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Background:With over 2 million new cases annually, stroke is associated with the higher amount of disability-adjusted life-years lost
than any other disease in China; however, the relationship between sleep time and stroke has not been concluded yet. Aim of this study
was to analyze the relationship between sleep duration and stroke history in middle-aged and elderly people in Guiyang, China.
Methods: This study was a cross-sectional survey carried out in 40–99-years-old permanent residents of Guiyang. Yunyan, Wudang,
and Baiyun districts and Xiuwen County were selected by stratified multilevel sampling for a face-to-face survey. Demographics,
history of stroke, and self-reported sleep behavior data were collected, and multivariable logistic regression models were used to
gradually adjust possible confounding factors.
Results: A total of 5065 participants were included, of them 126 (2.5%) had a history of stroke. Short sleep (<7 h) was observed in
11.0%, sufficient sleep (7–9 h) in 69.4%, and long sleep (>9 h) in 19.6%. Sleep duration and stroke prevalence showed a U-shaped
distribution. When taking the sleep duration of 7–9 h as a reference, sleep duration >9 h was associated with stroke (all P < 0.05) in the
univariable model (OR = 2.68, 95% CI: 1.83–3.93) and in the multivariable models 1 (OR = 2.35, 95% CI: 1.59–3.47), 2 (OR = 2.27,
95% CI: 1.53–3.37), 3 (OR = 2.25, 95% CI: 1.51–3.33), and 4 (OR = 2.11, 95% CI: 1.39–3.19). There were no significant differences
between the <7 and 7–9 h groups (P > 0.05).
Conclusion: Thus, long sleep duration (>9 h) is independently associated with history of stroke in middle-aged and elderly people in
Guiyang.
Keywords: stroke, sleep duration, prevalence, middle-aged, elderly, China

Introduction
Stroke is a cerebrovascular disease that rapidly leads to localized or diffuse brain dysfunction due to acute cerebral
circulation disorder.1 Stroke features a high mortality rate (about 5.5 million each year) and high morbidity rate, as well
as long-term disability in up to 50% of survivors.2,3 The incidence of stroke in China is 298 per 100,000 person-years in
rural areas and 204 per 100,000 person-years in urban areas,4 with geographic variations across the country5 and the
incidence is increasing over time.6 Stroke is, therefore, a significant public health burden. The risk factors for stroke
include among others a history of transient ischemic attacks, smoking, metabolic syndrome, hypertension, heavy alcohol
use, diabetes mellitus type 2, high cholesterol levels, carotid artery stenosis, obesity, and poor physical status.7,8

Sleep duration and quality are able to affect not only the quality of life but also physical health.9,10 Previously, sleep
duration was reported to be associated with hypertension, diabetes, and other diseases,9 and frequent snoring during sleep
has been associated with the risk of stroke in various populations.10–12 Furthermore, recent studies showed that both short
and long duration of sleep are predictors of cardiovascular outcomes and relationship between sleep duration and the risk
of stroke follows a J-shaped curve, as stroke may follow a shift in sleep patterns, and sleep patterns in turn might be
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affected by a history of stroke and related changes in everyday life.13,14 When considering a normal sleep duration of 7
h as a reference (9), sleep duration <7 h will increase the risk of stroke by 7% for every 1 h of shorter sleep, and >7 h will
increase the risk of stroke by 17% for every 1 h of sleep duration >7 h.14

Nevertheless, considering the wide variation in the incidence of stroke among different regions in China, it is possible
that the relationship between sleep duration and the risk of stroke also varies considerably.15,16 Because of the low
prevalence of stroke in the community, it was hypothesized that in Guiyang, a city in southwest China, currently in the
process of gradual urbanization with relatively high level of medical services, sleep time may differ along with the
relationship to stroke caused by it. Epidemiological studies with sufficiently large population samples can provide
reliable evidence to answer the necessary research questions discussed above.

Therefore, the purpose of this study was to investigate the relationship between sleep duration and history of stroke in
the middle-aged and elderly people in Guiyang through a survey of more than 10,000 residents in Guiyang. The research
results can provide a reference for the prevention and control of stroke.

Materials and Methods
Study Design and Participants
The survey adopted stratified and multilevel sampling methods and was held from July 2017 to August 2017. According
to the geographical location, Guiyang city was divided into three types of regions, and in each region, a district was
randomly selected according to the random number table method, and then 1 township (town or community) was
randomly selected from each district. In the final selected area, the survey was conducted with the family as the unit, and
all middle-aged and elderly members were included in this study as the subjects of the survey. The inclusion criteria
were 1) voluntary participation; 2) >40 years of age, and 3) During investigation, local residents who have left Guiyang
for <12 months or migrant residents who have lived for >6 months in Guiyang in the past 12 months. Those potential
participants who were unable to finish the survey after three attempts including contacting relatives were excluded. The
study was conducted in accordance with the Declaration of Helsinki and approved by the ethics committee of Drug
Clinical Trial of Affiliated Hospital of Guizhou Medical University, and all participants signed the informed consent
form.

Survey Method
The questionnaire of the 2017 Guiyang Residents Disease Spectrum Survey was adopted, with the household as a unit,
and a face-to-face questionnaire survey was conducted by all residents who met the eligibility criteria in the household.
In principle, the questionnaire had to be answered face to face. For those who could not answer the questionnaire due to
physical, mental, intellectual, and age factors, their families answered the questionnaire on their behalf. The survey
contents included general situation (sex, age, nationality, education, marital status, and annual family income), stroke
history, sleep behavior (including sleep duration and sleep quality), and lifestyle behaviors (smoking, drinking, and
exercise frequency).

Definition of Relevant Indicators and Grouping
For participants who acknowledged the history of stroke, diagnosis was confirmed by contacting a local hospital. Sleep
duration was calculated from “sleep duration and getting up time in the past month” questionnaire section, and the
participants were divided into <7, 7–9, and >9 h. Referring to the sleep duration standard,17 <7 h was regarded as short
sleep duration, 7–9 h was considered as average sleep duration, and >9 h was considered as long sleep duration. Sleep
quality was obtained from the “self-evaluation of night sleep quality in the past month” questionnaire section. In this
study, sleep quality was self-reported by participants using a five-point Likert scale as “very good, good, fair, poor, and
very poor” However, the number of “very good” and “very poor” cases was small, so we combined the data for the
statistical assessment (very good was considered as good, and very poor was considered as poor). Thus, sleep quality, as
well as general health status, were divided into “good” (including “very good” and “good”), average, and poor (including
“very poor” and “poor”). Hypertension, diabetes, and coronary heart disease were reported by the participants, according
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to a previously known diagnosis. Overweight and obesity were evaluated based on the body mass index (BMI, kg/m2). In
this study, the Chinese Adult Weight Determination Standard was adopted to classify overweight and obesity:18 BMI <
18.5 was lean, 18.5 ≤ BMI < 24.0 was normal, 24.0 ≤ BMI < 28.0 was overweight, and BMI ≥28.0 was obesity.
Exercising was defined as physical activity specifically aimed at improving health or fitness (excluding walking to/from
work or other everyday activities) and according to frequency exercising was divided into 0–3, 4–5, and 6–7 days/week.

Calculation of Sample Size
The sample size was calculated using the following equation19 n ¼ Z1� α=2

2�pq
d2

The adopted prevalence of stroke was 5%,20,21 and the allowable error was d = 0.2p, α Take 0.05 and the calculated
sample size is 1900. Considering the design effect deff = 2,22 the total sample size n = n × Deff=1900 × 2 = 3800;
Considering the 20% loss of follow-up rate, at least 4750 cases should be included in this study.

Statistical Method
EpiData 3.1 (Centers for Disease Control, Atlanta, GA, USA) was used to establish the database. All data were double-
entered and verified by comparison of the independent two entries. SPSS 25.0 (IBM Corp, Armonk, NY, USA) was used
for statistical analysis. The data are described as means ± standard deviations and n (%). The distribution of sleep
duration and the prevalence of stroke according to different characteristics were tested using the chi-square test. The
relationship between sleep duration and stroke was analyzed by a two-classification logistic regression model. First,
univariable logistic regression analysis was carried out with sleep duration as the independent variable and stroke
prevalence as the dependent variable. Then, the possible confounding factors were gradually added using a multivariable
logistic regression analysis (Supplementary Table S1): Model 1: adjusted for sex and age; Model 2: On the basis of
Model 1, adjusted for education, occupation, marital status and migrant workers; Model 3: on the basis of Model 2,
adjusted for smoking, drinking, and sitting or leaning time every day; and Model 4: on the basis of Model 3, further
adjusted for health status, sleep quality, hypertension, diabetes, and coronary heart disease. GraphPad Prism 8.4.2
(GraphPad Software Inc., San Diego, CA, USA) was used to draw the forest map of the results of the multivariate
analysis. Two-sided P-values <0.05 were considered statistically significant.

Results
Characteristics of the Participants
A total of 5065 participants were included in the analysis, aged between 40 and 99, with a Median age of 57.5 (48.8,
67.9) years. Among them, 2327 (45.9%) were men, and 2738 (54.1%) were women. By profession, participants were
mainly farmers (26.7%) and unemployed/out of work (24.5%), 53.5% of them had a primary school education or below,
81.7% were married, 46.9% (n = 2373) felt that their health status was “good” and 17.8% (902) felt that their health
status was “poor”, and 2816 (55.6%) suffered from chronic diseases (Table 1).

Distribution of Self-Reported Sleep Duration with Different Characteristics
Among the 5065 subjects, 555 (11.0%) had slept <7 h, 3516 (69.4%) slept 7–9 h, and 994 (19.6%) slept >9 h. People of
different ages, education, occupation, marital status, health status, sleep quality, regular three meals, dietary pattern,
smoking, and drinking had different sleep durations (all P < 0.05) (Table 1). With increasing age, the proportion of people
who slept for 7–9 h gradually decreased (Ptrend<0.001) (Table 1).

Prevalence of Stroke
A total of 126 middle-aged and elderly people suffered from a stroke in this survey, with a prevalence of 2.5%, including
55 men (prevalence of 2.4%) and 71 women (prevalence of 2.6%). The prevalence of stroke was the lowest (1.8%)
among the subjects with 7–9 h of sleep duration, while the prevalence of stroke among the subjects with <7 and >9 h of
sleep duration increased continuously and showed a U shape distribution. The prevalence of stroke among the subjects
with long sleep duration (>9 h) was higher than that of the subjects with short sleep duration (<7 h). With increasing age,
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the prevalence of stroke gradually increased (Ptrend<0.001). The prevalence of stroke among middle-aged and elderly
people with different occupations, education, marital status, health status, chronic disease, sleep quality, smoking, sitting
or leaning time and drinking status was significantly different (all P < 0.05) (Table 2).

Relationship Between Self-Reported Sleep Duration and Stroke History
The results of the univariable andmultivariable logistic regression analysis showed that when taking the sleep duration of 7–9 h as
reference, sleep duration >9 h was associated with reported history of stroke (all P < 0.05) in the univariable model (OR = 2.68,
95%CI: 1.83–3.93) and in the multivariable model 1 (OR = 2.35, 95%CI: 1.59–3.47), model 2 (OR = 2.27, 95%CI: 1.53–3.37),
model 3 (OR = 2.25, 95% CI: 1.51–3.33), and model 4 (OR = 2.11, 95% CI: 1.39–3.19). There were no significant differences
between the <7 and 7–9 h groups (P > 0.05) (Table 3 and Figures 1 and Figures 2).

Discussion
Sleep duration is associated with the risk of stroke,13,14 but the incidence of stroke varies considerably in different countries and
often even within one country.2–5 Therefore, the relationship between sleep duration and stroke could also vary. The relationship
between sleep time and stroke has not been concluded yet in China. This study aimed to study the relationship between self-
reported sleep duration and history of stroke in middle-aged and elderly people in Guiyang, China.

Table 1 Characteristics of 5065 Middle-Aged and Elderly People in Guiyang City in 2017 According to Sleep Duration

Item Grouping n % Sleep Duration χ2 P

<7 h 7–9 h >9 h

Gender Male 2327 45.9 277 (11.9) 1600 (68.8) 450 (19.3) 3.967 0.138

Female 2738 54.1 278 (10.2) 1916 (70.0) 544 (19.3)
Age 40~ 1453 28.7 155 (10.7) 1037 (71.4) 261 (18.0) 70.380 <0.001

50~ 1382 27.3 179 (13.0) 975 (70.5) 228 (16.5)

60~ 1154 22.8 137 (11.9) 796 (69.0) 221 (19.2)
70~ 768 15.2 68 (8.9) 521 (67.8) 179 (23.3)

≥80 308 6.1 16 (5.2) 187 (60.7) 105 (34.1)

Marital Status Married 4140 81.7 450 (10.9) 2918 (70.5) 772 (18.6) 14.906 0.001
Others 925 18.3 105 (11.4) 598 (64.6) 222 (24.0)

Body mass index Lean 2716 53.6 29 (10.8) 176 (65.4) 64 (23.8) 6.449 0.375

Normal 269 5.3 286 (10.5) 1883 (69.3) 547 (20.1)
Overweight 1538 30.4 174 (11.3) 1080 (70.2) 284 (18.5)

Obese 542 10.7 66 (12.2) 377 (69.9) 99 (18.3)

Chronic diseases 2816 55.6 324 (11.5) 1930 (68.5) 562 (20.0) 2.805 0.246
Hypertension 1092 21.6 110 (10.1) 742 (67.9) 240 (22.0) 5.354 0.069

Diabetes 268 5.3 29 (10.8) 179 (66.8) 60 (22.4) 1.387 0.500

CHD 119 2.3 13 (10.9) 79 (66.4) 27 (22.7) 0.744 0.689
Stroke 126 2.5 15 (11.9) 64 (50.8) 47 (37.3) 27.136 <0.001

Smoking Never 2996 59.2 292 (9.7) 2114 (70.6) 590 (19.7) 14.412 0.006

Current 1702 33.6 226 (13.3) 1147 (67.4) 329 (19.3)
Previous 367 7.2 37 (10.1) 255 (69.5) 75 (20.4)

Drinking alcohol Never 2996 59.2 301 (10.0) 2080 (69.4) 615 (20.5) 16.091 0.003

Current 1608 31.7 201 (12.5) 1133 (70.5) 274 (17.0)
Previous 461 9.1 53 (11.5) 303 (65.7) 105 (22.8)

Sleep quality Good 3038 60.0 286 (9.4) 2154 (70.9) 598 (19.7) 43.090 <0.001
General 1030 20.3 103 (10.0) 728 (70.7) 199 (19.3)

Poor 997 19.7 166 (16.6) 634 (63.6) 197 (19.8)

Exercise frequency (day/week) 0–3 3704 73.1 410 (11.1) 2509 (67.7) 785 (21.2) 23.059 <0.001
4–5 229 4.5 25 (10.9) 169 (73.8) 35 (15.3)

6–7 1132 22.3 120 (10.6) 838 (74.0) 174 (15.4)

Abbreviation: CHD, coronary heart disease.
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Based on the conducted population-based survey and research, with a large sample size and strong statistical power,
the relationship between sleeping habits and stroke was explored for the community populations in Guiyang City. Due to
the relatively high level of medical services in Guiyang City compared to cities around, the overall incidence of stroke
was low, but after controlling the possible confounding risk factors, the independent association between long sleep
duration (>9 h) and history of stroke was still identified, which provides a scientific basis for future in-depth research on
the impact of sleep on stroke and intervention studies.

In this study, the prevalence of stroke was 2.5% among middle-aged and elderly people aged ≥40 years old in
Guiyang,5,20,21,23 2.4% for men and 2.6% for women, without significant difference, gradually increased with age. Found
prevalence values are slightly lower than reported in neighboring provinces, which contributes to the epidemiological
study of stroke distribution over China.5,20,21,23 Differences might be partly explained by a higher level of medical
services in Guiyang City compared to cities around; in addition, the prevalence of stroke in individuals with

Table 2 Prevalence of Stroke in 5065 Middle-Aged and Elderly People in Guiyang City in 2017

Item Grouping With Stroke Without Stroke χ2/Z P

Gender Male 55 (2.4) 2272 (97.6) 0.273 0.601
Female 71 (2.6) 2667 (97.4)

Age 40~ 6 (0.4) 1447 (99.6) 74.885 <0.001

50~ 22 (1.6) 1360 (98.4)
60~ 41 (3.6) 1113 (96.4)

70~ 36 (4.7) 732 (95.3)

≥80 21 (6.8) 287 (93.2)
Marital Status Married 94 (2.3) 4046 (97.7) 4.406 0.036

Others 32 (3.5) 893 (96.5)
Health status Good 24 (1.0) 2349 (99.0) 154.659 <0.001

General 27 (1.5) 1763 (98.5)

Poor 75 (8.3) 827 (91.7)
Chronic diseases 112 (4.0) 2704 (96.0) 58.012 <0.001

Sleep duration <7 h 15 (2.7) 540 (97.6) 27.136 <0.001

7–9 h 64 (1.8) 3452 (98.2)
>9 h 47 (4.7) 947 (95.3)

Sleep quality Good 50 (1.6) 2988 (98.4) 26.901 <0.001

General 31 (3.0) 999 (97.0)
Poor 45 (4.5) 952 (95.5)

Smoking Never 78 (2.6) 2918 (97.4) 6.149 0.046

Current 33 (1.9) 1669 (98.1)
Previous 15 (4.1) 352 (95.9)

Drinking alcohol Never 88 (2.9) 2908 (97.1) 18.877 <0.001

Current 19 (1.2) 1589 (98.8)
Previous 19 (4.1) 442 (95.9)

Exercise frequency (day/week) 0–3 86 (2.3) 3618 (97.7) 1.678 0.432

4–5 6 (2.6) 223 (97.4)
6–7 34 (3.0) 1098 (96.0)

BMI Lean 64 (2.4) 2652 (97.6) 2.348 0.503

Normal 7 (2.6) 262 (97.6)
Overweight 45 (2.9) 1493 (97.1)

Obese 10 (1.8) 532 (98.2)

Hypertension 88 (8.1) 1004 (91.9) 178.111 <0.001
Diabetes 20 (7.5) 248 (92.5) 28.873 <0.001

CHD

Sitting or leaning time

12 (10.1)

5.00 (3.00, 7.00)

107 (89.9)

4.50 (3.00, 6.00)

28.989

–2.202

<0.001

0.028

Abbreviations: BMI, body mass index (kg/m2); CHD, coronary heart disease.
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hypertension, diabetes, and coronary heart disease was 8.1%, 7.5%, and 10.1%, respectively, which was significantly
higher than in individuals without these diseases, also in line with previous studies.5,7,8,20,21,23

Of the 5065 middle-aged and elderly participants in Guiyang, most (69.4%) had reported normal sleep duration (7–9
h), 11% had short sleep duration (<7 h), while 19.6% reported long sleep duration (>9 h). Age, education, occupation,
marital status, health status, sleep quality, smoking status, and drinking status were all associated with sleep duration.
Moreover, the worse the sleep quality, the greater the proportion of people who have short sleep duration, as observed by
previous studies,16 confirming that quality24 of sleep appears to depend on its quantity among other factors.24

This study showed that the prevalence of stroke in middle-aged and elderly people with different sleep duration was
different. The prevalence of stroke in people with normal sleep duration (7–9 h) was the lowest, at 1.8%, while in people
with long sleep duration (>9 h) it was equal to 4.7%, still higher than that in people with short sleep duration (<7 h)
(2.7%): so called a “U” distribution between sleep duration and stroke. This relationship was still observed after adjusting
for the other risk factors of stroke, being in line with previous studies.11,13,14,16,25,26

Various reasonsmight explain the relationship between long sleep and stroke.As our studywas retrospective by the nature, it is
possible that in some of the participants sleep patterns have shifted to the longer sleep duration even after the stroke. However,
previous studies have reported that long sleep is associatedwith elevated inflammatorymarkers,27,28 and inflammation is involved
in the pathogenesis of stroke.7,8,29 Long sleep is also associated with high blood lipid levels,30,31 which directly contribute to
atherogenesis. In addition, the elevated prevalence of metabolic syndrome,32 carotid artery stenosis,33 and white matter
hyperintensities34,35 is observed in people with long sleep duration. Indirect associations could be found between long sleep
and a more sedentary life,36,37 depression, sleep apnea, and lower socioeconomic status,12,38,39 which are all risk factors for
stroke.7,8 The research hypothesis implied that inGuiyang, a city in southwest China, the process of gradual urbanization led to the
significant change of lifestyle in elderly, and thus sleep timemay differ along with the relationship to stroke caused by it.With the
continuous development of China’s economy, many cities are in the process of urbanization right now, and the change of lifestyle
will be relevant to other developing regions as a point of comparison. In addition, the correlation degree is relatively strong; thus, it
could be applied to the situation of younger people, in which sleep time shortens for other reasons, so in the future, it might lead to

Table 3 Correlation Between Sleep Duration and Stroke in Middle-Aged and Elderly People in Guiyang City, OR
(95% CI)

Item Sleep Duration

<7 h 7–9 h >9 h

Univariable model – 1.498 (0.848–2.648) 1 2.677 (1.825–3.927)*
Multivariable model 1 1.600 (0.900–2.843) 1 2.346 (1.589–3.465)*

2 1.718 (0.963–3.065) 1 2.272 (1.533–3.367)*

3 1.700 (0.952–3.036) 1 2.245 (1.514–3.331)*
4 1.673 (0.911–3.071) 1 2.107 (1.391–3.190)*

Notes: The univariable factor model includes sleep duration only. Model 1: sleep duration, gender, and age. Model 2: Model 1, educational level,
occupation, marital status, and migrant workers. Model 3: Model 2, smoking, drinking, and sitting or leaning time every day. Model 4: Model 3, health
status, sleep quality, hypertension, diabetes, and coronary heart disease. *P<0.05.

Figure 1 Univariable model for the association between sleep duration and the risk of stroke. Single factor model.
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an earlier age of stroke, an increased risk of stroke, and thus an increased healthcare burden. Based on that, future studies should
focus on sleep duration, stroke pathogenesis, and its molecular epidemiology.

This study has some limitations. It was a cross-sectional survey, preventing any determination of a cause-to-effect relationship.
As it was not possible to assess sleep objectively in a sample of this magnitude, sleep duration, stroke history, and other indicators
were reported by the participants, resulting in inevitable subjectivity and biases.Noblood parameters or intensity,method and type
of exercises were analyzed in this study. Furthermore, stroke history and sleep behavior change before baselinewere not collected

Figure 2 4 multivariate models for association between sleep duration and the risk of stroke. (A) Model 1: sleep duration, gender, and age. (B) Model 2: Model 1,
educational level, occupation, marital status and migrant workers. (C) Model 3: Model 2, smoking, drinking, and sitting or leaning time every day. (D) Model 4: Model 3,
health status, sleep quality, hypertension, diabetes, and coronary heart disease.
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in questionnaire. Due to the retrospective nature of the stroke, it is possible that in some of the participants sleep patterns have
shifted to the longer sleep duration after the stroke (as in some of them it might have shifted to shorter sleep pattern). Thus, due to
the lack of prospective observation, the causal relationship between sleep duration and stroke disease cannot be obtained, and
further epidemiological verification is needed.

Conclusions
In conclusion, a long sleep duration (>9 h) is independently associated with history of stroke in middle-aged and elderly
people in Guiyang. Short sleep duration was not associated with a history of stroke in this population.
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