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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 I2 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 HbA1c. 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 



 International Journal of Cognitive Therapy

1 3

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 (HbA1c). 
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, HbA1c, 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/ prosp ero/ displ ay_ record. 
php? Recor dID= 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 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=405451
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=405451
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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 
(HbA1c), 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% CIs 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 I2 values (Higgins et al., 2003) 
and Q tests (Huedo-Medina et al., 2006). The I2 value ranged from 0 to 100%. An I2 
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 t 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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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, I2 = 69.56%) with a medium effect size (SMD =  − 0.66, 95% CI − 0.86 
to − 0.46, p < 0.001, I2 = 65.37%). Subgroup analysis was conducted on the Pitts-
burgh Sleep Quality Index because there was a significantly high level of hetero-
geneity (I2 = 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 

Fig. 1  PRISMA flow chart for study selection
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CBT intervention with a sleep hygiene component (MD =  − 2.09, 95% CI − 2.66 
to − 1.52, p < 0.001, I2 = 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, I2 = 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, 
I2 = 68.30%) compared with studies that provided self-help manual (MD =  − 1.12, 
95% CI − 2.65 to 0.40, p > 0.05, I2 = 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, I2 = 66.13%) and a large effect size 
(SMD =  − 0.90, 95% CI − 1.25 to − 0.55, p < 0.001, I2 = 66.16%).

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
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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, I2 = 82.05%) with a large effect size (SMD = 1.97, 95% CI − 1.75 
to 5.68, p < 0.05, I2 = 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, I2 = 72.06%), and there 
was a small effect size (SMD = 0.45, 95% CI 0.26 to 0.65, p < 0.001, I2 = 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, I2 = 59.08%), 
and the effect size was very small (SMD =  − 0.04, 95% CI − 0.43 to 0.35, 
p > 0.05, I2 = 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, 

Fig. 3  Forest plots of the effect of CBT on other secondary outcomes. A Depression. B Anxiety. C 
Fatigue. D HbA1c. E SBP. F DBP
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p > 0.05, I2 = 85.93%), with a very small effect size (SMD = 0.08, 95% CI − 0.66 
to 0.82, p > 0.05, I2 = 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, I2 = 75.51%) with a medium 
effect size (SMD =  − 0.51, 95% CI − 0.80 to − 0.21, p < 0.001, I2 = 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, I2 = 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, I2 = 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 to − 0.69, p < 0.05, I2 = 81.45%) compared with studies providing 
CMS education (MD =  − 1.99, 95% CI − 4.35 to 0.37, p > 0.05, I2 = 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, I2 = 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, 
I2 = 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, I2 = 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, I2 = 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 − 1.52 to − 0.71, p < 0.001, I2 = 0.00%) with a medium effect size (SMD =  − 0.55, 
95% CI − 0.79 to − 0.32, p < 0.001, I2 = 21.35%). The Q test results were consistent 
with the I2 result, showing a significantly low level of heterogeneity in fatigue.

Effect of CBT on HbA1c and Blood Pressure

HbA1c was reported in 4 studies with 1274 participants. A significant difference in 
the improvement of HbA1c between the CBT intervention group and the control group 
was observed (MD =  − 0.57, 95% CI − 1.08 to − 0.07, p < 0.05, I2 = 76.75%), and there 
was a small effect size (SMD =  − 0.43, 95% CI − 0.78 to − 0.08, p < 0.05, I2 = 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 
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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, 
I2 = 97.32%). A similar result was found for diastolic blood pressure (MD =  − 5.36, 
95% CI − 12.51 to 1.80, p > 0.05, I2 = 95.72%), with an insignificant effect size result 
(MD =  − 1.23, 95% CI − 3.22 to 0.76, p > 0.05, I2 = 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 (t =  − 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 (t =  − 1.68, 
p > 0.05), wake after sleep onset (t =  − 1.60, p > 0.05), depression (t =  − 2.22, p > 0.05), 
fatigue (t =  − 2.65, p > 0.05), HbA1c (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 HbA1c. 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).

Fig. 4  Funnel plots for sleep outcomes. A Pittsburgh Sleep Quality Index. B Insomnia Severity Index. C 
Total sleep time. D Sleep efficiency. E Sleep onset latency. F Wake after sleep onset
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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 

Fig. 5  Funnel plots for other secondary outcomes. A Depression. B Anxiety. C Fatigue. D HbA1c. E 
SBP. F DBP
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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 97.

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 HbA1c 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 HbA1c 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 HbA1c, 
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 HbA1c 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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