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Abstract

Background: chronic insomnia is a highly prevalent and persistent health concern among older adults, and it has significant
adverse effects on cognitive function and physical health.
Objectives: the study aimed to evaluate the efficacy of a brief 4-week behavioural therapy for insomnia (BBTi) on insomnia
remission in older adults with chronic insomnia.
Design: a systematic review and meta-analysis were conducted.
Subjects: adults aged 60 years or older.
Methods: eight electronic databases were systematically searched through the end of March 2022. Studies followed the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis Statement.
Results: four randomised controlled trials (190 subjects) were included. The mean age of the participants was 69.06 (65.10–
71.65), and 29.9% (27.3–32.3%) were male. Older adults who received the BBTi showed a significant insomnia remission
(standardised mean differences, −1.07; 95% confidence interval, −1.43 to −0.71; I 2, 0%). Sleep parameters measured by
actigraphy revealed that in older adults, the BBTi program significantly improved total sleep time, wake after sleep onset
(WASO), sleep onset latency (SOL) and sleep efficacy (SE) compared to the controls. For the subjective sleep parameters
measured the by sleep diary, older adults who received BBTi obtained a more effective improvement in WASO, SE and SOL.
The overall risk of bias was mostly low or of some concern due to the difficulty of blinding participants and assessors.
Conclusions: a 4-week BBTi program can be considered an effective and nonselective intervention for insomnia remission
among older adults with chronic insomnia and thereby has the potential to ameliorate WASO, SE and SOL.

Keywords: brief behavioural therapy for insomnia (BBTi), older adults, chronic insomnia, systematic review and meta-
analysis, older people
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Key Points

• A 4-week behavioural therapy for insomnia (BBTi) is a simple and efficacious treatment for insomnia remission among
older adults with chronic insomnia.

• The effects of BBTi significantly improved actigraphy-based sleep parameters among older adults with chronic insomnia.
• A 4-week BBTi efficacy was also seen in the sleep diary.
• The discrepancy in total sleep time between actigraphy and sleep diary has been observed in older adults with chronic

insomnia.

Introduction

Chronic insomnia has been consistently reported as being
more prevalent among older people [1, 2], ranging from
∼12% to 20% [3]. The incidence of insomnia at the 12-
month observation increases to 8% for people older than
65 years of age [4]. Insomnia disorder is broadly defined
as dissatisfaction with nighttime sleep either qualitatively
or quantitatively concurrent with distress or impairment in
daytime functioning, such as fatigue, negative mood and
poor cognition, despite the influence of other physical, psy-
chiatric or sleep disorders [5]. Both diagnostic systems of The
Diagnostic and Statistical Manual of Mental Disorders 5th
edition (DSM-5) [6] and The International Classification
of Sleep Disorders 3rd Edition (ICSD-3) [7] specify that
the symptoms of chronic insomnia should occur at least
three nights per week and be present for at least 3 months.
The pathophysiology of chronic insomnia is related not
only to the hyperarousal state of the brain [8] but also to
neurodegenerative changes in older people [9]. Therefore,
chronic insomnia has been identified as a prevalent and
independent disease related to ageing and even a comorbid
disease concurrent with medical or psychological diagnosis
in older adults [10], causing increased healthcare utilisation
costs, disability and reduced quality of life [11, 12].

Large studies recommend nonpharmacological treat-
ments as first-line management for chronic insomnia in
adults [13] and suggest that they should be attempted
later in life [14]. Because hypnotics can be efficacious for
the short-term treatment of insomnia, they increase the
potential risk of adverse effects such as cognitive impairment
and injuries [12, 15]. Nonpharmacological treatments
include sleep hygiene, stimulus control therapy, relaxation
therapy and cognitive–behavioural therapy [16]. Cognitive–
behavioural therapy for insomnia (CBT-i) is an effective and
prevalent therapy [17] and is superior to benzodiazepine and
nonbenzodiazepine sleeping medications for the long-term
treatment of insomnia [18].

CBT-i is a technique for treating chronic insomnia in an
aged population [19, 20]. It includes cognitive reframing and
behavioural changes to address cognitive errors and inappro-
priate sleep hygiene and behaviours, and it is administered
weekly over 4–8 sessions. Cognitive therapy requires time
and professional specialists to achieve successful outcomes.
The brief behavioural treatment for insomnia (BBTi) was
developed to address the barriers of widespread dissemina-
tion associated with standard CBT-i, with the goals of being

simple, acceptable to patients and more easily administered
in a general medical setting. Therefore, the BBTi represents
an alternative that is easier to disseminate, as the behavioural
components alone can be more easily tailored for adminis-
tration by a broader range of healthcare professionals [21,
22].

To date, there have been several studies on the effective-
ness of BBTi for older adults with chronic insomnia [21–25].
Under different study designs, the number of participants,
severity and duration of insomnia, and assessment tools
are different, and the efficacy of BBTi in improving sleep
quality remains unclear. We aimed to evaluate the efficacy
of a brief 4-week BBTi on insomnia remission in older
adults with chronic insomnia by using systematic review and
meta-analysis methods.

Methods

A protocol was registered in the International Platform of
Registered Systematic Review and Meta-analysis Protocols
(INPLASY) (registration number: INPLASY202290086).
This systematic review was conducted between February and
March 2022.

Search strategy

This study followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) statement
[26] (Supplementary Table 1, available in Age and Ageing
online, shows the PRISMA checklist) to explore the effi-
cacy of a BBTi on improving sleep quality in older adults.
Eight electronic databases, namely, Ovid Medline, Embase,
Cochrane Library, CINAHL, Scopus, Web of Science (WoS)
and ClinicalTrials, were systematically searched to identify
relevant articles published through the end of March 2022,
without language restrictions. EndNote reference manage-
ment software was used to manage the citations of all the
selected studies for screening, and duplicate records were
manually removed in EndNote. The three main concepts of
older individuals, BBTi, sleep quality and search strategy,
were used with search terms to retrieve relevant studies
(Supplementary Table 2, available in Age and Ageing online,
shows the search strategy).

Inclusion criteria

In the current review, we included all studies conducted
on determining the efficacy of BBTi among older adults.
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Our inclusion criteria were (i) randomised controlled trials
(RCTs) and systematic reviews and meta-analyses, (ii) older
adults (aged 60 years and over) with chronic insomnia,
(iii) an experimental group that received a brief behavioural
therapy intervention, (iv) a control group that received stan-
dard care (or no treatment), (v) the primary outcome was
related to remission from insomnia and (vi) the study type
was an RCT to minimise the risk of bias. The exclusion
criteria were (i) patients diagnosed with cognitive dysfunc-
tion, mood disorders, sleep-disordered breathing and peri-
odic limb movement disorder and (ii) patients with heavy
caffeine or alcohol consumption. Three reviewers screened
each record independently.

Outcome variables and measures

Outcome measures were not considered as part of the eligi-
bility criteria.

• Remission from insomnia was assessed by validated scales
such as the Pittsburgh Sleep Quality Index (PSQI) and the
Insomnia Severity Index (ISI). Higher scores on the PSQI
or ISI represent poorer sleep quality [27].

• Objective sleep parameters included total sleep time
(TST), sleep onset latency (SOL), wake after sleep
onset (WASO) and sleep efficacy (SE), as measured by
actigraphy.

• Subjective sleep parameters included TST, SOL, WASO
and SE, as measured by sleep diary.

Data extraction and methodological quality
assessment

Three reviewers independently assessed the methodological
quality of RCTs using the Cochrane Collaboration tool for
assessing the risk of bias (ROB 2.0) [28]. The six domains
used to assess the risk of bias included random sequence gen-
eration and allocation concealment (selection bias), blinding
of participants and personnel (performance bias), blinding
of outcome assessment (detection bias), incomplete outcome
data (attrition bias), selective reporting (reporting bias) and
other bias [29]. Each individual item was rated as either a
low, unclear or high risk of bias. Any disagreements or uncer-
tainty were resolved by discussion with the fourth reviewer
[29]. The Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) methodology was used to
assess the certainty of evidence (CoE) regarding the major
outcomes reported by each included study, including the
risk of bias, consistency, directness, precision and publication
bias [30]. The levels of CoE were classified as high, moderate,
low and very low [30].

Data synthesis and analysis

A standardised data extraction template was used to collect
descriptive information (e.g. study reference, country, mean
age, intervention period, retention rate of BBTi, providers
of delivering interventions and outcome measures). Review

Manager 5.4.1 software (The Cochrane Collaboration, The
Nordic Cochrane Centre, Copenhagen, Denmark) was used
for data synthesis. For the continuous dependent variable,
change scores of sleep quality and sleep parameters were
measured by actigraphy and sleep diary. The effect size
was defined as the difference between pre- and post-BBTi
intervention.

The outcome measures of sleep quality obtained from
the PSQI, and ISI are presented as the standardised mean
differences (SMDs) between the intervention and control
groups with corresponding 95% confidence intervals (CIs).
The secondary outcomes were sleep measures, including
objective data (TST, WASO, SE) obtained from actigraphy
and subjective data (TST, WASO, SE, SOL) obtained from
sleep diaries. We combined the outcomes of four RCTs
through meta-analysis with a random-effects model, as vari-
ability was expected between the studies. Heterogeneity was
assessed using the Higgins I 2 statistic. Heterogeneity was
considered to be reported if I 2 > 75% [31]. We only pooled
analyses or subgroup analyses if I 2 < 90%.

Results

Literature search

A total of 2,576 articles were identified in the initial
search, and 932 articles were removed due to duplication.
After the title, abstract and keywords were reviewed, 1,629
articles were excluded because they did not meet the study
criteria, leaving a total of 30 full-text articles that were
downloaded for consideration. Twenty-two articles were
excluded because they were not related to BBTi (n = 22)
or sleep quality (n = 2). Additionally, we found that the
same study was reported twice (n = 3). We also searched the
website, and one additional article was identified. Ultimately,
four articles with RCTs designs met all the inclusion
criteria and were included in the qualitative synthesis
(Figure 1).

Study characteristics

The four RCTs are summarised in Table 1. All RCTs
included in the present review were published between
2006 and 2019. All the included studies were conducted
in the USA [21, 22, 24, 25]. The total sample size of four
studies was 190, with sample sizes ranging from 11 to 82
participants. On average, the participants were 69.06 years
old, and 29.93% were male. One hundred two participants
were included in the BBTi groups, and 99 participants
were enrolled in the control groups. One cross-over study
was conducted by Gebara et al . [24], and these results are
within participants, which cannot be combined with the
other parallel group studies. The participants were recruited
from among community-dwelling older adults with primary
or chronic insomnia. The retention rate of BBTi ranged
between 90.9% and 100%.
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Figure 1. PRISMA 2020 diagram for the literature search and selection process.

Description of the 4-week BBTi interventions

BBTi interventions to relieve insomnia among older adults
with chronic insomnia were all individual-based [21, 22,
24, 25]. The BBTi interventions were delivered by a nurse
practitioner [21, 22], advanced doctoral students in clinical
and counselling psychology [25], and a therapist [24].

The BBTi program was structured and emphasised
behavioural interventions, including sleep hygiene educa-
tion, bedtime restriction and stimulus control, over a period
of 4 weeks. In addition, this brief behavioural intervention
was not limited to administration by specialised physicians;
it was also delivered by primary care nurses [32]. Insomnia
remission, our study outcome, was measured using the
PSQI, the ISI, sleep diaries and actigraphy. No adverse events
were reported in these studies.

Methodological quality assessment of the included
studies

Based on the Cochrane risk of bias 2.0 tool, all studies were
classified as having a low, high or unclear risk of bias [28].
The results are shown in Supplementary Figure 1 available
in Age and Ageing online.

Allocation

All included studies were RCTs. Two of four studies (50%)
were rated as having some concerns because the lack of
description of allocation concealment methods was unclear
[24] and because there was baseline (mean age, medications)
imbalances [25].

Blinding

Two studies [24, 25] showed an unclear risk of blinding the
outcome assessor due to the difficulty in blinding people
delivering the interventions.

Incomplete outcome data

All studies showed data on retention. The adherence rate in
four studies ranged from 90.9% to 100%, which indicated a
low risk for attrition bias.

Selective reporting

Two studies [22, 24] showed an unclear risk of detection bias
because of a lack of blinding of the assessors.

Reporting bias

Three studies were rated as having a low risk of reporting
bias, as the results are more likely to be reported and available
for synthesis [21, 22, 25]. One study was at unclear risk of
reporting bias due to a small sample size [24].

Overall risk

The overall risk of bias was mostly low or of some concern
[21, 22, 25]. One study was at high risk of overall risk, as the
quality of the evidence was questionable [24].

Pooled effect of a 4-week BBTi on the remission
from insomnia

Three studies (136 participants) [21, 22, 24] were included
in our meta-analysis, and the results with change points
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revealed that a 4-week BBTi significantly improved total
scores of sleep quality in community-dwelling older adults
with chronic insomnia (SMD: −1.07, 95% CI: −1.43,
−0.71, I 2 = 0%) (Figure 2).

The efficacy of BBTi on objective sleep parameters:
actigraphy

Total sleep time

Of the four studies, two studies (141 participants) [22,
25] objectively estimated the efficacy of BBTi among older
adults with chronic insomnia. The pooled efficacy of BBTi
demonstrated a decrease in TST (MD: −25.71, 95% CI:
−40.66, −10.76, I 2 = 0%) (Figure 3A).

Wake after sleep onset

Of the four studies, two studies (141 participants) [22,
25] objectively estimated the efficacy of BBTi among older
adults with chronic insomnia. The pooled efficacy of BBTi
demonstrated a decrease in the time of WASO (MD: −9.49,
95% CI: −16.02, −2.96, I 2 = 0%) (Figure 3B).

Sleep efficacy

Of the four studies, two studies (141 participants) [22,
25] objectively estimated the efficacy of BBTi among older
adults with chronic insomnia. The pooled efficacy of BBTi
demonstrated a significant increase in SE (MD: 3.48, 95%
CI: 1.49, 5.47, I 2 = 0%) (Figure 3C).

Sleep onset latency

Of the four studies, two studies (141 participants) [22,
25] objectively estimated the efficacy of BBTi among older
adults with chronic insomnia. The pooled efficacy of BBTi
demonstrated a decrease in the length of SOL (MD: −9.24,
95% CI: −14.00, −4.47, I 2 = 0%) (Figure 3D).

The efficacy of BBTi on subjective sleep
parameters: sleep diary

Total sleep time

Of the four studies, three studies (176 participants) [21, 22,
25] were included in the analysis of the effect of BBTi after
intervention, and the results with change points revealed
that a 4-week-based BBTi had nonsignificant effects on
improved TST in community-dwelling older adults with
chronic insomnia (MD: −9.65, 95% CI: −31.81, 12.51,
I 2 = 0%) (Figure 4A).

Wake after sleep onset

Of the four studies, three studies (176 participants) [21,
22, 25] were included in the analysis of the effect of BBTi
after the intervention, and the results with change points
revealed that a 4-week-based BBTi had significant effects
on decreasing the time of WASO in community-dwelling

5

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/52/1/afac333/6998048 by N

ational C
heng Kung U

niversity, M
edical Library user on 27 N

ovem
ber 2025



Y.-C. Chen et al.

Figure 2. Change point of SMDs in the effect of BBTi on sleep quality (PSQI; ISI) in older adults with chronic insomnia. Note:
SD, standard deviation; IV, inverse variance; CI, confidence interval; df, degrees of freedom; Chi2, chi-squared statistic; P, P value;
I 2, I -squared heterogeneity statistic; Z , Z statistic.

older adults with chronic insomnia (MD: −20.67, 95% CI:
−30.42, −10.92, I 2 = 0%) (Figure 4B).

Sleep efficacy

Of the four studies, three studies (176 participants) [21,
22, 25] were included in the analysis of the effect of BBTi
after the intervention, and the results with change points
revealed that a 4-week-based BBTi significantly improved
the percentage of SE in community-dwelling older adults
with chronic insomnia (MD: 7.40, 95% CI: 4.82, 9.98,
I 2 = 0%) (Figure 4C).

Sleep onset latency

Of the four studies, three studies (176 participants) [21, 22,
25] estimated the efficacy of BBTi on the effect of BBTi after
the intervention. The pooled efficacy of BBTi demonstrated
a significant decrease in the length of SL (MD: −20.07, 95%
CI: −27.30, −12.84, I 2 = 0%) (Figure 4D).

GRADE assessment and summary of findings

We present the GRADE assessment and a summary of the
findings in Supplementary Table 3 available in Age and Age-
ing online. We rated the overall CoE on the effects of BBTi
intervention on improving sleep quality and sleep parameters
regardless of actigraphy or in the sleep diary as low and very
low, respectively. Most included studies at risk of bias showed
some concerns and imprecision.

Discussion

This systematic review and meta-analysis are the first to
include four RCTs with 190 older adults with chronic
insomnia focused on evaluating the effect of brief behavioural
therapy on improving sleep quality. The results of our meta-
analysis revealed that older adults with chronic insomnia
receiving BBTi therapy could achieve significantly enhanced
insomnia remission compared with those not receiving
therapy. The results were consistent with those of previous
studies by Germain et al ., Buysse et al ., McCrae et al . and
Gebara et al . [21, 22, 24, 25], who reported that delivering

accurate sleep information, including the practice of sleep
hygiene and the use of specific behavioural techniques, i.e.
relaxation therapy, stimulus control and sleep restriction,
could address unrealistic or misinformed expectations
regarding sleep, which often perpetuate symptoms of
insomnia. Due to this maladaptive behavioural change,
sleep-related anxiety is promoted, which improves sleep
quality. Our findings suggest that BBTi seems to have the
potential to relieve insomnia symptoms in older people with
chronic insomnia. However, there are still limited studies
examining the effects of BBTi for older adults with chronic
insomnia, and differences in study instruments make it
difficult to compare the magnitude of treatment effects.
More studies are needed to confirm the evidence.

Although our data confirmed that BBTi interventions
could relieve insomnia symptoms in older adults, the effects
of BBTi on the actigraphically measured TST, WASO, SE
and SOL remain uncertain due to the limited number of
studies conducted with small sample sizes. The results of our
meta-analysis revealed that older adults assigned to the group
receiving BBTi reported significantly improved SE [mean
difference = 3.48] and decreased by 25.71, 9.49 and 9.24 for
actigraphy-based TST, WASO and SL, respectively. One of
the behavioural components is bedtime restriction. Restrict-
ing the amount of time older adults spend in bed (TIB) as
close as possible to their estimated TST may increase SE.
Similar results were reported by Buysse et al . [22], who found
an initial reduction in TST concurrent with improvements
in SE and other sleep parameters. While we did observe a
decrease in TST following BBTi intervention, this decrease
was also observed in older adults receiving a brief CBTI [33].
However, our study’s findings were contrary to McCrae et al .
[25] They did not observe improvement in actigraphy-based
SE or SOL following BBTi in an older population. The
possible explanations for the inconsistent results could be
differences in controlling time interactions. Our results may
have overestimated the effects of BBTi because we did not
consider the time interactions.

Disagreements in actigraphy-based estimation and
sleep diary assessments have been observed not only in
community-dwelling older adults [34] but also in older
adults with insomnia [35]. Our study also reached similar
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Figure 3. Mean difference in the efficacy of 4-week BBTi therapy on objective sleep parameters, measured by actigraphy among
older adults with chronic insomnia. (A) TST measured by actigraphy. (B) WASO measured by actigraphy. (C) SE measured by
actigraphy. (D) SL measured by actigraphy. Note: SD, standard deviation; IV, inverse variance; CI, confidence interval; df, degrees
of freedom; Chi2, chi-squared statistic; P, P value; I 2, I -squared heterogeneity statistic; Z , Z statistic.
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Figure 4. Mean difference in the efficacy of 4-week BBTi therapy on subjective sleep parameters, measured by sleep diary, among
older adults with chronic insomnia. (A) TST measured by sleep diary. (B) WASO measured by sleep diary. (C) SE measured by sleep
diary. (D) SOL measured by sleep diary. Note: SD, standard deviation; IV, inverse variance; CI, confidence interval; df, degrees of
freedom; Chi2, chi-squared statistic; P, P value; I 2, I -squared heterogeneity statistic; Z , Z statistic.
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findings; the estimated TST between actigraphy-based and
sleep diaries was slightly different. In particular, older adults
with trouble falling asleep or waking too early most of
the time were highly correlated with underreported sleep
[34, 35]. Since older adults have chronic insomnia, it
may have influenced self-reported estimates. Our study
suggests that using objective measures such as actigraphy or
polysomnographic testing for evaluating insomnia remission
among older adults as an objective measure is warranted.

CBT-i is a type of nonpharmacological treatment for
insomnia as well as the gold-standard intervention for
treating insomnia. However, the potential difficulties with
its use include adherence to the treatment protocol and
attrition, which are highly associated with behavioural
change. Not surprisingly, our study showed improvements
in sleep quality and SE among older adults in cases of high
adherence to BBTi therapy, ranging from 90.9% to 100%.
This maintenance rate in our study was higher than that
related to cognitive behavioural therapy within 8 weeks,
ranging from 32% to 52% [36]. Similar findings obtained
from a study of 696 veterans with insomnia revealed
that subjects with high adherence exhibited significantly
improved sleep quality compared with that in subjects
with low adherence [37]. Continuous engagement in
behavioural therapy and good levels of treatment adherence
are key factors in achieving and sustaining sleep quality
improvement, which is in turn essential for improving overall
health and functioning, such as immune and cognitive
functioning, in older adults [38, 39]. Efforts to provide
short-term and simple BBTi would benefit from methods
to improve treatment adherence and completion.

This study has some limitations. First, we included four
studies with a high-performance bias, which may lead to
overestimation effects in the meta-analysis. Second, given
that only four RCTs were included, it is not possible to
further investigate the possible factors related to the effects
of the BBTi intervention. Finally, all studies included
community-dwelling older adults with chronic insomnia;
therefore, the sample was not representative of all older adults
in different environments.

Conclusions

A 4-week BBTi intervention is a simple, efficacious and
durable strategy for treating chronic insomnia in older
adults. The results from this meta-analysis reveal that an
individual-based BBTi intervention is more efficient in
improving insomnia symptoms. In addition, it is easy to
administer by nurses or healthcare workers. BBTi interven-
tion may be the first-line nonpharmacological therapy to
recommend to older adults with chronic insomnia, which
could gradually reduce the demand for sedatives and sleeping
medications.

Data Availability Statement: The data that support the
findings of this study are available from the corresponding
author, upon reasonable request.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.

Declaration of Conflicts of Interest: None.

Declaration of Sources of Funding: This research was sup-
ported by the National Health Research Institute (NHRI-
11A1-CG-CO-04-2225-1) and National Cheng Kung Uni-
versity Hospital (NCKUH-11108006). The sponsor had
no role in the design of the study; synthesis, analysis or
interpretation of the data; or approval of the manuscript.

References

1. Morin CM, Benca R. Chronic insomnia. Lancet 2012; 379:
1129–41.

2. Patel D, Steinberg J, Patel P. Insomnia in the elderly: a review.
J Clin Sleep Med 2018; 14: 1017–24.

3. Molnar F, Frank C, Chun S, Lee EK. Insomnia in older adults.
Can Fam Physician 2021; 67: 25–6.

4. Gureje O, Oladeji BD, Abiona T, Makanjuola V, Esan O.
The natural history of insomnia in the Ibadan study of ageing.
Sleep 2011; 34: 965–73.

5. Schutte-Rodin S, Broch L, Buysse D, Dorsey C, Sateia M.
Clinical guideline for the evaluation and management of
chronic insomnia in adults. J Clin Sleep Med 2008; 04:
487–504.

6. Association AP: Diagnostic and Statistical Manual of
Mental Disorders, 5th edition. Arlington: American Psy-
chiatric Publishing; 2013, https://doi.org/10.1176/appi.boo
ks.9780890425596.

7. Sateia MJ. International classification of sleep disorders-
third edition: highlights and modifications. Chest 2014; 146:
1387–94.

8. Riemann D, Nissen C, Palagini L, Otte A, Perlis ML, Spiegel-
halder K. The neurobiology, investigation, and treatment of
chronic insomnia. Lancet Neurol 2015; 14: 547–58.

9. Malhotra RK. Neurodegenerative disorders and sleep. Sleep
Med Clin 2018; 13: 63–70.

10. Zou C, Sun H, Lu C, Chen W, Guo VY. Nighttime
sleep duration, restlessness and risk of multimorbidity—a
longitudinal study among middle-aged and older adults in
China. Arch Gerontol Geriatr 2022; 99: 104580. https://doi.o
rg/10.1016/j.archger.2021.104580.

11. Spira AP, Kaufmann CN, Kasper JD et al. Association
between insomnia symptoms and functional status in U.S.
older adults. J Gerontol B Psychol Sci Soc Sci 2014; 69(Suppl
1: S35–41.

12. Riemann D, Perlis ML. The treatments of chronic insomnia: a
review of benzodiazepine receptor agonists and psychological
and behavioral therapies. Sleep Med Rev 2009; 13: 205–14.

13. Qaseem A, Kansagara D, Forciea MA, Cooke M, Denberg
TD, for the Clinical Guidelines Committee of the Ameri-
can College of Physicians. Management of chronic insomnia
disorder in adults: a clinical practice guideline from the
American College of Physicians. Ann Intern Med 2016; 165:
125–33.

14. Montgomery P, Dennis J. A systematic review of non-
pharmacological therapies for sleep problems in later life.
Sleep Med Rev 2004; 8: 47–62.

9

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/52/1/afac333/6998048 by N

ational C
heng Kung U

niversity, M
edical Library user on 27 N

ovem
ber 2025

https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afac333#supplementary-data
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1016/j.archger.2021.104580
https://doi.org/10.1016/j.archger.2021.104580


Y.-C. Chen et al.

15. Edinoff AN, Wu N, Ghaffar YT et al. Zolpidem: efficacy and
side effects for insomnia. Health Psychol Res 2021; 9: 24927.
https://doi.org/10.52965/001c.24927.

16. Maness DL, Khan M. Nonpharmacologic management
of chronic insomnia. Am Fam Physician 2015; 92:
1058–64.

17. van Straten A, van der Zweerde T, Kleiboer A, Cuijpers P,
Morin CM, Lancee J. Cognitive and behavioral therapies in
the treatment of insomnia: a meta-analysis. Sleep Med Rev
2018; 38: 3–16.

18. Mitchell MD, Gehrman P, Perlis M, Umscheid CA. Compar-
ative effectiveness of cognitive behavioral therapy for insom-
nia: a systematic review. BMC Fam Pract 2012; 13: 40.
https://doi.org/10.1186/1471-2296-13-40.

19. Irwin MR, Cole JC, Nicassio PM. Comparative meta-analysis
of behavioral interventions for insomnia and their efficacy
in middle-aged adults and in older adults 55+ years of age.
Health Psychol 2006; 25: 3–14.

20. Morin CM, Bootzin RR, Buysse DJ, Edinger JD, Espie
CA, Lichstein KL. Psychological and behavioral treatment of
insomnia: update of the recent evidence (1998–2004). Sleep
2006; 29: 1398–414.

21. Germain A, Moul DE, Franzen PL et al. Effects of a brief
behavioral treatment for late-life insomnia: preliminary find-
ings. J Clin Sleep Med 2006; 2: 403–6.

22. Buysse DJ, Germain A, Moul DE et al. Efficacy of brief
behavioral treatment for chronic insomnia in older adults.
Arch Intern Med 2011; 171: 887–95.

23. Chan WS, Williams J, Dautovich ND et al. Night-to-night
sleep variability in older adults with chronic insomnia: medi-
ators and moderators in a randomized controlled trial of
brief behavioral therapy (BBT-I). J Clin Sleep Med 2017; 13:
1243–54.

24. Gebara MA, DiNapoli EA, Lederer LG et al. Brief behavioral
treatment for insomnia in older adults with late-life treatment-
resistant depression and insomnia: a pilot study. Sleep Biol
Rhythms 2019; 17: 287–95.

25. McCrae CS, Curtis AF, Williams JM et al. Efficacy of brief
behavioral treatment for insomnia in older adults: examina-
tion of sleep, mood, and cognitive outcomes. Sleep Med 2018;
51: 153–66.

26. Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA
Group. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. PLoS Med 2009; 6:
e1000097. https://doi.org/10.1371/journal.pmed.1000097.

27. Wu JQ, Appleman ER, Salazar RD, Ong JC. Cognitive
behavioral therapy for insomnia comorbid with psychiatric
and medical conditions. JAMA Intern Med 2015; 175:
1461–72.
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