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Abstract

Background: Suicideisagloba public health problem. Digital interventions are considered a low-threshold treatment option
for people with suicidal ideation or behaviors. Internet-based cognitive behavioral therapy (iCBT) targeting suicidal ideation has
demonstrated effectiveness in reducing suicidal ideation. However, suicidal ideation often is related to additional mental health
problems, which should be addressed for optimal care. Yet, the effects of iCBT on related symptoms, such as depression, anxiety,
and hopelessness, remain unclear.

Objective: We aimed to analyze whether digital interventions targeting suicidal ideation had an effect on related mental health
symptoms (depression, anxiety, and hopel essness).

Methods: We systematically searched CENTRAL, Psycinfo, Embase, and PubMed for randomized controlled trials that
investigated guided or unguided iCBT for suicidal ideation or behaviors. Participants reporting baseline suicidal ideation were
eligible. Individual participant data (IPD) were collected from eligible trials. We conducted a 1-stage IPD meta-analysis on the
effects on depression, anxiety, and hopel essness—analyzed as 2 indices: symptom severity and treatment response.
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Results: Weincluded IPD from 8 out of 9 eligibletrials comprising 1980 participantswith suicidal ideation. iCBT was associated
with significant reductions in depression severity (b=—0.17; 95% CI -0.25 to -0.09; P<.001) and higher treatment response (ie,
50% reduction of depressive symptoms; b=0.36; 95% Cl 0.12-0.60; P=.008) after treatment. We did not find significant effects
on anxiety and hopel essness.

Conclusions: iCBT for people with suicidal ideation reveal ed significant effects on depression outcomes but only minor or no
effects on anxiety and hopelessness. Therefore, individuals with comorbid symptoms of anxiety or hopelessness may require
additional treatment components to optimize care. Studies that monitor symptoms with higher temporal resolution and consider
a broader spectrum of factors influencing suicidal ideation are needed to understand the complex interaction of suicidality and

related mental health symptoms.

(J Med Internet Res 2023;25:e46771) doi: 10.2196/46771
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Introduction

Background

Suicide continuesto be amajor public health concern globally.
Each year, more than 700,000 people die from suicide, making
it the second-leading cause of death among adolescents and
young adults [1]. Among various risk factors, suicidal ideation
isoneof the strongest predictors of subsequent suicidal behavior
[2]. Studies have demonstrated that severe and pervasive
ideation is associated with death by suicide[3], and even passive
ideation, such as a wish to die, has been identified as a risk
factor for death by suicide [4].

To overcome treatment barriers and increase the scalability of
treatment measures for people with suicidal ideation [5,6],
digital interventions specifically tailored to this target group
have been developed and evaluated in the last decade [7-10].
A recent meta-analysis of individual participant data (IPDMA)
of randomized controlled trials (RCTs) demonstrated that digital
interventions based on cognitive behavioral therapy (CBT) were
effective in reducing suicidal ideation with an effect size of
b=-0.25 (95% CI -0.32t0 —0.17) [ 11]. Prior research suggested
that it is pertinent to address suicidality head-on, as “indirect
interventions’ (eg, digital interventions for depression) have
been shown to be less effective in reducing suicidal ideation in
digital interventions [7] as well as in face-to-face treatments
[12].

However, suicidal ideation is a multifaceted condition that
occurs both outside of and within many mental health disorders
and physical health conditions[13-19]. Therefore, it should be
considered embedded and not detached from other symptoms.
In complex network theories, suicidal ideation is considered to
be a consequence of multiple factors, including symptoms of
mental health, that interact with one another in a network
structure [20,21]. Following the network theory, the effective
treatment of suicidal ideation may therefore also be expected
to have an impact on related symptoms. Potential effects on
related symptoms are of clinical relevance for personalized
treatment planning: As peoplewith suicidal ideation often have
a diagnosis of one or more mental disorders [17,22], the
selection of additional treatment componentsto provide optimal
care may vary in accordance with the differential effectiveness
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of an initial intervention [23]. Prior systematic reviews and
meta-analyses of face-to-face CBT for suicidal ideation and
self-harm indicated small effects on depression and hopel essness
[24-26].

Objective

The aim of this study was to analyze whether RCTSs targeting
suicidal ideation or behaviors had an effect on related mental
health symptomsin people with suicidal ideation. Included trials
were identified in arecent IPDMA [11]. While meta-analyses
of aggregated datacan provide overall effect estimates, IPDMAS
come with the advantage of alowing standardized analyses
acrossall trials (eg, the sameimputation strategy) and increased
power, potentially leading to a more precise effect estimate. In
addition, individual participant data (IPD) can be checked for
accuracy [27]. Thus, IPDMAS are considered to be the gold
standard for evidence synthesis [28].

Methods

Thisreport adheresto the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) statement for |PD
systematic reviews. Thereview was preregistered with the Open
Science Framework (OSF). The PRISMA checklist for 1PD
systematic review can be found in Multimedia Appendix 1.

Eligibility Criteria

Textbox 1 shows an overview of the study inclusion criteria.
Participants were dligible if they reported suicidal ideation at
baseline. Studies had to investigate stand-al one internet-based
cognitive behavioral therapy (iCBT; including third-wave
therapies, eg, dialectic behaviora therapy) that directly
addressed suicidal ideation or behaviors. iCBT interventions
were defined as internet or mobile apps that include multiple
components of CBT in several modules. Interventions could
include some human support, for example, written feedback.
Control conditions could be treatment asusual, ho intervention,
other active or passive control groups, or waitlist conditions.
Studies had to report aquantitative measure of suicidal ideation.
We included RCTSs published in peer-reviewed journals. There
were no restrictions on language or publication dates. We
excluded blended care interventions (ie, interventions where
iCBT is only an adjunct to face-to-face therapy) and

JMed Internet Res 2023 | vol. 25 | e46771 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/46771
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

interventions exclusively targeting stigma or help seeking, as
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well asinterventions directed at gatekeepers (eg, teachers).

Textbox 1. PICOS (participants, interventions, comparators, outcomes, and study design) elements of the study inclusion criteria.

Participants

. Individuals with suicidal ideation

Interventions

(guidance)

Comparators

o  Treatment as usual
« Nointervention

o Waitlist

o Other active or passive control groups

Outcomes

Study design

« Digital (internet- or mobile-based) cognitive behavioral therapy interventions for suicidal ideation or behaviors with or without human support

o Secondary outcomes of primary trials assessed by diagnostic interviews and self-reported and clinician-rated scales

«  Randomized controlled trials published in peer-reviewed journalsin all languages

Search Strategy

We systematically searched CENTRAL, Psycinfo, Embase,
and PubMed from inception to January 30, 2022, using
predefined search terms. Thefull electronic search strategy can
befound in Multimedia Appendix 2. Two independent reviewers
(RB and HMM) screened titlesand abstractsfor relevant studies.
In the next step, they screened the full texts of identified trials.
Conflicting decisions were discussed with a third researcher
(LBS). We performed reference searches using Web of Science.

Data Collection

Authorsof primary trialswere asked to provide the anonymized
raw IPD. We conducted data checks, comparing published data
with the IPD. Two independent reviewers (RB and HMM)
transferred data from the raw IPD into a combined file using a
consistent schemefor al trials; any discrepancieswere resolved
in discussion. Sociodemographic and clinical variables were
extracted for all time points, and authors resolved any queries.
Furthermore, 2 independent reviewers (HannaHelfrich and RB)
extracted dataitemsfrom the published papers. The study-level
data were used for the conventional meta-analysis and data
integrity checks of the extracted IPD; no discrepancies were
found.

Risk of Bias

Risk of bias was evaluated for the 3 outcomes based on the
revised Cochrane Risk of Bias Tool for RCTs. Risk of biaswas
assessed in the following domains: (1) bias arising from the
randomi zation process, (2) bias dueto deviationsfrom intended
interventions, (3) bias due to missing outcome data, (4) biasin
measurement of the outcome, and (5) bias in selection of the
reported result. We did not evaluate the items referring to
blinding of outcome assessors (signaling questions 4.3 to 4.5)
since the tool defines participants as outcome assessors for
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outcomes that cannot be measured without incorporating the
participant’s perspective (also in clinician-rated outcomes). The
participants are likely to know about their condition (4.3) and
the participants' reports might beinfluenced by thisknowledge
(4.4 and 4.5) across al studies and outcomes; thus, these items
would lead to ceiling effects of the rating. We did not assess
publication bias because the investigated outcomes are
secondary outcomes of trials and therefore less likely to have
an impact on the publication. A previous IPDMA on the same
set of trials did not find indications for publication bias[11].

Statistical Analysis

We performed a 1-stage IPDMA, investigating the effects of
iCBT on al related outcomes, which were assessed in a
sufficient number of primary studies. This was the case for
depression, anxiety, and hopelessness. The 1-stage approach
combines data from all studiesin 1 hierarchical model. Unlike
2-stage IPDMA, which performs a conventional meta-anaysis
after calculating effect sizes for each trial separately, 1-stage
IPDMA produces less biased estimates [29]. The IPDMA was
conducted with 2 indices for each outcome: first, a continuous
measure on severity (ie, changes from baseline), and second,
the response rate (ie, 50% symptom reduction compared to
baseline, according to Frank and colleagues[30]). We corrected
for multiple testing within the 2 indices using the Bonferroni
correction. The change scoreswere scaled to their study-specific
variance for comparability between different scales. Missing
observations were imputed study-wise using multiple
imputations (m=100) relying on predictive mean matching.

For the continuous measure of symptom severity, a multilevel
linear regression was performed. For theresponserate, alogistic
multilevel regression was conducted. To account for the
hierarchical structure of the data (ie, patients nested in studies),
we modeled arandom intercept in each of the IPDMA models.
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The treatment effect was modeled either as fixed (for a
homogenous effect across studies) or random (for a
heterogeneous effect across studies) based on model
comparisons with likelihood ratio tests analogous to the Q test.

The following sensitivity analyses were conducted. First, a
sensitivity analysis was performed only using data from
participants who completed all assessments. Second, a
conventional random-effects meta-analysis was conducted for
the continuous outcome measures (ie, depression, anxiety, and
hopelessness). We calculated a between-group effect size
(Hedges g) based on changes from baseline to postintervention
in each condition. The conventional meta-analysis was used to
examine potential differences between the trials that provided
data for the IPDMA and those that did not, using a subgroup
analysis.

Sander et al

The analyses were performed with R (version 3.6.1; R
Foundation for Statistical Computing). This study was
preregistered with the OSF. The analysis scriptswill be provided
in OSF with publication.

Results

Study Selection

The study selection processis shown in Figure 1. Intotal, 4098
unigue records were identified in the database searches; 9
eligible studies were identified, and IPD were obtained from 8
(89%) trials[31-38], whereasin 1 case, datawere not available
[39]. After excluding 153 (7.2%) ineligible participants out of
2133 participants (reasons are given in Figure 1), we included
1980 participants in the IPDMA. A total of 990 participants
(50%) were assigned to iCBT conditions, and 990 (50%) were
assigned to control groups.

Figure1l. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart. IPD: individual participant data.

6294 identified

database searching

studies through

Embase 2231
PsycINFO 962
PubMed 1624

CENTRAL 1477

4098 studies after duplicates removed

257 full texts screened for ehgibility

|

9 studies for which IPD were sought

8 studies for which IPD were provided
2133 participants for whom data were
provided

IPD (reported for the total sample)

8 studies included in analysis

1980 participants included in analysis
153 participants exchided

(62 received no eligible intervention:
suicidal

91 reported no baseline

ideation)
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746 additional studies identified

through backward-forward searches

248 tull texts excluded

85 no suicide-specific outcome

39 not targeting suicidality

38 not standalone internet- or mobile-
based

21 no randomized controlled trial

18 not published in a peer-reviewed
journal

16 not cogmtive behavioral therapy

9 study protocol

7 duplicate

5 secondary analysis

5 exclusively stigma, gate-keeper or
help-seeking intervention

4 no quantitative suicidality measures

1 no measure of depression, anxiety or

hopelessness

1 study (50 participants) for which IPD
were not available: aggregate data

available

9 studies (2121 participants) for which

aggregate data were available

!

9 studies included in analysis

Aggregate data
47 participants excluded due fo
ineligible intervention

2074 participants included in analysis
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Study, Intervention, and Participant Characteristics

For an overview of study characteristics, see Table 1. Most
study populations consisted of adults, whereas 2 studies[36,39]
included adolescents. In 6 studies, participants were recruited
from the general population; 3 studies included specific target
groups, that is, Aboriginal and Torres Strait Islander youth
(Australia) [32], Turkish migrants [35], and school students
[39]. One tria used a mobile-based intervention [32]; the
majority of studies used internet-based programs. In total, 6
studies investigated unguided interventions [31-33,36-38]. In
3 studies, guidance was delivered by inviting participants to
text the team in case of questions [34], by interacting and
providing written feedback via a message board [39], or by
providing regular meetings via Skype or email [35]. In total, 5
studies investigated adapted versions of the same intervention
[31,34,35,37,38]. Thisintervention isbased on CBT techniques
including psychoeducation, problem-solving, cognitive

https://www.jmir.org/2023/1/e46771
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restructuring, and worry scheduling [40]. One intervention
provided a personalized combination of modules based on
symptom measurements [33]; the other interventions were not
personalized. The control condition was waitlist in 6 trials
[31,32,34-37]; three studies used active control groups
[33,38,39], including web-based attention control [33,38] or
treatment as usual [39], which was contact with school staff
and potential side treatments. The number of digital modules
ranged from two [36] to ten [33]; the maximum time participants
were recommended to spend using theintervention ranged from
one [36] to 21 hours [31,34,37,38].

In this IPDMA, 1347 (68.5%) out of 1966 participants were
female. The mean age of participantswas 36.2 (SD 13.5) years.
A total of 887 (48.1%) out of 1844 participantsreported at |east
1 previous suicide attempt, and 906 (56.3%) out of 1608
participants were in additional psychological or psychiatric
treatment at baseline (Table 2).
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Table 1. Study characteristics.

Study Participant, n  Target group  Eligible ~ Comparison iCBT? Included  Included Includedmea- |ppb
agegroup weeks, n measure of measure  sure of hope-
(years) (modules, n) depression  of anxiety lessness
Batterhamet 13o¢ General popu- 18+ (ini- 1. UnguidediCBT 2 (10) PHQ-9¢ GAD-7¢  —f Yes
a [33] lation (young tially 18- (web-based)
(2018) adults) 25) 2. Activeweb-
based interven-
tion
DelJaegere 724 Genera popu- 18+ 1. UnguidediCBT 6 (6) BDIY HADS gy Yes
eta [37] lation (adults) (web-based) Ah
(2019) 2. Waitlist
Eylemeta 18 Turkish mi- 18+ 1. GuidediCBT 6 (6) BDI — BHI Yes
[35] (2021) grants (adults) (web-based)
2. Waitlist
Hetrick etal 50 School stu- 13-19 1. GuidediCBT 10(8) RADS MAscKk BHI No
[39] (2017) dents (adoles- (web-based) +
cents) TAU
2. TAU
Hill and Pet- 80 General popu- 13-19 1. UnguidediCBT 2(2) RADS — — Yes
tit [36] lation (adoles- (web-based)
(2019) cents) 2. Waitlist
Mihlmann 402 Generd popu- 18+ 1. GuidediCBT 6 (6) HAM! — BHI Yes
et al [34] lation (adults) (web-based)
(2021) 2. Waitlist
Tigheet a 61 Australian 18+ (ini- 1. UnguidediCBT 6 (3) PHQ-9 — — Yes
[32] (2017) Aborigina tially 18- (app)
and Torres 35) 2. Waitlist
Strait Islander
youth (young
adults)
van Spijker 236 General popu- 18+ 1. UnguidediCBT 6 (6) BDI HADS-A BHI Yes
eta [31] lation (adults) (web-based)
(2014) 2. Waitlist
van Spijker 418 Generd popu- 18-65 1. Unguided iCBT 6 (6) CESD™ GAD-7  ByHS" Yes
et al [38] lation (adults) (web-based)
(2018) 2. Activeweb-
based interven-
tion

8 CBT: internet-based cognitive behavioral therapy.
b1PD: individual participant data.

®The total number of participants does not include the ineligible static intervention condition (third intervention arm with an additional n=62, excluded
from our analyses).

dPHQ-9: Patient Health Questionnaire-9.

€GAD-7: Generalized Anxiety Disorder.

"Not available.

9BDI: Beck Depression Inventory.

"HADSA: Hospital Anxiety and Depression Scale—Anxiety.
'BHI: Beck Hopelessness Inventory.

IRADS: Reynolds Adolescent Depression Scale.

KMASC: Multidimensional Anxiety Scale for Children.
IHAM: Hamilton Depression Rating Scale.

MCESD: Centre for Epidemiological Studies Depression Scale.
"BUHS: Burns Hopelessness Scale.
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Table 2. Baseline participant characteristics.?

Studyb, n iCBTC conditions Control conditions Total sample
Participant®,n  Value Participant, n  Value Participant, n  Value
Depression, mean (SD)
BDI® 3 416 32.41(10.88) 390 32.74(11.31) 806 32.57 (11.08)
CESD' 1 206 40.78(954) 210 30.81(9.64) 416 40.29 (9.59)
HAMY 1 194 13.59 (4.06) 205 12.69 (4.28) 399 13.13 (4.20)
PHQ-g" 2 69 11.03 (5.46) 61 12.46 (5.21) 130 11.70 (5.37)
RADS 1 33 26.09(4.13) 32 27.16(459) 65 26.62 (4.36)
Anxiety, mean (SD)
GAD-7 2 252 1212(558) 249 1237(529) 501 12.24 (5.43)
HADS-AK 2 396 1267 (409 375 12.63 (4.25) 771 12.65 (4.16)
Hopelessness, mean (SD)
BHI' 4 605 14.76 (352) 591 14.63(3.80) 119 14.70 (3.66)
BUHS™ 1 206 13.13(4.90) 210 1258 (4.73) 416 12.85 (4.81)
Suicidal ideation, mean (SD)
BSS 5 662 18.34(7.52) 663 1855(7.22) 1325 18.44 (7.37)
SIDASO 2 252 24.08(12.41) 249 2251(11.95) 501 23.30 (12.20)
DSI-SP 1 23 3.70 (1.69) 22 3.14 (1.42) 45 3.42 (1.57)
Age (years), mean (SD) 6 913 3597 (1358) 926 36.37(13.37) 1839 36.17 (13.47)
History of suicide attempts, n 6 918 440 (47.9) 926 447 (48.3) 1844 887 (48.1)
(%)
Female gender, n (%) 8 985 670 (68) 981 677 (69) 1966 1347 (68.5)
Secondary education or higher, 6 838 751 (89.6) 821 748 (91.1) 1689 1499 (90.4)
n (%)
Married or living with partner,n 4 706 204 (28.9) 697 192 (27.5) 1403 396 (28.2)
(%)
Employed, n (%) 5 321 210 (65.4) 360 235 (65.3) 681 445 (65.3)
Current treatment, n (%) 5 808 467 (57.8) 800 439 (54.9) 1608 906 (56.3)

#These descriptive analyses are based on complete observations (unimputed data).
PThe number of studies.

CiCBT: internet-based cognitive behavioral therapy.

%The total number of participants who provided data on the respective variable.
®BDI: Beck Depression Inventory.

fCESD: Centrefor Epidemiological Studies Depression.

9HAM: Hamilton Depression Rating Scale.

hPHQ-9: Patient Health Questionnaire-9.

IRADS: Reynolds Adolescent Depression Scale.

IGAD-7: Generalized Anxiety Disorder.

KHADSA: Hospital Anxiety and Depression Scale—Anxiety.

IBHI: Beck Hopel essness Inventory.

MBUHS: Burns Hopelessness Scale.

"BSS: Beck Scale for Suicide Ideation.

OSIDAS: Suicidal Ideation Attributes Scale.

PDSI-SS: Depression Symptom Index—Suicidality Subscale.
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Effects on Depression, Anxiety, and Hopelessness

The severity of depression was reduced in iCBT conditions
compared with control conditions (b=—-0.17; 95% CI -0.25 to
-0.09; P<.001; n=1980; k=8). In addition, iCBT was associated
with a higher treatment response (ie, 50% reduction of
depressive symptoms) compared with control conditions
(b=0.36; 95% CI 0.12-0.60; P=.008; n=1980; k=8). Based on
model comparisons, these treatment effects were modeled as
fixed effects (ie, as homogeneous treatment effects).

iCBT interventions were associated with reduced severity of
anxiety compared with controls (b=-0.16; 95% CI -0.26 to
-0.06; P=.002; n=1451; k=4). In contrast, there was no
significant difference in treatment response (ie, 50% reduction
of anxiety symptoms) compared with control conditions (b=0.35;
95% CI 0.02-0.67; P=.08; n=1451; k=4) after correcting for
multipletesting. Based on model comparisons, treatment effects
were modeled as fixed effects.

Table 3. Descriptive symptom changes from baseline to postintervention.?

Sander et al

We did not identify a reduction of hopelessness in iCBT
compared with control conditions (b=—-0.24; 95% CI -0.48 to
0.00; P=.11; n=1785; k=5). Similarly, there was no significant
effect on treatment response (ie, 50% reduction in hopel essness)
iniCBT compared with controls (b=0.56; 95% CI —0.12to 1.25;
P=.21; n=1785; k=5). In hopel essness model s, treatment effects
were modeled as random effects (ie, heterogeneous treatment
effects) based on model comparisons.

For adescriptive overview of changesin symptom severity and
treatment response, see Table 3. In iCBT, rates of treatment
response (ie, 50% symptom reduction) were 21.3% (211/990)
regarding depression (controls. 162/990, 16.3%), 16.4%
(120/729) regarding anxiety (controls: 88/722, 12.2%), and
19.9% (177/888) regarding hopelessness (controls: 131/897,
14.6%).

iCBTP® conditions Control conditions Total sample
Participant, n  Value Participant,n  Vaue Participant,n  Value
Changesin symptom severity from baseline to postintervention®, mean (SD)
Depression (k=8)° 990 -0.55(0.90) 990 -0.39(0.88) 1980 -0.47 (0.89)
Anxiety (k=4) 729 -046(0.95) 722 -0.30(0.92) 1451 -0.38(0.94)
Hopelessness (k=5) 888 -0.52(0.96) 897 -0.29(0.87) 1785 -0.40 (0.92)
Treatment response (50% symptom reduction), n (%)
Depression (k=8) 990 211 (21.3) 990 162 (16.3) 1980 373(18.8)
Anxiety (k=4) 729 120 (16.4) 722 88 (12.2) 1451 208 (14.3)
Hopelessness (k=5) 888 177 (19.9) 897 131 (14.6) 1785 308 (17.7)

#These analyses are based on the imputed data.

biCBT: internet-based cognitive behavioral therapy.

CScaled to the study-specific variance as different measures were used.
dk: the number of studies reporting the respective outcome.

Conventional M eta-analyses

In the conventional random-effects meta-analyses, we found a
reduction of depressive symptoms compared with control
conditions (g=—0.30; 95% CI —0.43t0 -0.17; P<.001; 12=40.6%;
n=2074; k=9). The meta-anaysis indicated no significant
reduction of anxiety compared with controls (g=—0.16; 95% ClI
-0.36t0 0.04; P=0.11; 12=63.9%; n=1513; k=5). Furthermore,
the meta-analysis on hopelessness revealed no significant
reduction compared with control conditions (g=—0.27; 95% ClI
-0.56 to 0.02; P=.06; 12=85.8%; n=1848; k=6). In al 3
meta-analyses, there were no significant subgroup differences
between the studies that provided IPD and the study that did
not [39].

Complete Case Analyses

The sensitivity analyses based on complete observations
revealed identical results asthe analyses based on imputed data,
except for the following: (1) no difference between iCBT and

https://www.jmir.org/2023/1/e46771

control conditions at postintervention was observed in the
complete observation analyses with respect to anxiety severity
and (2) thelikelihood ratio test for model comparison indicated
a homogeneous treatment effect with regard to severity of
hopelessness (P=.053). The homogenous model indicated a
significant reduction in hopel essness severity iniCBT compared
with controls (b=-0.25; 95% ClI -0.36 to -0.14; P<.001;
n=1031; k=5), whereas the heterogeneous model did not
(b=—-0.27; 95% CI -0.57 to 0.00; P=.26; n=1031; k=5). A
summary of the results of the sensitivity analyses based on
complete observations can be found in the tablein Multimedia
Appendix 3.

Risk of Bias

Therisk of biastablesfor the outcomes of depression, anxiety,
and hopelessness are displayed in Multimedia Appendix 4. The
main source of potentia bias in this IPDMA was bias due to
missing outcome dataacross all outcomes. Therates of missing
outcome datawere >30% (or the differencesin missing outcome
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rates between conditions were >10%) in 4 out of 8 trials with
a depression measure, in 3 out of 4 trials with an anxiety
measure, and in 3 out of 5 trials with a hopel essness measure.
The risk of bias assessment was mostly rated as low in the
domains of bias arising from the randomization process, dueto
deviationsfrom intended interventions, and in the measurement
of the outcome. The potentia for bias in the selection of the
reported results was rated as low for al trias, reflecting the
predefined study procedure and analysisstrategy inthisIPDMA.
Additional checks of the IPD revealed that in most trials, there
were no range restrictionsin the measures of depression, anxiety,
and hopelessness, indicating a low risk of bias due to range
restrictions.

Dropout

At postintervention, 771 (38.9%) out of 1980 participants did
not provide data on suicidal ideation; here, we selected suicidal
ideation as a proxy for dropout because this was the primary
outcome of most included trials. In total, 335 (33.8%) out of
990 participants dropped out from control conditions, and 436
(44%) out 990 participants dropped out from the iCBT
conditions.

Discussion

This is the first IPDMA examining the effects of iCBT for
individuals with suicidal ideation or behaviors on depression,
anxiety, and hopelessness. We identified significant effects on
depression, but no consistent effect on anxiety and no effect on
hopel essness. It should be noted that participants predominantly
received unguided self-help interventions, which is often
associated with a reduced effect size compared to digital
interventions with human support [41,42].

Regarding personalized treatment planning, the results suggest
that while a reduction in depressive symptoms is likely to be
achieved by suicidal ideation—specific iCBT, patients with
comorbid anxiety and hopel essness may benefit from additional
treatment components. Generally, digital means can be effective
in treating anxiety symptoms [43]. In behaviora treatment of
anxiety, specific treatment elements, including exposure, are
considered essential for successful treatment [44]. Anxiety
symptomslikely persisted because such best-practice approaches
were not present in the included interventions. In contrast,
studies on interventionsto reduce hopel essness are scarce [45].
However, secondary outcome analyses suggest an effect of
face-to-face CBT for depression [46,47] and suicidal ideation
[24-26] on hopelessness. Additionally, no clinical study hasyet
investigated the effects of a digital intervention specifically
targeting hopel essness.

However, it is not clear whether treating comorbid symptoms
will lead to better treatment outcomes for suicidal ideation. An
RCT conducted by Batterham et a [33] did not indicate benefits
from tailoring iCBT to individual symptoms. An investigation
on the consistency of trgectories of suicidal ideation and
depressioninan RCT oniCBT for peoplewith suicidal ideation
found that changesin depression wererelated but separate from
changesin suicidal thinking [48]. Additionally, transdiagnostic
digital interventions have been shown to be equally effective
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compared to disorder-specific interventions, suggesting that
greater specificity of interventions does not necessarily lead to
better outcomes [49,50].

The effects found on depression cannot be clearly attributed to
specific intervention components. While the intervention
modulesresemblethose used iniCBT for peoplewith depression
(eg, cognitive restructuring, psychoeducation on emotions,
problem-solving, or mindfulness-based components) [41], the
actual content related to specific suicidal symptoms likely
differs. For example, a cognitive restructuring intervention for
suicidal ideation would have different contents compared to
those for depression. Conversely, Torok and colleagues [7]
found no effects of digital interventions designed for the
treatment of depression on suicidal ideation. However, this
conventional meta-analysis was based on aggregated datafrom
only 6 RCTs, which might not have been sufficiently powered
to detect an effect on suicidality [7].

In future studies, it would be worthwhile to investigate whether
direct treatment of comorbid symptoms of anxiety and
hopelessness could lead to improved outcomes for suicidal
ideation. This might be particularly relevant for hopelessness,
as hopelessness is considered a key driver for suicidal ideation
in some suicide theories [51-54]. Furthermore, alack of hope,
which may be associated with reduced treatment expectancy,
is associated with reduced effects of psychotherapy [55-59].
Prior meta-analysesinvestigating face-to-face CBT for suicidal
ideation have shown effects on hopel essness [ 24-26]. However,
the quality of evidencein our study and previous meta-analyses
does not yet support drawing conclusions about whether the
difference in results is attributable to the mode of delivery (ie,
face-to-face vs web based). Specific effects of certain
i ntervention components could be examined through component
network analysis[60]. However, for such analyses, more studies
are needed, and future studies should include detailed
information about intervention components as well as specific
data on which patients actively worked on which intervention
components. It is also possible that anxiety and hopelessness
may act as effect-mediating variables for suicidal ideation and
behaviors in certain individuals. Hence, future studies should
adhere to central recommendations for research on change
processes [61] and provide the necessary data to enable
mediation analyses in the context of IPDMA [62].

One possiblereason for thelimited effectsof iCBT interventions
for suicidal ideation on both suicidal ideation [11] and related
mental health problemsfound in this study may bethat existing
digital interventions have not adequately considered the
complexity of suicidality [63]. As outlined in the Introduction
section, suicidal ideation is a complex phenomenon that can
manifest both independently and in association with various
mental and physical health conditions[13-18]. Even within the
same diagnosis, certain symptom clusters seem to be more
strongly associated with suicidal ideation than others [64]. In
addition, complex network theories suggest that various
additional factors, including genetic, metabolic, social, and
environmental factors, may be responsible for the persistence
of suicidality [20,65]. Moreover, the temporal dynamics of
suicidal ideation and associated risk factorswithin daysor even
hours should be considered [66-68]. Ecological momentary
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assessment and mobile-sensing studies may be a fruitful next
step in thisregard to identify interacting variables of individual
networks with higher temporal resolution and allow for the
examination of between-subject and within-subject differences
[69,70]. Comprehensive assessments that take into account
various factors contributing to an individual's suicidal ideation
network may then inform the development of personalized
interventions, potentially leading to more effective and
sustainable treatment outcomes [23]. Just-in-time-adaptive
interventions may be able to address the temporal dynamicsin
this context [71].

Several limitations should be considered when interpreting the
findings of this IPDMA. First, this is a meta-analysis of
secondary outcomes from primary investigations. This renders
effect size estimates prone to bias due to the considerable
heterogeneity between the individual trials and because not all
trials investigated every outcome. This data basis therefore did
not allow qualified moderator analysesto be performed. Second,
the results may be susceptible to attrition bias as we used
multiple imputation (underlying the missing at random
assumption) for missing data, which was present to a substantial
degree. Third, we could not examine the influence of guidance
on intervention effectiveness because only one relevant guided
trial with IPD was included. However, the effectivenessin this
trial did not differ significantly from the trials on unguided
interventions. Fourth, it was not possible to assess the effects
of specific intervention components due to the low number of
included trials. In contrast, a larger meta-analysis of digital
interventions for depression revealed specific advantages or
harms of distinct intervention components [60]. Fifth, partially
attributable to the smaller number of available studies, it remains
unclear whether the effects on hopel essness are heterogeneous
or homogeneous, which implies some level of uncertainty in
the modelsand could contribute to the el ucidation of why results
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were not consistent. Sixth, items related to suicidal idestion
were included when calculating the total score for depression
measures. This might have inflated the intervention effect on
depressive symptoms. Seventh, the studies we included have
little data from marginalized groups or low-income and
middle-income countries, which reduces the validity of our
results for more diverse populations. For example, evidence
suggests that suicidality isless strongly associated with mental
disordersin low-income and middle-income countries compared
to high-income countries [72]. In addition to clinical factors, it
is pertinent to explore the impact of sociopolitical factors,
poverties, and the cultural and social determinants of health
when examining suicide in diverse populations [72]. Eighth,
using a cutoff (ie, 50% symptom reduction) to investigate
treatment response may come with statistical pitfalls and has
to be interpreted with caution [73,74]. This includes the
proportion of responders as well as the investigations of
treatment effects compared to control conditions. Nevertheless,
the IPDMA of treatment response usually showed results that
were consistent with the continuous outcome and may therefore
be viewed as sensitivity analyses.

In conclusion, this IPDMA of RCTs investigating the
effectivenessof iCBT for peoplewith suicidal ideation revealed
significant effects on depression outcomes, but their
effectiveness on anxiety and hopelessness is limited. These
findings suggest that to improve care, patients with comorbid
anxiety and hopelessness may require additional treatment
components. To advance the field of digital interventions for
the treatment of people with suicidal ideation, studies that use
technology for longitudinal monitoring with higher temporal
resolution and consider abroader spectrum of factorsinfluencing
the individual suicidal ideation network could lay the
groundwork.
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