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Introduction
• Insomnia can be defined by symptoms such as

• difficulty in initiating, maintaining sleep, and early-morning awakenings 
which impair the ability for daily functioning

• Prevalence among adults in general population
• Insomnia disorder: 10~30%
• Insomnia symptoms: 33% ~50%

• Bidirectional relationship between insomnia and depression/anxiety 

• Cognitive behavioral therapy for insomnia (CBT-I) 
• Sleep restriction, stimulus control, sleep hygiene education, relaxation, and 

cognitive restructuring
• First-line treatment for insomnia
• Considered an effective approach for managing depression and anxiety
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Introduction
• Certain limitations of traditional CBT-I

• Lack of therapists, time and geographical limitations, lack of scalability, high 
costs

• Digital CBT-I (dCBT-I)
• Reflecting contemporary spectrum of digital technology (e.g., computers, 

the internet, smartphone applications, and other devices in health care)
• Effective treatment alternative for insomnia 
• Lack of effectiveness in comparison to the traditional methods of face-to-

face CBT-I
• Adherence remains a critical predictor of treatment outcome

• Further studies are needed to evaluate the outcomes of dCBT-I on 
insomnia and the comorbid factors depression and anxiety 

• Conducted under controlled conditions
• Lacking real-world applicability
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Introduction
• The present meta-analysis aimed to assess the effects of dCBT-I on 

depression and anxiety symptoms as well as insomnia and other sleep 
parameters by pooling published randomized control trials (RCTs).

• A subgroup analysis for the adherence of participants was performed to 
evaluate the efficacy of dCBT-I. 
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Methods
• Systematic Reviews and Meta-Analysis 
• PubMed, Embase, PsycINFO, and Cochrane databases from inception to 

January 15th, 2022
• Search strategy

• Population
• Age ≥ 18 
• Formally diagnosed with *DSM, ICSD, or ICD or having self-reported 

symptoms of insomnia
• Reported measures of depressive or anxiety symptoms

• Intervention: dCBT-I intervention
• consisted of multimodal components with at least one key cognitive 

and one key behavioral strategy
• Comparison: active controls, waitlist, treatment as usual (TAU)
• Outcomes

• self-reported insomnia-related measures and sleep diary outcomes 
(*TST, SE, WASO, SOL)

• measures of symptoms of depression and anxiety 
• Study design: RCTs

5* DSM, Diagnostic and Statistical manual of Mental disorders; ICSD, International Classification of Sleep Disorders; ICD, International 
Classification of Diseases; SE, Sleep efficiency; SOL, Sleep onset latency; TST, Total sleep time; WASO, Wake after sleep onset



Methods
• Assessment of risk of bias (RoB): The revised Cochrane RoB for RCTs 

(RoB 2.0)
• Domains in RoB: randomization process, deviation from intended 

interventions, missing outcome data, measurement of the outcome, 
selection of the reported result

• Data synthesis and analysis
• Comprehensive Meta-Analysis (CMA) version 3
• Treatment efficacy - the standardized mean difference (SMD) 
• Random-effects model
• Overall between-group SMDs - based on the difference in the post-

intervention outcome measures
• Heterogeneity – Cochrane Q test (p <0.05), I2 statistics 
• Publication bias – Funnel plot, Egger’s test

• Subgroup analysis
• Dividing the groups using dCBT-I completer studies for the adherence of 

participants
• Threshold of 65% for completion – based on prior researches (Horsch, C. et 

al., 2015; Matthews, E. et al., 2013) 6



Results
• PRISMA Flow Diagram
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Results
• Summary of the characteristics of the included studies. 

8



Results
• Summary of the characteristics of the included studies. 

9



Results
• Total 10,486 participants

• 5,494 were randomized to the dCBT-I group
• median study size of 111 participants (range 21-3755)

• The overall mean age
• dCBT-I group: 43.8 ± 8.7 years 
• Control group: 43.6 ± 8.3 years 

• The average completion rate of dCBT-I sessions: 59.7%

• The overall risk of bias was low for 8 studies, moderate for 10, and high 
for the remaining 4 studies

• Studies utilizing self-rating questionnaires as primary outcomes and blinding 
of participants and research personnel
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Results
• The effect of dCBT-I on sleep outcome and sleep efficiency
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Large effect, I2 = 90.59; Q = 223.04; df = 21; p < 0.001

Large effect, I2 = 68.91; Q =25.73; df =8; p < 0.001



Results
• The effect of dCBT-I on depression
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• I2 = 81.79; Q = 109.85; df = 20; p < 0.001



Results
• The effect of dCBT-I on anxiety
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• I2 = 57.75; Q = 40.24; df = 17; p < 0.001



Results
• Subgroup analysis- The effect of dCBT-I among dCBT-I completers (>65%)

14

• For the non-adherent group, the treatment effects were also significant but effect sizes were 
smaller than those in adherent groups for depression (SMD = -0.35; 95% CI: -0.57, -0.14; p = 
0.001; I2 = 88.71; k = 7), anxiety (SMD = -0.28; 95% CI: -0.45, -0.11; p = 0.001; I2 = 82.34; k = 6), and 
sleep outcomes (SMD = -0.69; 95% CI: -1.05, -0.34; p < 0.001; I2 = 95.82; k = 7).



Results
• Effects of fully automated dCBT-I

• Additional subgroup analysis on 15 studies using fully automated version of 
dCBT-I without support of human therapists

• The treatment effects were significant for depression (SMD = -0.43; 95% CI: -
0.60, -0.27; p < 0.001; I2 = 87.15; k = 14), anxiety (SMD = -0.29; 95% CI: -0.41, -
0.17; p = 0.001; I2 = 68.46; k = 12), and sleep outcomes (SMD = -0.81; 95% CI: -
1.03, -0.59; p < 0.001; I2 = 92.13; k = 15).

• Publication bias
• Visual inspection of funnel plots and Egger’s tests for asymmetry in funnel 

plots were used to estimate publication bias. 

• The Egger’s tests were not significant for depression (t = 0.03, df = 19, p = 
0.98), anxiety (t = 0.02, df =16, p = 0.98), and insomnia (t = 0.63, df = 20, p = 
0.54), indicating no significant publication bias. 
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Discussion
• dCBT-I yielded significant effects at post-treatment on alleviating 

depressive and anxiety symptoms as well as insomnia symptoms and 
sleep diary outcomes (SE, TST, SOL, WASO). 

• Extending the finding of previous meta-analysis (Ye et al., 2016) 
• Larger sample size (10 → 22 RCTs)
• Demonstrating effectiveness of fully automated dCBT-I and treatment 

adherence on improving depression and anxiety

• A study of a fully automated dCBT-I integrated into an existing UK-based 
clinical service showed effectiveness in alleviating depression, anxiety, 
and insomnia (Luik et al., 2017).

• Lack of published studies on the fully automated dCBT-I implementations in 
real-world environments
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Discussion
• In this study, the pooled effects of dCBT-I on depressive and anxiety 

symptoms is small to moderate, which are possibly due to heterogeneity. 
• the diversity of participants recruited, outcome measures, the delivery 

format of CBT-I, and baseline severity levels of depression and anxiety

• The majority of the studies had subclinical depression and anxiety 
samples, suggesting that dCBT-I interventions are beneficial in reducing 
subclinical depression and anxiety symptoms. 

• This study showed the importance of treatment adherence and 
implications on increasing the treatment efficacy.

• Investigating factors for improving adherence using digital therapeutics is 
warranted. 
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Limitations
• Twelve out of 22 studies had a small sample size of <50.

• Long-term outcomes were difficult to evaluate between studies.

• The baseline severity of depression and anxiety of the participants were 
not considered.

• The majority of the included studies compared the dCBT-I group with the 
waitlist, treatment as usual, and psychoeducation, not face-to-face 
individual CBT-I. 
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Conclusion
• dCBT-I is effective for patients with depressive and anxiety symptoms, 

as well as insomnia. 

• Future studies are needed to 
• provide the sufficient clinical evidence of effectiveness in the fully 

automated version in comparison to the traditional methods of face-to-face 
CBT-I

• improve our understanding of optimizing adherence using digital tools, 
regarding the adherence is a potential predictor of treatment effectiveness
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THANK YOU
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