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Abstract

Background: Internet-delivered cognitive behavioral therapy (ICBT) is an effective treatment that can overcome barriers to
mental health care. Various research groups have suggested that unguided ICBT (ie, ICBT without therapist support) and other
eHealth interventions can be designed to enhance user engagement and thus outcomes. The persuasive systems design framework
captures most design recommendations for eHealth interventions, but there is little empirical evidence that persuasive design is
related to clinical outcomes in unguided ICBT.

Objective: This study aims to provide an updated meta-analysis of randomized controlled trials of unguided ICBT for depression
and anxiety, describe the frequency with which various persuasive design principles are used in such interventions, and use
meta-regression to explore whether a greater number of persuasive design elements predicts efficacy in unguided ICBT for
depression and anxiety.

Methods: We conducted a systematic review of 5 databases to identify randomized controlled trials of unguided ICBT for
depression and anxiety. We conducted separate random effects meta-analyses and separate meta-regressions for depression and
anxiety interventions. Each meta-regression included 2 steps. The first step included, as a predictor, whether each intervention
was transdiagnostic. For the meta-regression of ICBT for depression, the first step also included the type of control condition.
The number of persuasive design principles identified for each intervention was added as a predictor in the second step to reveal
the additional variance in effect sizes explained by persuasive design.

Results: Of the 4471 articles we identified in our search, 46 (1.03%) were eligible for inclusion in our analyses. Our meta-analyses
showed effect sizes (Hedges g) ranging from 0.22 to 0.31 for depression interventions, depending on the measures taken to account
for bias in the results. We found a mean effect size of 0.45 (95% CI 0.33-0.56) for anxiety interventions, with no evidence that
the results were inflated by bias. Included interventions were identified as using between 1 and 13 persuasive design principles,
with an average of 4.95 (SD 2.85). The meta-regressions showed that a greater number of persuasive design principles predicted

greater efficacy in ICBT for depression (R2 change=0.27; B=0.04; P=.02) but not anxiety (R2 change=0.05; B=0.03; P=.17).

Conclusions: These findings show wide variability in the use of persuasive design in unguided ICBT for depression and anxiety
and provide preliminary support for the proposition that more persuasively designed interventions are more efficacious, at least
in the treatment of depression. Further research is needed to clarify the role of persuasive design in ICBT.

(J Med Internet Res 2021;23(4):e26939) doi: 10.2196/26939
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Introduction

Background
Depression and anxiety are highly prevalent and represent the
leading and the sixth leading causes of disability worldwide,
respectively [1]. Despite the demonstrated efficacy of
psychotherapeutic and pharmacological interventions for
depression and anxiety [2-4], many people face structural
barriers to accessing mental health care (eg, financial barriers,
transportation barriers, inconvenience, and limited availability
of services) [5,6]. Internet-delivered cognitive behavioral
therapy (ICBT) is the most common type of internet intervention
and an effective treatment for several common mental health
problems, including depression and anxiety [7]. Unlike
traditional cognitive behavioral therapy (CBT), ICBT enables
users to access treatment materials privately at a time and
location that is convenient for them, allowing it to be
administered economically on a large scale and circumvent
barriers to traditional forms of mental health care [8-10]. ICBT
can be therapist guided or unguided. Guidance appears to
improve adherence and clinical outcomes [11], but unguided
ICBT is economical, highly scalable, and believed by many
researchers to have considerable potential for improving public
health [12-15].

Since the early 2000s, various research groups have suggested
that eHealth interventions such as unguided ICBT can be
designed in ways that improve user engagement and thus
outcomes. In 2003, Fogg [16] presented the functional triad
principle, suggesting that technology can function as a tool, a
medium for relaying content, and a social actor to help facilitate
behavior change. In 2009, Oinas-Kukkonen and Harjumaa [17]
developed the persuasive systems design (PSD) framework,
which elaborated on the functional triad and included 28
recommended design principles to produce more persuasive
and engaging technological systems. They divided these
principles into 4 categories: (1) primary task support principles,
which facilitate the completion of the primary tasks of an
intervention or other system; (2) dialogue support principles,
through which an intervention or other system supports a user
to help them enact their target behavior; (3) system credibility
support principles, which facilitate a more credible and
persuasive intervention or other system; and (4) social support
principles, which leverage principles of social psychology to
help users of an intervention or other system motivate one
another. The 28 principles are described in Multimedia
Appendix 1 [17].

Several other research groups have provided their own design
recommendations for eHealth interventions. Despite using
different terminology, most of these recommendations appear
to align closely with the principles included in the PSD
framework. Examples include recommendations related to
personalization [18-22], tailoring [19,21,22], reminders [19,20],
self-monitoring [18,23], liking [19,22,24], and various dialogue
support principles [18,19,23]. A few design recommendations

are not captured in the PSD framework (eg, time-limited access
[20] and greater use of metaphors [22]), but to our knowledge,
none of these have been proposed by 2 or more research groups;
that is, the PSD framework appears to capture most common
recommendations. Various groups’ recommendations and the
related PSD framework principles are displayed in Multimedia
Appendix 2 [18-24].

In 2012, Kelders et al [25] used the PSD framework to assess
whether the persuasive design principles used in 83 eHealth
interventions for chronic conditions, lifestyle changes, and
mental health predicted adherence. They conducted a
meta-regression, finding that a greater number of dialogue
support principles predicted greater adherence to eHealth
interventions. However, to our knowledge, there is no empirical
research demonstrating a relationship between persuasive design
and symptom change in eHealth interventions.

Objectives and Hypothesis
This study aims to (1) present a systematic review and
meta-analysis of randomized controlled trials of unguided ICBT
for depression and anxiety among adults, (2) systematically
examine the frequency with which various persuasive design
principles are used in such interventions, and (3) use
meta-regression to examine the extent to which persuasive
design could explain the variability in effect sizes identified
through the meta-analysis. Thus, the overarching objective of
this study is to review the efficacy, the use of persuasive design,
and the relationship between efficacy and persuasive design in
unguided ICBT for depression and anxiety. We hypothesized
that using a greater number of persuasive design principles
would predict greater efficacy among the included studies.

Methods

Study Design
This study consisted of a systematic review, 2 meta-analyses,
and 2 meta-regressions. The methods used in each phase of the
study are described in the following sections. We registered the
methodological protocol for this study on PROSPERO on
October 24, 2019 (ID: 153466), before commencing the
literature search, and kept a log of revisions to the original
protocol throughout the course of this research (Multimedia
Appendix 3 [26-28]). We followed the guidelines outlined in
the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) statement in the preparation of this paper
[29].

Systematic Review Methods

Eligibility Criteria
We searched for randomized controlled trials of unguided ICBT
interventions for symptoms of depression and/or anxiety among
adults that had been published in English in academic journals
since 2000. We included trials of ICBT targeting symptoms of
any type of depressive or anxiety disorder, as defined in the
fifth edition of the Diagnostic and Statistical Manual of Mental
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Disorders [30], with various kinds of control conditions (eg,
waitlist, treatment as usual, and active control). Studies
involving samples with a mean age of less than 18 years were
excluded.

Although we excluded studies in which ICBT was delivered
with guidance from a therapist or coach, we did not exclude
studies involving diagnostic interviews or contact of a logistical
nature between participants and research teams. Interventions
that used a CBT model of treatment and were delivered via the
internet were considered ICBT interventions regardless of
whether the authors of trials identified them as such. We
included interventions using third-wave CBT approaches (eg,
mindfulness-based CBT and acceptance and commitment
therapy) [31] because prior research has not demonstrated
significant differences in outcomes between traditional CBT
and third-wave approaches [32,33].

Literature Search
On October 29, 2019, we conducted a literature search on
MEDLINE, PsycINFO, PubMed, Web of Science, and
PsycArticles. To be identified, articles were required to include
the words “CBT,” “internet,” “trial,” and “depression” or
“anxiety” or one of several similar phrases for each of these
terms in their titles, keywords, or abstracts. The search terms
are shown in detail in Multimedia Appendix 4. This search was
updated on July 2, 2020.

Study Selection
After removing duplicates of studies identified in 2 or more
databases, HCM and CRFS independently screened the studies
in 3 stages: by title, by abstract, and by full text. Wherever the
2 screeners reached different decisions about whether to retain
or exclude a study, that study was included in the next stage of
screening. Differences in decisions on the full-text screening
were resolved through discussion.

Data Extraction
HCM extracted several types of data from each study: study
characteristics (eg, type of control condition and time between
pretreatment and posttreatment measures), risk of bias [34],
general intervention characteristics (eg, target symptoms and
medium of delivery), persuasive design principles [17] as
operationalized by Kelders et al [25], and efficacy data.
Consistent with the approach of Kelders et al [25], we did not
code principles in the system credibility support category of the
PSD framework because they were reported very infrequently
and would have been challenging to code objectively (eg, a
system should have a “competent look and feel” and “provide
endorsements from respected sources” [17]). In most cases, we
coded persuasive design principles as present or absent based
on the descriptions of interventions in the included studies,
although we consulted other available sources of information
when possible (eg, intervention websites and study protocols).
The complete list of data items is provided in Multimedia
Appendix 5. The persuasive design principle tunneling, which
refers to the sequential presentation of treatment elements in a
structured, linear manner, was not counted toward the total
number of persuasive design principles in this study. This is
because researchers have recently proposed that eHealth

interventions can be made more engaging by providing users
with greater flexibility and control concerning the modules or
features they wish to use [19,22], which contrasts with the
principle of tunneling.

Risk of Bias Assessment
We assessed the risk of bias among included studies using the
Cochrane risk of bias tool [34]. We did not assess the risk
domain blinding participants and personnel because it is not
possible for participants to be blind to their conditions in
psychotherapy research [35]. Furthermore, we did not assess
the risk domain blinding of outcome assessment because all
outcome measures were self-report measures, and participants
could thus not be blinded. Self-report measures are generally
considered equivalent to blind clinical observers in
psychotherapy research, and research suggests that they do not
result in inflated effect sizes [35].

Meta-analysis Methods
We conducted meta-analyses using Comprehensive
Meta-Analysis software (Biostat Inc) [36]. As prior research
suggests that ICBT for generalized and social anxiety is more
efficacious than ICBT for depression [7,37], we conducted
separate meta-analyses of ICBT for anxiety and ICBT for
depression. Given the availability of symptom change data for
both anxiety and depression, trials of ICBT designed to treat
both conditions were included in both meta-analyses. We
measured heterogeneity in the effect sizes of the included studies

using the I2 index and formally tested the degree of
heterogeneity using the Q statistic [38]. In each of the 2
meta-analyses, we used a random effects model, used
between-groups effect size (Hedges g) as the summary measure,
and weighted each study by the inverse of the within-study
variance of the primary outcome measure plus the between-study
variance. Several studies evaluated 2 unguided ICBT
interventions; in such cases, we treated the evaluation of each
intervention as a separate study, except we divided the control
group sample size by 2, such that each control group participant
was included only once in the analyses [39]. We evaluated the
risk of publication bias using funnel plots and accounted for
publication bias using the trim and fill technique [40]. We
explored the influence of study-level bias on outcomes by
repeating the meta-analyses without studies deemed to be at
high risk on one or more dimensions of the Cochrane tool for
assessing risk of bias [34].

Meta-regression Methods
We conducted 2 meta-regressions using Comprehensive
Meta-Analysis [36]—one for depression interventions and one
for anxiety interventions—to determine the degree to which
persuasive design principles could explain variance in effect
sizes among studies. Paralleling the approach taken to the
meta-analyses, we included trials of ICBT designed to treat both
depression and anxiety in both meta-regressions, given the
availability of symptom change data for both conditions. We
also weighted each study by the inverse of the within-study
variance of the primary outcome measure plus the between-study
variance, as in the meta-analyses.
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We used 3 predictor variables. Our main predictor of interest
was the total number of persuasive design principles identified
for each intervention. We were unable to include the number
of persuasive design principles in each category of the PSD
framework as separate predictors, as Kelders et al [25] did,
because of the risk of overfitting, given the limited number of
included studies. We also input a binary variable reflecting
whether each intervention was transdiagnostic (ie, designed to
treat symptoms of both depression and anxiety). We did this to
account for the possibility that unguided ICBT focused on
treating a narrower range of symptoms (ie, anxiety or
depression) may be more efficacious for treating those
symptoms than transdiagnostic unguided ICBT designed to treat
a broader range of symptoms (ie, both depression and anxiety).
Our final predictor was a binary variable reflecting whether
each study used a control condition with active elements (eg,
psychoeducation and mood monitoring) because a previous
meta-analysis of unguided ICBT found a large mean effect size
among studies using passive control conditions and a small
mean effect size among studies using active control conditions
[41]. However, the control condition type was not included as
a predictor in the meta-regression of ICBT for anxiety because
there were insufficient studies to justify an additional predictor
variable (eg, because of the risk of overfitting), following most
recommendations concerning acceptable subjects per variable
ratios in linear regression analyses [26].

We conducted each meta-regression in 2 steps. The first step
included transdiagnostic status and, for the meta-regression of
ICBT for depression, the control condition type. In both
meta-regressions, the number of persuasive design principles
identified was then added in the second step. This 2-step
approach was used to reveal the amount of additional variance

persuasive design explained in the second step after accounting
for the other variables in the first step.

We conducted 5 assumption tests at each step of each
meta-regression. First, we examined Pearson r correlations and
scatterplots to test the assumption of linearity of the relationship
between each continuous predictor variable and Hedges g [42].
Second, we checked Cook distance values to identify any outlier
studies that had unduly large influences on the results [43].
Third, we inspected the distribution of studentized residuals
using a histogram to ensure that the residuals were normally
distributed [42]. Fourth, we inspected scatterplots plotting
studentized residuals against predicted values to test the
assumption of homoscedasticity [42]. Finally, we examined
variance inflation factors to check for multicollinearity [42].

Results

Systematic Review Results

Study Selection
Between the original and updated literature searches, we
identified 4471 articles, 39 of which were found eligible for
analysis. Having found another 7 eligible articles through a
hand search, we included a total of 46 articles. The flow of
studies through the study selection process is shown in Figure
1. Separate flowcharts for the original and updated literature
searches are shown in Multimedia Appendices 6 and 7,
respectively. The 2 screeners (HCM and CRFS) made the same
screening decision (ie, retain or remove) for 81.66% (2066/2530)
of articles during the title screening, 86.39% (1035/1198) of
articles during the abstract screening, and 81.9% (276/337) of
articles during the full-text screening.
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Figure 1. Flow of studies through the study selection process.

Study Characteristics
The 46 eligible studies included 16,632 participants, excluding
participants assigned to experimental groups irrelevant to this
study (eg, guided ICBT groups). Studies were most often

published in or after 2017 (24/46, 52%); included samples drawn
from the general population (26/46, 57%), clinical populations
(14/46, 30%), or both (6/46, 13%); and most often used waitlist
control conditions without active elements (28/46, 61%). The
characteristics of each study are presented in Table 1.
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Table 1. Study characteristics.

Recruitment populationControl conditionDuration in

weeksb,c
Participant, naInterventionCategory and study

NonclinicalClinical

ICBTd for depression

✓Waitlist1051DeprexisBerger et al, 2011 [44]

✓✓Care as usual6125MOODBücker et al, 2019 [45]

✓Health information
website

4299ODINeClarke et al, 2002 [46]

✓Health information
website

5175ODINClarke et al, 2005 [47]

✓Health information
website

16160—fClarke et al, 2009 [48]

✓✓Care as usual833¡Aptívate!Dahne et al, 2019 [49]

✓✓Care as usual820iCouch CBTDahne et al, 2019 [49]

✓Care as usual833MoodivateDahne et al, 2019 [50]

✓Care as usual828MoodKitDahne et al, 2019 [50]

✓Care as usual13.05203Colour Your Lifede Graaf et al, 2009
[51]

✓Care as usual673MoodGym and BluepagesFarrer et al, 2011 [52]

✓Brochure and care as
usual

123805DeprexisGräfe et al, 2020 [53]

✓✓Mood charting app334Todac TodacgHur et al, 2018 [54]

✓Waitlist8163MoodGym and BluepagesLintvedt et al, 2013
[55]

✓Care as usual6647MoodGym (German adapted,
version III)

Löbner et al, 2018 [56]

✓✓Waitlist488Be good to yourselfLüdtke et al, 2018 [57]

✓Care as usual4132—Lüdtke et al, 2018 [58]

✓Attentional control8302MoodGymMcDermott and Dozois,
2019 [59]

✓Waitlist9396DeprexisMeyer et al, 2009 [60]

✓✓Waitlist13.05163DeprexisMeyer et al, 2015 [61]

✓Waitlist1280Sonreír es DivertidohMira et al, 2017 [62]

✓Waitlist668moodManagerMohr et al, 2013 [63]

✓Improved treatment
as usual

13.05124Smiling is FunMontero-Marin et al,
2016 [64]

✓Waitlist8210DeprexisMoritz et al, 2012 [65]

✓Web-based expres-
sive writing

3166PanoplyMorris et al, 2015 [66]

✓Waitlist5651—Noguchi et al, 2017
[67]

✓Depression informa-
tion website

8343ThriveSchure et al, 2019 [68]

✓Care as usual12109MoodGymSilverstone et al, 2017
[69]

✓Waitlist10202—Spek et al, 2007 [70]

ICBT for depression and anxiety
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Recruitment populationControl conditionDuration in

weeksb,c
Participant, naInterventionCategory and study

NonclinicalClinical

✓Waitlist4.29120MoodKitBakker et al, 2018 [71]

✓Waitlist4.29114MoodMissionBakker et al, 2018 [71]

✓Waitlist and web-
based information

6213AllesondercontroleiKleiboer et al, 2015
[72]

✓Waitlist4.35500PacificaMoberg et al, 2019 [73]

✓Waitlist63070MoodGymPowell et al, 2013 [74]

✓Waitlist8459myCompassProudfoot et al, 2013
[75]

✓Mood monitoring648—Shirotsuki et al, 2017
[76]

✓Waitlist4.5766MoodGymTwomey et al, 2014
[77]

ICBT for anxiety

✓Waitlist9139VelibraBerger et al, 2017 [78]

✓Waitlist7139ChallengerBoettcher et al, 2018
[79]

✓Waitlist7139—Boettcher et al, 2018
[79]

✓Waitlist8.791Talk to MeBotella et al, 2010 [80]

✓✓Waitlist1275PAXPDjCiuca et al, 2018 [81]

✓Waitlist31930PhobiaDonker et al, 2019 [82]

✓Waitlist10102ÅngesthjälpenkIvanova et al, 2016 [83]

✓Waitlist683—Kenardy et al, 2003
[84]

✓Waitlist826—Lin et al, 2020 [85]

✓Waitlist17.4101Overcome Social AnxietyMcCall et al, 2018 [86]

✓Book on panic disor-
der

441TodakiOh et al, 2020 [87]

✓Waitlist62116E-couchPowell et al, 2020 [88]

✓Waitlist1064ShynessTitov et al, 2008 [89]

aFor the purpose of this table, n was calculated as the number of participants assigned to the intervention identified in each row plus the number of
participants assigned to the control condition (ie, excluding participants assigned to use other interventions).
bStudy duration expressed in days was divided by 7. Study duration expressed in months was multiplied by 4.35 (the average number of weeks in a
month during a 365-day year).
cSome studies reported data from multiple posttreatment time points; for such studies, the duration, as shown in this table, is the number of weeks
between pretreatment and whichever posttreatment time point was selected for use in the analyses reported in this study.
dICBT: internet-delivered cognitive behavioral therapy.
eODIN: Overcoming Depression on the Internet.
fData were not reported.
gTodac Todac translates to “Tap Tap.”
hSonreír es Divertido translates to “Smiling is Fun.”
iAllesondercontrole translates to “all is under control.”
jPAXPD: PAXonline Program for Panic Disorder.
kÅngesthjälpen translates to “The Anxiety Help.”
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Risk of Bias
We evaluated the risk of bias among included studies using 5
of the 7 domains in the Cochrane risk of bias tool [34]. Of the
46 included studies, 14 (30%) were identified to be at high risk

of bias in at least one domain, whereas only 4 (9%) were found
to be at low risk of bias in all domains assessed. Most studies
(28/46, 61%) were found to be at low or unclear risk in each
domain. The risk of bias identified in each study is presented
in Table 2.
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Table 2. Risk of bias in included studies.

Other biasSelective reportingIncomplete outcome
data (attrition bias)

Allocation conceal-
ment

Random sequence
generation

Category and study

ICBTa for depression

LowUnclearLowUnclearLowBerger et al, 2011 [44]

LowUnclearLowLowLowBücker et al, 2019 [45]

LowUnclearLowLowLowClarke et al, 2002 [46]

LowUnclearHighLowLowClarke et al, 2005 [47]

UnclearUnclearLowUnclearUnclearClarke et al, 2009 [48]

LowUnclearLowUnclearUnclearDahne et al, 2019 [49]

LowUnclearUnclearUnclearUnclearDahne et al, 2019 [50]

LowLowLowLowLowde Graaf et al, 2009 [51]

LowUnclearLowLowUnclearFarrer et al, 2011 [52]

LowLowLowUnclearLowGräfe et al, 2020 [53]

LowUnclearLowLowLowHur et al, 2018 [54]

LowUnclearLowUnclearLowLintvedt et al, 2013 [55]

LowUnclearLowLowLowLöbner et al, 2018 [56]

LowUnclearLowLowUnclearLüdtke et al, 2018 [57]

LowUnclearLowLowHighLüdtke et al, 2018 [58]

UnclearUnclearLowUnclearUnclearMcDermott and Dozois, 2019 [59]

LowUnclearHighHighLowMeyer et al, 2009 [60]

LowUnclearLowLowLowMeyer et al, 2015 [61]

LowUnclearLowLowLowMira et al, 2017 [62]

LowUnclearLowLowLowMohr et al, 2013 [63]

LowLowLowLowLowMontero-Marin et al, 2016 [64]

LowUnclearLowUnclearUnclearMoritz et al, 2012 [65]

LowUnclearLowUnclearUnclearMorris et al, 2015 [66]

LowUnclearLowLowLowNoguchi et al, 2017 [67]

LowLowLowUnclearUnclearSchure et al, 2019 [68]

LowUnclearHighHighHighSilverstone et al, 2017 [69]

LowUnclearLowLowUnclearSpek et al, 2007 [70]

ICBT for depression and anxiety

LowUnclearHighHighHighBakker et al, 2018 [71]

UnclearUnclearHighLowLowKleiboer et al, 2015 [72]

LowUnclearHighUnclearUnclearMoberg et al, 2019 [73]

LowLowLowLowLowPowell et al, 2013 [74]

LowUnclearHighLowLowProudfoot et al, 2013 [75]

LowUnclearLowLowUnclearShirotsuki et al, 2017 [76]

LowUnclearHighHighLowTwomey et al, 2014 [77]

ICBT for anxiety

LowUnclearLowLowLowBerger et al, 2017 [78]

LowUnclearLowLowLowBoettcher et al, 2018 [79]

UnclearUnclearHighUnclearUnclearBotella et al, 2010 [80]

LowUnclearLowLowLowCiuca et al, 2018 [81]
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Other biasSelective reportingIncomplete outcome
data (attrition bias)

Allocation conceal-
ment

Random sequence
generation

Category and study

LowLowLowLowLowDonker et al, 2019 [82]

LowLowHighLowLowIvanova et al, 2016 [83]

UnclearUnclearLowUnclearUnclearKenardy et al, 2003 [84]

UnclearUnclearHighUnclearLowLin et al, 2020 [85]

LowUnclearLowHighLowMcCall et al, 2018 [86]

LowLowLowUnclearUnclearOh et al, 2020 [87]

LowLowHighLowLowPowell et al, 2020 [88]

LowUnclearLowUnclearLowTitov et al, 2008 [89]

aICBT: internet-delivered cognitive behavioral therapy.

Intervention Characteristics
In total, 37 unguided ICBT interventions were evaluated in the
46 included studies. Of these 37 interventions, 15 (41%) were
designed to treat depression exclusively and 9 (24%) were
designed to treat depression and anxiety or stress. Other
interventions were designed to treat social anxiety (6/37, 16%),
panic (2/37, 5%), fear of public speaking (1/37, 3%), generalized
anxiety (1/37, 3%), acrophobia (1/37, 3%), or symptoms of
multiple anxiety disorders (2/37, 5%). Most interventions (23/37,
62%) were described as traditional CBT interventions, but many

interventions (9/37, 24%) were described as being strongly
influenced by elements of third-wave CBT (eg, mindfulness)
or other therapeutic approaches (eg, positive psychology), and
several interventions were based on behavioral activation (2/37,
5%), cognitive therapy (2/37, 5%), or problem-solving therapy
(1/37, 3%). Half of the interventions (19/37, 51%) were
delivered via a web browser, but many interventions were
delivered via a mobile app (11/37, 30%) or both a browser and
an app (5/37, 14%). Of the 37 interventions, it was unclear how
2 (5%) interventions were delivered. The characteristics of each
intervention are presented in Table 3.
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Table 3. Intervention characteristics.

Number of persua-
sive design princi-
ples identified

Delivery mediumCompositionTheoretical approachTarget symptomsName of the inter-
vention

Study

8Mobile appUnclearBehavioral activationDepression¡Aptívate!Dahne et al,
2019 [49]

6Mobile app6 modulesCBTaAcrophobia0PhobiaDonker et al,
2019 [82]

1Web browser5 lessonsProblem-solving ther-
apy

Depression and anxi-
ety

AllesondercontrolebKleiboer et al,
2015 [72]

4App, browser, and
CD

8 modulesAcceptance and com-
mitment therapy

Panic and social anxi-
ety

ÅngesthjälpencIvanova et al,
2016 [83]

4Mobile app4 modulesCBT with third-wave
elements

DepressionBe Good to YourselfLüdtke et al,
2018 [57]

13Mobile appN/AdCBTSocial anxietyChallengerBoettcher et al,
2018 [79]

2Web browser9 modulesCBTDepressionColour Your Lifede Graaf et al,
2009 [51]

5Web browser12 modulesCBT and other ap-
proaches

DepressionDeprexisBerger et al,
2011 [44];
Gräfe et al,
2020 [53];
Meyer et al,
2009 [60];
Meyer et al,
2015 [61]; and
Moritz et al,
2012 [65]

2App and browser6 modulesCBTSocial anxietyE-couchPowell et al,
2020 [88]

1Mobile appUnclearCBTDepression and anxi-
ety

iCouch CBTDahne et al,
2019 [49]

5Web browser9 modulesCBT with third-wave
elements

DepressionMOODBücker et al,
2019 [45]

1Web browser5 modulesCBT and other ap-
proaches

Depression and anxi-
ety

MoodGymeFarrer et al,
2011 [52];
Lintvedt et al,
2013 [55]; Löb-
ner et al, 2018
[56]; McDer-
mott and Do-
zois, 2019 [59];
and Twomey et
al, 2014 [77]

8Mobile app7 modulesBehavioral activationDepressionMoodivateDahne et al,
2019 [50]

5Mobile app4 featuresCBTDepression and anxi-
ety

MoodKitBakker et al,
2018 [71] and
Dahne et al,
2019 [50]

4Web browser18 lessonsCBTDepressionmoodManagerMohr et al,
2013 [63]

4Mobile appN/ACBTDepression and anxi-
ety

MoodMissionBakker et al,
2018 [71]

6App and browser12 modulesCBT and other ap-
proaches

Depression, anxiety,
and stress

myCompassProudfoot et al,
2013 [75]

8Web browser7 modulesCBTSocial anxietyOvercome Social
Anxiety

McCall et al,
2018 [86]
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Number of persua-
sive design princi-
ples identified

Delivery mediumCompositionTheoretical approachTarget symptomsName of the inter-
vention

Study

5Web browser7 modulesCognitive therapyDepressionODINfClarke et al,
2002 [46] and
Clarke et al,
2005 [47]

8Mobile appUnclearCBT and other ap-
proaches

Depression, anxiety,
and stress

PacificaMoberg et al,
2019 [73]

8Web browserN/ACognitive therapyDepressionPanoplyMorris et al,
2015 [66]

3Web browser16 modulesCBTPanic disorderPAXPDgCiuca et al,
2018 [81]

8Web browser6 lessonsCBTSocial anxietyShynessTitov et al,
2008 [89]

5Web browser10 modulesCBT and other ap-
proaches

DepressionSonreír es Diver-

tidoh
Mira et al, 2017
[62] and Mon-
tero-Marin et al,
2016 [64]

6Web browserUnclearCBTFear of public speak-
ing

Talk to MeBotella et al,
2010 [80]

3App and browser3 modulesCBTDepressionThriveSchure et al,
2019 [68]

7Mobile app3 modulesCBTDepressionTodac TodaciHur et al, 2018
[54]

7Mobile app4 modesCBTPanicTodakiOh et al, 2020
[87]

5Web browser6 sessionsCBT and other ap-
proaches

Various anxiety disor-
ders

VelibraBerger et al,
2017 [78]

2Unclear9 modulesCBTSocial anxiety disor-
der

Not reportedBoettcher et al,
2018 [79]

8Web browser4 sectionsCBTDepressionNot reportedClarke et al,
2009 [48]

3Web browser6 sessionsCBTAnxietyNot reportedKenardy et al,
2003 [84]

10Web browser8 modulesCBTSocial anxietyNot reportedLin et al, 2020
[85]

3App and browser1 moduleCBTDepressionNot reportedLüdtke et al,
2018 [58]

1Web browserUnclearCBTDepression and stressNot reportedNoguchi et al,
2017 [67]

2e-learning system
and guidebook

6 modulesCBTDepression- and anxi-
ety-related symptoms

Not reportedShirotsuki et al,
2017 [76]

2Web browser8 modulesCBTDepressionNot reportedSpek et al, 2007
[70]

aCBT: cognitive behavioral therapy.
bAllesondercontrole translates to “all is under control.”
cÅngesthjälpen translates to “The Anxiety Help.”
dN/A: not applicable.
eBluepages was offered as a complement to MoodGym in studies by Farrer et al [52] and Lintvedt et al [55] but was omitted from this table (and all
analyses) because it is a psychoeducation package and not an internet-delivered cognitive behavioral therapy intervention.
fODIN: Overcoming Depression on the Internet.
gPAXPD: PAXonline Program for Panic Disorder.
hSonreír es Divertido translates to “Smiling is Fun.”
iTodac Todac translates to “Tap Tap.”
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Persuasive Design
On average, interventions included 4.95 (SD 2.85) persuasive
design principles (excluding tunneling). The total number of
persuasive design elements ranged from 1 to 13. Principles in
the primary task support category were the most common (mean

2.86, SD 1.32), followed by principles in the dialogue support
category (mean 1.27, SD 1.19) and social support category
(mean 0.81, SD 1.60). The number of interventions in which
each persuasive design principle was identified is presented in
Table 4.

Table 4. Persuasive design principles identified.

Interventions used, n (%)Brief descriptionaPersuasive design principle

Primary task support

35 (95)Divides target behavior into simple stepsReduction

29 (78)Delivers content in a step-by-step formatTunneling

2 (5)Provides content adapted to user groupTailoring

18 (49)Provides content that is adapted to one userPersonalization

20 (54)Provides ability to monitor progress or statusSelf-monitoring

6 (16)Provides ability to observe relevant behaviorSimulation

25 (68)Provides ability to rehearse a behaviorRehearsal

Dialogue support

8 (22)Offers praise to participantPraise

5 (14)Offers reward to participantRewards

13 (35)Provides remindersReminders

15 (41)Provides suggestionsSuggestion

0 (0)Is designed to look familiarSimilarity

1 (3)Is visually designed to be attractiveLiking

5 (14)Acts as if it has a social roleSocial role

Social support

7 (19)Facilitates learning from other usersSocial learning

5 (14)Facilitates comparison with other usersSocial comparison

2 (5)Provides normative information on target behaviorNormative influence

5 (14)Facilitates awareness of others using interventionSocial facilitation

8 (22)Stimulates users to cooperateCooperation

0 (0)Stimulates users to competeCompetition

3 (8)Shows users who adopted target behaviorRecognition

aThese descriptions were adapted from the operational definitions provided by Kelders et al [25].

Meta-analysis Results

Meta-analysis of Unguided ICBT for Depression
We conducted a meta-analysis of 37 comparisons across 34
trials of unguided ICBT for depression. There was statistically
significant heterogeneity in Hedges g among the studies

(Q=89.85, df=36; P<.001). An I2 statistic of 59.93 indicated

that a moderate proportion of variability was attributable to true
heterogeneity rather than sampling error [90,91]. The weighted
mean between-subjects effect size was small to moderate
(Hedges g=0.31; SE 0.04; 95% CI 0.24-0.38). The forest plot
for this meta-analysis is shown in Figure 2. Weighted mean
effect sizes after excluding studies deemed to be at high risk of
bias and after adjusting for publication bias using the trim and
fill technique [40] are presented in Table 5.

J Med Internet Res 2021 | vol. 23 | iss. 4 | e26939 | p. 13https://www.jmir.org/2021/4/e26939
(page number not for citation purposes)

McCall et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 2. Meta-analysis of unguided internet-delivered cognitive behavioral therapy for depression.
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Table 5. Summary statistics of meta-analyses with and without bias corrections.

Hedges g (95% CI)Meta-analysis

Meta-analysis of ICBTa for depression

0.31 (0.24-0.38)All studies of ICBT for depression

0.23 (0.16-0.31)All studies with trim and fill adjustment

0.28 (0.20-0.36)Studies with high risk of bias excluded

0.22 (0.14-0.31)Studies with high risk of bias excluded, with trim and fill adjustment

Meta-analysis of ICBT for anxiety

0.45 (0.33-0.56)All studies of ICBT for anxiety

0.45 (0.33-0.56)All studies with trim and fill adjustment

0.54 (0.29-0.79)Studies with high risk of bias excluded

0.54 (0.29-0.79)Studies with high risk of bias excluded, with trim and fill adjustment

aICBT: internet-delivered cognitive behavioral therapy.

Meta-analysis of Unguided ICBT for Anxiety
We included 19 studies that reported 21 comparisons in a
meta-analysis of unguided ICBT for anxiety. The results
indicated statistically significant heterogeneity of Hedges g
among studies (Q=68.47, df=20; P<.001). The corresponding

I2 statistic of 70.79 suggested that a substantial proportion of

the variability represented true heterogeneity [90,91]. The
weighted mean between-subjects effect size was moderate
(Hedges g=0.45; SE 0.06; 95% CI 0.33-0.56). A forest plot is
shown in Figure 3. Additional weighted mean effect sizes
accounting for publication- and study-level bias are presented
in Table 5.

Figure 3. Meta-analysis of unguided internet-delivered cognitive behavioral therapy for anxiety.
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Meta-regression Results

Meta-regression of Unguided ICBT for Depression
The meta-regression of ICBT for depression, like the
meta-analysis of ICBT for depression, included 34 studies
reporting 37 comparisons. We used 3 predictors in this
meta-regression: the total number of persuasive design principles
(mean 3.90, SD 2.33), whether each intervention was designed

to treat symptoms of both depression and anxiety (19/37, 51%)
or only depression (18/37, 49%), and whether each study used
an active control condition (13/37, 35%) or a passive control
condition (24/37, 65%). The results for both steps of the
meta-regression are presented in Table 6. With the possible
exception of very minor heteroscedasicity of residuals at one
or both steps, all assumptions were met, as detailed in
Multimedia Appendix 8.

Table 6. Meta-regression of unguided internet-delivered cognitive behavioral therapy for depression.

PredictorsModelStep and variable

Variance infla-
tion factor

P value95% CISEB aR2

change
R 2Model summary

P valueQ (df)

N/Ab0.0.591.05 (2)Step 1

3.03<.0010.15 to
0.41

0.070.28Constant

1.11.79−0.19 to
0.14

0.08−0.02Active control condition

1.11.40−0.09 to
0.23

0.080.07Transdiagnostic intervention

0.270.27.086.74 (3)Step 2

8.63.32−0.09 to
0.29

0.100.10Constant

1.14.85−0.16 to
0.13

0.07−0.01Active control condition

1.36.09−0.02 to
0.28

0.080.13Transdiagnostic intervention

1.22.020.01 to
0.07

0.020.04Persuasive design principles

aUnstandardized β coefficient.
bN/A: not applicable.

Meta-regression of Unguided ICBT for Anxiety
Similar to the meta-analysis of ICBT for anxiety, the
meta-regression of ICBT for anxiety included 19 studies
reporting 21 comparisons. We used 2 predictors: the total
number of persuasive design principles (mean 5.05, SD 3.17)
and whether each intervention was designed to treat symptoms
of both depression and anxiety (8/21, 38%) or only anxiety

(13/21, 62%). The results for both steps of the meta-regression
are presented in Table 7. The assumption of normality of
residuals may not have been met fully at both steps, although
the residuals roughly approximated normal distributions. The
assumption of homoscedasticity of the residuals was violated
in step 1. The assumption tests for this meta-regression are
detailed in Multimedia Appendix 9.
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Table 7. Meta-regression of unguided internet-delivered cognitive behavioral therapy for anxiety.

PredictorsModelStep and variable

Variance infla-
tion factor

P value95% CISEB aR2

change
R 2Model summary

P valueQ (df)

N/Ab0.0.034.80 (1)Step 1

1.77<.0010.41 to
0.73

0.080.57Constant

1.00.03−0.51 to
−0.03

0.12−0.27Transdiagnostic intervention

0.050.05.027.55 (2)Step 2

5.12<.0010.18 to
0.67

0.130.42Constant

1.07.049−0.46 to
−0.00

0.12−0.23Transdiagnostic intervention

1.07.17−0.01 to
0.06

0.020.03Persuasive design principles

aUnstandardized β coefficient.
bN/A: not applicable.

Discussion

Principal Findings
Recent years have witnessed a proliferation of randomized trials
of eHealth interventions, including many trials of unguided
ICBT for depression and anxiety. Indeed, most of the studies
included in this review were published in or after 2017. There
was considerable diversity in the design of both studies (eg,
study duration and type of control condition) and interventions
(eg, mode of delivery and use of persuasive design principles).

The results of the meta-analysis of unguided ICBT for
depression were consistent with the results of previous
meta-analyses. We reported 4 mean effect sizes (Hedges g) for
unguided ICBT for depression, ranging from 0.22 to 0.31, based
on the corrections we made for publication bias and study-level
bias. Previous meta-analyses of unguided ICBT for depression
have found comparable mean effect sizes (Hedges g or Cohen
d) ranging from 0.24 to 0.36 [12,92-95]. Our meta-analysis of
unguided ICBT for anxiety yielded a mean effect size of 0.45.
There was no evidence of publication bias, and the mean effect
size was greater (Hedges g=0.54) after excluding studies found
to be at a high risk of bias. Several previous meta-analyses of
ICBT for symptoms of anxiety disorders found effect sizes
between 0.70 and 1.12 [41,96-98]; however, all these
meta-analyses included trials of guided ICBT interventions,
which likely explains the greater mean effect sizes, at least in
part. We are aware of only 1 meta-analysis that has included a
subgroup analysis of unguided ICBT for anxiety—social
anxiety, specifically—finding mean effect sizes (Hedges g) of
0.78 and 0.19 for studies using passive and active control
conditions, respectively [41]. It is worth noting that our review
included many transdiagnostic interventions designed to treat
symptoms of both depression and anxiety. The meta-regressions
showed that these interventions were significantly less

efficacious for treating anxiety symptoms compared with
interventions designed to treat anxiety symptoms only; however,
their efficacy in treating depression did not significantly differ
from interventions designed to treat symptoms of depression
only.

We identified wide variability in the use of persuasive design
in unguided ICBT for depression and anxiety, with several
interventions using only 1 persuasive design principle and others
using as many as 13. The intervention identified as having the
greatest number of persuasive design principles (ie, 13), called
Challenger, was specifically designed to be engaging, with
many features inspired by the literature on gamification [79,99].
The mean number of persuasive design principles identified
across interventions (4.95, excluding the principle of tunneling)
was comparable with the mean of 5.4 principles identified by
Kelders et al [25] among mental health interventions in their
review. The mean number of persuasive design principles
identified in the primary task support (mean 2.86, SD 1.32;
excluding tunneling), dialogue support (mean 1.27, SD 1.19),
and social support (mean 0.81, SD 1.60) categories were also
roughly comparable with the corresponding means identified
among mental health interventions by Kelders et al [25] (2.6,
1.6, and 1.3, respectively).

Persuasive design was a significant predictor of effect size in
the meta-regression of ICBT for depression. The unstandardized
β coefficient (B) of 0.04 suggested that for each additional
persuasive design principle an intervention uses, one could
predict the effect size (Hedges g) for that intervention to increase
by 0.04, compared with a control condition in a randomized
trial. However, meta-regression is an inherently observational
procedure [100], and the results therefore could not show
whether persuasive design caused certain ICBT interventions
for depression to be more efficacious than others. Persuasive
design did not predict efficacy in the meta-regression of ICBT
for anxiety. However, it is worth noting that the meta-regression
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of ICBT for anxiety included far fewer studies than the
meta-regression of ICBT for depression and had limited
statistical power to identify an effect. Indeed, persuasive design
had an unstandardized β coefficient of 0.03 in the
meta-regression of ICBT for anxiety, which—although not
statistically significant—was comparable in magnitude with
that of the meta-regression of ICBT for depression. The results
of the meta-regression of unguided ICBT for anxiety should be
interpreted cautiously because assumption tests showed that
certain assumptions were unmet. Nonetheless, our results
suggest that persuasive design is more closely related to
outcomes in interventions for depression than anxiety. Given
that persuasive design is purported to motivate engagement in
treatment [17] and that lack of motivation is a hallmark of
depression, it is possible that persuasive design is particularly
important in ICBT for depression.

Overall, our findings support the hypothesis that persuasive
design predicts efficacy in unguided ICBT, at least in the
treatment of depression. Our findings also support the validity
of the PSD framework [17] by showing that it is meaningfully
related to treatment outcomes. Although the results do not
demonstrate the importance of any specific persuasive design
principles, they support the growing body of theory and data
suggesting, broadly, that persuasive design matters in eHealth
[18-24]. These findings are encouraging and timely. ICBT has
become well established over the last two decades, having now
been evaluated in hundreds of trials [101] and currently being
funded by many governments around the world [102]. It is clear
that ICBT is effective, and a natural next step in ICBT research
will be to explore possible avenues for making it more effective.
Our findings suggest that enhanced persuasive design may be
one such avenue. Notably, because ICBT is highly scalable,
particularly when it is unguided, even slight increases in
effectiveness can have substantial and wide-reaching
implications for public health.

Limitations
This study had several limitations. First, a considerable amount
of data was unreported; in particular, it is likely that many
interventions used persuasive design principles that were not
described in the included studies. Second, although we were

able to identify the principles in the PSD framework as present
or absent, we did not have access to the interventions
themselves, and we were unable to evaluate how effectively
persuasive design principles were implemented. Third, we were
unable to show, through our meta-regressions, whether specific
persuasive design principles predicted efficacy. Finally, only 1
researcher was involved in data extraction; a second extractor
would have helped reduce the risk of error, inconsistency, or
bias.

Future Directions
Further research will be required to clarify the role of persuasive
design in unguided ICBT and other eHealth interventions. First,
dismantling studies comparing versions of interventions with
and without certain persuasive design principles could evaluate
the utility of specific principles. Factorial randomized trials of
this kind would allow researchers to efficiently evaluate multiple
persuasive design principles in a single study. Second, it would
be helpful to explore how intervention users experience
persuasive design, which could perhaps be achieved through
qualitative research or the development of a self-report
questionnaire assessing user experiences of persuasive design.
Third, the literature would benefit from a more detailed
description of persuasive design in unguided ICBT interventions
based on a careful review of the interventions themselves (ie,
rather than this study’s review of descriptions of interventions
from randomized trials). Finally, further research will be
required to test our finding that persuasive design predicts
efficacy in unguided ICBT for depression but not for anxiety.

Conclusions
The literature on ICBT and other eHealth interventions is
evolving rapidly. This review has provided an updated
meta-analysis of unguided ICBT for depression and anxiety,
generally finding smaller effect sizes for depression than for
anxiety. It has also documented the wide variability in the use
of persuasive design in unguided ICBT and demonstrated
through a meta-regression that persuasive design predicts
efficacy in unguided ICBT for depression. Persuasive design
is a promising avenue for further optimization of eHealth
interventions, including ICBT, and an area of research that is
worth investigating further.
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