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Purpose: The aim was to investigate the relationship between sleep duration and stroke
according to nonhealth status among adults in Central China. Methods: A total of 18,670
participants were selected by stratified multistage random sampling method in Henan
province during 2013-2015. Restricted cubic splines and logistic regression were used to
calculate the association between sleep duration and stroke. Results: Sleep duration
showing a J-shaped dose-response association with risk of stroke among the Chinese
adults in the study. The respective percentages of stroke were 6.2%, 5.6%, 3.5%, 4.5%,
5.6%, and 9.2% for those whose sleep duration less than 6 h/day, 6~7 h/day,
7~8 h/day, 8~9 h/day, 9~10 h/day, and more than or equal to 10 h/day. Compared
with sleep duration of 7~8 h/day, the risk of stroke increased by 37% (95% confidence
interval [CI]: 8%, 73%) and 63% (95% CI: 30%, 104%) for those whose sleep duration
were 9~10 h/day and more than or equal to 10 h/day. The correlations between sleep
durations and stroke seemed to be stronger in men than women. Stroke was associated
with shorter sleep duration in ageing 60-88 years, instead of 18-59 years. The correlation
between sleep duration and stroke was statistically significant at lower education level.
Furthermore, the risk of stroke was slightly higher in urban residents than rural resi-
dents. Conclusions: In summary, a J-shaped dose-response association between sleep
duration and stroke was found among the adults in Central China. Furthermore, people
who were male, older, less educated and living in urban areas had a higher risk of stroke.
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based epidemiology survey

© 2019 Elsevier Inc. All rights reserved.

Abbreviations: PPS, probability proportional to size; TIA, transient ischemic attack; CT, computed tomography; MRI, magnetic resonance imag-
ing; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure SE, standard error; WC, waist circumference; WHtR, waist-
to-hip ratio; PBF, percentage body fat; VFI, visceral fat index; BMR, Basal metabolic rate

From the *Department of Epidemiology and Health Statistics, College of Public Health, Zhengzhou University, Zhengzhou, Henan, China;
tHenan Key Laboratory of Tumor Epidemiology, Zhengzhou, Henan, China; Department of Oral and Maxillofacial Surgery, the First Affiliated
Hospital, Zhengzhou University, Zhengzhou, Henan, China; and §The Third Affiliated Hospital of Zhengzhou University, Zhengzhou, China.

Received February 22, 2019; revision received April 5, 2019; accepted April 9, 2019.

Funding: This work was supported by the National Key R&D Program in the Twelfth Five-year Plan (grant numbers: 2011BAI11B01), the
National Natural Science Foundation of China (U1604168), the Major Project of science and technology in Henan Province (161100311400), Medical
Science and Technology key projects of Henan Province and Zhengzhou (201602295, 20150374, 192102310088, 19A32000820 and SBGJ2018089),
and Henan university science and technology innovation talents support program (19HASTIT005).

Address correspondence to Chunhua Song, Ph.D, Department of Epidemiology and Statistics, College of Public health, Zhengzhou University,
100 Kexue Avenue, Zhengzhou, 450001, Henan Province, China. E-mails: sch16@zzu.edu.cn, sch16@163.com.

"Each author takes responsibility for all aspects of the reliability and freedom from bias of the data presented and their discussed interpretation.
The authors have seen and approved the manuscript.

?Qiaoyun Guo and Weihong Xie contributed equally to this work and should be considered as co-first authors.

1052-3057/$ - see front matter

© 2019 Elsevier Inc. All rights reserved.

https://doi.org/10.1016/jjstrokecerebrovasdis.2019.04.016

Journal of Stroke and Cerebrovascular Diseases, Vol. 28, No. 7 (July), 2019: pp 1841—-1852 1841


mailto:sch16@zzu.edu.cn
mailto:sch16@163.com
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.04.016

1842

Introduction

Stroke was classified as the second leading cause of
death’ and the third most common cause of disability-
adjusted life-years (DALYs) worldwide in 2010.” In China,
the annual mortality rate of stroke was approximately 160
per 100,000. In addition, China had 2.5 million new cases
of stroke and 7.5 million survivors each year.” Given the
prevalence and the severe consequences of stroke in China,
controllable risk factors were urgently needed to be identi-
fied and modified. Known to all, genetic4 and environmen-
tal factors such as smoking,5 excessive drinking,6 and
lacking physical exercise’ resulted in the prevalence of
stroke, while some other behavioral factors may also
involve in the occurrence and development of stroke.

Sleep was increasingly recognized as an important life-
style contributor to health. Although the classification cri-
teria for sleep duration varied, evidence-based studies
had demonstrated that both shorter and longer sleep
duration were significantly associated with obesity,
hypertension,8 cardiovascular disease,” even the total
mortality.'”"" The association between sleep duration and
risk of stroke has been explored in a meta-analysis of pro-
spective cohort studies.'” A study reported that habitual
sleep pattern was an important neurobehavioral determi-
nant of risk in postmenopausal women of ischemic
stroke.'” A Singapore Chinese Health Study showed that
both shorter and longer sleep duration were associated
with the risk of increasing mortality of stroke in a Chinese
population aged 45-74 years."*

Although the association between sleep duration and
stroke were reported before, there was considerable dif-
ference in their sample size, or population. Unfortunately,
few studies referred to dose-response association in Cen-
tral China. Thus, the aim was to explore the association
between sleep duration and stroke according to nonhealth
status among Central Chinese adults in a large survey.

Methods
Study Design and Population

All participants were investigated in a community-
based study from August 2013 to August 2015 in Henan
province, Central China. The research was a part of
national survey on cardiovascular diseases covering 31
provinces and 262 counties across China supported by the
National Key R&D Program in the Twelfth Five-year Plan
(No. 2011BAI11B01). The design scheme and implementer
plan of this survey were published previously."” Five
urban areas and 6 rural areas were randomly selected
using the probability proportional to size method and a
multistage random sampling method stratified with gen-
der and area was used to select representative samples
from the permanent residents. Participants diagnosed
with myocardial infarction (216 subjects), coronary heart
disease (302 subjects), and cancer (138 subjects) were
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excluded. Data (581 participants) incomplete were
excluded either. Finally, a total of 18,670 participants aged
more than or equal to18 years had been analyzed in which
1014 participants were stroke.

The protocol was approved by the Ethical Committee of
the Chinese Ministry of Science and Technology. All par-
ticipants were given written informed consent prior to the
questionnaire.

Data Collection

The data were collected by trained interviews face-to-
face with a professional questionnaire. A structured ques-
tionnaire was used to collect information on nonhealth
status (age, gender, educational levels, smoking, alcohol
drinking status, and physical activities) and family his-
tory. A supervisor was responsible for the procedures of
quality control and staff training aiming at the standard-
ized techniques for interviewers and measurement.
Instruments were examined regularly for accuracy and
reproducibility at each site.

Definition of Stroke

Stroke was defined according to the standardization of
diagnosis from the World Health Organization Stroke
Community Registers.'® Those had a history of language
or physical dysfunction which had been continued for
more than 24-h/day and confirmed by brain computed
tomography or magnetic resonance imaging could be
diagnosed as stroke. Patients with a history of stroke or
minor stroke and those with a history of major stroke
who were eligible for the study, regardless of the subtype
of stroke. Patients with stroke were diagnosed based on
the medical certificate of stroke issued by the hospital.”
The exclusion criteria included secondary stroke caused
by trauma, transient ischemic attack, brain tumor, and
metastatic brain tumor.

Definition of Sleep Duration

Participants were asked to answer the question: “How
many hours did you sleep in a 24-hour period on average
on weekdays and weekends in the past years?” The
responses to these 2 questions were averaged and used as
the variable of sleep duration. The average sleep duration
per day was divided into 6 categories: less than 6 h/day
(<6 h/day), 6~7 h/day, 7~8 h/day, 8~9 h/day,
9~10 h/day, and equal to or more than 10 h/day (>10 h/
day). Sleep duration less than 7 h/day was considered as
shorter sleep duration, while equal to or longer than
9 h/day was defined as longer sleep duration. Accord-
ingly, healthy sleep duration was 7~8 h/day."”

Definition of Other Variables

Current smoking was defined as having smoked more
than one branch cigarette per day in the past 1 year.
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Average daily alcohol consumption and frequency of
drinking per month were asked. Ethanol content (by
weight) differed among beverages and was assumed to be
5% for beer, 12.5% for red wine, and 45% for hard liquor.
One drink was defined as an average of 15 g of ethanol.
Daily alcohol consumption levels were used to classify
nondrinkers (abstainers, no history of alcohol consump-
tion), moderate drinkers (up to 1 drink/day for women
and up to 2 drinks/day for men), and heavy drinkers
(>1 drink/day for women and >2 drinks/day for men). '8
The time of physical activity containing work-related, traf-
fic-related and leisure-related were combined and recate-
gorized into 3 categories: low physical activity, moderate
physical activity, and high physical activity.'” Middle
school or below was considered as lower education level.
Obesity was defined as body mass index (BMI) more than
or equal t028 kg/m>.”’ Hypertension was defined as sys-
tolic blood pressure (SBP) higher than or equal to
140 mmHg and/or diastolic blood pressure (DBP) higher
than or equal to 90 mmHg or use of any antihypertensive
medication within 2 weeks.”'

Statistical Analysis

The categorical variables were presented as numbers
and proportions and compared by Chi-square test and
Wilcoxon test. The continuous data were expressed as
mean + standard deviation and compared using analysis
of variance and f test. Sleep duration showing a J-shaped
association with increased risk of stroke with a nadir at
7~8 h/day of sleep was discovered.'' Odds ratios (ORs)
and the corresponding 95% confidence intervals (CIs)
were calculated by binary logistic regression model with
reference to the risk of 7~8 h/day of sleep duration
adjusted by potential confounding factors, including age,
gender, nation, marital status, areas of inhabitance, family
history, educational level, occupation, smoking status,
drinking status, physical activity, SBP, BMI, percentage
body fat (PBF), and basal metabolic rate (BMR). A dose-
response association of sleep duration and risk of stroke
was analyzed by fitting restricted cubic spline logistic
regression setting 3 knots placed at the 25th, 50th, and
75th percentiles of sleep duration according to the distri-
bution. Data were recorded and checked using EpiData
version 3.1. All P values were based on 2-sided test. All
the statistical analyses were performed by running the
SAS V.9.1 (SAS Institute) and SPSS 21.0 (SPSS Inc.,
Chicago, IL).

Results
Baseline Characteristics of the Participants

In all 18,670 participants (range: 18-88 years), men
accounted for 42.0% with 52.0 + 16.8 years as mean
age. Among all participants, there were 1014 patients
with stroke. The crude prevalence of stroke and

age-standardized prevalence of stroke were 5.43% and
2.93%, respectively. The age-standardized prevalence of
stroke was 3.51% for men and 2.50% for women, respec-
tively. Men had a higher prevalence than women in stroke
(P < .001).

The baseline characteristics of all participants were
shown in Table 1 and Table 2. Significant correlations
were found between sleep duration and age, gender, mar-
ital status, areas of inhabitance, educational level, occupa-
tion, smoking status, drinking status, physical activity,
family history, BMI, hypertension, obesity, and stroke.
Compared with participants who had normative sleep
duration (7~8 h/day), the other participants tended to be
older, Han population, urban resident, farmer, smokers,
nondrinkers, and heavy drinkers, who were also more
likely to have less physical activity, lower education level,
higher SBP, higher PBF, higher waist-to-hip ratio, and
reduced BMR. Moreover, participants with shorter or lon-
ger sleep duration tended to be higher BMI, higher DBP,
higher waist circumference, and increased visceral fat
index for women but not have a similar significant trend
for men.

Table 3 showed characteristics of all participants with
stroke according to sleep duration. The respective crude
percentages of stroke were 6.2%, 5.6%, 3.5%, 4.5%, 5.6%
and 9.2% for those with less than 6 h/day, 6~7 h/day,
7~8 h/day, 8~9 h/day, 9~10 h/day, and more than or
equal to 10 h/day of sleep. The age-standardized preva-
lence of stroke for the rural population and the urban pop-
ulation was 3.30% and 2.00%, respectively. Furthermore,
it was discovered that stroke patients were more likely to
be male, elderly, Han Chinese, urban dwellers, farmer,
smokers, non-drinkers and heavy drinkers, stroke
patients have family history, less physical activity, lower
education level, higher SBP, higher DBP, higher BMI,
higher waist circumference, higher waist-to-hip ratio,
higher PBF, higher visceral fat index, and reduced BMR.

Association of Sleep Duration and Stroke

A dose-response association between sleep duration
and risk of stroke was found in the study and was further
demonstrated through the restricted cubic spline curves
in Figure 1, suggesting that the risk of stroke may be
higher in people with longer sleep duration. As shown in
Table 4, the odds ratio was 1.37 (1.08-1.73) for
9~10 h/day of sleeper, 1.63 (1.30-2.04) for more than or
equal to 10 h/day of sleeper compared with the healthy
sleep duration (7~8 h/day) in a fully adjusted model. The
subgroup analysis classified by gender found a similar
association between women and men. The ORs were 1.69
(1.21-2.35) for men and 1.54 (1.13-2.10) for women among
more than or equal to 10 h/day of sleeper after adjust-
ment, and the correlations seemed to be stronger in male
than in female. Although shorter sleep duration slightly
increased the risk of stroke, the relationships had



Table 1. Baseline characteristics of study population according to sleep duration among men in Henan, China

Characteristics Total <6h 6~7h 7~8 h 8~9h 9~10h >10h P value
(n=373) (n=817) (n=1632) (n=2453) (n=1391) (n=1170)

Stroke (%) 504 24(6.4)*** 48(5.9)%*:* 60(3.7) 143(5.8)** 96(6.9)* 133(11.4)* <.001

Age (year) 7836 56.73 (14.36)* 51.22 (14.95)* 47.33(16.49) 47.85(16.69) 51.52(17.71)* 59.44(17.44)* <.001

18~59 (%) 4959 199(53.4) 562(68.8) 1177(72.1) 1719(70.1) 825(59.3) 477(40.8)

60~88 (%) 2877 174(46.6) 255(31.2) 455(27.9) 734(29.9) 566(40.7) 693(59.2)

Nation (%) 7836 373(4.8) 817(10.4) 1632(20.8) 2453(31.3) 1391(17.8) 1170(14.9) .031

Han 7616 358(96.0) 787(96.3) 1594(97.7) 2373(96.7) 1357(97.6) 1147(98.0)

Others 220 15(4.0) 30(3.7) 38(2.3) 80(3.3) 34(2.4) 23(2.0)

Married (%) 6343 312(83.6) 704(86.2)* 1315(80.6) 1990(81.1) 1096(78.8) 926(79.1) <.001

Areas (%) 7836 373(4.8)* 817(10.4)* 1632(20.8) 2453(31.3) 1391(17.8)* 1170(14.9)* <.001

Rural resident (%) 5695 95(25.5) 234(28.6) 545(33.4%) 761(31.0%) 340(24.4) 166 (14.2)

Urban resident (%) 2141 278(74.5) 583(71.4) 1087(66.6) 1692(69.0) 1051(75.6) 1004(85.8)

Family history of stroke (%) 771 47(12.6) 100(12.2) 176(10.8) 222(9.1) 123(8.8) 103(8.8) .011

Educational level (%) 7836 373(4.8)* 817(10.4)** 1632(20.8) 2453(31.3)** 1391(17.8)** 1170(14.9)* <.001

Middle school or below 5203 281(75.3) 547(67.0) 929(56.9) 1487(60.6) 978(70.3) 981(83.8)

High school and above 2633 92(24.7) 270(33.0) 703(43.1) 966(39.4) 413(29.7) 189(16.2)

Occupation (%) 7836 373(4.8)* 817(10.4)** 1632(20.8) 2453(31.3)* 1391(17.8)*:* 1170(14.9)* <.001

Farmer 2582 150(40.2) 262(32.1) 401(24.6) 681(27.8) 484(34.8) 604(51.6)

Non-farmer 5254 223(59.8) 555 (67.9) 1231(75.4) 1772(72.2) 907(65.2) 566(48.4)

Smoking (%) 7836 373(4.8)%** 817(10.4)%:** 1632(20.8) 2453(31.3) 1391(17.8) 1170(14.9)%** <.001

Never smoker 2726 111(29.8) 248(30.4) 566(34.6) 923(37.6) 498(35.8) 380(32.5)

Former smoker 1501 80(21.4) 145(17.7) 303(18.6) 405(16.5) 265(19.1) 303(25.9)

Current smoker 3609 182(48.8) 424(51.9) 763(46.8) 1125(45.9) 628(45.1) 487(41.6)

Drinking (%) 7836 373(4.8)*** 817(10.4) 1632(20.8) 2453(31.3)%** 1391(17.8)*** 1170(14.9)%** <.001

Nondrinkers 3191 169(45.3) 302(37.0) 571(35.0) 959(39.1) 593(42.6) 597(51.0)

Moderate drinkers 3017 117(31.4) 316(38.7) 721(44.2) 1018(41.5) 505(36.3) 340(29.1)

Heavy drinkers 1628 87(23.3) 199(24.4) 340(20.8) 476(19.4) 293(21.1) 233(19.9)

Physical activity (%) 7836 373(4.8) 817(10.4) 1632(20.8) 2453(31.3) 1391(17.8) 1170(14.9) <.001

High 4440 222(59.5) 483(59.1) 950(58.2) 1412(57.6) 780(56.1) 593(50.7)

Moderate 2268 105(28.2) 213(26.1) 474(29.1) 702(28.6) 421(30.3) 353(30.2)

Low 1128 46(12.3) 121(14.8) 208(12.7) 339(13.8) 190(13.6) 224(19.1)

Hypertension (%) 4504 224(60.1)%*** 476(58.3)%** 893(54.7) 1378(56.2) 803(57.7) 730(62.4)%** .001

SBP (mmHg) 7836 133.59(20.25)** 131.52(17.41) 130.41(17.82) 130.40(17.57) 132.34(19.23)** 134.76(21.32)* <.001

DBP (mmHg) 7836 78.61(12.13) 78.99(11.35) 78.30(11.55) 78.16(11.34) 78.55(15.75) 77.80(12.19) 355

BMI (%) (kg/mz) 7836 24.65(3.39) 25.10(3.40) 24.90(3.58) 24.80(3.62) 24.64(3.67) 24.39(3.61)* <.001

Obesity (%) 4480 211(56.6)* 513(62.8) 965(59.1) 1405(57.3) 758(54.5) 628(53.7)* <.001

Waist circumference(cm) 7836 87.56(9.63) 88.64(9.58)%*:** 87.59(9.89) 87.28(10.20) 87.07(10.47) 87.60(10.15) .014

Waist-to-Hip Ratio 7836 .53(0.06) .53(0.06)** .52(0.06) .52(0.06) .52(0.07) .53(0.06)* <.001
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Table 2. Baseline characteristics of study population according to sleep duration among women in Henan, China

Characteristics Total <6h 6~7h 7~8 h 8~9h 9~10h >10h P value
(n=564) (n=927) (n=2009) (n=3296) (n=2262) (n=1776)

Stroke (%) 510 34(6.0)** 50(5.4)%** 66(3.3) 113(3.4) 109(4.8)%*** 138(7.8)* <.001

Age (year) 10834  59.37(12.87)* 54.83(14.10)* 49.86(16.32) 50.03(16.29) 51.80(17.13)* 57.49(16.80)* <.001

18~59 (%) 6583 265(47.0) 546(58.9) 1371(68.2) 2206(66.9) 1355(59.9) 840(47.3)

60~88 (%) 4251 299(53.0) 381(41.1) 638(31.8) 1090(33.1) 907(40.1) 936(52.7)

Nation (%) 10834  564(5.2) 927(8.6) 2009(18.5) 3296(30.4) 2262(20.9) 1776(16.4) .006

Han 10481 535(94.9) 888(95.8) 1939(96.5) 3187(96.7) 2199(97.2) 1733(97.6)

Others 353 29(5.1) 39(4.2) 70(3.5) 109(3.3) 63(2.8) 43(2.4)

Married (%) 8221 430(76.2) 754(81.3)* 1515(75.4) 2515(76.3) 1678(7.2) 1329(74.8) <.001

Areas (%) 10834  564(5.2)* 927(8.6) 2009(18.5) 3296(30.4)* 2262(20.9)* 1776(16.4)* <.001

Rural resident (%) 8249 435(77.1) 669(72.2) 1409(70.1) 2421(73.5) 1763(77.9) 1552(87.4)

Urban resident (%) 2585 129(22.9) 258(27.8) 600(29.9%) 875(26.5%) 499(22.1) 224(12.6)

Family history of stroke (%) 9636 474(84.0)* 124(13.4) 232(11.5) 352(10.7) 230(10.2) 170(9.6)* <.001

Educational level (%) 10834  564(5.2)* 927(8.6)** 2009(18.5) 3296(30.4) 2262(20.9)** 1776(16.4)* <.001

Middle school or below 8294 488(86.5) 725(78.2) 1410(70.2) 2384(72.3) 1721(76.1) 1566(88.2)

High school and above 2540 76(13.5) 202(21.8) 599(29.8) 912(27.7) 541(23.9) 210(11.8)

Occupation (%) 10834  564(5.2)* 927(8.6)** 2009(18.5) 3296(30.4) 2262(20.9)** 1776(16.4)* <.001

Farmer 5177 319(56.6) 438(47.2) 847(42.2) 1420(43.1) 1074(47.5) 1079(60.8)

Non-farmer 5657 245(43.4) 489(52.8) 1162(57.8) 1876(56.9) 1188(52.5) 697(39.2)

Smoking (%) 10834  564(5.2)* 927(8.6) 2009(18.5) 3296(30.4) 2262(20.9) 1776(16.4)* <.001

Never smoker 10657 543(96.3) 902(87.3) 1985(98.8) 3255(98.8) 2224(98.3) 1748(98.4)

Former smoker 43 2(0.4) 5(0.5) 7(0.3) 8(0.2) 10(0.4) 11(0.6)

Current smoker 134 19(3.4) 20(2.2) 17(0.8) 33(1.0) 28(1.2) 17(1.0)

Drinking (%) 10834  564(5.2)* 927(8.6)** 2009(18.5) 3296(30.4) 2262(20.9)** 1776(16.4)** <.001

Non-drinkers 9725 523(92.7) 840(90.6) 1783(88.8) 2914(88.4) 2011(88.9) 1654(93.1)

Moderate drinkers 977 32(5.7) 67(7.2) 207(10.3) 344(10.4) 229(10.1) 98(5.5)

Heavy drinkers 132 9(1.6) 20(2.2) 19(0.9) 38(1.2) 22(1.0) 24(1.4)

Physical activity (%) 10834  564(5.2) 927(8.6) 2009(18.5) 3296(30.4) 2262(20.9) 1776(16.4) .028

High 6741 369(65.4) 605(65.3) 1264(62.9) 2083(63.2) 1359(60.1) 1061(59.7)

Moderate 3174 156(27.7) 244(26.3) 578(28.8) 949(28.8) 706(31.2) 541(30.5)

Low 919 39(6.9) 78(8.4) 167(8.3) 264(8.0) 197(8.7) 174(9.8)

Hypertension (%) 5255 335(59.4) 474(51.1) 870(43.3) 1488(45.1) 1090(48.2) 998(56.2) <.001

SBP (mmHg) 10834 134.64(21.95)* 130.22(21.27)%** 127.31(21.19) 127.40(21.76) 129.68(23.04)* 133.53(23.55)* <.001

DBP (mmHg) 10834  75.17(11.87)** 74.48(10.92)%3#* 73.63(10.98) 73.79(10.98) 73.99(11.72) 74.79(11.56)** .002

BMI (%) (kg/mz) 10834  25.82(3.61)* 25.34(3.88)%*** 24.99(4.06) 24.99(3.94) 24.94(3.94) 25.46(4.02)* <.001

Obesity (%) 6427 407(72.2) 579(62.5) 1135(56.5) 1915(58.1) 1280(56.6) 1111(62.6) <.001

Waist circumference (cm) 10834 86.85(9.77)* 85.42(10.51)* 83.62(11.46) 83.61(10.99) 84.05(11.25) 86.36(11.01)* <.001

Waist-to-Hip Ratio 10834 .57(0.07)* .55(0.07)* .54(0.08) .54(0.08) .54(0.08)*** .56(0.08)* <.001
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Table 2 (Continued)

7~8h 8~9h 9~10h >10h P value

6~T7h

<6h

Total

Characteristics

(n=1776)
34.64(5.81)*
8.99(4.47)*

(n=2262)
33.37(6.03)***
8.22(4.47)

(n=3296)
32.99(6.06)
8.19(4.39)

(n=2009)
32.99(5.98)
8.23(4.35)

(n=927)
34.09(5.21)*

(n=564)
35.67(4.79)*
9.49(4.02)*

<.001
<.001
<.001

10834

Percentage body fat
Visceral fat index

8.69(4.25)%**

10834

1250.31 (155.37)*

1269.29 (144.82) 1271.00 (140.09) 1269.93 (142.50) 1256.40 (142.83)**

1258.78 (143.04)

10834

Basal metabolic rate (kcal)

BMI, body mass index; SE, standard error; WC, waist circumference; WHtR, waist-to-hip ratio; PBF, percentage body fat; VFI, visceral fat index; BMR, Basal metabolic rate; SBP, systolic blood

pressure; DBP, diastolic blood pressure.

Frequencies (percentages), mean with standard deviation of each variable are presented.

P value were calculated using the analysis of variance for continuous variables and the chi-square test for qualitative variables.

Symbols denote significant differences from reference group (7~8 hours/day) (*P < .001; **P < .01; ***P < .05) with 7 test, Wilcoxon test, or chi-square test.

findings revealed the importance of a comprehensive
scrutiny of potentially confounding mediators and factors
when examining the association between sleep duration
and stroke. The association was consistent with the results
of the Singapore Chinese Health S’cudy.]4 Similarly,
recent evidence suggested that longer sleep duration
(=9 h/day/day) was associated with greater likelihoods
of obesity, coronary heart disease, and stroke.”® In addition,
both shorter and longer sleep duration was associated with
higher risks of stroke, which has been surveyed in a consider-
able amount of published cohort studies.”>***

Sleep Duration and Stroke by Age and Gender

The age-adjusted prevalence of stroke was significantly
higher in men than in women. The findings that age-spe-
cific stroke prevalence of men aged more than or equal to
40 years was significantly greater than the women which
were similarly be described in a nationwide population
based survey performed among the Chinese adults.”
Shorter sleep duration was associated with stroke in peo-
ple aged 60-88 years, but not in age 18-59 years. Consis-
tent with the results from a 10-year follow-up large
research on the relationship between shorter sleep dura-
tion and mortality in elderly (60-86 years old), but not in
middle-aged (32-59 years old).”” The relationship between
sleep duration and stroke was largely influenced by age-
ing and age-related sleep changes in elderly subjects. A
serious question was whether there were an adequate
sample sizes in the analysis to measure the relationship
between sleep duration and stroke in nonelderly subjects.
The nonelderly group (n=11,542) had a higher sample
size than the elderly group (n=7128). As expected,
the majority of stroke occurred in the elder (n = 767), while
the incidence of stroke was relatively low in the noneld-
erly subjects (n=247). Therefore, the lack of association
between sleep duration and stroke in the nonelderly may
be due to a lack of statistical capacity in regression
models.”

Sleep Duration and Stroke by Educational Level and
Residential Area

The strength of the link at the lower educational level
was similar to that found in previous studies in the cur-
rent research, with 39% greater risk of stroke for sleeping
9 h/day and 67% greater for sleeping more than or equal
to 10 h/day than for sleeping 7 h/day. An epidemiologi-
cal prospective study found that both low socioeconomic
status in childhood and adulthood socioeconomic status
could predict the risk of stroke and their criteria for
low socioeconomic status were less than high school
(<9 years). Previous studies have shown a significant
increase in the risk of stroke among people with lower lev-
els of education and current studies confirm this positive
association.’® Besides, a meta-analysis found that individ-
uals with low education status (<11 years) had a higher



Table 3. Characteristics of participants with stroke according to sleep duration in Henan, China

Characteristics Total <6h (n=937) 6~7h (n=1744) 7~8h (n=3641) 8~9 h (n=5749) 9~10h (n=3653) >10h (n=2946) P value
Stroke (%) 1014 58(6.2) 98(5.6) 126(3.5) 256(4.5) 205(5.6) 271(9.2) <.001
Gender <.001
Men 504 24(6.4) 48(5.9) 60(3.7) 143(5.8) 96(6.9) 133(11.4)

Women 510 34(6.0) 50(5.4) 66(3.3) 113(3.4) 109(4.8) 138(7.8)

Age (year) 1014 58(6.2) 98(5.6) 126(3.5) 256(4.5) 205(5.6) 271(9.2) <.001
18~59 (%) 247 9(1.9) 24(2.2%) 50(2.0%) 71(1.8%) 43(2.0%) 50(3.8%)

60~88 (%) 767 49(10.4) 74(11.6%) 76(7.0%) 185(10.1%) 162(11.0%) 221(13.6%)

Nation (%) 271
Han 977 56(6.3) 94(5.6) 123(3.5) 247(4.4) 196(5.5) 261(9.1)

Others 37 2(4.5) 4(5.8) 3(2.8) 9(4.8) 9(9.3) 10(15.2)

Marital status (%) <.001
Married 842 43(5.8) 85(5.8) 111(3.9) 213(4.7) 167(6.0) 223(9.9)

Single 172 15(7.7) 13(4.5) 15(1.8) 43(3.5) 38(4.3) 48(6.9)

Areas (%) 1014 58(6.2) 98(5.6) 126(3.5) 256(4.5) 205(5.6) 271(9.2) <.001
Rural 859 46(6.5) 74(5.9) 106(4.2) 207(5.0) 177(6.3) 249(9.7)

Urban 155 12(5.4) 24(4.9) 20(1.7) 49(3.0) 28(3.3) 22(5.6)

Family history (%) <.001
Negative 817 46(5.8) 78(5.1) 100(3.1) 197(3.8) 172(5.2) 224(8.4)

Positive 197 12(8.8) 20(8.9) 26(6.4) 59(10.3) 33(9.3) 47(17.2)

Educational level (%) 1014 58(6.2) 98(5.6) 126(3.5) 256(4.5) 205(5.6) 271(9.2) <.001
Middle school or below 908 51(6.6) 84(6.6) 106(4.5) 220(5.7) 189(7.0) 258(10.1)

High school and above 106 7(4.2) 14(3.0) 20(1.5) 36(1.9) 16(1.7) 13(3.3)

Occupation (%) <.001
Farmer 618 45(9.6) 58(8.3) 75(6.0) 146(6.9) 120(7.7) 174(10.3)

Non-farmer 396 13(2.8) 40(3.8) 51(2.1) 110(3.0) 85(4.1) 97(7.7)

Smoking (%) <.001
Never smoker 630 41(6.3) 55(4.8) 70(2.7) 154(3.7) 136(5.0) 174(8.2)

Former smoker 214 6(7.3) 23(15.3) 33(10.6) 51(12.3) 37(13.5) 64(20.4)

Current smoker 170 11(5.5) 20(4.5) 23(2.9) 51(4.4) 32(4.9) 33(6.5)

Drinking (%) <.001
Nondrinkers 748 44(6.4) 66(5.8) 86(3.7) 184(4.8) 157(6.0) 211(9.4)

Moderate drinkers 152 7(4.7) 19(5.0) 17(1.8) 48(3.5) 30(4.1) 31(7.1)

Heavy drinkers 114 7(7.3) 13(5.9) 23(6.4) 24(4.7) 18(5.7) 29(11.3)

Physical activity (%) 58(6.2) 98(5.6) 126(3.5) 256(4.5) 205(5.6) 271(9.2) <.001
Low 151 6(7.1) 13(6.5) 9(2.4) 33(5.5) 28(7.2) 62(15.6)

Moderate 364 23(8.8) 37(8.1) 41(3.9) 89(5.4) 82(7.3) 92(10.3)

High 499 29(4.9) 48(4.4) 76(3.4) 134(3.8) 95(4.4) 117(7.1)

Hypertension (%) 763 45(8.1) 74(7.8) 91(5.2) 199(6.9) 144(7.6) 210(12.2) <.001
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Figure 1. Odds ratios (ORs; solid lines) and 95% confidence intervals (CIs, dashed lines) of stroke for sleep duration from restricted cubic splines. (A) Model 1,
unadjusted. (B) Model 2, adjusted for age and employment. (C) Model 3, adjusted for age, gender, nation, marital status, areas of inhabitance, family history, edu-
cational level, occupation, smoking status, drinking status, physical activity, SBP, BMI, PBF and BMR. Abbreviations: BMI, body mass index; BMR, Basal met-
abolic rate; PBF, percentage body fat; SBP, systolic blood pressure.

Table 4. Odds Ratios (95% confidence intervals) for stroke according to sleep duration by gender, age and nonhealth factors

Characteristics Sample Number of stroke, Odds Ratio (95% Confidence Interval)
models <6h 6~7h 7~8 h 8~9 h 9~10h >10h
Total
Model 1 1.84(1.34-2.53)* 1.66(1.27-2.18)* 1 1.30(1.05-1.62)* 1.66(1.32-2.08)* 2.83(2.27-3.51)*
Model 2 1.22(.88-1.69) 1.43(1.08-1.88)* 1 1.26(1.01-1.57)* 1.37(1.09-1.72)* 1.68(1.34-2.11)*
Model 3 1.19(.86-1.66) 1.39(1.05-1.83)* 1 1.25(1.01-1.56)* 1.37(1.08-1.73)* 1.63(1.30-2.04)*
Gender
Male Model 1 1.80(1.11-2.93)* 1.64(1.11-2.41)* 1 1.62(1.19-2.21)* 1.94(1.40-2.70)* 3.36(2.45-4.60)*
Model 2 1.16(.70-1.91) 1.44(.97-2.14) 1 1.56(1.14-2.13)* 1.46(1.04-2.05)* 1.71(1.23-2.38)*
Model 3 1.17(.71-1.93) 1.41(.94-2.09) 1 1.53(1.12-2.10)* 1.47(1.05-2.07)* 1.69(1.21-2.35)*
Female Model 1 1.89(1.24-2.89)* 1.68(1.15-2.45)* 1 1.05(.77-1.42) 1.49(1.09-2.04)* 2.48(1.84-3.35)*
Model 2 1.28(.83-1.98) 1.41(.96-2.07) 1 1.02(.74-1.39) 1.32(.96-1.80) 1.64(1.20-2.48)*
Model 3 1.20(.78-1.86) 1.42(.96-2.08) 1 1.02(.74-1.39) 1.27(.93-1.75) 1.54(1.13-2.10)*
Age
Aged18~59 Model 1 0.99(.48-2.02) 1.11(.68-1.81) 1 0.92(.64-1.33) 1.01(.67-1.52) 1.97(1.33-2.94)*
Model 2 0.65(.31-1.33) 0.86(.53-1.42) 1 1.98(.68-1.42) 1.00(.66-1.530 1.77(1.17-2.66)*
Model 3 0.62(.30-1.28) 0.82(.50-1.36) 1 0.98(.67-1.42) 0.98(.64-1.50) 1.63(1.08-2.46)*
Aged 60~88 Model 1 1.55(1.06-2.25)* 1.76(2.16-2.47)* 1 1.51(1.14-2.00)* 1.65(1.24-2.20)* 2.10(1.60-2.76)*
Model 2 1.52(1.04-2.21)* 1.75(1.25-2.45)* 1 1.51(1.14-1.99)* 1.64(1.24-2.18)* 2.07(1.57-2.72)*
Model 3 1.51(1.04-2.21)* 1.73(1.24-2.43)* 1 1.51(1.14-2.00)* 1.66(1.25-2.21)* 2.00(1.51-2.64)*
Educational level
Middle school or Model 1 1.84(1.34-2.53)* 1.66(1.27-2.18)* 1 1.30(1.05-1.62)* 1.66(1.32-2.08)* 2.83(2.27-3.51)*
below
Model 2 1.22(.88-1.69) 1.43(1.09-1.88)* 1 1.26(1.01-1.57)* 1.37(1.09-1.72)* 1.68(1.34-2.11)*
Model 3 1.21(.87-1.67) 1.39(1.06-1.83)* 1 1.26(1.01-1.57)* 1.39(1.10-1.76)* 1.67(1.33-2.09)*
High school and Model 1 2.79(1.16-6.69)* 1.96(.98-3.91) 1 1.25(.72-2.17) 1.09(.56-2.12) 2.16(1.06-4.38)*
above
Model 2 1.24(.50-3.09) 1.21(.59-2.48) 1 1.27(.72-2.24) 1.08(.54-2.13) 1.32(.63-2.79)
Model 3 1.29(.52-3.22) 1.23(.60-2.53) 1 1.28(.73-2.27) 1.16(.59-2.31) 1.46(.69-3.10)
Residential area
Rural resident Model 1 1.56(1.09-2.22)* 1.42(1.04-1.92)* 1 1.20(.94-1.52) 1.51(1.18-1.94)* 2.43(1.93-3.08)*
Model 2 1.12(.78-1.61) 1.27(0.93-1.73) 1 1.16(.91-1.48) 1.28(1.00-1.65) 1.62(1.27-2.06)*
Model 3 1.10(.76-1.58) 1.23(.90-1.67) 1 1.16(.91-1.48) 1.28(.99-1.65) 1.56(1.22-1.99)*
Urban resident Model 1 3.18(1.53-6.61)* 2.89(1.58-5.27)* 1 1.74(1.03-2.94)* 1.94(1.09-3.47)* 3.36(1.82-6.23)*
Model 2 1.69(.80-3.59) 2.13(1.15-3.96)* 1 1.76(1.03-3.01)* 1.74(.96-3.16) 1.84(0.96-3.51)
Model 3 1.72(.81-3.66) 2.08(1.12-3.87)* 1 1.78(1.04-3.04)* 1.85(1.02-3.38)* 1.90(1.01-3.65)*

Model 1: unadjusted.

Model 2: adjusted for age and gender.

Model 3: adjusted for age, gender, nation, marital status, areas of inhabitance, family history, educational level, occupation, smoking sta-
tus, drinking status, physical activity, SBP, BMI, PBF and BMR

*P < .05.
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in data analysis and adjusted for important confounders
would reduce bias in association estimates. However,
several limitations should be considered. First, this was a
cross-sectional design and causal associations cannot be
inferred. Second, the ascertainment of stroke patients
according to the medical certificate of stroke issued by the
hospital may underestimate the incidence of stroke. The
detailed information of sleep duration was self-reported
in subjective measures, which was hard to account and
quantify, and may inevitably lead to bias. Future studies
should determine the independent contribution of sleep
duration and other risk factors of stroke. Moreover, the
effects of subjective or objective sleep quality on the occur-
rence and development of health outcomes were also not
investigated. Even though we did not include diabetes
mellitus and dyslipidemia in the analysis of risk factors
for stroke in the research. However, a prospective cohort
study in Europe has revealed that sleep duration more
than 8 hours significantly increased the risk of stroke after
adjusted for sex, social class, education, marital status,
smoking, alcohol intake, hypnotic drug use, family his-
tory of stroke, body mass index, physical activity, depres-
sion, hypnotic drug use, systolic blood pressure, diastolic
blood pressure, pre-existing diabetes, and myocardial
infarction, cholesterol level, and hypertension drug use.”’
Moreover, a 10-year follow-up study in the United States
has shown that more than 8 hours of long sleep duration
increased the risk of stroke after adjusted for other con-
founding factors, serum cholesterol level, and diabetes,*®
which is consistent with the results of a cohort study in
the Chinese population®”’ and European population.*’
So we should believe the results of our study are true and
reliable. Therefore, future prospective cohort studies and
polycentric studies are needed to confirm this relation-
ship.

Conclusions

A dose-response association of sleep duration and stroke
was found among the Chinese adults, and found longer
sleep duration might contribute to the increased risk of
stroke. Specifically male, older persons, less educated people,
and people living in urban areas had a higher risk of stroke.
It was suggested that people should develop a good sleeping
habit to prevent disease.
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