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Background and Objective: A potential association between sleep disturbances and adverse cardiovascular prognoses has been 
proposed in patients with chronic obstructive pulmonary disease (COPD), although high-quality confirmatory evidence remains 
limited. Sleep disturbances may contribute to increased cardiovascular risk through multiple biological pathways, including chronic 
intermittent hypoxia, systemic inflammation, and metabolic dysregulation. This study aimed to examine the association between sleep 
disturbances and adverse cardiovascular events in patients with COPD.
Materials and Methods: A prospective cohort study of 21423 UK Biobank participants with COPD. We set the research subjects as 
non-sleep disorder group and sleep disorder group. Outcomes included stroke, heart failure (HF), atrial fibrillation (AF), angina 
pectoris, and myocardial infarction (MI). Cox proportional hazards models were applied with adjustment for sociodemographic and 
lifestyle factors to evaluate the association between sleep disorders and subsequent cardiovascular outcomes.
Results: In this manuscript, compared with COPD patients in the non-sleep disorder group, sleep disorder group had a 79% higher 
risk of HF (HR = 1.79, 95% CI: 1.57–2.03). Moreover, sleep disorder had a 49% higher HR for AF (HR = 1.49, 95% CI: 1.32–1.68) 
and a 44% higher HR for angina development (HR = 1.44, 95% CI: 1.23–1.68). The risk of MI was also increased by 0.24-fold in the 
sleep disorder group (HR = 1.24, 95% CI: 1.01–1.54). Furthermore, male sex, older age, previous cardiovascular medication use, 
smoking, and obesity were significantly associated with elevated cardiovascular risk among COPD patients with sleep disorders.
Conclusion: Sleep disorders are associated with an increased risk of adverse cardiovascular outcomes in COPD patients. These 
findings suggest that identification and appropriate management of sleep disorders could potentially contribute to improved cardio
vascular risk profiles in this population.
Keywords: sleep disorders, adverse cardiovascular outcomes, COPD, UKB

Introduction
Chronic obstructive pulmonary disease (COPD) is the third leading cause of death worldwide, seriously affecting the 
physical and mental health of residents.1–3 Cardiovascular disease (CVD) is one of the important causes of increased 
mortality in COPD patients.4–6 Research showed that COPD patients with concomitant CVD had significantly increased 
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mortality rates, the incidence rate and mortality of COPD and CVD were interrelated.7,8 A survey based on the National 
Health and Nutrition Examination in the United States (NHANES) showed that the risk of CVD (including coronary 
heart disease, heart failure, myocardial infarction, and stroke) in all COPD phenotype patients was significantly higher 
than that in non-COPD populations.9 COPD was characterized by chronic airway obstruction and abnormal inflammation 
of the lungs, accompanied by symptoms such as difficulty breathing and coughing, which can easily lead to sleep 
disorders.10 Sleep was closely related to gas exchange, and changes in nighttime ventilation and respiratory symptoms 
may lead to difficulty maintaining sleep.11 COPD patients often experienced obstructive sleep apnea (OSA), central sleep 
apnea (CSA), sleep-related hypoxemia, sleep structural disorders, and insomnia as a result.12–14 A study found that 
74.8% of COPD patients had poor sleep quality.15 Susan’s research found that OSA was often comorbid with CVD and 
had a bidirectional association. OSA increased CVD risk through physiological disorders such as intermittent hypoxia 
and sympathetic activation.16 Previous studies demonstrated that OSA induced systemic inflammation, oxidative stress, 
and metabolic dysregulation via chronic intermittent hypoxia, and upregulated the secretion of adipokines including 
asprosin. Elevated asprosin levels further exacerbated insulin resistance, systemic inflammation, and aberrant fat 
distribution, collectively contributing to vascular endothelial dysfunction, atherosclerosis, and an increased risk of 
adverse cardiovascular events.17 The American Heart Association (AHA) pointed out that OSA was a common and 
frequently underdiagnosed chronic disorder, with a prevalence of 40% to 80% among patients with hypertension, heart 
failure, coronary artery disease, atrial fibrillation, pulmonary hypertension, and stroke. AHA recommended routine 
screening and evaluation for OSA in patients with resistant hypertension, pulmonary hypertension, recurrent atrial 
fibrillation following cardioversion or ablation, NYHA class II–IV heart failure with suspected sleep-disordered breath
ing, tachy-brady syndrome, ventricular tachycardia, survivors of sudden cardiac death, as well as those with nocturnal 
angina, myocardial infarction, or arrhythmias.18 In addition, there had been detailed reviews summarizing the relation
ship between sleep and CVD.19 Multiple research findings indicated that individuals with sleep disorders had an 
increased risk of CVD and mortality.20–23 Another survey based on UKB showed that compared to the high sleep 
quality group, the low sleep quality group had a 67% increased risk of CVD.24 Screening for sleep disorders and early 
treatment in COPD may represent a potential strategy to reduce adverse cardiovascular outcomes in these patients. In 
summary, we had to consider the impact of sleep disorders on the occurrence of adverse cardiovascular outcomes in 
COPD patients. The association between these three types may become an emerging direction for improving the 
prognosis of COPD patients and reducing mortality rates.

In order to expand the previous research results, this manuscript aimed to explore the relationship between sleep 
disorders and adverse cardiovascular events (including stroke, atrial fibrillation, heart failure, angina pectoris, and 
myocardial infarction) in patients with COPD.

Materials and Methods
Study Design and Population
This study was a retrospective analysis, with 502112 data sourced from patients diagnosed with COPD in the UK 
Biobank (UKB) database between 2006 and 2024. Our study was based on an approved UK Biobank application 
(Application No. 280417). Ethical approval was granted by the North West Research Ethics Committee (11/NW/0382, 
21/NW/0157) and the Clinical Research Ethics Committee of The First Affiliated Hospital of Anhui Medical University 
(PJ 2024–13-46). All participants provided written informed consent. The specific data filtering steps were presented in 
Figure 1. These patients had varying degrees of sleep disorders and different CVD at the time of diagnosis and after 
diagnosis. The exclusion criteria were as follows: baseline combined with other severe lung diseases (such as pulmonary 
fibrosis); sleep data showed extreme outliers; if participants self-reported their diagnosis of heart disease or heart failure 
(angina, heart attack and stroke) at baseline.

Assessment of Sleep Disorders
According to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) and the International 
Classification of Diseases, 11th Revision (ICD-11), as well as relevant guidelines from the UK National Institute for 
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Health and Care Excellence (NICE), this study defined sleep disorders as persistent sleep-related abnormal phenotypes 
that impair daytime function. These phenotypes included insomnia, habitual snoring, OSA, organic or non-organic sleep 
disorders, restless legs syndrome, and circadian rhythm sleep–wake disorders.25,26 Using the STOP-Bang questionnaire 
and Epworth Sleepiness Scale (ESS) as auxiliary reference indicators for grouping, individuals with insomnia, habitual 
snoring, organic or non-organic sleep disorders, or OSA were classified into the sleep disorder group. Among them, 
insomnia was identified based on self-reported difficulty falling asleep or frequent nighttime awakenings from the UKB 
baseline touchscreen questionnaire (Field 1200).27,28 Individuals who stayed up late in the short term, experienced 
transient sleep disturbances, or suffered from temporary poor sleep solely caused by short-term stress were excluded.

Outcome
This study evaluated the association between sleep disorders and adverse cardiovascular events by reviewing the UKB 
database. To minimize information bias, all key outcomes were confirmed through structured medical records and/or 
standardized telephone follow-up. The research findings reported in this section cover the following major cardiovascular 
endpoints: stroke, heart failure (HF), atrial fibrillation (AF), angina pectoris (angina) and myocardial infarction (MI).29

To ensure the accuracy and comparability of the study endpoints, this study adopted unified and clear clinical 
diagnostic criteria for various cardiovascular events: diagnosis of stroke should be based on clinical manifestations and 
imaging examinations (such as CT or MRI) to confirm the presence of brain tissue damage;30 using the most widely used 

Figure 1 Flowchart of the UK Biobank.
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natriuretic peptide biomarker NT proBNP in European clinical practice for the diagnosis of HF;31 if the electrocardio
gram showed disappearance of sinus P waves and replacement with irregular f waves, and absolute irregularity of RR 
intervals, the diagnosis was AF;32 angina pectoris needed to be diagnosed through a combination of clinical symptoms, 
auxiliary examinations, and exclusion of ischemic chest pain; the diagnosis of MI should followed the globally unified 
dual criteria of myocardial injury and evidence of myocardial ischemia, combined with clinical symptoms, biomarkers, 
electrocardiogram, and imaging examinations for comprehensive judgment.33 The above results were diagnosed by 
professional medical staff and the authenticity of the data was guaranteed.

Confounding Factor
The gender and age of the researchers were reported as baseline data. Selected a population with a baseline age of 40~70 
years old. The Townsend Deprivation Index (TDI) refered to a standardized tool for measuring the degree of material 
deprivation based on geographic regions, where the numerical value directly reflected the level of material scarcity in an 
individual’s region,34 divided into lower, middle and higher school groups based on quartiles. Anthropometric assess
ments were measured by trained nurses using standard procedures as well as calibrated equipment. Body mass index 
(BMI) was calculated as (weight in kg)/(height in m)2. Based on the baseline self-report of education level, participants 
were divided into 6 groups according to the reporting situation. Smoking status was divided into never, previous, and 
current. One standard drink of alcohol consumption was defined as 8 g (10 mL) of alcohol. The method for calculating 
weekly alcohol consumption was detailed in a prior UKB study.35 The total sedentary time was defined as the sum of 
daily TV watching, leisure computer use, and driving time (hours/day) in self-reported data. The frequency of intake of 
processed meat was divided into once or more daily; 5–6 times a week; 2–4 times a week; once a week; less than once 
a week and never. The use of cardiovascular drugs, including antihypertensive drugs, lipid-lowering drugs, and blood 
glucose control drugs, was defined as the used or using. Other drugs unrelated to CVD were not included.

Statistical Analyses
The characteristics of the cohort were summarized as mean and standard deviation (SD) for continuous variables, and 
frequency and percentage (%) for categorical variables. Due to the fact that alcohol intake was a non-normally distributed 
continuous variable, median and quartiles were used for description. Given the significant intergroup baseline differences 
identified via homogeneity testing (P<0.05), propensity score matching was deemed unsuitable for this analysis due to 
concerns over excessive data loss and reduced statistical power. Therefore, we employed a multivariate Cox proportional 
hazards regression model, supplemented by subgroup analyses, to rigorously control for potential confounding factors. 
The associations were investigated using Cox proportional hazard models and were reported as hazard ratio (HR) 
together with 95% confidence intervals (95% CIs).

Two gradually adjusted models were used to correct confounding factors: minimum correction model (model 1) 
adjusted for age, sex, TDI and education qualifications; fully corrected model (model 2) further adjusted processed meat 
intake, smoking status, alcohol intake, total sedentary time and Cardiovascular drugs on the basis of model 1; sensitivity 
analysis (model 3) additionally adjusted BMI based on model 2. All analyses were conducted with the non-sleep 
disorders group as the reference group.

Further validation of the association between sleep disorder patients and newly developed CVD using subgroup 
analysis: strong confounding factors were identified through previous studies and subjected to subgroup analysis. By 
reducing the confounding effect of covariates in each group, we once again strongly validated the association between 
sleep disorders and cardiovascular outcomes in COPD patients. Among them, sex was divided into male and female 
according to the data in the baseline report. Age was divided into two groups: 40–60 and >60. Use of cardiovascular 
drugs and smoking status were the same as the grouping mentioned above. The grouping of cardiovascular drug use was 
yes and no. Smoking status was grouped into never, previous, and current. According to the internationally recognized 
BMI classification standards, BMI was divided into lean (BMI<18.5), normal (18.5–24.9), overweight (25–29.9), and 
obese (≥30).36

Statistical analysis was conducted using R 4.5.0 software, with a two-tailed P<0.05 indicating statistically significant 
differences.
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Results
Baseline Characteristics of the Study Population
A total of 23804 participants with COPD had data. After excluding the subjects with missing baseline data, 21423 
samples were ultimately included in this study (Table 1). UKB enrolled participants between 2006 and 2010. Baseline 
assessments commenced in April 2007 and concluded in July 2010. In the present study, the observational period was 
defined as the interval from the diagnosis of sleep disorders to the first incidence of adverse cardiovascular events among 
patients with COPD. The date of diagnosis was provided by UKB. For participants without subsequent adverse 
cardiovascular events, the follow-up period was censored on December 31, 2024. During the follow-up period, a total 

Table 1 Cohort Characteristics by Sleep Disorders

Characteristics Non-sleep disorders Sleep disorders Overall

20208 (94.3%) 1215 (5.7%) 21423

Men 9978 (49.4) 796 (65.5) 10774 (50.3)

Age (y), mean (SD) 60.5 (6.6) 58.6 (7.1) 60.4 (6.7)

Townsend deprivation index

Lower deprivation 6818 (33.7) 343 (28.2) 7161 (33.4)

Middle deprivation 6715 (33.2) 417 (34.3) 7132 (33.3)

Higher deprivation 6675 (33.0) 455 (37.5) 7130 (33.3)

Education qualifications

College or university degree 3519 (17.8) 212 (17.5) 3803 (17.8)

A levels/AS levels or equivalent 1604 (8.1) 86 (7.1) 1726 (8.1)

O levels/GCSEs or equivalent 4017 (19.9) 225 (18.5) 4242 (19.8)
CSEs or equivalent 974 (4.8) 81 (6.7) 1055 (4.9)

NVQ or HND or HNC or equivalent 2996 (14.8) 195 (16.0) 3191 (14.9)

None of the above 6990 (34.6) 416 (34.2) 7406 (34.6)

Smoking status

Never 4360 (21.6) 262 (21.7) 4622 (21.6)

Previous 9028 (44.7) 617 (50.8) 9645 (45.0)

Current 6820 (33.7) 336 (27.7) 7156 (33.4)
Alcohol intake (10mL/week) 9 (0,21.5) 7 (0,21) 9 (0,21.5)

Total sedentary time (h) 5.4 (2.6) 6.3 (3.3) 5.5 (2.7)

Body mass index (kg/m2) 27.6 (5.2) 33.7 (7.0) 28.0 (5.5)

Processed meat intake

Once or more daily 257 (1.3) 16 (1.3) 273 (1.3)

5–6 times a week 914 (4.5) 68 (5.6) 982 (4.6)

2–4 times a week 6537 (32.5) 436 (35.9) 7009 (32.7)
A Once a week 5846 (28.9) 342 (28.2) 6188 (28.9)

Less than once a week 5247 (26.0) 283 (23.3) 5530 (25.8)

Never 1371 (6.8) 70 (5.8) 1441 (6.7)

Cardiovascular drugs

Yes 7205 (35.7) 644 (53.0) 7849 (36.6)

No 13003 (64.3) 571 (47.0) 13574 (63.4)

Notes: Data were presented as mean and SD for continuous variables and as frequency and percentage (%) for categorical variables. The 
alcohol intake was represented by median and quartiles. 
Abbreviations: A level/AS level, advanced/advanced subsidiary level; CSE, certificate of secondary education; GCSE, general certificate of 
secondary education; HNC, higher national certificate; HND higher national diploma; MET, metabolic equivalent of task; NVQ, national 
vocational qualification; O level, ordinary level; SD, standard deviation.
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of 5 CVDs were recorded. Among them, 951 cases of stroke occurred; 2631 cases of HF; 3611 cases of AF; 2040 cases 
of angina; 1352 cases of MI. The mean age was 60.4±6.7 years and 50.3% were men. Compared with sleep disorder 
group, non-sleep disorder group had a higher proportion of males, higher levels of socioeconomic deprivation, longer 
sitting time, higher BMI, and higher rates of cardiovascular drug use. In addition, we can observe that the population with 
the highest TDI among sleep disorder patients had the highest proportion (37.5%), and the population with the lowest 
education level had the highest proportion (34.2%). Among individuals with sleep disorders group, only 1.3% consumed 
processed meat daily, while the rest consumed it less frequently.

The Association Between Sleep Disorders and Outcome Events
The findings from the multivariate Cox regression model were presented as follows (Figure 2). In the analysis of sleep 
disorders and stroke, no statistically significant association was observed. Regarding HF, the sleep disorder group showed 
an elevated hazard compared to the non-sleep disorder group. In model 1, the HR was 2.51 (HR = 2.51, 95% CI: 2.23– 
2.83). After full adjustment in model 2, the association remained statistically significant (HR = 2.35, 95% CI: 2.08–2.66), 
reflecting a 135% relative increase in hazard. Model 3 further confirmed this association (HR = 1.79, 95% CI: 1.57– 
2.03), reflecting a 79% relative increase. For AF, the sleep disorder group was also associated with an elevated hazard. 
Model 1 reflected an 85% relative increase in hazard (HR = 1.85, 95% CI: 1.65–2.07). After comprehensive covariate 
adjustment in model 2, the estimate decreased but remained statistically significant (HR = 1.75, 95% CI: 1.56–1.97). 
Model 3 indicated an association reflecting a 49% relative increase (HR = 1.49, 95% CI: 1.32–1.68). In terms of angina, 
the sleep disorder group showed an association reflecting a 72% relative increase in hazard in model 1 (HR = 1.72, 95% 
CI: 1.48–1.99). Following full adjustment in model 2, the estimate was attenuated, reflecting a 55% relative increase (HR 
= 1.55, 95% CI: 1.33–1.80). Model 3 confirmed a persistent association (HR = 1.44, 95% CI: 1.23–1.68). For MI, in 
model 1, the sleep disorder group showed an association reflecting a 30% relative increase in hazard (HR = 1.30, 95% CI: 
1.06–1.59). In model 2, the estimate reflected a 28% relative increase (HR = 1.28, 95% CI: 1.04–1.57). In model 3, the 
association reflected a 24% relative increase (HR = 1.24, 95% CI: 1.01–1.54).

Figure 2 Results of Multivariate Cox Regression Analysis.
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Subgroup Analysis results
Prior to subgroup analysis, the five individual CVD outcomes were aggregated into a composite CVD endpoint (n=6476) 
(Figure 3). Across gender subgroups, participants with sleep disorders showed an association with elevated CVD hazard 
compared to those without. Specifically, among males, the sleep disorder group showed an association reflecting a 52% 
relative increase in CVD hazard (HR = 1.52, 95% CI: 1.37–1.70). Among females, the sleep disorder group was also 
associated with an elevated CVD hazard (HR = 1.74, 95% CI: 1.49–2.04). These associations were statistically 
significant (P < 0.001). Moreover, the association appeared stronger in males than in females, with a HR of 1.36 
(95% CI: 1.29–1.43) for the male-to-female comparison. The association between sleep disorders and CVD hazard was 
observed across age subgroups. Specifically, among participants aged 40–60 years, the sleep disorder group showed an 
association reflecting a 52% relative increase in hazard (HR = 1.52, 95% CI: 1.32–1.74). Among participants aged >60 
years, the association reflected a 57% relative increase in hazard (HR = 1.57, 95% CI: 1.40–1.76). In the comparison 
between age subgroups, the HR for participants aged >60 versus 40–60 years was 1.59 (95% CI: 1.51–1.68). Stratified by 
cardiovascular medication use, the association between sleep disorders and CVD hazard was observed among both users 
(HR = 1.58, 95% CI: 1.37–1.81) and non-users (HR = 1.57, 95% CI: 1.40–1.77). In the comparison between medication 
subgroups, participants using cardiovascular medications showed a HR of 1.34 (95% CI: 1.28–1.41) relative to non- 
users. Moreover, smoking status appeared to modify the association between sleep disorders and CVD hazard. Among 
never-smokers, the sleep disorder group showed an association reflecting a 47% relative increase in hazard (HR = 1.47, 
95% CI: 1.19–1.80). Among former smokers, the association reflected a 61% relative increase in hazard (HR = 1.61, 95% 
CI: 1.43–1.82), and among current smokers, a 60% relative increase was observed (HR = 1.60, 95% CI: 1.36–1.90). In 
the comparison across smoking subgroups, the HR for ever-smokers versus never-smokers was 1.12 (95% CI: 1.08– 
1.16). Regarding BMI, associations were observed across categories: among participants with BMI 25–29.9, the sleep 
disorder group showed an association reflecting a 47% relative increase in hazard (HR = 1.47, 95% CI: 1.23–1.76). 
Among participants with BMI ≥30, the association reflected a 75% relative increase in hazard (HR = 1.75, 95% CI: 1.58– 
1.95). In the continuous analysis of BMI, each unit increase was associated with a 15% relative increase in CVD hazard 
(HR = 1.15, 95% CI: 1.12–1.19). These HRs denote relative association measures rather than absolute clinical risks; thus, 
subgroup results should be interpreted with caution.

Figure 3 Subgroup analysis results.
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Discussion
The main finding of this study was that sleep disorders were associated with an elevated hazard of composite CVD, HF, 
AF, angina and MI in COPD patients, independent of sociodemographic and lifestyle factors. Subgroup analyses further 
demonstrated that, after comprehensive adjustment, this association persisted across diverse patient profiles. The results 
of this manuscript were consistent with a previous study that found an association between sleep disorders and CVD.37,38

Notably, however, no statistically significant association was observed for stroke. This null finding warranted careful 
consideration. First, the relatively lower incidence of stroke compared to other CVD outcomes in our cohort may have 
reduced statistical power to detect a modest association. Second, stroke was mainly caused by cerebral vascular 
atherosclerosis, embolism or vascular rupture, leading to the interruption or leakage of brain blood flow, resulting in 
cerebral ischemia, hypoxia, edema and neuronal damage.39 Chronic intermittent hypoxia and systemic inflammation 
might exert more direct effects on myocardial structure, coronary endothelium, and atrial electrophysiology than on 
cerebral vessels.40–42 These factors highlighted the complexity of cerebrovascular risk in COPD and suggested that stroke 
might require longer follow-up or distinct mechanistic pathways to manifest.

Under the combined effect of multiple factors such as accelerated social development, changes in residents’ lifestyles, 
and uneven levels of health awareness, the number of global sleep disorder patients had shown a significant upward 
trend.43 Among them, the sustained psychological pressure caused by high-intensity occupational competition due to 
political issues such as Brexit and the suppression of melatonin secretion caused by frequent use of electronic devices 
before bedtime were the core triggers for inducing sleep rhythm disorders.44–46 It was worth noting that the fluctuations 
in health-related indicators such as abnormal BMI and excessive alcohol consumption caused by differences in socio- 
economic development, changes in behavioral habits, and changes in the ecological environment were not only closely 
related to the occurrence and development of sleep disorders, but also important risk factors for various chronic diseases 
such as CVDs and metabolic diseases.47,48 The selection of sleep disorders as the theme for discussion not only aimed to 
explore the aforementioned public health hot issues, but also considered that their association with cardiovascular disease 
outcomes might be mediated through multiple biological pathways. It had found that intermittent hypoxia resulting from 
sleep disorders can directly damage the vascular endothelium and promote atherosclerosis via activation of the 
sympathetic nervous system, oxidative stress, and inflammatory responses.49,50 Chronic systemic inflammation could 
exacerbate vascular damage and increase the risk of cardiovascular events and sleep disorders were often accompanied 
by metabolic disorders such as insulin resistance and dyslipidemia and were also important risk factors for cardiovascular 
disease.17,51,52 In summary, this manuscript chose sleep disorders as the theme for exploration and rigorously evaluated 
related confounding factors.

It was necessary to elaborate on the advantages of this manuscript. This manuscript explored for the first time the 
impact of sleep disorders on the risk of CVD outcomes in COPD patients. Elaborated in detail the impact of sleep 
disorders on the risk of five outcomes: stroke, HF, AF, angina and MI. To ensure the scientific validity and reliability of 
the study, we conducted subgroup analysis of confounding factors based on the association between sleep disorders and 
cardiovascular outcomes previously mentioned in this manuscript and the following studies. A study comparing white 
males and females had found that males had significantly higher CVD mortality rates than females, and smoking was 
a significant exposure factor.53 Spencer J et al’s study confirmed that smoking was an important confounding factors 
affecting the quality of life of COPD patients.54 BMI was also a hot topic in current research on CVD. Previous studies 
had confirmed a significant association between BMI and CVD outcomes in COPD patients.55–57 Therefore, this 
manuscript further conducted subgroup analysis from five aspects: age, gender, BMI, smoking status and cardiovascular 
drugs use.58 In addition, using internationally recognized diagnostic methods to group patients results in high diagnostic 
accuracy.

Nevertheless, some limitations need to be considered when interpreting our results. Firstly, the research subjects were 
only white Europeans, and the results may not be generalizable to other races. Further exploration and research were 
needed on the CVD risk of COPD patients based on different ethnicities. Affected by the actual disease incidence, the 
final dataset of this study contained far more participants without sleep disorders than those with sleep disorders, and the 
homogeneity test yielded a significant difference at P<0.05. Even though multivariate Cox regression and subgroup 
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analyses were performed to mitigate the effects of sample imbalance, a larger sample size was still needed for further 
validation. Although several established confounding variables were adjusted for in this study, certain potential 
confounders remained unmeasured. Relevant examples included medication use and lifestyle factors that were not 
recorded in the dataset, and these factors might have affected the study outcomes.59 In addition, both the clinical course 
of COPD and its exacerbations might have influenced the clinical outcomes. However, a discrepancy existed between the 
recorded COPD diagnosis time in the UKB dataset and the actual disease onset time of the enrolled patients. 
Furthermore, lung function parameters, such as predicted FEV1% and COPD disease staging information, were not 
incorporated into the current analysis; therefore, the potential impact of COPD severity on the association between sleep 
disorders and cardiovascular outcomes could not be adequately assessed. Therefore, this factor needed to be verified 
separately.60,61 The definition of sleep disorders in this study was mainly based on questionnaire self-assessments or 
diagnostic records, and different subtypes of sleep disorders (such as obstructive sleep apnea, insomnia) were not 
distinguished. The magnitude and underlying mechanisms of the associations with cardiovascular disease differed across 
sleep disorder subtypes.59 The statistical results of the association between sleep disorders and stroke risk in patients with 
COPD were not significant, which might be due to the small sample size. Data limitations prevented robust comparisons 
between the group with BMI less than 18.5 and those with BMI between 18.5–24.9. These issues require further in-depth 
exploration.

In conclusion, this prospective cohort study observed a significant association between sleep disorders and adverse 
cardiovascular outcomes in patients with COPD, with potentially stronger associations noted in males, individuals with high 
body weight, smokers, and those with prior cardiovascular medication use. Individuals in these high-risk subgroups, 
particularly those presenting with symptoms suggestive of sleep disorders such as snoring, daytime sleepiness, nocturnal 
hypoxia, and morning headaches, may benefit from comprehensive, targeted screening for sleep disturbances. If sleep 
disorders are identified, multidisciplinary management involving respiratory and sleep medicine specialists, with tailored 
interventions aligned with the specific sleep disorder subtype, may help optimize the overall care of COPD and potentially 
improve long-term outcomes. From a public health perspective, such targeted screening in high-risk groups may facilitate 
early detection and management of modifiable risk factors for adverse cardiovascular outcomes, with the potential to reduce 
secondary cardiovascular events in patients with COPD, alleviate individual disease burden, and lower the societal healthcare 
burden associated with cardiovascular complications. These findings highlight the need for future clinical trials to evaluate 
whether interventions for sleep disorders can reduce cardiovascular risk in COPD patients.
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