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Summary

Background Internet cognitive behavioural therapy (iCBT) is a viable delivery format of CBT for depression. However,
iCBT programmes include training in a wide array of cognitive and behavioural skills via different delivery methods,
and it remains unclear which of these components are more efficacious and for whom.

Methods We did a systematic review and individual participant data component network meta-analysis (c(NMA)
of iCBT trials for depression. We searched PubMed, PsycINFO, Embase, and the Cochrane Library for
randomised controlled trials (RCTs) published from database inception to Jan 1, 2019, that compared any form
of iCBT against another or a control condition in the acute treatment of adults (aged =18 years) with depression.
Studies with inpatients or patients with bipolar depression were excluded. We sought individual participant data
from the original authors. When these data were unavailable, we used aggregate data. Two independent
researchers identified the included components. The primary outcome was depression severity, expressed as
incremental mean difference (iMD) in the Patient Health Questionnaire-9 (PHQ-9) scores when a component is
added to a treatment. We developed a web app that estimates relative efficacies between any two combinations of
components, given baseline patient characteristics. This study is registered in PROSPERO, CRD42018104683.

Findings We identified 76 RCTs, including 48 trials contributing individual participant data (11704 participants) and
28 trials with aggregate data (6474 participants). The participants’ weighted mean age was 420 years and 12406 (71%)
of 17521 reported were women. There was suggestive evidence that behavioural activation might be beneficial
(iMD -1-83 [95% credible interval (CrI) —2-90 to —0-80]) and that relaxation might be harmful (1-20 [95% Crl
0-17 to 2-27]). Baseline severity emerged as the strongest prognostic factor for endpoint depression. Combining
human and automated encouragement reduced dropouts from treatment (incremental odds ratio, 0-32 [95% Crl
0-13 to 0-93]). The risk of bias was low for the randomisation process, missing outcome data, or selection of reported
results in most of the included studies, uncertain for deviation from intended interventions, and high for measurement
of outcomes. There was moderate to high heterogeneity among the studies and their components.

Interpretation The individual patient data cNMA revealed potentially helpful, less helpful, or harmful components
and delivery formats for iCBT packages. iCBT packages aiming to be effective and efficient might choose to include
beneficial components and exclude ones that are potentially detrimental. Our web app can facilitate shared decision
making by therapist and patient in choosing their preferred iCBT package.

Funding Japan Society for the Promotion of Science.
Copyright © 2021 Elsevier Ltd. All rights reserved.
Introduction

Cognitive behavioural therapy (CBT) is the most widely
studied type of psychotherapy for depression.'”? CBT

encompasses a wide array of cognitive and behavioural
skills, which are sometimes administered alone but
more commonly in various combinations. Moreover,
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Research in context

Evidence before this study

Psychotherapy is a complex intervention, comprising
multiple components in various combinations. There are
two types of research to disentangle specific contributions of
psychotherapy components: so-called dismantling studies
and, more recently, component network meta-analyses.

We searched PubMed from inception to Oct 9, 2020,

for relevant reviews with the following terms in titles and
abstracts: (“Mental Disorders”[Mesh] “Psychotherapy”[Mesh]
dismantl*) and (“Mental Disorders”[Mesh]
“Psychotherapy”[Mesh] component network meta-analysis).
We identified three systematic reviews of dismantling studies
and two component network meta-analyses. Earlier reviews
of dismantling studies found no additive effects of specific
components among dismantling studies; however, the most
recent review focusing on depression found behavioural
activation, but not cognitive restructuring or mindfulness,
to have significant additive effects. A component network
meta-analysis of face-to-face cognitive behavioural therapy
(CBT) for panic disorder singled out muscle relaxation to be
harmful; a component network meta-analysis of CBT for
depression found no evidence of specific effects of any
components or their combinations.

Added value of this study

Three new features strengthened the precision, sensitivity,

and clinical relevance of our study. First, component network
meta-analysis increased precision of estimates by including
more studies than narrowly defined dismantling studies and by
combining direct and indirect estimates while maintaining

training in these skills is generally administered in a
flexible way, because it is believed that their efficacy is
moderated by individual patients’ characteristics. It is
then of the utmost importance to know which of these
components are more contributory to its effectiveness,
and which combinations of them are optimal and for
whom.?

Traditional approaches to examine components
involved so-called dismantling studies, in which the
whole treatment package is compared against a package
that omits one component.** However, such studies
have been typically underpowered and of poor method-
ological quality. Moreover, these studies have proved
difficult to combine because each study examined
very diverse components and covered heterogeneous
conditions.® With new advances in the science of
evidence synthesis, complex interventions can now be
dismantled through component network meta-analysis
(cNMA) by estimating the individual efficacies of the
various components contained in a network of ran-
domised controlled trials (RCTs).”® cNMA increases
statistical power by combining direct and indirect
comparisons while fully respecting the randomised
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randomised comparisons. Second, by focusing on iCBT,

we could be certain that the components had been offered and
made accessible as intended by the researchers, in contrast to
face-to-face CBT, for which the contents might have been
modified or skipped when its conduct was not well monitored.
Third, the use of individual participant data allowed us to
identify prognostic factors and effect modifiers and thus
estimate personalised relative effects among different
interventions, depending on individual patients’ characteristics.
We found suggestive evidence that non-specific treatment
effects (including placebo effect and common factors) and
behavioural activation might have beneficial effects, whereas
relaxation might be detrimental. Combining human
encouragement to proceed with the iCBT programme with
automated encouragement decreased the number of patients
who dropped out from treatment. We developed a web app
that estimates relative efficacies between any

two combinations of components based on baseline patient
characteristics.

Implications of all the available evidence

Future iCBT packages aiming to be effective and efficient might
include behavioural activation but not relaxation. These
packages might further include behaviour therapy for insomnia
and problem solving, but probably not cognitive restructuring.
Automated encouragement could be used in iCBT packages
along with human encouragement to increase adherence.

Our web app can facilitate shared decision making by therapist
and patient in choosing their preferred iCBT package.

structure of the evidence—ie, treatment effects are
estimated separately in each study, and then study-
specific estimates are pooled across the network.’

One fundamental limitation of all previous dismantling
studies and c¢cNMAs is that they dealt mainly with
face-to-face CBT, in which it is difficult to be sure that the
claimed components have actually been administered as
intended and that no other elements were introduced,
unless treatment fidelity was monitored. In the past
two decades, computerised or internet CBT (iCBT) has
been introduced and widely tested in trials. It is now well
established that guided iCBT can be as effective as
face-to-face individual, group, or other delivery formats
of CBT of similar length. iCBT provides a unique
platform whereby each cognitive and behavioural skill is
offered uniformly and as intended by the programme
developers. Moreover, iCBT brings additional clinical
questions regarding delivery methods to improve its
adherence.

The aim of this individual participant data cNMA was
to elucidate which of the skills and delivery methods
commonly included in the broadly conceived iCBT
packages are efficacious and for whom.

Preventive Medicine

(O Efthimiou PhD), University
of Bern, Bern, Switzerland;
Patient Centred Outcomes
Research Group, Leeds Institute
of Medical Research at

St James's, University of Leeds,
Leeds, UK (F W Boele PhD);
Department of Clinical
Psychology and Psychotherapy,
Friedrich-Alexander-University
Erlangen-Nirnberg, Erlangen,
Germany (C Buntrock PhD,

A-C Zarski PhD); Department
for Sport and Health Sciences,
Chair for Psychology & Digital
Mental Health Care, Technical
University Munich, Germany
(Prof D D Ebert PhD);
Department of Psychology,
Stockholm University,
Stockholm, Sweden

(Prof P Carlbring PhD,

R Johansson PhD); Central
Clinical School, Brain and Mind
Centre, Faculty of Medicine and
Health, University of Sydney,
Sydney, NSW, Australia

(I Choi PhD); Black Dog Institute
and University of New South
Wales, Prince of Wales Hospital,
Sydney, NSW, Australia

(Prof H Christensen PhD,

Prof A Mackinnon PhD,

K O'Moore DCP); Department of
Psychiatry and Behavioral
Sciences, Medical University of
South Carolina, Charleston, SC,
USA () Dahne PhD); Department
of Clinical, Neuro and
Developmental Psychology,
Vrije Universiteit Amsterdam,
Amsterdam, Netherlands

(M H Huibers PhD,

A Kleiboer PhD, Prof H Riper PhD,
Prof A van Straten PhD,

C Miguel MSc,

Prof P Cuijpers PhD); Centre for
Mental Health Research,

The Australian National
University, Canberra, Australia
(L Farrer PhD); Department of
Psychiatry, The Donald and
Barbara Zucker School of
Medicine at Hofstra/Northwell,
Hempstead, NY, USA

(N R Forand PhD); Department
of Psychology, The Ohio State
University, Columbus, OH, USA
(Prof D R Strunk PhD,

| D Ezawa PhD); Department of
Psychology, Faculty of Health
and Life Sciences, Linnaeus
University, Véxj6, Sweden
(Prof V Kaldo PhD); Soulve
Innovations, Utrecht,
Netherlands (A Geraedts PhD);
Department of Health Sciences,
University of York, York, UK
(Prof S Gilbody DPhil,

E Littlewood PhD, S Brabyn MSc);

501



Articles

Department of Psychology,
University of Regina, Regina,
SK, Canada

(Prof H D Hadjistavropoulos PhD);
Anxiety Treatment and
Research Clinic, St Joseph's
Healthcare Hamilton, Hamilton,
ON, Canada (L H Schneider PhD);
Department of Clinical
Psychology, Faculty of
Psychology, University of
Bergen, Bergen, Norway

(R Kenter PhD); Department of
Psychology (M Kivi PhD) and
Primary Health Care, School of
Public Health and Community
Medicine, Institute of Medicine
(Prof C Bjorkelund PhD),
University of Gothenburg,
Gothenburg, Sweden;
Department of Psychiatry and
Psychotherapy, Luebeck
University, Luebeck, Germany
(J P Klein MD); Institute for Sex
Research, Sexual Medicine and
Forensic Psychiatry

(J Schroder PhD) and
Department of Psychiatry and
Psychotherapy (S Moritz PhD,

L Bucker PhD), University
Medical Center Hamburg-
Eppendorf, Hamburg, Germany;
Research Department, GAIA AG,
Hamburg, Germany

(B Meyer PhD); Norwegian
Center for E-health research,
Tromsg, Norway

(O Lintvedt PhD); Department of
Health, Medicine and Caring
Sciences, Linképing University,
Norrkoping, Sweden

(Prof P Johansson PhD,

J Lundgren PhD); Parent-Infant
Research Institute and Austin
Health, Melbourne School of
Psychological Sciences,
University of Melbourne, VIC,
Australia (Prof | Milgrom PhD,
AW Gemmill PhD); Center for
Behavioral Intervention
Technologies, Department of
Preventive Medicine,
Northwestern University,
Chicago, IL, USA

(Prof D C Mohr PhD); Aragon
Institute for Health Research,
Miguel Servet University
Hospital, Zaragoza, Spain

() Garcia- Campayo PhD);
Primary Care Prevention and
Health Promotion Research
Network, RedIAPP, Madrid,
Spain (J Garcia- Campayo);
Klinikum Osnabriick,
Osnabriick, Germany

(S Nobis PhD); Department of
Psychology, Faculty of Science,
The University of New South
Wales, Sydney, NSW,
Australia(A D Williams PhD);
School of Psychology,

502

Methods

Search strategy, selection criteria, and data extraction
In this systematic review and individual participant data
cNMA we used an existing database of psychological
treatments for depression, which is updated annually
through comprehensive literature searches in PubMed,
PsycINFO, Embase, and the Cochrane Library.” Searches
combined terms for depression and psychotherapies with
filters for randomised controlled trials without any
language restrictions. The full search strings are in the
appendix (pp 4-8). EK and PCu independently checked
this database for eligible studies; disagreements were
resolved by discussion. The last update search was done
on Jan 1, 2019.

We included all RCTs that compared any form of iCBT
against another form of iCBT or a control condition in the
acute phase treatment of adults (aged =18 years) with
depression, either diagnosed as unipolar major or minor
depression according to operationalised diagnostic criteria,
such as DSM-5 or ICD-10, or judged so by elevated scores
on self-report measures with satisfactory reliability and
validity. We excluded studies with inpatients or patients
with bipolar depression.

We conceptualised CBT broadly as psychotherapy
involving training in any of the cognitive or behavioural
skills, including cognitive restructuring, behavioural
activation, interpersonal skills, structured problem
solving, or third wave components. The iCBT had to be a
web-based or app-based programme using the internet to
deliver the CBT contents. We excluded studies of
telephone CBT, computerised CBT available only on a
clinic-based computer, and when therapists delivered
CBT through teleconferencing or emails.

The control conditions of interest were being on a
waiting list for treatment, no treatment, attention or
psychological placebo, and treatment as usual. Studies
have defined different conditions as treatment as
usual.*® In our study, treatment as usual was defined as
including conventional drug treatment either as part of
the general practitioners’ care or as part of the study
protocol. Watchful waiting or follow-up by community
nurses were classified as attention or psychological
placebo, even when it was regarded as treatment as usual
in some settings.

The definitions of our components of interest for
the intervention and control arms, as conceptualised and
defined by TAF and PC who are expert clinicians and
researchers in CBT and iCBT, are shown in the panel. The
various forms of iCBT and control conditions as
conceptualised from the component perspective are
shown in the table. The intervention could be of any
duration.

Pairs of two independent reviewers (TAF, AS, EGO)
classified all identified treatment arms and their
constituent components according to the definitions in
the panel and table, using all available information from
the publications, the iCBT programmes if accessible,

and inquiries with the original investigators. The
component could be of any length. A CBT skill
component was judged present when it was mentioned
as such in the publication or was allocated a session or
lesson in the programme. When skills not covered in
this classification (eg, expressive writing, dreamwork)
were included, we assumed such interventions to have
some non-specific treatment effects only. The impact of
this assumption was tested in a sensitivity analysis
excluding such trials.

Pairs of two independent reviewers (TAF, AS, EGO)
independently assessed the validity of the included
studies using the revised risk of bias tool by Cochrane.”
The assessment was strictly on the primary outcome
used in this review, which was depression severity
derived either from the individual participant data or the
aggregate data, depending on data availability. Any
disagreement was resolved through discussion or
through consultation with a third reviewer.

Authors of the identified studies were contacted via
email and requested to contribute individual-level data.
When data provision was explicitly declined or the authors
did not respond after three attempts, the individual
participant data were deemed unavailable. After collecting
individual participant data, two independent reviewers
(EK, TAF) cross-examined the provided data against the
original publications. When the numbers did not match,
we contacted the authors for clarification. Duplicate data
were excluded.

This protocol for this study has already been
published.® This report follows the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
extension statements for network meta-analysis” and
for individual participant data meta-analysis.® The
PRISMA-individual participant data checklist is provided
in the appendix (pp 84-87).

Statistical analyses

Our primary outcome was depression severity as mea-
sured on a continuous scale for depression at the end of
the acute phase treatment. We accepted any depression
measures with established reliability and validity. The
scale scores were converted into the most frequently
used scale, the Patient Health Questionnaire-9 (PHQ-9),”
when the established conversion algorithms were
available.?*

Our secondary outcomes were dropout from treatment,
defined as completing less than 80% of the contents of
the programme in individual participant data studies or
according to the original authors’ definition in aggregate
data studies, and dropout from the end-of-treatment
assessment for any reason.

We first did a network meta-analysis at the treatment
level to examine if the network of the identified trials was
amenable to network meta-analysis. A fundamental pre-
requisite for network meta-analyses is the so-called
transitivity—ie, to have effect modifiers evenly distributed

www.thelancet.com/psychiatry Vol 8 June 2021
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Panel: Components, their definitions, and the number of trial arms including each component

Waiting component; 52 arms

Participants know that they can receive an active treatment,
after a waiting phase. Usually patients on a waiting list do not
receive any treatment during the waiting phase. However,

in some trials the patients allocated to a waiting list received
some non-specific therapeutic components, such as
psychological placebo, psychoeducation, or treatment as usual.
In such cases, we assumed that the waiting component was
present, recorded the interventions provided while waiting,
and classified such an arm as waiting list.

Conventional drug treatment; 143 arms

Treatment as usual or care as usual can denote many different
conditions in the literature.*** In this study we focused on the
use of conventional drug treatment and extracted the data on
whether conventional drug treatment was present (drug
treatment was part of the protocol treatment), allowed,

or absent. When the drug was used to the same extent in both
arms, the conventional drug treatment component was
assumed to be present.

Non-specific treatment effects; 142 arms

Effects of an intervention due to the patients’ belief that they
are receiving some form of treatment (placebo effect) and to
the common or non-specific factors of psychotherapies. These
two elements were indistinguishable in the current network of
psychotherapies.

Psychoeducation about depression; 111 arms

Provision of information about the cause and nature of
depression. Patients are taught their symptoms can be
interpreted under a particular psychopathological model.

For example, if cognitive distortion is cited as the cause of
depression, such an explanation was counted towards the
psychoeducation about depression component as defined here.
We considered psychoeducation to be present only if there was
a dedicated module (psychoeducation or introductory). Advice
about lifestyle modification (eg, exercise, food, sleep hygiene as
opposed to cognitive behavioural therapy [CBT] for insomnia)
or provision of information about depression in informational
websites were regarded as a form of psychoeducation.

Cognitive restructuring; 74 arms

This component teaches the patient to evaluate and modify
their own irrational, maladaptive, or dysfunctional thoughts
using strategies such as Socratic questioning and guided
imagery.

Behavioural activation; 84 arms

This component aims to help people increase potentially
reinforcing experiences through activity scheduling and
increased engagement in pleasant activities.

across comparisons. We therefore examined the dis-
tribution of potential effect modifiers in studies grouped
by treatment comparison. We did a two-step random

www.thelancet.com/psychiatry Vol 8 June 2021

Interpersonal skills training; 31 arms

Training in appropriate social behaviours. Includes assertiveness
training, which teaches the patient to stand up for their own
rights by expressing their feelings and wishes in an honest and
respectful manner that does not insult or hurt others.

Problem solving; 55 arms

This skill includes the following step-by-step approach to
personal problems: defining personal problems, generating
multiple solutions, selecting the best solution, working out a
systematic plan for this solution, and evaluating whether the
solution has resolved the problem.

Relaxation; 36 arms

This skill is aimed at reducing general tension through induction
of a relaxed body state. The most common techniques are
Jacobson'’s progressive muscle relaxation and applied relaxation.

Third-wave components; 14 arms

Various techniques are aimed at helping patients to develop
more adaptive emotional responses to situations, such as the
ability to observe symptomatic processes without overly
identifying with them or without reacting to them in ways that
cause further distress.* Some typical examples are training in
mindfulness, self-compassion, or acceptance.

Behaviour therapy for insomnia; 4 arms

This skill aims at treating chronic insomnia based on the
principles of sleep restriction and stimulus control. This skill
might also involve cognitive restructuring around maladaptive
beliefs for sleep or teaching sleep hygiene; however, sleep hygiene
only would count towards lifestyle modification and would be
included in the psychoeducation about depression component.

Relapse prevention; 62 arms

Review of learned skills and listing action plans for foreseeable
future problems based on the skills learned. An explanation of
relapse in depression only would be counted as the
psychoeducation about depression component; to qualify for
the relapse prevention component, more participation is
needed from the patient.

Homework required; 68 arms

When completion of some homework assignment is required

(or explicitly encouraged repeatedly) before proceeding with the
programme, either checked by humans or mandated by a
computer program. The homework must pertain to an exercise in
applying the learned CBT or other skills related to the participant’s
own situation and must require some active participation from
the participant. Simple reviewing of the materials or further
reading were not regarded as homework.

(Panel continues on next page)

effects network meta-analysis at the treatment level, using
both aggregate data and individual participant data studies;
for aggregate data studies we used the published data, and
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(Continued from previous page)

Initial face-to-face contact; 57 arms

Initial face-to-face human contact, such as the initial evaluation
session or the initial orientation session, is present. We also
considered this component to be present when the patients were
receiving conventional drug treatment and the doctors were
aware that the patients were in the trial, or when the patients
were referred from their general practitioner for the trial.

Automated encouragement to proceed with internet
cognitive behavioural therapy (iCBT); 48 arms

Provision of automated, fixed prompts or encouragements to
proceed with the treatment programme. Such prompts should
not contain any support related to the therapeutic contents.

Possible decompositions into
components

Cognitive behavioural therapy ns+pexre+cr+(bazpsz+at:hi)

p+dt+ae+hextg=ff+hw

Cognitive therapy nstpexre+crerpzdtraezhes

tg £ ff+ hw

Behavioural activation nstpexre+basrpzdt+aeshe

+tg £ ff+hw

Problem-solving therapy nstpexre+ps+rptdt+aeshex

tg ¢ ff + hw

Third-wave cognitive behavioural
therapy

ns:pexrexcrtbazps+atshi+
3wirprdtraethestgsffzhw

Psychoeducation ns+pexrp+dtaeshextqgsff

Waiting list W+ ns + pe + dt + ff
Treatment as usual ns +dt + ff
Attention or psychological placebo  ns =+ ff

No treatment +ff

The first component and a component marked with a + denotes that the
component is required. A component marked with a + denotes that the
component is optional. At least one of the components within brackets is
required. 3w=third-wave components. ae=automated encouragement to proceed
with internet cognitive behavioural therapy. ba=behavioural activation.
ba=behaviour therapy for insomnia. cr=cognitive restructuring. dt=conventional
drug treatment. ff=initial face-to-face contact. he=human encouragement to
proceed with internet cognitive behavioural therapy. hw=homework required.
is=interpersonal skills training. ns=non-specific treatment effects.
pe=psychoeducation about depression. ps=problem solving. re=relaxation.
rp=relapse prevention. tg=therapeutic guidance for internet cognitive
behavioural therapy. w=waiting component.

Table: Conceptualisation of internet cognitive behavioural therapy or
control conditions from the component perspective

for individual participant data studies we used multiple
imputations based on individual participant data to impute
missing data. We did the network meta-analysis in a
frequentist setting in R using netmeta,” assuming
common heterogeneity for all treatment comparisons.”
We checked network inconsistency, a statistical expression
of intransitivity, using the back-calculation® and the
design-by-treatment methods.”

Subsequently, we used cNMA models that jointly
synthesised aggregate data and individual participant

Human encouragement to proceed with iCBT; 73 arms
Prompts or encouragements are prepared and provided by
human beings to proceed with the treatment programme
via telephone or email. Such prompts should not contain
any support related to the therapeutic contents.

Peer support such as discussion groups counted towards
this component.

Therapeutic guidance for iCBT; 44 arms

Guidance regarding the contents of iCBT. Therapeutic
guidance related to the treatment content could be
provided on a scheduled basis or as needed. Provision of
technical support only did not count toward this
component.

data studies. We did both a two-step and a one-step
cNMA. In the two-step approach, we calculated trial-level
estimates of treatment effects from studies for which
individual participant data were available and therefore
could be re-analysed, and used published trial-level
estimates from studies for which individual participant
data were not available. In the one-step approach, we
used the full individual participant data including
patient-level covariates when available and trial-level
estimates of treatment effects when individual participant
data were not available. The models disentangled the
effects of components assuming additivity,’ and exam-
ined component—covariate interactions using shrinkage
methods.” We estimated component-specific incremental
mean differences (iMD; the added benefit of adding a
component to a treatment). The component-covariate
interactions were modelled assuming linearity. We
examined the robustness of the assumption of additive
component effects by doing a sensitivity analysis
including two-way interactions. We used the parameter
estimates to develop a web app for which the inputs are
patient characteristics and two combinations of
components, and the output is the estimated relative
treatment effects between the two combinations. By
using individual-level data, we were able to examine
prognostic factors (baseline characteristics which predict
the outcome regardless of the intervention) and effect
modifiers (those which predict differential response to
treatments) and to estimate individual relative treatment
effects based on these factors.

We repeated the procedure for the two secondary
outcomes, using a binomial likelihood, to estimate
incremental odds ratios (iORs) for each component.” For
the dropout from treatment outcome, we only used studies
comparing active treatments, because this outcome cannot
be measured for controls (waiting list, treatment as usual,
no treatment, attention or psychological placebo).

We did four prespecified sensitivity analyses by
excluding studies without formal diagnosis of major
depression, excluding studies with patients from special
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populations, excluding arms that used skills not covered
in our classifications, and limiting the analysis to studies
with high adherence, for the primary outcome. We also
did two post-hoc analyses by excluding arms which
taught more than four CBT components, and by using a
model that assumed two-way interactions between the
components.

Details of statistical models used and of fitting
procedures are given in the appendix (pp 9-15). The
appendix (p 16) lists changes from the protocol.

We examined whether studies providing individual
participant data were systematically different from
studies not providing individual participant data by
comparing the baseline characteristics and symptom
changes of included participants. We examined possible
small study effects and publication bias by visually
inspecting contour-enhanced funnel plots of pairwise
meta-analyses for efficacy between all active arms
versus waiting list. This study is registered in PROSPERO
(CRD42018104683)

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Up to Jan 1, 2019, we screened 21162 citations, of which
we examined 131 potentially eligible studies in full text.
We finally included 76 trials and sought individual
participant data from the original authors. Authors of
48 (63%) studies agreed to provide individual participant
data representing 11704 randomly assigned participants;
the remaining 28 studies were included as aggregate
data, representing 6474 randomly assigned participants
(appendix p 17). The lists of the included studies (with
responses to author queries), excluded studies (with
reasons), and studies awaiting assessment are included
in the appendix (pp 18-41).

The participants’ weighted mean age was 42-0 years,
and 12406 (71%) of 17521 reported participants were
women. Operationalised diagnostic criteria were used in
27 studies.

The 76 included studies had 179 arms. These arms
included all of our pre-specified components of interest,
ranging from behaviour therapy for insomnia in
four arms to conventional drug treatment in 143 arms.
The inter-rater reliability of judgements for components
was excellent, with a mean percentage agreement of
93-3% (range 84-0-98-6%) and a mean k of 0-76 (range
0-38-0-96) for the 17 components (panel; appendix
pp 42-51). We were able to access five iCBT programmes
ourselves (Sadness Program, Wellbeing Course, Kokoro-
app, BeatingTheBlues, and MoodGym), which were used
in 20 of the included studies (appendix pp 42-51). The
identified components were confirmed by the co-authors
who contributed the individual participant data (appendix
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Figure 1: Network diagram
The width of the lines is proportional to the number of comparisons, which is
given on each line.

pp 18-28). Using the conceptualisations in the table, the
type of therapy or control condition was represented in
the following number of arms: CBT (n=72), cognitive
therapy (n=2), behavioural activation (n=11), problem-
solving therapy (n=11), third-wave cognitive behavioural
therapy (n=6), psychoeducation (n=6), waiting list (n=51),
treatment as usual (n=10), attention or psychological
placebo (n=9), or no treatment (n=1). The treatment
duration ranged from 3 to 24 weeks (median 8 weeks).
The median completion rate of programme lessons
was 72% (range 25-95%) in 46 studies that reported the
values. Antidepressant use was reported by 4031 (40%) of
10041 participants (appendix pp 52-57).

The risk of bias according to the Cochrane’s revised risk
of bias tool” was low in 66 studies (86%) for random-
isation process, in six studies (8%) for the deviation from
intended interventions, in 64 studies (83%) for missing
outcome data, in two studies (3%) for measurement of
the outcome, and 53 studies (69%) for selection of the
reported results. The inter-rater reliability of risk of bias
assessment was satisfactory, with a mean percentage
agreement of 93-9% (range 87-5-97-8%) and a mean
weighted k of 0-52 (range 0-17-0- 84) for the five domains
(appendix pp 58-59).

In the individual participant data studies a small
minority of patients (387 [3-5%)] of 11122) had scores of
less than 5 points on PHQ-9 at baseline and would be
classified as euthymic according to the commonly
accepted cutoft.” We excluded such patients in the
analyses because they would not normally be targets for
treatment for acute depression. Patients missing both
baseline and endpoint scores (390 [3-5%)] of 11122) were
also excluded. Two studies®* used scales that could not
be converted into PHQ-9 and were therefore excluded
from the analyses.

The mean age of the participants was 42-9 years (SD 12- 3)
in the 48 trials with individual participant data and
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Figure 2: Relative effects (mean differences in PHQ-9 scores with 95% Cls) of internet cognitive behavioural therapy of depression

Treatments (listed in alphabetical order) are shown in grey, direct effects (pairwise meta-analyses) are shown in blue, and the network meta-analysis results are
shown in red. Common heterogeneity t was estimated to be 1-1 in terms of the PHQ-9 scores. An effect size of less than 0 in the network meta-analysis results shows
that the treatment in the column is favoured (ie, lower PHQ-9 scores) versus the treatment in the row. An effect size of less than 0 in the pariwise meta-analyses
results shows that the treatment in the row is favoured versus the treatment in the column. 3W=third-wave cognitive behavioural therapy. APP=attention or
psychological placebo. BA=behavioural activation. CBT=cognitive behavioural therapy. CT=cognitive therapy. NT=no treatment. PE=psychoeducation.
PHQ-9=Personal Health Questionnaire-9. PST=problem-solving therapy. TAU=treatment as usual. WL=waiting list.

39-3 years in the 28 studies with aggregate data. In
the individual participant data trials, 6732 (65%) of
10309 reported participants were women and in the
aggregate data trials 3117 (71%) of 4389 reported participants
were women. The mean baseline score was 13-2 (SD 4-7)
and the mean endpoint PHQ-9 score was 9-0 (SD 5-5) in
individual participant data trials; and the mean baseline
score was 13-0 (SD 5-5) and the mean endpoint PHQ-9
score was 8-8 (SD 4-8) in aggregate data trials. Overall,
there was no indication of systematic differences between
individual participant data and aggregate data studies.
Figure 1 shows the network geometry for the primary
outcome. Figure 2 shows the results from the pairwise
meta-analyses and network meta-analysis at the treatment
level, using the two-step approach in which we generated
trial-level results based on the individual participant data
as described earlier when individual participant data were
available and could be re-analysed, and used trial-level
results as reported in the original publications when
individual participant data were not available. Cognitive
therapy, behavioural activation, third-wave cognitive
behavioural therapy, CBT, psychoeducation, and problem-
solving therapy were all shown to be more efficacious
than waiting list. Forest plots of pairwise meta-analyses
with more than five studies are shown in the
appendix (pp 61-63). Transitivity was assessed by inves-
tigating the distribution of potential effect modifiers,
including age, gender, and baseline severity of depression
(appendix pp 64-65). One comparison (cognitive therapy
vs attention or psychological placebo) had much higher

baseline severity than all other comparisons but otherwise
these effect modifiers appeared to be evenly distributed
across comparisons (appendix pp 64-65). The design-by-
treatment test for global inconsistency showed strong
evidence of global inconsistency (Q=37-8, 17 df,
p=0-0026); however, the back-calculation method iden-
tified only one comparison of 18 that showed evidence of
inconsistency, a proportion that would be empirically
expected” (appendix p 65). Common heterogeneity t was
considered moderate to high. The contour-enhanced
funnel plot comparing all active treatments versus
waiting list showed no evidence of publication bias
(appendix p 66).

Figure 3 shows the main effects from the individual
participant data ctNMA, using the one-step approach in
which we analysed individual participant data if available
but also used trial-level results when individual participant
data were not available. There was stronger evidence that
the behavioural activation and non-specific treatment
effects components had beneficial effects, but the relax-
ation component was detrimental. There was weaker
evidence that behaviour therapy for insomnia was also
helpful, showing large point estimates but with wider
confidence intervals.

Baseline severity was the strongest prognostic factor
but the estimated effect modifications (ie, interactions
with treatment components) were relatively small. Full
results for the interaction terms, the network diagrams at
the component level, and results from ¢cNMA at the
aggregate data level are given in the appendix (pp 67-72).
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On the basis of these results we can estimate patient-
specific relative effects between any combinations.
For example, for a 45-year-old female patient, in a
relationship, and with a baseline PHQ-9 score of 12, the
relative effect of an efficient iCBT package consisting of
psychoeducation, behavioural intervention, and problem
solving using automated and human encouragement (ie,
non-specific treatment effects plus psychoeducation
plus behavioural activation plus problem solving plus
automated encouragement plus human encouragement)
versus waiting list control can be estimated as —4-9
(95% credible interval [95% CrI] -6-8 to —3-1). Our web
app provides estimates of relative efficacies between any
two combinations of components, for any given patient
characteristics.

For dropouts from treatment, we did a cNMA of studies
comparing active treatments from five trials providing
aggregate data and ten providing individual participant
data. Because of the small sample size, we only did
a two-step ¢cNMA. The obtained estimates for the
components were imprecise but there was some
suggestion that automated encouragement and human
encouragement reduced dropout from treatment (com-
bined iOR 0-32[95% CrI 0-13-0-93]; appendix p 73). For
dropouts from assessment, both the two-step and
one-step cNMA were done (appendix pp 74-76).

The results of the pre-specified and post-hoc sensitivity
analyses for the primary outcome are shown in the
appendix (pp 77-83); these results were concordant with
the primary analyses.

Discussion

We did a network meta-analysis of the broadly conceived
iCBT treatments for depression and their control
conditions, and a ¢tNMA of 17 components variably
included in these packages based on 48 trials with
individual participant data and 28 trials with aggregate
data. All iCBT treatment packages were found to be
superior to the waiting list control. There was evidence
that the non-specific treatment effects and behavioural
activation components might have beneficial effects
whereas the relaxation component might have negative
effects, and weaker evidence that the behaviour therapy
for insomnia component might be helpful. Having
automated encouragement via emails or text messaging
and human encouragement by telephone or email
without reference to the therapeutic contents might
enhance adherence to the treatment. Baseline severity
of depression emerged as the strongest prognostic
factor; given the baseline severity, age, gender, and
relationship status, our web app can estimate the
relative effects of any combination treatment over
another.

Lopez-Lopez and colleagues® cNMA of CBT for
depression found no evidence of specific effects for any
skills or delivery formats. These negative findings might
be due to the fact that the authors included mostly
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Depression severity

(iMD of PHQ-9 scores), median (95% Crl)

Age

0-19 (-0-09 to 0-47)

Baseline depression, PHQ-9 scores

259 (2:32 10 2:85)

Gender*

-003 (-0-28 t0 0-18)

Relationshipt

-0-12 (-0-33 t0 0-12)

Waiting component

042 (-0-75t0 1.53)

Non-specific treatment effects

-1-41 (-2:52 t0-0-30)

Psychoeducation about depression

0-02 (-0-86 t0 0-93)

Cognitive restructuring

Interpersonal skills training

030 (-0-87 to 1-41)

054 (159 t0 0-52)

Problem solving

-0-64 (-1-41 to 0-09)

Relaxation

120 (0-17 t0 2:27)

Third-wave components

~053 (-1.55 t0 0-49)

Behaviour therapy for insomnia

-1.82 (-3-92 to 0-26)

Relapse prevention

035 (-0-69 t01:32)

Homework required

031 (-0-69 t0 1:35)

Initial face-to-face contact

0-85 (-1-80 to 3-41)

Automated encouragement to proceed with iCBT

-0-26 (-113 t0 0-60)

Human encouragement to proceed with iCBT

-029 (-117 t0 0-58)

Therapeutic guidance for iCBT

001 (-0-88 to 0-89)

Figure 3: Individual participant data component network meta-analysis for depression severity

Potentially beneficial components are shown in green (darker green for stronger statistical evidence) and
potentially harmful components are shown in red according to an index similar to the Z-score (median of the

posterior distribution divided by the corresponding standard deviation for Bayesian analyses), thus taking account

of the magnitude of the effect estimates and their uncertainty.* More details about the colouring scheme are
provided in the appendix (p 68). The specific efficacy for conventional drug treatment could not be estimated

because this component was either present or absent in all comparisons in the network. Common heterogeneity ©
was estimated to be 1-20 (95%Crl 0-89 to 1.57) in terms of the PHQ-9 scores. iCBT=internet cognitive behavioural

therapy. iMD=incremental mean difference. Crl=credible interval. PHQ-9=Patient Health Questionnaire-9.

*0=female and 1=male. t0=not in a relationship (single, separated, divorced, or widowed) and 1=in a relationship

(married or having a stable partner).

face-to-face CBT interventions, which generally allowed
broad discretion to therapists who might have reduced,
modified, or even left out some contents and introduced
new contents outside the therapy manual, unless the
trials were rigorously monitored for fidelity. Lopez-Lopez
and colleagues’ decomposition of the CBT contents also
raised some concerns because some arms had only
homework as their content while many arms did not
have psychoeducation (few CBT programmes would take
place without psychoeducation about depression and its
cognitive behavioural model).

In our study behavioural activation emerged as a
beneficial component. This finding is in line with
the systematic review of dismantling studies, which
estimated a pooled standardised mean difference
(SMD) of —-0-46 (95% CI -0-91 to —0-01) for the additive
effect of behavioural activation.® Given that the typical
standard deviation of PHQ-9 is approximately 6, the
iMD of -1-83 (95% CrI —2-90 to —0-80) for behavioural
activation in our cNMA corresponds to a standardised
effect size of —-0-31 (95% Crl -0-48 to —0-13) and is
largely consistent with the estimate of the systematic
review.

The same systematic review found no additive effect
of cognitive restructuring; the SMD based on
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three dismantling studies was -0-06 (95% CI
—-0-68 to 0-55).° This result is again concordant with
our current findings, which estimated the iMD for
cognitive restructuring to be 0-30 (95% Crl
—0-87 to 1-41), corresponding to a standardised effect
size of 0-05 (95% CrI —0-15 to 0-24).

The non-specific treatment effects component had a
robust additive effect of an iMD of -1-41 (95% Crl
—2-52 to -0-30), corresponding to a standardised effect
size of -0-24 (95% Crl -0-42 to -0-05). In our
decomposition model, the non-specific treatment effects
component includes both the placebo effect and the
common or non-specific psychotherapy factor,”** and can
contribute to the efficacy of many bona fide treatments in
comparison with non-active controls.

There was suggestive evidence that behaviour therapy
for insomnia could be beneficial. However, this therapy
was included as a component in only four studies and
the estimates for its efficacy were imprecise. It must be
pointed out that these four studies did not limit their
participants to those having depression and insomnia.
The effects of behaviour therapy for insomnia warrants
further research.

By contrast, relaxation emerged as potentially harmful
in our cNMA, with iMD of 1-20 (95% CrI 0-17 to 2-27).
We are aware of no dismantling study for relaxation in
depression treatments. However, the ¢cNMA of CBT
for panic disorder has identified muscle relaxation
as detrimental” There are various potential explanations
for this. Relaxation tended to be included in CBT arms
that included a greater number of skills, which might
have allowed less time to learn and practise those
particular skills and have reduced their efficacy. However,
when we ran a sensitivity analysis limiting the included
number of CBT skills per arm to four or fewer, the
estimates were similar to those of the primary analysis.
Relaxation might be conceived as working in the opposite
direction of exposure, which might be a principal
therapeutic mechanism in anxiety, and behavioural
activation, which might be a principal therapeutic mech-
anism in depression. Relaxation might also plausibly
exert its effects by reducing hyperarousal symptoms but
this reduction might have been unpleasant for patients
with depression who already feel flat and under-aroused.
In our network, relaxation exercises were included in
36 arms but the reports generally did not specify what
patients actually did in each programme.

With regard to delivery formats of iCBT, we studied
the effects of initial face-to-face contact, automated
encouragement, human encouragement, and therapeutic
guidance. We found that human encouragement in
conjunction with automated encouragement decreases
dropout from treatment (combined iOR 0-32 [95% Crl
0-13 to 0-93]; appendix p 73) and might be able to
promote therapy efficacy (combined iMD —0-55 [95% CrI
—1-75to 0-65]; figure 3). Because human encouragement
without reference to the therapeutic contents can be

provided by trained lay people, these findings if replicated
could increase scalability of iCBT.

The findings about therapeutic guidance might appear
surprising given that guided iCBT has been shown to be
superior to unguided iCBT," especially among patients
with higher baseline severity of depression.” In our
decomposition, guided iCBT could involve human
encouragement only or both human encouragement and
therapeutic guidance; the additive effect of guidance
could then be due to human encouragement or due to the
combination of human encouragement plus therapeutic
guidance when the baseline severity was high at 25 points;
the incremental effect decreased when the baseline
severity was lower. The component perspective also
brought some insight into the nature of the current
unguided iCBT programmes. These programmes often
included relaxation as a component: 14 (48%) of
29 programmes used relaxation when neither human
encouragement nor therapeutic guidance was used,
13 (45%) of 29 programmes used relaxation when only
human encouragement was used, but only nine (20%)
of 44 programmes used relaxation when human
encouragement plus therapeutic guidance were used
(Fisher’s exact p=0-021; appendix pp 43-51). There might
therefore be room for unguided iCBT itself to improve
its efficacy by appropriately choosing the included
components.

There are several important limitations to this study.
First, the included studies were limited to iCBT. Any
conclusions about specific efficacy of CBT skills therefore
pertain to iCBT and will inform which components to
include in the efficacious and efficient iCBT package, but
such findings might not readily generalise to face-to-face
CBT. For example, behavioural activation emerged as
beneficial but cognitive restructuring did not in the
current analyses, not because of these skills’ intrinsic
efficacy but simply because of their ease of learning
within iCBT. However, the concordance between our
findings and those of face-to-face dismantling studies® is
encouraging. Similarly, our conclusions are applicable to
the components and delivery modes as implemented in
the included studies. There are potentially different ways
for a particular component to be delivered and it is always
possible that a specific form of the same component
might prove to be efficacious. Second, although the
median completion rate of the programme lessons
was 72% and, thus, we can assume that most participants
had actually completed a majority of the included
components, no data were available as to exactly which
components were completed and by whom. Our analysis
considered components as being simply present or
absent on the basis of the descriptions of each programme.
In reality, components might have varied between
programmes in terms of their length, depth, and content.
Even when present, some components might have been
less comprehensively executed than others—eg, when
they were offered later in the iCBT package than earlier or
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when they were presented along with many other
components. Additionally, there is no guarantee that the
completion of a component means that the participants
had acquired the corresponding skill. The present
analyses, therefore, can only speak to the effects of the
decision to include particular components as their
principal ones in the iCBT programme at the start of the
treatment, as per the intention-to-treat principle of
interpreting RCTs. To appreciate the effects of actual
execution of the treatment, we would need more detailed
data of individual participants’ adherence, their learned
contents, and different analytical approaches.” Third,
several programmes had components not covered in
the current scheme, including expressive writing,
dreamwork, positive psychology, graded exposure, worry
time, or physical exercises. Such trials might have had a
slightly different focus, such as the transdiagnostic
programme including graded exposure in which the
same cognitive restructuring technique might have been
presented slightly differently than when it is used mainly
as a therapy for depression. A sensitivity analysis
excluding trials that used such miscellaneous com-
ponents, however, corroborated the primary analysis
results. Fourth, there was indication of intransitivity for a
comparison between cognitive therapy and attention or
psychological placebo and of global inconsistency in the
network. However, this intransitivity is unlikely to have
affected the estimates for the components to a great
extent, because the components included in the cognitive
therapy and attention or psychological placebo com-
parison were also included in other comparisons. We
only assessed the transitivity assumption for a small
number of possible effect modifiers, thus, our network
might have been confounded by unobserved imbalances
across comparisons, such as antidepressant use and
treatment duration. Fifth, when the individual participant
data were pooled, there were only four commonly
reported patient characteristics that we could analyse as
prognostic factors or effect modifiers. Important potential
effect modifiers, such as childhood adversities¥ or
baseline cognitive or behavioural skills,* were therefore
not included in our model. Researchers are encouraged to
agree on essential measurements to be taken in future
iCBT trials. Lastly, we assumed additivity of the
component effects—ie, that for any given component (c),
the relative effect of ¢ plus X versus X only is the same
for any X, where X represents any combination of
components not including c. Thus, our results assumed
no interactions between components. Although a post-
hoc sensitivity analysis examining potential interactions
among components provided similar results to the
additive model, the study was possibly underpowered to
detect interactions among components. Combinations of
components can be justified only so far as they are
clinically sensible. We must be careful when extrapolating
the combinations beyond those examined in the current
dataset: as more and more components are combined to
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build packages not explored in the trials included in this
study, the uncertainty around the estimates increases,
and possible deviations from our assumptions
(eg, additivity of component effects) might have a bigger
impact on the validity of our results than when we limit
the combinations to those included in this study. More
and larger studies varying in included components (eg, in
the form of fully factorial trials**) are necessary to extend
and consolidate the estimates.

The major strengths of the study are as follows. We
used state-of-the-art evidence synthesis methods to
elucidate specific efficacies of various skills and delivery
methods of iCBT. The cNMA increased precision by
including more studies than narrowly defined dis-
mantling studies and by combining direct and indirect
estimates. The included studies were generally of
adequate quality except for the domains for which psy-
chotherapy trials cannot escape possible biases due to
unfeasibility of blinding. The decomposition of treat-
ments sometimes called for subtle judgements and
publications might have failed to provide enough
information; with detailed definitions as described in the
table and inquiries of the authors when necessary (see
appendix pp 18-41 for results of our communications),
we were able to achieve satisfactory to excellent inter-rater
agreement. In the current network, there was no evidence
of data availability bias for individual participant data or
of publication bias of active treatments over the waiting
list, the most frequent control condition. Lastly, by using
individual participant data we were able to estimate
relative efficacies of any combination of components
based on patients’ baseline characteristics.

In conclusion, this individual participant data cNMA of
iCBT has identified potentially helpful and less helpful
components and delivery formats for reducing dep-
ression and enhancing adherence to the programme
with suggestive evidence. Future iCBT packages aiming
to be effective and efficient might include behavioural
activation but not relaxation. Behavioural therapy for
insomnia and problem solving might also be included in
packages but cognitive restructuring would probably not
be chosen. To boost adherence, automated encour-
agement and human encouragement might be used.
Such packages have the potential to be more efficacious,
less burdensome for users, and less demanding on
provider resources, with the net effect of rendering iCBT
even more scalable. However, readers should note that
our analyses are limited by several important factors as
previously outlined; moreover, the evidence supporting
some of these recommendations, especially for cognitive
restructuring, problem solving, or therapeutic guidance
is still relatively imprecise, warranting further experi-
mentations to refine iCBT packages.
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