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Purpose: To investigate the cross-sectional associations of self-reported sleep characteristics with cardiovascular diseases (CVDs)
and cardiovascular multimorbidity in older adults living in rural Eastern China.
Patients and Methods: This population-based study included 4618 participants (age ≥65 years; 56.5% women) living in rural
Eastern China. In March–September 2018, data were collected through interviews, clinical examinations, neuropsychological testing,
and laboratory tests. Sleep parameters were assessed using the Pittsburgh Sleep Quality Index, Epworth Sleepiness Score, and Berlin
questionnaire. Coronary heart disease (CHD), heart failure (HF), and stroke were defined according to in-person interviews, clinical
and neurological examinations, and electrocardiogram examination. Data were analyzed using logistic regression and restricted cubic
spline regression.
Results: CHD was diagnosed in 991 participants, HF in 135 participants, and stroke in 696 participants. The multivariable-adjusted odds
ratio (OR) of CHD was 1.27 (95% CI, 1.09–1.49) for sleep duration ≤6 hours/night (vs >6–8 hours/night), 1.40 (1.20–1.62) for poor sleep
quality, and 1.22 (1.04–1.43) for high risk for obstructive sleep apnea (OSA). The OR of HF was 2.16 (1.38–3.39) for sleep duration >8
hours/night, and 1.76 (1.22–2.54) for high risk for OSA. In addition, the OR of stroke was 1.23 (1.04–1.46) for poor sleep quality, 1.32
(1.01–1.72) for excessive daytime sleepiness, and 1.42 (1.19–1.70) for high risk for OSA. The associations of poor sleep with cardiovascular
multimorbidity (≥2 CVDs) were stronger than that of sleep problems with a single CVD.
Conclusion: Extreme sleep duration, high risk for OSA, and other sleep problems were associated with CVDs, especially
cardiovascular multimorbidity.
Keywords: sleep, coronary heart disease, heart failure, stroke, cardiovascular multimorbidity

Introduction
Since the 1950s, China’s population has experienced a dramatic increase in life expectancy, leading to fast population
aging in China. Population aging contributes to the increasing burden of cardiovascular disease (CVD). A study using
a Markov computer simulation model found that along with population growth and aging in China, the annual CVD
events would increase by more than 50% between 2010 and 2030.1 Since the 1990s, the age-standardized mortality of
CVDs has steadily declined among urban residents in China, but the declining trend was not evident among people living
in the rural areas.2 On the other hand, as people age, sleep structure and patterns change. Poor sleep quality and other
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sleep problems are highly prevalent in the rural-dwelling older adults in China.3 As an indispensable part of human life,
sleep is an important modulator of cardiovascular health.

Several studies have revealed the associations of sleep problems with CVDs. A meta-analysis suggested that extreme
sleep duration (<7 hours or ˃8 hours) and poor sleep quality were associated with a higher risk of cardiovascular events and
CVD mortality, such as coronary heart disease (CHD) and stroke.4 However, the results of previous studies are not
consistent. For example, a population-based study of 10,657 adults aged ≥15 years in China suggested that, compared to
normal sleep duration (7 hours), short sleep duration (<6 hours) was associated with a higher likelihood of CHD.5 Another
population-based study of 6538 participants in the US National Health and Nutrition Examination Survey (NHANES)
showed that compared to normal sleep duration (6–8 hours), long sleep duration (˃8 hours) had an association with CHD.6

Meanwhile, a population-based study of 32,152 participants (mean age, 47 years) in the US NHANES Study showed that
neither short nor long sleep durations was associated with CHD.7 Moreover, most of the previous study focused on middle-
aged people. However, the prevalence of poor sleep conditions and CVDs are higher in older adults than that in middle-aged
people. Furthermore, little attention has been paid to the Chinese rural-dwelling older adults. However, the prevalence of
sleep problems among rural-dwelling older adults was higher than that among urban-dwelling older adults.3,8 The age-
standardized mortality of CVDs has steadily declined among urban residents but not rural residents in China.2 Studying the
associations of sleep characteristics and CVDs among older adults living in rural areas in China is important because over
50% of people live outside cities.9 In addition, most of the previous studies focused on the associations of sleep duration
with CVDs, ignoring the multifaceted sleep problems in older adults. Finally, previous studies focused on a single CVD,
rather than cardiovascular multimorbidity. This is important because cardiovascular multimorbidity is highly prevalent
among adults, affecting around one-third of adults in the primary care settings.10

Therefore, using the baseline data of the Multidomain Interventions to Delay Dementia and Disability in Rural China
(MIND-China) Study,11 we sought to assess the associations of a range of self-reported sleep characteristics (sleep
duration, sleep latency, sleep efficiency, sleep disturbances, use of sleep medications, sleep quality, excessive daytime
sleepiness [EDS], and risk for obstructive sleep apnea [OSA]) with CVDs (CHD, heart failure [HF], and stroke) and
cardiovascular multimorbidity.

Materials and Methods
Study Design and Participants
The population-based study used data from the baseline examination of theMIND-China study,12–14 a participating project in the
World-Wide FINGERS Network.11 In March–September 2018, 5765 individuals who were aged ≥60 years and living in the 52
villages of Yanlou Town, Yanggu County in western Shandong Province were enrolled in the MIND-China study. Of these, 519
participants whowere aged 60–64 years were excluded due to relatively low participating rate. Of the 5246 participants whowere
aged 65 years and older, 302were excluded due to dementia, 311 due tomissing data on one or more sleep characteristics, and 15
due to missing information on the diagnosis of CVDs, leaving 4618 for the current analysis (Figure 1).

The MIND-China project was approved by the Ethics Committee at Shandong Provincial Hospital in Jinan, Shandong
Province. Written informed consent was obtained from all participants or informants. Research within the MIND-China
project has been conducted in accordance with the ethical principles for medical research involving human participants
expressed in the Declaration of Helsinki. MIND-China was registered in the Chinese Clinical Trial Registry (registration
no.: ChiCTR1800017758).

Data Collection and Assessments
Data were collected through face-to-face interviews, clinical examinations, cognitive testing, and laboratory tests by
trained medical staff following standard procedures. We collected data on sociodemographics (eg, age, sex, and
education), health-related behavioral factors (eg, smoking, alcohol consumption, and leisure-time physical activity),
a detailed medical history (eg, a physician’s diagnosis of hypertension, diabetes, and dyslipidemia), use of medications
(eg, antihypertensive, hypoglycaemic, and lipid-lowering agents), physical and neurological examination (eg, height,
weight, blood pressure, and neurological disorders), electrocardiogram (ECG) examination, and laboratory tests (eg,
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fasting blood glucose and lipids). All medications were classified and coded according to the Anatomical Therapeutic
Chemical (ATC) classification system.12

Education was divided into illiteracy, primary school (1–5 years), and middle school and above (≥6 years). Body
mass index (BMI) was calculated from height and weight (kg/m2) and was categorized as underweight (<18.5), normal
(18.5–23.9), overweight (24–27.9), and obese (≥28).15 We categorized smoking status and alcohol consumption as never,
former, and current. Regular physical activities during leisure time were defined as participating in any physical activities
at least once a week. Hypertension was defined as systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90
mmHg or current use of antihypertensive drugs (ATC codes C02, C03, and C07-C09).16 Diabetes was defined as fasting
blood glucose level ≥7.0 mmol/L, or use of antidiabetic agents (ATC code A10), or having a self-reported history of
diabetes.17 Dyslipidemia was defined as total cholesterol ≥6.22 mmol/L, or triglycerides ≥2.27 mmol/L, or low-density
lipoprotein cholesterol ≥4.14 mmol/L, or high-density lipoprotein cholesterol <1.04 mmol/L, or use of hypolipidemic
agents (ATC code C10).18 The 15-item Geriatric Depression Scale (GDS-15, score range: 0–15) was used to evaluate
depression in older individuals. The presence of depressive symptoms was defined as a total GDS-15 score ≥5.19,20

Assessments of Sleep Characteristics
Pittsburgh SleepQuality Index (PSQI) is a validated self-rated questionnaire that assesses sleep quality and sleep disturbance over
the past month.21 PSQI includes 19 items that assess seven sleep components: subjective sleep quality, sleep latency, sleep
duration, sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction over the last month. The sum of
scores for the seven domains (score for each domain ranges from 0 to 3, no difficulty to severe difficulty) yielded a global score
ranging from 0 to 21. We defined poor sleep quality as the overall PSQI score >5. The abnormal sleep in a specific domain was
defined as the score ≥2 for that domain.22 The PSQI has demonstrated adequate internal consistency and validity in diverse
populations.23

We categorized sleep duration into short (≤6 hours/night), normal (>6–8 hours/night), and long (>8 hours/night) sleep
duration according to previous studies.24,25 The Epworth Sleepiness Score (ESS) is a questionnaire that assesses daytime
sleepiness. The ESS asks the participants to rate on a scale of 0–3 the chances of dozing in eight different situations commonly
met in daily life (sum of scores for the eight items varies from 0 to 24). EDS is defined as the ESS score >10.26

We used Berlin questionnaire (BQ) to screen people with high risk for OSA. BQ is a cost-effective screening tool for
risk of OSA, with relatively high sensitivity (87%).27 The BQ includes 10 questions and information on BMI and

Figure 1 Flowchart of the study participants.
Abbreviation: MIND-China, the Multidomain Interventions to Delay Dementia and Disability in Rural China Study.
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hypertension, which were divided into 3 categories: snoring severity and cessation of breathing (category 1), symptoms
of EDS (category 2), and BMI and hypertension (category 3). When having positive scores in more than one category,
participants were considered as having a high risk for OSA.28

Definitions of CVDs and Cardiovascular Multimorbidity
CVDs included CHD, HF, atrial fibrillation (AF), and stroke.29 CHD was defined via self-reported history and physical
examination as having angina pectoris, myocardial infarction, received coronary angioplasty, coronary artery bypass
grafting, or myocardial infarction in ECG. HF was defined as a combination of self-reported history of HF or the
judgement of HF by a physician via clinical examination. AF was defined according to self-reported physician diagnosis
of AF or ECG examination. Stroke was defined according to self-reported ischemic and hemorrhagic stroke history or via
neurological examination. Hypertension was not included in CVDs because of its high prevalence and it is a risk factor
for CHD and stroke.30,31 A single CVD was defined as having only one of the above four CVDs. Cardiovascular
multimorbidity was defined as concurrently having two or more of the above four CVDs.

Quality Control Procedures
The Quality Management Committee of MIND-China (project principal investigators, coordinator, specialists, and local
town hospital administrators) is responsible for data collection, data assessments, database management, and collection
and storage of biological samples. The study protocol and structured questionnaires were developed following brainstorm
discussions among national and international scientists. Prior to the start of the assessments, all research staff (eg,
clinicians and interviewers) were trained and certified according to the operations manual. Then, we conducted the pilot
study to test the feasibility of the assessment procedure and the questionnaire. The automated biochemical analyzer and
instruments (eg, electronic blood pressure monitor, 12-lead resting ECG, ultrasonic machine, and automated blood cell
analyzer) are regularly calibrated and standardized following the manufacturer’s instructions.13

Statistical Analysis
We performed descriptive analysis about sociodemographic characteristics, lifestyle factors, sleep characteristics
and clinical conditions of participants by sex. We presented mean (standard deviation [SD]) for continuous
variables and frequencies (%) for categorical variables. We tested the statistical differences using Mann–
Whitney U-test for skew distributed continuous variables, the t test for normal distributed continuous variables,
and Chi-square test for categorical variables.

We employed binary logistic regression models to estimate the odds ratio (OR) and 95% confidence interval (CI) of
sleep characteristics associated with CVDs while adjusting for different potential confounding factors. Multinomial logistic
regression models were used to examine the associations of sleep characteristics with a single CVD and cardiovascular
multimorbidity. Because of the small number of participants with AF (n = 66), we did not specifically examine the
association of sleep characteristics with AF. We reported the main results from two models: Model 1 was controlled for age
and sex; and Model 2 was additionally controlled for education, BMI, smoking, alcohol consumption, regular physical
activities, hypertension, diabetes, dyslipidemia, and presence of depressive symptoms. Statistical interactions of age groups
(<75 vs ≥75 years), sex, and education (illiteracy vs non-illiteracy) with sleep characteristics on CVDs were assessed by
simultaneously entering the independent variables and their cross-product term into the same model of binary logistic
regression. Stratified analysis was performed when statistical interactions were detected (P for interaction <0.05).

We used restricted cubic spline curves to evaluate the nonlinear associations of sleep duration with a single CVD and
cardiovascular multimorbidity, in which logistic regression models were employed with 3 knots at the 10th, 50th, and
90th percentiles of sleep duration. The sleep duration of 7 hours/night was used as the reference group.

IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp, Armonk, NY, USA) was used for all the statistical analyses,
except the restricted cubic spline regression analysis where the R package for Windows (version 4.0.4, R Foundation for
Statistical Computing, Vienna, Austria) was used. We considered two-tailed P<0.05 to be statistically significant.
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Results
Characteristics of the Study Participants
Table 1 details the demographic characteristics of the study participants. Of the 4618 participants, the mean age was
71.11 years (SD 4.85), 56.5% were women, and 37.7% were illiterate. Overall, the mean PSQI score of all participants
was 5.94 (SD 4.15), the mean ESS score was 4.41 (SD 4.19), the prevalence of high risk for OSAwas 29.2% in the total

Table 1 Characteristics of the Study Participants by Sex

Characteristics Total (n=4618) Men (n=2009) Women (n=2609) P

Age (years) 71.11 (4.85) 71.06 (4.77) 71.14 (4.91) 0.815

Educational level, n (%) <0.001

Illiteracy 1740 (37.7) 236 (11.7) 1504 (57.6)

Primary school 2093 (45.3) 1105 (55) 988 (37.9)

Middle school and above 785 (17.0) 668 (33.3) 117 (4.5)

BMI (kg/m2), n (%) <0.001

<18.5 152 (3.3) 82 (4.1) 70 (2.7)

≥18.5 to 24 1791 (39.0) 858 (43.0) 933 (35.9)

˃24 to 28 1767 (38.4) 742 (37.2) 1025 (39.4)

˃28 886 (19.3) 315 (15.8) 571 (22.0)

Smoking, n (%) <0.001

Current 700 (15.2) 670 (33.4) 30 (1.1)

Former 975 (21.1) 943 (47.0) 32 (1.2)

Never 2942 (63.7) 395 (19.7) 2547 (97.6)

Alcohol consumption, n (%) <0.001

Current 1377 (29.8) 1188 (59.2) 189 (7.2)

Former 444 (9.6) 428 (21.3) 16 (0.6)

Never 2796 (60.6) 392 (19.5) 2404 (92.1)

Regular physical activities, n (%) 2978 (64.5) 1351 (67.2) 1627 (62.4) 0.001

Hypertension, n (%) 3062 (66.8) 1296 (64.9) 1766 (68.3) 0.016

Diabetes, n (%) 653 (14.1) 227 (11.3) 426 (16.3) <0.001

Dyslipidemia, n (%) 1078 (23.3) 312 (15.5) 766 (29.4) <0.001

Depressive symptoms, n (%) 442 (9.7) 155 (7.8) 287 (11.1) <0.001

PSQI score 5.94 (4.15) 5.00 (3.57) 6.66 (4.42) <0.001

Sleep duration (hours) 6.62 (1.69) 6.88 (1.48) 6.43 (1.81) <0.001

Low sleep efficiency, n (%) 1662 (36.0) 588 (29.3) 1074 (41.2) <0.001

Sleep disturbances, n (%) 534 (11.6) 172 (8.6) 362 (13.9) <0.001

Use of sleep medications, n (%) 138 (3.0) 41 (2.0) 97 (3.7) <0.001

(Continued)
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sample. Overall, 1567 (33.9%) participants were ascertained to have CVDs, including 991 (21.5%) with CHD, 135
(2.9%) with HF, 66 (1.4%) with AF, and 696 (15.1%) with stroke.

Associations of Sleep Characteristics with CHD, HF, and Stroke
After controlling for sociodemographic factors, prolonged sleep latency, short sleep duration, low sleep efficiency, sleep
disturbances, use of sleep medications, poor sleep quality, and high risk for OSA were significantly associated with an
increased likelihood of CHD (Table 2, Model 1). These associations remained significant in the multivariable-adjusted
model (Table 2, Model 2).

After controlling for sociodemographic factors, long sleep duration, sleep disturbances, use of sleep medications, poor sleep
quality, and high risk for OSAwere significantly associated with an increased likelihood of HF (Table 2, Model 1). Long sleep
duration, sleep disturbances, use of sleep medications, and high risk for OSAwere still associated with HF in the multivariable-
adjustedmodel (Table 2,Model 2). Poor sleep qualitywas associatedwithHF after controlling for age and sex, but the association
became non-significant in Model 2 when additionally controlling for multiple potential confounders.

After adjusting for age and sex, individuals with prolonged sleep latency, low sleep efficiency, sleep disturbances, poor sleep
quality, EDS, high risk for OSA were associated with a higher likelihood of stroke (Table 3, Model 1). After multivariable-
adjustment for additional potential confounders, these associations were slightly attenuated, except that the associations of
prolonged sleep latency and low sleep efficiencywith stroke became statistically non-significant (Table 3,Model 2).We found no
significant associations of sleep duration and use of sleep medications with stroke.

We did not detect any statistical interactions of age, sex, and education level with sleep characteristics on CVDs (data not
shown).

Associations of Sleep Characteristics with a Single CVD and Cardiovascular
Multimorbidity
After adjusting for sociodemographic factors, prolonged sleep latency, short sleep duration, low sleep efficiency,
sleep disturbances, poor sleep quality, and high risk for OSA were significantly associated with increased

Table 1 (Continued).

Characteristics Total (n=4618) Men (n=2009) Women (n=2609) P

ESS score 4.41 (4.19) 4.91 (4.18) 4.02 (4.15) <0.001

High risk for OSA, n (%) 1350 (29.2) 630 (31.4) 720 (27.6) 0.005

CHD, n (%) 991 (21.5) 367 (18.3) 624 (23.9) <0.001

Heart failure, n (%) 135 (2.9) 52 (2.6) 83 (3.2) 0.236

Atrial fibrillation, n (%) 66 (1.4) 31 (1.5) 35 (1.3) 0.567

Stroke, n (%) 696 (15.1) 320 (15.9) 376 (14.4) 0.153

No. of CVDs, n (%) 0.044

0 3051 (66.1) 1360 (67.7) 1691 (64.8)

1 1270 (27.5) 537 (26.7) 733 (28.1)

≥2 (Cardiovascular multimorbidity) 297 (6.4) 112 (5.6) 185 (7.1)

Notes: Data are mean (standard deviation), unless otherwise specified. The number of participants with missing values was 21 for BMI, 1 for smoking, 1
for drinking, 35 for hypertension, and 51 for depressive symptoms. As a covariate in subsequent analysis, a dummy variable was created for each of the
categorical variables to represent those with missing values. Score for each domain in PSQI ranges from 0 to 3 (no difficulty to severe difficulty) and
a domain score ≥2 indicates abnormal sleep in this domain. Low sleep efficiency means sleep efficiency ≤75%. P value is for the test of differences
between men and women.
Abbreviations: BMI, Body Mass Index; CVD, cardiovascular disease; CHD, coronary heart disease; EDS, excessive daytime sleepiness; OSA,
obstructive sleep apnea; PSQI, Pittsburgh Sleep Quality Index.
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likelihoods of both a single CVD and cardiovascular multimorbidity (Table 4, Model 1). These associations
remained significant in the multivariable-adjusted model (Table 4, Model 2). The associations of above sleep
characteristics with cardiovascular multimorbidity were stronger than those with a single CVD. EDS was
significantly associated with increased likelihoods of a single CVD in Model 1 but not in Model 2. Long sleep

Table 2 Associations of Self-Reported Sleep Characteristics with Coronary Heart Disease and Heart Failure

Self-Reported
Sleep
Characteristics

No. of
Participants

CHD (n=991) Heart Failure (n=135)

No. of
Cases

Odds Ratio (95% Confidence
Interval)

No. of
Cases

Odds Ratio (95% Confidence
Interval)

Model 1 Model 2 Model 1 Model 2

Prolonged sleep latency

No 2906 561 1.00 (reference) 1.00 (reference) 77 1.00 (reference) 1.00 (reference)

Yes 1712 430 1.31 (1.13–1.52)c 1.28 (1.10–1.49)b 58 1.22 (0.85–1.73) 1.11 (0.77–1.60)

Sleep duration

≤6h 1807 433 1.27 (1.09–1.49)b 1.27 (1.09–1.49)b 49 1.10 (0.74–1.63) 1.07 (0.71–1.59)

˃6 to 8h 2179 417 1.00 (reference) 1.00 (reference) 52 1.00 (reference) 1.00 (reference)

>8h 632 141 1.18 (0.95–1.47) 1.14 (0.92–1.43) 34 2.25 (1.44–3.50)c 2.16 (1.38–3.39)c

Sleep efficiency

>75% 2956 579 1.00 (reference) 1.00 (reference) 84 1.00 (reference) 1.00 (reference)

≤75% 1662 412 1.28 (1.11–1.48)c 1.26 (1.09–1.47)b 51 1.01 (0.71–1.45) 0.97 (0.67–1.39)

Sleep disturbances

No 4084 822 1.00 (reference) 1.00 (reference) 96 1.00 (reference) 1.00 (reference)

Yes 534 169 1.79 (1.47–2.19)c 1.55 (1.25–1.91)c 39 3.30 (2.24–4.86)c 2.77 (1.83–4.18)c

Use of sleep medications

No 4480 941 1.00 (reference) 1.00 (reference) 125 1.00 (reference) 1.00 (reference)

Yes 138 50 2.01 (1.41–2.87)c 1.83 (1.27–2.64)b 10 2.55 (1.30–5.00)b 2.24 (1.13–4.45)a

Sleep quality

Good 2467 445 1.00 (reference) 1.00 (reference) 57 1.00 (reference) 1.00 (reference)

Poor 2151 546 1.47 (1.27–1.69)c 1.40 (1.20–1.62)c 78 1.53 (1.07–2.17)a 1.39 (0.97–2.01)

EDS

No 4205 897 1.00 (reference) 1.00 (reference) 121 1.00 (reference) 1.00 (reference)

Yes 413 94 1.14 (0.90–1.46) 1.03 (0.80–1.33) 14 1.26 (0.72–2.22) 1.09 (0.61–1.95)

Risk for OSA

Low 3268 643 1.00 (reference) 1.00 (reference) 72 1.00 (reference) 1.00 (reference)

High 1350 348 1.49 (1.28–1.74)c 1.22 (1.04–1.43)a 63 2.35 (1.66–3.33)c 1.76 (1.22–2.54)b

Notes: Model 1 adjusted for age and sex. Model 2 additionally adjusted for education, body mass index, smoking, alcohol consumption, regular physical activities,
hypertension, diabetes, dyslipidemia, and depressive symptoms. aP < 0.05. bP < 0.01. cP < 0.001.
Abbreviations: CHD, coronary heart disease; EDS, excessive daytime sleepiness; OSA, obstructive sleep apnea.
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duration and use of sleep medications were significantly associated with cardiovascular multimorbidity, but not
with a single CVD (Table 4).

After adjusting for multiple potential confounders, restricted cubic splines showed a U-shaped association of sleep
duration with cardiovascular multimorbidity (P for nonlinear association = 0.013). The sleep duration of 6.75 hours/

Table 3 Associations Between Self-Reported Sleep Characteristics and Stroke

Self-Reported Sleep
Characteristics

No. of
Participants

Stroke (n=696)

No. of Cases Odds Ratio (95% Confidence Interval)

Model 1 Model 2

Prolonged sleep latency

No 2906 412 1.00 (reference) 1.00 (reference)

Yes 1712 284 1.24 (1.05–1.46)a 1.17 (0.98–1.39)

Sleep duration

≤6h 1807 283 1.14 (0.95–1.35) 1.10 (0.92–1.32)

˃6 to 8h 2179 310 1.00 (reference) 1.00 (reference)

>8h 632 103 1.17 (0.92–1.50) 1.11 (0.87–1.43)

Sleep efficiency

>75% 2956 421 1.00 (reference) 1.00 (reference)

≤75% 1662 275 1.21 (1.02–1.43)a 1.17 (0.98–1.39)

Sleep disturbances

No 4084 584 1.00 (reference) 1.00 (reference)

Yes 534 112 1.63 (1.30–2.04)c 1.34 (1.05–1.71)a

Use of sleep medications

No 4480 673 1.00 (reference) 1.00 (reference)

Yes 138 23 1.14 (0.72–1.80) 1.00 (0.62–1.59)

Sleep quality

Good 2467 331 1.00 (reference) 1.00 (reference)

Poor 2151 365 1.35 (1.15–1.59)c 1.23 (1.04–1.46)a

EDS

No 4205 612 1.00 (reference) 1.00 (reference)

Yes 413 84 1.50 (1.16–1.94)b 1.32 (1.01–1.72)a

Risk for OSA

Low 3268 428 1.00 (reference) 1.00 (reference)

High 1350 268 1.67 (1.41–1.97)c 1.42 (1.19–1.70)c

Notes: Model 1 adjusted for age and sex. Model 2 additionally adjusted for education, body mass index, smoking, alcohol consumption, regular physical
activities, hypertension, diabetes, dyslipidemia, and depressive symptoms. aP < 0.05. bP < 0.01. cP < 0.001.
Abbreviations: EDS, excessive daytime sleepiness; OSA, obstructive sleep apnea.
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night was associated with the lowest likelihood of cardiovascular multimorbidity. However, restricted cubic splines
did not show the nonlinear association of sleep duration with a single CVD (P for nonlinear association >0.05)
(Figure 2).

Table 4 Associations of Self-Reported Sleep Characteristics with a Single CVD and Cardiovascular Multimorbidity

Self-Reported Sleep
Characteristics

A single CVD (n=1270) Cardiovascular Multimorbidity (n=297)

No. of
Cases

Odds Ratio (95% Confidence
Interval)

No. of
Cases

Odds Ratio (95% Confidence
Interval)

Model 1 Model 2 Model 1 Model 2

Prolonged sleep latency

No 751 1.00 (reference) 1.00 (reference) 163 1.00 (reference) 1.00 (reference)

Yes 519 1.27 (1.11–1.46)c 1.23 (1.07–1.42)b 134 1.46 (1.14–1.87)b 1.36 (1.05–1.76)a

Sleep duration

≤6h 521 1.17 (1.02–1.35)a 1.17 (1.02–1.35)a 132 1.47 (1.13–1.92)b 1.44 (1.10–1.89)b

˃6 to 8h 567 1.00 (reference) 1.00 (reference) 112 1.00 (reference) 1.00 (reference)

>8h 182 1.19 (0.97–1.46) 1.16 (0.94–1.42) 53 1.74 (1.23–2.46)b 1.64 (1.15–2.34)b

Sleep efficiency

>75% 772 1.00 (reference) 1.00 (reference) 167 1.00 (reference) 1.00 (reference)

≤75% 498 1.22 (1.07–1.40)b 1.20 (1.04–1.38)a 130 1.44 (1.13–1.84)b 1.39 (1.08–1.79)a

Sleep disturbances

No 1085 1.00 (reference) 1.00 (reference) 229 1.00 (reference) 1.00 (reference)

Yes 185 1.69 (1.38–2.06)c 1.44 (1.17–1.78)c 68 2.90 (2.15–3.91)c 2.27 (1.65–3.13)c

Use of sleep medications

No 1227 1.00 (reference) 1.00 (reference) 276 1.00 (reference) 1.00 (reference)

Yes 43 1.37 (0.93–2.01) 1.24 (0.84–1.83) 21 2.89 (1.75–4.78)c 2.49 (1.48–4.19)c

Sleep quality

Good 614 1.00 (reference) 1.00 (reference) 120 1.00 (reference) 1.00 (reference)

Poor 656 1.38 (1.21–1.58)c 1.31 (1.14–1.50)c 177 1.86 (1.46–2.38)c 1.68 (1.30–2.16)c

EDS

No 1141 1.00 (reference) 1.00 (reference) 264 1.00 (reference) 1.00 (reference)

Yes 129 1.30 (1.04–1.63)a 1.18 (0.93–1.49) 33 1.47 (1.00–2.16) 1.22 (0.81–1.82)

Risk for OSA

Low 849 1.00 (reference) 1.00 (reference) 162 1.00 (reference) 1.00 (reference)

High 421 1.47 (1.27–1.69)c 1.21 (1.04–1.41)a 135 2.53 (1.98–3.24)c 1.90 (1.46–2.46)c

Notes: Participants without cardiovascular disease (n=3051) were used as the reference in the multinomial logistic regression models. Model 1 adjusted for age and sex.
Model 2 additionally adjusted for education, body mass index, smoking, alcohol consumption, regular physical activities, hypertension, diabetes, dyslipidemia, and depressive
symptoms. aP < 0.05. bP < 0.01. cP < 0.001.
Abbreviations: CVD, cardiovascular disease; EDS, excessive daytime sleepiness; OSA, obstructive sleep apnea.
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Discussion
In this large-scale population-based study of older adults living in rural Eastern China, we found that sleep problems such
as prolonged sleep latency, extreme sleep duration, low sleep efficiency, sleep disturbances, use of sleep medications,
poor sleep quality, EDS or high risk for OSA were associated with CVDs and cardiovascular multimorbidity.

We found that short sleep duration was associated with CHD and long sleep duration was associated with HF. Similarly,
a population-based study of 10,657 adults (age ≥15 years) in China suggested that compared to normal sleep duration (7
hours), short sleep duration (<6 hours) was associated with CHD.5 By contrast, the US NHANES Study (mean age, 62 years)
showed that, compared to normal sleep duration (6–8 hours), long sleep duration (˃8 hours) was associated with CHD, short
sleep duration (<6 hours) was associated with increased likelihoods of various CVDs (eg, CHD and HF).6 Differences in
characteristics of study participants (eg, age, educational attainment, living regions, and race or ethnicities) and control of
potential confounders might partly contribute to the inconsistent findings across studies. First, short sleep duration and CVDs
are increasingly common as people age.32,33 Our study focus on older adults, which have been underrepresented in the
current literature. Second, compared to the whites, Chinese were 2.3 times more likely to have short sleep duration.34

A review showed that poor sleep conditions may differently affect health outcomes of various ethnic groups because genetic
differences may increase the susceptibility of particular groups to CVDs.35,36 Third, the US NHANES Study did not adjust
for education, alcohol consumption, regular physical activities, diabetes, and depression, which was different with our study.6

Our study focused on older adults living in the rural communities, who have limited education, insufficient medical
knowledge, and relatively high prevalence of depression,37 compared to urban older residents. Moreover, alcohol consump-
tion and diabetes are risk factors of CVDs.38 All these factors may potentially bias the associations of sleep with CVDs, and
should be taken into consideration in the analysis. Another study from the US NHANES database showed that compared to

Figure 2 Multivariable-adjusted restricted cubic spline curves for associations of self-reported sleep characteristics with a single cardiovascular disease and cardiovascular
multimorbidity. The models were adjusted for age, sex, education, body mass index, smoking, alcohol consumption, regular physical activities, hypertension, diabetes,
dyslipidemia, and depressive symptoms.
Abbreviation: CVD, cardiovascular disease.
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normal sleep duration (7–9 hours), both short and long sleep duration were associated with a higher likelihood of HF.7 In
addition, we found that a high risk for OSA was associated with both HF and CHD. A clinical-based study of 6716 adults
(age ≥18 years) showed that OSA measured by polysomnography was associated with CHD and HF,39 which was in line
with our study. The population-based Sleep Heart Health Study of 6264 adults (age ≥40 years) showed that OSA had an
association with HF but not with CHD.40 Different ethnic characteristics and average age of study participants might partly
contribute to the different findings between studies, as described above. The Multi-Ethnic Study of Atherosclerosis (MESA)
showed that, compared to the whites, Chinese were more likely to experience OSA.34 The prevalence of OSA and severe
OSAwas generally higher in older adults than younger individuals.41 Of note, we only assessed the risk of OSA rather than
a diagnosis of OSA. Taken together, we found that sleep latency, sleep efficiency, sleep disturbances, use of sleep
medications, poor sleep quality were also associated with CHD and that sleep disturbances and use of sleep medications
were associated with HF. Yet few population-based studies have focused on the associations of these sleep characteristics
with CHD and HF in older adults.

We did not detect association of sleep duration with stroke. Previous studies have shown inconsistent results with
regard to the association of sleep duration with stroke. For instance, in line with our study, a population-based study of
Chinese older adults (age ≥65 years) showed no association of sleep duration with stroke.42 By contrast, data from the US
NHANES survey (mean age, 47 years) showed both short and long sleep duration (vs 7–9 hours) were associated with
stroke.7 We found that high risk for OSAwas associated with stroke. Similarly, the Sleep Heart Health Study showed that
OSA had an association with self-reported history of stroke.40 Taken together, we found that poor sleep quality, sleep
disturbances, and EDS were associated with stroke. However, data on the associations of these sleep characteristics with
stroke are sparse.

Various CVDs often coexist in older adults. However, previous studies have rarely examined the associations of sleep
characteristics with cardiovascular multimorbidity. We found that sleep problems such as prolonged sleep latency,
extreme sleep duration, low sleep efficiency, sleep disturbances, use of sleep medications, poor sleep quality, EDS or
high risk for OSA were associated with cardiovascular multimorbidity, but not with a single CVD. In addition, the
restricted cubic splines showed a U-shaped association of sleep duration with cardiovascular multimorbidity. More
research is needed to further characterize sleep problems associated with cardiovascular multimorbidity in older adults.

Several potential mechanisms may explain the cross-sectional associations of self-reported sleep characteristics with
CVDs. Some experimental studies showed that shorter sleep duration and poor sleep quality were associated with
endothelial dysfunctions, which may lead to CVDs.43,44 In addition, hypoxia caused by OSA may result in oxidative
stress and release of inflammatory mediators involved in the progression of atherosclerosis, and arousal-induced reflex
sympathetic activation with resultant repetitive blood-pressure rises, all these conditions favouring the cardiovascular
damage.45 EDS could involve in the activation of the hypothalamic–pituitary–adrenal axis and sympathetic nervous
system, with increased levels of circulating catecholamines, all conditions above favouring the occurrence of cardiovas-
cular events.46,47 Sleep problems may be associated with a variety of CVDs through common mechanisms, such as
inflammation,48 metabolic and endocrine effects, activation of the sympathetic nervous system,49 and impaired endothe-
lium-dependent vasodilation.50 On the other hand, physical discomfort related to CVDs may disrupt sleep and cause
various sleep problems. Further prospective studies are needed to investigate the direction and reciprocal effect of sleep
problems on CVDs and multiple cardiovascular conditions.

The strengths of this study include the population-based design of rural-dwelling older people and comprehensive
assessments of various sleep characteristics and cardiovascular morbidities. However, our study also has limitations.
First, the cross-sectional nature of this study made it impossible to infer a causal relationship of sleep problems with
CVDs. Instead, our study aimed to characterize the self-reported sleep characteristics associated with CVDs among older
adults living in rural Eastern China. Second, despite our efforts to diagnose various CVDs through in-person interviews,
clinical and neurological examinations, and ECG examination, some people with CVDs might still be missed, which
might underestimate the association of sleep parameters with CVDs. Third, sleep characteristics was assessed through
self-reported information, which was subject to recall bias. However, we excluded people with dementia to minimize this
bias. Fourth, although a wide range of confounding factors had been taken into account in the analysis, residual
confounding might still exist due to lack of certain factors (eg, income and marital status).51–53 Finally, the study
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participants were recruited from a single rural area in western Shandong, China, which should be kept in mind when
generalizing our findings to other populations.

Conclusion
Our study showed that extreme sleep duration, poor sleep quality, high risk for OSA, and other abnormal sleep
characteristics were associated with adverse cardiovascular outcomes, especially cardiovascular multimorbidity.
Further longitudinal studies are needed to investigate their temporal causal relationships and the potential mechanisms
underlying the associations of sleep characteristics with CVDs.
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Atherosclerosis; MIND-China, Multidomain Interventions to Delay Dementia and Disability in Rural China;
NHANES, National Health and Nutrition Examination Survey; OR, odds ratio; OSA, obstructive sleep apnea; PSQI,
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