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Abstract

The aim of this study was to assess the effect of cognitive behavioural therapy inter-
vention on sleep and health improvement in patients with cardiometabolic syn-
drome and sleep problems. This study also aimed to assess the effect of different
study designs to explain the overall intervention effect through subgroup analysis.
Relevant randomized controlled trial studies were searched through six online data-
bases. The PEDro scale was used to assess the quality of the included studies. The
random effects model was used to assess the mean difference, effect size, and stand-
ard deviation of the outcome variables. The heterogeneity of the included studies
was assessed using /? and Q tests. Publication bias was assessed by the Egger test.
Cognitive behavioural therapy intervention provided a significant effect in improv-
ing the Pittsburgh Sleep Quality Index, Insomnia Severity Index, total sleep time,
sleep efficiency, depression, fatigue, and HbAlc. The effect of cognitive behavioural
therapy is more significant when relaxation training and education components are
included. Cognitive behavioural therapy is suitable for the treatment of sleep prob-
lems in patients with cardiometabolic syndrome. Cognitive behavioural therapy is
also effective on depression and fatigue but has a limited effect on blood pressure
and biomedical indicators related to cardiometabolic syndrome.
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Introduction

Cardiometabolic syndrome (CMS) is a group of diseases characterized by insu-
lin resistance, abdominal obesity, hypertension, and hyperlipidaemia (Ahmad &
Shapiro, 2021). Typical examples of CMS include type 2 diabetes, heart failure,
coronary heart disease, atrial fibrillation, hypertension, and chronic kidney dis-
ease (Lan et al., 2020). As there are various definition criteria for CMS, the exact
global prevalence is hard to estimate. However, studies have mentioned that CMS
is around three times more common than diabetes (Saklayen, 2018). Based on
this information, the estimated global prevalence can be up to 25 to 45% of the
population, which means over a billion people are affected by CMS across the
world (Saklayen, 2018).

Studies have found that sleep problems, especially insomnia and obstructive sleep
apnoea, are very common in patients with CMS (Koren & Taveras, 2018; Schuster
et al., 2006); insomnia generally encompasses various forms (Chasens et al., 2021),
including difficulty falling asleep (sleep onset insomnia), difficulty maintaining sleep
(sleep maintenance insomnia), early morning awakening (terminal insomnia), and
non-restorative sleep. It is reported that 76.8% of type 2 diabetes patients have expe-
rienced sleep problems regularly (Gupta & Wang, 2016). Previous studies also men-
tioned that sleep problems are closely linked to the alterations of cardiometabolic
conditions (Bathgate & Fernandez-Mendoza, 2018; Cedernaes et al., 2015; Tan
et al., 2018). Adults who report sleeping less than the recommended duration have a
higher risk of developing hypertension, systematic insulin resistance, and increased
sympathetic nervous system activity, which can exacerbate the pathophysiology of
existing CMS (Chasens et al., 2021; Koren & Taveras, 2018; Schuster et al., 2006).

People with cardiometabolic syndrome experience insomnia more so than anyone
else, for reasons including (1) physiological factors: cardiometabolic syndrome is
characterized by a cluster of conditions such as obesity, high blood pressure, high
blood sugar, and abnormal cholesterol levels. These conditions can lead to physi-
ological changes in the body, such as inflammation (Syauqy et al., 2019) and hor-
monal imbalances (Chrousos & Kino, 2007), which can disrupt sleep patterns and
contribute to insomnia. (2) Psychological factors: individuals with cardiometa-
bolic syndrome may experience increased stress, anxiety, and depression due to the
impact of their condition on their overall health and quality of life. These psycho-
logical factors can interfere with sleep and contribute to insomnia (Brugnera et al.,
2022). (3) Medications: antipsychotic medications are often prescribed to patients
with insomnia, which have been associated with a number of serious side effects,
including metabolic disorders and cardiovascular disorders (Kennedy et al., 2006).
(4) Sleep apnea: sleep apnea is a common condition among individuals with cardio-
metabolic syndrome. It is characterized by interruptions in breathing during sleep,
leading to fragmented and poor-quality sleep. Sleep apnea can contribute to insom-
nia symptoms (Rodrigues et al., 2021). (5) Lifestyle factors: unhealthy lifestyle hab-
its, such as a sedentary lifestyle, poor diet, and lack of physical activity, are common
in individuals with cardiometabolic syndrome. These factors can negatively impact
sleep quality and contribute to insomnia (Romero-Cabrera et al., 2022).
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In contrast, the improvement of overall sleep quality has positive effects on
enhancing glycaemic control (Carroll et al., 2015; Lee et al., 2017). As a result,
improving sleep in CMS patients is very important for overall disease management.
When considering the sleep management methods on CMS patients, there are usu-
ally pharmacological options and non-pharmacological options. Pharmacological
options showed significant effects on acute sleep improvement (Chiu et al., 2021; De
Crescenzo et al., 2022). However, existing studies also mentioned that sleep drugs
sometimes have addictive problems and might provide adverse effects on glycaemic
control (Gramaglia et al., 2014; Ma et al., 2014). In this case, non-pharmacological
treatments, especially cognitive behavioural therapy (CBT), are preferable in the
management of sleep problems in CMS patients.

CBT is recommended as the first-line treatment for insomnia with high efficacy
and safety (Dopheide, 2020). CBT is based on the concept that psychological prob-
lems are greatly affected by unhelpful thinking and behaviour patterns, and psy-
chological problems can be relieved when the patients recognize and change their
thinking and behaviour patterns (Rachman, 2015). CBT intervention for insomnia
(CBT-I) involves multiple components targeting to change the thinking and behav-
iour patterns towards sleep. The core components of CBT-I include (1) sleep restric-
tion, which restricts and adjusts the total time in bed and generally establishes a
homoeostatic drive to sleep; (2) stimulus control, which restricts the bed only for
sleep and reduces the associations between the bed and stimulus behaviours; (3) cog-
nitive restructure, which helps identify and change the unhelpful thoughts towards
sleep; (4) sleep hygiene, which helps establish proper environment, behaviours, and
habits that promote sleep; and (5) relaxation training, which provides skills about
muscle relaxation and reduces cognitive arousal (Perlis et al., 2005). Despite the
core components, the intervention design of CBT-I varies in different studies. For
example, the total length of the intervention ranges from 4 weeks to 12 months; the
intervention contents can be delivered online or face-to-face, the intervention can
be delivered in groups or individually, and some of the studies include unique com-
ponents such as homework, education on other diseases, and problem-solving ses-
sions (van Straten et al., 2018). Existing studies have confirmed that CBT-I is an
effective alternative for the treatment of insomnia in patients from all age groups
(Dewald-Kaufmann et al., 2022; van Straten et al., 2018). Studies have also been
carried out to assess the effect of CBT-I on sleep improvement in patients with more
complex physical and mental conditions, including patients with comorbid mental
disorders such as depression (Carney et al., 2017) and anxiety (Mason et al., 2023),
and chronic diseases such as cardiovascular diseases (Johann et al., 2020) and can-
cer (Savard et al., 2021). These studies all found that CBT-I intervention has a sig-
nificant effect on sleep and mental health improvement (Carney et al., 2017; Mason
et al., 2023). However, the effect of CBT-I on physical health indicators varies in
different studies. For example, CBT-I was reported to have a limited effect on bio-
medical markers of cardiovascular diseases (Johann et al., 2020) in one randomized
controlled trial study, but a positive effect on blood glucose level was reported in
another study (Alshehri et al., 2020).

Existing meta-analysis studies have confirmed that CBT intervention provides a
significant effect in prolonging total sleep time, increasing sleep efficiency, reducing
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sleep onset latency, and waking after sleep onset (Ho et al., 2015; Trauer et al.,
2015; van Straten et al., 2018). However, no existing meta-analysis studies were
found focusing on the effect of CBT intervention in CMS patients. Also, the existing
meta-analysis did not provide results on the effect of CBT for insomnia on metabolic
profiles, such as blood glucose, blood pressure, and glycated haemoglobin (HbAIc).
In addition, existing meta-analysis studies only provided results about the overall
effect of CBT on sleep outcomes, and none of them assessed the effect of different
study designs on the final effect of CBT intervention.

To fill the research gaps above, this study aims to evaluate the effect of CBT inter-
vention on sleep, psychiatric diseases, fatigue, HbAlc, and blood pressure in CMS
patients with sleep problems. This study also aims to assess the effect of different
intervention designs on the final CBT intervention effect through subgroup analysis.
The results from this study will contribute to a more comprehensive understanding
of the effect of CBT on sleep and health improvement in the CMS population and
provide evidence for a more efficient intervention design.

Methods

The protocol of this study was developed based on the Preferred Reporting Items for
Systematic reviews and Meta-Analysis (PRISMA) guidelines. This study was regis-
tered at the International Prospective Register of Systematic Reviews (PROSPERO),
and the registration ID was CRD42023405451. The research protocol could be
found at the following website: https://www.crd.york.ac.uk/prospero/display_record.
php?RecordID=405451.

Database Search

The database search and study selection process were completed by two research-
ers independently. In cases of disagreement, a third researcher was consulted until a
consensus was reached. Relevant studies were searched in six electronic databases:
PubMed, Scopus, EMBASE, Cochrane Library, PsycINFO, and China National
Knowledge Infrastructure. Grey literatures were also searched from ProQuest cen-
tral: Dissertations and Thesis. The Boolean approach was used in the title and
abstract search using the following keywords: “cognitive behavior therapy” OR
“cognitive behavioural therapy” OR “CBT” AND “cardiometabolic syndrome”
OR “type-2 diabetes” OR “hypertension” OR “heart failure” OR “coronary heart
disease” OR “metabolic syndrome” OR “atrial fibrillation” OR “chronic kidney
disease” AND “sleep” OR “insomnia”. Search results from the six databases were
exported, and duplicates were removed in the EndNote X9 software.

Study Selection

The titles and abstracts of the exported articles were examined by two research-
ers, and articles that did not focus on CBT, cardiac metabolic syndrome, or sleep
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problems were excluded from the study. A full-text review was then conducted to
screen the studies available for data extraction and data analysis according to the
designed inclusion and exclusion criteria. Inclusion and exclusion criteria used in
full-text screening in this study were developed based on the population, interven-
tion, control, and outcomes (PICO) approach. If the full text of the articles was not
available online, reasonable attempts such as sending direct request emails to the
corresponding author would be made to acquire the full article.

Inclusion Criteria

P: The target population of the studies must be adults over 18 years old. Patients
must be diagnosed with at least one of the cardiometabolic diseases, including type
2 diabetes, heart failure, coronary heart disease, atrial fibrillation, hypertension,
metabolic syndrome, and chronic kidney disease. Patients should also be diagnosed
with insomnia or have self-reported sleep problems.

I: The intervention delivered in the articles must be either CBT, based on CBT
principles, or related cognitive or behavioural interventions. The intervention must
utilize at least one of the core CBT components, including behavioural therapy
(sleep restriction and stimulus control) and cognitive therapy. The design of other
intervention components in the intervention plan is not limited.

C: Participants in the control group received non-CBT interventions such as sleep
hygiene education only and sleep medication, or treatment as usual, or were put on
a wait list and receive the same intervention as the intervention group later (wait-list
control).

O: Articles reporting at least one of the designed outcomes were included in this
study. The primary outcomes in this study include overall sleep quality measured
by the Pittsburgh Sleep Quality Index (Buysse et al., 1989) and insomnia sever-
ity measured by the Insomnia Severity Index (Morin, 1993). Secondary outcomes
include total sleep time, sleep efficiency, sleep onset latency, wake after sleep onset,
depression measured by depression scales Beck et al., 1996; Eaton et al., 2004;
Hamilton, 1986; Yesavage, 1988; Zung, 1965), anxiety measured by anxiety scales
(Beck et al., 1988; Bieling et al., 1998; Zigmond & Snaith, 1983), fatigue meas-
ured by fatigue scales (Krupp et al., 1989; Smets et al., 1995), glycated haemoglobin
(HbAlc), systolic blood pressure, and diastolic blood pressure.

Other requirements: The studies should involve a randomized controlled trial
(RCT) design, in which participants were randomly assigned to intervention groups
or control groups with no restrictions on sample size. The publication date and pub-
lication language of the articles were not limited.

Exclusion Criteria

Studies meeting either of the following criteria were excluded from this study,
including studies targeting patients with severe mental disorders with a high pos-
sibility of cognitive or behavioural impairment, such as schizophrenia, bipolar dis-
order, severe depression, severe anxiety, and personality disorders; studies with
no control groups or patients in the control group receiving CBT or CBT-related
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intervention; and studies that could not provide complete data for at least one of the
designed research outcomes. Systematic reviews, study protocols, case reports, and
studies that did not involve a randomized controlled trial design were not included in
this study. Journal articles that were not peer-reviewed and low-quality studies scor-
ing 3 points or less on the PEDro scale (Verhagen et al., 1998) were also excluded.

Quality Assessment

The quality assessment of studies was completed by two researchers independently
using the Physiotherapy Evidence Database (PEDro) scale (Verhagen et al., 1998).
The PEDro scale includes 10 independent marking criteria, with a score range of 0
to 10 points. The marking criteria include random allocation of subjects, concealed
allocation of subjects, similar baseline characteristics, blinding to all subjects, blind-
ing to all therapists, blinding to assessors who assessed the key outcomes, enough
outcome measures obtained, subjects receiving intervention or control condition in
the study designs, the presence of between-group comparison analysis, and the pres-
ence of both point measures and measures of variability. For every single criterion,
the study would receive one point only if it completely met the criteria; otherwise, it
would receive zero points. The overall quality of RCT studies could be categorized
into four levels: low quality (0-3 points), moderate quality (4-5 points), good qual-
ity (6-8 points), and excellent quality (9-10 points) (Cashin & McAuley, 2020).

Data Extraction

Data extraction process was also completed by two researchers independently. In
cases of disagreement, a third researcher was also invited to review and confirm the
extracted data. When the included studies did not provide enough data, reasonable
attempts such as direct email requests to the corresponding authors were made to
acquire the full datasets.

Study Characteristics

For each of the included studies, the following information was collected and pre-
sented in one table: author, year of publication, study location, sample size, average
age, gender (number and percentage of female), type of disease including comorbid-
ity, intervention format and contents, duration of treatment, therapist support, per-
centage of completion, description of control condition, outcome variables reported,
and PEDro score.

Primary and Secondary Outcomes

Means and standard deviations for primary and secondary outcomes in interven-
tion groups and control groups before and after intervention were extracted. The
extracted data was exported into separate Excel spreadsheets for every single out-
come. The mean difference was then calculated by subtracting the mean value before
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the intervention from the mean value after the intervention. If the article provided
results for both post-intervention and follow-up, the results for the longest follow-up
time were extracted.

Subgroup Variables

Due to the different intervention designs in different studies, we manually coded the
study characteristics into subgroup variables. The subgroup variables included the
length of intervention (0 for <6 weeks and 1 for>6 weeks), CMS disease type (0
for type 2 diabetes, 1 for hypertension, 2 for heart diseases, and 3 for kidney fail-
ure), delivery format (0 for face-to-face delivered, 1 for remotely delivered, and 3
for mixed delivery), and the presence of certain intervention components, including
sleep hygiene, relapse prevention, relaxation training, sleep education, homework,
CMS education, use of self-help intervention manual, use of sleep diary, problem
reporting and solving, individual counselling, use of sleep medication, and use of
CMS medication (0 for not presence and 1 for presence).

Statistical Analysis

All the data analysis processes in this study were completed in the STATA 17.0 soft-
ware. The significance level was set at 0.05 (two-sided), and a p value <0.05 was sta-
tistically significant. A separate meta-analysis using a random effects model was per-
formed for each of the research outcomes. Pooled mean differences (MD) with 95%
confidence intervals (CI) were used in the results presentation because all outcome
variables in this study were continuous variables. Standardized mean difference (SMD)
with 95% Cls was also used to measure the effect size of the variables. SMD was cal-
culated by dividing the mean difference by the pooled standard deviation (Hedges &
Olkin, 2014). A SMD between 0.2 and 0.5 indicates a small effect size; a SMD between
0.5 and 0.8 is a medium effect size, and a SMD greater than 0.8 is a large effect size
(Hedges & Olkin, 2014). The forest plots were also plotted to give a straightforward
overview of the meta-analysis results. In subgroup analysis, p values between groups
were also presented to indicate the difference within a subgroup variable.

Heterogeneity among the studies was assessed by I* values (Higgins et al., 2003)
and Q tests (Huedo-Medina et al., 2006). The P value ranged from O to 100%. An P
value greater than 50% indicated that there was high heterogeneity, and a subgroup
analysis was required to examine the possible causes. A greater number of Q-test
value also indicated a higher level of heterogeneity.

A regression-based Egger test (Lin & Chu, 2018) was used to investigate the potential
publication bias among the studies for each of the primary and secondary outcomes. The
results were presented as Egger’s ¢ values with 95% CIs and p values. A p value greater
than 0.05 indicated that the publication bias was not statistically significant. Funnel plots
were also presented to assist in the evaluation of publication bias. Sensitivity analysis
was also conducted by removing one or multiple studies at a time from the meta-analysis
to examine the stability of the pooled results and the potential source of publication bias.
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Results
Database Search and Study Selection

A total of 1563 articles were identified through the database search process. After
removing 892 duplicates, the title and abstract of 671 articles were reviewed, and
519 articles were excluded because they did not meet the inclusion criteria. The full
text of the rest of the 152 articles was reviewed. Among the 152 articles, 68 studies
were not RCTs, 28 studies were not focusing on CMS, 7 studies did not use CBT
intervention, 18 studies could not provide sufficient data, and 16 studies scored 3
or less on the PEDro scale. A total of 137 studies were excluded during full-text
screening. The final number of studies available for data extraction and analysis was
15. The PRISMA flow chart for the database search and screening process is pre-
sented in Fig. 1.

Characteristics of Included Studies

A total of 15 studies (Alshehri et al., 2021; Alshehri et al., 2020; Chen et al., 2011;
Chen et al., 2008; Doering et al., 2016; Harris et al., 2019; Hartescu et al., 2022;
Johann et al., 2020; Liu and Wang, 2018; McGrath et al., 2017; Picariello et al.,
2021; Redeker et al., 2015; Redeker et al., 2022; Zhang et al., 2021; Zuo et al.,
2020) were included in data extraction and analysis, and the number of participants
in these studies was 2174. The average age of the participants was 61.1 years old,
and the percentage of females was 59.5%. All participants reported sleep problems
along with cardiometabolic diseases, including type 2 diabetes (Alshehri et al.,
2020, 2021; Zhang et al., 2021; Zuo et al., 2020), hypertension (Hartescu et al.,
2022; Johann et al., 2020; Liu & Wang, 2018; McGrath et al., 2017), heart failure
(Harris et al., 2019; Redeker et al., 2015, 2022), coronary heart disease (Doering
et al., 2016), and chronic kidney disease (Chen et al., 2008, 2011; Picariello et al.,
2021). Participants in the intervention group all received CBT or CBT-related inter-
vention, and all intervention designs included sleep restriction and stimulus control
components. The interventions were face-to-face delivered (Alshehri et al., 2021;
Alshehri et al., 2020; Doering et al., 2016; Johann et al., 2020; Liu & Wang, 2018;
Redeker et al., 2015; Redeker et al., 2022; Zhang et al., 2021; Zuo et al., 2020),
through the internet (Chen et al., 2008, 2011; McGrath et al., 2017), or with a mixed
delivery method (Harris et al., 2019; Hartescu et al., 2022; Picariello et al., 2021).
The duration of the intervention ranged from 4 to 8 weeks, and all studies reported
high completion rates of over 90%. The control group designs included treatment
as usual, wait-list control, and sleep education. In addition, all 15 studies reported
at least one of the research outcomes. The studies had an overall high PEDro score,
with 8 good quality studies (Alshehri et al., 2020; Chen et al., 2008, 2011; Doer-
ing et al., 2016; Hartescu et al., 2022; Redeker et al., 2015; Zhang et al., 2021; Zuo
et al., 2020) and 7 excellent quality studies (Alshehri et al., 2021; Harris et al., 2019;
Johann et al., 2020; Liu & Wang, 2018; McGrath et al., 2017; Picariello et al., 2021;
Redeker et al., 2022). Detailed information about the studies is presented in Table 1.
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Fig. 1 PRISMA flow chart for study selection

Effect of CBT on Sleep Outcomes

The meta-analysis results for all research outcomes are presented in Table 2. The
forest plots for meta-analysis are also presented in Figs. 2 and 3.

The Pittsburgh Sleep Quality Index was reported in 13 studies, with a total
of 1992 participants. There was a significant improvement in sleep quality for
patients in the CBT intervention group compared with the control group, as the
average Pittsburgh Sleep Quality Index score in the intervention group was sig-
nificantly lower than in the control group (MD= —2.02, 95% CI—-2.60 to—1.45,
p<0.001, ?=69.56%) with a medium effect size (SMD= —0.66, 95% CI—0.86
to—0.46, p<0.001, ?=65.37%). Subgroup analysis was conducted on the Pitts-
burgh Sleep Quality Index because there was a significantly high level of hetero-
geneity (?=69.56%, p<0.001). The results of the subgroup analysis on the Pitts-
burgh Sleep Quality Index are presented in Table 3. Subgroup analysis found that

@ Springer



131

122-159

International Journal of Cognitive Therapy (2024) 17

syuauodwiod
[euoneanpa doa[s pue
‘uonjexe[alI ‘0Nuod
SN[NWIS ‘UONOLIISAT
doays ‘Aderay aaniugod

[ensn se juow Q) PIAJOAUT UOTIUAA BIUWOSUT
SSH -Jean I9YJo pue -19)u] 'Sy9dM g Sunse| pue
pue Tvg Auo uoneonpa Adexay TeInoraeyeq aanjrey 110C
9 ‘149 ‘10Sd QuaI3AY doo[g %06 VIN $300M 9 JoutRuf -oANTUS00 A[joam-LI], Koupry  (%€89) T 8¢ “[e1e uay)
Kianoe Aderoyy aantuSoo pue
rearsAyd pue ‘sonbruyo9) uonexeax
“1p Ayjreay ‘ouar3Ay doays ‘Aderary
‘SUONBIYISS[O [0NUOD SnnWNS
s3JoqeIp ‘aIed ‘Kde1ayy uonornsar
1005 ‘uardAy doays opnpour syusuod
doors Jorq -wo)) 1epraoxd -1 gD
Surpnjour paouariadxoe ue Aq
SSA pue ‘uoneonpa uorsiazadns oy 1opun BIUWOSUT 0202
*3s0on[3 I[eay Jo suors Eal uonuAAINUI [-LgD pue s3)oq “Te1e
8 POO[q OTVQH  -S9S APjoam XI§ %6'C6  pavioddng $399M 9 -01-208] Jo suorssas Apjoam Xi§  -e1p 7 adAL  (%L09) L1 19 Hyays[y
Kyanoe Kdexayy aanmusoo pue
eorsAyd pue ‘sonbruyo9) uonexeax
“91p Ayireay “ouar3Ay doays ‘Aderor
‘SUONBIYISSL[O [0NUOD SnnWNS
$919qRIp ‘AIRd ‘Kdexayy uonornsar
100J ‘uar3Ay doors opnpour syuouod
dagys Jouq -wo)) 1apraoxd -1.gD
L-AVD Surpnpour paouarradxa ue £q
pue ‘[ag ‘uoneonpa uorsiazadns oy Iopun BIUWOSUT 1202
‘Kxerp doays yi[eay Jo suols aoe) uonuaAINUI [-LgD pue s2)oq “Te e
6 TOSd ‘ISI  -$98 APjoom XI§ %6'C6  pavioddng $399M 9 -01-2084 Jo suorssas Apjoam XIg  -e1p g adAL  (%L09) LI 19 Hyays[y
(%)
21098 SOUW09 11oddns JuoUNRAN) JeurIoy u ‘orew)  (uedur)
oigdd -no Kay| [onuo)  souerdwo) 1siderdyy,  Jo uoneingg Kroatppg UONUAINU] 1opIosIq 1opuan) By Apmg

SQIPNIS PAPNIOUT JO SONSLIOBIRYD) | d|qeL

pringer

As



122-159

International Journal of Cognitive Therapy (2024) 17

132

[ensn se juaw
-1ean 1210
"JUSWISSISSE

yoea 0y Jorrd
suraned doors

T1o1) Sunyoen

d-SavH a1em Kay) plo}
pue ‘y QIOM UONIPUOD SYOM  UTYIIM UOT)
-SAVH [01U0d 0} -uaAIuI suondrrosaid BIUWOSUT 610C
‘Kerp doays paziwopuel doays pazifenpiarpur pue am “Te1e
6 ‘TOSd ‘ISI siuedoneq %001 PIXIA pue uoneonpe dod[§  -[rej WeSH  (%0°0L) 91 9¢ €C vsn ‘SLLIRH
SHoMIWOY
2ANTUS02 10 [RINOIARYRq
uodn peaiSe A[remnux
Qwos pue ‘quedronted
oy 03 Jueyrodur
swa[qoid 10 $JuAd Jo
UOISSNOSIP “Y92yd poou uors
(renpra ® POPN[OUI UOISSIS -saxdop
-1pur) K1oag -esinu odnoerd pue osed 9102
1ag [ensn aoe) PaJUBApE UE [)IM -SIp 1189y “Ie e
L pue jOSd  seludunean [y %001 -03-938] SUOISSas LD U-1 WS Areuoio) (%691) 6 89 €S vsn Suteo(
syuauodwiod
[eUOTIBONPS pUE ‘UOT
-BXB[aI ‘[0NUOD SNNWNS
‘uonornsar dooys
‘Kdexory aantuSoo oy
[ensn se juaw PAAJOAUT UOTIURA U] BIUWOSUT
-JeaI) 1910 pue ‘porrad yoom- oy pue
9]VQqH pue Auo uoneanpa Surnp gD Jo suoIssas amjrej 800T
9 'SSd ‘10Sd QuaI3Ay doorg %001 U] JuSUIEaN) APYOIM-U-] N0 Koupry  (%€TH) 11 0s 9T rUD TR0 UAYD
@)
21008 SOUW09 JeurIoy u ‘orewy  (ueour) az1s
o1qad -no Kay| [onuo)  ouerdwo) K1aa12q UOTJUIAINU] J9pI0sIq BEhlicls) o8y ordweg  uoneoo] Apmg

(ponunuoo) | |qey

pringer

As



133

122-159

International Journal of Cognitive Therapy (2024) 17

Kdexayy aanusoo pue

Apmus o [0TUOD SNNWNS ‘UOT)
JO pud oy 1Je -otnsar dooys ‘Sururen
UONUAINUT UONEXE[aI ‘UONEINpd
ammssaxd QWIS OATOIAT ouar3Ay dooys pasud 9SBASIP
pooi|q pue pue )si| Sunrem (fenpra -Wod JuSWIedn) A, Ie[nOSeA
IVIS ‘1ad e ojur Jnd a1om -1pur) “UIW ()G SISB] UOISSAS -o1pIed 0202
THIN ‘Arerp dnoi3 jonuoo Qoej [ory "SUoIsSas [-1gD AJxes pue “Te 1
6 doays “IST ut syuaneq %001 -01-30e] [enpiarput Kpjoom 1ySig vruwosu]  (%0°€9) 6T Iy 9%  Auewron uueyor
dnoi3
UOTIURAIIUL
) 01 pardyo
u29q pey ey
$22IN0SaI
Qurfuo pue Sururen
QOIAPE UANLIM uonexe[ar pue ‘Aderoy
Qwres ay) YIm aAnuS0o ‘ouarsAy
papraoxd sem doays ‘uoneonpa dosys
dnoi3 sy opnypour sjuauoduwod
‘Kpmys ay) Jo uonudAINU ‘papraoid
pud oyl Iy os[e aIe s[eLyew djoy
amssaxd -a[npayos doays -J]9s QUI[UQ "UIW 609
pooiq pue [emiqey 1oy PAISE[ SUOISSNOSI]
“as0on3 YIIM dNUNU0D 'so[npayds [euosiad pue
PooIq ‘a 0) payse daays aroy 01 sagueyo Qoueq
-SAVH a1om dnoi3 9013® pue SSNOSIp 0} IST} -InIsIp 70T
‘V-SAVH [01U0d 3} -ua10s doays pasuatiadxa doors pue “re1
8 ‘Arerp doayg ur sjuedonred %001 PXIA ue gy joun Juedioneq Aiseq0 (%00) 0 4% 81 AN nosaueH
@)
21008 SOUW09 JeurIoy u ‘orewy  (ueour) az1s
o1qad -no Kay| [onuo)  ouerdwo) K1aa12q UOTJUIAINU] J9pI0sIq BEhlicls) o8y ordweg  uoneoo] Apmg

(ponunuoo) | |qey

pringer

As



122-159

International Journal of Cognitive Therapy (2024) 17

134

UONBZIWOPURT
0) Jord porrad
UIw-()¢ € 10A0
sdnois3 Jrews ur
SosINU pauren
Jsireroads Aq

Jsiderayy
[emIIA pajewTue ue Aq

SYOOM 8—Q JOAO SUOISSS

A[Yoom Ul paIdAT[p
SeM UOTUAIDIUT QUI[UO
oy, ‘Adexoyy aantusoo
pue ‘[onuod sninwns

amssoxd PIISAT[OP UOTS ‘uonornsar doays Jur
pooi|q pue -$3s uonLINpd -pnjour ‘wrexdoxd
‘vd ‘1ad 10)0B] YSLI Kde1ay) [eanoraeyeq BIUWOSUT L10T
‘Kxerp doars IR[NOSEA © pue QANIUZ0D PazIpIepuR)S pue uors “re1
6 ‘10Sd ‘ISI alIed prepuelg %E06 dpy-jles  syoam 89 Jouraug pue ouoiBAy doo[s  -uanedAH  (%T°19) T8 65 Pel vsn eIDIN
Adero) aanTuS00
pUE ‘[0UOD SN[NWNS
uoneonpa ‘uonornsar dooys
9[K1s9J1] pue ‘Bururen uonexe[ax
ISIOIAXQ ‘JudW ‘oua13Ay doos apnpour
s -jearn Snup Sur (dnoig) syuauodwod uory BIUWOSUT
-sa1d poojq -pnjout ‘fensn Eali -USAIU] "Yoom AIoAd pue uors 810T
6 pueJOSd  selusunean [V %001  panoddng VIN -01-00v]  SUOISSS LD Y- [ om]  -udMRdAH  (%9'h) T8 L P81 ey “reRnrg
(%)
21008 SOUW09 110ddns JusuNEIN JeurIoy u ‘orewy  (ueour) az1s
o1qad -no Kay| [onuo)  ouerdwo) isiderdyy,  jo uonein K1aa12q UOTJUIAINU] J9pI0sIq BEhlicls) o8y ordweg  uoneoo] Apmg

(ponunuoo) | |qey

pringer

As



135

122-159

International Journal of Cognitive Therapy (2024) 17

Sururen uonexear
pue ‘Aderoy oantuSod
ONUOI SnNWNS ‘U0

-o1sa1 doa[s ‘uonesnpa
doays opnjout syuou
-odwoos uonuaAIUL
*$Y09M SUTUSAIAUI UO

AR uoneonpa s[1eo suoydaya) yim
‘S-AsdD QuaI3Ay doays porad yoom-g ue 19A0
‘IID ‘Arerp pue uonesnpa (dnoig) SUOISSas Y- A[joomiq 4 BIUWOSUT S10T
doats JuSWOTRURW Eali ur [-1.gD Yy papiaoxd pue a1n “Te1e
L ‘TOSd ‘ISI  -J19s 2in]re) 1esH %€'T6  pavioddng Syam 8 -01-a0e] 1s130[0yoAsd [eorurd v -[rey 1edH (129 s 65 8Y vsn 1o32pay
suorssas 110d
-dns isideroy)
) oYM
[enuew uon
-UdAIUI A1)
PpaA1ada1 dnoid
[01nuod 3y ut
syuedronred
‘1L jo uon
-o1dwod 10y
“JuawSeuRwW
[ed1paw
1930 Aue suorssas 11oddns
snyd sisKerp Js1derayy aAy 03 a1y} Aq
Surpuone jo poruedwosoe sem yaTym
Sunsisuoo ‘ared ‘papiaoid sem [enuewr
[eual [ensn JuswaSeurW-J[as
101} PATOIRI 11oddns jsideroys ym
Apmys oy jo A[reoyroads an3ney
OdD pue wLe [0nuod 8 POWIe UONUIAIUI 120T
‘L-AVO ‘6 ) 0) pajedo]e JuswSeURW-J[OS amjrej “e1R
6 -OHd T0Sd siedioneq %866 pauoddng  sxyeom 9 PXIA Ppaseq-1.gD palofie], Kaupry  (%0°09) TI 9¢ T N orpuedld
@)
21008 SOUW09 110ddns JuouneAn JeurIoy u ‘orewy  (ueour) az1s
o1qad -no Kay| [onuo)  ouerdwo) isiderdyy,  jo uonein K1aa12q UOTJUIAINU] J9pI0sIq BEhlicls) o8y ordweg  uoneoo] Apmg

(ponunuoo) | |qey

pringer

As



122-159

International Journal of Cognitive Therapy (2024) 17

136

1e3ns pooq
palojuowr pue
9SI0I0X? puR
‘uoneorpawr
“J9Ip UO JDIAPE
papiaoid ‘sny
-e)s s juedion
-1ed p10991 0}
syjuowr ¢ K19A9
s1ouonnoeld

Sururen

uonexefal pue ‘Adeidyy
2ANIUS0D ‘[0NUOD SN[
-nuwms ‘uondinsar dagys
‘uoneonpa deays apnyour
SJUIUOD UOTJUIAINU]
'S)09M 9 10J YoM [ord
SUOISSAS UOISSNISIP
snyd saIn3od] om)
paaradar syuedronred
‘Kpuonbasqng -uorssos
UOISSNOSIP Ut G-

[e1ouas yim (dno13) © AQ PamO[[0J 21M09] BIUWOSUT 120T
S1VAaH SIA 998 0} aoe} Ui 0S—0f  “yoam pue s3)9q (%6'59) ‘R
8 pue [OSd  -99®j ‘ared [ens)) %001  pauoddng Syom £, -01-00B,] 151y oy ut Kep K1oag  -e1p g odA, €SL 9 wil BUIYD Sueyyz
uonuaadxd
osdera1 pue ‘Surrode)
onoud£y reuondo
UOTIBXE[AI oSN
aa1ssardoid ‘Aderory
uon 2ANIuS00 ‘QuardAy doors
-eonpo audI3AY ‘uonornsar doays ‘jon
doays jouiq pue -U0d SN[NWNS SOpN[oul
SINO¥d JusweSeuRw UOTIUDAINU] “SHIOM
pue ‘Krerp -J[os 2Injrey (dnoig) SuruaAIUI UO [[D BIUWOSUT 70T
dooys 1reay 1oddns Eald) quoyda[a) © yIIm SUOTS pue am “Te1
6 ‘TOSd ‘IST 03 uonesnpy %96 pavioddng Syam 8 -01-30e] -$38 Y- APjoamIq o [l 1edH  (%6'Th) 68 €9 681 vsn 1o3opay
(%)
21008 SOUW09 110ddns JuouneAn JeurIoy u ‘orewy  (ueour) az1s
o1qad -no Kay| [onuo)  ouerdwo) isiderdyy,  jo uonein K1aa12q UOTJUIAINU] J9pI0sIq BEhlicls) o8y ordweg  uoneoo] Apmg

(ponunuoo) | |qey

pringer

As



137

International Journal of Cognitive Therapy (2024) 17:122-159

BOLISULY JO S9)BIS PA)IU) ‘VS/) ‘WopSury] payiun “y ) K10juaau] KJ9IXuyY HeI[-0)eIS ‘JVLS ‘WISAS JUSWINSEIA] SOWOD
-InQ panoday Jusned ‘SIWOYd oIreuuonsan) YIeaH juaned ‘6-OHd <xopul Aifend) dos[S ysmgsnid ‘7OSd :AIojuaau] ansne [EUOISUSWIPNINIA ‘I XpU] AILIOAIS
BIUWOSU] ‘7S] ‘urqo[Sowaey payedA[3 ‘o7 yqy ‘uoissaido-oreos uorssaxdo pue Lorxuy [e3dsoH ‘G-SGVH ‘Aeixuy-o1ess uorssaido pue Ajorxuy [eydsoy ‘V-SAVH
£xopu] an3neq [eqO[D) ‘[./D ¢/-IOpIOSIJ AJAIXUY [BIQUDL) ‘/-FVD 9IS AIIoaaS andne ‘§§./ arreuuonsan) andne Ioprey) ‘0.4 oeds uorssaido sarpmg s13o[orwop
-1dg 10y anua) ‘§-@s7D ‘eruwosur 10y Aderoy) [einoiaeyaq ANUZ09 ‘J-1g) ‘Aderoy) feinoraeyaq An309 ‘7g) xopuy uoissaxdo oo ‘/@g Xopul A1RIXuy Yoo ‘Ivg

syjuow ¢
K19A9 s1ouOnn
-oexd Jerousd

Sururen

uonexea1 pue ‘Aderoy)
2ANIUS09 ‘JoNU0d S|
-nws ‘uonoinsar doofs
‘uoneonpa deays opnyout
SIUJUOD UOTIUAAINU]

M JISIA (dnoi3) *suorssas Apyoom /£ £q BIUWOSUT
91VqH Q08J 01-908] Eali POMO[[O] oM ISI1J oY) pue s9)9q (%¥'L9) 7202
L pue 1OSd pue 2183 [ens() %6'L6  pavoddng syoom § -01-008] Ul SUOISSaS AJrep uoAdS  -eIp g 2dAL, 971 €9 181 BUIYD  “[eJoONZ
(%)
21008 SOUW09 11oddns JusuNEIN JeurIoy u ‘orewy  (ueour) az1s
o1qad -no Koy| jonuo) oaouerndwo)y  sideroyy]  jo uonem( K1aarppg UOTJUSAIU] 10pI0SI :19puaD a8y  oidwes  uoneoog Apmg

(ponunuoo) | |qey

pringer

As



International Journal of Cognitive Therapy (2024) 17:122-159

138

1000> disese “T0°0> Ao ‘SO°0>d

aIns

(6617 ‘TSET) 1TT #4586 #xxS80S  (9L°0TTE—) €TT—  #x+CL'S6 #+xCL'99 (081 ‘ISTI—) 9€°S— 69¢ ¥ -saxd poojq drjoiseIq
2InsS
(6981 ‘66'L=) ELT  #xxCEL6 #xx169C (TSOLET—) €60~ ##xLS'88 ##xSTHT (E4°0 ‘T0TT1—) TES— 69¢ ¥ -saxd pooiq o1joIsAs
+(80°0—°8L°0-) +(L0'0—"80°T—)
(I89°069—) €00~  ##+80CL #%xSTEI S0~ ##xSL'9L #xx£691 LS0— PLTT 14 S1V9H
#4(CE€0—6L°0—) #xx(IL0—"TST—)
(St'0—90'¢—) S9°T— SeIT LTL SS0— 000 €0'8 - 61¥ L an3neq
(600°88°€—) SHT—  #x9€H9  %x9S'1T (10°0°0S0—) STO—  #x89CL  #«6L 1T (ST'0°T1E€T—) 80T~ 6971 L Kpxuy
#x+(1T°0—08°0~) %400 = OF'v =)
(LO086'€—) TTT—  #+£€H9  %x00'9C IS0—  #xIS'SL  %xSS'LT LT 809 01 uorssarda(y
(Is°11 josU0
(89°CI ‘OL'LT=) 09'T —  ##xT888 #xx90'8T  (T80°990—) 800  ##xE6'S8 sxxL061 ‘CITI-) 1€0— e ¥ doays 1o15e oYM
(80T°SL9—) 89T~  %£9°69  x0T01 (SE0EF0—)+00— %8065  «6€T1 (C09°€E8—)SI'T— 06¢ S Kouayeyjesuo dodrg
(S0°S‘ST'0-) 29T 000 0CL  #xx(6§9°0°9T0) SP'0  #%+90TL ##x¥E€ €T  x(08°L 90D OF ¥ (8% 9 Kouaroyye doars
(S8T6ET—) ET'T—  #x489°66 s#xx1S9E x(89°CCLT=)L6T  5xxS0°T8 sxx1L9F +(66'FL 19°9) S'8T 9¢y 9 awn dodfs [e10],
#2%(SS0—STT—) #25(16°CT—8¥'9—) Xopujp
P8T1TES) 61— «9I'19  «SH11 060— €199  x6S°€I 69— 824 9 Ky1eadg eruwosuy
#:(97°0—98°0—) #:(SPT—09°C—) xapuy Aypend)
(8€°T1°STT—) TS0~ #xxLE'SY #4x00'CH 990~  #%x95'69 xxx£8TS 0CT— 661 ¢l doars ysmgsnid
(ID %S6) douaIyIp (ID %56)
(ID %$6) 1 8.19839 (%) oI 18910 UBdW PIZIPIepuEl§ (%) 1 189 0 QOUAIYIP UL\
serq uoneoarqng 9Z18 109J QoudIdyIp uBdJN  (N) syuedonreq (u) sapms SI[QRLIBA

sowodno A1epuodas pue Arewtid uo 1.0 Jo 1091 [[eI0AQ T 3|qelL

pringer

As



International Journal of Cognitive Therapy (2024) 17:122-159 139

(A) (B)

Treatment Control Meandif.  Weight Treatment Control Meandif.  Weight
Study N Mean SD N Mean SO With95%Cl (%) Study N_Mean SD N Mean SD With95%Cl (%)
1.Ashevietal, 2021 14 319 202 14 -15 253 - 004(-474,-134) 634 | | 1.Ashehrietal, 2021 14 -984 338 14 279 607 ——MW—— 7.05(-1069, 3.41) 1307
3.Chenetal, 2011 a7 35 37 3% -6 36 --- 290(-459, 121 637 | | 6.Hamsetal, 2019 12 76 82 11 18 47 —@———— 580(-11.33,-027) 764
4. Chen et al., 2008 181179 18 5 247 —— 150(-3.16, 0.16] 650 8.Johannetal, 2020 23 -89 3828 -15 47 —— 7.40( -9.87, -493] 1846
5.Doeringetal, 2016 33 29 43 20 12 58 - 70(-443, 103) 337 10.McGrath etal, 2017 54 47 44 67 -18 41 —M— 200 442,138 2366
6. Harris etal, 2019 12 41 49 11 1 38 —e— -510(-871,-149] 214 | | 12 Redekeretal 2015 29 762 565 19 -368 659 ———— 394[ 743, -045) 1366
7.Hartescuetal, 2022 10 555 92 8 -256 .93 L] 299(-385, -2.13] 1078 13.Redekeretal, 2022 91 66 523 84 346 518 —M— 314[ -468,-160) 2352
9. Livetal, 2018 102 281 215 82 -56 356 - 225(-308, 1.42) 1095 | | oueay - 469 648, -291]
10.McGrathetal, 2017 54 25 31 67 14 26 - 101212, 008 984 | | taroganeiy: =201, F = 6.13% H' =295
1. Plcarieloetal, 2021 12 -9 283 12 182 294 W 083148, 314) 430 | | 1oqq 0. 0(5)=1350,p=002
12.Redeker etal, 2015 29 218 404 19 -46 279 —a— 1720380, 036 498 | | 1o 510.0:72-515,p=000
13, Redeker etal, 2022 91 -278 316 84 -51 331 - 227(323, -1.31] 10.18 T 3 °
14.Zhang etal, 2021 527 -1.06 267 506 -13 234 n 03[1.26, 062) 1368 | | REML model
15.Zu0 et al, 2020 % 29 3 @ -1 32 = 280(-369, -1.91] 1060
Overall . -202(-260, -1.45)
Heterogeneiy: T =
Test of = 6; Q( 83,p=000
Tosto 8= 0:2=-6.92,p = 0.
0 5 o 5
Random-effects REML model
© D)

Treatment Control Mean dif. Weight Treatment Control Meand.  Weight
Study N Mean SO N Mean SD with 95% CI ) Study N Mean SD N Mean SD Wh9S%Cl (%)
1.Aishehrietal, 2021 14 3657 44.06 14 471 20012 ——@———  3186(-75.48, 139.20) 584 1. Alshehrietal, 2021 14 808 296 14 316 57 M- 492( 156, 828) 2200
7.Hartescuetal, 2022 10 7848 489 8 628 546 | 7220( 67.41, 7699) 2448 6.Hamisetal, 2019 12 164 239 11 -2 85 —@————1660( 166, 31.54) 437
8. Johannetal, 2020 23 24 8423 30 6 —W— -6.00(-49.66, 37.66] 16.08 7.Hartescuetal, 2022 10 -18 182 8 68 205 M} 086(-265, 0.93) 2603
10.McGrathotal, 2017 54 39 67.1 67 27 76 - 120(-2467, 27.07) 2076 10.McGrathetal, 2017 54 53 108 67 .1 108 —M- 520( 133, 9.07] 2056
12.Redekeretal, 2015 29 414 936 19 27 792  —M— 14.40(-3665, 65.45) 1426 12.Redekeretal, 2015 20 58 17419 0 134 —@—— 580(331, 1491 929
13.Redekeretal, 2022 91 144 1038 84 -264 1266 - 4080( 661, 7499) 1857 13.Redeker etal, 2022 91 487 17.41 84 -1.96 1541 —li— 683( 194, 11.72) 17.75
Overall - 2845( 125, 58.16] Overall - 440( 101, 7.80]
Hoterogonty: = 8323, ¥ = 82.05%, H: = 557 Heterogeneity: © = 10.71, F = 72.06%, H = 358

Test o 8,= 6; O(5) = 2334, p= 000
Tostof 6=0:2=254,p =001

Testof 0= 0; Q(5) =46.71, p = 0.00
Testof 0=0:2=1.88,p=006

Random-effects REML model Random-effects REML model

(E) (F)

Treatment Control Mean diff. Weight Treatment Control Mean dif. Weight
Study N Mean SD N Mean SD wih95%Cl (%) Sty N Mean SD N Mean D WIS C (%)
1.Alshehrietal, 2021 14 -1225 538 14 54 1551 — -685(-1545, 1.75) 2412 1.Aishehrietal, 2021 14 256 682 14 347 1352 — -6.03(-13.96, 1.90] 26.08
7.Hartescuetal, 2022 10 938 519 8 165 583 —M- 7731 264, 1282) 3111 7.Huwecustal, 2022 10 580 7.10 § 461 008 M 1050( 345, 17.55] 2674
10.McGrathetal, 2017 54 116 184 67 -84 428 ——W—— 320(-1544, 904) 17.79 10.McGrahetal, 2017 &4 164 378 67 92 N5 —H— +1620(-2892, -348) 2202
12 Redokeretal, 2015 20 165 369 19 73 242 ——@———— -920(-2802, 962] 1043 13 Rodokerotal, 2022 91 237 2686 B4 567 3436 B e0i 106, 1714 2515
13 Redeker etal, 2022 91 439 4397 84 211 4438 ——@—— 2281538, 1082] 1655 :’;’:‘" o 2310, 285908 711 - 0a[-213 N8

rogenely: ¥ = 123.10, I = 85.93%, H =

Overall 15[ 83, 602 Test of 8,2 6; Q3) = 19.07, p = 0.00
Heterogeneity: = 36.36, ¥ = 59.08%, H = 244 Tostof820.22-005, =096
Testof 6,=6;Q4) = 1139, p= 0,02 b 5 7 >
Testof 0=0:2=-0.32,p=0.75 Random-effects REML model

80 20 10 0 10

Random-effects REML model

Fig. 2 Forest plots of the effect of CBT on sleep outcomes. A Pittsburgh Sleep Quality Index. B Insom-
nia Severity Index. C Total sleep time. D Sleep efficiency. E Sleep onset latency. F Wake after sleep
onset

CBT intervention with a sleep hygiene component (MD= —2.09, 95% CI—-2.66
to —1.52, p<0.001, ’=74.99%) has a greater effect on the Pittsburgh Sleep Qual-
ity Index compared with intervention designs that did not include sleep hygiene
(MD= —1.76, 95% CI—5.03 to 1.51, p>0.05, *=44.20%). It was also found that
the Pittsburgh Sleep Quality Index was more significantly improved in studies that
did not provide self-help manual (MD = —2.27, 95% CI-2.92 to —1.62, p <0.001,
I=68.30%) compared with studies that provided self-help manual (MD= —1.12,
95% CI—2.65 to 0.40, p>0.05, I*=76.40%).

The Insomnia Severity Index was reported in 6 studies, and 441 participants
were included in these studies. The meta-analysis showed that there was a more
significant decrease in Insomnia Severity Index scores in patients in the CBT
intervention group compared with patients in the control group (MD= —4.69,
95% CI-6.48 to—2.91, p<0.001, 12=66.13%) and a large effect size
(SMD = —0.90, 95% CI—1.25 to—0.55, p <0.001, I>=66.16%).
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(A) (B)

Treatmant Control Moandfl.  Weight

Study N_Mean SD N Mean SD With 95% C1 (%) Troatment Control Meand.  Weight
Study N Mean SD N Mean SD with 95% CI (%)

1.Ashehriotal, 2021 14 -463 457 14 111 56 . 574( 953,195 oM

3 Chenetal 2011 &7 -3 1535 4 142 —a— a0l o 28 sse 1.Ashehriotal, 2021 14 347 357 14 46 517  —W— 263[692, 034 907

5mem;‘ 016 33 88 9620 27 108 —B—— -uso[-nm. S5 6 7.Hartescuetal, 2022 10 -125 101 8 -75 1.02 E 3 050(-1.44, 044 2250

. ) P L 1 r . - . 410[9.14,

6Harisetal, 2019 12 45 411 3 3 N -380( 671,089 11.07 S.Jchametal,2020 23 S5 82 2 14 92 410(-9.14, 094 485

7.Harescuotel, 2022 10 244 114 8 134 114 ™ 210( 216, 004 1618 10.McGrathetal, 2017 54 23 45 67 -7 33 - -160(-299, -021) 19.47

Sdohaneta, 2020 23 83 428 42 & . 2100 472, 082 178 12. Redeker etal, 2015 29 14 85 19 -3 102 e 110642, 422] 442

10.McGrathetal, 2017 54 29 56 67 -5 37 - 2400 406, 074 14M 13. Redeker etal, 2022 91 -208 598 84 -32 7.16 +- A76(-871, 0.19] 1570

11. Picarielo otal, 2021 12 26 484 12 135 7.68 o= 395 -9.00, 119) 667 14.Znangetal, 2021 527 -42 568 506 -1.24 556 082( 013, 151) 2399

12 Redokerotal, 2015 20 16 83 19 21 86 —8— 050[ 437, 537 700 Overal - -1.08(231, 0.15]

13. Redeker etal, 2022 91 -1.93 6.38 84 25 637 W o0s7[ 132, 248) 1351 Heterogeneity: T = 1.62, I = 72.68%, H? = 3.66

Overall - 273 446, 099) Test of 8,= 6; Q(6) = 21.79,p = 000

Heterogeneity: = 487, = 75.51%, H = 4,08 Tostof 0=0:2=-172,p=009 . ) .

Tostof = 8; Q(9) = 2755, p =0.00 G 5 o s

Testof 8 =0:2=-3.08, p=0.00 Random-effects REML model

45 0 5 o0 5
Random-effects REML model

© D)

Treatment Control Meandifl.  Weight
Treatment Control Meandfl.  Weight
Sty N Moan SO N Mean SO WhiSkel (%) Study N_Mean SD N Mean SO Wih95%Cl (%)
2 Ashehrietal, 2020 14 -141 121 14 -06 158 & 135( -239, -031) 1515 2 Asheiotal 2020 18 -5 18 14 2 8 - aTLAT, 039 186
3. Chen otal, 2011 7 -8 153 118 B 0%0[ 165, 014 2823 4.Chenetal, 2008 18 -13 13 13 06 124 ——8—— 019(-1.17, 079 1588
4.Chen etal, 2008 116 013 -6 3 W 100( 186, -044) 5177 14.Zhangetal, 2021 527 -22 114 506 02 112 ] -024(-038, -0.10) 37.78
8.Johamnetal, 2020 23 11 1528 22 18— -880(-1753, 007 02 t5.Zv0etal, 2020 94 4 11 8 a1 16— 1.10(-1.49, 0.71] 3148
1. Picarilo otal, 2021 12 833 637 12 557 61 276( 775, 223) 086 overal = 057(-1.08, 0.07)
12.Rodekeretal 2015 20 6 93 19 5 116 650(12.44, -056]  0.47 g
Heterogeneity: = 0.17, = 76.75%, H = 4.30
18, Redekor otal, 2022 91 324 653 84 -1.13 805 —e— 21 -427, 005 351
Tostof 0,= 6; Q(3) = 1693, p = 0.00
Overall 4 az( 82071 Tostof 0=0:2=-221,p =008
Heterogeneity: 1 = 0.00, ¥ = 0.00%, H = 1.00 5 T 5 1
Testof 6,=6; (6) =803, p = 0.24 Random-effects REML model
Testof 0=0:2=-5.40,p=000
20 o
Randomeffects REML model
Treatment Control Weight Treatment Control Mean i Weight
Study N_Mean SO N Mean SO with 95% C1 ) Study N_Mean SD N Mean SO with 95% C1 )
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Fig. 3 Forest plots of the effect of CBT on other secondary outcomes. A Depression. B Anxiety. C
Fatigue. D HbAlc. E SBP. F DBP

For the four sleep diary outcomes, we found that CBT intervention provided
significant in improving total sleep time and sleep efficiency. Participants in the
CBT intervention group showed a more significant increase in total sleep time
compared with participants in the control group (MD =28.45, 95% CI 6.61 to
74.99, p <0.05, I>=82.05%) with a large effect size (SMD=1.97, 95% CI—1.75
to 5.68, p <0.05, I’ =99.68%). Also, we found that sleep efficiency was more sig-
nificantly increased in patients in the CBT intervention group compared with the
control group (MD =4.40, 95% CI 1.06 to 7.80, p <0.05, P=72.06%), and there
was a small effect size (SMD =0.45, 95% CI 0.26 to 0.65, p <0.001, 12=0.00%).
In contrast, CBT intervention did not show a significant effect on improving sleep
onset latency and wake after sleep onset. The mean difference improvement in
sleep onset latency between the CBT intervention group and the control group
was not significant (MD= —1.15, 95% CI-8.33 to 6.02, p>0.05, P=59.08%),
and the effect size was very small (SMD= —-0.04, 95% CI-0.43 to 0.35,
p>0.05, ?=65.63%). A similar result was observed in wake after sleep onset.
No significant difference in wake after sleep onset was found between the CBT
intervention group and the control group (MD=v0.31, 95% CI—-12.13 to 11.51,
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p>0.05, 12=85.93%), with a very small effect size (SMD=0.08, 95% CI—0.66
to 0.82, p>0.05, I’ =88.82%).

Effect of CBT on Depression and Anxiety

A total of 10 studies with 608 participants reported depression scale scores
as outcome variables. There was a more significant improvement in depres-
sion scale scores in the CBT intervention group compared with the control group
(MD= —2.73, 95% CI—-4.46 to —1.00, p<0.001, ’=75.51%) with a medium
effect size (SMD= —0.51, 95% CI—0.80 to —0.21, p<0.001, >=64.33%). A sub-
group analysis was also conducted on the depression outcome, and the results are
presented in Table 4. We found that CBT intervention delivered in less than 6 weeks
(MD= -3.09,95% CI-5.16 to —1.02, p<0.01, P= 52.15%) had a more significant
effect on depression than intervention delivered longer than 6 weeks (MD = —2.57,
95% CI—-6.17 to 1.04, p>0.05, 12=88.68%). The effect of CBT on depression was
more significant in studies that did not provide education on CMS (MD = —3.73,
95% CI—6.76 t0—0.69, p<0.05, ?=81.45%) compared with studies providing
CMS education (MD= —1.99, 95% CI—4.35 to 0.37, p>0.05, ’=68.52%). CBT
also showed a greater effect on depression when a self-help manual was not present
(MD= —-3.45,95% CI-5.84 to —1.06, p<0.01, 12=75.17%) compared with stud-
ies that provided a self-help manual (MD = —1.44, 95% CI—3.94 to 1.05, p>0.05,
P=68.35%).

In addition, we found that CBT intervention did not provide significant in improv-
ing anxiety symptoms. The difference in anxiety scale scores between the CBT
intervention group and the control group was not significant (MD = —1.08, 95% CI
v2.31 to 0.15, p>0.05, 12=72.68%), and the effect size result was also not signifi-
cant (SMD = —0.25, 95% CI—0.50 to 0.01, p>0.05, > =64.36%).

Effect of CBT on Fatigue

Fatigue was reported in 7 studies, and 419 participants were included in these stud-
ies. The fatigue level measured by fatigue scales was more significantly reduced in
the CBT intervention group compared with the control group MD= —1.12, 95%
CI-1.521t0-0.71, p<0.001, 12=0.00%) with a medium effect size (SMD = —0.55,
95% CI—0.79 to—0.32, p<0.001, >=21.35%). The Q test results were consistent
with the /7 result, showing a significantly low level of heterogeneity in fatigue.

Effect of CBT on HbA1c and Blood Pressure

HbAlc was reported in 4 studies with 1274 participants. A significant difference in
the improvement of HbA 1c between the CBT intervention group and the control group
was observed MD= —0.57, 95% CI-1.08 to —0.07, p<0.05, P=76.75%), and there
was a small effect size (SMD= —0.43, 95% CI-0.78 to—0.08, p <0.05, P=72.08%).
Systolic blood pressure and diastolic blood pressure were reported in 4 studies,
which included 369 participants. The effect of CBT intervention on both systolic blood

@ Springer



International Journal of Cognitive Therapy (2024) 17:122-159 145

pressure and diastolic blood pressure was not significant. The difference in systolic
blood pressure improvement between the CBT intervention group and the control group
was not significant (MD= —5.32, 95% CI—11.01 to 0.43, p>0.05, I2=88.57%), and
the effect size was also not significant (SMD= —0.93, 95% CI—2.37 to 0.52, p>0.05,
?=97.32%). A similar result was found for diastolic blood pressure (MD= —5.36,
95% CI—12.51 to 1.80, p>0.05, P=95.72%), with an insignificant effect size result
(MD=—1.23,95% CI—3.22 t0 0.76, p>0.05, *=98.53%).

Publication Bias

Publication bias for all outcomes was assessed by regression-based Egger test, and the
results are presented in Table 2. The Funnel plots were also presented in Figs. 4 and
5. No significant publication bias was found for the Pittsburgh Sleep Quality Index
(t=-0.52, p>0.05), Insomnia Severity Index (r=—1.39, p>0.05), total sleep time
(t=—1.13, p>0.05), sleep efficiency (t=2.62, p>0.05), sleep onset latency (= —1.68,
p>0.05), wake after sleep onset (t= — 1.60, p>0.05), depression (= —2.22, p>0.05),
fatigue (= —2.65, p>0.05), HbAlc (t=-0.03, p>0.05), systolic blood pressure
(t=1.73, p>0.05), and diastolic blood pressure (t=1.21, p>0.05). Originally, there
was a significant publication bias in the anxiety outcome, so we conducted sensitivity
analysis and found that the source of publication bias was from 3 studies (Chen et al.,
2011; Harris et al., 2019; Picariello et al., 2021). Therefore, these three studies were
removed from the meta-analysis process for the anxiety outcome, and the publication
bias result for the rest of the studies for anxiety outcome turned out to be not significant
(t=—-2.45, p>0.05).

Discussion

This study included 15 RCT studies with a total of 2174 participants. The meta-analysis
results found that CBT intervention had a significant effect on improving overall sleep
quality as measured by the Pittsburgh Sleep Quality Index, overall insomnia severity
as measured by the Insomnia Severity Index, total sleep time, sleep efficiency, depres-
sion, fatigue, and HbAlc. The meta-analysis also found that CBT intervention did not
provide a significant effect on improving sleep onset latency, wake after sleep onset,
anxiety, and blood pressure.

Effect of CBT Intervention on Sleep Outcomes

The meta-analysis results showed that overall sleep quality measured by the Pitts-
burgh Sleep Quality Index, overall insomnia severity measured by the Insom-
nia Severity Index, total sleep time, and sleep efficiency were more significantly
improved in the CBT intervention group compared with the control group, which
was consistent with the results from previous studies (van Straten et al., 2018). Simi-
lar results were also found in other studies analysing the effect of CBT on sleep
problems in different disease groups (Climent-Sanz et al., 2022; Ma et al., 2021;
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Selvanathan et al., 2021), which suggested that CBT intervention provides a similar
positive effect on improving sleep quality and prolonging sleep duration in CMS
patients by changing their cognitive and behavioural patterns. However, the effect
of CBT on sleep onset latency and wake after sleep onset was not significant, and
this was quite different from the results in existing studies (van Straten et al., 2018).
A possible explanation for this could be the limited number of studies that reported
these two outcomes, as sleep onset latency was only presented in five studies and
wake after sleep onset was only reported in four studies. For now, we could not con-
clude that CBT intervention was not effective in improving the continuity of sleep in
CMS patients.

Subgroup analysis was conducted on the Pittsburgh Sleep Quality Index to
identify the specific intervention components that have the greatest effect on over-
all sleep quality. We found that the inclusion of the sleep hygiene component was
especially important in improving the efficiency of CBT intervention, and this find-
ing was consistent with existing studies (Chung et al., 2018). Existing studies have
mentioned that sleep hygiene education can be used alone as a non-pharmacologi-
cal treatment for insomnia, and the independent use of sleep hygiene education had
already showed a significant effect on sleep improvement (Chung et al., 2018). In
CBT designs, the main contents of behavioural therapy were sleep restriction and
stimulus control. The target of these two components was limited to the behaviours
in bed (Baillargeon et al., 1998; Miller et al., 2014), while the overall sleep quality
was also greatly affected by factors outside of the bed, such as the environment of
bedrooms and substance intake. As an important complement of behavioural treat-
ment, sleep hygiene education provided comprehensive education on behaviours
promoting sleep, including keeping a quiet sleep environment, maintaining regular
sleep schedules, and limiting alcohol and tobacco intake (Morin & Espie, 2007).

Another effective component identified through subgroup analysis was the
absence of self-help manuals. Studies providing self-help manuals showed a worse
effect on sleep quality compared with studies without self-help manuals. Although
some of the existing studies have concluded that fully self-help CBT intervention
had a promising effect on improving sleep quality (Ho et al., 2015), intervention
under the guidance of an experienced therapist would be a better choice because
patients might have questions or misunderstandings on the intervention contents in
fully self-help interventions, and the support from the therapists would be necessary
to ensure the intervention contents are properly delivered.

In addition, the length of the intervention did not show significant effects on CBT
intervention effects. The length of intervention in RCT included in this study ranged
from 4 to 8 weeks, which means there were no studies providing extremely long
or extremely short intervention. Further research is required to find out if the CBT
intervention effects are affected by extremely long or brief intervention designs.
Subgroup analysis also found similar effects in studies with different disease groups,
delivery methods, and the use of medications, which was in line with the findings
from previous studies (Morin et al., 2006; Trauer et al., 2015). This suggested that
the effect of CBT intervention was not significantly affected by comorbid diseases,
delivery methods, and medications.
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Effect of CBT Intervention on Depression and Anxiety

The meta-analysis found that CBT intervention had a significant effect on depression,
which was similar to the findings in existing research (Carney et al., 2017; Lattie
et al., 2019). Studies have mentioned that there was a close relationship between low
sleep quality and depression, and the improvement of sleep quality and amount could
also lead to the improvement of depression symptoms (Roberts & Duong, 2014).
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Subgroup analysis was also conducted on depression, and the results showed that
the effect of CBT intervention was more significant when the length of interven-
tion was shorter than 6 weeks. A possible explanation would be patients might lose
concentration and enthusiasm to participate in the intervention sessions across a
longer intervention period. The subgroup analysis also found that relapse preven-
tion, homework, and problem-solving components did not provide a significant
effect on depression, which was out of our expectation. The possible reason would
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be the limited number of studies, so more studies are required to evaluate the effect
of CBT on depression.

The meta-analysis also found that CBT intervention did not have a significant
effect on anxiety, which was different from the findings in existing studies (Mason
et al., 2023; Thun et al., 2019). This is possibly because the main target of CBT
interventions in these studies was sleep problems instead of anxiety, so the informa-
tion related to insomnia management was relatively limited. But we also need to
mention that anxiety was reported in only seven studies, and the results might be
different when more studies are included.

Effect of CBT Intervention on Fatigue

We found that CBT intervention had a significant effect on daytime fatigue. Fatigue
is an important measurement of daytime functioning in patients with sleep prob-
lems, and studies have mentioned that the insufficiency of sleep was the greatest
cause of daytime fatigue (Caldwell et al., 2019). The CBT intervention successfully
created a regulated sleep pattern, which enabled the patients to be fully rested in
bed, and this directly reduced the daytime fatigue level *.

Effect of CBT Intervention on HbA1c and Blood Pressure

While the direct pathways linking sleep to specific medical factors in CMS are
still being studied, research suggests several possible mechanisms. Insufficient
sleep duration and poor sleep quality have been associated with impaired glucose
metabolism (Liu et al., 2022) and insulin resistance (Wang et al., 2023); by improv-
ing sleep, it is hypothesized that there may be a positive impact on glucose regu-
lation, leading to improved HbAlc levels. Sleep plays a role in regulating various
hormones involved in metabolic processes, including insulin, cortisol, and appetite-
regulating hormones like leptin and ghrelin (Brochard et al., 2016); disrupted sleep
can lead to dysregulation of these hormones, which can impact blood sugar control,
appetite, and weight management. By improving sleep, it is possible that hormonal
balance may be restored, which could positively influence HbAlc levels and weight
management. Sleep disturbances, particularly sleep apnea, have been associated
with increased blood pressure and hypertension (Bathgate & Fernandez-Mendoza,
2018). Sleep apnea is characterized by repeated interruptions in breathing during
sleep, leading to fragmented sleep and increased sympathetic nervous system activ-
ity. Treating sleep apnea or improving sleep quality may help reduce blood pressure
levels (Van Ryswyk et al., 2018). Regarding behavioural patterns and medication
compliance, improved sleep may indirectly influence these factors. When individ-
uals experience better sleep, they may have increased energy levels, an improved
mood, and reduced daytime sleepiness, which can positively impact their motivation
and ability to engage in healthy behaviours, such as regular exercise and adherence
to dietary recommendations (Mead & Irish, 2020). Additionally, better sleep quality
may lead to improved cognitive function and decision-making, potentially enhanc-
ing medication compliance (Taillard et al., 2021).
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Consistent with the findings in previous studies (Carroll et al., 2015), CBT inter-
vention was effective in the improvement of metabolic profiles, especially HbAlc,
in CMS patients. It was reported that the loss of sleep could lead to heavy meta-
bolic burdens, and some CBT components, such as sleep restriction, have been
confirmed to compromise metabolic control in healthy individuals (Reynolds et al.,
2012; Schmid et al., 2015). However, further research is required to provide a more
detailed overview of the effect of CBT intervention and sleep improvement on meta-
bolic profiles.

In addition, we found that the effect of CBT was not significant on blood pres-
sure, even though previous studies have reported that poor sleep quality was related
to higher blood pressure (Lo et al., 2018). This can be explained by the time required
to reflect the CBT intervention’s effects on blood pressure. The patients experience
sleep improvement immediately during or after CBT intervention, but it might take
more time for the effect to be showed on blood pressure reduction. Also, the number
of studies reporting blood pressure was limited, and the results might be different
when more studies with bigger sample size are included.

Strength, Limitations, and Implications

While nutrition adjustment and exercise involvement are indeed key components
of CMS management (Schiavon et al., 2020), addressing sleep as part of a com-
prehensive treatment approach may provide additional benefits and optimize over-
all outcomes. It is important for medical and behavioural clinicians to consider the
multidimensional nature of CMS and take into account the potential impact of sleep
on metabolic health. This study included 15 RCT studies focusing on using CBT
intervention in the management of sleep problems in patients with cardiometabolic
syndrome. All included studies had high-quality study designs and provided repre-
sentative data on sleep, psychiatric disease, fatigue, biomedical, and blood pressure
outcomes. This study also conducted a subgroup analysis to identify the possible
factors in the research designs that might affect the overall effect of the CBT inter-
vention. This study adapted a well-developed study design and minimized the publi-
cation bias in the final results.

However, there are still some limitations to this study. Firstly, the meta-analy-
sis results showed that the effect of CBT intervention is not significant in terms of
sleep onset latency, wake after sleep onset, anxiety, and blood pressure, which was
inconsistent with previous studies. These outcomes were provided in a small num-
ber of studies, so results might be changed if the number of studies and participants
is increased. Secondly, the number of studies providing results on some important
biomedical indicators related to cardiometabolic disease, such as blood glucose and
blood lipid indicators, is very limited. As a result, the effect of CBT intervention on
overall physical health remains unclear. Finally, the subgroup analysis results found
some CBT components being not effective, which might also be due to the limited
number of studies. Therefore, further studies that include more RCT studies with a
larger sample size and more biomedical outcomes are needed to support the results
of this study.
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Most patients with cardiometabolic syndrome not only have cardiometabolic syn-
drome symptoms but also have comorbidities with sleep problems, depression, and
anxiety. The present meta-analysis found CBT-I and CBT principles were beneficial
not only to sleep problems but also to depression and anxiety, and this is consist-
ent with other previous studies (Cunningham & Shapiro, 2018). It is highly recom-
mended that CBT-I can be used as the priority treatment and be implemented in
medical and clinical settings to treat underlying psychological and behavioural prob-
lems. The improvement of sleep problem, depression, and anxiety would result in
more improvement of metabolic health and overall outcomes in patients with cardio-
metabolic syndrome.

Conclusion

In conclusion, CBT intervention provides a positive effect on improving overall
sleep quality measured by the Pittsburgh Sleep Quality Index, total sleep time, sleep
efficiency, depression symptoms, and reducing insomnia severity measured by the
Insomnia Severity Index, daytime fatigue, and HbAlc in CMS patients with sleep
problems. The effect of CBT intervention is more significant when sleep hygiene
education is included and delivered without self-help manuals. Further research with
more studies including randomized controlled trials with more biomedical indica-
tors and different intervention designs is required to confirm the findings.
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