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Abstract

Purpose: The current study aims to quantify the effect of brief behavioral treatment for insomnia 

(BBTI) studies through meta-analysis.

Method: Searches were performed from inception to February 2020, reporting on the effects 

of BBTI using randomized controlled trials (RCT) (adults aged 32 to 84). The main outcome 

measures were sleep onset latency (SOL), wake after sleep onset (WASO), sleep efficiency (SE%), 

and total sleep time (TST).

Results: BBTI showed improved SOL compared with control group in mean difference at early 

(−15.42 [95% CI: −33.05 to −12.01; I2 =49%]) and late follow-up (−10.52 [95% CI: −1.12 to 

0.54; I2=93%]). This was statistically significant at early follow-up, but not at late follow-up. The 

improvement of WASO by BBTI over the control group was shown at early follow-up (−17.47 

[95% CI: −2.67 to 0.45; I2=90%]), and was statistically significant. For WASO, a non-statistically 

significant improvement of BBTI over the control group was shown at late follow-up (−12.77 

[95% CI: −22.47 to −3.08; I2=0%]). SE% was shown improved statistically significant by BBTI 

over control group at early (4.47 [95% CI: −0.35 to 9.29; I2=98%]) and at late follow-up (6.52 

[95% CI: −4.00 to 17.05; I2=89%]). The TST was shown no improvement by BBTI at early 

follow-up in mean difference (−2.97 [95% CI −38.83 to 32.90; I2=96%]). At late follow-up, 

TST was shown improvement in BBTI with mean difference (14.52 [95% CI: −31.64 to 60.68; 

I2=94%]) compared with the control group.

Conclusion: Current evidence suggests that BBTI can be considered preliminarily efficacious 

and can be used for samples of middle-aged and older adults.
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An insomnia diagnosis consists of subjective complaints about difficulty initiating 

or maintaining sleep, early morning awakening, and/or experiencing chronically non-
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restorative sleep consistently over time, despite having adequate sleep opportunity (Buysse 

et al., 2017). Insomnia is the most prevalent sleep disorder (Morin & Benca, 2012), with 

symptoms occurring in 30 to 35% of the general population (Morin et al., 2015). Negative 

public health outcomes from insomnia, include: decline in cognitive functioning (Wardle-

Pinkston et al., 2019), functional status (Spira et al., 2014), and immune system (Savard 

et al., 2003; Asif et al., 2017), as well as increased susceptibility to chronic disease and 

mortality risk (Fernandez-Mendoza, & Vgontzas, 2013; Javaheri & Redline, 2017; Li et 

al., 2014; Parthasarathy et al., 2015). Insomnia further negatively impacts our society by 

reducing work productivity and increased work absenteeism, and healthcare costs (Daley et 

al., 2009; Léger & Bayon, 2010).

Although insomnia can occur on a short term situational, recurrent, or persistent basis, those 

who are most negatively affected suffer prolonged insomnia (Morin & Benca, 2012). Two 

commonly recommended treatments for chronic insomnia are cognitive behavioral therapy 

(CBT) for insomnia and pharmacotherapy (Winkelman, 2015). While pharmacotherapy 

drugs such as benzodiazepine or Z-drugs (e.g., zopiclone, zolpidem, or zaleplon) are 

considered treatment options, limited evidence for long-term efficacy exists along with 

numerous side-effects and addiction risks (Atkin et al., 2018). Current evidence supports 

CBT for insomnia as the first-line treatment for insomnia due to its substantial clinical 

efficacy and good management stability (Edinger et al., 2021; Qaseem et al., 2016; Riemann 

et al., 2017).

CBT for insomnia includes a combination of stimulus control (establishing regular 

schedules and bedroom-sleep association, consolidating sleep to nighttime), arousal 

reduction (implementing calming pre-bedtime activities such as utilizing relaxation-imagery 

techniques), cognitive therapy, improving sleep hygiene practices, and sleep restriction 

(temporarily limiting hours staying in bed to increase sleep efficiency) (Morin et al., 2006). 

A number of recent systematic reviews and meta-analyses provide evidence on the efficacy 

of CBT for insomnia with clinically meaningful effect sizes (Thakral et al., 2020; Trauer 

et al., 2015; van Straten et al., 2018). However, challenges remain in implementing CBT 

for insomnia with time and labor-intensive sessions. In addition, there is a dire shortage of 

specialty-trained clinical psychologists, and varying patient’s willingness and availability to 

attend up to 8 treatment sessions (Morin, 2010; Troxel et al., 2012).

To overcome these limitations, Buysse and colleagues (Buysse et al., 2011; Germain et al., 

2006) developed a brief, manualized behavioral treatment program entitled brief behavioral 
treatment for insomnia (BBTI). The primary components of BBTI consist of stimulus 

control and sleep restrictions, targeted to facilitate sleep onset, consolidate sleep, promote 

restorative sleep, and improve alertness during daytime (Troxel et al., 2012). Designed to 

be relevant in the general medical settings including primary care or community settings, 

BBTI has become more accessible and acceptable for patients with or without comorbidities 

and for those taking medications (Troxel et al., 2012). Moreover, the brief sessions can be 

administered over a short period of time, deliverable by a healthcare professional without 

needing intensive specialty training in behavioral sleep (Troxel et al., 2012). As a result, 

BBTI is increasingly being acknowledged as a practical and constructive method of treating 

insomnia that can be implemented across various population groups (Edinger et al., 2021).
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To the best of our knowledge, there is no meta-analysis of the efficacy of BBTI in the 

literature. A recently published review provides a brief overview of BBTI with important 

insights on its effectiveness in tandem with limitations and future direction for research 

(Gunn et al., 2019). However, the previous review omits quantifying the effects, and 

appraisal of relevant empirical evidence. Therefore, we conducted the first comprehensive 

meta-analysis of studies examining the effects of BBTI across the general population. 

Rather than restricting our sample to certain types of comparison conditions or age groups, 

we decided to include all types of control groups (i.e. waitlist controls, passive controls, 

and attention controls). Hence, our review sought to conduct a systematic appraisal of all 

currently available RCT studies on BBTI on the general population suffering with insomnia, 

and evaluate the evidence for the effects of BBTI compared with a variety of control 

conditions.

METHODS

Data Source

Employing Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 

guidelines (Moher et al., 2015), a systematic, structured electronic search on academic 

databases including PubMed, CINAHL, PsycINFO, and Web of Science was performed. 

In addition, a backward search (snowballing) was conducted of reference lists of identified 

articles and review, as well as, forward search (citation tracking) until no additional relevant 

articles were found. The following search terms were used: (brief behavioral intervention 

OR brief behavioral treatment OR brief behavioural intervention OR brief behavioural 

treatment) AND insomnia. The search was conducted on February 15, 2020, and included 

articles published since inception to February 2020. Figure 1 shows the flow of documents 

through the identification, screening, eligibility, and inclusion stages of the review.

Eligibility Criteria

Studies were eligible for inclusion if the intervention used BBTI treatment components to 

deliver education about insomnia targeting the general population. For the purpose of this 

review, BBTI has been defined as the multicomponent behavioral intervention that integrates 

principles of stimulus control (Bootzin et al., 1991) and/sleep restriction (Spielman et al., 

1987), but does not include cognitive restructuring or relaxation components (e.g., imagery 

rehearsal therapy, mindfulness, yoga etc.) during the treatment as outlined by Troxel 

and colleagues (2012). There were no inclusion or exclusion criteria regarding sample 

characteristics to study samples that demonstrate a range of insomnia severity, from clinical 

samples to community samples of all ages with or without other co-morbid conditions 

suffering from symptoms of insomnia.

Peer reviewed publications of quantitative study designs including only RCTs were eligible 

for inclusion in the meta-analysis. In addition, all studies that met the inclusion criteria, 

yet were secondary data analysis of an included original study have been excluded to avoid 

duplicating outcomes. However, there was an exception where we used some data from 

the secondary data analysis (McCrae et al., 2020) that were not reported in the original 

study (McCrae et al., 2018) to perform our meta-analysis. We excluded studies that did 
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not follow the BBTI previously defined. Protocol papers, case studies, reviews, non-peer 

reviewed articles, non-English publications, grey literature, published abstracts, conference 

proceedings, theses, dissertations, review articles, commentaries, and treatment guidelines or 

manuals were also excluded. We have furthermore included a list of pertinent reference of 

articles that were considered but excluded with reasons (Supplemental Material 1).

Statistical Analysis

A meta-analysis was performed on the mean differences and 95% confidence intervals (CI) 

calculated for each study to examine the effectiveness of the BBTI compared to control 

conditions. The main outcome measures of interest were sleep diary measures of sleep onset 

latency (SOL), wake after sleep onset (WASO), sleep efficiency (SE%), and total sleep 

time (TST). These were selected based on the most commonly and consistently reported 

sleep measures that were also relevant when interpreting findings similar to a previously 

published meta-analysis study on CBT for insomnia (Trauer et al., 2015). Secondary 

outcome measures included actigraphy and polysomnography (PSG) assessed SOL, WASO, 

SE%, and TST. We estimated the mean and variance from the median, range and size of a 

sample using Hozo et al.’s method (2005) for the studies reporting median and range instead 

of mean and standard deviation. A simplified mean estimation is given by

X ≈ a + 2m + b
4 ,

and the sample standard deviation is estimated by

S ≈ b − a
4 ,

Where a = the minimum value, m = the median, b = the maximum value.

Three time points were defined as follows for the purpose of the analysis: baseline, early 

follow-up (1 week to < 8 weeks after completion of the treatment), and late follow-up (8 

to 24 weeks after completion of the treatment). All analyses used random-effects models. 

Heterogeneity in meta-analysis measures the variation in mean difference among studies. 

Heterogeneity was assessed using the I2 statistic (25%=low, 50%=moderate, 75%=high; 

Higgins et al., 2003), where I2 measures the proportion of observed variance that reflects the 

difference in effect size (Borenstein et al., 2011). The Knapp-Hartung method produced 

more robust pooled estimates of the variance. The effect sizes were calculated based 

on Cohen’s d and interpreted as: 0.2=small, 0.5=medium, 0.8=large (Cohen, 1992). All 

analyses were conducted using meta package in R, version 3.6.1 (R Foundation for 

Statistical Computing) according to the recent standard procedures (Balduzzi et al., 2019).

Quality Assessment

Quality of the studies were assessed for all included studies by two independent reviewers 

(GD, SD) using the RCT assessment quality domains tool from the Agency for Healthcare 
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Research and Quality (AHRQ) evaluation tools (West et al., 2002). Detailed description of 

each domain, criteria and evaluation is provided in Table 2.

RESULTS

To determine the studies for the meta-analysis, after excluding the overlap of original studies 

and those providing insufficient data, 10 RCTs were used for the pooled estimates to 

perform meta-analysis.

Characteristics of Included Studies

A total of 496 participants with insomnia of various age groups (ranging from middle to 

older adults) were included in the meta-synthesis. Ages varied from 32 to 84 years old, but 

the majority (76%) of the participants were adults older than 50 years old (n=377). Sex was 

predominantly female (60%) and all studies were conducted in US (n=10). The studies’ 

population samples included: 5 studies of adults from the general population without 

significant psychiatric or physical health comorbidities (Buysse et al., 2011; Fuller et al., 

2016; Germain et al., 2006; McCrae et al., 2018; Pallesen et al., 2003). Other studies focused 

on unique populations: one study of adult lung cancer survivors (Dean et al., 2020); one 

study of combat-exposed veterans (Germain et al., 2014); one study of adult patients with 

symptomatic heart failure (Harris et al., 2019); one study of adults with treatment resistant 

insomnia (Wang et al., 2016); and one study with adult psychiatric outpatients (Watanabe 

et al., 2011). The range of populations demonstrates the broad incidences of insomnia in a 

variety of groups.

Outcome Measures

Sleep diary data were used to measure subjective sleep outcomes (SOL, SE%, WASO, TST) 

in the majority of the studies (n=8). Actigraphy sleep parameter data was used in one study, 

and another study obtained sleep outcome data quantified from the Pittsburgh Sleep Quality 

Index (PSQI) data. The most prevalent self-reported sleep questionnaires used were PSQI 

(n=7) and Insomnia Severity Index (ISI, n=5). Table 1 provides the detailed description of 

the study characteristics.

Interventions

BBTI was delivered through two face-to-face individual sessions (n=5) with two phone 

call follow-ups. One study delivered BBTI via three individual sessions with no phone call 

follow-up (Fuller et al., 2016), two studies via four individual sessions with no follow-up 

(Pallesen et al., 2003; Watanabe et al., 2011), and one study had an in-person 3-month 

follow-up (McCrae et al., 2018). Across studies, interventionists ranged from registered 

nurses and nurse practitioners, pharmacists, social worker, clinical psychologists, to students 

in health science programs. Detailed descriptions of the characteristic of BBTI programs are 

summarized in Supplemental Material 2.

BBTI along with follow-up sessions included brief phone calls that emphasized reviewing 

treatment progress in addition to relapse prevention and adherence reinforcement, discussing 

any sleep challenges identified in weekly sleep diaries, and assessing the need to increase 
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time allowed in bed if shown improvement. For control and comparative conditions, BBTIs 

were compared to waitlist (n=1), treatment as usual (n=2), information materials hand-outs 

(n=3), self-monitoring (n=2), healthy eating program (n=1), and sleep hygiene education 

(n=1).

Main Efficacy Meta-Analysis

The results for the main outcomes of sleep diary measures with mean difference are 

presented in Figure 2, Figure 3, Figure 4, and Figure 5 for SOL, WASO, SE%, and TST, 

respectively. The results with effect size are shown in Supplemental Material 3.

The SOL was statistically significantly improved after BBTI intervention compared to 

control with a large effect size at early follow-up (Figure 2). At baseline, the pooled estimate 

mean difference between BBTI group and control group was 5.53 minutes (95% CI: 12.91 

to −1.84 minutes; I2 =47%). The control group at baseline had better SOL than the BBTI 

group with a non-significant small effect size (d = 0.37 [95% CI: −0.39 to 1.13; I2=89%]). 

At early follow-up, there was statistically significant improvement in SOL (−15.42 minutes 

[95% CI: −2.32 to −28.54 minutes; I2=91%]) for BBTI intervention. The BBTI group had 

better SOL than the control group with a significant large effect size (d=−1.39 [95% CI: 

−2.75 to −0.03; I2=93%]). Additionally, the improvement was observed at late follow-up 

(−10.52 minutes [95% CI: 12.01 to −33.05 minutes; I2=49%]), but was not statistically 

significant. The BBTI group had better SOL than the control group with a non-significant 

small effect size (d=−0.29 [95% CI: −1.12 to 0.54; I2=93%]).

The WASO had improvement after BBTI interventions at early follow-up, with the pooled 

mean difference of −17.47 minutes (95% CI: 4.41 to −39.35 minutes; I290%). However, 

the statistical significance was not achieved for WASO during the late follow-up. The 

large effect size was statistically significant (d=−1.11 [95% CI: −2.67 to 0.45; I2=95%]) 

at early follow-up. Improvement was maintained but was not statistically significant at late 

follow-up, with the pooled mean difference of −12.77 minutes (95% CI: −3.08 to −22.47 

minutes; I2=0%) (Figure 3), and the effect size was small and not statistically significant 

(d=−0.48 [95% CI: −0.99 to 0.12; I2=47%]).

The BBTI intervention had improvement in SE% both at early and late follow-up each with 

a large effect size (Figure 4). At baseline, the pooled estimate of mean difference of SE% 

between BBTI group and control group was −3.21% (95% CI: −6.63% to 0.22%; I2=88%) 

favoring control group. There was statistically significant improvement in both the early 

follow-up (4.47% [95% CI: −0.35% to 9.29%; I2=98%]) for BBTI intervention and at late 

follow-up (6.52% [95% CI: −4.00%, 17.05%; I2=89%]). The effect size comparing BBTI 

and control group was large (d =1.12 [95% CI: −0.30 to 2.54; I2=93%]) and was statistically 

significant at early follow-up, and likewise, was large (d=1.03 [95% CI: −1.55 to 3.61; 

I2=91%]) and statistically significant at late follow-up.
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At the baseline, there was a statistically significant difference in TST for BBTI intervention 

(Figure 5) versus control (−4.59 minutes [95% CI: 10.42 to −19.60 minutes; I2=80%]) 

favoring control group. The effect size comparing BBTI intervention and control group was 

statistically significant (d=−0.14 [95% CI: −0.59 to 0.30; I2=74%]), favoring control group. 

At early follow-up, there was no improvement (−2.97 minutes [95% CI: 32.90 to −38.83 

minutes; I2=96%]) for BBTI intervention when compared to control. BBTI intervention 

revealed statistically significant improvement at late follow-up (14.52 minutes [95% CI: 

60.68 to −31.64 minutes, 60.68; I2=94%]). The BBTI intervention showed statistical 

significance improvement over the control group on TST with effect size at early follow-up 

(d=0.02 [95% CI −1.40 to 1.44; I2=93%]) and late follow-up (d=0.7 [95% CI: −1.07 to 2.47; 

I2=88%]). Overall, there was considerable heterogeneity in the analysis due to the limited 

number of studies considered.

Secondary End Points

In order to compare the effect of BBTI on sleep diary outcomes, with its effects on the 

same outcomes measured by different methods, actigraphy and polysomnography (PSG) 

measures were considered at the post-treatment time point. These results along with effect 

sizes of ISI and PSQI are summarized in Supplemental Material 4. For actigraphy, 2 studies 

(Buysse et al., 2011; McCrae et al., 2018) were available for meta-analysis, estimates for 

effect size were reversed to those seen in the sleep diary measures of the same estimates. 

In other words, although the effect size comparing BBTI and control group with sleep 

diary measures (i.e., SOL, WASO, SE%, and TST) were shown statistically significant, 

this was not seen in actigraphy measures evaluated through two existing studies. For PSG, 

only one study was analyzed (Buysse et al., 2011) and the effect size estimates for SOL 

was similar to the result in the sleep diary measure while the other three variables were 

completely opposite to the results in the sleep diary measures. For ISI, 5 studies were 

available for meta-analysis, the BBTI group was observed statistically significantly better 

than control group with a large effect size (d=−0.96 [95% CI: −2.24 to 0.32; I2=92%]). For 

PSQI, 7 studies were available for meta-analysis, the BBTI group was observed statistically 

significantly better than control group with a large effect size (d=−1.18 [95% CI: −2.35 to 

0.01; I2=90%]).

Risk of Bias

Table 2 summarizes the methodological quality assessment for RCT by domains. All studies 

fully addressed the study question, study population, randomization, outcome measure, 

results, discussion, and funding. The most common deficit was the blinding which was often 

omitted. Only four studies discussed blinding of data collectors. Four of nine studies did not 

include a power analysis to determine the sample size.

DISCUSSION

To our knowledge, this is the first meta-analysis to examine the effects of BBTI. Due to 

the subjective assessment of the insomnia diagnosis, subject’s daily sleep diary measures 

SOL, WASO, SE%, and TST were used to calculate the mean differences. Overall, the 
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present meta-analysis demonstrated that BBTI is an effective treatment for insomnia at early 

follow-up, as it produced meaningful improvements on several subjective sleep parameters. 

There were marked and statistically significant improvements in mean difference in SOL 

and WASO during the early follow-up (1 week to <8 weeks after the completion of BBTI). 

For SE%, statistically significant improvements were shown at both early and at late follow-

up (8 to 24 weeks after completion of BBTI). For TST, statistically significant improvement 

was shown at only late follow-up.

The sleep diary results from the current review are lower, but somewhat comparable to a 

meta-analysis involving 20 studies of CBT for insomnia in adults with chronic insomnia 

that revealed improvements of 19 minutes in SOL, 26 minutes in WASO, 9.9 SE% post-

treatment and 7.6 minutes of TST (Trauer et al., 2015). Our results included follow-up 

improvement of 15 (early) and 11 (late) minutes for SOL, 17 (early) and 13 (late) minutes 

for WASO, 4 (early) and 7 (late) for SE% and 3 (early) and 15 (late) minutes for TST. 

While Trauer et al. (2015) applied narrow inclusion criteria, which minimized heterogeneity 

of included studies, the current review used broad criterion for included studies which 

increased heterogeneity and results may have been negatively impacted.

Overall, BBTI was associated with improved insomnia symptoms of medium to large 

magnitude and can be considered preliminarily efficacious. Despite the encouraging 

results from this meta-analysis, it is not without its limitations. Hence, there are some 

considerations, and future directions for continued work in the field. BBTI may be 

more accessible and adoptable as an insomnia treatment option. First, although sleep 

diary measures were used to calculate the mean differences, there was an exception 

of one study where the sleep measures were abstracted from PSQI which is a past 30-

day recall (Watanabe et al., 2011), and another only reporting SE% measure (Harris et 

al., 2019). Second, the current review is limited by the substantial methodological and 

statistical heterogeneity between studies. Fairly wide inclusion criteria were applied in 

the search due to the limited number of available studies. Included studies were also 

comprised of participants with varied range of ages, varying levels of insomnia symptom 

severity, comorbidity, and clinical vs. non-clinical samples. Although these methodological 

differences may have contributed to statistical heterogeneity, it is important to recognize that 

these could potentially represent the actual variety of samples and methods employed with 

BBTI treatment in various settings.

Thirdly, measures of remission for insomnia disorder were not included due to inconsistency 

of measures. Of the eleven studies included in this review, five included measures of 

remission. The PSQI was used in two (Buysse et al., 2011; Germain et al., 2006), the 

ISI was used in two (Germain et al., 2014; Watanabe et al., 2011), the PSQI and ISI 

were used in one (Harris et al., 2019) to define remission. Fourthly, for the similar reasons 

that effect sizes in pilot studies may be deemed unreliable, statistical outcomes from pilot 

studies may also have similar limitations. Thus, current findings need to be interpreted 

with caution and should be replicated with other larger adequately powered studies. More 

specifically, more RCTs are needed to examine the effectiveness of this treatment compared 

to treatment as usual, attention controls or other behavioral treatments in order to account for 

fluctuations in the SOL, WASO, SE%, and TST over follow up periods effecting assessment. 
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Consistent and prolonged follow up periods are also needed to examine the long-term effects 

of BBTI as most of the reviewed studies followed their participants for ranges of 1 to 6 

months. Lastly, our study did not control for publication bias. Although meta-analyses play 

an important role in evaluating the consistency of study findings and provide guidelines 

for future studies, it has the potential for publication bias and can be limited by the 

data available from published studies that likely report positive and statistically significant 

findings (Dwan et al., 2013).

The American Academy of Sleep Medicine clinical practice guidelines on behavioral 

and psychological treatments for chronic insomnia in adults strongly recommend utilizing 

CBT for insomnia relative to conditional recommendations suggested for use of single or 

multicomponent of BBTI (Edinger et al., 2021). A recently published noninferiority RCT 

study compared BBTI and CBT for insomnia at 1-week post treatment follow-up, and 

reported an inconclusive finding indicating BBTI as noninferior than CBT for insomnia 

(Bramoweth et al., 2020). Hence, the critical question that continues to remain unanswered 

is how effective BBTI is compared to the gold standard CBT for insomnia treatment given 

the same assessment periods. Included studies excluded all published research that included 

cognitive restructuring components, however, it could be interesting to evaluate studies if 

incorporating cognitive outcomes in BBTI verses those without, yields different results. 

It may also be important to determine moderators of treatment, such as age subgroups 

(i.e., young/middle-aged adults vs. older adults), as incorporating sleep hygiene practices 

and safety recommendations catered to directed age subgroups might yield better patient 

outcomes. Moreover, a recently published RCT compared a fully-automated, individually 

tailored BBTI and compared its short-term effect on insomnia and its severity with self-

guided BBTI, self-monitoring with sleep diaries, or a waitlist control group (Okajima et 

al., 2020). Okajima and colleagues (2020) found that individually tailored BBTI showed 

significantly improved ISI scores than the waitlist group at 1-month follow-up, but this 

did not continue at 3-month follow-up. Digitalized/internet-delivered BBTI may serve as 

an important step towards broader dissemination and implementation, but it is important 

to first determine efficacy of different study designs including group-delivered BBTI and 

also include additional outcomes (i.e., daytime dysfunction) for future studies. Accordingly, 

the current meta-analysis has important implications for future research as the literature on 

BBTI continues to grow.

CONCLUSIONS

People with insomnia suffer consequences of poor sleep that influences their overall health 

and quality of life, as well as public well-being. BBTI offers several advantages as compared 

to CBTI by requiring fewer sessions that are briefer, and may be delivered by a wide range 

of healthcare providers (e.g., nurses, pharmacists, social workers) in non-specialized medical 

settings. As such, BBTI may be more easily implemented in general medical settings such 

as primary care or specialty care settings such as comprehensive cancer centers. The existing 

RCTs investigating the effect of BBTI, yielded statistically significant improvements in 

insomnia by subjective sleep measures. This suggests that BBTI is a generally acceptable 

treatment that shows favorable outcomes especially 1–2 months following the treatment. The 
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research literature on BBTI is relatively small but growing, which highlights the importance 

of conducting high quality studies with large scale RCTs to examine efficacy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow chart of the literature search process
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Figure 2. 
Meta-analysis of the effect of BBTI on SOL (sleep diary measured)
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Figure 3. 
Meta-analysis of the effect of BBTI on WASO (sleep diary measured)
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Figure 4. 
Meta-analysis of the effect of BBTI on SE% (sleep diary measured)
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Figure 5. 
Meta-analysis of the effect of BBTI on TST (sleep diary measured)
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Table 2

Methodological quality assessment for randomized controlled trials by domains

First 
author, 
year

Domains

Study 

question
a

Study 

population
b Randomization

c
Blinding

d
Intervention

e Outcome 

measure
f

Statistical 

analysis
g Results

h
Discussion

i
Funding

j

Buysse, 
2011 ● ● ● ○ ● ● ● ● ● ●

Dean et 
al., 2020 ● ● ● ○ ● ● ◐ ● ● ●

Fuller et 
al., 2016 ● ● ● ◐ ◐ ● ● ● ● ●

Germain, 
2006 ● ● ● ○ ● ● ● ● ● ●

Germain, 
2014 ● ● ● ○ ● ● ◐ ● ● ●

Harris, 
2019 ● ● ● ◐ ● ● ◐ ● ● ●

McCrae, 

2018 *
● ● ● ◐ ● ● ● ● ● ●

McCrae, 

2020 *
● ● ● ○ ● ● ◐ ● ● ●

Pallesen, 
2003 ● ● ● ○ ● ● ◐ ● ● ●

Wang, 
2016 ● ● ● ◐ ● ● ◐ ● ● ●

Watanabe, 
2011 ● ● ● ◐ ● ● ● ● ● ●

Note. ●=domain completely address; ◐=domain partially address; ○=domain not addressed.

a
Study question: Was it focused and appropriate?

b
Study population: Was it adequately described including identifying inclusion/exclusion criteria and sample size justification?

c
Randomization: Was it adequately used with similar baseline groups using a concealment method?

d
Blinding: Was it to treatment allocation by double-blinding appropriate personnel?

e
Intervention: Was it detailed and reproducible for all groups with treatment fidelity?

f
Outcome measure: Was primary and secondary outcome measure specified with standard, valid and reliable assessment methods?

g
Statistical analysis: Was an appropriate analytic technique used including power calculations, lose to follow up and treating missing data?

h
Result: were the outcome effect and measures of precision provided?

i
Discussion: Were conclusions supported by results with the identification of limitations?

j
Funding: Was funding or sponsorship supporting the study reported?

*
Overlapping studies
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