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Cognitive behavioral therapy skills via 
a smartphone app for subthreshold 
depression among adults in the community: 
the RESiLIENT randomized controlled trial
 

Subthreshold depression, defined as a depressive status falling short of 
the diagnostic threshold for major depression, is common, disabling and 
constitutes a risk factor for future depressive episodes. Cognitive behavioral 
therapies (CBT) have been shown to be effective but are usually provided 
as packages of various skills. Little research has been done to investigate 
whether all their components are beneficial and contributory to mental 
health promotion. We addressed this issue by developing a smartphone CBT 
app that implements five representative CBT skills (behavioral activation,  
cognitive restructuring, problem solving, assertion training and behavior 
therapy for insomnia), and conducting a master randomized study that  
included four 2 × 2 factorial trials to enable precise estimation of skill-specific 
efficacies. Between September 2022 and February 2024, we recruited 3,936 
adult participants with subthreshold depression. Among those randomized, 
the follow-up rate was 97% at week 6 and adherence to the app was 84%. The  
study showed that all included CBT skills and their combinations differentially  
beat all three control conditions of delayed treatment, health information 
or self-check, with effect sizes ranging between −0.67 (95% confidence 
interval: −0.81 to −0.53) and −0.16 (−0.30 to −0.02) for changes in depressive 
symptom severity from baseline to week 6, as measured with the Patient 
Health Questionnaire-9 scores. Knowledge of the active ingredients of CBT 
can better inform the design of more effective and scalable psychotherapies 
in the future. (UMIN Clinical Trials Registry UMIN000047124).

Subthreshold depression, or mild depression falling short of the diag-
nostic threshold for major depressive disorder, is prevalent, persistent 
and disabling. Its prevalence is estimated to be around 11% across the 
world1. It often runs a fluctuating yet chronic course2,3. Subthreshold 
depression is associated with impaired social function and decreased 
quality of life4,5, increased use of health services6 and mortality7. 
Although these negative impacts may be less grave than those associ-
ated with fully syndromal major depression at the individual level, 

given the sheer prevalence of those affected, subthreshold depression 
is responsible for economic losses to society that are indeed compa-
rable to those of major depressive disorder8. Moreover, people with 
subthreshold depression are three times more likely to develop a major 
depressive episode than those without1,9.

Subthreshold depression is responsive to treatments10, which 
can decrease the symptom burden, promote mental wellbeing and 
also decrease future major depressive episodes11,12. Current guidelines 
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The delayed treatment was the prespecified primary control arm, but 
we also included the health information and self-check arms for sensi-
tivity analyses to test whether the primary results against the delayed 
treatment arm also held against controls with potentially different 
levels of stringency.

Participant disposition
Table 1 gives the baseline characteristics of all the included participants. 
The participants were mainly in their 30s, 40s and 50s, 51% were men 
and most were married and employed. Their mean baseline PHQ-9 
score was 8.1 (s.d. 2.7), 17% had suspected problematic alcohol use, 29% 
had a history of mental health treatment and 33% had some physical 
comorbidities. Supplementary Table 1 compares the distribution of 
these variables between the presence and absence of each intervention 
in the factorial design trials and shows that they were well balanced.

Primary outcome
Table 2 shows the results of the primary analyses of changes in PHQ-9 
scores from baseline to week 6 (the primary outcome) for each of 
the four 2 × 2 factorial trials using the delayed treatment arm as the 
control, as prespecified in the statistical analysis plan (SAP)24. In this 
primary analysis for each of the four factorial trials (for example, 
trial 1, which examined the two factors BA and CR) (Fig. 1), we esti-
mated the efficacy of BA by comparing participants who had been 
allocated to that skill (for example, BA + CR or BA) with those who 
had not (for example, CR or delayed treatment) in a mixed-model 
repeated measures analysis (MMRM). The results showed that all 
CBT skills had specific efficacies when present compared with when 
the skills were absent. The standardized mean difference (SMD) was 
−0.38 (95% confidence interval (CI): −0.48 to −0.27, P = 5.3 × 10−13) for 
BA; −0.27 (−0.37 to −0.16, P = 2.9 × 10−7) for CR; −0.27 (−0.37 to −0.17, 
P = 1.8 × 10−7) for PS; −0.24 (−0.34 to −0.14, P = 2.2 × 10−6) for AT; and 
−0.27 (−0.37 to −0.16, P = 3.8 × 10−7) for BI.

Table 3 shows the prespecified sensitivity analysis, examining the 
interaction of the two interventions used in each of the 2 × 2 factorial 
trials as hypothesized in the protocol18 and the SAP24. Interactions 
between the two interventions were observed in all four trials. When 
interactions were taken account of, estimated SMDs for single-skill 
interventions varied from −0.52 (−0.66 to −0.38, P = 5.9 × 10−13) for 
PS to −0.65 (−0.79 to −0.51, P = 2.2 × 10−19) for BA, whereas those for 
two-skill interventions varied from −0.57 (−0.71 to −0.43, P = 7.7 × 10−15) 
for BA + BI to −0.67 (−0.81 to −0.53, P = 2.4 × 10−20) for BA + PS. Admin-
istering two skills did not double the efficacy of providing one skill 
because the interaction was antagonistic.

In the protocol18 and in the SAP24 we prespecified that although 
research so far has not been suggestive of interactions among iCBT 
components17,25, we would interpret the results considering the interac-
tion if the analyses identified a strong interaction. We therefore con-
ducted the following sensitivity analyses using more stringent control 
conditions of health information or self-check in each of the four 2 × 2 
trials while including the interaction term (Extended Data Tables 1  
and 2). The stronger control condition corresponded to a smaller  
estimated SMD. However, even when we used the most stringent 
control condition of self-check, we observed demonstrable specific 
efficacies for all the interventions, corresponding with SMDs of −0.16  
(−0.30 to −0.02) for PS and −0.31 (−0.45 to −0.17) for BA + PS.

The combined analysis, which conducted MMRM for the pooled 
dataset encompassing the four factorial trials, provides a summary of 
all intervention arms contrasted against all of the control arms (Table 4). 
In the analysis of trial 4 we excluded participants on a three-shift work 
schedule as per the SAP because they were considered to be less likely 
to benefit from BI; however, we did not exclude these participants in 
the combined analysis and the effect estimates for BI were essentially 
unchanged. The 95% CIs for the SMDs of all interventions were below 
zero, or the point of null effect, against all controls. The three control 

unanimously recommend psychotherapies, and cognitive behavioral 
therapies (CBT) in particular, for people with subthreshold to mild 
major depression13,14. Given the prevalence of the condition and the 
human and time resources typically necessary for the face-to-face 
delivery of psychotherapies, digital delivery formats have received 
increasing attention in the past two decades15, and we now have 
strong evidence to show that internet CBT (iCBT) is effective for  
subthreshold depression16.

CBT, however, is typically provided as a package of variable combi-
nations of cognitive and behavioral skills17, and we do not know whether 
all of them are contributory to mental health promotion. Such knowl-
edge is indispensable in providing the most efficacious interventions in 
the most efficient way at scale in the population, because inefficacious 
and possibly harmful components can be dropped and more effica-
cious combinations can be prioritized. Efficiency and accessibility 
are particularly important to enhance psychological health especially 
among those who may feel hesitant about seeking professional help.

We therefore developed a self-help smartphone CBT app that 
contained modules for five representative CBT skills17: behavioral 
activation (BA), cognitive restructuring (CR), problem solving (PS), 
assertion training (AT) and behavior therapy for insomnia (BI). Briefly, 
BA aims to enhance mood by increasing engagement in pleasant activi-
ties, CR corrects the negative thoughts underlying depressed mood, PS 
teaches a structured approach to solving overwhelming problems at 
hand, AT helps articulate phrases to convey one’s wishes without hurt-
ing others’ feelings and in BI people learn and practice evidence-based 
efficient sleeping patterns.

We conducted a randomized controlled trial to estimate the spe-
cific efficacies of these CBT skills for adults with subthreshold depres-
sion in the general population. In this trial, dubbed the RESiLIENT trial 
(Resilience Enhancement with Smartphone in Living ENvironmeTs)18, 
we adopted a master protocol design for a randomized controlled trial 
because this offers the optimal design to evaluate multiple intervention 
components simultaneously against common controls19–21. Because we 
may need large sample sizes to make precise estimates of the efficacy 
of each individual skill, we embedded four 2 × 2 factorial trials using 
each skill as a factor to make efficient use of the sample size. This paper 
focuses on the acute intervention effects of the five CBT skills.

Results
Participant flow and study design
Figure 1 shows the flow of participants. Of 34,123 adults assessed 
for eligibility, 5,364 were judged eligible, provided informed con-
sent and were randomized to one of the 12 intervention or control 
arms between 5 September 2022 and 21 February 2024. Two partici-
pants later withdrew their consent, and 1,426 had baseline Patient 
Health Questionnaire-9 (PHQ-9) scores of ≤4, leaving 3,936 as the 
intention-to-treat cohort for this study, which met the preplanned 
sample size requirement. Participants were randomly allocated in 
equal proportions to one of these 12 arms.

For the primary analysis, we embedded four 2 × 2 factorial trials. 
Factorial trial 1 evaluated BA and CR, trial 2 evaluated BA and PS, trial 3 
evaluated BA and AT, and trial 4 evaluated BA and BI. The BA only arm 
and the control arm were common across the four 2 × 2 trials, thus 
enabling efficient use of the sample size. BA was prioritized because 
it was the most effective skill in the component network meta-analysis 
of iCBT17 and has increasingly been used in iCBT interventions aiming 
at scalability as BA alone or in a combination of BA plus PS16. Because 
there is no universally accepted gold standard control condition in 
psychotherapy trials22,23, we included three control conditions in the 
master protocol: in the delayed treatment condition, participants 
had to wait 6 weeks before they could start active interventions; the 
health information arm provided information about physical exercise, 
nutrition and oral health on the app; and in the self-check arm partici-
pants were only prompted to fill in the PHQ-9 on the app every week.  
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conditions differentiated among themselves, showing that delayed 
treatment was the weakest control, followed by health information 
and self-check in that order.

Secondary outcomes
Supplementary Tables 2–4 show the results of analyses of the main and 
interaction effects using MMRM for the Generalized Anxiety Disorder-7 
scale (GAD-7; anxiety), the Insomnia Severity Index (ISI; insomnia) and 
the Short Warwick–Edinburgh Mental Well-Being Scale (SWEMWBS; 
mental wellbeing). Extended Data Tables 3–5 show the combined analy-
ses for these three secondary outcomes. The health information arm 
was the strongest control for these outcomes.

With regard to anxiety (GAD-7), all interventions were superior 
to the delayed treatment or self-check controls. BA and BI were par-
ticularly efficacious for treating anxiety even when compared with 
the health information arm, showing SMDs of −0.24 (95% CI: −0.37 to 
−0.10) and −0.21 (−0.34 to −0.08), respectively. For insomnia (ISI), all 
interventions were superior to the delayed treatment and self-check 
controls, but only BI and BA + BI were superior to the health information 
with SMDs of −0.33 (−0.45 to −0.21) and −0.27 (−0.39 to −0.15), respec-
tively. For mental wellbeing (SWEMWBS), almost all interventions were 
better than the delayed treatment control, but only BA, BI and BA + AT 
were better than the self-check control and none of the interventions 

were superior to the health information control. The SMDs of BA, BI or 
BA + AT over the self-check control were 0.15 (0.03 to 0.27), 0.17 (0.05 
to 0.29) and 0.13 (0.01 to 0.24).

Adherence to program and completion of follow-up 
assessments
Participants actively engaged with the smartphone CBT app during the 
initial six weeks. The chapters that constituted the app differed by week 
in the amount of learning that was expected of users (Extended Data 
Fig. 1a). Participants spent an average 20–60 min on chapter 1 (when 
all active intervention arm participants were introduced to a new skill) 
or chapter 3 (when the two-skill intervention programs began to teach 
the second skill); for other chapters in which reviewing was the main 
focus, participants tended to spend less time, between 10 and 20 min 
(Extended Data Table 6).

Across interventions, between 51% and 84% of participants (aver-
age 63%) completed all the intervention programs for the acute phase 
intervention. Between 74% and 93% of the participants for each inter-
vention arm (average 78%) completed at least up to chapter 4 of the pro-
gram covering all the major contents for the interventions (Extended 
Data Table 7).

The proportions of participants completing the assessments 
were 95.3% (3,751 of 3,936) at week 3 and 97.2% (3,824 of 3,936) at  

Assessed for eligibility (n = 34,123)

Excluded (n = 28,759)
• Not meeting inclusion criteria (n = 16,577)
• Declined to participate (n = 12,105)
• Not completing the baseline survey (n = 77)

Provided informed consent and randomly allocated to one of the 12 groups (n = 5,364)

Withdrew consent for data usage (n = 2)

Baseline PHQ-9 ≥ 5 (n = 3,936)

Analysis

CR (n = 328)
Week 1: 307/328
Week 2: 298/328
Week 3: 312/328
Week 4: 307/328
Week 5: 310/328
Week 6: 320/328
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a
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Week 1: 313/327
Week 2: 302/327
Week 3: 313/327
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Week 5: 304/327
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Week 4: 305/328
Week 5: 304/328
Week 6: 316/328

BA + CR (n = 329)
Week 1: 310/329
Week 2: 308/329
Week 3: 313/329
Week 4: 308/329
Week 5: 302/329
Week 6: 313/329

BI
a
 (n = 328)

Week 1: 323/328
Week 2: 319/328
Week 3: 320/328
Week 4: 319/328
Week 5: 319/328
Week 6: 321/328

BA + PS (n = 329)
Week 1: 316/329
Week 2: 313/329
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BA + AT (n = 328)
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Week 3: 309/328
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a
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Week 2: 322/328
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Week 4: 318/328
Week 5: 323/328
Week 6: 325/328

Health information
a

(n = 328)
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Week 6: 322/328

Delayed treatment
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Week 6: 325/328

BA + BI
a
 (n = 327)

Week 1: 312/327
Week 2: 309/327
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Week 4: 307/327
Week 5: 314/327
Week 6: 318/327

Proper consent and randomly allocated to one of the 12 groups (n = 5,362)

Excluded from the primary acute phase analyses
(n = 1,426)
• Baseline PHQ-9 ≤ 4 (n = 1,426)

CR

Analyzed (n = 328)

BA

Analyzed (n = 327)
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Delayed treatment

Analyzed (n = 328)
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Analyzed (n = 313)
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Fig. 1 | Consolidated Standards of Reporting Trials (CONSORT) diagram.  
The BA arm and control arm were common across the four 2 × 2 trials and are 
shown by the dotted squares in trials 2 to 4. The prespecified control condition 
was the delayed treatment. We conducted sensitivity analyses by replacing 
the delayed treatment with the health information arm and the self-check arm 

(Methods). aParticipants working on a three-shift schedule were excluded in the 
primary and sensitivity analyses for trial 4 (199 (5.1%) of the total sample were 
shift workers). AT, assertion training; BA, behavioral activation; BI, behavior 
therapy for insomnia; CR, cognitive restructuring; PHQ-9, Patient Health 
Questionnaire-9; PS, problem solving.
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week 6 (Fig. 1 and Supplementary Table 5). In total, 2.8% of participants 
(107 of 3,824) confirmed that they had sought mental health care from 
a professional (psychiatrist or psychologist) by the week 6 follow-up.

Safety
As of the close date for the acute phase intervention (19 April 2024), 
we observed 225 warnings of increased depression and suicidality as 
indicated by PHQ-9 scores of ≥10 and an item 9 (suicidality) score of ≥2, 
of which 53 warnings happened on two consecutive occasions for 39 
users (1% of 3,936 participants). No serious adverse events have been 
reported. These adverse events were too infrequent to allow meaning-
ful comparisons among arms.

Sensitivity analyses
Supplementary Tables 6–9 show the results of all the prespecified 
sensitivity analyses subgrouping participants by baseline ISI scores 
to see whether the scores moderated the primary outcome of the 
PHQ-9, or limiting participants to those with elevated baseline scores 
for each secondary outcome to mitigate floor and/or ceiling effects.  
All the sensitivity analyses corroborated the main findings regarding 
the primary and secondary outcomes.

Post hoc analyses
We added two post hoc analyses to facilitate interpretation of the pri-
mary analysis results, first by extending the follow-up and second by 
component analysis of CBT skills.

We followed up the cohort to week 26. Participants continued to 
have free access to the app but, after week 6, and especially after week 
10 when most of the participants had completed the program, they 
accessed the app for only 1–4 min per month on average (Extended 
Data Table 6). By week 30, the rate of adherence to the interventions 
increased to an average of 79% (range: 66–92%) for the whole program 
and 84% (range: 73–94%) for the main parts of the program (Extended 
Data Table 7). Supplementary Table 10a,b shows the results of analy-
ses of the main and interaction effects, and Extended Data Table 8 
shows combined analysis of the PHQ-9 up to week 26. All the interven-
tions maintained their superiority compared with the two controls 
at week 26, and the two-skill interventions were generally superior 
to single-skill interventions with an SMD of −0.08 (−0.16 to −0.00, 
P = 0.049). The health information and self-check were no longer dif-
ferentiated as control conditions (Extended Data Fig. 2).

Supplementary Tables 11 and 12 show the component analyses at 
weeks 6 and 26 respectively, with or without interaction terms in the 
MMRM. Table 5 juxtaposes the results with interaction terms from 
the two timepoints. At week 6, nonspecific treatment effects were 
beneficial (reducing the total effect size by −0.18 (−0.32 to −0.04)), 
while the waiting list effect was harmful (increasing the total effect 
size by 0.17 (0.03 to 0.31)). Specific efficacies of individual cognitive 
or behavioral skills were evident, while their interactions also tended 
to be influential. At week 26, however, the nonspecific effects were 
diminished (0.08, 95% CI: −0.09 to 0.25), and interactions among the 
skills also grew weaker. The specific effects of individual cognitive or 
behavioral skills tended to increase in size.

Table 1 | Baseline demographic, psychosocial and clinical 
characteristics of the intention-to-treat cohort

Characteristics Total

n 3,936

Demographic variables

  Age (mean, s.d.) 43.1 (10.7)

  Gender

    Male 2,005 (51%)

    Female 1,910 (49%)

    Other 21 (0.5%)

  Marital status

    Single 959 (24%)

    Married 2,729 (69%)

    Divorced or widowed 248 (6%)

  Number of cohabitants including self (mean, s.d.) 2.68 (1.33)

  Area Deprivation Index (score range: 0–15.9)a (mean, s.d.) 5.63 (1.05)

  Education, university or higher 2,824 (72%)

  Employed 3,621 (92%)

Psychosocial variables

  Big 5 personality traits (score range: 1–5) (mean, s.d.)

    Neuroticism 3.66 (0.77)

    Extraversion 2.99 (0.91)

    Openness 3.15 (0.75)

    Conscientiousness 3.03 (0.78)

    Agreeableness 3.17 (0.85)

  Adverse childhood experiences (≥4 points) 368 (9%)

  Assessment of signal cases (score range: 0–3) (mean, s.d.)

    Life difficulties 0.94 (0.56)

    Social support 1.31 (0.74)

    Motivation 2.21 (0.39)

  CBT skills (score range: 0–3) (mean, s.d.)

    BA 1.43 (0.46)

    CR 1.34 (0.59)

    PS 1.75 (0.56)

    AT 1.21 (0.52)

    BI 1.91 (0.55)

  Familiarity with smartphone (score range: 0–3) (mean, s.d.) 1.97 (0.68)

Clinical variables

  PHQ-9 (score range: 0–27) (mean, s.d.) 8.07 (2.74)

  GAD-7 (score range: 0–21) (mean, s.d.) 5.84 (3.41)

  ISI (score range: 0–28) (mean, s.d.) 10.01 (4.49)

  WSAS (score range: 0–8) (mean, s.d.) 1.80 (1.74)

  HPQ (score range: 0–10) (mean, s.d.) 6.03 (2.06)

  UWES (score range: 0–6) (mean, s.d.) 2.84 (1.28)

  EQ-5D-5L utility (score range: −0.59 to 1) (mean, s.d.) 0.91 (0.09)

  SWEMWBS (score range: 7–35) (mean, s.d.) 22.03 (3.68)

  CAGE (≥2 points) 664 (17%)

  Past or current treatments for mental health 1,160 (29%)

  Hypertension 595 (15%)

  Diabetes mellitus 115 (3%)

Characteristics Total

  Chronic pain 642 (16%)

  Any physical disease 1,304 (33%)

  Physical disability 132 (3%)
aHigher scores indicate greater deprivation. CAGE, CAGE questionnaire; EQ-5D-5L, EuroQOL-
5D-5L; HPQ, Health and Work Performance Questionnaire; UWES, Utrecht Work Engagement 
Scale; WSAS, Work and Social Adjustment Scale.

Table 1 (continued) | Baseline demographic, psychosocial 
and clinical characteristics of the intention-to-treat cohort
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Discussion
We developed a self-help smartphone CBT app involving five represent-
ative cognitive or behavioral skills (BA, CR, PS, AT and BI) and conducted 
an individually randomized controlled trial of these interventions for 
subthreshold depression26,27. We achieved a follow-up rate of 97% at 
week 6 and the average completion rate for the program was 84%. All 
skills and their combinations were differentially superior to the delayed 
treatment, health information and self-check controls, with effect sizes 
ranging between 0.67 and 0.16 for the primary outcome of depression 
at week 6. These interventions were also differentially efficacious for the 
secondary outcomes of anxiety, insomnia and wellbeing. The efficacy of 
cognitive and behavioral interventions was maintained up to week 26.

In a previous component network meta-analysis of iCBT, we found 
that BA was the most efficacious component; there was some sug-
gestive evidence supporting BI, PS and AT, but no strong support for 
CR17. The results of the current study are aligned with these estimates 
because the 95% CIs of the effect sizes of the components in our study 
overlapped with those from the meta-analysis. However, our study 
demonstrated specific efficacies of individual cognitive or behavioral 
skills directly in a single randomized trial and yielded more precise 
effect estimates for these components because of its large sample size, 
fixed intervention components and master protocol design. Moreover, 
we were able to demonstrate the efficacy of CR per se, in contrast to 
the meta-analysis.

We prioritized BA in the design of the four 2 × 2 factorial trials 
because previous studies have shown it to be among the more effi-
cacious of the skills17 and therefore a good candidate for inclusion 
in future iCBT packages16 or even as a standalone intervention28. As 
expected, BA was among the more efficacious skills at week 6 (Table 4), 
but seemed to lose its edge at week 26 (Extended Data Table 8). There 
was greater adherence to BA than to the other skills, except for BI 
(Extended Data Table 7). However, combining BA with another skill did 
not result in a straightforward sum of the single-skill intervention arms 
at week 6. In retrospect, this was to be expected because all interven-
tion arms must have had some common nonspecific treatment effects 
due to the placebo effect, self-monitoring and encouragement emails. 
Intervention arms teaching two skills could not double these effects 
and therefore were not a simple sum of the efficacies of single-skill 
interventions. This was evident in analyses of the interaction terms 
of factorial trials (Table 3) and was corroborated by the component 
analyses at week 6 (Table 5). When we followed up the cohort to week 
26, however, there were no longer demonstrable nonspecific treat-
ment effects and interactions among the skills became less influential. 
Individual skills maintained their effect sizes. In other words, learning 
skills continued to be beneficial up to week 26, and learning two skills 
was more beneficial than learning one.

The five cognitive or behavioral skills were also differentially effi-
cacious for the secondary outcomes of anxiety, insomnia and mental 

Table 2 | Analysis of main effects using MMRM for PHQ-9 score at week 6, with the delayed treatment as the control arm

Triala Component n Change scores from baseline of the PHQ-9 Differences in change scores of the PHQ-9  
at week 6

Estimated least squares mean changeb Effect sizec Estimated least  
squares mean  

difference

Effect sizec P value

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 6

Trial 1

BAd

 Present 656 −1.47 −1.98 −2.23 −2.43 −2.51 −2.89 −1.07
(−1.37 to −0.77)

−1.28
 (−1.62 to −0.93)

−0.38
 (−0.48 to −0.27)

5.3 × 10−13

 Absent 656 −0.70 −1.00 −1.29 −1.44 −1.69 −1.62 −0.60
 (−0.90 to −0.30)

– –

Trial 1

CR

 Present 657 −1.27 −1.81 −2.15 −2.29 −2.36 −2.71 −1.00
 (−1.30 to −0.70)

−0.90
 (−1.25 to −0.56)

−0.27
 (−0.37 to −0.16)

2.9 × 10−7

 Absent 655 −0.90 −1.16 −1.37 −1.58 −1.84 −1.80 −0.67
 (−0.97 to −0.37)

– –

Trial 2

PS

 Present 657 −1.41 −2.05 −2.33 −2.34 −2.69 −3.08 −1.14
 (−1.40 to −0.88)

−0.91
 (−1.25 to −0.57)

−0.27
(−0.37 to −0.17)

1.8 × 10−7

 Absent 655 −1.35 −1.85 −1.73 −1.99 −2.00 −2.17 −0.81
(−1.07 to −0.55)

– –

Trial 3

AT

 Present 656 −1.34 −2.05 −2.32 −2.58 −2.76 −3.06 −1.13
 (−1.44 to −0.81)

−0.87
 (−1.22 to −0.51)

−0.24
 (−0.34 to −0.14)

2.2 × 10−6

 Absent 655 −1.36 −1.71 −1.76 −2.11 −2.21 −2.19 −0.81
 (−1.12 to −0.50)

– –

Trial 4

BIe

 Present 627 −2.10 −2.52 −2.68 −3.01 −3.08 −3.38 −1.29
 (−1.58 to −0.99)

−0.94
 (−1.30 to −0.58)

−0.27
 (−0.37 to −0.16)

3.8 × 10−7

 Absent 624 −1.78 −1.95 −1.98 −2.21 −2.40 −2.44 −0.93
 (−1.23 to −0.64)

– –

Least squares mean changes and differences in the PHQ-9 scores were estimated using MMRM. The regression models included fixed effects of treatment, visit (categorical) and treatment-by- 
visit interactions, adjusted for baseline PHQ-9 scores, employment status, age and gender. P values are two-sided and no adjustments are made for multiple comparisons. aSee Fig. 1 for 
the designs of trials 1 to 4. bA minus value indicates a reduction in depression. Values in parentheses are 95% CIs. cEffect sizes (SMD) were calculated using the observed baseline s.d. for 
within-group change scores and the observed week 6 s.d. for group differences. dThe effect size estimate of BA was obtained from the first 2 × 2 trial involving BA and CR, as per the SAP.  
The effect size estimates of BA from trials 2, 3 and 4 were −0.40 (−0.50 to −0.30), −0.35 (−0.45 to −0.25) and −0.30 (−0.40 to −0.20), respectively. eParticipants working on a three-shift schedule 
were excluded in the primary and sensitivity analyses for trial 4.
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wellbeing. The intervention arms BA, BI and probably to a lesser degree 
BA + CR or BA + PS were particularly efficacious in reducing anxiety 
symptoms. As expected, BI and BA + BI had the largest effect sizes in 
improving sleep. For positive mental wellbeing, BA, BI and BA + AT were 
more promotional than the delayed treatment or self-check controls. 
Although all the cognitive or behavioral skills we included in the app 
were beneficial overall, these differentiations provide the first step in 
matching interventions with the status and needs of individual par-
ticipants. A future study should also take into account participants’ 
other characteristics to personalize and optimize the interventions.

We were able to monitor participant access to the program 
through the remote server. The access logs indicated that the par-
ticipants’ app usage occurred in short, intermittent sessions, typically 
lasting between 2 and 10 min. This suggests that participants engaged 
with the app during brief moments of free time throughout their day.

The amount of time spent accessing the app dramatically 
decreased after week 6 or week 10, by which time most participants 
had finished all of the lessons in their allocated intervention. However, 
the efficacies of the CBT skills persisted over the 26 weeks of follow-up. 
We interpret this as a sign of true learning: once users master the essen-
tials of BA, CR or any other CBT skill, they do not need to go back to the 
app but can practice them on their own and continue to benefit from 
the learned skills.

The rate of adherence to the program, defined as completing the 
main learning materials for the interventions, reached 78% by week 
10 and 84% by week 30, on average. These figures compare favorably 
with those reported in the literature for similarly defined adherence 
rates of iCBT programs, which are 30% for unguided iCBT29 or 68% 
for therapist-guided iCBT30. Throughout the acute intervention and 
follow-up, PS, CR, BA + PS and BA + CR tended to have lower adherence 

Table 3 | Analysis of main and interaction effects using MMRM for PHQ-9 score at week 6, with the delayed treatment as the 
control arm

Triala Arm n Change scores from baseline of the PHQ-9 Differences in change scores of the PHQ-9 at week 6

Estimated least squares mean changeb Effect sizec Estimated least 
squares mean 

difference

Effect sizec P value 
(main 
effect)

P value 
(interaction 
of two 
components)d

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 6

Trial 1

BA + CR 329 −1.40 −1.97 −2.14 −2.36 −2.32 −2.82 −1.04
 (−1.35 to −0.73)

−2.17
 (−2.65 to −1.69)

−0.64
 (−0.78 to −0.50)

2.1 × 10−18 6.2 × 10−8

BA 327 −1.44 −1.88 −2.21 −2.40 −2.60 −2.86 −1.06
 (−1.37 to −0.75)

−2.22
 (−2.70 to −1.74)

−0.65
 (−0.79 to −0.51)

4.4 × 10−19

CR 328 −1.03 −1.56 −2.04 −2.12 −2.29 −2.48 −0.92
 (−1.23 to −0.61)

−1.84
 (−2.32 to −1.36)

−0.54
 (−0.68 to −0.40)

8.9 × 10−14

Delayed 
treatment 
(reference)

328 – – −0.42 – – −0.65 −0.24
 (−0.55 to 0.07)

– – –

Trial 2

BA + PS 329 −1.59 −2.11 −2.70 −2.56 −3.03 −3.34 −1.24
 (−1.51 to −0.97)

−2.27
 (−2.74 to −1.80)

−0.67
 (−0.81 to −0.53)

2.4 × 10−20 6.6 × 10−7

BA 327 −1.86 −2.31 −2.63 −2.83 −3.03 −3.29 −1.22
 (−1.50 to −0.95)

−2.22
 (−2.70 to −1.75)

−0.65
 (−0.79 to −0.51)

2.2 × 10−19

PS 328 −1.24 −2.00 −1.97 −2.14 −2.35 −2.84 −1.05
 (−1.33 to −0.78)

−1.77
 (−2.24 to −1.29)

−0.52
 (−0.66 to −0.38)

5.9 × 10−13

Delayed 
treatment 
(reference)

328 – – −0.85 – – −1.07 −0.40
 (−0.67 to −0.12)

– – –

Trial 3

BA + AT 328 −1.42 −2.04 −2.44 −2.60 −2.77 −3.17 −1.17
 (−1.49 to −0.85)

−2.08
 (−2.58 to −1.59)

−0.59
 (−0.73 to −0.45)

5.1 × 10−16 3.8 × 10−8

BA 327 −1.88 −2.33 −2.65 −2.85 −3.05 −3.31 −1.22
 (−1.54 to −0.90)

−2.22
 (−2.72 to −1.73)

−0.63
 (−0.77 to −0.49)

6.4 × 10−18

AT 328 −1.26 −2.05 −2.20 −2.55 −2.74 −2.94 −1.08
 (−1.41 to −0.76)

−1.85
 (−2.35 to −1.35)

−0.52
 (−0.66 to −0.38)

4.6 × 10−13

Delayed 
treatment 
(reference)

328 – – −0.87 – – −1.09 −0.40
 (−0.72 to −0.08)

– – –

Trial 4e

BA + BI 311 −1.78 −2.23 −2.38 −2.84 −2.84 −3.22 −1.23
 (−1.54 to −0.92)

−2.00
 (−2.50 to −1.50)

−0.57
 (−0.71 to −0.43)

7.7 × 10−15 3.8 × 10−11

BA 314 −2.06 −2.48 −2.79 −3.01 −3.21 −3.49 −1.33
 (−1.64 to −1.03)

−2.27
 (−2.77 to −1.77)

−0.64
 (−0.79 to −0.50)

1.9 × 10−18

BI 313 −2.23 −2.61 −2.79 −3.00 −3.13 −3.35 −1.28
 (−1.58 to −0.98)

−2.13
 (−2.63 to −1.63)

−0.60
 (−0.75 to −0.46)

1.3 × 10−16

Delayed 
treatment 
(reference)

313 – – −0.98 – – −1.22 −0.47
 (−0.77 to −0.16)

– – –

Least squares mean changes and differences in the PHQ-9 scores were estimated using MMRM. The regression models included fixed effects of treatment, visit (as categorical) and 
treatment-by-visit interactions, adjusted for baseline PHQ-9 scores, employment status, age and gender. The interaction P values are calculated from the MMRM involving interaction terms 
for the corresponding treatments. P values are two-sided and no adjustments are made for multiple comparisons. aSee Fig. 1 for the design of trials 1 to 4. bA minus value indicates a reduction 
in depression. Values in parentheses are 95% CIs. cEffect sizes (SMD) were calculated using the observed baseline s.d. for within-group change scores and the observed week 6 s.d. for group 
differences. dA sensitivity analysis with linear regression analyses using only week 6 data for each of the 2 × 2 trials confirmed that all interaction terms had P values <0.001. eParticipants working 
on a three-shift schedule were excluded in the primary and sensitivity analyses for trial 4.
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rates than the other intervention arms. However, although PS tended to 
show smaller effect sizes, BA + PS and BA + CR were usually associated 
with the largest effect sizes among all the interventions.

Our results provide insights into control conditions in psychother-
apy trials22. There have been several network meta-analyses suggesting 
that waiting list controls may be harmful and produce larger effect size 
estimates than no treatment for the same intervention23,31. However, 
the comparisons were mostly indirect because few studies directly 
compared the waiting list against no treatment. The current study 
provides evidence that the waiting list is inferior to other commonly 
used control conditions in psychotherapy trials. The health information 
arm in our study, without weekly self-checks or encouragement emails 
from the central office, represents an ‘informed, health-conscious life 
as usual’ and may be considered the most appropriate control when the 
research question of the study is to ask whether it is meaningful to do 
something more than this informed life as usual. The self-check arm 
included repeated administration of the PHQ-9 and weekly encour-
agement email from the office; although none of these constitute 
specifically cognitive or behavioral interventions, they are integral 
parts of any guided CBT intervention and comparison with them is 
meaningful only when we are interested in the specific efficacies of 
particular intervention components (as in our component analyses). 
However, the self-check control would be inappropriate if the relevant 
study question was the efficacy of the total program including specific 
as well as nonspecific, but essential, ingredients of CBT. Although the 
self-check was the strongest control for the PHQ-9, this was not the 
case for the other outcomes, for which the health information was 
strongest. In other words, repeating self-reports may improve scores 

on the self-report scale, but not on others. In comparison with these, 
the waiting list overestimates the efficacy of the intervention by SMDs 
of −0.35 (−0.50 to −0.21) or −0.18 (−0.33 to −0.04) respectively, and 
should not be used in confirmatory trials of interventions (late phase 2 
or phase 3 studies). Its use may be justifiable in exploratory early phase 
2 or pragmatic phase 4 studies but in such instances interpretation of 
the obtained effect sizes must be nuanced accordingly. A corollary to 
this is that no future meta-analysis of psychotherapies should combine 
these different control conditions, otherwise the resultant pooled 
effect estimate of a therapy would be uninterpretable.

Our results contrast with the so-called Dodo bird verdict, which 
claims that all bona fide psychotherapies have comparable effica-
cies32. If this claim held true for iCBT, we should expect: (1) all skills to 
be equally effective for depression, anxiety, insomnia and wellbeing; 
and (2) one-skill interventions to match two-skill interventions in effi-
cacy. However, we found that different cognitive or behavioral skills 
had varying efficacy for depression and other symptoms. Although 
the benefits were not additive at week 6, by week 26, learning two 
skills proved more efficacious than learning one skill. The inability to 
differentiate between psychotherapies in past research is probably 
due to the fact that different skills were combined in various ways 
and in variable quality, and also to the small sample sizes in disman-
tling studies (typically only ten per arm)33. Mixing various control 
conditions may have further diluted the differences. Our study used 
standardized and well-controlled interventions to provide support 
for differential efficacies among the five cognitive or behavioral skills, 
distinct from nonspecific common effects or the nocebo effect due to 
the waiting list condition. Given the results from several component 

Table 4 | Combined analysis using the MMRM for PHQ-9 score at week 6

Arm n Estimated least squares mean change scores of the 
PHQ-9a

Effect size for 
baseline − week 

6 change scoresb 
(95% CI)

Estimated differences in 
change scores (versus 

Delayed Treatment)

Effect size for differences in change scoresb (95% CI)

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 (95% CI) P value versus Delayed 
Treatment

versus Health 
Information

versus 
Self-Check

BA 327 −2.03 −2.48 −2.80 −3.00 −3.19 −3.46 −1.26
 (−1.45 to −1.08)

−2.21
 (−2.71 to −1.72)

6.2 × 10−18 −0.63
(−0.77 to −0.49)

−0.48
 (−0.62 to −0.33)

−0.29
 (−0.44 to −0.15)

CR 328 −1.63 −2.16 −2.64 −2.72 −2.89 −3.08 −1.13
 (−1.31 to −0.94)

−1.83
 (−2.33 to −1.34)

3.6 × 10−13 −0.52
 (−0.66 to −0.38)

−0.37
 (−0.51 to −0.22)

−0.18
 (−0.33 to −0.04)

PS 328 −1.41 −2.18 −2.15 −2.32 −2.53 −3.01 −1.10
 (−1.29 to −0.91)

−1.76
 (−2.26 to −1.27)

3.3 × 10−12 −0.50
 (−0.64 to −0.36)

−0.35
 (−0.49 to −0.20)

−0.16
 (−0.31 to −0.02)

AT 328 −1.42 −2.22 −2.35 −2.71 −2.90 −3.10 −1.13
 (−1.32 to −0.95)

−1.85
 (−2.34 to −1.36)

2.2 × 10−13 −0.53
 (−0.67 to −0.39)

−0.37
 (−0.52 to −0.23)

−0.19
 (−0.33 to −0.04)

BI 328 −2.27 −2.61 −2.81 −3.06 −3.15 −3.40 −1.24
 (−1.43 to −1.06)

−2.15
 (−2.65 to −1.66)

1.3 × 10−17 −0.61
 (−0.75 to −0.47)

−0.46
 (−0.6 to −0.32)

−0.28
 (−0.42 to −0.13)

BA + CR 329 −2.01 −2.57 −2.75 −2.97 −2.94 −3.44 −1.25
 (−1.44 to −1.07)

−2.19
 (−2.68 to −1.69)

6.0 × 10−18 −0.62
 (−0.76 to −0.48)

−0.47
 (−0.61 to −0.32)

−0.29
 (−0.43 to −0.14)

BA + PS 329 −1.77 −2.29 −2.89 −2.74 −3.21 −3.52 −1.29
 (−1.47 to −1.10)

−2.27
 (−2.77 to −1.78)

2.0 × 10−19 −0.65
 (−0.79 to −0.51)

−0.49
 (−0.64 to −0.35)

−0.31
 (−0.46 to −0.17)

BA + AT 328 −1.59 −2.21 −2.61 −2.76 −2.94 −3.34 −1.22
 (−1.41 to −1.03)

−2.09
 (−2.58 to −1.60)

1.5 × 10−16 −0.60
 (−0.74 to −0.45)

−0.44
 (−0.59 to −0.30)

−0.26
 (−0.40 to −0.11)

BA + BI 327 −1.78 −2.26 −2.40 −2.82 −2.88 −3.22 −1.18
 (−1.36 to −0.99)

−1.97
 (−2.47 to −1.48)

5.6 × 10−15 −0.56
 (−0.70 to −0.42)

−0.41
 (−0.55 to −0.26)

−0.22
 (−0.37 to −0.08)

Self-check 
(reference)

328 −1.37 −2.00 −2.16 −2.06 −2.50 −2.46 −0.90
 (−1.08 to −0.72)

−1.21
 (−1.70 to −0.72)

1.4 × 10−6 −0.35
 (−0.49 to −0.21)

−0.18
 (−0.33 to −0.04)

–

Health 
information 
(reference)

328 – – −1.61 – – −1.83 −0.67
 (−0.85 to −0.49)

−0.58
 (−1.08 to −0.09)

0.020 −0.17
 (−0.31 to −0.03)

– 0.18
 (0.04 to 0.33)

Delayed 
treatment 
(reference)

328 – – −1.03 – – −1.25 −0.46
 (−0.64 to −0.27)

– – – 0.17
 (0.03 to 0.32)

0.35
 (0.21 to 0.50)

Least squares mean changes and differences in the PHQ-9 scores were estimated with MMRM. The regression model included fixed effects of treatment, visit (as categorical) and treatment-by- 
visit interactions, adjusted for baseline PHQ-9 scores, employment status, age and gender. P values are two-sided and no adjustments are made for multiple comparisons. aA minus value 
indicates a reduction in depression. Values in parentheses are 95% CIs. bEffect sizes (SMD) were calculated using the observed baseline s.d. for within-group change scores and the observed 
week 6 s.d. for group differences.
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network meta-analyses distinguishing helpful, neutral or even harm-
ful elements in interventions traditionally classified under one name  
(for example, CBT for panic disorder34, iCBT for depression17 and  
CBT for insomnia35), more rigorous and granular research on the Dodo 
bird verdict is warranted.

Psychotherapies are complex interventions and are intrinsically 
multifarious. Allegedly new interventions appear every year but their 
efficacies per se, let alone their relative efficacies against older thera-
pies, often remain elusive. When multiple interventions and control 
conditions are available, the master protocol design allows for the 
comparison of several interventions against common controls and 
the platform trial allows for the entry of new interventions (and the 
dropping of old, inefficacious ones)20,21. Our RESiLIENT trial is one of 
the earlier adoptions of this advanced trial methodology in the field of 
psychotherapy19,20. It must be pointed out that the master randomized 
trial not only enables efficient use of the sample size by sharing com-
mon controls, but also saves time, effort and money on the part of 
researchers because multiple hypotheses can be tested on the same 
platform, obviating the costs of starting and closing individual trials. 
When a new arm is added to an existing platform, recruitment can 
start at full speed.

This study is not without limitations. First, given the nature of 
the interventions, it was not possible to keep participants blind to the 
intervention, as is the case with all psychotherapy trials. This could 
lead to performance bias. However, in the RESiLIENT trial there were 
12 arms and the nature of each arm—whether it was intended as an 

active intervention or a control and comparison intervention—was not 
emphasized to participants (except for the delayed treatment where 
it was obvious that the active intervention was withheld to week 6). 
Thus participants experienced the nine intervention arms as well as the 
weekly self-check arm and the health information arm as if they were 
receiving intervention outside the trial setting. There was no appar-
ent deviation in the interventions because of the trial setting, which 
should therefore not constitute a risk of bias due to deviations from 
intended interventions as per the new Cochrane Collaboration’s Risk 
of Bias tool36. In addition, the lack of participant blinding could also be 
associated with assessment bias, because all outcomes in this study 
were self-rated by participants. However, there is growing empirical 
evidence to show that self-ratings tend to lead to more conservative 
effect size estimates than blinded observer ratings in clinical trials37–40. 
Second, this study focused on the acute intervention effects and exam-
ined their durability up to 26 weeks. Longer follow-up and an exami-
nation of the enduring effects of the skills are warranted. Third, we 
examined five representative cognitive or behavioral skills but did not 
include relaxation, mindfulness or acceptance, among others, which 
sometimes are considered effective elements in broadly conceived 
CBT41. We limited ourselves to CBT skills based on classical behavioral 
or cognitive techniques that had some empirical support17, but did not 
include relaxation because there is evidence suggestive of its harm-
ful effects17,34,35. We did not include third-wave components such as 
mindfulness or acceptance because theoretically they are posited to be 
antithetical to CR and might present some interpretational difficulties 

Table 5 | Component analyses of individual CBT skills on the PHQ-9 scores at week 6 and week 26, using MMRM with 
interaction terms

Componenta n at 
baseline

n at 
week 6

Differences in change scores from baseline to 
week 6

n at  
week 26

Differences in change scores from baseline to  
week 26

Estimated least 
squares mean 

difference

Effect sizec P value Estimated least 
squares mean 

difference

Effect sizec P value

ns 3,280 3,177 −0.63
(−1.12 to −0.13)

−0.18
 (−0.32 to −0.04)

0.013 2,943 0.29
 (−0.30 to 0.88)

0.08
 (−0.09 to 0.25)

0.330

ba 1,640 1,581 −1.00
 (−1.49 to −0.50)

−0.28
 (−0.43 to −0.14)

7.7 × 10−5 1,452 −0.96
 (−1.56 to −0.37)

−0.28
 (−0.45 to −0.11)

0.002

cr 657 633 −0.62
 (−1.12 to −0.13)

−0.18
 (−0.32 to −0.04)

0.013 587 −0.93
 (−1.53 to −0.34)

−0.27
 (−0.44 to −0.10)

0.002

ps 657 632 −0.55
 (−1.05 to −0.06)

−0.16
 (−0.3 to −0.02)

0.029 582 −0.78
 (−1.38 to −0.18)

−0.22
 (−0.4 to −0.05)

0.011

at 656 635 −0.64
 (−1.13 to −0.15)

−0.18
 (−0.32 to −0.04)

0.011 578 −0.82
 (−1.42 to −0.23)

−0.24
 (−0.41 to −0.06)

0.007

bi 655 639 −0.94
 (−1.44 to −0.45)

−0.27
 (−0.41 to −0.13)

1.7 × 10−4 577 −1.19
 (−1.79 to −0.59)

−0.34
 (−0.51 to −0.17)

9.6 × 10−5

ba × cr – – 0.65
 (−0.05 to 1.35)

0.18
 (−0.02 to 0.38)

0.070 – 0.51
 (−0.34 to 1.36)

0.15
 (−0.10 to 0.39)

0.237

ba × ps – – 0.49
 (−0.21 to 1.19)

0.14
 (−0.06 to 0.34)

0.172 – 0.39
 (−0.46 to 1.24)

0.11
 (−0.13 to 0.36)

0.366

ba × at – – 0.76
 (0.06 to 1.46)

0.22
 (0.02 to 0.42)

0.033 – 0.57
 (−0.28 to 1.42)

0.16
 (−0.08 to 0.41)

0.188

ba × bi – – 1.18
 (0.48 to 1.88)

0.34
 (0.14 to 0.54)

0.001 – 1.21
 (0.36 to 2.05)

0.35
 (0.10 to 0.59)

0.005

wl 328 325 0.58
 (0.09 to 1.08)

0.17
 (0.03 to 0.31)

0.020 – – – –

Least squares mean changes and differences in the PHQ-9 scores were estimated with MMRM. The regression model included fixed effects of components, their interactions with ba, visit (as 
categorical) and component-by-visit interactions, adjusted for baseline PHQ-9 scores, employment status, age and gender. P values are two-sided and no adjustments are made for multiple 
comparisons. aWe conceptualized BA as consisting of ns + ba, CR as consisting of ns + cr, PS as consisting of ns + ps, AT as consisting of ns + at and BI as consisting of ns + bi, while we regarded 
BA + CR as consisting of ns + ba + cr, BA + PS of ns + ba + ps, BA + AT of ns + ba + at and BA + BI of ns + ba + at. The self-check arm was conceptualized as consisting of ns only, as participants received 
encouragement emails and were asked to complete the PHQ-9 weekly. The health information arm was used to represent the natural course and the delayed treatment was conceptualized 
as consisting of wl. Note that ns represents the ̔ non-specific effect including weekly encouragement emails and self-checks with the PHQ-9ʼ; ba ̔ specific effect of behavioral activationʼ; cr 
ʽspecific effect of cognitive restructuringʼ; ps ̔ specific effect of problem solvingʼ; at ̔ specific effect of assertion trainingʼ; bi ̔ specific effect of behaviour therapy for insomniaʼ; and wl ̔ waiting 
listʼ. bA minus value indicates a reduction in depression. Values in parentheses are 95% CIs. cEffect sizes (SMDs) were calculated using the observed week 6 s.d. for group differences.
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when combined with the selected skills. We need comparative and 
combinational studies for these and other new interventions before we 
can be certain of their inclusion in empirically proven psychotherapy 
arsenals. Fourth, as we accumulate knowledge about effective ingre-
dients of psychotherapies, they may or may not be additive if they are 
provided altogether. In this study, two-skill interventions including the 
BA were not additive at week 6, but were largely so at week 26 (except 
for BA and BI). Ultimately, this is another empirical question for future 
studies. Lastly, it is unclear whether our findings about the five skills 
are limited to our smartphone app only for adults with subthreshold 
depression and may not be generalizable to CBT skills administered 
using other apps or by human therapists; extrapolate to the school set-
ting, to elderly people or to people with comorbidities; apply to popula-
tions other than Japanese; or extrapolate to major depressive disorder. 
These are all empirical questions that require further research.

In conclusion, CBT skills as implemented in our smartphone app 
proved differentially efficacious against depressive symptoms for 
up to 26 weeks in adults with subthreshold depression. Differential 
efficacies will enable efficient packaging of skills that match individual 
participant’s characteristics and needs by providing an evidence base to 
decide which skills to prioritize. Careful attention must be given to the 
combinations of skills in the package to address potential interactions. 
Given the substantial and persistent global burden of depression, the 
widespread implementation of a scalable service platform based on 
this app to promote mental health among people with subthreshold 
depression is both timely and crucial. Leveraging smartphone technol-
ogy and remote server connectivity offers a promising avenue for the 
continued improvement of digital interventions.

Online content
Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information, 
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code 
availability are available at https://doi.org/10.1038/s41591-025-03639-1.
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Methods
The RESiLIENT trial is a master protocol trial involving four 2 × 2 facto-
rial trials. The study was approved by Kyoto University Ethics Commit-
tee (C1556) on 3 March 2022. Recruitment of participants took place 
between 5 September 2022 and 21 February 2024. We preregistered 
the trial in the UMIN Clinical Trials Registry (UMIN000047124) on  
1 August 2022. We have previously published the study protocol18. We 
published the SAP24 on 18 March 2024 after the last-participant-in but 
before the last-participant-out. The protocol and SAP are available 
in the Supplementary Information and are summarized here. This 
report follows the CONSORT 2010 statement42 and its extensions for 
nonpharmacologic treatments43 and for factorial randomized trials44.

The study protocol is available as an open-access publication18 and 
the SAP is available on MedRxiv24; both are given in the Supplementary 
Information.

Participants
Eligibility criteria. Inclusion criteria were as follows: (1) people of 
any gender, aged 18 years or older at the time of providing informed 
consent; (2) in possession of their own smartphone (either iOS or 
Android); (3) written informed consent for participation in the trial; 
(4) completion of all the baseline questionnaires within 1 week after 
providing informed consent; (5) screening PHQ-945 total scores of (a) 
between 5 and 9, inclusive, or (b) between 10 and 14, inclusive, but not 
scoring 2 or 3 on its item 9 (suicidality). Exclusion criteria were: (1) can-
not read or write Japanese; and (2) receiving treatment from mental 
health professionals at the time of screening.

Study setting. Participants were recruited across Japan from: (1) health 
insurance societies. There are several types of public health insur-
ance scheme together constituting universal healthcare in Japan. We 
collaborated with two large associations, the National Federation 
of Health Insurance Societies covering employees and their fami-
lies in large corporations (~30 million insured) and the Japan Health 
Insurance Association covering employees of small- to middle-sized 
corporations and their families (~35 million insured); (2) business 
companies and corporations; (3) community and local governments; 
and (4) direct-to-consumer advertisements.

Procedures, randomization and masking
We asked interested, potential participants to log onto a website 
specifically prepared for the trial and fill in the screening question-
naire. Once we had ascertained the minimum eligibility criteria 
(age, possession of smartphone, not receiving treatment from 
mental health professionals), we invited them to attend the online 
informed consent session on Zoom in which we explained all the 
details of the study and its procedures. Once individuals had agreed 
and signed their digital consent forms, we allowed them access to 
the app downloaded from the App Store or Google Play by using an 
ID and password. Consenting individuals then had to complete all 
the baseline questionnaires within 1 week. After they had completed 
all the questionnaires, the app automatically randomly allocated 
participants to 1 of the 12 intervention or control arms according 
to their employment status (yes versus no) using the preinstalled 
permuted block randomization sequence, prepared by an independ-
ent statistician. The block size was known only to the statistician 
and allocation was concealed from any study personnel involved in 
participant recruitment.

Given the nature of the intervention and the study procedure, 
neither the participants nor the trial management team were blinded 
to the intervention. All the assessments in this study were completed 
by the participants on the app.

The participants were remunerated with 1,000 yen for completing 
the week 3 questionnaires, 2,000 yen at week 6, 1,000 yen at week 26 
and 2,000 yen at week 50.

Interventions and controls
Nine intervention arms and one of the three control arms were com-
bined to form the four 2 × 2 factorial trials, as shown in Fig. 1. The par-
ticipants were randomized equally to one of the nine intervention arms 
or three control arms.

Interventions. The intervention arms were: BA, CR, PS, AT, BI, BA + CR, 
BA + PS, BA + AT and BA + BI. BA consists of psychoeducation about 
pleasurable activities according to the ‘outside-in’ principle. It pro-
vides a worksheet for a personal experiment to test out a new activ-
ity and also a gamified ‘action marathon’ to promote such personal 
experiments. CR consists of psychoeducation using the cognitive 
behavioral model and CR. The participant learns how to monitor their 
reactions to situations in terms of feelings, thoughts, body reactions 
and behaviors by filling in mind maps, which the participant then uses 
to apply CR and find alternative thoughts. PS teaches participants how 
to break down the issue at hand, to specify a concrete and achievable 
objective for the issue, to brainstorm possible solutions and com-
pare their advantages and disadvantages, and finally to choose the 
most desirable action and act on it. A worksheet to guide participants 
through this process is provided. AT consists of psychoeducation of 
assertive communication in contrast to aggressive or passive com-
munication. The participant learns how to express their true feelings 
and wishes without hurting others or sacrificing themselves. They 
complete worksheets to construct appropriate lines in response to 
their own real-life interactions. BI teaches the mechanisms of healthy 
sleep, invites the participant to keep daily sleep records, based on 
which the participant can start to apply sleep restriction and stimulus 
control techniques.

Controls. In psychotherapy trials, there is no gold standard con-
trol condition such as the pill placebo in pharmacotherapy trials22.  
Psychotherapy controls must be designed in accordance with the 
clinical questions of the study as well as the participants’ needs and 
the available resources, and may produce different effect size esti-
mates23. In the RESiLIENT trial, we therefore used three different control 
conditions with different levels of stringency: (1) weekly self-checks,  
(2) health information and (3) delayed treatment.

In the weekly self-check arm, participants received weekly encour-
agement emails and monitored their moods via weekly PHQ-9 meas-
urements up to week 6 (as in the intervention arms) and then monthly 
PHQ-9 measurements thereafter up to week 50. This arm is intended as 
an attention control to match the attention provided through encour-
agement emails and self-checks but lacking in active ingredients.

In the health information arm, participants received the URLs of 
websites containing tips for a healthy life (physical activities, nutrition 
and oral health, none of which focused on mental health) for the initial 
3 weeks and then were asked to answer quizzes to test comprehension. 
Participants were asked to complete self-reports at weeks 3 and 6 (with-
out encouragement emails), and then follow-up evaluations thereafter 
up to week 50. This arm is intended to emulate a placebo intervention.

In the delayed treatment arm, the participants were placed on the 
wait list and asked to complete self-reports at weeks 3 and 6. They were 
then randomized to 1 of the 11 arms (1 to 11) at week 6, if they so wished, 
and completed the respective programs thereafter.

Resilience Training app. All the interventions and controls were pro-
vided on the Resilience Training app v.2.1. Each intervention module 
consisted of seven chapters, each divided into two to five lessons as 
appropriate. Extended Data Fig. 1a shows how chapters and lessons 
were combined in each of the 12 intervention and control arms.

Extended Data Fig. 1b provides screenshots from the smartphone 
app. Each chapter provided explanations of the skill to be learned as 
well as a worksheet to practice the learned skill. Participants were 
expected to complete one chapter per week and could only move on 
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to the next chapter one week after they started the previous chapter 
and having completed one worksheet.

In addition participants received weekly encouragement emails 
(except in the health information and delayed treatment arms), which 
were templated but tailored in accordance with each participant’s 
progress by the trial coordinators in the management team. Partici-
pants were prompted to complete the PHQ-9 every week on the app. 
All the coordinators were forbidden from providing any therapeutic 
contents.

2 × 2 factorial trials. In the factorial design, we prioritized BA because 
it has been shown to be as good as full-package CBT28, was the most 
effective skill in the component network meta-analysis of iCBT17 and 
has increasingly been used in iCBT interventions aiming at scalability 
as BA alone or in combination of BA plus PS16. We used delayed treat-
ment as the control arm in the primary analyses but replaced it with 
the health information and self-check arms in the sensitivity analyses 
(‘Statistical analyses’ below).

Concomitant interventions. All participants in the active and control 
arms were free to seek whatever mental health interventions they 
wished over the 26 weeks. We recorded the received professional inter-
ventions, either pharmacotherapy or psychotherapy at week 6.

Safety monitoring
All serious adverse events were handled according to standard opera-
tionalized procedure 10 by the Kyoto University Graduate School 
of Medicine (http://www.ec.med.kyoto-u.ac.jp/doc/SOP10.pdf). In 
addition, when any increase in suicidality (defined as a score of 10 
or more on the total PHQ-9 and 2 or more on item 9 of PHQ-9 for two 
consecutive weeks) was noted, an email was sent to the participant 
recommending that they visit the consultation services listed by 
the Japanese Ministry of Health, Labour and Welfare for the general 
public (https://kokoro.mhlw.go.jp/agency/) or other mental health 
professionals.

Baseline measurements
Demographic, psychosocial and clinical variables were measured at 
baseline as detailed below. Details of each scale are given in the protocol 
(Supplementary Information). All measurements were collected on 
the Resilience Training app.

The measured demographic variables were: (1) age; (2) gender; (3) 
marital status; (4) number of cohabitants; (5) Area Deprivation Index 
(as estimated by the zip code in 2020)46; (6) education; (7) employ-
ment; (8) physical conditions and illnesses, including past and cur-
rent treatments; (9) physical disability; (10) mental health conditions, 
including past and current treatments; (11) alcohol use; and (12) the 
CAGE questionnaire47,48.

The following psychosocial scales were used: (1) the short form 
of the Big-5 questionnaire49–51; (2) Adverse Childhood Experiences52,53; 
(3) Assessment of Signal Cases (ASC)–Life difficulties54; (4) ASC–Social 
support54; (5) CBT Skills Scale55; and (6) Readiness for smartphone CBT, 
(a) ASC–Motivation54 and (b) familiarity with smartphone use.

Clinical variables were measured using: (1) PHQ-956, (2) GAD-757, 
(3) ISI58, (4) past and current major depressive episodes according to 
the major depression section of the computerized WHO Composite 
International Diagnostic Interview59,60, (5) Work and Social Adjust-
ment Scale61, (6) Health and Work Performance Questionnaire62,63, (7) 
Utrecht Work Engagement Scale64, (8) EuroQOL-5D-5L65,66, (9) SWEM-
WBS67,68, (10) CSQ-369, (11) adherence to smartphone CBT and (12) 
safety information.

Outcomes
Primary outcome. The primary outcome is the change in PHQ-9 score 
from baseline to week 6.

Secondary outcome. The secondary outcomes include: (1) changes in 
PHQ-9 from baseline to weeks 1, 2, 3, 4 and 5; (2) changes in the GAD-757 
from baseline to weeks 3 and 6; (3) changes in the ISI70 from baseline to 
weeks 3 and 6; (4) changes in the SWEMWBS68 from baseline to weeks 3 
and 6; (5) adherence to the smartphone CBT; and (6) safety.

Anxiety usually coexists with depression and we aimed to examine 
what effects the intervention components, although mainly targeting 
depression, may have on anxiety. We aimed to monitor the broad psy-
chopathology of common mental disorders encompassing depression, 
anxiety and insomnia as well as positive mental health which deterio-
rates in common mental disorders.

Sample size
The RESiLIENT trial was powered for each factorial trial for its primary 
outcome, that is, PHQ-9 at week 6. The Fun to Learn, Act and Think 
through Technology trial showed an SMD of 0.3–0.4 for an earlier ver-
sion of the Resilience Training app using the combination of BA + CR 
over the waiting list control among patients with drug-refractory 
depression71. To detect an SMD of 0.2 at alpha = 0.05 and beta = 0.10, 
each factorial trial in the current master protocol would need 1,053 
participants in total (FactorialPowerPlan, http://methodology.psu.
edu), hence 264 in each arm. Altogether the RESiLIENT trial will require 
264 × 12 = 3,168 participants with baseline PHQ-9 scores of 5 or more. 
The Healthy Campus Trial, which used an earlier version of the Resil-
ience Training app among university students, had 5% dropout rates 
for its eighth week outcome25. We expected somewhat higher dropout 
rates in the RESiLIENT trial, which targets the general adult population 
in the community. Assuming a 10% dropout rate, the required sample 
size was 3,520.

Statistical analyses
We conducted all the analyses with R (v.4.3.1), and used the packages 
mmrm (v.0.3.11)72 and emmeans (v.1.9.0)73.

Efficacy analyses of the primary outcome. Primary efficacy analyses. 
In the preplanned primary analysis, each of the four 2 × 2 factorial trials 
was analyzed independently in accordance with the master protocol 
design framework. The four trials used the BA arm (intervention arm 1) 
and the control arm (intervention arm 12, delayed treatment) in com-
mon. Intervention arms 11 (health information) and 10 (self-check), with 
increasing stringency as the control, were used in sensitivity analyses; 
that is, we performed additional analyses changing the control arm 
to arm 11 or 10 respectively. For the fourth trial involving BA and BI, 
participants who worked in three shifts were excluded because shift 
workers cannot be expected to make optimal use of BI.

We used the MMRM74,75 to estimate the mean difference in change 
scores on the PHQ-9 for each component while adjusting for missing 
outcomes. The model included fixed effects of treatment, visit (as 
categorical) and treatment-by-visit interactions, adjusted for base-
line PHQ-9 scores, employment status, age and gender. Each of the 
experimental factors was coded at two levels (presence was coded 
as 1 and absence was coded as 0). The covariance matrix structure of 
outcome variables was set to unstructured. The standard error esti-
mates and degrees of freedom were adjusted using the Kenward–Roger 
method76,77. We also estimated least squares mean change scores for 
the PHQ-9 at weeks 1, 2, 3, 4 and 5 based on the estimated models of 
the MMRM analysis. For the effect of BA, which was estimated in all 
four 2 × 2 trials, we presented the effect size estimate of the first trial 
(the 2 × 2 trial involving BA and CR) as the primary result because BA 
and CR are the most typical ingredients across broadly conceived CBT 
interventions.

We applied no adjustment for multiple testing in examination of 
statistical significance of the main effects and the conventional thresh-
old for statistical significance (P < 0.05, two-sided), because the multi-
ple hypotheses have been tested independently in these trial designs 
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assuming as if the tested interventions could have been assessed in 
separate trials78,79. We performed another MMRM analysis involving a 
two-way interaction term of each two components to assess the interac-
tion between the treatments as a sensitivity analysis. Previous research 
has not been suggestive of interactions among iCBT components17,25, 
but when we identified a strong interaction, we interpreted the results 
considering the interaction.

Effect sizes (SMDs) were calculated using the observed baseline 
SD for within-group change scores and the observed week 6 SD for 
group differences.

Secondary efficacy analyses. To assess the comparative efficacy of the 
five CBT skills and their combinations, we additionally performed a 
combined analysis via pooling the four factorial trials along with all 
the control arms. For this we performed the MMRM analysis for the 
pooled dataset and provided comparative effect size information for 
all the CBT skills and their combinations evaluated in the four trials. In 
this analysis we included all the three control conditions and compared 
comprehensively. In this combined analysis, we included shift workers, 
although such inclusion may lead to underestimating the effect of BI 
on depression, to maintain the statistical power for the analysis and 
make the results as comparable as possible to those in the primary 
2 × 2 trial analyses.

Efficacy analyses for secondary outcomes. We performed MMRM 
analyses for the repeated measurement outcomes of GAD-7, ISI and 
SWEMWBS until week 6. We used the same modeling strategy with the 
analysis of the primary outcome.

Sensitivity analyses. We evaluated the robustness of the foregoing 
analyses by conducting the following prespecified sensitivity analyses.

For the 2 × 2 trials:

(1)	 We examined interactions among the skills as a sensitivity 
analysis. In examining interactions among components, we 
also performed linear regression analyses using only the week 
6 data for each of the 2 × 2 trials.

(2)	 We used control arm 10 (self-check) or 11 (health information) 
instead of 12 (delayed treatment) in each of the 2 × 2 trials.

(3)	 For the factorial trial examining BA and BI, we subgrouped 
participants into those who scored ≥8 versus those who scored 
≤7 on the ISI at baseline. Here, the primary outcome was the 
PHQ-9, and this subgroup analysis confirmed whether the effect  
of BI is similar regardless of the baseline insomnia severity. 
For the secondary outcomes:

(4)	 For the secondary outcome of the GAD-7, we limited partici-
pants to those who scored ≥5 on the GAD-7 at baseline (that is, 
those who presented with at least some anxiety symptoms at 
baseline). This mitigated the floor effect on the GAD-7.

(5)	 For the secondary outcome of the ISI, we limited participants 
to those who scored ≥8 on the ISI at baseline (that is, those who 
presented with at least some insomnia symptoms at baseline). 
This mitigated the floor effect on the ISI.

(6)	 For the secondary outcome of the SWEMWBS in the four 2 × 2 
factorial trials, we limited participants to those who scored 
≤20 on the SWEMWBS at baseline (that is, those who showed 
reduced wellbeing at baseline). This mitigated the ceiling ef-
fect on the SWEMWBS.

Adherence. We used two definitions of adherence to the program 
in accordance with the previous literature: completion of the whole 
program and completion of the main parts of the program29,30. In this 
study, we operationally defined the former as completing all seven 
chapters (the introduction, chapters 1 to 5 and the epilogue) and the 
required worksheets, and the latter as finishing at least up to chapter 

4 and the associated worksheets because the Introduction and the 
first four chapters cover the main learning materials to be taught in 
each arm, whereas chapter 5 and the epilogue are only review materi-
als (Extended Data Fig. 1a). We set the deadline for the acute phase 
intervention at week 10 and that for the follow-up at week 30 to allow 
participants some additional time beyond the program schedule to 
complete any missed lessons or tasks.

Safety analyses. We descriptively reported potential adverse reac-
tions and serious adverse events during the 6-week intervention via 
user self-reports.

Lived experience involvement
We revised the texts and the user interface of the app in collaboration 
with a group of people with lived experiences. However, they were 
not involved in the trial design, data analyses or interpretations of the 
current study findings.

Changes from the protocol or the SAP
The published protocol (Supporting Information) declared that we had 
two analyses planned for the RESiLIENT trial, focusing on the change in 
PHQ-9 from baseline to week 6 (analysis 1) and the incidence of a major 
depressive episode by week 50 (analysis 2). This paper is a report for 
analysis 1, and we prespecified the SAP accordingly before the relevant 
data became available (Supplementary Information). We will report 
analysis 2 and the outcomes listed as secondary in the published pro-
tocol, but not covered in the current SAP, in future papers. We plan to 
publish a SAP for the latter analyses before the data for the one-year 
outcomes become available.

In this study, we followed the analyses as prespecified in the SAP 
for analysis 1 (Supplementary Information) but added two post hoc 
analyses to inform and facilitate interpretations of the primary analysis 
results.

First, we extended the MMRM analyses of the primary outcome 
(PHQ-9) up to week 26 to test the durability of the effects we had con-
firmed immediately after the interventions at week 6. The statistical 
power for these additional analyses remained adequate for an SMD 
of 0.2 at alpha = 0.05 and beta = 0.10 assuming a 10% dropout rate, as 
originally required for the week 6 primary analyses of the 2 × 2 facto-
rial trials.

Second, we applied the analytical methods of component analy-
ses to the week 6 and week 26 outcomes to more finely differenti-
ate the specific efficacies of individual CBT skills in addition to the 
nonspecific treatment effects and the waiting list effect based on 
the MMRM model. In this model, we considered the health informa-
tion control, in which participants read information on physical, 
nutritional and oral health on the app, but received no encourage-
ment emails and did not fill in the PHQ-9 on a weekly basis, as the 
reference. In comparison with this, the delayed treatment control 
was considered to have the waiting list component wl17,23,35. All the 
intervention arms were assumed to include a nonspecific treatment 
component ns, which included the placebo effect, human contact 
via encouragement emails and weekly self-checks17,35, in addition to 
their specific skill effects.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
Deidentified individual participant data and data dictionary will be 
made available 24 months after publication on UMIN-ICDR, an individ-
ual case data repository managed by the Japanese University Hospital 
Medical Information Network (UMIN) Center (https://www.umin.ac.jp/
icdr/index.html). Proposals with specific aims and an analysis plan 
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should be directed to the corresponding author, T.A.F. (furukawa@
kuhp.kyoto-u.ac.jp). The decision will be made within a month.

Code availability
R code files used in the statistical analyses are available on GitHub at 
https://github.com/nomahi/RESiLIENT.
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Extended Data Fig. 1 | Contents of the interventions and controls.  
The intervention arms #1 through #10 (BA through Self-check) filled in the 
PHQ-9 every week and received weekly encouragement emails from the clinical 
research coordinators at the central office. #11 (Health information) and #12 

(Delayed treatment) were asked to fill in the PHQ-9 at weeks 3 and 6 only, and 
did not receive encouragement emails. AT: Assertion training, BA: Behavioural 
activation, BI: Behaviour therapy for insomnia CR: Cognitive restructuring,  
PS: Problem solving.
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Extended Data Fig. 2 | PHQ-9 change from baseline up to week 26. Data 
represent least squares mean changes of the PHQ-9 scores estimated by the 
combined MMRM model. The regression model included fixed effects of 
treatment, visit (as categorical), and treatment-by-visit interactions, adjusted 
for baseline PHQ-9 scores employment status, age and gender. The error bars 

at weeks 6 and 26 represent SEMs. For more information, see Table 4, Extended 
Data Table 8, and Supplementary Table 2. AT: Assertion training, BA: Behavioural 
activation, BI: Behaviour therapy for insomnia, CR: Cognitive restructuring,  
PHQ-9: Patient Health Questionnaire-9, PS: Problem solving.
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Extended Data Table 1 | Analysis of main and interaction effects using the mixed-model repeated measures analysis 
(MMRM) for PHQ-9 score at week 6, using the Health information arm as the control

The least squares mean changes and their differences of the PHQ-9 scores were estimated with the mixed-effects models for repeated-measures (MMRM). The regression models included 
fixed effects of treatment, visit (as categorical), and treatment-by-visit interactions, adjusted for baseline PHQ-9 scores, employment status, age and gender. The interaction P-values are 
calculated from the MMRM models involving interaction terms of the corresponding treatments. P-values are two-sided and no adjustments are made for multiple comparisons. † Minus value 
indicates depression reduction. () indicates 95% confidence intervals. ‡ Effect sizes (standardised mean differences) were calculated using the observed week 6 SD for group differences.  
* See Fig. 1 for the designs of Trials 1 through 4. ** Participants working on a three-shift schedule were excluded in the primary and its sensitivity analyses for Trial 4. AT: Assertion training,  
BA: Behavioural activation, BI: Behaviour therapy for insomnia, CR: Cognitive restructuring, PHQ-9: Patient Health Questionnaire-9, PS: Problem solving.
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Extended Data Table 2 | Analysis of main and interaction effects using the mixed-model repeated measures analysis 
(MMRM) for PHQ-9 score at week 6, using the Self-check arm as the control

The least squares mean changes and their differences of the PHQ-9 scores were estimated with the mixed-effects models for repeated-measures (MMRM). The regression models included 
fixed effects of treatment, visit (as categorical), and treatment-by-visit interactions, adjusted for baseline PHQ-9 scores, employment status, age and gender. The interaction P-values are 
calculated from the MMRM models involving interaction terms of the corresponding treatments. P-values are two-sided and no adjustments are made for multiple comparisons. † Minus value 
indicates depression reduction. () indicates 95% confidence intervals. ‡ Effect sizes (standardised mean differences) were calculated using the observed week 6 SD for group differences.  
* See Fig. 1 for the designs of Trials 1 through 4. ** Participants working on a three-shift schedule were excluded in the primary and its sensitivity analyses for Trial 4. AT: Assertion training,  
BA: Behavioural activation, BI: Behaviour therapy for insomnia, CR: Cognitive restructuring, PHQ-9: Patient Health Questionnaire-9, PS: Problem solving.
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Extended Data Table 3 | Combined analysis using the mixed-model repeated measures analysis (MMRM) for GAD-7 score  
at week 6

The least squares mean changes and their differences of the PHQ-9 scores were estimated with the mixed-effects models for repeated-measures (MMRM). The regression model included 
fixed effects of treatment, visit (as categorical), and treatment-by-visit interactions, adjusted for baseline PHQ-9 scores, employment status, age and gender. P-values are two-sided and no 
adjustments are made for multiple comparisons. † Minus value indicates depression reduction. () indicates 95% confidence intervals. ‡ Effect sizes (standardised mean differences) were 
calculated using the observed baseline SD for within-group change scores and the observed week 6 SD for group differences. AT: Assertion training, BA: Behavioural activation, BI: Behaviour 
therapy for insomnia, CR: Cognitive restructuring, DT: Delayed treatment, HI: Health information, PHQ-9: Patient Health Questionnaire-9, PS: Problem solving, SC: Self-check.
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Extended Data Table 4 | Combined analysis using the mixed-model repeated measures analysis (MMRM) for ISI score  
at week 6

The least squares mean changes and their differences of the PHQ-9 scores were estimated with the mixed-effects models for repeated-measures (MMRM). The regression model included 
fixed effects of treatment, visit (as categorical), and treatment-by-visit interactions, adjusted for baseline PHQ-9 scores, employment status, age and gender. P-values are two-sided and no 
adjustments are made for multiple comparisons. † Minus value indicates depression reduction. () indicates 95% confidence intervals. ‡ Effect sizes (standardised mean differences) were 
calculated using the observed baseline SD for within-group change scores and the observed week 6 SD for group differences. AT: Assertion training, BA: Behavioural activation, BI: Behaviour 
therapy for insomnia, CR: Cognitive restructuring, DT: Delayed treatment, HI: Health information, PHQ-9: Patient Health Questionnaire-9, PS: Problem solving, SC: Self-check.
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Extended Data Table 5 | Combined analysis using the mixed-model repeated measures analysis (MMRM) for SWEMWBS 
score at week 6

The least squares mean changes and their differences of the PHQ-9 scores were estimated with the mixed-effects models for repeated-measures (MMRM). The regression model included 
fixed effects of treatment, visit (as categorical), and treatment-by-visit interactions, adjusted for baseline PHQ-9 scores, employment status, age and gender. P-values are two-sided and no 
adjustments are made for multiple comparisons. † Minus value indicates depression reduction. () indicates 95% confidence intervals. ‡ Effect sizes (standardised mean differences) were 
calculated using the observed baseline SD for within-group change scores and the observed week 6 SD for group differences. AT: Assertion training, BA: Behavioural activation, BI: Behaviour 
therapy for insomnia, CR: Cognitive restructuring, DT: Delayed treatment, HI: Health information, PHQ-9: Patient Health Questionnaire-9, PS: Problem solving, SC: Self-check.
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Extended Data Table 6 | Time spent on the program (minutes)

Medians and interquartile ranges in parentheses. *The numbers for Weeks 6-10 may include the minutes spent after Week 6 but before the program completion, because we allowed up to 
2 weeks before they could finish the program and respond to the Week 6 questionnaire. ** The Delayed treatment group engaged in the program during these eight weeks. AT: Assertion 
training, BA: Behavioural activation, BI: Behaviour therapy for insomnia, CR: Cognitive restructuring, PS: Problem solving.
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Extended Data Table 7 | Adherence

AT: Assertion training, BA: Behavioural activation, BI: Behaviour therapy for insomnia, CR: Cognitive restructuring, PS: Problem solving.
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Extended Data Table 8 | Combined analysis using the mixed-model repeated measures analysis (MMRM) for PHQ-9 score  
at Week 26

1

The least squares mean changes and their differences of the PHQ-9 scores were estimated with the mixed-effects models for repeated-measures (MMRM). The regression model included 
fixed effects of treatment, visit (as categorical), and treatment-by-visit interactions, adjusted for baseline PHQ-9 scores, employment status, age and gender. P-values are two-sided and 
no adjustments are made for multiple comparisons. †Minus value indicates depression reduction. () indicates 95% confidence intervals. ‡Effect sizes (standardised mean differences) 
were calculated using the observed baseline SD for within-group change scores and the observed week 6 SD for group differences. The Delayed treatment group engaged in the program 
during after week 6, and is therefore excluded from the week 26 analyses. Single-skill intervention arms showed smaller changes from baseline (−2.88, 95%CU: −3.37 to −2.40) than two-skill 
interventions (−3.17, 95%CI: −3.66 to −2.68), resulting in between-group differences of −02.9 (−0.57 to −0.00) in PHQ-9 scores or effect size of −0.08 (−0.16 to −0.00, p = 0.049). AT: Assertion 
training, BA: Behavioural activation, BI: Behaviour therapy for insomnia, CR: Cognitive restructuring, HI: Health information, PHQ-9: Patient Health Questionnaire-9, PS: Problem solving, SC: 
Self-check.
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