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Abstract
Introduction: Evidence on effects of Internet-based inter-
ventions to treat subthreshold depression (sD) and prevent 
the onset of major depression (MDD) is inconsistent. Objec-

tive: We conducted an individual participant data meta-
analysis to determine differences between intervention and 
control groups (IG, CG) in depressive symptom severity 
(DSS), treatment response, close to symptom-free status, 
symptom deterioration and MDD onset as well as modera-
tors of intervention outcomes. Methods: Randomized con-

Trial registration: PROSPERO database, registration No. 
CRD42017058585.

This article is licensed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License (CC BY-
NC-ND) (http://www.karger.com/Services/OpenAccessLicense). 
Usage and distribution for commercial purposes as well as any dis-
tribution of modified material requires written permission.
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trolled trials were identified through systematic searches via 
PubMed, PsycINFO, Embase and Cochrane Library. Multilev-
el regression analyses were used to examine efficacy and 
moderators. Results: Seven trials (2,186 participants) were 
included. The IG was superior in DSS at all measurement 
points (posttreatment: 6–12 weeks; Hedges’ g = 0.39 [95% 
CI: 0.25–0.53]; follow-up 1: 3–6 months; g = 0.30 [95% CI: 
0.15–0.45]; follow-up 2: 12 months, g = 0.27 [95% CI: 0.07–
0.47], compared with the CG. Significantly more participants 
in the IG than in the CG reached response and close to symp-
tom-free status at all measurement points. A significant dif-
ference in symptom deterioration between the groups was 
found at the posttreatment assessment and follow-up 2. In-
cidence rates for MDD onset within 12 months were lower in 
the IG (19%) than in the CG (26%). Higher initial DSS and old-
er age were identified as moderators of intervention effect 
on DSS. Conclusions: Our findings provide evidence for In-
ternet-based interventions to be a suitable low-threshold in-
tervention to treat individuals with sD and to reduce the in-
cidence of MDD. This might be particularly true for older 
people with a substantial symptom burden.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Subthreshold depression (sD) is highly prevalent [1], 
associated with poorer quality of life [2], a higher risk of 
developing major depression (MDD) [3, 4], increased 
mortality [5] and increased use of health care services [6], 
as well as immense economic costs [7].

Although a meta-analysis on Internet-based interven-
tions to treat sD found small-to-moderate effects for psy-
chological interventions on depressive symptom severity 
(DSS) after treatment compared to treatment as usual [8], 
uptake rates of preventive interventions are low [9]. In-
ternet-based interventions might overcome some of the 
barriers associated with traditional mental health care 
services, e.g., living in underserved areas, and fear of neg-
ative social consequences [10, 11]. Meta-analyses have 
shown positive effects of Internet-based interventions for 
depression [12, 13], with the National Institute for Health 
and Care Excellence guidelines recommending such in-
terventions as a treatment option in the management of 
subthreshold persistent depressive symptoms and mild to 
moderate depression [14].

Several studies have investigated the efficacy of Inter-
net-based interventions for the treatment of sD and the 
prevention of MDD. Three meta-analyses summarizing 
these studies found significant improvements in DSS af-

ter treatment with small to moderate effect sizes (stan-
dardized mean difference [SMD] = 0.25, 95% confidence 
interval, CI: 0.09–0.41 [15]; SMD = 0.28, 95% CI: 0.14–
0.42 [16]; SMD = 0.35, 95% CI: 0.12–0.57 [17]). However, 
statistical comparisons based on group means provide 
limited information about clinical significance on an in-
dividual level, such as treatment response and symptom-
free status [18]. In addition, evidence on the long-term 
efficacy remains inconsistent, with some randomized 
controlled trials (RCTs) showing a superiority of Inter-
net-based programs over control conditions at follow-up 
[19–21], while others did not [22–24]. With regard to the 
prevention of MDD onset, evidence is scarce but promis-
ing with hazard ratios ranging from 0.22 (95% CI: 0.06–
0.75 [25]) to 0.59 (95% CI: 0.42–0.82 [21]). Moreover, 
research on negative outcomes, such as symptom deterio-
ration, in the treatment of sD is rare but of high clinical 
relevance [26].

However, due to insufficient power in single RCTs 
[27], there is little evidence on whether all subgroups of 
participants with sD benefit from Internet-based inter-
ventions. Moderator analyses could identify different 
outcome patterns between participants and provide a 
 basis for choosing the best fitting intervention for a giv- 
en individual [28]. By pooling raw data of individual  
trials (e.g., individual participant data meta-analysis, 
IPD-MA), it is feasible to perform analyses not reported 
in original studies and to obtain sample sizes with suffi-
cient power to investigate effects in relevant subgroups 
and explore intervention and participants’ characteristics 
as moderators of intervention outcome [29]. 

The aim of the present study was thus to investigate the 
short- and long-term effects of Internet-based interven-
tions in comparison to control groups like treatment as 
usual or waiting list groups in adults with sD on DSS, 
treatment response, close to symptom-free status, symp-
tom deterioration and depression onset as well as 
 moderators on the individual and study level, using an 
IPD-MA approach.

Materials and Methods

Registration and Study Protocol
This IPD-MA was registered in the PROSPERO register 

(CRD42017058585). It was conducted and reported according to 
methodological guidelines for IPD-MA [30, 31]. Further details of 
the study can be found in the published study protocol about the 
planned IPD-MA on interventions for the treatment of sD and 
prevention of MDD [32]. Deviations from the protocol can be 
found in online supplement 1 (for all online suppl. material, see 
www.karger.com/doi/10.1159/000507819).
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Eligibility Criteria/Identification and Selection of Studies
We included RCTs in which effects of an Internet-based psy-

chological intervention were compared with a comparison group 
in adults with no MDD at baseline according to DSM/ICD criteria 
(assessed with a standardized diagnostic categorical assessment, 
either via interview or self-administered questionnaire) and scor-
ing above a cut-off on a self-rating depression questionnaire or 
meeting criteria for minor depression according to the Diagnostic 
and Statistical Manual of Mental Disorders (DSM). RCTs with 
mixed sD/MDD samples were included and MDD cases at baseline 
were removed from the data set. Studies were excluded if they were 
not published in English, German, Spanish or Dutch.

To identify potential studies, we used a database of articles on 
the psychological treatment of depression, which is described in 
detail elsewhere [33]. This database contains studies that have been 
identified using PubMed, PsycINFO, Embase and the Cochrane 
Central Register of Controlled Trials. In addition, previous meta-
analyses on depression prevention and treatment of sD [16, 17] 
were reviewed, and renowned authors in the field of depression 
prevention were asked if they were aware of any other relevant 
study to ensure that no RCT was overseen. Studies published until 
May 30, 2017, were considered for inclusion. 

Data Collection, Extraction and Preparation
Authors of eligible articles were contacted for permission to use 

their data sets. Reminders were sent after 2 weeks and if necessary 
after 1 month. In case of non-response, we excluded the trial. Au-
thors were asked to provide data on sociodemographic, clinical 
and intervention-related characteristics. Potential moderators on 
participant level were identified by exploring variables that have 
been found to predict long-term outcome in depression [34, 35]. 
Next, moderators were extracted from studies according to the 
amount of available/missing data and the bivariate associations 
with outcome measures in the intervention and control group. De-
tailed information can be found in online supplement 2. Finally, 
we combined all individual data sets into a merged data set, using 
a generic standardized protocol for integrating IPD sets [36]. All 
postintervention assessments were pooled and treated as one as-
sessment. Follow-ups were categorized into appropriate categories 
(FU1: 3–6 months, FU2: 12 months). 

Risk of Bias Assessment
The validity of the included studies was assessed using four cri-

teria from the Cochrane Risk of Bias assessment tool [37] includ-
ing adequate generation of allocation sequence, allocation con-
cealment, blinding of assessors and dealing with incomplete out-
come data (e.g., intention-to-treat analyses were assessed as 
positive). For this assessment only the information which was ac-
tually reported in the papers was used, to ensure a consistent pro-
cedure across studies and to reduce the risk of bias based on what 
was reported and what was not. The quality assessment was carried 
out independently by two researchers (C.B., J.R.). Disagreements 
were resolved by discussion. 

Missing Data
The IPD-MA was conducted according to the intention-to-

treat principle. Missing data were handled using a fully condition-
al specification approach to multiple imputation using the R pack-
age mice [38]. The imputation procedure was set up in such a way 
that it would incorporate the nested structure of the data with in-

dividual participant data nested within studies, include all avail-
able individual and study level characteristics as predictors of 
missing data and allow for heterogeneity in treatment effects 
across studies as well as treatment-by-moderator interactions [39–
42]. The nested structure of the data was modelled using dummy 
indicators for each study [40, 43]. This was in contrast to the reg-
istered protocol but required because methods based on mixed-
effects models showed significant problems with model conver-
gence, making it unfeasible to use them for the imputation of miss-
ing data [44]. The imputations were carried out separately for each 
treatment group (intervention vs. control), thus taking both het-
erogeneity and possible treatment-by-moderator interactions into 
account. Both sporadically and systematically missing values were 
imputed [41, 42]. All variables at the study and participant level 
were considered as predictors of missing data. However, due to 
systematic missing data in some studies and multicollinearity be-
tween study-level predictors (e.g., between study ID and interven-
tion format), we encountered estimation problems with the effects 
of some study-level predictors. In such a case, the procedure was 
adjusted such that it included the largest subset of predictors for 
which estimation was possible. Based on this procedure, we gener-
ated 100 imputed data sets, each after 50 iterations of the imputa-
tion algorithm. A detailed documentation of the procedure can be 
requested from the corresponding author.

Outcome Measures
The following types of outcome criteria were used: (a) DSS,  

(b) treatment response (evaluated in two different ways: (1) reli-
able change index [RCI] [18]; (2) 50% reduction in symptoms),  
(c) close to symptom-free status (e.g., scoring below a predefined 
cut-off score, i.e. 13.00 for BDI-II [45, 46] and 11.88 for CES-D 
[47]), (d) symptom deterioration (defined by (1) RCI; (2) 50% in-
crease in symptoms) and (e) time to MDD onset (e.g., DSM-IV 
criteria assessed with the telephone-administered SCID or the web 
version of the WHO Composite International Diagnostic Inter-
view, CIDI). Standardized depression outcome measures (BDI-II 
[48]; CES-D [49]) were transformed into standardized t value 
scores (i.e., population mean of 50 and standard deviation of 10), 
using the common metric approach [50]. After the imputation 
procedure the common metric was backtransformed into the orig-
inal metric and then transformed into treatment response, close to 
symptom-free status and deterioration rates.

Moderators of Intervention Effects on DSS
The following sociodemographic characteristics were included: 

sex [51–54], age [51, 55], relationship status [51, 56], education [57, 
58] and employment [56]. Initial DSS [59–62], initial anxiety symp-
toms [63] measured with the HADS-A questionnaire or via CIDI 
interview, comorbid mental health problems [55] measured with 
distress scales (K6, PAID) or the Web Screening Questionnaire, pre-
vious psychotherapy for depression, use of antidepressants [58] and 
chronic medical conditions [51, 55, 59] were examined in terms of 
clinical characteristics. The format of the Internet intervention (e.g., 
guided, unguided) as well as the length of the treatment [64] were 
analysed as intervention characteristics on study level. 

IPD Meta-Analysis
For the IPD-MA we utilized a one-step data analysis approach 

because the effects of moderators and study level covariates can be 
examined more precisely, compared to the two-step procedure 
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[65]. In the protocol [32], we defined that we additionally planned 
to conduct a two-step meta-analysis on study level to examine 
whether studies that did not provide data might bias the results of 
our IPD-MA. However, this was not necessary, as we were able to 
include the primary data of all identified trials on Internet-based 
interventions to treat sD in the current study. All analyses except 
for the survival analyses were carried out with the imputed data set. 
Due to the relatively high missing rates of FU1 and FU2, addition-
al sensitivity analyses were performed and reported with the orig-
inal data for our primary outcome (DSS).

Effects on DSS
We used a multilevel regression analysis predicting DSS scores 

from treatment group while controlling for baseline DSS. We in-
cluded both a random intercept and random slope for the treatment 
effects to capture both unobserved heterogeneity between study pop-
ulations (intercept) and study efficacy (slope). Models were fitted to 
all multiply imputed data sets, and final parameter estimates were 
aggregated via Rubin’s rule [66], using the lme4 [67] and mitml [68] 
packages in R version 3.5.2. Hedges’ g and corresponding 95% CI 
were calculated as a standardized effect size measure, using the pop-
ulations’ standard deviation (SD = 10) of the common metrics.

Effects on Response, Close to Symptom-Free Status and 
Deterioration
We used multilevel logistic regression analyses including both 

a random intercept and random slope for the treatment effects. We 

proceeded to calculate odds ratios (OR) and 95% CI to further in-
vestigate differences between intervention groups. In addition, we 
calculated the numbers needed to benefit (NNTB) or the numbers 
needed to harm (NNTH) in order to achieve one additional re-
sponse, respectively, close to symptom-free status or case of dete-
rioration as compared to the control group [69].

Effects on Depression Onset
Time to MDD onset was expressed in weeks. The mean sur-

vival time was calculated as the area under the Kaplan-Meier sur-
vivor function within the 12-month study period. Differences in 
survivor functions between intervention groups were analysed us-
ing the log rank test. The nested structure of the data was not tak-
en into consideration for these two analyses. In addition, we used 
Cox proportional hazard regression models (based on mixed-ef-
fects models to handle the nested data structure) controlling for 
initial DSS to investigate differences in time to onset of MDD be-
tween intervention and control groups. The proportional hazards 
assumption was evaluated using the scaled Schoenfeld residual test 
[70].

Moderators of Intervention Effects on DSS
We explored moderators of the intervention effect by including 

selected participant level and study level variables as well as their 
interaction with the intervention in the multilevel regression anal-
yses. To reduce the complexity for moderator analyses we focused 
on DSS at posttreatment assessment only.

Table 1. Selected characteristics of eligible randomized controlled trials examining the effects of psychological treatments of subthresh-
old depression in adults

Author Target group Definition of 
 subthreshold 
 depression

Conditions N Format Sessions Follow-up Quality 
criteriaa

Country 

1 2

Buntrock [20, 21], 2015 Adults 
(19–78 years)

CES-D ≥16, SCID: 
no MDD

1. iCBT 
2. OPE + TAU

202
204

Guided 6 + + + + + + Germany

Ebert [96], 2018 Adults 
(21–75 years)

CES-D ≥16, SCID: 
no MDD

1. iCBT
2. WL

102
102

Guided 6 + – + + + + Germany

Imamura [25, 74], 2014 Employees 
(21–62 years)

CIDI: no MDD 1. iCBT 
2. TAU

231
223

Unguided 6 + – + + s + Japan

Klein [73], 2016 Adults 
(18–65 years)

PHQ ≥5 ≤14;  
MINI: no MDD

1. iCBT
2. TAU

355
368

Guided/
unguided

12 + + + + + + Germany

Nobis [71], 2015 Diabetic patients 
(19–80 years)

CES-D ≥23, SCID: 
no MDD

1. iCBT
2. OPE + TAU

55
61

Guided 6 + – + ± s + Germany

Spek [75], 2007 Older adults 
(44–72 years)

EDS >12, no MDD; 
CIDI: no MDD

1. iCBT
2. WL

102
100

Unguided 10 – + + + s + The  
Netherlands

Van Bastelaar [72], 2011 Diabetic patients 
(19–82 years)

CES-D ≥16; CIDI: 
no MDD

1. iCBT
2. WL

40
41

Guided 8 + – + + + + The  
Netherlands

CES-D, Center for Epidemiological Studies Depression Scale; SCID, Semi-Structured Clinical Interview for DSM-4 or -5; CIDI, Composite Interna-
tional Diagnostic Interview; PHQ, Patient Health Questionnaire; MINI, Mini International Neuropsychiatric Interview; EDS, Edinburgh Depression Scale; 
MDD, major depressive disorder; iCBT, internet-based cognitive-behavioural therapy; OPE, online psychoeducation; TAU, treatment as usual; WL, waiting 
list. a In this column a positive (+), negative (–) or unclear (±) sign is given for four quality criteria, respectively: allocation sequence; concealment of alloca-
tion to conditions; blinding of assessors; intention-to-treat analyses; all studies were rated as fulfilling the “intention-to-treat” criteria, as multiple imputation 
was used for all studies to handle missing data. An “s” indicates that only self-report instruments were used as outcome measure. 
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Results

Study Selection and IPD Obtained
The flow chart inclusion of studies (online supplement 

3) shows the selection process for included studies. The 
systematic search on psychological treatments for sub-
threshold depression resulted in a total of 16,407 abstracts 
(12,196 after the removal of duplicates), of which 1,885 
full-text articles of RCTs on treatments for depression 
were retrieved. Of the 27 identified studies investigating 
the efficacy of psychological treatments for sD, we were 
able to obtain raw data from 21 data sets. While preparing 

the pooled data set, 5 further studies were published and 
could be integrated, resulting in a final sample of 26 pri-
mary study data sets. Of those 26 studies, 7 evaluated an 
Internet-based intervention and were thus included in 
the current IPD-MA.

Study Characteristics
Primary data had been successfully obtained from all 

of the 7 identified studies. An overview of study charac-
teristics can be found in Table 1. Three of these studies 
included participants diagnosed with MDD [71–73], and 
one study additionally included participants with no ele-

Table 2. Means, standard deviations and percentage of outcome variables at baseline, posttreatment time point (post), follow-up 1 and 
follow-up 2

Intervention (n = 1,088) Control (n = 1,098) All (n = 2,186)

n % mean SD n % mean SD n % mean SD

Depressive symptom severity
Baseline 63.44 5.24 63.58 5.34 63.51 5.29
Post 57.23 8.45 60.80 8.09 59.02 8.46
FU1 57.10 8.92 59.74 8.49 58.42 8.80
FU2 60.47 10.32 62.55 10.23 61.51 10.33

RCI improvement
Post 437 40.2 241 21.9 678 31.0
FU1 430 39.5 307 28.0 737 33.7
FU2 360 33.1 272 24.8 632 28.9

50% decrease in symptoms
Post 317 29.1 146 13.3 463 21.2
FU1 326 30.0 199 18.1 525 24.0
FU2 272 25.0 195 17.8 467 21.4

Close to symptom-free status
Post 379 34.8 232 21.1 611 28.0
FU1 412 37.9 280 25.5 692 31.7
FU2 344 31.6 264 24.0 609 27.9

RCI no change
Post 598 55.0 776 70.7 1,374 62.9
FU1 586 53.9 707 64.4 1,293 59.1
FU2 502 46.1 549 50.0 1,051 48.1

RCI deterioration
Post 54 5.0 81 7.4 135 6.2
FU1 72 6.6 84 7.7 156 7.1
FU2 226 20.8 277 25.2 503 23.0

50% increase in symptoms
Post 52 4.8 63 5.7 115 5.3
FU1 57 5.2 66 6.0 123 5.6
FU2 187 17.2 217 19.8 404 18.5

Percentages and absolute numbers are estimated based on multiple imputation. N, number of participants; SD, standard deviation; 
FU, follow-up; RCI, reliable change index.
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vated depressive symptoms [74]. These participants were 
excluded on an individual basis using the primary data. As 
one RCT was a three-arm design [75] we only included the 
condition of interest (online treatment) compared to the 
control condition and neglected the third arm (face-to-
face treatment). This process resulted in a data set with the 
primary data from 2,186 cases (1,088 in the intervention 
groups, IGs, and 1,098 in the control groups, CGs). 

Risk of Bias Assessment
The quality assessment of the included studies based 

on the published reports can be found in Table 1. Overall 
risk of bias was low. All studies reported an adequate se-
quence generation and reported blinding of outcome as-
sessors or used self-report outcomes. Six of 7 studies re-
ported an allocation to conditions by an independent 
(third) party; in 1 study there was no information given. 
All studies followed an intention-to-treat principle. Six of 
7 studies met all 4 quality criteria; the remaining study 
met 3 of 4 criteria. Agreement between raters on the risk 
of bias was high across studies with Cohen’s κ = 0.94.

Demographics and Clinical Characteristics
Participant characteristics at baseline are shown in on-

line supplement 4. More than half of the participants were 
female (58.6%), with an average age of 44 years (SD = 11.6), 
in a relationship (58.2%) and employed (78.6%). At base-
line, 25.8% of the participants used antidepressants. More-
over, 45.2% of the individuals had already undergone psy-
chotherapy at some point in their lives, 33.5% suffered from 
comorbidities, and 51.4% reported chronic medical condi-

tions. The mean initial depressive symptom level (common 
metrics) was 63.51 (SD = 5.29), which equals a value of 1.3 
SD above the population average. There were no clinically 
important differences between treatment conditions in 
terms of any baseline characteristics. The most common 
patterns of missing values can be found in online supple-
ment 5. More than half of the participants (58.6%) did not 
provide data on chronic medical conditions. There was also 
a remarkable amount of missing data in terms of DSS at 
FU2 (58.0%; see also Table 1 for an overview which trials 
assessed data at FU1 and at FU2), previous psychotherapy 
(56.7%) and comorbid anxiety (49.5%).

Effects on DSS
Means, standard deviations and percentage of multi-

ply imputed outcome variables at baseline, posttreat-
ment, FU1 and FU2 are displayed in Table 2. Effects on 
short- and long-term symptom severity are displayed in 
Table 3. A statistically significant difference in DSS was 
found between the IG and the CG at posttreatment as-
sessment (b = –3.874, 95% CI: –5.26, –2.49; t(17,229) = 
–5.49, p < 0.001; Hedges’ g = 0.39 [95% CI: 0.25–0.53]), at 
FU1 (b = –3.028, 95% CI: –4.53, –1.52; t(4,467) = –3.95, 
p < 0.001; g = 0.30 [95% CI: 0.15–0.45]) and at FU2 (b = 
–2.688, 95% CI: –4.72, –0.66; t(549) = –2.59, p = 0.010;  
g = 0.27 [95% CI: 0.07–0.47]). Slope variance was rela-
tively low at posttest time point compared to FU1 and 
FU2 (Table 3). This rise in slope variance may be inter-
preted as an increase in the heterogeneity of intervention 
effects over time. Therefore, we repeated the analyses for 
FU1 and FU2 with the studies that provided original data 

Table 3. Multilevel regression analyses predicting depressive symptom severity scores from treatment group

DSS Posttreatment time point Follow-up 1 Follow-up 2

est. SE p est. SE p est. SE p

Fixed effects
Intercept (b0) 17.268 2.352 <0.001 14.945 2.618 <0.001 24.743 3.544 <0.001
Condition (b1) –3.874 0.705 <0.001 –3.028 0.767 <0.001 –2.688 1.037 0.01
Baseline DSS (b2) 0.685 0.035 <0.001 0.705 0.039 <0.001 0.558 0.047 <0.001

Random effects (var)
Intercept (τ2

0) 2.559 3.247 24.61
Condition (τ2

1) 2.249 2.437 3.384
Covariance intercept- 
condition (τ20

1) –1.101 –1.231 4.136

The multilevel regression analyses were controlled for initial depressive symptom severity. b0, Y-intercept; b1, 
treatment condition; b2, initial depressive symptom severity; τ2

0, intercept variance; τ2
1, slope variance; est., esti-

mate; SE, standard error; p, probability.
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for these measurement points (n = 1,329; 61% of the total 
sample; online supplement 6). The results remained es-
sentially the same but the group difference at FU2 became 
scarcely not significant (p = 0.055). 

Effects on Response, Close to Symptom-Free Status 
and Deterioration
Response
Rates of response, close to symptom-free status and 

deterioration are displayed in Table 2. Significantly more 
participants in the IG showed a reliable improvement, 
both based on the RCI and 50% reduction in DSS com-
pared to controls (RCI: OR = 2.46; 95% CI: 1.99–3.04; p < 
0.001; 50% reduction: OR = 2.72; 95% CI: 2.12–3.49; p < 
0.001). Differences remained statistically significant at 
FU1 (RCI: OR = 1.73; 95% CI: 1.40–2.15; p < 0.001; 50% 
reduction: OR = 1.96; 95% CI: 1.54–2.49; p = 0.001), and 
at FU2 (RCI: OR = 1.66; 95% CI: 1.18–2.34; p = 0.004; 50% 
reduction: OR = 1.64; 95% CI: 1.11–2.41; p = 0.013). The 
NNTBs based on the RCI (50% symptom reduction) were 
5.49 (95% CI: 4.54–6.94) [NNTB = 6.31 (95% CI: 5.21–
8.02)] at posttreatment assessment, 8.65 (95% CI: 6.45–
13.11) [NNTB = 8.45 (95% CI: 6.50–12.06)] at FU1 and 
12.03 (95% CI: 8.26–22.08) [NNTB = 13.81 (95% CI: 
9.38–26.21)] at FU2. 

Close to Symptom-Free Status
At the posttreatment time point, at FU1 and at FU2 

significantly more participants of the IG reached a close 
to symptom-free status, compared to controls (post: OR 
= 2.12; 95% CI: 1.69–2.65, p < 0.001; FU1: OR = 1.82; 95% 
CI: 1.46–2.26; p < 0.001; FU2: OR = 1.61; 95% CI: 1.09–
2.38; p = 0.017). The NNTBs were 7.30 (95% CI: 5.74–
10.02) at posttreatment assessment, 8.09 (95% CI: 6.16–
11.77) at FU1 and 13.20 (95% CI: 8.83–26.12) at FU2.

Deterioration
At the posttreatment assessment, the risk of deteriora-

tion, both based on the RCI and 50% increase in DSS, was 
reduced in the IG compared to the CG but the difference 
was statistically significant only in the RCI at the post-
measurement time point (OR = 0.65; 95% CI: 0.43–0.98; 
p = 0.038) and at FU2 (OR = 0.70; 95% CI: 0.50–0.99; p = 
0.046), but not at FU1 (OR = 0.85; 95% CI: 0.58–1.25; p = 
0.412). There was no statistically significant difference in 
50% increase at any measurement point (post: OR = 0.82; 
95% CI: 0.53–1.25; p = 0.345; FU1: OR = 0.84; 95% CI: 
0.55–1.29; p = 0.419; FU2: OR = 0.82; 95% CI: 0.58–1.15; 
p = 0.242). In terms of RCI (50% increase) the online-
based treatment was associated with 1 case of deteriora-
tion at the posttreatment assessment for every 41.43 (95% 

Table 4. Results from separate multilevel regression analyses on the effects of putative moderators on differential 
change in depression severity from baseline to posttreatment assessment

Baseline variable Interaction: baseline variable × treatment condition

estimate SE t value p (<|t|) τ2
0 τ2

1

Age –0.066 0.033 –2.002 0.045 2.812 1.972
Gender –0.799 0.784 –1.02 0.308 2.568 1.998
Relationship –0.549 0.707 –0.776 0.438 2.506 2.281
Employment 0.105 0.903 0.116 0.908 2.612 2.256
Previous psychotherapy 0.816 0.960 0.849 0.396 2.671 2.365
Depression medication 0.594 0.090 0.600 0.548 2.671 2.312
Comorbidities –0.816 0.846 –0.965 0.335 2.825 1.904
Chronic medical conditions –0.306 1.392 –0.22 0.826 2.639 2.197
Comorbid anxiety –0.950 0.905 –1.049 0.295 2.996 2.086
Initial symptom severity –0.182 0.069 –2.641 0.008 2.197 1.391
Format –1.797 0.944 –1.905 0.057 2.655 0.786
Number of sessions –0.001 0.256 –0.007 0.994 2.580 2.443
Education –0.566 0.605 –0.936 0.350 2.597 2.621

All analyses were controlled for initial depressive symptom severity. SE, standard error; τ2
0, intercept variance; 

τ2
1, slope variance; gender (0 = male, 1 = female, 2 = other); relationship (0 = single/divorced/separated/widowed, 

1 = married/in a relationship); employment (0 = no, 1 = yes); previous psychotherapy (0 = no, 1 = yes); depres-
sion medication (0 = no, 1 = yes), comorbidities (0 = no, 1 = yes), chronic medical conditions (0 = no, 1 = yes), 
comorbid anxiety (0 = no, 1 = yes), format (0 = unguided, 1 = guided); education (0 = no = 0–5 years, 1 = low = 
6–9 years, 2 = middle = 10–12 years, 3 = high = 13–17 years, 4 = very high = 18+ years).
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CI: 22.58–250.08) [104.35 (95% CI: 33.35–106)] partici-
pants who received treatment. The NNTHs for FU1 and 
FU2 were 96.84 (95% CI: 31.35–106) [129.54 (95% CI: 
36.99–106) and 22.44 (95% CI: 12.53–107.20) [38.82 (95% 
CI: 17.06–106)], respectively.

Effects on Depression Onset
Three of the 7 studies with n = 1,583 participants (72.4% 

of the whole sample) provided data on time to onset of 
MDD [20, 25, 73]. In total, 18.7% of the participants in the 
IG and 25.8% in the CG experienced the onset of MDD 
during the study period. Online supplement 7 shows the 
Kaplan-Meier survival curves for the IG and CG gener-
ated for the 12-month study period. The Kaplan-Meier 
estimates of the cumulative incidence of MDD were 26% 
(95% CI: 22–30%) for the IG and 34% (95% CI: 30–37%) 
for the CG. The log-rank test revealed a statistically sig-
nificant difference between incidence rates over time (p = 
0.004). The mean time to onset of MDD within the 
12-month trial period was 33 weeks in the IG and 32 weeks 
in the CG. Cox regression, which controlled for initial 
DSS, revealed a hazard ratio of 0.72 (95% CI: 0.58–0.89), 
which means that the risk of developing an MDD within 
12 months is reduced by 28% in the IG compared to the 
CG when controlled for initial DSS. The estimated hazard 
ratio for DSS at baseline was 1.09 (95% CI: 1.06–1.11). 
There was no evidence for non-constant hazard ratios 
(global test of non-proportionality, p = 0.568; treatment 
condition, p = 0.501; DSS, p = 0.689).

Moderators of Intervention Effects on DSS
Results of separate multilevel regression analyses, each 

examining interactions of moderator × intervention ef-
fects, are displayed in Table 4. Results indicated initial 
DSS (p = 0.008) as well as age (p = 0.045) to be significant 
moderators of short-term treatment effects, with high ini-
tial DSS and older age associated with greater interven-
tion effects (online supplements 8, 9). Afterwards, this 
analysis was repeated with both identified moderators 
and their interaction effects in one model to determine 
whether they are independent of one another. Results re-
mained the same (online suppl. supplement 10). 

Neither any of the sociodemographic characteristics 
(sex, relationship status, employment, education) nor any 
other clinical characteristics (anxiety symptoms, comor-
bid mental health disorder, previous psychotherapy for 
depression, use of antidepressants, chronic medical con-
ditions) or the length of treatment on study level were as-
sociated with differential treatment effects. Guided for-
mat hardly reached statistical significance (p = 0.057).

Discussion

Main Findings 
We found that Internet-based interventions resulted 

in lower DSS, greater treatment response and close to 
symptom-free status at posttreatment assessment, FU1 
and FU2, and a reduced risk of depression onset within 
12 months compared with control conditions. A reliable 
symptom deterioration was found for the CG at the post-
treatment time point and at FU2 but no significant dif-
ferences between groups were found for symptom dete-
rioration in terms of 50% symptom increase. Results of 
the moderator analyses indicated higher DSS and older 
age to be associated with statistically significantly great- 
er short-term treatment effects. Guided interventions 
showed better effects compared to unguided interven-
tions, but this effect barely reached statistical significance.

Comparison to Previous Research
The between-group effect sizes of g = 0.39, 0.30 and 

0.27 found in our IPD-MA for reducing DSS at posttreat-
ment assessment, FU1 and FU2, respectively, are some-
what higher than those reported in recent meta-analyses 
on the effects of preventive Internet-based interventions 
for the treatment of sD (d = 0.25 at posttreatment [15], d 
= 0.28 at posttreatment [16]; d = 0.35, 0.22, 0.14 at post-
treatment, FU1 and FU2, respectively [17]). The greater 
effect sizes found in our IPD-MA could be explained by 
a higher symptom severity at baseline as we only included 
indicated prevention studies that permit a greater poten-
tial for improvement, while Zhou at al. [16] also included 
universal prevention studies. The meta-analysis by Deady 
et al. [15] further included a study that evaluated a trans-
diagnostic trait-focused Internet-based intervention 
aimed at reducing symptoms of common mental disor-
ders in university students [76], which is not directly 
comparable to cognitive-behavioural approaches used in 
other prevention studies. Furthermore, Sander et al. [17] 
included different interventions targeting a variety of in-
dications like eating disorders or posttraumatic stress dis-
orders with depression being only a secondary outcome 
in some cases, and there were also universal prevention 
studies included. 

Previous meta-analyses based on comparisons of 
means could provide only little information regarding re-
sponse and close to symptom-free status on an individu-
al level. However, a recent IPD-MA on Internet-based in-
terventions in patients with MDD found the IG to obtain 
significantly higher response and remission rates com-
pared to controls after treatment (5–12 weeks) [47]. Ac-
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cordingly, we have been able to show short-term effects 
on the intervention group in the period of up to 3–6 
months after treatment in this IPD-MA as well. The pos-
itive effect persists up to 12 months.

There were no significant differences between the 
groups in deterioration rates in terms of 50% symptom 
increase but the IG was superior with fewer cases of reli-
able deterioration at the posttreatment assessment and 
FU2 compared to the CG. We found the risk for deterio-
ration to be decreased by 35% in the IG compared to the 
CG. The latter finding points in the same direction like 
the results from a recent IPD analysis on MDD, which 
found the risk for a reliable deterioration from baseline to 
posttreatment time point to be significantly lower in the 
intervention versus control condition (relative risk = 
0.47, 95% CI: 0.29–0.75) [77]. 

We found a risk reduction of 28% to develop an MDD 
within a year. This is similar to the results in a meta-anal-
ysis on preventive interventions for depression including 
17 studies for indicated prevention, which found a mean 
risk reduction of 26% [78]. 

With regard to moderators, initial symptom severity 
and age were identified as moderators on DSS at post-
treatment assessment. Guided format just missed the sig-
nificance level. 

The higher the initial DSS, the lower the depressive 
symptomatology at posttreatment assessment in the IG 
compared to the CG. Previous research on depression 
prevention interventions showed inconsistent results 
with one trial that found low initial DSS leads to a better 
outcome [79], while two other trials found the opposite 
effect [80, 81] and several trials that did not find any mod-
erating effect at all (e.g., [82, 83]). Evidence on the impact 
of initial DSS in the field of MDD is conflicting as well 
(e.g., [47, 84, 85]). Given limited health care resources, 
future studies should identify the level of depression with 
an ideal cost-benefit ratio. Furthermore, higher age was 
associated with greater intervention effects on DSS at 
posttreatment assessment as well. This was also found in 
a recent meta-analysis based on individual participant 
data (IPD-MA) on Internet-based treatment of MDD 
[47] but in the field of sD several single trials led to mixed 
results: Vázquez et al. [82] for example showed that 
younger nurses benefited more from the Internet-based 
cognitive-behavioural therapy (iCBT) programme than 
older ones while age was not shown to be a significant 
moderator for treatment success when comparing iCBT 
versus routine care in a study by Button et al. [61]. There 
was only a trend for guided format to be associated with 
greater effects compared to purely self-guided interven-

tions. There are no other meta-analyses or reviews yet 
investigating guidance as a moderator in Internet inter-
ventions for sD, but another single trial did not find semi-
standardized guidance in iCBT for mild to moderate de-
pression to be more effective than fully standardized feed-
back on DSS but leading to higher attrition rates [86]. In 
the field of MDD, numerous meta-analyses of recent 
years showed a superiority of the interventions with guid-
ance compared to no guidance [64, 87, 88]. No other 
moderators were identified. While Richards and Richard-
son [64] found the pooled effect size for studies evaluating 
Internet-based interventions for depression which used 
less than 8 sessions to be considerably higher than studies 
which used 8 or more sessions in participants with MDD, 
this could not be confirmed in our analysis for people 
with sD. 

Clinical Implications and Recommendations for 
Future Research
Results from this IPD-MA have important implica-

tions: 
First, so far there are no obvious reasons to exclude 

specific subgroups of individuals, as intervention out-
come has been shown to be independent of gender, rela-
tionship status, employment status, comorbid mental 
health disorders, chronic medical conditions as well as 
previous depression treatment or use of antidepressants. 
Moreover, there seems to be a lower risk for deterioration 
and for depression onset when taking part in Internet-
based interventions compared to treatment as usual. 
However, more research is needed to evaluate the poten-
tial of iCBT in specific subgroups (e.g., younger age 
groups, low initial symptom severity) to determine 
whether or not they benefit from this kind of interven-
tions, not only related to the prevention of depression 
onset but also to other outcomes, such as quality of life. 
In particular, more research is necessary to assess the 
point at which depressive symptoms at the lower end of 
the severity spectrum become sufficiently persistent to 
warrant preventive interventions. It might be beneficial 
to tailor Internet-based interventions to the specific 
needs of these subgroups to achieve greater treatment ef-
fects. Since gender was not a significant moderator, more 
effort should be put into also reaching men who are ex-
periencing depressive symptoms, who are usually under-
represented in preventive interventions, as they are like-
ly to benefit equally to women. For example, recruitment 
strategies as well as male-specific adaptations to inter-
ventions might be needed to improve intervention up-
take. Future studies should identify preferences for and 
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barriers to participation in preventive psychological in-
terventions in general but especially among men [10]. 
Some evidence suggests that pre-intervention motiva-
tional interviewing might increase help-seeking among 
men [89]. 

Second, the role of guidance has not yet been suffi-
ciently explored. While a guided digital intervention for-
mat seems to lead to an additional benefit for individuals 
with MDD, the availability of individualized feedback for 
people suffering from sD probably has less impact on the 
effectiveness of the Internet-based intervention. Further-
more, it has been argued that effect sizes for unguided 
Internet-based interventions found in RCTs might be 
overestimated for what can be expected in routine care, 
as the structure in clinical trials (e.g., clinical interviews 
and structured outcome assessment) might be an adher-
ence-fostering element [90], which is assumed an impor-
tant underlying mechanism of the treatment effect [91]. 
Moreover, individuals might be less motivated to par-
ticipate in interventions in which no regular content 
feedback from a psychologist is offered, which would 
lead to a lower reach and thus lower overall effects in the 
target population. This assumption was supported by a 
web-based survey study on public attitudes toward guid-
ed Internet-based therapies [92]. However, the potential 
on a population level might still be high, as such inter-
ventions can be distributed to more participants within 
a given health care budget. A stepped care model could 
be kind of a compromise when affected individuals usu-
ally start using an unguided intervention in a first step 
and receive guidance in the case of non-response (second 
step).

Strengths and Limitations
A strength of this IPD-MA is the sufficient statistical 

power to provide information on the long-term effects of 
psychological Internet-based interventions, which had 
been largely unclear and inconsistent so far. In addition, 
conclusions regarding response, remission, symptom de-
terioration and depression onset could also be drawn 
from the study data. Using an IPD-MA approach allowed 
us to analyse moderating effects and to test whether the 
efficacy depends on individual participant criteria. This 
leads to crucial insights about best possible treatments for 
specific subgroups. Furthermore, the methodological 
quality of the included studies was very high so that we 
can assume that the results are robust.

However, the study also has some limitations. First, 
two thirds of participants were at least highly educated  
(> 13 years of education). Hence, the generalizability of 

our results might be limited to participants with high ed-
ucational levels. However, education was not a significant 
moderator of treatment effect. Thus, although low edu-
cated people are usually underrepresented in clinical tri-
als, they might benefit from iCBT as well [47]. In addi-
tion, more research is needed to evaluate treatment ef-
fects in people with low socio-economic status and having 
low Internet affinity. Second, DSS was only assessed with 
self-report instruments. Depending on the symptom se-
verity of an individual, clinician ratings or self-report 
might be more suitable. Therefore, it seems best to in-
clude both, clinician rating and self-report in clinical re-
search [93]. Third, the estimate of the slope variance at 
FU2 is very large and so are the standard errors for the 
fixed effects in that model. This is likely an effect of the 
extreme rate of missing data for end points at FU2. Fourth, 
we were unable to consider further moderators in our 
analysis, because many relevant variables associated with 
differential treatment response or depression incidence 
in the literature, such as lifetime history of depression, 
childhood adversity, personal characteristics, quality of 
life or mastery, had not been included in many of the pub-
lished studies, leading to high rates of missing data and 
cases in which study level characteristics were completely 
confounded with missingness. More studies are ultimate-
ly needed to provide insight into the effects of additional 
moderators. Special attention should be paid to a more 
specific investigation of the influence of pharmacothera-
py in patients with subclinical depression and its interac-
tion with Internet-based treatments [26]. Finally, because 
this is an emerging field there are still contradictory re-
sults in the literature on effect moderators. Therefore, 
even a meta-analysis with high statistical power and so-
phisticated and carefully performed statistical methods is 
unlikely to provide a concluding answer at this point of 
time [94, 95]. With a higher number of primary studies 
and therefore even higher statistical power, more knowl-
edge about moderating effects might be gained in the 
nearby future.

Conclusions

The findings of this IPD-MA provide evidence for In-
ternet-based interventions to be a suitable low-threshold 
intervention to treat individuals with subclinical depres-
sive symptoms and a wide range of participant character-
istics and, moreover, to reduce the incidence of MDD. 
Effects were especially pronounced for older participants 
when initial DSS was already substantial.
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