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Purpose: This study explores the correlation between sleep duration and cardiovascular disease (CVD) among middle-aged and older adults in China. Furthermore, we aim to investigate the association between sleep duration and incident CVD in this population, while assessing potential variations across different age and gender subgroups.



Methods: Utilizing data from the nationwide prospective survey of the China Health and Retirement Longitudinal Study (CHARLS) conducted in 2011, 2013, 2015, and 2018, involving 17,596 participants aged 45 years and above, we employed Cox proportional hazards regression models. These models were used to examine the impact of baseline sleep duration on CVD, considering age (middle-aged/elderly) and gender (male/female) groups.



Results: Over the 8-year follow-up, 2,359 CVD events were recorded. Compared to individuals sleeping 6–8 h per day, a short sleep duration (≤6 h/day) was significantly associated with an increased risk of CVD (HR: 1.17, 95% CI: 1.03–1.33). Subgroup analysis revealed a more pronounced relationship in participants aged ≥60 years, where both short sleep duration (≤6 h/day) (HR: 1.17, 95% CI: 1.02–1.35) and long sleep duration (>8 h/day) (HR: 1.20, 95% CI: 1.02–1.41) were significantly associated with an elevated risk of CVD. Specifically, among female participants, short sleep durations (≤6 h/day) was significantly associated with CVD (HR: 1.24, 95% CI: 1.05–1.47).



Conclusion: Short sleep durations can serve as predictive factors for CVD in China's population aged 45 and above, particularly among elderly female participants. Our study underscores the importance of considering sleep health as a critical aspect when formulating strategies for enhancing CVD prevention.
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1 Introduction

Despite significant advancements in healthcare and our understanding of the potential causes of cardiovascular diseases (CVD), it continues to be a major contributor to global mortality and the loss of disability-adjusted life years (DALYs) (1). Cardiovascular diseases (CVD) represent the most prevalent noncommunicable conditions globally, accounting for approximately one-third of all deaths on a global scale (2). This phenomenon is particularly pronounced in low- and middle-income countries (3, 4). In China, CVD stand as a significant factor contributing to the overall disease burden, accounting for 46.74% and 44.26% of all deaths in rural and urban areas, respectively. Two out of every five deaths are attributed to CVD, impacting an estimated 330 million individuals in China (5). Furthermore, the increasing prevalence of established risk factors such as obesity, diabetes, excessive alcohol consumption, and smoking will only further elevate the risk of CVD (4, 5). Given the high incidence, mortality rates, and substantial disability associated with CVD, it is imperative to identify additional potential risk factors, particularly modifiable lifestyle factors. This will enable the formulation of more effective strategies for CVD prevention.

Sleep, an integral element of our daily existence, assumes a critical role in preserving metabolic equilibrium and overall human well-being. Nevertheless, deviations in sleep duration are increasingly identified as behavioral risk factors linked to diverse health outcomes, including obesity, diabetes, and, notably, all-cause mortality. Recent investigations have sought to unravel the intricate relationship between sleep duration and cardiovascular disease (CVD) risk. Nonetheless, these studies grapple with inherent limitations, primarily stemming from the specificity of study populations to particular diseases, such as diabetes (6), or confined to a single city rather than a more representative sample of the entire population (7). For instance, Ke et al. investigated the association between sleep duration and increased CVD risk in southern China (7). However, the limited sample source and size in their study may raise questions about its representativeness. Secondly, it is crucial to choose the appropriate statistical method for research outcomes. Lin et al. examined the relationship between sleep duration and CVD using data from a nationwide health survey (8). However, this study employed multivariable logistic regression, which has several limitations in handling survival data (9), such as not considering time factors and proportional hazards assumption. Thirdly, some studies have been conducted in Western populations, which may have different lifestyle habits and sleep patterns compared to the Chinese population (10). Therefore, it is crucial to further investigate and confirm the relationship between sleep duration and CVD in a more diverse Chinese population through a nationwide prospective cohort study.

In addition, it is important to recognize that sleep patterns naturally evolve with the aging process, and individuals in middle and older age groups are more susceptible to sleep disturbances compared to younger individuals (11, 12). Moreover, studies have demonstrated gender disparities in the risk of cardiovascular disease and diabetes (13, 14). Importantly, limited research has specifically explored the association between self-reported sleep duration and these cardiovascular conditions, particularly in relation to gender-specific differences. Chen et al. utilized logistic regression models to investigate these associations using the US adults data from the National Health and Nutrition Examination Survey (NHANES). However, as this was a cross-sectional study and did not utilize a Chinese sample, further research is warranted to longitudinally examine how age and gender contribute to these relationships within a more diverse Chinese population. Hence, our hypothesis posits that age and gender could potentially exert influence on the correlation between sleep duration and the incidence of cardiovascular disease (CVD).

In an effort to bridge this knowledge gap, the present study endeavors to leverage data from a nationally representative longitudinal survey to scrutinize the correlation between sleep duration and the incidence of CVD. Furthermore, we have structured the analysis to account for variations based on age and gender. Anticipated as a result of this study are valuable insights intended to inform the judicious regulation of sleep duration among middle-aged and older individuals, thereby contributing to the prevention of CVD.



2 Materials and methods


2.1 Study population

The China Health and Retirement Longitudinal Study (CHARLS) is a nationwide, community-based, representative health survey focused on middle-aged and elderly adults in China. CHARLS aims to comprehensively assess primary health issues and the socioeconomic determinants associated with China's aging population. In the initial survey, a total of 17,596 participants were recruited during the baseline phase, conducted from 2011 to 2012 (wave 1). Subsequent follow-ups took place in 2013–2014 (wave 2), 2015–2016 (wave 3), and 2017–2018 (wave 4). More extensive information about CHARLS' design and participant profiles can be found elsewhere (15). The Institutional Review Board of Peking University approved CHARLS, and all participants provided written informed consent.

For analytical purposes, we excluded individuals meeting any of the following criteria: (1) those without age information or under the age of 45 (n = 218), (2) those without data on nighttime sleep or daytime naps at baseline (n = 1,487), (3) those who had already experienced CVD at baseline (n = 2,374), (4) we excluded individuals who did not provide information on the interview year and month. (n = 798).Ultimately, the analytic sample consisted of 12,719 subjects (Supplementary Figure S1).



2.2 Assessment of sleep duration

In CHARLS, data on nighttime sleep was collected through the following question: “During the past month, how many hours of actual sleep did you get at night? (average hours for one night)”. Daytime naps were assessed using the question: “During the past month, how long did you take a nap after lunch every day?” Following the approach of previous studies (16, 17), sleep duration was determined as the total daily sleep duration, which was calculated by combining nighttime sleep and daytime nap duration. Specifically, participants were classified into three categories in this study: short sleep duration (≤6 h/day), average sleep duration (6–8 h/day), and long sleep duration (>8 h/day).



2.3 Assessment of incident CVD

The study outcome was incident CVD events. In accordance with previous studies (18, 19), incident CVD events were assessed by the following standardized questions: “Have you been told by a doctor that you have been diagnosed with a heart attack, coronary heart disease, angina, congestive heart failure, or other heart problems?” or “Have you been told by a doctor that you have been diagnosed with a stroke?”. This definition aligns with a previous study conducted within the CHARLS framework. Participants who reported heart disease or stroke during the follow-up period were categorized as having incident CVD. The date of CVD diagnosis was documented to fall between the date of the last interview and the date of the interview reporting an incident CVD.



2.4 Covariates

Covariates were assessed at baseline, which included age (continuous, years), sex, residence (urban/rural), education levels (less than lower secondary/upper secondary & vocational training/tertiary), household income per capita (continuous, ¥), self-reported status of smoking and drinking (ever/never), instrumental activities of daily living (IADL) impairments (yes/no), basic activities of daily living (BADL) impairments (yes/no), body mass index (BMI), hypertension (yes/no), as well as the self-reported history of cancer (yes/no), diabetes/high blood sugar (yes/no), chronic lung diseases (yes/no), heart problems (yes/no), dyslipidemia (yes/no), arthritis (yes/no), liver disease (yes/no), kidney disease (yes/no), digestive disease (yes/no), asthma (yes/no), memory-related disease (MRD, yes/no) and psychiatric problems (yes/no). Household income per capita was calculated through total household income in yuan divided by family size. IADL consists of doing housework, managing money, shopping for groceries, taking pills and cooking. BADL consists of dressing, showering, eating, toileting, controlling urination and defecation, as well as getting in and out of bed. Participants with incapable of any of situations mentioned above would be classified as experiencing IADL or BADL impairments.



2.5 Statistical analysis

Continuous variables were reported as mean ± standard deviation (SD) or as median (25th–75th percentile), while categorical variables were presented as frequency (proportion). To assess the significance of differences in baseline characteristics across sleep duration groups, the Wilcoxon rank-sum test was employed for continuous variables, and the Pearson chi-square test was used for categorical variables. Kaplan-Meier curves and log-rank tests were utilized to illustrate the cumulative risk of incident CVD among the three sleep duration groups. Multivariate Cox proportional hazards regression models were employed to calculate hazard ratios (HRs) and 95% confidence intervals (CIs) to explore the association between sleep duration and incident CVD. The reference group for sleep duration was individuals with an average sleep duration of 6–8 h per day. The fully adjusted model included the following covariates: age, sex, place of residence, education level, household income per capita, smoking and drinking status, BADL/IADL impairments, BMI, and self-reported history of 12 chronic diseases. Proportional hazards assumptions were assessed. Participants contributed person-years from the date of their baseline interview until the date with recorded information on new-onset CVD, death, loss to follow-up, or the last CHARLS survey, whichever event occurred first.

Restricted cubic spline analysis was conducted to evaluate the dose-response relationship between sleep duration and incident CVD. The optimal number of knots (3–7) was determined by Akaike's information criterion (AIC), with a smaller AIC indicating a better fitting (20). Furthermore, in order to investigate the moderating effects of age and gender on such association, repeated subgroups analyses were further conducted by age (<60 years, middle-aged; ≥60 years, elderly) and gender (male; female). All data analyses were performed with R version 4.3.0 and two-sided P-value < 0.05 was deemed significant.




3 Results

Among the 12,719 participants included in this analysis, the number (proportion) of individuals with different sleep durations were as follows: 4,801 (37.7%) with ≤6 h/day, 5,034 (39.6%) with 6–8 h/day, and 2,884 (22.7%) with >8 h/day. Participants with either shorter or longer sleep durations were more likely to be older, live in rural areas, have the lowest income and education level. Additionally, individuals with shorter sleep durations tended to be more frequently female, non-smokers, and non-drinkers. The prevalence rates of most chronic diseases exhibited statistically significant differences among the three sleep duration groups, with the exceptions of hypertension, diabetes or high blood sugar, cancer, memory-related disease, psychiatric problems, dyslipidemia and Asthma (all with P-values < 0.05; Table 1).


TABLE 1 Characteristics of the study population.
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From 2011 to 2018, a total of 2,359 incident CVD cases were reported. In the entire population, the incidence rates of CVD for the three sleep duration groups were 36.37, 29.45, and 32.4 per 1,000 person-years, respectively. Within the subgroups based on age and gender, individuals with short sleep duration continued to exhibit relatively higher incidence rates of CVD compared to those with average and long sleep durations (Table 2). Furthermore, when compared to individuals with an average sleep duration (6–8 h/day), those with either short or long sleep durations had a significantly higher risk of experiencing a CVD (P < 0.0001). Notably, individuals with short sleep duration (≤6 h/day) had the lowest probability of remaining CVD-free compared to those in the other groups (Supplementary Figure S2).


TABLE 2 Incidence rate of CVD per 1,000 person-years by sleep duration.
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Additionally, multivariable-adjusted restricted cubic splines analysis revealed a nonlinear relationship between sleep duration and the occurrence of CVD (P < 0.001), as depicted in Supplementary Figure S3. Within the range of sleep durations less than 8.03 h, the hazard ratio gradually decreased, but it started to increase after 8.03 h. This suggests that there is a non-linear relationship between sleep duration and the risk of incident CVD, with the lowest risk observed within this specific range of sleep duration.

The results of the Proportional Hazards Assumption analysis indicated that all independent variables had p-values greater than 0.05, suggesting no violation of the proportional hazards assumption. Compared to individuals in the reference group with 6–8 h of sleep per day, those with short sleep duration exhibited a higher crude hazard ratio (HR) of 1.23 (95% CI: 1.12–1.35) for developing incident CVD. After adjusting for a series of confounding factors, the multivariate-adjusted relationship between short sleep duration and incident CVD remained positive, with the adjusted HR being attenuated to 1.17 (95% CI: 1.03–1.33). However, the association between long sleep duration and incident CVD was not significant (P > 0.05) (Table 3).


TABLE 3 Associations between sleep duration and risk of CVD.
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Furthermore, subgroup analysis results indicated that this relationship was more pronounced in participants aged 60 years and older, with short sleep duration (≤6 h/day) significantly associated with an elevated risk of CVD (HR: 1.17, 95% CI: 1.02–1.35). Long sleep duration (> 8 h/day) was also significantly associated with an increased risk of CVD (HR: 1.20, 95% CI: 1.02–1.41) in this age group. In male participants, longer sleep duration (>8 h/day) was significantly associated with an increased risk of CVD (HR: 1.26, 95% CI: 1.02–1.55). In female participants, short sleep duration was both significantly associated with an increased risk of CVD (HR: 1.24, 95% CI: 1.05–1.47) (Table 4).


TABLE 4 Stratified analyses of age and gender groups in the association of sleep duration with incident CVD.
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4 Discussion

In this nationwide prospective cohort study involving middle-aged and elderly individuals, our findings revealed a positive association between short sleep duration at baseline and the risk of future CVD, even after accounting for several potential confounding factors. Notably, this elevated risk was observed primarily in elderly adults and female.

The association between sleep duration and the risk of cardiovascular disease (CVD) has been examined in numerous studies, yet these investigations come with certain limitations. For instance, a prospective cohort study comprising 8,245 Chinese community residents revealed an independent association between short sleep duration and an increased incidence of CVD (7). However, it is worth noting that the study defines the independent variable based on the past 24 h of sleep time. Extracting the independent variable in this way may lead to overlooking nap times, resulting in an underestimation of total sleep duration (21). In our study, we sum the nap time and nighttime sleep time to calculate total sleep duration more accurately. For instance, individuals with obstructive sleep apnea (OSA) are more likely to have excessive daytime naps along with shorter nighttime sleep (22). Consequently, assessing the association between nighttime sleep and incident cardiovascular disease (CVD) solely among individuals with health events might introduce potential bias. Additionally, it's crucial to note that this study was exclusively conducted in Shanghai, the most developed city in China. This sampling approach has the potential to introduce bias to the research findings. Our contribution lies in being a large-scale population-based study that facilitates the adjustment for a myriad of underlying confounders. This aspect enhances the reliability and scientific validity of our findings in comparison to the limited body of published literature. In contrast, Lin et al (8). explored the association between sleep duration and cardiovascular disease (CVD) by analyzing data from a nationwide health survey. However, the study utilized multivariable logistic regression, a method that comes with several limitations when dealing with survival data. These limitations include the neglect of time factors and the assumption of proportional hazards.

Moreover, aligning with several previous studies (6–8, 10), our extensive nationwide cohort study has substantiated the presence of an association between sleep deprivation and the onset of cardiovascular disease (CVD) in middle-aged and elderly adults residing in the community. Notably, in subgroup analyses by age and gender, it is crucial to emphasize that the positive association between short sleep duration and incident CVD was discerned among elderly adults, contrasting with the absence of such an association among participants aged 45–60 years. This age-specific effect may be correlated with the ongoing demographic transition in China, marked by increasing life expectancy and a low fertility rate (23). Unfortunately, this significant demographic shift has contributed to a rise in the prevalence and mortality of diseases that predominantly affect the elderly, such as cancer (24). Furthermore, it has been documented that sleep issues become more prevalent, and sleep duration decreases with age. Individuals aged 60 and above are more likely to experience reductions in their sleep duration, frequent awakenings, and a decrease in slow-wave sleep. Consequently, elderly participants with shorter sleep durations are at a heightened risk of experiencing CVD in the future.

To encapsulate, the insufficiency of sleep has emerged as a noteworthy public health concern within our modern “24/7” society. Amidst this fast-paced milieu, the coexistence of sleep disorders and the prevalence of multiple chronic conditions unavoidably curtail the amount of sleep accessible to middle-aged and elderly individuals (25–27). The current study emphasizes the significance of conducting a comprehensive evaluation of sleep patterns and habits within the general population to identify individuals at an elevated risk of CVD. Unlike biomarkers, which are often challenging to reverse and intervene, sleep is increasingly acknowledged as a modifiable factor influencing CVD risk. Hence, the implementation of more targeted intervention measures and the provision of improved healthcare services aimed at enhancing the duration and quality of sleep may contribute to reducing the incidence of future cardiovascular diseases. This holds particular relevance for female patients aged 60 and above.

The increased risk of cardiovascular disease (CVD) among individuals with short sleep duration is supported by various underlying pathophysiological mechanisms. Evidence indicates that sleep deprivation may induce inflammation, while adequate sleep may facilitate the return of immune cytokines to baseline levels (28). Sleep can profoundly modify the cardiovascular regulation, and a bidirectional link exists in the interconnection between cardiovascular system and sleep (29). Furthermore, some evidence suggests that both excessive and insufficient sleep durations may disrupt normal circadian rhythms, leading to alterations in sympathetic nervous system activity (30). Elevated sympathetic activity has been associated with symptoms of depression and anxiety and may contribute to the development of atherosclerosis (31, 32), which is strongly linked to CVD. Another potential explanation for this association is that sleep deprivation can affect cortisol levels and lead to the up-regulation of the hypothalamic-pituitary-adrenal (HPA) axis, which in turn may contribute to CVD events (33–35). Additionally, it's worth noting that long sleep duration has been associated with a higher atherosclerotic burden specifically in women (36). However, our subgroup analysis results indicate that women with shorter sleep durations are more likely to be at risk for cardiovascular disease (CVD). Variations in study populations and statistical methods can lead to differing conclusions across research. Nevertheless, even in the absence of statistical significance, there remains a trend suggesting that women with longer sleep durations may also be at risk for CVD. Consequently, gender and sleep duration may have a synergistic effect on the risk of incident CVD through exacerbating common pathways, including the processes of atherosclerosis and vascular stiffening. However, the precise mechanisms underlying the relationship between male and incident CVD, especially in terms of age-related disparities, warrant further investigation.

Notably, the cubic spline model shows the standard U-shaped relationship between sleep duration and CVD risk. However, in the hazard models presented, controlling for disease removed the relationship between sleep duration and incident CVD for long sleep durations, suggesting that short sleep is an independent risk factor, while long sleep may merely be a marker of the presence of disease that increases CVD risk. After controlling for confounding factors, long sleep was found to be unrelated to CVD risk, a conclusion supported by previous studies (37). However, after conducting subgroup analyses based on age and gender, we found that older adults and men who sleep longer are more likely to have CVD risk. This indicates that when assessing CVD risk, it is essential to consider individual characteristics and potential confounding factors in greater detail to more accurately understand the complex relationship between sleep duration and cardiovascular health.

The current study has several acknowledged limitations that warrant consideration. Firstly, both physician-diagnosed incident cardiovascular disease (CVD) and sleep duration relied on self-reported measures. Secondly, after conducting a thorough examination, we found that the CHARLS survey did not include interviews on sleep disorders, specifically obstructive sleep apnea (OSA). Consequently, due to this data limitation, we were unable to assess the confounding impact of OSA on these associations. Consequently, future epidemiological surveys should contemplate collecting more comprehensive information on sleep to facilitate a more thorough investigation of this issue.

In summary, our study elucidates that short sleep duration is linked to a moderate increase in the risk of incident CVD among middle-aged and elderly individuals in China. Moreover, our findings suggest that the age and gender of individuals may modify this relationship. These results underscore the importance of vigilant monitoring of sleep patterns, especially within the context of an aging population, and offer new insights for the development of strategies aimed at mitigating the heightened risk of CVD. The findings of the current study may serve as a reference for siesta and sleep duration in individuals aged ≥ 45 years, advocating for a more rational approach to sleep planning. Future research is imperative to unravel the precise mechanisms underlying the age- and gender-specific aspects of the association between sleep duration and incident CVD.
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