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Abstract

Insomnia, as a difficulty in initiating and maintaining sleep, coupled with cardiovascular diseases (CVDs) increase the risk of
aggravate daytime symptoms, mortality, and morbidity. Cognitive behavioral therapy (CBT) is thought to have a significant
impact on insomnia treatment, but in patients with CVDs, there is a paucity of data. To provide a comprehensive appraisal
on the impact of CBT on the treatment of insomnia in patients with CVDs. We searched Ovid, Scopus, Web of science,
and Cochrane central, to randomized controlled trials (RCTs) from inception till November 2022. Outcomes of interest
were insomnia severity index (ISI), Pittsburgh Sleep Quality Index (PSQI), sleep efficiency (SE), Dysfunctional Beliefs
and Attitudes about Sleep Scale (DBAS), and sleep disorders questionnaire (SDQ). Pooled data were analyzed using mean
difference (MD) with its 95% confidence interval (CI) in a random effect model using STATA 17 for Mac. Nine RCTs com-
prising 365 patients were included in the analysis. CBT significantly reduced scores of ISI (MD= —3.22,95% CI—-4.46
to—1.98, p<0.001), PSQI MD = —-2.33,95% CI-3.23 to—1.44, p<0.001), DBAS (MD= —-0.94,95% CI—1.3to—0.58,
p<0.001), SDQ (MD= —-0.38,95% CI—-0.56to—0.2, p<0.001). Also, it increased the score of SE (MD =6.65, 95% CI
2.54 t0 10.77, p <0.001). However, there was no difference in terms of ESS. CBT is an easy and feasible intervention with
clinically significant improvement in insomnia symptoms. Further large-volume studies are needed to assess sustained
efficacy.
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Introduction

Insomnia, defined as difficulty initiating, maintaining sleep,
and waking up prematurely associated with daytime cog-
nitive impairment, is common in the general population
! Medical Research Group of Egypt (MRGE), Cairo, Egypt with a prevalence of approximately 10-30% (Morin &
Benca, 2012). Moreover, insomnia in cardiovascular dis-
eases (CVD) is a frequent comorbidity, with an estimated
prevalence of 37% in patients with acute coronary artery
Egypt disease, and about 50% in heart failure patients (Redeker
et al., 2010).
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the need for treatment of these patients (Conley & Redeker,
2015; Javaheri & Redline, 2017).

Cognitive Behavioral Therapy for Insomnia (CBT-I)
has proven effective in various populations, from general
cases to those with comorbidities like psychiatric disorders,
chronic pain, cancer, and depression (Javaheri & Redline,
2017). Furthermore, studies exploring CBT interventions
for different conditions, including CVD, have demonstrated
positive outcomes, suggesting a viable approach for patients
with both CVD and insomnia. European guidelines advo-
cate training healthcare professionals to widen access to
insomnia treatment. Also, interventions targeting depres-
sion in patients with heart failure and CVD have shown
positive effects, particularly when deliverers underwent
brief training and had access to guideline scripts (Conley
& Redeker, 2015). Tailoring CBTI interventions for CVD
patients, incorporating cardiac-relevant components, pre-
sents a potential avenue to address both insomnia and car-
diac health.

However, there is a paucity of data concerning the effect
of CBT-I on patients with insomnia and cardiac diseases on
sleep-related outcomes, including cognitive function, quality
of life, or functional status. Moreover, no prior meta-analysis
reported the effect of this intervention in such population.

So, in this systematic review and meta-analysis, we aimed
to address the impact of CBT-I on sleep-related outcomes
in patients diagnosed with insomnia and cardiovascular
diseases.

Patients and methods

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement guidelines
during this systematic review and meta-analysis (Liberati,
et al., 2009). The methods were done in strict accordance
with the Cochrane Handbook of Systematic Reviews and
Meta-analysis of Interventions (version 5.1.0).

Eligibility criteria

We included all randomized controlled trials (RCT) that
assessed CBT in the treatment of insomnia in patients with
CVD compared to control patients who were allocated to
self-management sleep monitoring and reported outcomes
of interest in an intention-to-treat analysis. Our outcomes
of interest were Insomnia Severity Index (ISI), Pittsburgh
Sleep Quality Index (PSQI), Sleep Efficiency (SE), Epworth
Sleepiness Scale (ESS), Dysfunctional Beliefs and Attitudes
about Sleep (DBAS), and Sleep Disorders Questionnaire
(SDQ).

Studies that were not in English, observational studies,
protocols, and abstracts were excluded.
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Literature search

The following databases were comprehensively searched
from inception until November 2022 for relevant studies:
Web of Science, Scopus, Cochrane, and Ovid.

Search was done using the following strategy: (“Cog-
nitive behavioral therapy” OR “CBT” OR “CBT-I")
AND (“insomnia” OR “disturbed sleep”) AND (“cardi-
ovascular disease” OR “heart disease”). All Duplicates
were removed using Endnote. Manual backward citation
analysis was done for all the references of the included
studies.

Screening and selection process

Screening of literature for eligibility was performed using
Rayyan by two independent reviewers. First by title and
abstract and then full text screening. Any conflicts were
resolved by discussion with a third reviewer if necessary.

Data extraction

Data were extracted in a uniform sheet including char-
acteristics of the included studies, characteristics of the
population of included studies, risk of bias domains and
outcomes measures including efficacy endpoints such as:
ISI, PSQI, SE, ESS, DBAS, and SDQ.

Risk of bias assessment

We used the Cochrane Risk of Bias 2 tool for RCTs to
check for randomization process (selection bias), deviation
from intended interventions (performance bias), outcome
measurement (detection bias), missing outcome data (attri-
tion bias), selection of reported results (reporting bias) and
other potential biases (‘Cochrane Handbook for System-
atic Reviews of Interventions | Cochrane Training’, 2022;
Sterne, 2019). Two independent reviewers decided either
low, some concerns or high risk of bias and provided a
quote from the study report together with a justification for
each judgement. Any conflicts were resolved by discussion
with a third reviewer if necessary.

To explore the publication bias across studies, we con-
structed funnel plots to present the relationship between
effect size and standard error. Two methods assessed evi-
dence of publication bias: (1) Egger’s regression test and
(2) the Begg and Mazumdar rank correlation test (Kend-
all’s tau).
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Synthesis of results

Dichotomous data were analyzed as odds ratios and con-
tinuous data as mean differences or standardized mean dif-
ferences. The following outcome measures were analyzed:
ISI, PSQI, SE, ESS, DBAS, and SDQ. We performed
meta-analyses using STATA 17 only if the interventions,
participants, and the underlying clinical question were
similar enough for pooling. Where multiple trial arms
were reported in a single trial, we included only the rel-
evant arms. We used a regression model as a quantitative
research method to deal with several variables including
dependent and independent variables. A random-effects
model was used when there is heterogeneity due to differ-
ences in study populations and methods.

Heterogeneity assessment

Chi-square test was used to evaluate the statistical hetero-
geneity among studies. A Chi-square P value less than 0.1
was considered as significant heterogeneity. I-square val-
ues > 50% were considered as high heterogeneity.

Certainty assessment

We conducted a certainty assessment through sensitivity
analysis (also called leave-one-out meta-analysis) to test
the evidence’s robustness. For every outcome in the meta-
analysis, we ran sensitivity analysis in multiple scenarios,
excluding one study in each scenario to make sure the over-
all effect size was not dependent on any single study.

Given the limited amount of data reported, and due to
the cumulative pooling of trials; there is an increased risk
of type 1 and type 2 errors. Trial Sequential Analysis (TSA)
was used to assess whether the evidence of the pooled trials
is conclusive and reliable. The level of confidence in the
intervention is conclusive and sufficient when the z-line on
the curve crosses the conventional boundary and boundary
of sequence monitoring; indicating that no further studies
are needed. Moreover, if the z-line on the curve does not
cross any boundary, the evidence is insufficient and more
studies are still required. In this meta-analysis, we used an
alpha error of 0.05, and a beta error of 80% power. We cal-
culated the mean difference in the current meta-analysis to
obtain the sample size needed for TSA.

To evaluate the strength and level of evidence, he Grades
of Recommendations Assessment Development and Evalu-
ation (GRADE) scale was used, and was stratified as follow:
high quality which indicates no further trials are needed,
as the confidence level is unlikely to be changed; moderate
quality which indicates that more trials may needed to affect
the overall estimates; low quality which indicates more trials
are needed to have a crucial impact on the overall confidence

of the overall estimate; and very low quality which indicates
that we are not certain about this estimate.

Results
Literature search

A total of 242 records were retrieved from databases sys-
temic search and a total of 9 studies were included in the
final analysis after title, abstract, full text screening, and cita-
tion analysis (Redeker et al., 2015)—(Redeker, et al., 2022).
The PRISMA flow diagram for this systematic review and
meta-analysis is illustrated in Fig. 1.

Characteristics of included studies

This systematic review and meta-analysis included 9 RCTs
comprising 192 patients in the CBT group and 173 partici-
pants in the control group. Characteristics and summary of
the included articles are summarized in Table 1.

Risk of bias assessment

The risk of bias assessment and the graph are illustrated in
Fig. 2. The Cochrane risk of bias assessment tool-2 (ROB-2)
was used in this meta-analysis.

Outcomes

The ISI total score was assessed in five studies with a total
of 314 participants; CBT significantly reduced the ISI
score compared to the control group (MD = —3.22 [95%
CI: —4.46 to—1.98]; p<0.001). The pooled studies were
homogenous (I*=0.00%, p=0.95) as shown in Fig. 3.

We tested the heterogeneity using Galbraith plot, and all
five studies were visualized inside the 95% CI of the regres-
sion, indicating there was no heterogeneity between studies
as shown in Figure S1.

We used the DOI plot to detect a possible bias, and by
inspection, we found minor asymmetry indicating a possible
publication bias (LFK index = —2.51), as shown in Figure
S2. Our findings may be explained by insufficient literature
search or clinical heterogeneity.

We performed a trial sequential analysis (TSA) on five
studies that assessed ISI of which the cumulative Z-line on
the curve crossed both the conventional boundaries of bene-
fit and the trial sequential monitoring boundaries, suggesting
that CBT-I is effective and reliable intervention; however,
further large volume RCTs should be carried out to validate
our results, as shown in Fig. 4.

The PSQI total score was pooled based on three studies,
with a total of 237 participants, in which CBT significantly
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Fig.1 PRISMA flow diagram

Table 1 Characteristics of All included Studies

Characteristics of All included Studies

Author, year Country Patients, n Age, mean Female, n
(CBT/Con- (CBT/Con- (CBT/
trol) trol) Control)

Harris, 2019 USA 12\11 55.7\55.6 8\8

Moon, 2021 South Korea 42 30.95\33.28 11\11

Redeker, 2015 USA 20\19 61.90\55.20 15\10

Redeker, 2017 USA 51 62.0\55.0 16\10

Siebmanns, 2021 Sweden 24\24 72.46\72.58 7\10

Redeker, 2022 USA 91\84 64.1\62.0 37\38

Redeker, 2020 USA 51 62.0\55.0 14\11

Redeker 2019 USA 30\21 62.0\55.0 16\10

Javaheri, 2020 USA 15\14 70.3\72.9 N2

Charlson comor- ~ Sleep apnea, n  Outcome insom- mean
bidity Index, (CBT/Con- nia follow
mean (CBT/ trol) up
Control) (days)

4.7\4.7 6\3 ISL, PSQIL, SE 56

NR NR NR 56

2.50\1.70 5\2 ISL, PSQI, SE, 56

ESS
25\1.7 5\2 NR 180
22 NR ISI, PSQI, SE, 63
ESS, SDQ,
DBAS

3\2.4 45\46 ISI 56

25\1.7 NR NR 14

25\1.7 5\2 SDQ, DBAS 14

NR 43 ISI, ESS 42

reduced the overall score of PSQI compared to the control
(MD = —2.33 [95% CI: —3.23 to— 1.44]; p<0.001); the
pooled studies were homogenous (12 =0.00%, p=0.45), as
shown in Fig. 5.

Regarding SE, three studies with a total of 237 partici-
pants showed that CBT significantly increased the overall
score compared to the control (MD =6.65 [95% CI: 2.54

@ Springer

to 10.77]; p <0.001); the pooled studies were homogenous
(P =0.00%, p=0.55), as shown in Fig. 6.

On the other hand, there was no significant difference
between CBT intervention and the control regarding ESS
(MD= -0.91[95% CI: —1.85 to 0.03]; p=0.06); the pooled
studies were homogenous (P=0.00%, p=0.74) as shown in
Figure S3.
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Javaheri 2020 15 62 53 14 -33 51
Siebmanns 2021 24 -428 6.1 24 -144 538
Harris 2019 12 -76 10 11 -18 6.8
Redeker 2015 20 -7.62 7.07 19 -3.68 6.84
Redeker 2021 91 6.6 523 84 -346 5.18

Overall
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Fig. 3 Forest plot of ISI. CBT: cognitive behavioral therapy

Of note, only two studies assessed SDQ and DBAS in which
CBT reduced total scores of SDQ and DBAS compared to the
control MD = —0.38 [95% CI: —0.56 to — 0.2]; p < 0.001) for
SDQ and (MD = —-0.94 [95% CI: — 1.3 to—0.58]; p<0.001)
for DBAS. The pooled studies were homogenous (I =0.00%,
p=0.71; P=0.00%, p=0.68) for SDQ and DBAS respectively
as shown in Figure S4 and S5.

GRADE assessment

The GRADE rating results are shown in Table 2.

T

-10 -5 0

Discussion

Our study comprised nine RCTs whose analyses revealed a
significant impact favoring CBT over control for insomnia
in patients with cardiovascular diseases. The CBT group
showed significantly better results regarding ISI, PSQL, SE,
SDQ, and DBAS, while there was no significant difference
between CBT and the control group regarding ESS outcome.

Regarding insomnia relation with cardiovascular dis-
ease and how CBT could be beneficial, previous literature

@ Springer
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40

showed that sleeping only 6 h per night consistently
has been associated with a higher risk for hypertension
(Gottlieb et al., 2006). While some studies suggest that
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insomnia does not increase mortality risk, other research
has found that frequent insomnia symptoms can increase
the risk of death and cardiovascular events (Kripke et al.,
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Table2 GRADE assessment
Certainty assessment Ne of patients  Effect Certainty Impor-
tance
Ne of Study Risk of  Incon- Indirect- Impreci- Other CBT control Relative Absolute
studies design bias sistency  ness sion consid- 95% (95% CI)
erations CI)
IS1
5 ran- not seri- notseri- notseri- notseri- none 162 152 - MD322 HHPHP CRITL-
domised  ous ous ous ous fewer High CAL
trials (4.46
fewer
to 1.98
fewer)
PSQI
3 ran- not seri-  not seri- not seri- not seri- none 123 114 - MD 233 PPPEP CRITI-
domised  ous ous ous ous fewer High CAL
trials (3.23
fewer
to 1.44
fewer)
SE
3 ran- not seri- not seri- not seri- not seri- none 123 114 - MD 6.56 PPPHEP CRITI-
domised  ous ous ous ous higher High CAL
trials (2.54
higher
to
10.77
higher)
ESS
3 ran- not seri- notseri- notseri- serious® none 126 115 - MD 091 HPHPHO IMPOR-
domised  ous ous ous fewer Moderate ~ TANT
trials (1.85
fewer
t0 0.03
more)
SDQ
2 ran- not seri- not seri- not seri-  not seri- 121 105 - MD 038 PPPP CRITI-
domised  ous ous ous ous fewer High CAL
trials (0.56
fewer
t0 0.2
fewer)
DBAS
2 ran- notseri- notseri- notseri- notseri- none 121 105 - MD 0.94 HPHPHP CRITI-
domised  ous ous ous ous fewer High CAL
trials (1.3
fewer
to 0.58
fewer)

CI: confidence interval; MD: mean difference. a. Wide CI

2002; Schwartz et al., 1999). People who struggle to fall
or stay asleep may have a higher risk of acute myocardial
infarction and coronary cardiovascular disease-related
death (Chien et al., 2010; Laugsand et al., 2011; Schwartz
et al., 1999). The biological mechanisms underlying this
link are not fully understood. Still, they may be related to
increased activity in the sympathetic nervous system or the

hypothalamic—pituitary—adrenal axis, leading to increased
inflammation (Spiegel et al., 1999; Vgontzas et al., 2001).
Patients with implantable cardioverter-defibrillator devices
also experience significant sleep disruption, which can
increase their risk for anxiety and insomnia due to fears
of device malfunction or other issues (Camm et al., 1999;
Cross et al., 2010; Pedersen et al., 2010).
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Regarding ISI, Redeker et al., in their most recent study
(2022), were in line with our pooled results favoring CBT
over the control group for insomnia, while their previous
RCT and other literature did not detect any significant dif-
ference between the two groups (Harris et al., 2019; Javaheri
et al., 2020; Redeker et al., 2015, 2022; Siebmanns et al.,
2021). However, this discrepancy could be justified by the
small sample size of previous studies compared to the most
recent study of Redeker et al. and our pooled sample; this
makes our analysis more powerful and less vulnerable to
type two error (Harris et al., 2019; Javaheri et al., 2020;
Redeker et al., 2015, 2022; Siebmanns et al., 2021). Also,
sleep effectiveness outcomes showed similar results to the
previous outcome; Redeker et al. (2022) agreed with our
results, but Harrison et al. and Redeker et al. (2015) were not
(Harris et al., 2019; Redeker et al., 2015, 2022).

As to PSQL, our pooled analysis, Redeker et al. (2022)
and Harris et al. favored CBT, while Redeker et al. (2015)
showed no difference (Harris et al., 2019; Redeker et al.,
Oct. 2015; Redeker, et al., 2022). Different patients’ charac-
teristics could explain these different findings among studies
as patients in Harris et al. and Redeker et al. (2022) there
were only 20% of patients with class III NYHA class, while
in Redeker et al. there were 37% of patients with class 111
NYHA (Harris et al., 2019; Redeker et al., 2015, 2022).

To the best of our knowledge, this is the first meta-anal-
ysis to be conducted regarding the role of CBT in treating
insomnia in cardiovascular patients. Furthermore, all of
our studied outcomes were homogenous. Additionally, we
represented the publication bias by Doi and Galbraith plots
though, making the detection of bias visually easier, enhanc-
ing the transparency and reproducibility. However, our study
is not free of limitations such as: (1) The way of endpoint
detections was subjective and mostly questionnaire-based;
further studies may try more objective ways, such as measur-
ing melatonin or orexin levels (Levenson et al., 2015). (2) we
need more subgrouping to the patients to avoid confounding
biases as there are various categories under cardiovascular
diseases and even more categories inside the same disease as
dyspnea degrees in heart failure patients that may affect the
validation of the results. (3) We have a relatively small sam-
ple size that could handle the generalizability of our results.
(4) Finally, the variations in CBT methods between studies
need to be stratified in order to know exactly the efficacy of
each method in improving insomnia.

Conclusion

Our research analyzed nine RCTs and found that CBT was
more effective than the control group in improving insomnia
symptoms in patients with cardiovascular diseases. Specifi-
cally, the CBT group demonstrated better outcomes in ISI,
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PSQL, SE, SDQ, and DBAS measures, but there was no
significant difference between the CBT and control groups
regarding ESS. We recommended further studies to be con-
ducted on that topic to pool larger samples and enhance
our evidence. Also, the coming RCTs should stratify their
patients according to their disease category and severity.
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