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Abstract
Background: With over 2 million new cases annually, stroke is associated with the highest disability-
adjusted life-years lost of any disease in China. The relationship between sleep time and stroke has not
been concluded yet.

To study the relationship between sleep duration and stroke in middle-aged and elderly in Guiyang, China.

Methods: This study was a cross-sectional survey carried out in 40-99-years-old permanent residents in
Guiyang. Yunyan, Wudang, and Baiyun districts and Xiuwen County were selected by strati�ed multilevel
sampling for a face-to-face survey. Demographics, stroke, sleep behavior, and health behavior were
collected. Multivariable logistic regression models were used to gradually adjust the association between
sleep duration and stroke for possible confounding factors.

Results: A total of 5065 participants were included, and 126 (2.5%) had a stroke. Insu�cient sleep (<7 h)
was observed in 11.0%, su�cient 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
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 signi�cant
differences between the <7 and 7-9 h groups (P>0.05).  

Conclusion: Long sleep duration (>9 h) is independently associated with stroke in middle-aged and elderly
people in Guiyang. 

Background
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 country[5] and increasing over time[6]. Stroke is, therefore,
a signi�cant public health burden. The risk factors for stroke include 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, among others[7,8].

Sleep duration and quality can affect not only the quality of life but also physical health. Indeed, sleep
duration is associated with hypertension, diabetes, stroke, and other diseases[9]. Frequent snoring during
sleep has been associated with the risk of stroke in various populations[10-12]. Furthermore, studies
showed that the relationship between sleep duration and the risk of stroke follows a J-shaped
curve[13,14]. When considering a normal sleep duration of 7 h as a reference, sleep duration <7 h will
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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 regions in China, it is
possible that the relationship between sleep duration and the risk of stroke also varies considerably.
Because of the low prevalence of stroke in the community, there is insu�cient evidence regarding the
relationship between sleep duration and stroke risk in the Chinese population. Only epidemiological
studies with su�ciently large population samples can provide reliable evidence to answer the necessary
research questions discussed above.

Therefore, the purpose of this study is to investigate the relationship between sleep time and 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.

Methods
Ethics approval and consent to participate

The study was approved by the ethics committee of Drug Clinical Trial of A�liated Hospital of Guizhou
Medical University and all participants signed the study consent form. All patients signed a surgical
consent form. Informed consent was obtained from all individual participants included in the study. And
all methods were performed in accordance with the relevant guidelines and regulations

Consent for publication

Consent for publication is not applicable since patient records/information was anonymized and de-
identi�ed prior to analysis.

Study design and participants

The survey adopted a strati�ed and multilevel sampling method. From July 2017 to August 2017,
according to the geographical location, Guiyang city is divided into three types of regions. In each type of
regions, districts or counties are randomly selected according to the random number table method, and
then 1 township (town or community) is randomly selected from each district or county. In the �nal
selected area, the survey was conducted with the family as the unit, and the residents of 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) have lived for >6 months in Guiyang in the past 12
months or have left Guiyang for <12 months. The exclusion criterion was unable to contact the potential
participant after three attempts. The study was approved by the ethics committee of Drug Clinical Trial of
A�liated Hospital of Guizhou Medical University and all participants signed the study consent form.

Survey method
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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 on 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 could answer the questionnaire on their behalf. Guiyang's resident population who have been
working/studying abroad for a long time and who have been out or hospitalized during the survey could
be interviewed by telephone. The survey contents included general situation (sex, age, nationality,
education, marital status, and annual family income), whether suffering from stroke, sleep behavior
(including sleep duration and sleep quality), and lifestyle behaviors (smoking, drinking, and exercise
frequency).

De�nition of relevant indicators and grouping

Stroke was de�ned as a con�rmed diagnosis of stroke by a hospital. Sleep duration was obtained by
"sleep duration and getting up time in the past month", and the participants were divided into <7, 7-9, and
>9 h. Referring to the sleep duration standard[15], <7 h was deemed insu�cient sleep duration, 7-9 h was
normal sleep duration, and >9 h was long sleep duration. Sleep quality was obtained through "self-
evaluation of night sleep quality in the past month". In this study, sleep quality was divided into "good"
(including "very good" and "better"), average, and poor (including "very poor" and "poor"). Hypertension,
diabetes, and coronary heart disease were reported by the participants according to a diagnosis made at a
hospital. 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
[16]: 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. Health status was obtained through self-assessment. This study divided self-perceived
health status into "good" (including "very good" and "better"), general, and poor (including "very poor" and
"poor"). Exercise frequency was divided into 0-3, 4-5, and 6-7 days/week.

Statistical method

EpiData 3.1 (Centers for Disease Control, Atlanta, GA, USA) was used to establish the database. All data
were double-entered and veri�ed 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-classi�cation 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, migrant workers, and
years of education; 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,
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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 signi�cant.

Results
Characteristics of the participants

A total of 5065 participants were included in the analysis. They were between 40 and 99 years of age, with
an Median age of 57.5 (48.8, 67.9) years. Among them, 2327 (45.9%) were men, and 2738 (54.1%) were
women. They 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 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 insu�cient sleep duration (<7 h). With increasing age, 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, and drinking status was signi�cantly different (all P<0.05) (Table 2).

Relationship between sleep duration and stroke

The results of the univariable and multivariable logistic regression analysis showed that when taking the
sleep duration of 7-9 h as 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 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 signi�cant differences between the <7 and 7-9 h groups (P>0.05) (Table
3 and Figures 1-5).
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Discussion
Sleep duration is associated with the risk of stroke[13,14], but the incidence of stroke varies considerably
among countries and often within a given 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 sleep duration and stroke in middle-aged and
elderly in Guiyang, China. The results strongly suggest that a long sleep duration (>9 h) is independently
associated with stroke in middle-aged and elderly people in Guiyang.

In this study, the prevalence of stroke was 2.5% among middle-aged and elderly people aged ≥40 years
old in Guiyang, which is similar to that of other regions of China [5,17-19]. The prevalence of stroke in
Guiyang was 2.4% for men and 2.6% for women, without signi�cant difference. The prevalence of stroke
gradually increased with age, as previously observed, and since age is one of the main risk factors for
stroke [5,7,8,17-19]. In addition, the prevalence of stroke in individuals with hypertension, diabetes, and
coronary heart disease was 8.1%, 7.5%, and 10.1%, respectively, which was signi�cantly higher than in
individuals without these diseases, also supported by previous studies [5,7,8,17-19].

Of the 5065 middle-aged and elderly participants in Guiyang, most (69.4%) had normal sleep duration (7-9
h), 11% had insu�cient sleep duration (<7 h), while 19.6% had long sleep duration (>9 h). Age, education,
occupation, marital status, health status, sleep quality, smoking status, and drinking status were
associated with sleep duration. Moreover, the worse the sleep quality, the greater the proportion of people
who have insu�cient sleep duration, as observed by previous studies[20]. Sleep duration is a protective
factor for sleep quality[21].

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 that in people with long sleep duration (>9 h) was 4.7%, which is still higher than
that in people with insu�cient sleep duration (<7 h) (2.7%). There is a "U" distribution between sleep
duration and stroke. This relationship was still observed after adjusting for the other risk factors of stroke.
These results are supported by previous studies[11,13,14,20,22,23].

Various reasons might explain the relationship between long sleep and stroke. Long sleep is associated
with elevated in�ammatory markers[24,25], and in�ammation is involved in the pathogenesis of
stroke[7,8,26]. Long sleep is also associated with high blood lipid levels[27,28], which directly contribute to
atherogenesis. Indeed, the elevated prevalence of metabolic syndrome[29], carotid artery stenosis[30], and
white matter hyperintensities[31,32] is observed in people with long sleep duration. Furthermore, indirect
associations could be that long sleep is associated with a more sedentary life[33,34], which is a risk factor
for stroke[7,8]. Long sleep is also associated with depression, sleep apnea, and lower socioeconomic
status[12,35,36], which are all risk factors for stroke [7,8]. Future studies should focus on sleep duration,
stroke pathogenesis, and molecular epidemiology.



Page 8/24

This study has limitations. This study was a cross-sectional survey, preventing any determination of a
cause-to-effect relationship. Sleep duration, stroke, and other indicators were reported by the participants,
resulting in inevitable subjectivity and biases. No blood parameters were observed in this study. Due to the
lack of prospective observation, the causal relationship between sleep duration and stroke disease cannot
be obtained, and further epidemiological veri�cation is needed.

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

   

Migrant
workers

Yes 328 6.5 42
(12.8)

233
(71.0)

53
(16.2)

3.372 0.185

No 4737 93.5 513
(10.8)

3283
(69.3)

941
(19.9)

   

Major
occupation

Unemployed/out of
work

1243 24.5 103
(8.3)

840
(67.6)

300
(24.1)

83.341 <0.001

Farmers 1351 26.7 123
(9.1)

922
(68.2)

306
(22.6)

   

Teachers/civil
servants/institutions

114 2.3 24
(21.1)

77
(67.5)

13
(11.4)

   

Private business
owner/self-
employed person

462 9.1 67
(14.5)

323
(69.9)

72
(15.6)

   

Retirees 1094 21.6 139
(12.7)

765
(69.9)

190
(17.4)

   

Workers 261 5.2 32
(12.3)

180
(69.0)

49
(18.8)

   

Other occupations 540 10.7 67
(12.4)

409
(75.7)

64
(11.9)

   

Educational
Background

Illiterate/semi-
illiterate

1707 33.7 152
(8.9)

1141
(66.8)

414
(24.3)

62.774 <0.001

Primary school 1002 19.8 111
(11.1)

672
(67.1)

219
(21.9)

   



Page 13/24

Junior high school 1345 26.6 165
(12.3)

974
(72.4)

206
(15.3)

   

High
school/technical
secondary school

645 12.7 77
(11.9)

459
(71.2)

109
(16.9)

   

College or above 366 7.2 50
(13.7)

270
(73.8)

46
(12.6)

   

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)

   

Health
status

Good 2373 46.9 268
(11.3)

1671
(70.4)

434
(18.3)

10.234 0.037

General 1790 35.3 190
(10.6)

1249
(69.8)

351
(19.6)

   

Poor 902 17.8 97
(10.8)

596
(66.1)

209
(23.2)

   

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

Yes 2816 55.6 324
(11.5)

1930
(68.5)

562
(20.0)

2.805 0.246

No 2249 44.4 231
(10.3)

1586
(70.5)

432
(19.2)

   

Hypertension Yes 1092 21.6 110
(10.1)

742
(67.9)

240
(22.0)

5.354 0.069

No 3973 78.4 445
(11.2)

2774
(69.8)

754
(19.0)

   

Diabetes Yes 268 5.3 29
(10.8)

179
(66.8)

60
(22.4)

1.387 0.500

No 4797 94.7 526
(11.0)

3337
(69.6)

934
(19.5)

   

CHD Yes 119 2.3 13
(10.9)

79
(66.4)

27
(22.7)

0.744 0.689

No 4946 97.7 542 3437 967    
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(11.0) (69.5) (19.6)

Stroke Yes 126 2.5 15
(11.9)

64
(50.8)

47
(37.3)

27.136 <0.001

No 4939 97.5 540
(10.9)

3452
(69.9)

947
(19.2)

   

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)

   

Regular three
meals

Yes 3753 74.1 387
(10.3)

2675
(71.3)

691
(18.4)

23.587 <0.001

No 1312 25.9 168
(12.8)

841
(64.1)

303
(23.1)

   

Dietary
structure

Mainly vegetarian
diet

1198 23.7 129
(10.8)

792
(66.1)

277
(23.1)

22.294 <0.001

Mainly meat 217 4.3 37
(17.1)

136
(62.7)

44
(20.3)

   

Meat and vegetable 3650 72.1 389
(10.7)

2588
(70.9)

673
(18.4)

   

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)
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CHD coronary heart disease.



Page 16/24

Table 2. Prevalence of stroke in 5065 middle-aged and elderly people in Guiyang City in 2017

Item Grouping With
stroke

Without
stroke

χ2 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)    

Migrant workers Yes 1 (0.3) 327 (99.7) 6.888 0.009

No 125
(2.6)

4612
(97.4)

   

Major occupation Unemployed/out of work 56 (4.5) 1187
(95.5)

51.705 <0.001

Farmers 24 (1.8) 1327
(98.2)

   

Teachers/civil
servants/institutions

0 (0.0) 114
(100.0)

   

Private business owner/self-
employed person

3 (0.6) 459 (99.4)    

Retirees 39 (3.6) 1055
(96.4)

   

Workers 0 (0.0) 261
(100.0)

   

Other occupations 4 (0.7) 536 (99.3)    

Educational
Background

Illiterate/semi-illiterate 53 (3.1) 1654
(96.9)

11.857 0.018

Primary school 31 (3.1) 971 (96.9)    

Junior high school 26 (1.9) 1319
(98.1)

   

High school/technical secondary
school

14 (2.2) 631 (97.8)    
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College or above 2 (0.5) 364 (99.5)    

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 Yes 112
(4.0)

2704
(96.0)

58.012 <0.001

No 14 (0.6) 2235
(99.4)

   

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)
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Regular three
meals

Yes 99 (2.6) 3654
(97.4)

1.348 0.246

No 27 (2.1) 1285
(97.9)

   

 

Dietary structure

Mainly vegetarian diet 33 (2.8) 1165
(97.2)

1.099 0.577

Mainly meat 7 (3.2) 210 (96.8)    

Meat and vegetable 86 (2.4) 3564
(97.6)

   

 

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 Yes 88 (8.1) 1004
(91.9)

178.111 <0.001

No 38 (1.0) 3935
(99.0)

   

Diabetes Yes 20 (7.5) 248 (92.5) 28.873 <0.001

No 106
(2.2)

4691
(97.8)

   

CHD Yes 12
(10.1)

107 (89.9) 28.989 <0.001

No 114
(2.3)

4832
(97.7)

   

Total - 126
(2.5)

4939
(97.5)

- -

BMI body mass index (kg/m2). CHD coronary heart disease.
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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 (0.963-3.066) 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)

The univariable factor model includes sleep duration only. Model 1: sleep duration, gender, and age. Model
2: Model 1, educational level, occupation, marital status, migrant workers, and years of education. 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)

Figures

Figure 1

Univariable model for the association between sleep duration and the risk of stroke.Single Factor Model
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Figure 2

Multivariate model 1 for the association between sleep duration and the risk of stroke.
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Figure 3

Multivariate model 2 for the association between sleep duration and the risk of stroke.
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Figure 4

Multivariate model 3 for the association between sleep duration and the risk of stroke.



Page 23/24

Figure 5

Multivariate model 4 for the association between sleep duration and the risk of stroke.
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