95% CI=0.01-1.13,
P=.06), but this improvement was not maintained at 24 weeks
(G_TECCU vsG_control: OR=0.32, 95% CI=0.03-2.94, P=.31,
G_AT vs G_control: OR=0.21, 95% CI=0.03-1.67, P=.14).
With regard to socia impairment, we found a significant
improvement in daily activities and a significant reduction in
the median score of each group at 12 weeks (OR=0.16, 95%
Cl=0.05-0.49, P=.002) and 24 weeks (OR=0.26, 95%
Cl1=0.09-0.77, P=.02). Thisreduction in social impairment was
larger in G_TECCU thanin G_control at 24 weeks (OR=0.27,
95% CI=0.05-1.49, P=.13).

Medication Adherence

Medication adherence was poorer in G_NT than in the other 2
groups a baseline: 33.3% (7/21) of patients adhered to
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medication in G_NT; 66.7% (14/21), in G_control; and 57.1%
(12/21), in G_TECCU. Despite these differences, medication
adherence improved significantly in the 3 arms: 81% (17/21)
in G_control, 71.4% (15/21) in G_NT, and 85.7% (18/21) in
G TECCU a 24 weeks (overal intervention effect on
Morisky-Green  score  reduction:  OR=0.051, 95%
Cl=0.001-0.769). In addition, all completers adhered to
treatment in G_TECCU (Morisky-Green score=0), and the
reduction in the Morisky-Green score was significantly more
pronouncedin G_TECCU thanin G_control (OR=0.0001, 95%

CI1=1.02¢° t0 0.517; Figure 7).

Safety Intervention

The safety of the 3interventionswas similar, and no differences
were noted among the groups for visits to the emergency
department (0 in G_TECCU, 2 in the G_NT, and 1 in the
G_control), IBD-related surgeries (1 in each group),
hospitalizations (2 in G_TECCU, 2 in G NT, and 1 in
G_control), and corticosteroid courses (4 in G_TECCU, 4 in
G_NT,and 3inG_control). Adverse effects of medication were
reported in 8 patients (38.1%) inG_TECCU, 7 patients (33.3%)
in G_NT, and 9 patients (42.9%) in G_control after 24 weeks
(P=.92 for G_TECCU vs G_control). No patients died during
the study, and adverse effects related to the follow-up
intervention were not reported.

Use of Health Care Resources

The total number of outpatient visits to the gastroenterol ogist
or nurse after 24 weekswaslower in G_TECCU (72 visits, 25%
of total) and G_NT (85 visits; 29.5% of total) thanin G_control
(131 visits; 45.5% of total). Similarly, the number of telephone
calswas lower in G_TECCU (12 cals; 6.8% of total) than in
G_NT (118calls, 66.7% of total) and G_control (47 calls; 26.5%
of total).

Figure 6. Evolution of the quality of life over the study period in the 3 groups. G_CONTROL: group receiving standard care with in-person visits;
G_NT: group receiving nurse-assisted tel ephone care; G_ TECCU: group receiving remote monitoring; IBDQ-9: Inflammatory Bowel Disease Questionnaire
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Figure 7. Evolution of the Morisky-Green score over the study period in the 3 groups. G_CONTROL: group receiving standard care with in-person
visits; G_NT: group receiving nurse-assisted telephone care; G_TECCU: group receiving remote monitoring.
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Patient Satisfaction Discussion

Patient satisfaction improved from a median score of 52 to 57
in G_TECCU and from 49.5 to 55 in G_control (overall
intervention effect: OR=8.93, 95% Cl=2.97-26.84, P<.001) at
24 weeks, however, the satisfaction score remained unchanged
at 53 pointsin G_NT. Satisfaction with previous care was high
in the mobile phone subgroup of G_TECCU, with a median
score of 54.25, athough this score improved to 56.25 after 24
weeks of follow-up via mobile phone.

InG_TECCU, neither the patients nor the researchers perceived
privacy breaches while using the Web platform. Only two
patientsin G_TECCU reported minor technical problems with
temporary unavailability of the webpage over the follow-up
period, but technical assistantsresolved theissueremotely. The
3 patients who were noncompliant to the follow-up schedule
were contacted by telephone, and 2 of them who were
insufficiently compliant specified that they forgot to follow
some remote controls because they were in acceptable health
conditions. We subsequently scheduled in-person visits, but
these patients only attended them once. The only patient who
was lost to follow-up mentioned that neither the previous
standard care nor the Web platform met her expectations,
therefore, she decided to move to another center.

All staff, including 5 gastroenterologists and 2 nurses
specidizing in IBD, showed good acceptance of the platform
and considered it easy to use. However, 2 physicians thought
that the calendar included in the platform for health care
providers to survey the next controls for each patient was not
completely intuitive and would benefit from some changeinits
appearance. Furthermore, 1 physician reported minor technical
problems with temporary unavailability of the webpage over
the follow-up period, but the technical assistants resolved the
issue remotely after 1 day.

http://www.jmir.org/2018/11/e11602/

Principal Findings

We performed arandomized controlled clinical trial to compare
the impact of a Web-based telemanagement system (TECCU),
nurse-assisted telephone care, and standard face-to-face visits
on heath outcomes and outpatient visits in patients with
complex IBD. Patients with IBD who start treatment with
systemic corticosteroids, immunosuppressants, and biological
agents for control of inflammatory activity are considered to
have moderate-to-high complexity of disease. Our results
showed that TECCU was safe and effective for improving health
outcomes and the use of health care resources in this setting.

Comparison With Prior Work

Although telemonitoring apps are well accepted and seem to
be a safe approach for follow-up of patientsin remission or with
mild activity [6,18,41], the reported efficacy of telemonitoring
on disease activity and QoL is inconsistent between studies
[14,42], and no specific trials have evaluated the impact of
telemedicine in patients with complex IBD. Therefore, we
designed a controlled 3-arm clinical tria to assess the impact
of the TECCU Web program on disease outcomes and health
care use in comparison with the main strategies applied to date
for the follow-up of patients with complex IBD (standard or
telephone support provided by anurse).

This program was designed in collaboration with patients and
researchers to address the particular needs of patients with
complex IBD, according to national and European clinica
guidelines. As detailed elsawhere [27], this information was
structured and filtered using an intelligent prioritization system,
with generation of alerts and push notifications according to an
integrated intervention protocol, which facilitated a rapid
response from nurses and physicians for different events
occurring during follow-up in a time period according to the
severity of each aert. Furthermore, the Web platform allowed
continuous communication between patients and health
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providers via electronic messaging, and we incorporated
educational elements in the platform to improve disease
knowledge among patients and empowerment through
interactive materials. With the use of the TECCU Web platform,
we found a significant improvement in HRQoL, medication
adherence, social activities, and satisfaction; in addition, disease
activity improved at the end of follow-up in each group.
Moreover, agreater improvement in disease activity and social
activities was reported with TECCU than with standard care,
but the differences were not significant, probably due to the
small sample size and the relatively short follow-up time.

In agreement with previous data [6,8], medication adherence
was better in G_TECCU compared to the other groups and
reached 100% among completers in G_TECCU, probably
because care was continuously adapted at each stage of the
disease and communication with physicians was better in this
group. Therefore, we were able to easily identify eventual
problems related to poor adherence [2]. In addition, constant
tailored monitoring with Web TECCU could reduceinterference
with daily activities, associal impairment dueto disease tended
to improve in G_TECCU compared with the other two arms.
Not surprisingly, the improvement in remission rates and social
functioning was associated with high patient satisfaction and
correlated directly with a significant improvement in HRQoL,
measured by the specific IDBQ-9 and the EQ-5D.

The Web TECCU and nurse-assisted telephone care were
associated with fewer outpatient visits than standard care, but
the Web-monitoring system reduced the number of telephone
calls compared with the other two groups. Our study was
performed in a referra hospital with an accredited,
well-structured IBD Unit and accessible outpatient clinicswith
specialized nurses and e-mail or telephone consultations.
Therefore, the reduction of face-to-face visits suggests that the
effect of the TECCU remote-monitoring system on the
frequency of outpatient visits could be favorable in hospitals
with referral IBD Units. Although thisreduction in office visits
could beinfluenced by thefollow-up schedule used in our study,
thefrequency of visitsfor all the 3 armswas designed according
to the standard clinical practice in our center and based on
national and European guidelines. Furthermore, our Web-based
telemanagement system was safe and well accepted by patients,
with no adverse effects related to the study intervention and no
differences among groups in terms of emergency visits,
surgeries, hospitalizations, corticosteroid courses, or medication
adverse effects, which is consistent with the findings of previous
studies[6,8].

Degspite different attrition rates in the use of telemedicine apps,
our results indicate that it is important to emphasize the
feasibility of telemedicine for providing solutions for the
medical and social impact of IBD. In our study, only 3 patients
did not completethefollow-up schedulein G_TECCU (1 patient
was lost to follow-up and 2 patients were insufficiently
compliant); thislow proportionislikely aresult of the reminder
system integrated in the platform and the short follow-up period.
However, previousclinical trialsreported high withdrawal rates
in telemedicine groups [6,8,18,22], despite adaptations in the
platform design over recent years. Consequently, telemedicine
is not suitable for all patients, and improvements in

http://www.jmir.org/2018/11/e11602/
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telemonitoring apps and the patient-selection criteria are
necessary. Nevertheless, this is not necessarily a barrier to the
application of telemedicine, because the mgjority of patients
are adherent to remote monitoring, and the efficacy of these
follow-up methods has been reported in different populations
including patients with complex IBD, as reported in our trial.
It is important to evaluate the disease phenotype, discuss
preferences with the patient, and assess the ability to use ICTs.
Some patients such as those in the immediate postoperative
period and those with perianal disease, who require physical
examination, may not benefit from remote monitoring with the
technological tools available thus far.

Strengths

The main strength of our study was its randomized controlled
design, which allowed us to evaluate the impact of a Web
telemanagement system on disease outcomes and compare the
approach with the main strategies applied in the follow-up of
IBD patients in daily practice. In addition, alocation
concealment ensured that researchers were blinded to group
assignment during the randomization process. Furthermore, the
selection of patients with complex IBD from areferral center
providesimportant data on the effect of telemedicinein patients
with moderate-to-severe disease activity or initiating
administration of immunosuppressants and biological agents,
which is a specific population that has not been sufficiently
represented in previous studies. Another advantage was the
selection of the activity index and biological toolsfor measuring
disease activity and other outcomes remotely. The Walmsley
index was recently validated for self-administration viaan online
tool [43] and correlates well with other, more complex-activity
indexes based on endoscopy [44]. Similarly, the reduced 6- and
9-point versions of the Mayo index, which are not based on
endoscopy, show clinical response to treatment, similar to the
full Mayo score[30]. Finally, asHBI may not completely reflect
the inflammatory activity of the disease [45], the use of
biological markers (C-reactive protein and FC) provided added
value to remote monitoring, because they are sufficiently
sensitivefor detecting mucosal inflammation [46], and FC levels
can be easily recorded at home.

Limitations

Our study was subject to a series of limitations. First,
considering the specific study population, the sample was not
large enough to detect statistically significant differences in
clinical activity and the types of interventions assessed; assuch,
neither the patients nor the researchers were masked to the
intervention. It is possiblethat the differences estimated among
groupsin the scarceliterature on theimpact on health outcomes
couldinterfere with the sample size calculationinthispilot trial,
and the lack of blinding could improve the usual attention
provided to patients in G_control, which could also attenuate
differencesin these outcomes among groups. Nonetheless, our
results were analyzed by an independent statistician who was
blinded to group identification. Second, the sel ection of patients
with complex IBD in a tertiary referral hospital prevented
extrapolation of our resultsto the entire IBD population. Third,
wedid not perform colonoscopy inall cases, becauseit increases
costs and risks to patients and is not performed routinely in all
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patients during daily practice. Instead, we used biological
markers that were highly sensitive for endoscopic activity.
Finally, the 24-week follow-up period could be considered a
short duration, because both patients and physicians need time
to learn how to interact with the platform, thus leading to
interference with the efficacy of the Web system in terms of
disease outcome in the experimental group. Therefore, trials
with longer follow-up periods are required to confirm the
efficacy of telemedicine in improving long-term disease
outcomes.

Conclusions

TECCU is a safe tool for the control of disease activity and
improves HRQoL, medication adherence, and impairment in
socia activities in patients with complex IBD. In addition, it
reduces the use of health care resources and the number of

Del Hoyo et a

outpatient visits and telephone calls. It is important to select
patients who are willing and able to use Web programs, since
the results of this study suggest greater efficacy in health
outcomes with a consegquent improvement in the HRQoL and
satisfaction of patients who adhere to telemanagement.
Web-based systems are a safe and feasible option for 1BD
monitoring and could play a key role in reorganizing the
structure of health systemsiif they prove to be cost-effective in
the long-term. On the other hand, although telemonitoring
platforms are well accepted, thus far, they have not clearly
demonstrated their efficacy on health outcomesin patientswith
complex IBD and those in remission or with mild-to-moderate
disease. Future studies with longer follow-up periods are
necessary to confirm our findingsin order to determine whether
Web-based programs can improve the long-term course of IBD
in a more-complex setting.
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