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Abstract

Background: Worldwide, insomniaremains ahighly prevalent public health problem. eHealth presents a novel opportunity to
deliver effective, accessible, and affordable insomnia treatments on a population-wide scale. However, there is no quantitative
integration of evidence regarding the effectiveness of eHealth-based psychosocial interventions on insomnia.

Objective: We aimed to evaluate the effectiveness of eHealth-based psychosocial interventions for insomnia and investigate
the influence of specific study characteristics and intervention features on these effects.

Methods: We searched PubMed, Embase, Web of Science, PsycINFO, and the Cochrane Central Register of Controlled Trials
from database inception to February 16, 2021, for publications investigating eHealth-based psychosocia interventions targeting
insomniaand updated the search of PubMed to December 6, 2021. We al so screened gray literature for unpublished data. Eligible
studies were randomized controlled trials of eHealth-based psychosocia interventions targeting adults with insomnia
Random-effects meta-analysis models were used to assess primary and secondary outcomes. Primary outcomes were insomnia
severity and sleep quality. Meta-analyses were performed by pooling the effects of eHealth-based psychosocial interventions on
insomnia compared with inactive and in-person conditions. We performed subgroup analyses and metaregressions to explore
specific factors that affected the effectiveness. Secondary outcomes included sleep diary parameters and mental health—related
outcomes.

Results: Of the 19,980 identified records, 37 randomized controlled trials (13,227 participants) were included. eHealth-based
psychosocial interventions significantly reduced insomnia severity (Hedges g=—1.01, 95% CI -1.12 to —-0.89; P<.001) and
improved sleep quality (Hedges g=—0.58, 95% CI -0.75 to —0.41; P<.001) compared with inactive control conditions, with no
evidence of publication bias. We found no significant difference compared with in-person treatment in alleviating insomnia
severity (Hedges g=0.41, 95% Cl —0.02 to 0.85; P=.06) and a significant advantage for in-person treatment in enhancing sleep
quality (Hedges g=0.56, 95% CI 0.24-0.88; P<.001). eHealth-based psychosocia interventions had significantly larger effects
(P=.01) on aleviating insomniaseverity in clinical samplesthan in subclinical samples. eHealth-based psychosocial interventions
that incorporated guidance from trained therapists had a significantly greater effect oninsomnia severity (P=.05) and sleep quality
(P=.02) than those with guidance from animated therapists or no guidance. Higher baselineinsomnia severity and longer intervention
duration were associated with a larger reduction in insomnia severity (P=.004). eHealth-based psychosocial interventions
significantly improved each secondary outcome.
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Conclusions: eHealth interventions for insomnia are effective in improving sleep and mental health and can be considered a
promising treatment for insomnia. Our findings support the wider dissemination of eHealth interventions and their further
promotion in a stepped-care model. Offering blended care could improve treatment effectiveness. Future research needs to
elucidate which specific intervention components are most important to achieve intervention effectiveness. Blended eHealth
interventions may be tailored to benefit people with low socioeconomic status, limited access to health care, or lack of eHealth

literacy.

(J Med Internet Res 2023;25:€39250) doi: 10.2196/39250
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Introduction

Background

Insomniaisacommon complaint in primary careand aprevalent
public health problem [1]. The Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition, defines insomnia as
dissatisfaction with sleep quantity or quality, characterized by
difficulty initiating or maintaining sleep for 3 or more days per
week for a minimum duration of 3 months, accompanied by
considerable distress and functional impairments (eg,
intellectual-, behavioral-, socia-, occupationa-, and
mood-related impairment) [2]. Approximately 25% of adults
experience unsatisfactory sleep, and approximately 6% to 10%
of adults meet the diagnostic criteria for insomnia [1]. In
low-income settingsin Africaand Asia, the prevalence of sleep
problems can reach up to 40% [3]. Insomniais often persistent
and debilitating, increasing the risk of other physical or mental
illnesses or exacerbating existing medical or psychiatric
disorders [4,5]. Thus, insomnia carries a heavy individual and
societal burden, including the burden on the health care system,
which hinders societal development and leads to socioeconomic
losses[6,7].

Although arange of pharmacol ogic treatments and psychosocia
therapies exist for insomnia, the treatment of insomniaremains
amajor challenge [8]. Previous research has demonstrated that
benzodiazepines and benzodiazepine receptor agonists have a
short-term efficacy on insomnia, whereas long-term use is
usually associated with potential side effects, including memory
dysfunction, somatic symptoms, drug dependence, and
interactions [9]. Cognitive behavioral therapy (CBT) for
insomnia is effective with long-lasting effects when compared
with medications, and isrecommended asthefirst-line tresatment
for insomnia[10]. However, because of the limited number of
trained therapists, high costs, and time-intensive nature of
in-person CBT for insomnia (CBT-I), millions of patients still
do not have access to this effective treatment to improve their
deep outcomes [11]. Hence, there is an urgent need for
inexpensive, innovative delivery modalities of CBT or novel
treatment options to be effective and accessible for the larger
population at alower cost [12,13].

eHeadlth is increasingly being developed and implemented for
the delivery of remote, timely, high-quality, and limited-contact
care [14]. eHealth can be defined as “health services and
information delivered or enhanced through the Internet and
related technologies’ [15]. In abroader sense, it can encompass
arange of servicesor systemsthat facilitate health care practice

https://www.jmir.org/2023/1/€39250

through the use of information and communi cation technologies,
including electronic health records, e-prescriptions, digital
interventions, telemedicine, and mobile health [16].
Furthermore, eHealth is increasingly being applied to the
prevention and treatment of several mental illnesses, including
but not limited to smoking cessation, anxiety, depression, and
suicidal ideation [17-20]. In these eHesalth programs, information
about illness, treatment, self-management strategies, health
status tracking, support, and feedback are delivered via the
internet and related technologies [21-24]. Their results
consistently show eHealth to have high accessibility,
interactivity, and effectiveness with limited cost. In addition, a
meta-analysis reveal ed the effects of internet-delivered CBT to
be equivalent to those of face-to-face CBT for psychiatric and
somatic disorders[25].

Over the past decade, a number of telemedicine interventions,
smartphone apps, and websites have been created to help users
develop good sleep habits and improve sleep quality through
sleep monitoring, sleep hygiene, CBT-I, or mindfulness
meditation [26-29]. Systematic reviews suggest that
internet-based CBT-1 has medium to large effects on sleep
outcomes among youth and adults [30,31]. Meta-analyses
indicate that digitally delivered CBT and telemedicine-based
CBT are noninferior to face-to-face CBT [32,33]; however,
only a small number of randomized controlled trials (RCTs)
directly comparing 2 trestments were available to be included
to pool the effects (n=4 and n=2). A recent systematic review
of mobile phone dleep interventions demonstrated the
effectiveness of mobile health technol ogiesfor improving sleep
[34]. However, these reviews covered a single psychosocial
intervention (eg, CBT-1) or particular eHealth modality (eg,
mobile devices). We found no systematic review or
meta-analysis summarizing and comparing the effects of
multiple eHealth-based psychosocial interventionsfor insomnia
In addition, more novel trials with robust study designs and
large sample sizes have been published in the past 5 years that
were not included in the previous reviews [12,13,26,35-39].
Hence, an updated systematic review is warranted to examine
the effectiveness of eHealth as a treatment for adults with
insomnia.

Objectives

The primary purpose of this systematic review wasto summarize
the evidence of the effectiveness of eHealth-based psychosocial
interventions on insomnia symptoms, including insomnia

severity and sleep quality. We investigated the effectiveness of
eHealth-based psychosocial interventions compared with
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inactive controls and in-person comparators. Subgroup and
metaregression analyses were performed to identify whether
and to what extent population and intervention characteristics
wererelated to treatment effectiveness on insomnia symptoms.
As secondary outcomes, we evaluated the effects of
eHealth-based psychosocia interventions on improving sleep
diary parameters and mental health—related outcomes, for
instance, sleep efficiency, maladaptive beliefs about sleep, and
fatigue and depression symptoms.

Methods

This systematic review and meta-analysis were conducted in
accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) reporting guidelines
[40]. This study was registered in PROSPERO
(CRD42021233241).

Search Strategy

A systematic search was performed in the following
databases—PubMed, Embase, Web of Science, PsycINFO, and

Textbox 1. Inclusion and exclusion criteriafor this study.

Deng et d

the Cochrane Central Register of Controlled Trials—from
inception to February 16, 2021, with PubMed searched up to
December 6, 2021. Our search strategy combined index terms
and text words associated with insomnia, eHealth, and
intervention (the full list of search terms is provided in
Multimedia Appendix 1). We also searched the gray literature,
including dissertations, clinical trial registries, and conference
proceedings, for unpublished studies. Furthermore, we manually
scanned the references of relevant studiesand reviewsto identify
any additional studies of relevance.

Eligibility Criteria and Study Selection

The search strategy and selection criteriawere devel oped using
the Population, Intervention, Comparison, Outcomes, and Study
Design framework [41]. Studies were digible if they assessed
eHeal th-based psychosocial interventionswith the primary aim
of improving insomnia symptoms; detailed information on
inclusion and exclusion criteriais provided in Textbox 1. After
identifying and removing duplicates, 2 reviewers (WD and JW)
performed the screening, with disagreements resolved through
discussion with athird reviewer (RK).

. Inclusion criteria

«  Participants: participants were adults with Diagnostic and Statistical Manual of Mental Disorders— or International Classification of Sleep

Disorders—diagnosed insomnia or self-reported insomnia complaints.

Intervention: “eHealth-based psychosocial interventions’ included psychosocial treatments that were delivered via computers (email or
websites), mobile phones (apps or SM S text messages and phone calls), telemedicine, digital games, and tablets or related technologies[1].
Blended interventions for insomnia, which combine little face-to-face care with the intervention primarily via eHealth channels [14], were
alsoincluded if the eHealth component constituted =75% of the intervention sessions or the core of the intervention was eHealth-based [30].

o Comparison: we only included studies with “in-person” controls or “inactive” controls.
« “In-person’ meant face-to-face psychotherapy, for instance, cognitive behaviora therapy.

«  Control groups classified as “inactive” were those in which participants were put on awaiting list or placed in a placebo group, for

instance, usua care or sleep hygiene [4,5].

o  Outcome messures: we included studies that had at least one insomnia severity— or sleep quality—related outcome measure.

«  Study design: we included randomized controlled trials.

« Exclusion criteria

«  We excluded studies that included participants with sleep disorders other than insomnia (eg, obstructive sleep apnea or narcolepsy), with
specific medical conditions (eg, epilepsy, chronic pain, cancer, or recent surgery), and belonging to certain special populations (eg, overnight

shift workers and pregnant or puerperium women).

o Wefurther excluded trials using smart devices solely to record sleep data or physical therapy.

«  Trialswithout acontrol group or noninferiority trials comparing 2 eHealth interventions were excluded.

Data Analysis

Datawere extracted in duplicate (WD and JW) using systematic
extraction forms. We recorded the following information: study
design, study sample (age, sex, sample size, diagnostic
information, and relevant inclusion criteria), intervention (name,
type, delivery mode, duration, functionality, and features of the
eHealth-based psychosocial interventions), comparison
conditions, and study outcomes. The delivery mode of the
eHealth-based psychosocial interventions was classified as
phone-delivered (eg, phone calls, apps, or SMS text messages
on a smartphone or telephone), computer-assisted (eg, using a

https://www.jmir.org/2023/1/€39250

computer to log into awebsite, dashboard, or video chat room),
or mixed mode (eg, an intervention delivered using both
computer-assisted and phone-delivered components or an
intervention that only stated the use of the internet or website).
We also classified the functions of eHealth as informing,
instructing, displaying, guiding, reminding, and communicating
[42]. For studies with overlapping data sets, we used the most
recent study with relevant outcome measure data. If the data
were abstracted or unclear, we contacted the corresponding
author by email for clarification. If the author did not respond
after 2 contact attempts, we excluded the study. Disagreements
between reviewers regarding data abstraction were resolved

JMed Internet Res 2023 | vol. 25 | €39250 | p. 3
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through discussion with a third reviewer. Interrater reliability
between the 2 reviewers, assessed using the Cohen k, indicated
acceptable agreement (Cohen k=0.86) [43].

A random-effects model was used in the meta-analysis, which
allowsfor subtle differences across studies because of variability
in sampling or treatment [44]. The Hedges g was used to
estimate the effect size by pooling the mean difference of the
continuous measures between the intervention and the control
condition, which is the unbiased standard mean difference
[45,46]. For multi-arm studies including 2 eHealth-based
psychosocial interventions, we included each pairwise
comparison separately by evenly dividing the shared control
condition among the comparisons [47]. For studies comparing
an eHealth-based psychosocial intervention with both in-person
and inactive control conditions, corresponding comparisons
were used in the meta-analyses for the different conditions. We
presented pooled results using forest plots. Between-study

heterogeneity was estimated using the Cochran Q and 12
statistics. Heterogeneity was interpreted according to the
following thresholds: low (0%-40%), moderate (30%-60%),
substantial (50%-90%), and considerable (75%-100%).

The primary outcomes were improvement in insomnia severity
and sleep quality as frequently measured using the Insomnia
Severity Index and the Pittsburgh Sleep Quality Index,
respectively. Preplanned analyses of inactive and in-person
comparison conditions on 2 primary outcomes were performed
separately to examine whether eHealth-based psychosocial
interventions were more effective than inactive controls and
calculate the difference between eHealth-based psychosocial
interventions and in-person controls. In addition, we conducted
exploratory subgroup analyses and metaregression analyses on
only those studies that compared eHealth-based psychosocial
interventions with inactive controls. We did this to examine
whether population or eHealth intervention aspects may affect
the effectiveness of the interventions on insomnia symptom
change and to exclude sourceslikely to be highly heterogeneous.
The following study characteristics and intervention features
were assessed: population (clinically diagnosed insomnia or
subclinical insomnia), eHealth delivery mode (phone-delivered,
computer-assisted, or mixed mode), therapeutic approach
(eHealth-based CBT [eCBT] or non-CBT), guidance modality
(guided by atrained therapist, guided by an animated therapist,
or no guidance), tailored feedback provided (yes or no),
reminder or encouragement provided (yes or no), baseline
insomnia severity, sleep medication, intervention duration (in
weeks and sessions), number of intervention components, and
number of eHealth functions.

The secondary outcomes of interest were changes in sleep
parameters derived from sleep diaries and improvements in
mental health—related outcomes, including sleep onset latency

https://www.jmir.org/2023/1/€39250
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(SOL), total sleep time (TST), wake after sleep onset (WA SO),
number of nocturnal awakenings (NWAK), sleep efficiency,
mal adaptive beliefs about deep, fatigue, depression symptoms,
anxiety symptoms, and quality of life. Outcomesreported in =2
studies were pooled separately.

We conducted influence analysis on all studies via the
“leave-one-study-out meta-analysis’ method recalculating the
pooled effect sizes after removing each study to detect potential
outliers [48]. Publication bias was examined graphically using
funnel plots. The degree of asymmetry was tested using the
Egger regression test of the intercept with a 1-tailed significance
level of a=.05 applied to the primary and secondary outcome
analyses[49]. Furthermore, the trim-and-fill analysisby Duval
and Tweedie [50] was applied to adjust the effect size for
missing studies. All statistical analyses were conducted using
Stata (version 14.1; StataCorp) [51].

Quality Assessment

The Cochrane risk-of-bias tool for randomized trials was used
to assess the methodol ogical quality of the RCTs[52]. Thistool
examines 5 domains of trial design: the risk of bias in the
randomization process, deviations from the intended
interventions(effect of assignment to intervention), missing
outcome data, measurement of the outcome, and selection of
the reported result, ranking each domain as high, low, or with
some concerns for risk of bias. Studies with a high risk of bias
in at least one domain were rated as having a high overall risk
of bias. In total, 2 reviewers (WD and JW) evaluated the risk
of bias for each domain independently, with good interrater
agreement (k=0.70). Disagreements between reviewers were
resolved through discussion with athird reviewer (RK).

Results

Study Selection

The systematic literature search identified 19,980 records
(including additional searching), of which 37 studies were
deemed eligible and included in the quantitative meta-analysis
(for the study selection process;, Figure 1)
[12,13,26,35-39,53-81]. Of the included studies, most RCTs
(28/37, 76%) were 2-arm trials, 22% (8/37) were 3-arm trials
(4/8, 50% of the studiesincluded 2 eHealth-based psychosocial
intervention groups and 1 control group [35,36,63,65], and 4/8,
50% of the studies included 1 eHealth-based psychosocial
intervention group and 2 control groups[59,66,67,78]), and 3%
(1/37) were 4-arm trialsincluding 2 eHeal th-based psychosocial
interventions and 2 control groups[13]. Altogether, thesetrials
described 42 eHealth-based psychosocia interventionsthat were
combined into 46 unique pairwise comparisons on which our
statistical analyses were based (for study characteristics, see
Table 1).
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of study selection.
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Table 1. Study characteristics (N=37).
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Study, year, Sampletype Severity (baseline) Sleep medications Age(years), Samplesize; female Intervention Control condition
and country?® mean (SD)  participants (%)°
Arnedteta |cgp-3° Isi9>13.8 26 (78.8%);25  47.2(163)  5(1G® 33;CG: 32); SleepT™ Face-to-face CBT"
[26], 2020, chronicin- (78.1%) 46 (71) (eCBT-19)
United somnia
States
Bedfordeta Self-reported IS of approximate- g 32.7 (7.5) 24(1G: 12, CG: 12);  gpgrl Minimal-contact
[53],2018, insomnia ly 14 5(21) control
United and mild de-
States pression
Bernsteinet  Sdlf-reported 1Sl >15 NS 54.3(12.6) 88(IG: 43; CG: 45); Go! to Sleep Waitlist
a [54], insomnia 74 (84.1) (eCBT-1 and
2017, United general stress
States management
techniques)

Blomet al Sdlf-reported 1S >10 14 (58%); 16 56.1(10.2); 48(IG: 24; CG: 24); eCBT-I Group CBT
[55], 2015, insomnia (67%) 52.6 (16.6) 23(48)
Sweden
Chao et al DSM-5K¢cri- NS 4 (10%); 9 (20%) 54 (6) 85 (IG: 39; CG: 46); eCBT-l Waitlist
[39],2021, igriaforin- 21(24.7)
United somnia
States
Chengeta DSM-5crite- 1Sl >13 NS 445 (15.8); 658 (IG: 358; CG: Sleepio pro- Sleep education
[56], 2019, riaforinsom- 45,7 (15.1)  300); 518 (79) gram (eCBT-)
United nia
States
Christensen  Morinmodi- NS NS 425(12.2) 1149 (IG: 574; CG: SHUT' (eCBT- Sleep education
eta [57], fieddiagnos 575); 845 (74) )
2016, Aus- ticinsomnia
tralia
Ebert et a Self-reported S| =15 NS 48.5(9.9) 128 (IG: 64; CG: 64); GET.ON Recov- Waitlist
[58], 2015, insomnia 95 (74.2) ery (eCBT™)
United
States
Espieet a DSM-5crite-  Sleep efficiency 10 (18.2%)); 15 49 (13.5) 164 (IG: 55; CG 1. Sleepio pro- CG 1: TAU™ CG
[59], 2012, riaforinsom- <79% (27.8%); 8(14.5%) 54; CG 2: 55); 120 gram (eCBT-I) . imagery relief
UnitedKing- nia (73) therapy plus TAU
dom
Espieet a Sdf-reported  gitem sci®<16 NS 48.4(13.9); 1711 (IG: 853; CG: Sleepio pro- Sleep hygiene edu-
[12],2019, insomnia 47.7 (13.6)  858); 1329 (78) gram (eCBT-l)  cation plus TAU
United King-
dom
Freemanet  Sdf-reported 8-item SCI <16 55 (3%); 51 (3%) 24.8(7.7); 3755 (1G: 1891; CG:  Sleepio pro- TAU
a [60], insomnia 24.6 (7.6) 1864); 2676 (71) gram (eCBT-)
2017, United
Kingdom
Gloziereta Diagnostic QIDS-SRP >8 and NS 58.6 (6.3); 87 (IG: 45; CG: 42); SHUTI (eCBT- Sleep education
[61],2019, criteriafor g >g 58.1(6.1) 0(0) | and adjunctive
Australia insomnia in-person treat-

and depres- ment for depres-

sion sion)
Hagatunet  Diagnostic NS NS 44.9 (13) 181 (1G: 95; CG: 86); SHUTi (eCBT- Sleep education
a [62], criteriafor 121 (67) 1
2018, Nor-  insomnia
way
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Study, year, Sampletype Severity (baseline) Sleep medications Age (years), Samplesize; female Intervention Control condition
and country?® mean (SD)  participants (%)°
Hoeta Sdlf-reported 1Sl 210 24 (23.3%); 28 385(125) 312(1G1:103;1G2: 1G1: eCBT-l Waitlist
[63],2014, insomnia (26.9%); 27 104; CG: 105); 222 with telephone
China (25.7%) (71 support; 1G 2:

eCBT-I without

support
Horschetal Sdf-reported S| =7 8 (11%); 3 (4%) 39(13);41 151(IG: 74; CG: 77); Sleepcare Waitlist
[64],2017, insomnia (13.9) 94 (49.3) (eCBT-1)
the Nether-
lands
Krieger eta 1CSD-3crite- 1Sl of gpproximate- 8 (19%); 4 (9.8%); 42.2(124) 104(1G1:42;1G2: IGL multicom- TAU
[65],2019, riaforinsom- |y 17 2 (9.5%); 41; CG: 21); 71(68.3) ponent internet-
Switzerland nia based guided

treatment; 1G 2:

sleeprestriction
Lanceeetal pgp-49¢ri- SLEEP-50219 20 (9.3%); 17 51.8(12.1) 623(I1G:216;CG1: eCBT-l CG 1: waitlist; CG
[66],2012, igriaforin- Withsleepefficien- (8.4%); 11 (5.5%) 202; CG 2: 205); 520 2: paper-and-pencil
the Nether-  gomnia cy <85% (67.7) self-help CBT via
lands mail
Lanceeetad DSM-5crite- 1Sl =10 11 (36.7%); 8 41.2(14.1); 90(IG: 30; CG1:30; eCBT-I CG 1: face-to-face
[67], 2016, riaforinsom- (26.7%); 9 (30%) 38.5(13.1); CG 2:30); 73(81) CBT; CG 2: wait-
the Nether-  nia 45.1 (13.7) list
lands
Lorenzetal Sdf-reported 1Sl =8 9(31%); 11 (41%) 41.7 (17.3); 56(1G: 29; CG: 27); Mementor som- Waitlist
[68], 2019, insomnia 44 (20.1) 39 (70) nium (eCBT-1)
Switzerland
McCurry et Self-reported 1Sl =12 NS 55.0 (3.5); 106 (IG: 53; CG: 53); Telephone- Menopause educa-
a [69], insomnia 54.7 (4.7) 106 (100) based CBT-I" tion
2016, United (first session
States inviting in per-

son at the of-

fice)
McGrathet  Self-reported PSQIS>6 NS 59.7 (9.9); 134 (1G: 67; CG: 67); Sleepio pro- Cardiovascular risk
a [70], insomnia 58.3(11.9) 82(61.2) gram (eCBT-1)  factor education
2017, Ire- and group edu-
land cation
Okagiimaet  Self-reported 1Sl =8 NS 42.7(115) 92(1G1:24;1G2:23; IG 1 tallored  CG 1: self-monitor-
a [13], insomnia CG 1: 23; CG 2: 22);  brief behavioral ing; CG 2: waitlist
2020, Japan 32(35) therapy for in-

somnia; 1G 2:

standard brief

behaviord thera-

py
Paivi et a Self-reported S| =8 21 (48.8%); 16 535(134) 83(IG: 43;CG: 40); Internet-deliv-  Waitlist
[71],2019, insomnia (40%) 53 (63.9) ered acceptance
Finland and commit-

ment therapy
Pillai et a DSM-5-diag NS NS 49.8(135) 22(IG:13;CG:9); 14 Sleepio (eCBT- Sleep education
[72],2015, nosedinsom- (63) 1)
United nia
States
Raywardet  Sdf-reported PSQI =5 NS 52 (6.9) 275(1G1: 110, 1IG2: |G 1: mHealtht  Waitlist
al [35], insomnia 110; CG: 55); 228 physical activi-
2020, Aus- (83) ty and leep
tralia health (the Bal-

anced app); 1G

2: deep hedlth

only (the Bal-

anced app)
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Study, year, Sampletype Severity (baseline) Sleep medications Age (years), Samplesize; female Intervention Control condition
and country?® mean (SD)  participants (%)°
Ritterbandet DSM-4crite- 1Sl =214 6 (27.3%); 9 44.9 (11) 44 (1G: 22; CG: 22); SHUTI (eCBT- Waitlist
a [73], riaforinsom- (40.9%) 34(77) 1)
2009, United nia
States
Ritterbandet DSM-4crite- 1S| 213 NS 43.3(11.6) 303 (IG: 151; CG: SHUTI (eCBT-  Sleep education
a [74], riaforinsom- 152); 218 (71.9) 1)
2017, United nia
States
Sato et al DSM-5critee PSQI >5.5 NS 49.4(13.8); 23(IG: 11;CG:12); eCBT-l TAU
[75], 2019, riaforinsom- 50.5 (8.8) 18 (78)
Japan nia
Strometal  DSM-4critee Experienced Sleep 47 (43.2%) 44.1 (12) 109 (IG: 54; CG: 55); eCBT-I Waitlist
[76],2004, riaforinsom- problemsfor a 71 (65)
Sweden nia mean duration of
10.6 years
Sunnhed et DSM-5crite- S| 211 29 (40.3%); 34 515(125); 219(1G1:72;1G2: IG1: cognitive Waitlist
a [36], riafor insom- (46.6%); 30 51.8 (14.5); 73; CG: 74); 160 (73) therapy; |G 2:
2020, Swe-  nia (40.5%) 54.2 (14.6) behaviord thera:
den py
Suzuki eta  Sdf-reported PSQI >4 1(5%); 1(4.8%) 39.6(8.2) 43(1G: 21; CG: 22); eCBT-l Waitlist
[77],2008, insomnia 16 (39)
Japan
Tayloreta  Diagnosisof NS 10 (29%); 2 (6%); 32.7 (7.7) 100 (IG: 34; CG 1. eCBT-I CG 1: in-person
[78],2017, chronicin- 5 (15%) 33, CG2:33); 17(17) CBT-I; CG 2: min-
United somnia imal-contact con-
States trol
Van der DSM-5crite- | g >10; PHQ-9" NS 44.6 (13.1); 104 (1G:52; CG: 52); i-Sleep (eCBT- Sleep diary moni-
Zweerdeet riaforinsom- -4 46.3(15.1) 85(82) 1) toring only
a [79], niaand with
2019, the subclinical
Netherlands  depression
Van der DSM-5crite- ISl >15 23 (33%); 25 51.7 (15.8); 134(IG: 69; CG: 65); i-Sleep (eCBT- TAU
Zweerdeet  riaforinsom- (39%) 49.4(16.01) 87 (65) 1)
a [37], nia
2020, the
Netherlands
Van Straten DSM-5crite-  PSQI of approxi- 36 (30.5%) 49.4(12.9) 118(IG:59; CG: 59); eCBT-I Waitlist
et a [80], riaforinsom- mately 12 83(70.3)
2014, the nia
Netherlands
Vedaaeta  Self-report 1S 212 480 (55.3%); 514 45 (14) 1721 (IG: 868; CG: SHUTI (eCBT-  Sleep education
[38],2020, of insomnia (60.3%) 853); 1167 (68) 1)
Norway
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Study, year, Sampletype Severity (baseline) Sleep medications Age (years), Samplesize; female Intervention Control condition
and country?® mean (SD)  participants (%)°

Vincentand DSM-5crite- 1Sl of gpproximate- NS NS 118 (1G: 59; CG: 59); eCBT-I Waitlist

Lewycky riaforinscom- 1y 18 79 (66.9)

[81],2009, nia

Canada

#The studies by Espie et al [59], Lancee et al [66,67], Ho et al [63], Krieger et a [65], Okgjimaet al [13], Rayward et al [35], and Sunnhed et al [36]

used a multi-arm study design.

bSample size at baseline reported separately for the intervention and control groups.

ICSD-3: International Classification of Sleep Disorders-Third Edition.
dsi: Insomnia Severity Index.

€ G: intervention group.

fca: control group.

9CBT-1: eHealth-based cognitive behavioral therapy for insomnia.
hcBT: cognitive behavioral therapy.

INS: not specified in the study.

IePST: eHealth-based problem-solving treatment.

KDsMm-5: Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.

ISHUTI: Sleep Healthy Using the Internet.

MeCBT: eHealth-based CBT.

"TAU: treatment as usual.

9SCl: Sleep Condition Indicator.

PQIDS-SR: Quick Inventory of Depressive Symptomatol ogy.

9DSM-4: Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition.

'CBT-I: CBT for insomnia.

SPSQI: Pittsburgh Sleep Quality Index.
'mHealth: mobile health.

UPHQ-9 Patient Health Questionnaire-9.

Characteristics of the Included Studies

The included studies were published between 2004 and 2021
and were conducted in the United States (11/37, 30%)
[26,39,53,54,56,58,69,72,73,78], the Netherlands (6/37, 16%)
[37,64,66,67,79,80], Australia (3/37, 8%) [35,57,61], Japan
(3/37,8%) [13,75,77], Sweden (3/37, 8%) [36,55,76], the United
Kingdom (3/37, 8%) [12,59,60], Norway (2/37, 5%) [38,62],
Switzerland (2/37, 5%) [65,68], Canada (1/37, 3%) [81], China
(1/37, 3%) [63], Ireland (1/37, 3%) [70], and Finland (1/37,
3%) [72]. The sample sizesranged from 22 to 3755 (total sample
Size=13,227). The total sex distribution was skewed toward
female participants (9442/13,227, 71%) and male participants
(3785/13,227, 29%). The average age of the participants ranged
from 24.6 to 58.6 years, with a mean of 46.3 (SD 5.6) years.
Approximately half (20/37, 54%) of the studies included
participants with a clinical diagnosis of insomnia, with the
remainder (17/37, 46%) including people with self-reported
insomnia symptoms. A total of 3% (1/37) of the studies only
included female participants as they examined peri- or
postmenopausal insomnia [69], with another study including
only male participants with insomniaand depression symptoms
[61]. Of the included studies, 86% (32/37) provided
eHealth-based CBT-1 as the intervention arm. Other studies
(5/37, 14%) used eHealth-based problem-solving treatment
[53], behavioral therapy [13,36,65], cognitive therapy [36], key
behavior change techniques [35], and self-help acceptance and
commitment therapy [71]. In total, 3 studiesfocused on blended

https://www.jmir.org/2023/1/€39250

interventions, 1 combining adjunctive in-person treatment for
depression [61] and the other 2 conducting the first session at
the office [69,70]. In total, 11% (4/37) of the studies compared
eCBT with face-to-face CBT [26,55,67,70], with the rest
reporting comparisons with inactive controls.

The delivery mode of the eHealth interventions ranged from
mixed-mode interventions (20/37, 54%) to computer-assisted
interventions (13/37, 35%) and phone-delivered interventions
(5/37, 14%). Sleep Healthy Using the Internet [82] and Sleepio
([83]; Big Health Ltd) were frequently used eHealth programs,
each appearing in 16% (6/37) of the studies. i-Sleep [84] was
also used quite frequently. Regarding the guidance modality,
46% (17/37) of the included studies reported that the eHealth
intervention was instructed by a trained human therapist, for
example, under the guidance of an expert clinician or trained
coachinvivo. A total of 19% (7/37) of the studies reported that
the participants were guided by an animated therapist, with the
remainder (15/37, 41%) reporting no guidance. Regarding
feedback, the eHealth interventionsin 86% (32/37) of the studies
provided tail ored feedback, including feedback on theweb using
real-time user data such as personal summary statistics, progress
scores, or automated individual advice. In contrast, a small
proportion of the studies (7/37, 19%) did not provide tailored
feedback. Notably, there were 5% (2/37) of the studies
comprising 2 separate eHealth intervention arms, one with
tailored feedback and the other without tailored feedback
[13,59]; both concluded that tailored feedback could enhance
the efficacy. In addition, most of the eHealth interventions in
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the included studies (34/37, 92%) reminded or encouraged
participants to stay involved via email, SMS text message, or
phone call, whereas only aminority (5/37, 14%) did not mention
the use of any reminder or encouragement; 5% (2/37) of the
studiesincluded 2 eHealth arms, where only 1 arm set reminders
[13,59] (see Table 2 for the intervention characteristics). The
duration of the interventions ranged from 2 to 12 weeks, with
amean of 7.05 (SD 2.24) weeks, and the average number of
treatment sessionswas 6.2 (SD 1.0) ranging from 2 to 8 sessions,
with durations of 20 to 60 minutes per session. Questionnaires
and sleep diaries were used to evaluate the effectiveness of the

https://www.jmir.org/2023/1/€39250

Deng et d

eHealth interventions in improving insomnia symptoms, sleep
status, or mental health. Detailed information on the outcome
indicators and assessments can be found in Table 3. On average,
the percentage of participantsin the eHealth intervention groups
that completed the postintervention assessment was 74.6% (SD
18.8%). The follow-up duration ranged from 3 weeks to 12
months, with a mean of 5.6 (SD 3.1) months. Multimedia
Appendix 2 [12,13,26,35-39,53-81] includes a summary of the
full details of the included studies and information on process
outcomes.
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Table 2. eHealth-based psychosocia intervention characteristics (N=37).

Deng et d

Study, year Delivery mode  Intervention details Intervention components  Functionality of eHealth Sessions,n  Weeks, n
Arnedt et al Computer-assist-  An expert clinician delivered SHEb, SCT®, SRTd, cT®, Inform, instruct, record, 6 6
[26], 2020 ed the intervention according to f g display, guide, remind,

clinical practice guidelines for RS', CWS, and RP" and communicate

CBT?for insomnia.
Bedford et a Computer-assist-  Tailored intervention; guided (1) Defining the problem,  Inform, instruct, record, 6 8
[53], 2018 ed by asupportiveanimated thera-  (2) goal setting, (3) brain-  display, guide, remind,

pist and provided tailored feed-  storming solutions, (4) se- and communicate

back; with “homework” activi- lecting solutions, (5) action

ties and session summary planning, and (6) evaluat-

ing the success and trou-
bleshooting
Bernsteinetal  Mixed methods Interactive web-based lessons  SHE, SCT, SRT, CT, RS, Inform, instruct, record, 6 6
[54], 2017 with daily email reminders SMi, and M T display, remind, and
communicate

Blomet a [55], Mixed methods Mobile phone SMStext mess SHE, SCT, SRT, MT, Inform, instruct, record, 8 8
2015 sage or phone call to remind CRX SM, and RP display, guide, remind,

and encourage by experienced and communicate

therapist; intervention consisted

of text to read, questionsto an-

swer on theory, behavioral as-

signments, worksheets, and a

seep diary
Cheoetal [39], Phone-delivered cBT.|' consists of several sess  SRT, SCT, and CR Inform, instruct, record, 8 8
2021 sionsof seep restriction, stimu- display, guide, and com-

lus control, and cogpitive re- municate

structuring related to sleep

concerns and administered via

telephone by trained therapists.
Cheng et al Mixed methods ~Animated therapist guide; sup-  gHE, SRT, SCT, CR, PI™,  Inform, instruct, record, 6 12
[56], 2019 port and promptsand reminders 544 RS display, guide, remind,

by email and SM S text mes- and communicate

sage; tailored feedback from

individual diary data; accessto

alibrary with backgroundinfor-

mation, aforum with other

users of the program, a user

case file, and weekly live ex-

pert sessions
Christensenet  Mixed methods Unguided and self-helpinter-  SHE, SRT, SCT, CR, and  Inform, instruct, record, 6 6
a [57], 2016 vention with automated re- RP display, and remind

minders; interactivity and per-

sonalized feedback
Ebertetal [58], Mixed methods Supported by trained coaches  gHE scT, SRT, BT", Inform, instruct, record, 6 8
2015 according to amanud; re- p q display, guide, remind,

minders; feedback on home- G, MCTP, and PL and communicate

work assignmentsviaamessag-

ing system
Espieeta [59], Mixed methods Animated therapist guide; sup- SHE, SRT, SCT, CR, PI,  Inform, instruct, record, 6 6
2012 port, prompts, or remindersby g MT, and IM" display, guide, remind,

email; tailored feedback from and communicate

individual diary data
Espieetal [12], Mixed methods Animated therapist guide; sup- SHE, SRT, SCT, CR, PI,  Inform, instruct, record, 6 12
2019 port, prompts, or remindersby RS, MT, and IM display, guide, remind,

email and SM S text message;
tailored feedback from individ-
ual diary data; accessto ali-
brary with background informa-
tion, aforum with other users
of the program, and auser case
file

and communicate
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Study, year Delivery mode  Intervention details Intervention components  Functionality of eHealth Sessions,n  Weeks, n
Freeman et a Mixed methods Animated therapist guide; sup- SHE, SRT, SCT, CR, Pl,  Inform, instruct, record, 6 10
[60], 2017 port, prompts, or remindersby RS, MT, and IM display, guide, remind,

email and SM S text message; and communicate

tailored feedback from individ-

ual diary data; accessto ali-

brary with background informa-

tion, aforum with other users

of the program, and a user case

file
Glozier et a Mixed methods Unguided; automated midweek SHE, SRT, SCT, CR, and  Inform, instruct, record, 6 12
[61], 2019 remindersto enter deep diaries, RP display, and remind

implement strategies, and com-

mence the next module were

also sent; tracking of individua

completion of the programs
Hagatun et a Mixed methods Unguided and self-helpinter-  SHE, SRT, SCT, CR, and  Inform, instruct, record, 6 9
[62], 2018 vention with automated re- RP display, and remind

minders; interactivity and per-

sonalized feedback
Hoetd [63], |GS1: mixed Provided text to read weekly ~ IG 1/2: SHE, SRT, SCT,  IG 1. inform, instruct, NSt 7
2014 methods; |G 2: together with some diagrams  CR, RS, and RP record, display, guide,

computer-assg-  @d a15-minute audio clip on remind, and communi-
ed relaxation training; participants cate; |G 2: inform, in-

in |G 1 received weekly tele- struct, record, and dis-

phone support from therapist; play

participantsin 1G 2 did not re-

celve support
Horsch et a Phone-delivered  Fully automated and without  gE RS, SRT, and PsV Inform, instruct, record, NS 6-7
[64], 2017 any input from therapists; auto- display, remind, and

matic warnings were built in communicate

when participants slept for <56

hourson average. Theappinter-

acted with the participants via

dialogs on the conversation

screen.
Krieger et a IG 1/2: mixed |G 1: guided by trained thera-  1G 1: SHE, SRT, SCT,CR, |G 1/2: inform, instruct, 8 8
[65], 2019 methods pist and provided feedback and RP, RS, and SM; |G 2: record, display, guide,

reminders; |G 2: mainly consist-  SRT remind, and communi-

ed of sleep restriction instruc- cate

tionsthat were embedded in an

introductory and psychoeduca-

tional module, same guidance

aslG1
Lanceeet a Computer-assis- A simplewebsitethat didnot ~ SHE, SRT, SCT, CR, and  Inform, instruct, record, 6 6
[66], 2012 ed includeinteraction or individual Pl display, and remind

tailoring; no email support from

atherapist; provided email re-

minders for assessment
Lanceeet a Computer-assist-  Guided by trained coach, pro- SHE, SRT, SCT, CR, and  Inform, instruct, record, 6 8
[67], 2016 ed vided reminders and personal Pl display, guide, remind,

feedback by Master’'s-level and communicate

students of psychology
Lorenzeta Computer-asss-  Guided by an animated sleep ~ SHE, SRT, SCT, CR, RP,  Inform, instruct, record, 6 6
[68], 2019 ed coach; feedback based onthe  and RS display, and communi-

sleep diary data cate
McCurry etal  Phone-delivered  Guided by trained coaches; SHE, SRT, PL, CR, CW, Inform, instruct, record, 6 8
[69], 2016 provided information about and RP display, guide, and com-

age-related deep changes, deep municate

hygiene, sleep restriction, and
stimulus control procedure
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Study, year Delivery mode  Intervention details Intervention components  Functionality of eHealth Sessions,n  Weeks, n
McGratheta  Mixed methods Animated therapist guide; sup- SHE, SRT, SCT, CR,and  Inform, instruct, record, 6 6-8
[70], 2017 port, prompts, or remindersby RS display, guide, remind,

email and SM S text message; and communicate

tailored feedback from individ-

ual diary data; accessto ali-

brary with background informa-

tion, aforum with other users

of the program, and a user case

file
Okajimaet a IG 1/2: phone- |G 1: guided by an expert in IG 1/2: SHE, SCT, SRT,  1G 1: inform, instruct, NS 2
[13], 2020 delivered sleep science, provided re- and RS record, display, guide,

mindersand additional sugges- remind, and communi-

tions, and included individually cate; |G 2: inform, in-

tailored challenge tasks and struct, record, and dis-

sleep-related articles; |G 2: un- play

guided, no tailored feedback
Paivi et a [71], Computer-assst- Self-help intervention with VAY, MT, CT, OAY, and Inform, instruct, record, 6 6
2019 ed weekly email-based automated  p and remind

reminders
Pillai et al [72], Mixed methods Animated therapist guide; sup- SHE, SRT, SCT, CR, PI,  Inform, instruct, record, 6 6
2015 port, prompts, or remindersby RS, MT, and IM display, guide, remind,

email; tailored feedback from and communicate

individual diary data
Raywardetal  1G 1/2: phone- 1G1/2: deepinterventionbased |G 1- SHE, BCT,andPAY: 1G 1/2: inform, instruct, NS 12
[35], 2020 delivered on Socid Cognitive Theory and |G 2: SHE and BCT record, display guide, re-

operationalized BCTs®. Thein- mind, and communicate

tervention implemented key

BCTs, including self-monitor-

ing, goal setting, and personal-

ized feedback (including week-

ly reports, tool sheets, and

prompts).
Ritterband et i Mixed methods Unguided; automated re- SHE, SRT, SCT, CT,and  Inform, instruct, record, 6 9
[73], 2009 mindersto complete diary en- RP display, and remind

trieswere sent daily via email;

interactivity and personalized

feedback
Ritterband et al  Mixed methods Unguided; automated re- SHE, SRT, SCT, CT,and  Inform, instruct, record, 6 9
[74], 2017 mindersto complete diary en- RP display, and remind

trieswere sent daily viaemail;

interactivity and personalized

feedback
Sato et a [75], Computer-assst- Guided by acognitivebehav-  SHE, SRT, SCT, CT,and  Inform, instruct, record, 5 6
2019 ed ioral therapist; weekly emails RP display, guide, remind,

to ask participants about their and communicate

homework and progress
Strometal [76], Computer-assst- Guided by trained therapists,  SHE, SRT, SCT, CT,and  Inform, instruct, record, NS 5
2004 ed provided email remindersand RS guide, remind, and com-

feedback for monitoring of municate

homework assignments
Sunnhed et al IG 1/2: mixed  Bothinterventionsbasedonthe |G 1: (1) sleep-interfering 1G 1/2: inform, instruct, 10 10
[36], 2020 methods web-based platform; guided by or sleep-related worry, (2) record, display, and com-

trained therapists; offered 15-
minute weekly telephone sup-
port consisting of feedback on
registered homework

unhelpful beliefs about
sleep, (3) attentional bias
and monitoring for sleep-
related threat, (4) misper-
ception of sleep, and (5)
safety behaviors; IG 2:
SHE, SRT, and SCT

municate
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Study, year Delivery mode  Intervention details Intervention components  Functionality of eHealth Sessions,n  Weeks, n
Suzuki et al Mixed methods Unguided, thewebsiteprovided SHE, RS, CT, SRT, and Inform, instruct, record, NS 2
[77], 2008 automatically positive encour- g2 display, remind, and

agement, weekly summary, and communicate

advice
Taylor et a Computer-assist-  Unguided, provided reminders  SHE, SRT, SCT, CT,and  Inform, instruct, record, NS 6
[78], 2017 ed for deepdiary andtailoredrec- RS remind, and communi-

ommendationsfor the sleep re- cate

striction; interactive compo-

nents were included, such as

games, quizzes, and prompts
Van der Computer-assist-  Guided by trained clinical psy- SHE, SRT, SCT, CR, RS, Inform, instruct, record, 5 8
Zweerde et al ed chology graduate students, and RP remind, display, guide,
[79], 2019 provided feedback on exercise and communicate

sleep data based on the diary

and motivated participants to

persevere in the treatment
Van der Computer-assist-  Guided by trained nurses, pro- SHE, SRT, SCT, CR, RS, Inform, instruct, record, 5 8
Zweerdeeta  ed vided tailored feedback and and RP display, guide, remind,
[37], 2020 encouragement and communicate
Van Stratenet  Computer-assist-  Guided by trained coach, pro-  SHE, SRT, SCT, CR, RS, Inform, instruct, record, 6 6
a [80], 2014 ed vided tailored feedback and and RP display, guide, remind,

encouragement and communicate
Vedaa et a Mixed methods Unguided; automated re- SHE, SRT, SCT, CR, and  Inform, instruct, record, 6 9
[38], 2020 mindersto complete diary en- RP display, and remind

trieswere sent daily via email;
feedback tailored to the user
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Study, year Delivery mode  Intervention details Intervention components  Functionality of eHealth Sessions,n  Weeks, n
Vincent and Computer-assist-  Guided by atrained therapist, SHE, SRT, SCT, CR, and Inform, instruct, record, 5 5
Lewycky [81], ed the main teaching component RS display, guide, and com-

2009 was present in an audiovisual municate

mode with occasional text ma-
terial appearing in the back-
ground to highlight particular
points.

8CBT: cognitive behavioral therapy.

bSHE: sleep hygiene education.

CSCT: stimulus control therapy.

dSRT: sleep restriction therapy.

€CT: cognitive therapy.

fRS: relaxation strategies.

9CW: constructive worry.

"RP: rel apse prevention.

ISM: stress management.

IMT: mindfulness or meditation traini ng.
KCr: cognitive reappraisal or reconstructuring.
lcBT-I: cognitive behavioral therapy for insomnia.
Mp|: paradoxical intention.

"BT: boundary tactics.

9GJ: gratitude journal.

PMCT: metacognition techniques.

9pL: plan.

"IM: imagery.

SIG: intervention group.

INS: not specified in the study.

UPS: persuasive strategies.

VWA identify values and val ue-based actions.
WOA: observe and accept.

XBCT: behavior change technique.

YPA: physical activity.

“RW: reward.
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Table 3. Summary of outcome indicators and assessment.

Study, year Primary outcomes  Secondary outcomes Proportion completing postintervention  Follow-up
assessment, n (%) (month)
Arnedt et d [26], 2020 1S Sleep diary, DBAS-16°, MFI-20°%, 1G%: 31 (94); CG™: 31 (97) 3
PHQ-9% GAD-7° and SF-12°
Bedford et a [53], 2018 ISl Sleep diary, PHQ-9, and PCL-5' IG: 7 (58); CG: 12 (100) 3
Bernstein et a [54], 2017 ] NS IG: 25 (58); CG: 35 (78) 2
Blom et a [55], 2015 ISl and SQ Sleep diary and MADRS-S IG: 17 (71); CG: 18 (75) 6
Chao et al [39], 2021 S| and PSQI™ Sleep diary, FSS”, and HADS-D° IG: 32 (82); CG: 39 (85) 6
Cheng et a [56], 2019 ISl Sleep diary and QIDS? NS NS
Christensen et al [57], 2016 IS PHQ-9 and GAD-7 IG: 248 (43); CG: 333 (58) 6
Ebert et a [58], 2015 ISl and PSQI Sleep diary and CES-DY 1G: 31 (48); CG: 51 (80) 6
Espieet a [59], 2012 scif Sleep diary 1G: 43 (78); CG 1: 41 (75); CG 2: 47 2
(87
Espieet al [12], 2019 sCl Sleep diary, FSS, PHQ-9, and GAD-7  IG: 468 (55); CG: 517 (60) 4
Freeman et a [60], 2017 ] Sleep diary, PHQ-9, and GAD-7 IG: 733 (39); CG: 1142 (61) 4
Glozier et dl [61], 2019 ISI Sleep diary and CES-D IG: 40 (89); CG: 35 (83) 6
Hagatun et a [62], 2018 ] Sleep diary IG: 77 (81); CG: 65 (76) 6
Ho et al [63], 2014 ISl and PSQI Sleep diary, DBASS MFI', HADS D, 1G:58(56); CG1:61(59);CG2:71 13
HADS-AY, and SF-36" (68)
Horsch et al [64], 2017 ISl and PSQI Sleep diary, DBAS, CES-D, and IG: 45 (61); CG: 62 (81) 3
HADS"
Krieger et al [65], 2019 PSQI DBAS, ADSKX, and QoL IG 1: 37 (89); 1G 2: 34(83); CG: 20(95) 6
Lancee et al [66], 2012 ISl Sleep diary, CES-D, and HADS-A |( G:)168 (78); CG 1: 179(87); CG 2: 184 4;11
91
Lancee et a [67], 2016 SLEEP-50and SQ Sleep diary, CES-D, and HADS-A |( G:)15 (50); CG 1:21(70);CG2:23 3,6
7
Lorenz et a [68], 2019 ISl BDIZ and BSI-Anxiety® IG: 25 (93); CG: 27 (100) 12
McCurry et al [69], 2016 ] Sleep diary IG: 47 (89); CG: 37 (70) 4
McGrath et al [70], 2017 ISI and SQ Sleep diary, BDI, and BAI® IG: 34 (50); CG: 67 (100) NS
Okajimaet al [13], 2020 ISl NS IG1:20(80); IG2: 16 (70); CG 1: 22 1,3
(96); CG 2: 19 (86)
Paivi et al [71], 2019 BNSQ® DBASand BDI IG: 41 (95); CG: 36 (90) 6
Pillai et al [72], 2015 ISI Sleep diary and BAI NS NS
Rayward et a [35], 2020 PSQI NS IG 1: 102 (92.7); IG 2: 88 (80); CG: 50 3
(90.9)
Ritterband et al [73], 2009 ] Sleep diary IG: 21 (96); CG: 22 (100) 6
Ritterband et al [74], 2017 ISl and SQ Sleep diary IG: 133 (88); CG: 142 (93) 6; 12
Sato et al [75], 2019 sQ Sleep diary IG: 11 (100); CG: 11 (92) 12
Strém et al [76], 2004 PSQI Sleep diary and DBAS IG: 28 (52); CG: 51 (93) NS
Sunnhed et al [36], 2020 ] Sleep diary, HADS-D, HADS-A, and  1G: 68 (94); CG 1: 66 (90); CG 2: 74 6
BBQXM (100)
Suzuki et al [77], 2008 PSQI Sleep diary and K6® IG: 12 (57); CG: 18 (82) 0.75
Taylor et al [78], 2017 ISl and SQ Sleep diary and DBAS IG: 27 (79); CG 1:30(91);CG2:29 6
(88)
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Study, year Primary outcomes  Secondary outcomes Proportion completing postintervention  Follow-up
assessment, n (%) (month)

Van der Zweerde et d [79], ISl Sleep diary, FSS, PHQ-9, and HADS-  IG: 45 (87); CG: 47 (90) 3,6
2019 A
Van der Zweerde et d [37], ISl and SQ Sleep diary, FSS, HADS-D, and I1G: 43 (62); CG: 41 (63) 6; 12
2020 HADS-A
Van Straten et al [80], 2014 PSQI Sleep diary, CES-D, and QoL-VASaf 1G: 37 (63); CG: 45 (76) 2
Vedaaet al [38], 2020 ISl Sleep diary, CFQ¥, and SF-12 1G: 584 (67); CG: 534 (63) NS
Vincent and Lewycky [81], ISl and SQ Sleep diary, DBAS, and MFI 1G: 40 (68); CG: 39 (66) 1
2009

8 SI: Insomnia Severity Index.

PDBAS-16: Dysfunctiona Beliefs and Attitudes about Sleep-16.
°MFI-20: Multidimensional Fatigue Inventory—20.

9PHQ-9: Patient Health Questionnaire-9.

€GAD-7: General Anxiety Disorder—7.

fSF-12: 12-item Short Form Survey.

91G: intervention group.

"cG: control group.

'PCL-5: Posttraumatic Stress Disorder Checklist-5.

INS: not specified in the study.

kSQ: sleep quality.

MADRS-S: Montgomery-Asberg Depression Rating Scale-Self-rated.
MpPSQI: Pittsburgh Sleep Quality Index.

"FSS: Fatigue Severity Scale.

°HADS-D: Hospital Anxiety and Depression Scale-Depression.
PQIDS: Quick Inventory of Depressive Symptomatol ogy.
9CES-D: Center for Epidemiologic Studies Depression Scale.
'SCI: Sleep Condition Indicator.

SDBAS: Dysfunctional Beliefs and Attitudes about Sleep.
'MFI: Multidimensional Fatigue Inventory.

UHADS-A: Hospital Anxiety and Depression Scale-Anxiety.
VSF-36: 36-item Short Form Survey.

WHADS: Hospital Anxiety and Depression Scale.

XADSK: Allgemeine Depressions-Skala-Kurzform.

YQoL: quality of life.

“BDI: Beck Depression Inventory.

#@Bg]-Anxiety: Brief Symptom Inventory—Anxiety.

DBAI: Beck Anxiety Inventory.

EBNSQ: Basic Nordic Sleep Questionnaire.

adBBQ: Brunnsviken Brief Quality of Life Scale.

%K 6: Kessler Psychological Distress Scale.

#QoL-VAS: Qudlity of Life-Visual Analog Scale.

ICFQ: 11-item Chalder Fatigue Questionnaire.

Effects of eHealth-Based Psychosocial | nterventions
on Primary Outcomesin Comparison With Inactive
Controls

The pooled effect sizesfrom the study comparing eHealth-based
psychosocial interventions with inactive controls on insomnia
severity and dleep quality are presented in Figure 2
[13,35-39,53,54,56-81], along with the individual effects of
each intervention trial. eHealth-based psychosocia interventions
were effective in reducing insomnia severity compared with

https://www.jmir.org/2023/1/€39250

RenderX

inactive controls (29/37, 78% of the studies, Hedges g=—1.01,
95% Cl -1.12 to -0.89; P<.001). There was substantia

heterogeneity across the studies (12=77%; P<.001). In total,
49% (18/37) of the studies assessing sleep quality found that
eHealth-based psychosocial interventions led to a moderate
improvement in sleep quality (Hedges g=—0.58, 95% CI -0.75
to -0.41; P<.001). We found substantial heterogeneity across
the studies (1=69.6%; P<.001). However, both the visual
inspection of the funnel plot and the Egger regression test
revedled no clear evidence of potential publication bias
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(Multimedia Appendix 3). Theinfluence analysisidentifiedno  effect size (see the results of the influence analysis in
outlier studies by removing each study to recalculatethepooled Multimedia Appendix 4 [12,13,35-39,53-81]).

Figure 2. Effects of eHealth-based psychosocial interventions on primary outcomesin comparison with inactive controls [13,35-39,53,54,56-81]. CG:
control group; 1G: intervention group.

Effects of eHealth-Based Psychosocial | nterventions
on Primary Outcomesin Comparison With I n-Person
CBT

The results of the eHealth-based psychosocial interventions
versusin-person CBT are shown in Figure 3[26,55,67,78]. We
found that in-person CBT showed greater improvement in
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95% Cl -0.02 to 0.85; P=.06; 1°=65%) compared with eCBT;
however, the assumption of noninferiority of eHealth
interventions compared with in-person CBT was not rejected

(P=.06). In terms of improving sSleep quality, in-person

insomnia severity (4/37, 11% of the studies; Hedges g=0.41,
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interventions had a significantly superior performance (3/37,
8% of the studies; Hedges g=0.56, 95% Cl 0.24-0.88; P<.001;

12=9%). Heterogeneity was |low to moderate across the studies.
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Figure 3. Effects of eHealth-based psychosocial interventions on primary outcomes in comparison with in-person cognitive behavioral therapy (CBT)
[26,55,67,78]. CG: control group; IG: intervention group.

Insomnia severity
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Exploratory Subgroup Analyses and M etaregression
Analyses

The results of the exploratory subgroup analyses conducted
using only the studies comparing eHealth-based psychosocial
interventions with inactive controls are shown in Table 4.
eHealth-based psychosocial interventions had asignificant effect
on alleviating insomniaseverity in clinically diagnosed patients
with insomnia (Hedges g=-1.15, 95% CI -1.32 to -0.97;

https://www.jmir.org/2023/1/€39250

RenderX

Favors intervention Favors control

P<.001; 1=72%) and subclinical samples (Hedges g=—0.86,
95% Cl —1t0 -0.72; P<.001; 1°=76%). There was a significant
difference between populations (Q=6.83; P=.01). With regard
to sleep quality, eHealth interventions had a significant effect
on clinical patients (Hedges g=—0.68, 95% CI —0.94 to —-0.42;
P<.001; 1°=76%) and subclinical samples (Hedges g=—0.49,
95% Cl -0.70 to -0.28; P<.001; I2:60%); however, there was
no statistically significant between-subgroup difference (Q=1.24;
P=.27).
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Table 4. Exploratory subgroup analyses of effects on the primary outcomes (N=37).

Subgroup Studies, n (%) Samplesize Meta-anaysis Heterogeneity Between-group test
(1G¥YCGD), n
Hedgesg (95% Cl) Pvadue Q P value |2(%) Q P value
Insomnia severity
Population
Clinical sample 16 (43) 1367/1185 -1.15(-1.32to <00lC 5967 <001 72 _d —
-0.97)
Subclinical sample 13(35) 2893/3327  -0.86(-1.00to <.001 5839 <001 76 6.83 .01
-0.72)
CBTC-based intervention
ecBT' 26 (70) 4016/4371  -0.96 (-1.06 to <.001 8151 <001 68 — —
-0.86)
Non-CBT 4(11) 244/141 -1.21(-1.97t0 <.001 4757 <001 89 0.41 .52
-0.46)
Delivery mode of eHealth
Phone-delivered 4(11) 207/209 -0.79 (-1.28to .002 2155 <001 81 — —
-0.30)
Computer-assisted 10 (27) 562/517 -1.08 (-1.34 to <.001 3020 <.001 70 — —
-0.82)
Multiple devices 16 (43) 3491/3786  -1.02(-1.15to <.001 801 <001 80 1.03 .60
-0.89)
Guidance modality
Guided by trained therapist 13 (35) 916/748 -1.19(-1.45to <.001 7636 <.001 82 — —
-0.92)
Guided by animated thera- 8 (22) 1722/2128  -0.96 (-1.15t0 <001 2794 <001 75 — —
pist -0.78)
No guidance 10 (27) 1622/1636  -0.83 (-0.96 to <.001 1751 .04 49 6.05 .05
-0.70)
Feedback
Tailored feedback 25 (68) 3944/4246  -1.05(-1.17to <001 121 <001 79 — —
-0.93)
No tailored feedback 6 (16) 316/266 -0.76 (-1.05to <.001 1257 .03 60 3.27 .07
-0.47)
Reminder
Reminder or encourage- 26 (70) 4126/4381  -0.99 (-1.11to <.001 11546 <.001 7 — —
ment -0.88)
No reminder or encourage- 5 (14) 134/131 -1.15(-1.80to <.001 2134 <.001 81 0.20 .65
ment -0.49)
Sleep quality
Population
Clinica sample 11 (30) 597/564 -0.68 (-0.94 to <.001 4493 <001 76 — —
-0.42)
Subclinical sample 7(19) 644/421 -0.49 (-0.70to <.001 2000 <.001 60 124 27
-0.28)
Therapeutic approach
eCBT 16 (43) 967/885 -0.61 (-0.80to <.001 6274 <001 74 — —
-0.41)
Non-CBT 3(8) 274/100 -0.43(-0.67to <.001 210 55 0 1.20 27
-0.19)
https://www.jmir.org/2023/1/e39250 JMed Internet Res 2023 | vol. 25 | €39250 | p. 20
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Subgroup Studies, n (%) Samplesize Meta-anaysis Heterogeneity Between-group test
(1G¥YCGD), n
Hedgesg (95% Cl) Pvadue Q P value |2(%) Q P value
Delivery mode of eHealth
Phone-delivered 3(8) 303/173 -0.56 (-0.93to0 .003 9.71 .02 69 — —
-0.19)
Computer-assisted 9(24) 439/402 -0.58 (-0.88t0 <.001 3407 <001 77 — —
-0.28)
Mixed methods 7(19) 499/410 -0.61 (-0.87to <.001 2195 .003 68 0.05 .98
-0.34)
Guidance modality
Guided by trained therapist 11 (30) 737/509 -0.75(-1.00to <.001 4736 <001 75 — —
-0.50)
Guided by animatedthera- 2 (5) 109/121 -0.50 (-0.76 to <.001 081 .37 0 — —
pist -0.24)
No guidance 5(14) 395/355 -0.33(-0.48t0 <.001 202 .85 0 8.10 .02
-0.18)
Feedback
Tailored feedback 15 (41) 961/756 -0.62 (-0.84 to <.001 6312 <001 75 — —
-0.41)
No tailored feedback 4(11) 280/229 -0.44 (-0.62t0 <001 085 .84 0 170 19
-0.26)
Reminder
Reminder or encourage- 17 (46) 1098/886 -0.56 (-0.74 to <.001 5823 <.001 69 — —
ment -0.38)
No reminder or encourage- 2 (5) 143/99 -0.79 (-1.51to .03 6.48 .001 85 0.35 .55
ment -0.06)

4 G: intervention group.

bCG: control group.

Cltalicized P values are significant.

dDjfferences between subgroups are shown in the next row.
€CBT: cognitive behavioral therapy.

feCBT: eHealth-based cognitive behavioral therapy.

Exploratory subgroup analyses pivoting on intervention features
showed that “guidance by trained therapists’ and “tailored
feedback” were moderators that caused significant differences
in effects. Specifically, eHealth-based psychosocial interventions
providing “guidance by trained therapists’ were more effective
in reducing insomnia severity (Hedges g=-1.19, 95% CI -1.45
to -0.92; P<.001; 1°=82%) than those guided by animated
therapists (Hedges g=—0.96, 95% CI -1.15 to —0.78; P<.001,
12=75%) and those without guidance (Hedges g=—0.83, 95%
Cl -0.96 to —0.70; P<.001; 12=49%). The difference between
the subgroups was approximately significant (Q=6.05; P=.05).
Regarding sleep quality, eHealth interventions that provided
user guidance by trained therapists had greater absolute effect
sizes (Hedges g=-0.75, 95% CI -1.00 to -0.50; P<.001;
1=75%) than those that used animated therapists to guide
participants (Hedges g=—0.50, 95% CI -0.76 to —0.24; P<.001,
12=0) and those without any guidance (Hedges g=-0.33, 95%
Cl -0.48 to -0.18; P<.001; 12=0). The difference between
subgroupswas significant (Q=8.10; P=.02). In addition, eHealth

https://www.jmir.org/2023/1/€39250

interventions providing “tailored feedback” were more effective
in reducing insomnia severity (Hedges g=-1.05, 95% CI -1.17
t0—0.93; P<.001; 1°=79%) than those without tail ored feedback
(Hedges g=—0.76, 95% CI —1.05 to —0.47; P<.001; 1°=60%).
The difference between the subgroups was the margina
significance level (Q=3.27; P=.07). However, there were no
statistically significant associations between therapeutic
approach, eHealth delivery mode, or provision of reminders
and effect sizes.

Theresults of the metaregression analyses are presented in Table
5. The baseline insomnia severity and intervention duration (in
weeks and sessions) had moderating effects on the study effects
on insomnia severity. Higher baseline insomnia severity was
associated with larger effect sizes (b=—0.11; P=.004. In addition,
alonger intervention duration was associated with larger effect
sizes (in weeks: b=—0.09 and P=.01 in sessions. b=—0.20 and
P=.03). See the plots of the metaregression analyses in
Multimedia Appendix 5. However, no statistically significant
associations were observed among sleep medication, humber
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and the effects on sleep quality.

Table 5. Metaregression analyses of effects on the primary outcomes (N=37).

Moderator Studies, n (%) b (95% CI) P vaue
Baseline insomnia severity
Insomnia severity 28 (76) -0.11 (-0.18 to —0.04) 0042
Sleep quality 14 (38) 0.03 (-0.05t0 0.11) 44
Sleep medication
Insomnia severity 17 (46) -1.28 (-3.04t0 0.48) 14
Sleep quality 11 (30) 0.18 (-0.15 to 0.51) 26
Intervention duration (weeks)
Insomnia severity 32 (86) -0.09 (-0.16 to —0.02) .01
Sleep quality 21 (57) -0.003 (-0.09 to 0.09) .94
I ntervention duration (sessions)
Insomnia severity 25 (68) -0.20 (-0.38 to —0.03) .03
Sleep quality 15 (41) -0.03 (-0.32 to 0.26) 81
Number of intervention components
Insomnia severity 30 (81) -0.04 (-0.13 t0 0.06) 46
Sleep quality 21 (57) -0.04 (-0.17 to 0.09) .57
Number of eHealth functions
Insomnia severity 33(89) -0.02 (-0.19t0 0.15) .81
Sleep quality 21(57) -0.14 (-0.33 to 0.05) 14

Ytalicized P values are significant.

Effects of eHealth-Based Psychosocial | nterventions
on Secondary Outcomes

All the pooled effect sizesrelated to deep parameters and mental
health—related outcomes remained statistically significant, as
shown in Figure 4, with negative Hedges g values indicating a
direction in favor of eHealth-based psychosocial interventions.
Analyses indicated that, compared with changes in controls,
eHealth-based psychosocial interventions significantly increased
the TST (Hedges g=—0.21, 95% CI -0.31 to —-0.10; P=.001)
and sleep efficiency (Hedges g=—0.56, 95% Cl -0.67 to —0.46;
P<.001) of participants, shortened the SOL (Hedges g=—0.37,
95% Cl —-0.46 to —0.29; P<.001) and WA SO (Hedges g=—0.46,

https://www.jmir.org/2023/1/€39250

95% CI -0.59 to -0.32; P<.001), and reduced the NWAK
(Hedges g=-0.27, 95% Cl -0.39 to —0.16; P<.001).

Furthermore, the eHealth-based psychosocia interventions
significantly reduced participants maladaptive beliefs about
deep (Hedges g=—0.54, 95% Cl —-0.72t0 -0.36; P<.001), fatigue
(Hedges g=—0.38, 95% CI —0.56 to —0.19; P<.001), depression
symptoms (Hedges g=—0.49, 95% CI -0.58 to -0.41; P<.001),
and anxiety symptoms (Hedges g=-0.45, 95% Cl -0.58 to
-0.33; P<.001) and improved quality of life (Hedges g=—0.27,
95% Cl -0.35 to -0.19; P<.001) compared with the controls.
The analyses revedled low to substantial heterogeneity

(1=0%-77%). The Egger test of publication bias did not reach
statistical significance for the secondary outcomes.
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Figure4. Effectsof eHealth-based psychosocial interventions on outcome measures. DBAS: Dysfunctional Beliefs and Attitudes about Sleep; NWAK:
number of nocturnal awakenings, SOL: sleep onset latency; TST: total sleep time; WA SO: wake after sleep onset.

Outcome measure Studies Sample size Meta-analysis Heterogeneity Publication bias
(Egger regression)
Hedges g 95% Cl1 P value Q P value I’ Intercept P value
Primary outcomes
Insomnia severity 29 8772 1.01 1.12 0.89 <001 M 138.02 <.001 7% 1.14 .06
Sleep quality 18 2226 0.58 0.75 0.41 <.001 —— 65.84 <.001 T0% 1.71 .23
Secondary outcomes
Sleep parameters
SOL 21 4084 0.37 -0.46 -0.29 <001 = 29.08 14 24% -0.76 .09
TST 20 4079 0.21 0.31 0.1 001 - 40.88 006 47% 0.78 A8
WASO 16 3856 0.46 0.59 0.32 <001 — 52.85 <.001 68% 1.16 .15
NWAK 10 1326 0.27 0.39 0.16 <001 - 9.63 .38 7% 1.12 28
Sleep efficiency 20 4078 0.56 0.67 046 <001 3 40.74 004 51% 0.38 .54
Mental health—related outcomes
DBAS 7 915 -0.54 -0.72 -0.36 <.001 —— 12.18 14 34% ~1.41 61
Fatigue 8 4172 0.38 0.56 0.19 =001 —— 38.62 <001 82% 1.23 43
Depression 21 6302 0.49 0.58 0.41 =001 - 40.51 .01 43% 0.29 .56
Anxiety 15 5158 0.45 0.58 0.33 <001 — 52.98 <.001 0% 1.02 2
Quality of life 5 2471 0.27 0.35 0.19 <001 e 5.80 56 0 0.25 .66
1.50 Lo0 - -0.50 0.00 UEO

Favors intervention Favors control

. studies were evaluated as having a high risk of bias in this
Quality Assessment domain, with 43% (16/37) of the studies evaluated as having
The resultsfrom the Cochrane risk-of-biastool for randomized  spme concerns. Owi ng to alack of information on conceal ment
trials assessment are shownin Figure 5[12,13,26,35-39,53-81].  of the all ocation sequence, 57% (21/37) of theincluded studies
Of the studies, 54% (20/37) wererated as having ahigh overall  had some concerns regarding the randomization process. A
risk of bias, 41% (15/37) were rated as having some concerns  total of 95% (35/37) and 68% (25/37) of the studies were
regarding the overall bias, and 5% (2/37) had alow overall risk  evaluated as having alow risk of bias for missing outcome data
of bias. The most frequent risk factor identified was deviations  and measurement of the outcome, respectively. None of the

from intended interventions, which was most often owing to  included studieswas evaluated ashaving arisk of biasregarding
inadequate blinding of participants or caregivers, adherence  selectively reported results.
problems, or lack of appropriate analysis; 49% (18/37) of the
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Figure5. Risk-of-bias assessment of the included studies[12,13,26,35-39,53-81].
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Discussion

Principal Findings
This systematic review identified 37 RCTs that reported data
on 13,227 individuals from 12 countries. eHeath-based
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psychosocial interventions were delivered via a website,
computer, smartphone, tel ephone, or mixed mode, in most cases
(32/37, 86%) based on CBT-I. Questionnaires and sleep diaries
were used to evaluate the effectiveness. Our findings are
outlined in Textbox 2.
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(Hedges g=-0.86).

to —0.56) on sleep parameters and mental health—related outcomes.

« We found that eHealth-based psychosocial interventions yielded a large reduction in insomnia severity (Hedges g=—1.01) and a moderate
improvement in sleep quality (Hedges g=—0.58) as compared with inactive controls. Despite the heterogeneity between studies on primary
outcomes, no outlier studies were identified through influence analysis, funnel plots, and Egger tests, indicating no significant publication bias.

«  Therewasno significant differencein the reduction of insomniaseverity when comparing eHealth interventions and in-person cognitive behavioral
therapy (CBT). However, in-person CBT was shown to be more effective in improving sleep quality.

«  Clinical samples(Hedgesg=-1.15) benefited significantly more from eHealth interventionsin reducing insomnia severity than subclinical samples

«  Guidance from trained therapists and tailored feedback were associated with larger treatment effects on insomnia symptoms. All subgroup
analyses on primary outcomes favored eHealth interventions and indicated at |east moderate effect sizes (Hedges g=—0.33 to —1.21).

«  Higher baseline insomnia severity and longer intervention duration were associated with alarger reduction in insomnia severity.

«  With respect to secondary outcomes, eHealth interventions for insomnia had significantly small to moderate positive effects (Hedges g=—0.21

Comparison With Prior Work

Our main findings suggest that eHealth-based psychosocial
interventions had a positive effect on the management of
insomnia symptoms. Similar results were reported in an earlier
meta-analysis published in 2016, which included 11 RCTs of
digital CBT-I in the adult population (effect sizes: —0.89 and
-0.49) [31]. A recent meta-analysis of digital CBT-1 in
adolescents or college students combined the effect sizes of 4
RCTs and reported dlightly larger effects on seep quality
(-0.58) [85]. These results suggest that eHealth-based
psychosocial interventions are a promising solution for
managing insomnia.

eHealth-based psychosocial interventions had substantially
larger effects on improving insomnia severity and sleep quality
than inactive controls. However, we found no significant
difference between eCBT and in-person CBT in improving
insomnia severity despite a significant difference in enhanced
sleep quality. All 11% (4/37) of the studies with an in-person
comparison group concluded that eCBT offered a potentially
cost-effective  aternative with low-cost labor, with
approximately 38% of the time investment associated with
face-to-facetreatment [26,55,67,78]. Intensive therapist support,
high concentration of attention, prompt feedback, and substantial
time commitment in face-to-face treatment may explain the
differential effects in trials [26,67]. Our findings support the
notion that eHealth-based treatments could be a potentially
cost-effective alternative to in-person treatment. This finding
isin line with previous research showing that digital CBT-1 has
similar efficacy to face-to-face CBT [32,86]. However, it is
impossible to draw definitive conclusions from only 4 original
trials. Additional noninferiority trials comparing eHealth-based
psychosocial interventionswith in-person treatment for insomnia
are warranted, and the specific psychotherapy elements used
should be dissected, quantified, and evaluated in future studies
[31,87].

In addition, our review showed a larger improvement in
insomnia severity in the clinical samples and samples with
higher baseline insomnia severity. Possible explanations for
this include clinical samples with more severe insomnia
symptoms having more space for improvement. In addition,
user requirements and motivation may influence attention

https://www.jmir.org/2023/1/€39250

engagement and, thus, treatment effectiveness. The observed
effects suggest that eHealth-based psychosocial interventions
for insomniacould be applicable to abroad range of populations
and arewell suited to be integrated into a stepped-care approach
[88,89].

With regard to eHealth intervention features, our resultsimply
that professional guidance and tailored feedback are associated
with greater effect sizes. Thus, this could be crucia in
facilitating the effectiveness of eHealth-based psychosocial
interventions as the involvement of trained therapist support
and individualized advice seem to promote effectiveness. This
further supportsthe view that blended interventionsintegrating
therapeutic support in faceto-face treatment with the
cost-effectiveness of eHealth could be a way to increase
treatment effectiveness while saving time and reducing costs
[90]. Contrary to expectations, eCBT and other psychosocial
interventions were found to be roughly equivaent in
effectiveness, although caution is needed as only 4 non-CBT
eHedlth studies were included in this review. Alternative
therapeutic techniques such as acceptance and commitment
therapy, problem-solving therapy, psychodynamic therapy,
mindfulness therapy, and interpersonal psychotherapy are also
worth exploring in conjunction with eHealth to promote sleep
and well-being. Considering the structured nature of CBT, it
might not be beneficial for people with complex needs, and it
failsto address deeper causes or the possible underlying causes
of mental illness, such as childhood experience, family history,
or relations [91]. In addition, the typical treatment period for
CBT is 6 to 20 weeks, which, to some extent, requires people
to adhereto along period. Indeed, amorethorough investigation
of the effectiveness of different therapeutic techniques
implemented in eHealth for the treatment of insomnia is
necessary. Furthermore, a longer intervention duration was
found to be associated with a larger reduction in insomnia
severity; similar results were reported in a previous
meta-analysis on CBT-1 [31]. Finally, no significant effects on
insomnia were found for moderators such as delivery mode,
reminder settings, sleep medication use, number of intervention
components, and eHealth functions. Additiona studies are
needed to determine optima intervention characteristics,
including the number of treatment sessions and intervention
components.
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Wefurther found that eHealth-based psychosocia interventions
effectively improved seep efficiency and TST and reduced
SOL, WASO, and NWAK. Thesefindingsarein linewith those
of previous studies [31,86]. There is also evidence supporting
a mixed effect on mental health—related outcomes, adjusting
people's mal adaptive beliefs about deep and alleviating fatigue,
anxiety, and depression symptoms. Thus, eHealth-based
psychosocial interventions for insomnia could promote mental
health and prevent the exacerbation of comorbid medical and
psychiatric conditions. Previous studies have demonstrated the
effects of eHealth interventions for cancer survivors on
improving sleep and reducing fear of recurrence, depression,
and anxiety [92,93]. These low-cost and convenient insomnia
treatments can be widely disseminated, along with support for
eHealth-illiterate populations, among people with mental or
physical disorders accompanied by insomnia[94].

Thismeta-analysisfocused on awide range of sleep and mental
health outcome measuresto assesstheimpact of theintervention
in a holistic manner. Our findings highlight several directions
for future research. Given the importance of user engagement
and therapist support for treatment eff ectiveness and adherence,
future research could pay more attention to increasing user
engagement and interaction in the design of eHealth-based
psychosocial interventionsfor insomnia. This could be achieved
by developing blended, appealing, and adaptive interventions
aswell asmaking eHealth interventions accessible to those with
alower eHealth literacy [22]. Furthermore, research is needed
to directly compare eHealth-based psychosocial interventions
in different delivery modes in noninferiority trials while
assessing the cost-effectiveness, treatment credibility,
satisfaction, and therapeutic aliance. This would help
tremendousdly in the optimization of eHealth-based psychosocia
interventions. In addition, given that most trials to date have
been implemented in high-income countries with little cultural
diversity, eHealth-based psychosocid interventionsfor insomnia
should also be investigated in more low- and middle-income
countries to increase the accessibility of eHealth.

Limitations

Somelimitations should be noted. First, thisreview only focused
on adults with insomnia; further research is needed to evaluate
the effects of eHealth-based psychosocial interventions in
specific populations, including children, adolescents or
employees of specific sectors. Second, athough the
random-effects model aimed to account for between-study
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heterogeneity statistically, our analyses still indicated significant
between-study differences. Variability in the control condition
was particularly identified as a source of heterogeneity.
However, the heterogeneity in this study might be multivariate,
which may be caused by different outcome measures or
confounding bias. As not all studies used the same outcomes,
the pooled effects for insomnia severity and sleep quality and
the secondary outcomes were based on different numbers of
studies and, to some extent, using different outcomes. The
difference in outcome measures might more or less influence
the treatment effects. Third, our meta-analyses focused on the
immediate intervention effects. Owing to a certain level of
dropout, few studies assessed insomnia symptoms for >6
months, and the included studies set different follow-up times.
Future studies could include long-term follow-ups at
standardized lags to observe the prolonged effects on sleep.
Fourth, thisreview depicted participants completion of various
guestionnaires and assessments. However, because of thelimited
number of studies that reported the same outcome measure on
treatment adherence, we failed to summarize how participants
implemented treatment recommendations and how therapists
followed treatment protocols, which are important factors in
treatment adherence [95]. The impact of treatment adherence
on eHealth-based psychosocial interventions is worth
investigating, and future RCTs should use standardized methods
to comprehensively assess treatment adherence and its
relationship with treatment effects.

Conclusions

In conclusion, this review provides an up-to-date and
comprehensive overview and quantitative integration of current
research on the effectiveness of eHealth-based psychosocial
interventions for insomnia. eHealth-based psychosocial
interventions have the potential to reduce both insomnia
symptoms and other mental health-related outcomes. Our
findings suggest that, asaless costly intervention, eHealth-based
psychosocial interventions should be disseminated widely and
integrated into a stepped-care modedl . Professional guidance and
tailored feedback should accompany eHealth interventions to
improve effectiveness. Blended care integrating face-to-face
care with eHealth may further improve effectiveness and benefit
a more diverse population with insomnia complaints. Further
investigations of intervention components and blended
interventions are needed to better understand the effectiveness
of different intervention components, especialy as pertaining
to people of low socioeconomic status or low eHealth literacy.

This work was supported by the China Scholarship Council. The authors would like to acknowledge José Plevier (the Walaeus
Library, Leiden University Medical Center) for her kind assistance with searching and retrieving abstracts and publications and
Nic Saadah (Department of Public Health and Primary Care, Leiden University Medical Center) for his comments on the

manuscript.

Authors Contributions

WD led the design of the study protocol with support from RMJvdK, HS, EAB, NG, and NHC. WD, HS, and JW designed and
implemented the search strategy with assistance from alibrarian. WD and JW screened the articles; extracted data; evaluated the
quality of theincluded studies; and discussed together with RMJJvdK, EAB, HS, and NG to ensure alignment of the study protocol
and dligibility criteria. WD led the meta-analysis and write-up of results with assistance from RMJlvdK, XL, and XS. WD,

https://www.jmir.org/2023/1/€39250

JMed Internet Res 2023 | vol. 25 | €39250 | p. 26
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Deng et d

RMJJvdK, and HS drafted the initial manuscript. RMJvdK, HS, JW, EAB, NG, XS, XL, MvT, AA, and NHC supported and
assisted in revising the manuscript and contributed to the interpretation of the findings. All coauthors reviewed and approved the
final manuscript.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Search terms.
[DOCX File, 15 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Studies with specific characteristics.
[DOCX File, 24 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Funnel plots of studies included in the meta-analyses.
[DOCX File, 143 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Influence of individual studies on the effect size.
[DOCX File, 86 KB-Multimedia Appendix 4]

Multimedia Appendix 5

Plots of meta-regressions.
[DOCX File, 87 KB-Multimedia Appendix 5]

References

1.

2.

10.

11.

Morin CM, BencaR. Chronicinsomnia. Lancet 2012 Mar 24;379(9821):1129-1141. [doi: 10.1016/S0140-6736(11)60750-2]
[Medline: 22265700]

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders (DSM-5). 5th edition. Washington,
DC, USA: American Psychiatric Association; 2013.

Stranges S, Tigbe W, Gomez-Olivé FX, Thorogood M, KandalaNB. Sleep problems: an emerging global epidemic? Findings
from the INDEPTH WHO-SAGE study among more than 40,000 ol der adults from 8 countries across Africaand Asia.
Sleep 2012 Aug 01;35(8):1173-1181 [FREE Full text] [doi: 10.5665/sleep.2012] [Medline; 22851813]

Grandner MA. Sleep, health, and society. Sleep Med Clin 2020 Jun;15(2):319-340. [doi: 10.1016/j.jsmc.2020.02.017]
[Medline: 32386705]

Sivertsen B, Lallukka T, Salo P, Pallesen S, Hysing M, Krokstad S, et al. Insomnia as arisk factor for ill health: results
from the large population-based prospective HUNT Study in Norway. J Sleep Res 2014 Apr;23(2):124-132 [FREE Full
text] [doi: 10.1111/jsr.12102] [Medline: 24635564]

PerlisML, Pigeon WR, Grandner MA, Bishop TM, Riemann D, Ellis JG, et a. Why treat insomnia? J Prim Care Community
Health 2021;12:21501327211014084 [FREE Full text] [doi: 10.1177/21501327211014084] [Medline: 34009054]
Taddei-Allen P. Economic burden and managed care considerations for the treatment of insomnia. Am JManag Care 2020
Mar;26(4 Suppl):S91-S96 [FREE Full text] [doi: 10.37765/ajmc.2020.43008] [Medline; 32282179]

Schutte-Rodin S, Broch L, Buysse D, Dorsey C, SateiaM. Clinical guidelinefor the eval uation and management of chronic
insomniain adults. J Clin Sleep Med 2008 Oct 15;4(5):487-504 [FREE Full text] [Medline: 18853708]

Riemann D, PerlisML. Thetreatments of chronicinsomnia: areview of benzodiazepine receptor agonists and psychol ogical
and behavioral therapies. Sleep Med Rev 2009 Jun;13(3):205-214. [doi: 10.1016/j.smrv.2008.06.001] [Medline: 19201632]
Mitchell MD, Gehrman P, PerlisM, Umscheid CA. Comparative effectiveness of cognitive behavioral therapy for insomnia:
asystematic review. BMC Fam Pract 2012 May 25;13:40 [FREE Full text] [doi: 10.1186/1471-2296-13-40] [Medline:
22631616]

Koffel E, Bramoweth AD, Ulmer CS. Increasing access to and utilization of cognitive behavioral therapy for insomnia
(CBT-I): anarrative review. JGen Intern Med 2018 Jun; 33(6):955-962 [ FREE Full text] [doi: 10.1007/s11606-018-4390-1]
[Medline: 29619651]

https://www.jmir.org/2023/1/e39250 JMed Internet Res 2023 | vol. 25 | €39250 | p. 27

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v25i1e39250_app1.docx&filename=87bd197257b9dfe3728321ec70d739c1.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e39250_app1.docx&filename=87bd197257b9dfe3728321ec70d739c1.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e39250_app2.docx&filename=6df81b08f354b589be9aae7603e6dce2.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e39250_app2.docx&filename=6df81b08f354b589be9aae7603e6dce2.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e39250_app3.docx&filename=eb4dd2c0477175e8e71dae9302796456.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e39250_app3.docx&filename=eb4dd2c0477175e8e71dae9302796456.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e39250_app4.docx&filename=7c98768332e2ebb7abe6ae8e8363e700.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e39250_app4.docx&filename=7c98768332e2ebb7abe6ae8e8363e700.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e39250_app5.docx&filename=9e2019b8555d72b3d6d22b53e4607b73.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e39250_app5.docx&filename=9e2019b8555d72b3d6d22b53e4607b73.docx
http://dx.doi.org/10.1016/S0140-6736(11)60750-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22265700&dopt=Abstract
https://europepmc.org/abstract/MED/22851813
http://dx.doi.org/10.5665/sleep.2012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22851813&dopt=Abstract
http://dx.doi.org/10.1016/j.jsmc.2020.02.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32386705&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1111/jsr.12102
https://onlinelibrary.wiley.com/doi/10.1111/jsr.12102
http://dx.doi.org/10.1111/jsr.12102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24635564&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/21501327211014084?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/21501327211014084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34009054&dopt=Abstract
https://www.ajmc.com/pubMed.php?pii=88369
http://dx.doi.org/10.37765/ajmc.2020.43008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32282179&dopt=Abstract
https://europepmc.org/abstract/MED/18853708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18853708&dopt=Abstract
http://dx.doi.org/10.1016/j.smrv.2008.06.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19201632&dopt=Abstract
https://bmcfampract.biomedcentral.com/articles/10.1186/1471-2296-13-40
http://dx.doi.org/10.1186/1471-2296-13-40
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22631616&dopt=Abstract
https://europepmc.org/abstract/MED/29619651
http://dx.doi.org/10.1007/s11606-018-4390-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29619651&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Deng et d

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Espie CA, Emsley R, Kyle SD, Gordon C, Drake CL, Siriwardena AN, et a. Effect of digital cognitive behavioral therapy
for insomnia on health, psychological well-being, and sleep-related quality of life: arandomized clinical trial. JAMA
Psychiatry 2019 Jan 01;76(1):21-30 [FREE Full text] [doi: 10.1001/jamapsychiatry.2018.2745] [Medline: 30264137]
Okajimal, Akitomi J, Kajiyamal, Ishii M, Murakami H, Yamaguchi M. Effects of atailored brief behavioral therapy
application on insomnia severity and social disabilities among workers with insomniain Japan: arandomized clinical trial.
JAMA Netw Open 2020 Apr 01;3(4):€202775 [FREE Full text] [doi: 10.1001/jamanetworkopen.2020.2775] [Medline:
32286659]

van der Kleij RM, Kasteleyn MJ, Meijer E, Bonten TN, Houwink EJ, Teichert M, et al. SERIES: eHealth in primary care.
Part 1: concepts, conditions and challenges. Eur J Gen Pract 2019 Oct;25(4):179-189 [FREE Full text] [doi:
10.1080/13814788.2019.1658190] [Medline: 31597502]

Eysenbach G. What is e-health? JMed Internet Res 2001;3(2):E20 [FREE Full text] [doi: 10.2196/jmir.3.2.e20] [Medline:
11720962]

Singhal A, Cowie MR. Digital health: implications for heart failure management. Card Fail Rev 2021 Mar;7:e08 [FREE
Full text] [doi: 10.15420/cfr.2020.28] [Medline: 34035953]

Deady M, Choi I, Calvo RA, Glozier N, Christensen H, Harvey SB. eHealth interventions for the prevention of depression
and anxiety in the general population: a systematic review and meta-analysis. BMC Psychiatry 2017 Aug 29;17(1):310
[FREE Full text] [doi: 10.1186/s12888-017-1473-1] [Medline: 28851342]

Meijer E, ChavannesNH, Segaar D, Parlevliet JL, Van Der Kleij RM. Optimizing smoking cessation guidelineimplementation
using text-messages and summary-sheets. a mixed-method evaluation. Clin eHealth 2019;2:16-24. [doi:
10.1016/j.ceh.2019.08.001]

Talboom-Kamp EP, Verdijk NA, Harmans LM, Numans ME, Chavannes NH. An eHealth platform to manage chronic
diseasein primary care: an innovative approach. Interact JMed Res 2016 Feb 09;5(1):e5 [FREE Full text] [doi:
10.2196/ijmr.4217] [Medline: 26860333]

Torok M, Han J, Baker S, Werner-Seidler A, Wong |, Larsen ME, et al. Suicide prevention using self-guided digital
interventions: a systematic review and meta-analysis of randomised controlled trials. Lancet Digit Health 2020
Jan;2(1):e25-e36 [FREE Full text] [doi: 10.1016/S2589-7500(19)30199-2] [Medline: 33328037]

Brown M, Hooper N, Eslambolchilar B, John A. Development of aweb-based acceptance and commitment therapy
intervention to support lifestyle behavior change and well-being in health care staff: participatory design study. IMIR Form
Res 2020 Nov 30;4(11):e22507 [FREE Full text] [doi: 10.2196/22507] [Medline: 33252350]

Cheng C, Gearon E, Hawkins M, McPhee C, Hannal , Batterham R, et al. Digital health literacy asapredictor of awareness,
engagement, and use of a national web-based personal health record: population-based survey study. JMed Internet Res
2022 Sep 16;24(9):€35772 [FREE Full text] [doi: 10.2196/35772] [Medline: 36112404]

Kannampallil T, Ronneberg CR, Wittels NE, Kumar V, Lv N, Smyth JM, et a. Design and formative eval uation of avirtual
voice-based coach for problem-solving treatment: observational study. IMIR Form Res 2022 Aug 12;6(8):€38092 [FREE
Full text] [doi: 10.2196/38092] [Medline: 35969431]

Kobak KA, Lipsitz JD, Markowitz JC, Bleiberg KL. Web-based therapist training in interpersonal psychotherapy for
depression: pilot study. JMed Internet Res 2017 Jul 17;19(7):€257 [FREE Full text] [doi: 10.2196/jmir.7966] [Medline:
28716769]

Carlbring P, Andersson G, Cuijpers P, Riper H, Hedman-L agerl6f E. Internet-based vs. face-to-face cognitive behavior
therapy for psychiatric and somatic disorders: an updated systematic review and meta-analysis. Cogn Behav Ther 2018
Jan;47(1):1-18. [doi: 10.1080/16506073.2017.1401115] [Medline: 29215315]

Arnedt JT, Conroy DA, Mooney A, Furgal A, Sen A, Eisenberg D. Telemedicine versus face-to-face delivery of cognitive
behavioral therapy for insomnia: a randomized controlled noninferiority trial. Sleep 2021 Jan 21;44(1):zsaal36. [doi:
10.1093/sl eep/zsaal36] [Medline: 32658298]

Baron KG, Duffecy J, Reid K, Begale M, Caccamo L . Technol ogy-assisted behavioral intervention to extend sleep duration:
development and design of the sleep bunny mobile app. IMIR Ment Health 2018 Jan 10;5(1):e3 [FREE Full text] [doi:
10.2196/mental.8634] [Medline: 29321122]

Lipschitz DL, Landward R, Nakamura Y. An exploratory study of an online mind—body program for poor sleepersin a
community sample. Eur J Integr Med 2014 Feb;6(1):48-55. [doi: 10.1016/.eujim.2013.10.002]

AvalosLA, Aghaee S, Kurtovich E, Quesenberry Jr C, Nkemere L, McGinnis MK, et a. A mobile health mindfulness
intervention for women with moderate to moderately severe postpartum depressive symptoms: feasibility study. IMIR
Ment Health 2020 Nov 12;7(11):e17405 [FREE Full text] [doi: 10.2196/17405] [Medline: 33180028]

Werner-Seidler A, Johnston L, Christensen H. Digitally-delivered cognitive-behavioural therapy for youth insomnia: a
systematic review. Internet Interv 2018 Mar;11:71-78 [FREE Full text] [doi: 10.1016/j.invent.2018.01.007] [Medline:
30135762]

Zachariae R, Lyby M S, Ritterband LM, O'Toole M S. Efficacy of internet-delivered cognitive-behavioral therapy for
insomnia - a systematic review and meta-analysis of randomized controlled trials. Sleep Med Rev 2016 Dec;30:1-10. [doi:
10.1016/j.smrv.2015.10.004] [Medline: 26615572]

https://www.jmir.org/2023/1/e39250 JMed Internet Res 2023 | vol. 25 | €39250 | p. 28

(page number not for citation purposes)


https://europepmc.org/abstract/MED/30264137
http://dx.doi.org/10.1001/jamapsychiatry.2018.2745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30264137&dopt=Abstract
https://europepmc.org/abstract/MED/32286659
http://dx.doi.org/10.1001/jamanetworkopen.2020.2775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32286659&dopt=Abstract
https://europepmc.org/abstract/MED/31597502
http://dx.doi.org/10.1080/13814788.2019.1658190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31597502&dopt=Abstract
https://www.jmir.org/2001/2/e20/
http://dx.doi.org/10.2196/jmir.3.2.e20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11720962&dopt=Abstract
https://europepmc.org/abstract/MED/34035953
https://europepmc.org/abstract/MED/34035953
http://dx.doi.org/10.15420/cfr.2020.28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34035953&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-017-1473-1
http://dx.doi.org/10.1186/s12888-017-1473-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28851342&dopt=Abstract
http://dx.doi.org/10.1016/j.ceh.2019.08.001
https://www.i-jmr.org/2016/1/e5/
http://dx.doi.org/10.2196/ijmr.4217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26860333&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(19)30199-2
http://dx.doi.org/10.1016/S2589-7500(19)30199-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33328037&dopt=Abstract
https://formative.jmir.org/2020/11/e22507/
http://dx.doi.org/10.2196/22507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33252350&dopt=Abstract
https://www.jmir.org/2022/9/e35772/
http://dx.doi.org/10.2196/35772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36112404&dopt=Abstract
https://formative.jmir.org/2022/8/e38092/
https://formative.jmir.org/2022/8/e38092/
http://dx.doi.org/10.2196/38092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35969431&dopt=Abstract
https://www.jmir.org/2017/7/e257/
http://dx.doi.org/10.2196/jmir.7966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28716769&dopt=Abstract
http://dx.doi.org/10.1080/16506073.2017.1401115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29215315&dopt=Abstract
http://dx.doi.org/10.1093/sleep/zsaa136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32658298&dopt=Abstract
https://mental.jmir.org/2018/1/e3/
http://dx.doi.org/10.2196/mental.8634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29321122&dopt=Abstract
http://dx.doi.org/10.1016/j.eujim.2013.10.002
https://mental.jmir.org/2020/11/e17405/
http://dx.doi.org/10.2196/17405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33180028&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(17)30107-0
http://dx.doi.org/10.1016/j.invent.2018.01.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135762&dopt=Abstract
http://dx.doi.org/10.1016/j.smrv.2015.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26615572&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Deng et d

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.
47.

48.

49,

50.

51.

52.

53.

Soh HL, Ho RC, Ho CS, Tam WW. Efficacy of digital cognitive behavioural therapy for insomnia: a meta-analysis of
randomised controlled trials. Sleep Med 2020 Nov;75:315-325. [doi: 10.1016/j.5leep.2020.08.020] [Medline: 32950013]
Sharafkhaneh A, Salari N, Khazaie S, Ghasemi H, Darvishi N, Hosseinian-Far A, et a. Telemedicine and insomnia: a
comprehensive systematic review and meta-analysis. Sleep Med 2022 Feb;90:117-130. [doi: 10.1016/j.5leep.2022.01.016]
[Medline: 35151065]

Shin JC, Kim J, Grigsby-Toussaint D. Mobile phone interventions for sleep disorders and sleep quality: systematic review.
JMIR Mhealth Uhealth 2017 Sep 07;5(9):€131 [FREE Full text] [doi: 10.2196/mhealth.7244] [Medline: 28882808]
Rayward AT, Murawski B, Duncan MJ, Holliday EG, Vandelanotte C, Brown WJ, et al. Efficacy of an m-health physical
activity and sleep intervention to improve sleep quality in middle-aged adults: the refresh study randomized controlled trial.
Ann Behav Med 2020 Jun 12;54(7):470-483. [doi: 10.1093/abm/kaz064] [Medline: 31942918]

Sunnhed R, Hesser H, Andersson G, Carlbring P, Morin CM, Harvey AG, et al. Comparing internet-delivered cognitive
therapy and behavior therapy with telephone support for insomnia disorder: arandomized controlled trial. Sleep 2020 Feb
13;43(2):zsz245 [FREE Full text] [doi: 10.1093/sleep/zsz245] [Medline: 31608389]

Van der Zweerde T, Lancee J, Slottje P, Bosmans JE, Van Someren EJ, van Straten A. Nurse-guided internet-delivered
cognitive behavioral therapy for insomniain general practice: resultsfrom apragmatic randomized clinical trial. Psychother
Psychosom 2020;89(3):174-184 [FREE Full text] [doi: 10.1159/000505600] [Medline: 32069463]

Vedaa @, Kallestad H, Scott J, Smith OR, Pallesen S, Morken G, et al. Effects of digital cognitive behavioural therapy for
insomnia on insomnia severity: alarge-scale randomised controlled trial. Lancet Digit Health 2020 Aug;2(8):€397-e406
[FREE Full text] [doi: 10.1016/S2589-7500(20)30135-7] [Medline: 33328044]

Chao LL, Kanady JC, Crocker N, Straus LD, Hlavin J, Metzler TJ, et a. Cognitive behavioral therapy for insomniain
veterans with gulf war illness: results from arandomized controlled trial. Life Sci 2021 Aug 15;279:119147 [FREE Full
text] [doi: 10.1016/j.1fs.2021.119147] [Medline: 33549595]

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JP, et al. The PRISMA statement for reporting
systematic reviews and meta-anal yses of studiesthat evaluate health care interventions: explanation and elaboration. JClin
Epidemiol 2009 Oct;62(10):e1-34 [FREE Full text] [doi: 10.1016/].jclinepi.2009.06.006] [Medline: 19631507]
McKenzie JE, Brennan SE, Ryan RE, Thomson HJ, Johnston RV, Thomas J. Defining the criteria for including studies and
how they will be grouped for the synthesis. In: Higgins J°, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al, editors.
Cochrane Handbook for Systematic Reviews of Interventions. 2nd edition. Hoboken, NJ, USA: Wiley Online Library;
2019:33-65.

Chaet AV, Morshedi B, Wells KJ, Barnes LE, Valdez R. Spanish-language consumer health information technol ogy
interventions: a systematic review. JMed Internet Res 2016 Aug 10;18(8):e214 [FREE Full text] [doi: 10.2196/jmir.5794]
[Medline: 27511437]

McHugh ML. Interrater reliability: the kappa statistic. Biochem Med (Zagreb) 2012;22(3):276-282 [FREE Full text]
[Medline: 23092060]

DerSimonian R, Kacker R. Random-effects model for meta-analysis of clinical trials: an update. Contemp Clin Trials 2007
Feb;28(2):105-114. [doi: 10.1016/].cct.2006.04.004] [Medline: 16807131]

Cumming G. Understanding The New Statistics: Effect Sizes, Confidence Intervals, and Meta-Analysis. New York, NY,
USA: Routledge; 2012.

Hedges LV, Olkin |. Statistical Methods for Meta-Analysis. San Diego, CA, USA: Academic Press; 1985.

Higgins JP, Thomas J. Cochrane Handbook for Systematic Reviews of Interventions. 2nd edition. Hoboken, NJ, USA:
Wiley Online Library; 2019.

Viechtbauer W, Cheung MW. Outlier and influence diagnosticsfor meta-analysis. Res Synth M ethods 2010 Apr;1(2):112-125.
[doi: 10.1002/jrsm.11] [Medline: 26061377]

Sterne JA, Sutton AJ, loannidis JP, Terrin N, Jones DR, Lau J, et al. Recommendations for examining and interpreting
funnel plot asymmetry in meta-analyses of randomised controlled trials. BMJ 2011 Jul 22;343:d4002. [doi:
10.1136/bmj.d4002] [Medline: 21784880]

Duva S, Tweedie R. Trim and fill: a simple funnel-plot-based method of testing and adjusting for publication biasin
meta-analysis. Biometrics 2000 Jun;56(2):455-463. [doi: 10.1111/j.0006-341x.2000.00455.x] [Medline: 10877304]
Stata Statistical Software: Release 14. StataCorp. College Station, TX, USA: StataCorp; 2015 Oct. URL: https://www.
stata.com/statal4/ [accessed 2015-10-01]

Sterne JA, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et al. RoB 2: arevised tool for assessing risk of bias
in randomised trials. BMJ 2019 Aug 28;366:14898 [ FREE Full text] [doi: 10.1136/bm;j.I14898] [Medline: 31462531]
Bedford LA, Dietch JR, Taylor DJ, Boals A, Zayfert C. Computer-guided problem-solving treatment for depression, PTSD,
and insomnia symptomsin student veterans: a pilot randomized controlled trial. Behav Ther 2018 Sep;49(5): 756-767. [doi:
10.1016/j.beth.2017.11.010] [Medline: 30146142)

Bernstein AM, Allexandre D, Bena J, Doyle J, Gendy G, Wang L, et a. "Go! to sleep": aweb-based therapy for insomnia.
Telemed J E Health 2017 Jul;23(7):590-599. [doi: 10.1089/tmj.2016.0208] [Medline: 28112590]

https://www.jmir.org/2023/1/e39250 JMed Internet Res 2023 | vol. 25 | €39250 | p. 29

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.sleep.2020.08.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32950013&dopt=Abstract
http://dx.doi.org/10.1016/j.sleep.2022.01.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35151065&dopt=Abstract
https://mhealth.jmir.org/2017/9/e131/
http://dx.doi.org/10.2196/mhealth.7244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28882808&dopt=Abstract
http://dx.doi.org/10.1093/abm/kaz064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31942918&dopt=Abstract
https://europepmc.org/abstract/MED/31608389
http://dx.doi.org/10.1093/sleep/zsz245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31608389&dopt=Abstract
https://www.karger.com?DOI=10.1159/000505600
http://dx.doi.org/10.1159/000505600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32069463&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(20)30135-7
http://dx.doi.org/10.1016/S2589-7500(20)30135-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33328044&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0024-3205(21)00132-6
https://linkinghub.elsevier.com/retrieve/pii/S0024-3205(21)00132-6
http://dx.doi.org/10.1016/j.lfs.2021.119147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33549595&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0895-4356(09)00180-2
http://dx.doi.org/10.1016/j.jclinepi.2009.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19631507&dopt=Abstract
https://www.jmir.org/2016/8/e214/
http://dx.doi.org/10.2196/jmir.5794
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27511437&dopt=Abstract
https://europepmc.org/abstract/MED/23092060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23092060&dopt=Abstract
http://dx.doi.org/10.1016/j.cct.2006.04.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16807131&dopt=Abstract
http://dx.doi.org/10.1002/jrsm.11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26061377&dopt=Abstract
http://dx.doi.org/10.1136/bmj.d4002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21784880&dopt=Abstract
http://dx.doi.org/10.1111/j.0006-341x.2000.00455.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10877304&dopt=Abstract
https://www.stata.com/stata14/
https://www.stata.com/stata14/
https://eprints.whiterose.ac.uk/150579/
http://dx.doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31462531&dopt=Abstract
http://dx.doi.org/10.1016/j.beth.2017.11.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30146142&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2016.0208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28112590&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Deng et d

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

BlomK, Tarkian Tillgren H, Wiklund T, Danlycke E, Forssén M, Soderstrom A, et al. Internet-vs. group-delivered cognitive
behavior therapy for insomnia: a randomized controlled non-inferiority trial. Behav Res Ther 2015 Jul;70:47-55 [FREE
Full text] [doi: 10.1016/].brat.2015.05.002] [Medline: 25981329]

Cheng P, Luik Al, Fellman-Couture C, Peterson E, Joseph CL, Tallent G, et a. Efficacy of digital CBT for insomniato
reduce depression across demographic groups: arandomized trial. Psychol Med 2019 Feb;49(3):491-500 [FREE Full text]
[doi: 10.1017/S0033291718001113] [Medline: 29792241]

Christensen H, Batterham PJ, Gosling JA, Ritterband LM, Griffiths KM, Thorndike FP, et a. Effectiveness of an online
insomnia program (SHUTI) for prevention of depressive episodes (the GoodNight Study): a randomised controlled trial.
Lancet Psychiatry 2016 Apr;3(4):333-341. [doi: 10.1016/S2215-0366(15)00536-2] [Medline: 26827250]

Ebert DD, Berking M, Thiart H, Riper H, Laferton JA, Cuijpers P, et a. Restoring depleted resources: efficacy and
mechanisms of change of an I nternet-based unguided recovery training for better sleep and psychological detachment from
work. Health Psychol 2015 Dec;34S:1240-1251. [doi: 10.1037/hea0000277] [Medline: 26651465]

Espie CA, Kyle SD, Williams C, Ong JC, Douglas NJ, Hames P, et al. A randomized, placebo-controlled trial of online
cognitive behavioral therapy for chronic insomnia disorder delivered via an automated media-rich web application. Sleep
2012 Jun 01;35(6):769-781 [FREE Full text] [doi: 10.5665/sleep.1872] [Medline: 22654196]

Freeman DI, Sheaves B, Goodwin GM, Yu LM, Nickless A, Harrison PJ, et al. The effects of improving sleep on mental
health (OASIS): arandomised controlled trial with mediation analysis. Lancet Psychiatry 2017 Oct;4(10):749-758 [FREE
Full text] [doi: 10.1016/S2215-0366(17)30328-0] [Medline: 28888927]

Glozier N, Christensen H, Griffiths KM, Hickie IB, Naismith SL, Biddle D, et a. Adjunctive internet-delivered cognitive
behavioural therapy for insomniain men with depression: arandomised controlled trial. Aust N Z J Psychiatry 2019
Apr;53(4):350-360. [doi: 10.1177/0004867418797432] [Medline: 30191722]

Hagatun S, Vedaa @, Harvey AG, Nordgreen T, Smith OR, Pallesen S, et al. Internet-delivered cognitive-behavioral therapy
for insomniaand comorbid symptoms. Internet Interv 2018 Jun;12:11-15 [FREE Full text] [doi: 10.1016/j.invent.2018.02.003]
[Medline: 30135764]

Ho FY, Chung KF, Yeung WF, Ng TH, Cheng SK. Weekly brief phone support in self-help cognitive behavioral therapy
for insomniadisorder: relevance to adherence and efficacy. Behav Res Ther 2014 Dec;63:147-156. [doi:
10.1016/j.brat.2014.10.002] [Medline: 25461790]

Horsch CH, Lancee J, Griffioen-Both F, Spruit S, Fitrianie S, Neerincx MA, et al. Mobile phone-delivered cognitive
behavioral therapy for insomnia: a randomized waitlist controlled trial. JMed Internet Res 2017 Apr 11;19(4):e70 [FREE
Full text] [doi: 10.2196/jmir.6524] [Medline: 28400355]

Krieger T, Urech A, Duss SB, Bléttler L, Schmitt W, Gast H, et al. A randomized controlled trial comparing guided
internet-based multi-component treatment and internet-based guided sleep restriction treatment to care asusual ininsomnia.
Sleep Med 2019 Oct;62:43-52. [doi: 10.1016/j.5leep.2019.01.045] [Medline: 31541851]

Lancee J, van den Bout J, van Straten A, Spoormaker V1. Internet-delivered or mailed self-help treatment for insomnia?:
arandomized waiting-list controlled trial. Behav Res Ther 2012 Jan;50(1):22-29. [doi: 10.1016/j.brat.2011.09.012] [Medline:
22055281]

Lancee J, van Straten A, MorinaN, Kaldo V, Kamphuis JH. Guided online or face-to-face cognitive behavioral treatment
for insomnia: arandomized wait-list controlled trial. Sleep 2016 Jan 01;39(1):183-191 [FREE Full text] [doi:
10.5665/sleep.5344] [Medline: 26414893]

Lorenz N, Heim E, Roetger A, Birrer E, Maercker A. Randomized controlled trial to test the efficacy of an unguided online
intervention with automated feedback for the treatment of insomnia. Behav Cogn Psychother 2019 May;47(3):287-302
[FREE Full text] [doi: 10.1017/S1352465818000486] [Medline: 30185239]

McCurry SM, Guthrie KA, Morin CM, Woods NF, Landis CA, Ensrud KE, et a. Telephone-based cognitive behavioral
therapy for insomniain perimenopausal and postmenopausal women with vasomotor symptoms: a MsFLASH randomized
clinical trial. JAMA Intern Med 2016 Jul 01;176(7):913-920 [FREE Full text] [doi: 10.1001/jamainternmed.2016.1795]
[Medline: 27213646]

McGrath ER, Espie CA, Power A, Murphy AW, Newell J, Kelly C, et a. Sleep to lower elevated blood pressure: arandomized
controlled trial (SLEPT). Am JHypertens 2017 Mar 01;30(3):319-327. [doi: 10.1093/ajh/hpw132] [Medline; 28391289]
Lappalainen P, Langrial S, Oinas-Kukkonen H, MuotkaJ, Lappalainen R. ACT for sleep - internet-delivered self-help ACT
for sub-clinical and clinical insomnia: a randomized controlled trial. J Contextual Behav Sci 2019 Apr;12:119-127. [doi:
10.1016/j.jcbs.2019.04.001]

Fillai V, Anderson JR, Cheng P, Bazan L, Bostock S, Espie CA, et al. The anxiolytic effects of cognitive behavior therapy
for insomnia: preliminary results from aweb-delivered protocol. J Sleep Med Disord 2015;2(2):1017 [FREE Full text]
[Medline: 32195356]

Ritterband LM, Thorndike FP, Gonder-Frederick LA, Magee JC, Bailey ET, Saylor DK, et a. Efficacy of an internet-based
behavioral intervention for adults with insomnia. Arch Gen Psychiatry 2009 Jul;66(7):692-698 [FREE Full text] [doi:
10.1001/archgenpsychiatry.2009.66] [Medline: 19581560]

https://www.jmir.org/2023/1/€39250 JMed Internet Res 2023 | val. 25 | €39250 | p. 30

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S0005-7967(15)00077-7
https://linkinghub.elsevier.com/retrieve/pii/S0005-7967(15)00077-7
http://dx.doi.org/10.1016/j.brat.2015.05.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25981329&dopt=Abstract
https://europepmc.org/abstract/MED/29792241
http://dx.doi.org/10.1017/S0033291718001113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29792241&dopt=Abstract
http://dx.doi.org/10.1016/S2215-0366(15)00536-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26827250&dopt=Abstract
http://dx.doi.org/10.1037/hea0000277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26651465&dopt=Abstract
https://europepmc.org/abstract/MED/22654196
http://dx.doi.org/10.5665/sleep.1872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22654196&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2215-0366(17)30328-0
https://linkinghub.elsevier.com/retrieve/pii/S2215-0366(17)30328-0
http://dx.doi.org/10.1016/S2215-0366(17)30328-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28888927&dopt=Abstract
http://dx.doi.org/10.1177/0004867418797432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30191722&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(17)30111-2
http://dx.doi.org/10.1016/j.invent.2018.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135764&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2014.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25461790&dopt=Abstract
https://www.jmir.org/2017/4/e70/
https://www.jmir.org/2017/4/e70/
http://dx.doi.org/10.2196/jmir.6524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28400355&dopt=Abstract
http://dx.doi.org/10.1016/j.sleep.2019.01.045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31541851&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2011.09.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22055281&dopt=Abstract
https://europepmc.org/abstract/MED/26414893
http://dx.doi.org/10.5665/sleep.5344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26414893&dopt=Abstract
https://doi.org/10.5167/uzh-157067
http://dx.doi.org/10.1017/S1352465818000486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30185239&dopt=Abstract
https://europepmc.org/abstract/MED/27213646
http://dx.doi.org/10.1001/jamainternmed.2016.1795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27213646&dopt=Abstract
http://dx.doi.org/10.1093/ajh/hpw132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28391289&dopt=Abstract
http://dx.doi.org/10.1016/j.jcbs.2019.04.001
https://europepmc.org/abstract/MED/32195356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32195356&dopt=Abstract
https://europepmc.org/abstract/MED/19581560
http://dx.doi.org/10.1001/archgenpsychiatry.2009.66
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19581560&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Deng et d

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Ritterband LM, Thorndike FP, Ingersoll KS, Lord HR, Gonder-Frederick L, Frederick C, et al. Effect of aweb-based
cognitive behavior therapy for insomniaintervention with 1-year follow-up: arandomized clinical trial. JAMA Psychiatry
2017 Jan 01;74(1):68-75. [doi: 10.1001/jamapsychiatry.2016.3249] [Medline: 27902836]

Sato D, YoshinagaN, Nagai E, Nagai K, Shimizu E. Effectiveness of internet-delivered computerized cognitive behavioral
therapy for patients with insomniawho remain symptomatic foll owing pharmacotherapy: randomized controlled exploratory
trial. JMed Internet Res 2019 Apr 11;21(4):€12686 [FREE Full text] [doi: 10.2196/12686] [Medline: 30973344]

Strom L, Pettersson R, Andersson G. Internet-based treatment for insomnia: a controlled evaluation. J Consult Clin Psychol
2004 Feb;72(1):113-120. [doi: 10.1037/0022-006X.72.1.113] [Medline: 14756620]

Suzuki E, TsuchiyaM, Hirokawa K, Taniguchi T, Mitsuhashi T, Kawakami N. Evaluation of an internet-based self-help
program for better quality of sleep among Japanese workers: a randomized controlled trial. J Occup Health
2008;50(5):387-399 [FREE Full text] [doi: 10.1539/joh.17154] [Medline: 18716392]

Taylor DJ, Peterson AL, PruiksmaKE, Young-McCaughan S, Nicholson K, Mintz J, STRONG STAR Consortium. Internet
and in-person cognitive behavioral therapy for insomniain military personnel: arandomized clinical trial. Sleep 2017 Jun
01,40(6):zsx075. [doi: 10.1093/dleep/zsx075] [Medline: 28472528)

van der Zweerde T, van Straten A, Effting M, Kyle SD, Lancee J. Does online insomnia treatment reduce depressive
symptoms? A randomized controlled trial in individual s with both insomnia and depressive symptoms. Psychol Med 2019
Feb;49(3):501-509 [FREE Full text] [doi: 10.1017/S0033291718001149] [Medline: 29747706]

van Straten A, Emmelkamp J, de Wit J, Lancee J, Andersson G, van Someren EJ, et al. Guided Internet-delivered cognitive
behavioural treatment for insomnia: arandomized trial. Psychol Med 2014 May;44(7):1521-1532. [doi:
10.1017/S0033291713002249] [Medline: 24001364]

Vincent N, Lewycky S. Logging on for better Sleep: RCT of the effectiveness of online treatment for insomnia. Sleep 2009
Jun;32(6):807-815 [FREE Full text] [doi: 10.1093/sleep/32.6.807] [Medline: 19544758]

Somryst. URL: https://www.somryst.com/ [accessed 2023-02-22]

Sleepio. URL: https://www.dleepio.com/ [accessed 2023-02-22]

i-Sleep. URL: https://www.i-sleep.nl/ [accessed 2023-02-22]

Tsai HJ, Yang AC, Zhu JD, Hsu Y'Y, Hsu TF, Tsai SJ. Effectiveness of digital cognitive behavioral therapy for insomnia
inyoung people: preliminary findings from systematic review and meta-analysis. JPersMed 2022 Mar 16;12(3):481 [FREE
Full text] [doi: 10.3390/jpm12030481] [Medline: 35330480]

Seyffert M, Lagisetty P, Landgraf J, ChopraV, Pfeiffer PN, Conte ML, et al. Internet-delivered cognitive behavioral therapy
to treat insomnia: a systematic review and meta-analysis. PLoS One 2016 Feb 11;11(2):e0149139 [FREE Full text] [doi:
10.1371/journal .pone.0149139] [Medline: 26867139]

Shen H, van der Kleij RM, van der Boog PJ, Chang X, Chavannes NH. Electronic health self-management interventions
for patients with chronic kidney disease: systematic review of quantitative and qualitative evidence. JMed Internet Res
2019 Nov 05;21(11):e12384 [FREE Full text] [doi: 10.2196/12384] [Medline: 31687937]

Espie CA. "Stepped care": ahealth technology solution for delivering cognitive behavioral therapy as afirst line insomnia
treatment. Sleep 2009 Dec;32(12):1549-1558 [FREE Full text] [doi: 10.1093/sleep/32.12.1549] [Medline: 20041590]
Phillips EA, Gordeev V'S, Schreydgg J. Effectiveness of occupational e-mental health interventions: a systematic review
and meta-analysis of randomized controlled trials. Scand J Work Environ Health 2019 Nov 01;45(6):560-576 [ FREE Full
text] [doi: 10.5271/5jweh.3839] [Medline: 31184758]

Erbe D, Eichert HC, Riper H, Ebert DD. Blending face-to-face and internet-based interventions for the treatment of mental
disordersin adults: systematic review. JMed Internet Res 2017 Sep 15;19(9):e306 [ FREE Full text] [doi: 10.2196/jmir.6588]
[Medline: 28916506]

Barton S, Armstrong P, Wicks L, Freeman E, Meyer TD. Treating complex depression with cognitive behavioural therapy.
Cogn Behav Ther 2017 Dec 01;10:E17. [doi: 10.1017/s1754470x17000149]

Weagner LI, Duffecy J, Lehman KA, Sanford SD, Begale M, Nawacki E, et al. Randomized clinical trial to evaluate an
e-health intervention for fear of cancer recurrence, anxiety, and depression among cancer survivors. J Clin Oncol 2011
May 20;29(15_suppl): TPS237. [doi: 10.1200/jc0.2011.29.15 suppl.tps237]

Zachariae R, Amidi A, Damholdt MF, Clausen CD, Dahlgaard J, Lord H, et al. Internet-delivered cognitive-behavioral
therapy for insomniain breast cancer survivors: arandomized controlled trial. JNatl Cancer Inst 2018 Aug 01;110(8):880-887
[FREE Full text] [doi: 10.1093/jnci/djx293] [Medline: 29471478]

Lin CY, Ganji M, Griffiths MD, Bravell ME, Brostrom A, Pakpour AH. Mediated effects of insomnia, psychological
distress and medication adherence in the association of eHealth literacy and cardiac events among Iranian older patients
with heart failure: alongitudinal study. Eur J Cardiovasc Nurs 2020 Feb;19(2):155-164. [doi: 10.1177/1474515119873648]
[Medline: 31516036]

Mellor A, Kavaliotis E, Mascaro L, Drummond SP. Approaches to the assessment of adherence to CBT-I, predictors of
adherence, and the association of adherence to outcomes: a systematic review. Sleep Med Rev 2022 Jun;63:101620. [doi:
10.1016/j.smrv.2022.101620] [Medline: 35398650]

https://www.jmir.org/2023/1/e39250 JMed Internet Res 2023 | vol. 25 | €39250 | p. 31

(page number not for citation purposes)


http://dx.doi.org/10.1001/jamapsychiatry.2016.3249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27902836&dopt=Abstract
https://www.jmir.org/2019/4/e12686/
http://dx.doi.org/10.2196/12686
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30973344&dopt=Abstract
http://dx.doi.org/10.1037/0022-006X.72.1.113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14756620&dopt=Abstract
http://joi.jlc.jst.go.jp/JST.JSTAGE/joh/L7154?from=PubMed
http://dx.doi.org/10.1539/joh.l7154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18716392&dopt=Abstract
http://dx.doi.org/10.1093/sleep/zsx075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28472528&dopt=Abstract
https://europepmc.org/abstract/MED/29747706
http://dx.doi.org/10.1017/S0033291718001149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29747706&dopt=Abstract
http://dx.doi.org/10.1017/S0033291713002249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24001364&dopt=Abstract
https://europepmc.org/abstract/MED/19544758
http://dx.doi.org/10.1093/sleep/32.6.807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19544758&dopt=Abstract
https://www.somryst.com/
https://www.sleepio.com/
https://www.i-sleep.nl/
https://www.mdpi.com/resolver?pii=jpm12030481
https://www.mdpi.com/resolver?pii=jpm12030481
http://dx.doi.org/10.3390/jpm12030481
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35330480&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0149139
http://dx.doi.org/10.1371/journal.pone.0149139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26867139&dopt=Abstract
https://www.jmir.org/2019/11/e12384/
http://dx.doi.org/10.2196/12384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31687937&dopt=Abstract
https://europepmc.org/abstract/MED/20041590
http://dx.doi.org/10.1093/sleep/32.12.1549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20041590&dopt=Abstract
https://www.sjweh.fi/article/3839
https://www.sjweh.fi/article/3839
http://dx.doi.org/10.5271/sjweh.3839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31184758&dopt=Abstract
https://www.jmir.org/2017/9/e306/
http://dx.doi.org/10.2196/jmir.6588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28916506&dopt=Abstract
http://dx.doi.org/10.1017/s1754470x17000149
http://dx.doi.org/10.1200/jco.2011.29.15_suppl.tps237
https://europepmc.org/abstract/MED/29471478
http://dx.doi.org/10.1093/jnci/djx293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29471478&dopt=Abstract
http://dx.doi.org/10.1177/1474515119873648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31516036&dopt=Abstract
http://dx.doi.org/10.1016/j.smrv.2022.101620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35398650&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Deng et d

Abbreviations

CBT: cognitive behavioral therapy

CBT-I: cognitive behavioral therapy for insomnia

eCBT: eHealth-based cognitive behavioral therapy

NWAK: number of nocturnal awakenings

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial

SOL: dleep onset latency

TST: total deeptime

WASO: wake after sleep onset
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