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Abstract

Background: Poor sleep quality is an increasingly recognized, modifiable cardiovascular
risk factor, yet data among patients with established coronary heart disease (CHD) in
Central Asia are scarce. We estimated the prevalence of poor sleep quality and identified
its correlates in a Kazakhstani CHD population. Methods: In this multi-center cross-
sectional study, 398 patients 6–24 months after an index coronary event were assessed
for sleep quality. Sleep quality was measured with the Pittsburgh Sleep Quality Index
(PSQI; >5 = poor). Anxiety and depression, physical activity, cognition, and clinical and
socio-demographic variables were recorded. Associations were examined using logistic
regression with subgroup and interaction analyses. Results: Poor sleep quality was reported
by 147 patients (36.9%). In the adjusted model, anxiety was the only independent factor
associated with poor sleep (OR 1.88, 95% CI: 1.10 to 3.23). The subgroup analysis suggested
anxiety (OR 3.94) and lower education (OR 2.58) as correlates in women, whereas retirement
(OR 2.27) and low physical activity (OR 2.31) were linked to poor sleep in men. A significant
sex–anxiety interaction demonstrated a weaker anxiety effect in men. Conclusions: More
than one-third of CHD patients reported poor sleep quality, driven primarily by anxiety,
with distinct sex- and age-specific determinants. Sleep and psychological screening should
be integrated into secondary prevention, with personalized approaches.

Keywords: coronary heart disease; sleep quality; secondary prevention; PSQI; Kazakhstan;
ischemic heart disease

1. Introduction
Cardiovascular diseases (CVD) remain the leading cause of mortality and disability

worldwide, with ischemic heart disease being the largest single contributor to global
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cardiovascular death [1,2]. More than three-quarters of the global CVD burden falls on low-
and middle-income countries, including the Central and Eastern European and Central
Asian regions [3,4]. In Kazakhstan, CVD causes roughly half of all deaths. The country’s
age-standardized cardiovascular mortality is approximately double the global average, and
ischemic heart disease is the leading cause of death [3,5–7].

Survivors of acute coronary events and patients with chronic coronary heart disease
(CHD) are at substantial risk for recurrent cardiovascular events, and effective secondary
prevention requires concurrent control of medical, behavioral, and psychosocial risk fac-
tors [8,9]. Despite well-established guidelines, large multinational surveys such as EU-
ROASPIRE IV and V have repeatedly demonstrated that the majority of CHD patients fail
to achieve lifestyle, risk factor, or therapeutic targets, with persistent smoking, physical
inactivity, obesity, and inadequate blood pressure or lipid control [10–13]. Less than half of
European coronary patients access cardiac prevention and rehabilitation programs, and
lifestyle modification has been shown to be more successful in those who do [10,12].

Sleep has emerged as a key, modifiable component of cardiovascular health. In
2022, the American Heart Association added healthy sleep duration as the eighth metric
of its Life’s Essential 8 framework [14]. Both short and long sleep duration, and poor
subjective sleep quality, have been associated with an increased incidence of CHD, stroke,
and cardiovascular and all-cause mortality [15–18]. Insomnia in particular has been linked
to incident myocardial infarction, recurrent major adverse cardiovascular events, and long-
term mortality after acute myocardial infarction [19–23]. Plausible mechanisms include
sympathetic hyperactivity, hypothalamic–pituitary–adrenal axis dysregulation, low-grade
systemic inflammation, endothelial dysfunction, and disturbed circadian regulation of
blood pressure and glucose [24–27].

Sleep, anxiety, and depression share strong bidirectional relationships, and all three
are highly prevalent in patients with established CHD [28–31]. Reported prevalence rates
of poor sleep quality among cardiovascular patients range widely from approximately 33%
to over 70%, depending on population, setting, and instrument used [32–34].

Anxiety, depression, and post-traumatic stress disorder (PTSD) are common after
acute coronary events. Pooled prevalence estimates after acute myocardial infarction reach
approximately 28.7% for depression and 5.5–58.2% for anxiety, with PTSD reported in
roughly 12% of acute coronary syndrome patients [35–37]. Both depression and anxiety in
CHD patients have been independently linked to increased cardiovascular and all-cause
mortality [38–41]. Sleep disturbance frequently coexists with these psychological conditions
and may serve as a shared mechanism linking them to cardiovascular outcomes [31].

Despite growing recognition of sleep as a modifiable cardiovascular risk factor, data
on the prevalence and determinants of poor sleep quality among patients with established
CHD remain limited in Central Asia and, to our knowledge, have not been systematically
reported in Kazakhstan. Given the cultural, demographic, and health system differences
between Central Asia and the predominantly European or East Asian populations in which
this question has been studied, locally relevant evidence is needed to guide secondary
prevention strategies [3]. Therefore, this study aimed to (a) estimate the prevalence of
poor sleep quality among patients with established CHD in Kazakhstan who were as-
sessed 6–24 months after their index coronary event, and (b) identify socio-demographic,
behavioral, mental health, and clinical correlates of poor sleep quality, including potential
sex-specific associations and interactions.
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2. Materials and Methods
2.1. Study Design and Setting

This observational cross-sectional study was conducted from 1 October 2024 to
31 May 2025 in two geographical regions in Kazakhstan and two participating centers—the
Research Institute of Cardiology and Internal Diseases in Almaty and the Medical Center of
West Kazakhstan Medical University in Aktobe, both being major research centers in their
regions with administrative capacity for participant recruitment. Participants were invited
to attend a standardized study visit, including an interview and clinical examination, 6 to
24 months after the index coronary event.

2.2. Inclusion and Exclusion Criteria

Participants aged ≥ 18 with established coronary heart disease who had been hospi-
talized for an index event (STEMI, non-STEMI, or unstable angina) or had undergone an
elective intervention procedure (elective percutaneous coronary intervention or elective
coronary artery bypass grafting) within the 6–24-month period prior to recruitment were
included in this study. Participants aged < 18, with severe physical disabilities, with a
pre-existing clinical diagnosis of dementia or cognitive impairment, with other diagnoses,
or with hospital admissions from outside the predefined period of 6–24 months were not
eligible for participation in this study.

2.3. Study Population and Sample Size

The sample size was determined pragmatically from the recruitment capacity of the
participating centers over the study period. Each center recruited 201 consecutively eligible
patients, yielding a target of 402 participants.

2.4. Variables and Measures

The sleep quality levels were measured through the Pittsburgh Sleep Quality Index
(PSQI), where a score > 5 was categorized as poor sleep quality and a score ≤ 5 was
categorized as adequate sleep quality [42,43].

Sociodemographic variables included age (categorized as <60, ≥60), sex (categorized
as males or females), ethnicity (categorized as Kazakhs/other Asians, European/Russians),
marital status (categorized as widow/widower, never been married, divorced/separated,
married), education (categorized as higher and primary education), living arrangement
(categorized as alone or with somebody), social support availability (categorized as yes or
no), living location (rural vs. urban/suburban), income level (categorized as low, middle,
or high), index timing (acute or elective), attendance at a cardiac rehabilitation program
(categorized as yes or no) and employment (during the past 6 months, categorized as
retired or employed).

Obesity was categorized according to the NICE guideline through the calculation
of body mass index (BMI categorized as obese ≥ 30 kg/m2, overweight 25 kg/m2 to
29.9 kg/m2, normal 18.5 kg/m2 to 24.9 kg/m2, underweight < 18.5 kg/m2) [44].

The PA levels were measured through the International Physical Activity Question-
naire Short Form (IPAQ-SF), with classification into low, moderate, or high levels based
on MET scores, following the official scoring guidelines [45–47]. For our analysis, we
categorized it as either Low PA or Moderate-to-Vigorous Physical Activity (MVPA).

Anxiety and depression were categorized with the Hospital Anxiety and Depression
Scale (HADS), with cut-off scores ≤ 7 corresponding to “No depression or anxiety”, 8–10
to “Borderline abnormal”, and a score ≥ 11 defined as “Abnormal” [48,49]. “Borderline
abnormal” and “Abnormal” values were merged in the logistic regression analysis.
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The cognitive function was assessed through the Mini-MoCA tool [50]. The following
categorization was implemented using the groups of “Normal cognitive skills” for scores of
26–30, “Mild cognitive impairment” for scores of 18–25, “Moderate cognitive impairment”
for scores of 10–17, and “Severe cognitive impairment” for scores below 10. Cognitive
impairment values were merged into one value of “Declined cognitive skills” in the logistic
regression analysis.

Alcohol consumption was categorized as positive if the respondent answered “Yes” to
questions regarding alcohol consumption, while “No” and “Past user” were categorized as
negative results. Although a similar logic applied to smoking status, an additional objective
clarification with a CO measurement device—Smokerlyzer was used [51]. A value > 6
changed the smoking status to positive regardless of the respondent’s answer.

Participants were classified as having type 2 diabetes if they had a documented
diagnosis of type 2 diabetes or an HbA1c of 6.5% or higher, a 120 min oral glucose tolerance
test of 11.1 mmol/L or higher, a random blood glucose of 11.1 mmol/L or higher, or
a fasting blood glucose of 7.0 mmol/L or higher in the hospital discharge letter, or an
affirmative self-reported diagnosis during the interview [52,53].

A status of arterial hypertension included a self-reported history of high blood pres-
sure or an objective study measurement demonstrating an average resting systolic blood
pressure (SBP) of 140 mmHg or higher or an average resting diastolic blood pressure (DBP)
of 90 mmHg or higher, calculated from two consecutive measurements taken five minutes
apart during the interview, or a documented historical measurement of SBP of 140 mmHg
or higher or DBP of 90 mmHg or higher recorded in the discharge letter [54].

The first criterion for chronic kidney disease (CKD) was a documented medical history
of the disease or an established estimated glomerular filtration rate corresponding to a
clinical stage, as noted in the hospital discharge letter, while the second criterion was a
self-reported diagnosis provided by the participant during the study interview.

Lastly, beta-blockers and diuretics, as the main medications for CHD that could alter
sleep, were also assessed during the interview through participant self-report [55,56].

2.5. Statistical Analysis

All statistical analyses were conducted in R version 4.5.0. Categorical variables were
expressed as frequencies and percentages. Between-group differences were evaluated using
Pearson’s chi-squared test, and Fisher’s exact test was applied when more than 20% of cells
had expected frequencies below five. Continuous variables were summarized as medians
and interquartile ranges, while the group differences were assessed with the Wilcoxon
rank sum test after a Shapiro–Wilk test check. To account for multiple testing across
the descriptive comparisons, Benjamini–Hochberg false-discovery-rate (FDR)-adjusted
p-values were additionally computed. Statistical significance was set at a two-sided α

of 0.05.
Poor sleep quality, defined a priori as a PSQI score > 5, served as the binary outcome.

Univariable (unadjusted) logistic regression was used to estimate the crude association of
each socio-demographic, behavioral, psychological, and clinical variable with poor sleep.
All candidate variables were then entered into a multivariable logistic regression model to
obtain mutually adjusted odds ratios. To preserve statistical power and ensure adequate
cell counts, the HADS “borderline abnormal” and “abnormal” categories were combined
into a single positive (anxious/depressed) category, and all Mini-MoCA impairment levels
were combined into a single “declined cognitive skills” category. Model performance was

evaluated by multicollinearity (variance inflation factors, using the generalized VIF
1

2×D f for
multi-level terms), discrimination (area under the receiver-operating-characteristic curve
[AUC] with 95% CI), and calibration (Hosmer–Lemeshow goodness-of-fit test).
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Post hoc exploratory subgroup analyses were undertaken by re-fitting the logistic
models within strata defined by sex, physical activity level (low vs. moderate-to-vigorous),
anxiety status, and age group (<60 vs. ≥60 years). Effect modification was then formally
evaluated by introducing multiplicative interaction terms into the models. Given the
number of subgroup comparisons, p-values from the stratified analyses were adjusted
for multiple testing using the Benjamini–Hochberg FDR method, and subgroup findings
were interpreted with corresponding caution. All odds ratios (OR) are reported with their
corresponding 95% confidence intervals (CI).

3. Results
A total of 398 participants were included in the analysis, of whom 147 (36.9%) reported

poor sleep quality, while the remaining 251 (63.1%) reported adequate sleep quality. The
socio-demographic characteristics and the differences between groups are shown in Table 1.
The poor-sleep group was more frequently observed among older patients, though this
difference did not remain significant after FDR correction (p = 0.026, q = 0.110). A similar
tendency was observed, with females reporting a higher prevalence of poor sleep quality
(46.3% vs. 31.1%, p = 0.002, q = 0.022). Additionally, retirement status was strongly
associated with poor sleep quality (78.9% vs. 62.5%, p < 0.001, q = 0.016). Marital status
also differed significantly, with a higher prevalence of widows/widowers and divorced
participants in the poor sleep group (p = 0.004, q = 0.028). The remaining socio-demographic
characteristics, such as living location, income level, education level, ethnicity, and living
status, showed no significant difference.

Table 1. Socio-demographic characteristics of groups divided by the quality of sleep.

Variable Adequate Sleep N = 251 1 Poor Sleep N = 147 1 Overall N = 398 1 p-Value 2 q-Value 3

Age (years) 63 (58–70) 66 (60–72) 64 (58–71) 0.026 0.110
Age Group 0.050 0.137

<60 years 85 (33.9%) 36 (24.5%) 121 (30.4%)
≥60 years 166 (66.1%) 111 (75.5%) 277 (69.6%)

Sex 0.002 0.022
Female 78 (31.1%) 68 (46.3%) 146 (36.7%)
Male 173 (68.9%) 79 (53.7%) 252 (63.3%)

Living Location 0.633 0.777
Urban/suburban 229 (91.2%) 132 (89.8%) 361 (90.7%)
Rural 22 (8.8%) 15 (10.2%) 37 (9.3%)

Income Level 0.757 0.817
High 3 (1.2%) 2 (1.4%) 5 (1.3%)
Low 10 (4.0%) 8 (5.4%) 18 (4.5%)
Middle 238 (94.8%) 137 (93.2%) 375 (94.2%)

Education Level 0.149 0.279
Higher education 93 (37.1%) 44 (29.9%) 137 (34.4%)
Primary education 158 (62.9%) 103 (70.1%) 261 (65.6%)

Ethnicity 0.628 0.777
Any other

Asian background 184 (73.3%) 111 (75.5%) 295 (74.1%)

White/Other 67 (26.7%) 36 (24.5%) 103 (25.9%)
Working status <0.001 0.016

Employed 94 (37.5%) 31 (21.1%) 125 (31.4%)
Retired 157 (62.5%) 116 (78.9%) 273 (68.6%)

Marital status 0.004 0.028
Widow/Widower 29 (11.6%) 30 (20.4%) 59 (14.8%)
Divorced/Separated 14 (5.6%) 18 (12.2%) 32 (8.0%)
Married 202 (80.5%) 97 (66.0%) 299 (75.1%)
Never been married 6 (2.4%) 2 (1.4%) 8 (2.0%)

Living status 0.224 0.356
Alone 17 (6.8%) 15 (10.2%) 32 (8.0%)
With somebody 234 (93.2%) 132 (89.8%) 366 (92.0%)

Social support 241 (96.0%) 140 (95.2%) 381 (95.7%) 0.711 0.817
Acute or elective 0.755 0.817

Acute 208 (82.9%) 120 (81.6%) 328 (82.4%)
Elective 43 (17.1%) 27 (18.4%) 70 (17.6%)

Months since the index event 9.0 (8.0–11.0) 9.0 (9.0–11.0) 9.0 (8.0–11.0) 0.118 0.279
Body mass index (kg/m2) 29.2 (26.2–31.8) 28.1 (25.8–31.6) 28.7 (26.0–31.7) 0.297 0.446

1 Mean (SD); n (%); 2 Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test; 3 False discovery rate
correction for multiple testing.
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Behavioral risk factors and mental health characteristics are demonstrated in Table 2.
Although cognitive skills did not show a significant difference, anxiety and depression
were significantly more prevalent among those with poor sleep than among those with
adequate sleep quality, with the exception that depression did not remain significant after
FDR correction (p < 0.05, q = 0.137). Similarly, a low level of PA was more frequent in
the poor sleep group than in the adequate sleep group; however, this difference was not
significant after FDR correction (44.9% vs. 33.9%, p = 0.029, q = 0.110), while the remaining
behavioral risk factors failed to show significant differences.

Table 2. Behavioral risk factors and mental health among sleep groups.

Variable Adequate Sleep
N = 251 1 Poor Sleep N = 147 1 Overall N = 398 1 p-Value 2 q-Value 3

Attended a
rehabilitation program 117 (46.6%) 67 (45.6%) 184 (46.2%) 0.842 0.846

Anxiety (HADS-A) 0.001 0.016
Abnormal 11 (4.4%) 19 (12.9%) 30 (7.5%)
Borderline

abnormal 38 (15.1%) 31 (21.1%) 69 (17.3%)
Normal 202 (80.5%) 97 (66.0%) 299 (75.1%)

Depression (HADS-D) 0.041 0.137
Abnormal 23 (9.2%) 9 (6.1%) 32 (8.0%)
Borderline

abnormal 29 (11.6%) 30 (20.4%) 59 (14.8%)
Normal 199 (79.3%) 108 (73.5%) 307 (77.1%)

Cognitive skills 0.384 0.519
Mild Cognitive

Impairment (MCI) 171 (68.1%) 92 (63.0%) 263 (66.2%)

Moderate
Impairment 45 (17.9%) 36 (24.7%) 81 (20.4%)

Normal 34 (13.5%) 17 (11.6%) 51 (12.8%)
Severe Impairment 1 (0.4%) 1 (0.7%) 2 (0.5%)

Alcohol consumption 63 (25.1%) 28 (19.0%) 91 (22.9%) 0.165 0.279
Smoking status 0.165 0.279

Non smoker 148 (59.0%) 97 (66.0%) 245 (61.6%)
Smoker 103 (41.0%) 50 (34.0%) 153 (38.4%)

PA level 0.029 0.110
MVPA 166 (66.1%) 81 (55.1%) 247 (62.1%)
Low PA 85 (33.9%) 66 (44.9%) 151 (37.9%)

1 n (%); 2 Pearson’s Chi-squared test; Fisher’s exact test; 3 False discovery rate correction for multiple testing.

Regarding the non-communicable diseases (Table 3), none showed a significant differ-
ence according to sleep quality. Although no difference was observed for beta-blockers,
diuretic use tended to be higher in participants with poor sleep (14.3% vs. 24.0%, p = 0.011);
however, it did not retain significance after FDR correction (q = 0.060).

Table 3. Non-communicable diseases among sleep groups.

Variable Adequate Sleep
N = 251 1 Poor Sleep N = 147 1 Overall N = 398 1 p-Value 2 q-Value 3

Chronic kidney
disease 58 (23.1%) 44 (29.9%) 102 (25.6%) 0.132 0.279

Diabetes type 2 102 (41.0%) 70 (48.6%) 172 (43.8%) 0.141 0.279
Arterial

hypertension 225 (89.6%) 140 (95.2%) 365 (91.7%) 0.051 0.137

Overweight/Obese 206 (82.1%) 115 (78.2%) 321 (80.7%) 0.349 0.496
Beta-blocker use 190 (75.7%) 110 (74.8%) 300 (75.4%) 0.846 0.846

Diuretic use 36 (14.3%) 36 (24.5%) 72 (18.1%) 0.011 0.060
1 n (%); 2 Pearson’s Chi-squared test; Fisher’s exact test; 3 False discovery rate correction for multiple testing.
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According to Table 4, the unadjusted logistic regression model analysis demonstrated
that each five-year increase in age (OR 1.15, 95% CI: 1.02 to 1.29), being retired (OR 2.24,
95% CI: 1.41 to 3.63), the presence of anxiety (OR 2.12, 95% CI: 1.34 to 3.38), low PA (OR
1.59, 95% CI: 1.05 to 2.42), and diuretic usage (OR 1.94, 95% CI: 1.16 to 3.25) significantly
increased the odds of poor sleep. Conversely, male sex (OR 0.52, 95% CI: 0.34 to 0.80) and
being married (OR 0.46, 95% CI: 0.26 to 0.82) were protective factors.

Table 4. Odds ratio of poor sleep based on respondents’ characteristics.

Unadjusted OR Adjusted OR

Characteristic N OR 95% CI p-Value OR 95% CI p-Value

Age (per 5 years) 398 1.15 1.02, 1.29 0.019 1.0 0.85, 1.17 0.948
Sex 398

Female — — — —
Male 0.52 0.34, 0.80 0.003 0.67 0.38, 1.18 0.164

Living Location 398
Urban/suburban — — — —
Rural 1.18 0.58, 2.34 0.634 0.91 0.40, 2.02 0.820

Education Level 398
Higher education — — — —
Primary education 1.38 0.89, 2.14 0.150 1.30 0.78, 2.19 0.317

Working status 398
Employed — — — —
Retired 2.24 1.41, 3.63 <0.001 1.75 0.94, 3.30 0.079

Marital status 398
Widow/Widower — — — —
Divorced/Separated 1.24 0.52, 2.98 0.622 1.61 0.61, 4.32 0.342
Married 0.46 0.26, 0.82 0.008 0.75 0.39, 1.46 0.395
Never been married 0.32 0.04, 1.53 0.186 0.38 0.05, 1.96 0.282

Attended rehabilitation program 398
No — — — —
Yes 0.96 0.64, 1.44 0.842 1.10 0.69, 1.75 0.701

Ethnicity 398
Any other Asian background — — — —
White/Other 0.89 0.55, 1.42 0.628 0.88 0.52, 1.46 0.617

Anxiety (HADS-A) 398
Normal — — — —
Anxious 2.12 1.34, 3.38 0.001 1.88 1.10, 3.23 0.021

Depression (HADS-D) 398
Normal — — — —
Depressed 1.38 0.85, 2.22 0.184 0.85 0.48, 1.49 0.576

Cognitive Skills 397
Normal cognitive skills — — — —
Declined cognitive skills 1.38 0.72, 2.75 0.344 1.20 0.58, 2.55 0.634

Alcohol consumption 398
No — — — —
Yes 0.70 0.42, 1.15 0.166 0.97 0.53, 1.74 0.911

Smoking status 398
Non smoker — — — —
Smoker 0.74 0.48, 1.13 0.165 1.09 0.63, 1.90 0.753

PA level 398
MVPA — — — —
Low PA 1.59 1.05, 2.42 0.029 1.43 0.90, 2.28 0.133

Chronic kidney disease 398
No — — — —
Yes 1.42 0.90, 2.25 0.133 1.16 0.66, 2.01 0.603

Diabetes status 393
Normal — — — —
Diabetes 1.36 0.90, 2.06 0.141 0.99 0.61, 1.60 0.974

Arterial hypertension 398
No — — — —
Yes 2.31 1.03, 5.90 0.056 1.91 0.79, 5.21 0.175

Body mass index (per 1 kg/m2) 398 1.00 0.96, 1.04 0.859 0.99 0.95, 1.04 0.741
Beta-blocker use 398

No — — — —
Yes 0.95 0.60, 1.54 0.846 0.83 0.48, 1.43 0.497

Diuretic use 398
No — — — —
Yes 1.94 1.16, 3.25 0.012 1.52 0.84, 2.75 0.167

Months since the index event 398 1.04 0.94, 1.14 0.463 1.05 0.93, 1.18 0.415
Study center 398

Almaty — — — —
Aktobe 1.08 0.72, 1.62 0.714 1.23 0.69, 2.21 0.489

Abbreviations: CI = Confidence Interval, OR = Odds Ratio.

In the adjusted model, only anxiety remained a statistically significant independent
correlate of poor sleep quality (OR 1.88, 95% CI: 1.10 to 3.23). The remaining variables lost
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their associations. No multicollinearity was detected (all VIFs < 1.9, Figure S2). The model
demonstrated adequate calibration (Hosmer–Lemeshow p = 0.083, Figure S3) and modest
discrimination (AUC 0.691, 95% CI 0.638 to 0.744, Figure S4).

Further subgroup analysis by sex stratification showed that anxiety (OR 3.94, 95% CI:
1.66 to 10.0) and not having higher education (OR 2.58, 95% CI: 1.03 to 6.76) were strongly
associated with poor sleep quality in females, but they were not significant in males. On
the other hand, males who were retired (OR 2.27, 95% CI: 1.03 to 5.17) and had low PA
(OR 2.31, 95% CI: 1.22 to 4.44) had higher odds of sleep quality, which was not observed in
females (Table S2). Primary education was strongly associated with poor sleep quality in
low PA participants in subgroup analysis by PA stratification (OR 2.77, 95% CI: 1.08 to 7.50),
as well as anxiety in the MVPA group (OR 2.12, 95% CI: 1.03 to 4.39) (Table S3). Conversely,
male sex was associated with lower odds (OR 0.36, 95% CI: 0.16 to 0.79) in the MVPA group.
The subgroup analysis of anxiety status showed significance only for participants from
Aktobe, with lower odds in the anxiety group (OR 0.20, 95% CI: 0.04 to 0.84) (Table S4).
The subgroup analysis for participants aged <60 revealed that male sex was associated
with lower odds (OR 0.22, 95% CI: 0.05 to 0.91), whereas alcohol consumption and diuretic
usage were associated with higher odds (OR 4.31, 95% CI: 1.31 to 15.8 and OR 6.17, 95% CI:
1.19 to 34.9, respectively) (Table S5). Retirement status was associated with higher odds
in the ≥60 years group (OR 2.64, 95% CI: 1.11, 6.92). No stratified association remained
statistically significant after Benjamini–Hochberg or Bonferroni correction (all adjusted
p > 0.05). Therefore, these subgroup findings are reported as exploratory.

The interaction analysis in Table S6 showed significant interactions, particularly be-
tween sex and anxiety, indicating that the association between anxiety and poor sleep was
significantly weaker in men than in women (OR 0.29, 95% CI: 0.10 to 0.82).

4. Discussion
In this observational cross-sectional study, nearly one-third 36.9%) of subjects with

established CHD presented with poor sleep quality, with anxiety being the single statis-
tically significant independent factor associated with poor sleep quality. The results of
the subgroup analysis demonstrated significant sex-based differences, with anxiety and
lack of higher education as strong correlates in females, while retirement and low PA were
strong correlates in males. Furthermore, the interaction analysis confirmed that the associa-
tion between anxiety and poor sleep quality was significantly weaker in males compared
to females.

The 36.9% prevalence of poor sleep quality observed in our cohort is broadly consistent
with prior literature on patients with cardiovascular disease, although the range across
studies is wide. A Chinese MINOCA study reported a 33.3% prevalence of poor sleep
quality, very close to our estimate, and a 37.8% prevalence was reported among ambulatory
cardiac patients in Ethiopia [33,57]. Larger Japanese and Italian cohorts, however, reported
a 43–66% prevalence among hospitalized cardiovascular patients, and a systematic review
of CHD patients found that nearly 70% of CAD populations may exceed the PSQI cut-off,
with comorbid anxiety and depression conferring even worse sleep [32,34,58,59].

Importantly, while the timing was not significant in our assessment, it still might con-
tribute to the prevalence we observed. Longitudinal studies show that sleep architecture
and subjective sleep quality are most disturbed immediately after an acute coronary syn-
drome and improve substantially over the subsequent six months as patients transition out
of the hospital environment [60]. However, in a 12-month longitudinal study of 180 ACS
patients, approximately 50% continued to report sleep disturbance even one year after
the event, indicating that a substantial subgroup did not fully recover spontaneously [61].
Likewise, a six-month follow-up study of 610 Chinese PCI patients found that sleep distur-
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bance, anxiety, and depression frequently persisted alongside angina symptoms and were
associated with adverse cardiovascular events [62].

The sex-specific patterns observed in our subgroup analysis also have precedent in
international literature. Multiple studies and meta-analyses have shown that insomnia
and poor sleep quality are more prevalent among women than men, and that the associ-
ations between sleep disturbance and psychological distress are often more pronounced
in women [63–67]. Jono et al. specifically reported that the link between insomnia and
depression was stronger among women than men in a large cardiovascular cohort [63], and
a recent meta-analysis of CHD risk according to sleep duration found that the influence of
sleep on cardiovascular risk differs significantly by sex, with shorter sleep being more harm-
ful in women and longer sleep more harmful in men [68,69]. Hormonal differences, higher
rates of mood disorders, greater pre-sleep worry, and gender-related psychosocial stressors
have all been proposed to underlie women’s vulnerability to sleep disturbance [66,67]. The
independent association of low PA with poor sleep in men is consistent with extensive
evidence that regular physical activity improves PSQI scores, sleep latency, and sleep
efficiency in older adults [70–73].

To our knowledge, this is the first multi-center cross-sectional study to examine sleep
quality and its correlates among patients with established CHD in Kazakhstan and the
wider Central Asian region, an under-represented setting for cardiovascular sleep research.
We used internationally validated instruments—the PSQI for sleep quality [42,43], the Hos-
pital Anxiety and Depression Scale (HADS) for anxiety and depression [49], and the IPAQ-
SF for physical activity [46], which supports comparability with other international studies.

Several limitations should be acknowledged. First, the cross-sectional design pre-
cludes inferences about causality or temporal direction. Second, although the sleep quality
assessment used a validated instrument—the PSQI —it was assessed only by self-report,
which is a significant limitation. Hence, we did not perform polysomnography or actig-
raphy, and obstructive sleep apnea (OSA) was not formally screened using any validated
instrument, which is recommended for future studies. Given the high prevalence and prog-
nostic importance of OSA in CHD, unmeasured OSA may account for part of the poor sleep
quality observed and confound its associations [74,75]. Incorporating OSA screening is a
priority for future work in this population. The IPAQ-SF, although widely used and feasible,
has only a modest correlation with accelerometer-derived measures and may misclassify
activity levels [76,77]. Third, the rehabilitation was captured only as attendance (yes/no),
so the number, intensity, or completion of sessions was not recorded, and dose–response
effects of rehabilitation on sleep could not be examined. Fourth, our sample, recruited only
from two major cities of Kazakhstan due to administrative and financial constraints, may
not be fully representative of all CHD patients, and the proportion of female participants
(36.7%)—although broadly consistent with the sex distribution of post-MI cohorts in the
country—may have limited the power to detect smaller effects in female-only subgroups [7].
Finally, residual confounding cannot be excluded despite multivariable adjustment, and
we did not assess all possible medication use (e.g., hypnotics or psychotropic drugs) that
might independently affect sleep architecture in this analysis.

These findings have direct implications for secondary prevention in Kazakhstan
and comparable Central Asian health systems. First, brief validated sleep and mood
screening (e.g., PSQI and HADS) could be embedded into routine post-discharge and
cardiac rehabilitation visits at low cost, allowing patients with poor sleep and anxiety
to be identified and referred for cognitive-behavioral or pharmacological management.
Second, the sex-specific pattern we observed prioritizes personal medicine—in women,
screening and treatment pathways should prioritize anxiety and reach patients with lower
educational attainment, who may face greater barriers to accessing care, whereas in men,
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promotion of physical activity and structured support around the transition to retirement
may be more relevant. Third, because fewer than half of our patients had attended a
rehabilitation program, strengthening referral to and capacity of cardiac rehabilitation, a
natural setting for sleep and psychological screening, represents a concrete, actionable
target for national secondary prevention policy.

5. Conclusions
In this multi-center cross-sectional study, more than one-third of patients with estab-

lished coronary heart disease reported poor sleep quality 6–24 months after their index
event. Anxiety emerged as the only independent associated factor in the adjusted analysis,
and determinants of poor sleep may differ by sex, age, and physical activity status. These
findings highlight poor sleep as a common and under-recognized problem in secondary
prevention and suggest that routine screening for sleep disturbance and anxiety, together
with sex, age, and physical activity-tailored interventions, may improve care for these
populations. Prospective studies incorporating objective sleep measures are needed to
confirm these associations and to evaluate whether targeting sleep and anxiety improves
cardiovascular outcomes.
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Abbreviations
The following abbreviations are used in this manuscript:

ACS Acute coronary syndrome
BMI Body mass index
CABG Coronary artery bypass grafting
CHD Coronary heart disease
CI Confidence interval
CKD Chronic kidney disease
CO Carbon monoxide
CVD Cardiovascular disease
DBP Diastolic blood pressure
HADS Hospital Anxiety and Depression Scale
HADS-A Hospital Anxiety and Depression Scale—Anxiety subscale
HADS-D Hospital Anxiety and Depression Scale—Depression subscale
IPAQ-SF International Physical Activity Questionnaire—Short Form
MET Metabolic equivalent of task
MINOCA Myocardial infarction with non-obstructive coronary arteries
Mini-MoCA Mini Montreal Cognitive Assessment
MVPA Moderate-to-vigorous physical activity
NCD Non-communicable disease
NICE National Institute for Health and Care Excellence
NSTEMI Non-ST-elevation myocardial infarction
OR Odds ratio
OSA Obstructive sleep apnea
PA Physical activity
PCI Percutaneous coronary intervention
PSQI Pittsburgh Sleep Quality Index
PTSD Post-traumatic stress disorder
SBP Systolic blood pressure
STEMI ST-elevation myocardial infarction
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