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Background and purpose: The relationship between sleep duration and stroke

are inconclusive in China, especially in those individuals with metabolic

syndrome. We aimed to investigate the association between sleep duration

and incident stroke in participants with metabolic syndrome or its specific

components in China.

Materials and methods: Data were taken from the 2011 and 2015 waves of

China Health and Retirement Longitudinal Study (CHARLS). Habitual sleep

duration (≤6, 6∼8 [reference], >8 h), daytime napping (0, 1∼60 [reference],

and >60 min) were determined by self-reported questionnaires. Metabolic

syndrome was defined by blood assessment and biomarkers combined

with self-reported doctors’ diagnosis. Incident stroke was determined by

reported stroke from 2011 to 2015 wave. Cross-sectional and longitudinal

associations between sleep and (incident) stroke at baseline and 4-year

follow-up period were tested among the population with metabolic syndrome

and its components.

Results: A U-shaped relationship was observed between sleep duration and

stroke in cross-sectional analysis. Sleep ≤ 6 h/night had a greater risk of

incident stroke (hazard ratio [HR] 1.65; 95% confidence interval [CI] 1.04–

2.61) compared with sleep 6∼8 h/night. And the HR of stroke was 1.62

(95%CI, 1.03–2.53) for sleep < 7 h/day compared to 7∼9 h/day. These

associations were more evident in the female and individuals aged 45–

65 years. Furthermore, the effect of short sleep duration on incident stroke

was different in each component of metabolic syndrome, which was more

pronounced in participants with elevated blood pressure. And a significant

joint effect of sleeping ≤ 6 h/night and no napping on risk of stroke was

observed (HR 1.82, 95%CI 1.06–3.12).
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Conclusion: Short sleep duration was an independent risk factor for incident

stroke, especially among females, individuals aged 45–65 years, or those with

some components of metabolic syndrome, such as hypertension. Napping

could buffer the risk of short sleep duration on incident stroke.

KEYWORDS

nighttime sleep duration, total sleep duration, daytime napping, incident stroke,
metabolic syndrome

Introduction

Stroke is a major public health concern, representing the
leading cause of death and disability-adjusted life-years (DALYs)
at the national level in China (1). The Global Burden of Disease
Study 2019 reported that there were 3.94 million new stroke
cases, 2.19 million deaths and 45.9 million DALYs due to
stroke in China (2). The stroke incidence is multifactorial and
traditional risk factors cannot explain the entire stroke risk
(2, 3). A growing evidence suggests sleep patterns, especially
nighttime sleep duration and daytime napping could be specific
risk factors of stroke (4, 5).

Sleep is basic need for human beings. According to the
National Sleep Foundation’s recommendations, the optimal
night sleep duration for adults is 7–8 h (6). Certainly,
adequate sleep duration is essential for maintaining physical
and psychological health. Sleep too much or too little is
associated with chronic health conditions such as stroke,
obesity, hypertension, diabetes, and dyslipidemia (5, 7–10).
Some cross-sectional and prospective studies have investigated
the association between sleep duration and stroke (11–13).
What’s more, various studies indicated a J-shaped (14–16),
U-shaped (17) or non-linearity (18, 19) relationships between
sleep duration and stroke. These conflicting results might be
explained by the differences in cohort characteristics, sample
size and adjustment of confounders.

As a supplement to nighttime sleep, napping is considered
as a healthy habit (20) and about 58% Chinese has the habit
of napping (21). Conversely, previous study identified that
extended napping can increase the risk of stroke (22). However,
other study indicated that napping can compensate for chronic
sleep loss (23). The exact association between the total sleep
duration (with and without a nap) and incident stroke, and
whether napping could affect the association of nighttime sleep
duration on stroke has not been understood.

Abbreviations: CHARLS, China health and retirement longitudinal study;
Mets, metabolic syndrome; BMI, body mass index; HDL-C, high-density
lipoprotein cholesterol; DALYs, death and disability-adjusted life-years;
HR, hazard ratio; OR, odds ratio; 95%CI, 95% confidence interval.

As we know, metabolic syndrome (Mets) is a global public
health concern, which is major risk factors for stroke (24,
25), affecting about one-third of the Chinese (26). Recently, a
number of studies have indicated excessive or insufficient sleep,
and prolonged napping could lead to Mets (27–30). However,
the association of sleep duration and stroke among participants
with Mets is still less known. To date, few studies have explored
the relationship between sleep duration and stroke in different
status of hypertension (31).

Based on the above uncertainty, we aimed to investigate the
relationship between sleep duration, napping and the risk of
stroke in a prospective cohort study of 14,532 middle-aged and
elderly Chinese adults. Besides, we would explore the joint effect
of nighttime sleep duration and daytime napping on incident
stroke. In addition, the relationship between sleep duration
and incident stroke among participants with different status of
metabolic syndrome and its components would be investigated.

Materials and methods

Study population

China Health and Retirement Longitudinal Study
(CHARLS) is a nationally representative population-based,
prospective survey that enrolled participants aged 45–90 years
from 2011. The CHARLS cohort collected information about
demographic characteristics, lifestyle habits, and general health
status at the individual, family, and community levels every
2 years. For this study, we selected an initial sample of 14,532
respondents at baseline in 2011 that had completed sleep
questionnaire, stroke questionnaire, and the biomarkers and
blood assessment to investigate the cross-sectional relationship
between sleep and stroke. Then eligible participants who
completed sleep and stroke questionnaire in the follow-up
survey in 2015 were included in the prospective analysis and
finally, 6,877 participants included in the longitudinal analysis.
More details of inclusion process of study sample can be seen in
Figure 1.
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Assessment of sleep duration and
daytime napping

Sleep duration and napping were determined by self-
reported questionnaires. Nighttime sleep duration was assessed
by the following question: “During the past month, how many
hours of actual sleep did you get every night? (mean hours per
night)” and stratified into three groups: short (≤6 h), normal
(6∼8 h) and long (>8 h), as described in another study based on
CHARLS (32). Daytime napping was assessed by asking “During
the past month, how long did you take naps after lunch?,” and
stratified to no napping (0 min), 1∼60 min, and > 60 min
napping (32). Additionally, we calculated total sleep duration
in 24 h by summing up nighttime sleep duration and daytime
napping, as in accordance with a previous study from CHARLS
(33). The National Sleep Foundation’s recommends that the
normal sleep duration per day is 7–9 h for those aged 45–
65 years (6), so total sleep duration was recorded into three
levels: short (<7 h), normal (7∼9 h) and long (>9 h).

Assessment of metabolic syndrome

The presence of Mets was defined by the coexistence of three
or more of the following criteria (34, 35): (1) elevated waist
circumference: waist circumference ≥ 90 cm in men or ≥ 80 cm
in women; (2) elevated triglycerides: triglycerides ≥ 150 mg/dL
or a self-reported doctors’ diagnosis of dyslipidemia; (3)
reduced high-density lipoprotein cholesterol (HDL-C): HDL
cholesterol < 40 mg/dL in men, or < 50 mg/dL in women,
or self-reported doctors’ diagnosis of dyslipidemia; (4) elevated
blood pressure: mean blood pressure ≥ 130/85 mmHg
or self-reported hypertension; (5) elevated fasting glucose:
fasting glucose ≥ 100 mg/dL or a self-reported doctor’s
diagnosis of diabetes.

Assessment of stroke

Self-reported stroke was assessed by posing the following
questions: “Have you been diagnosed with stroke by a doctor”;
“When was the condition first diagnosed or known by
yourself?”; “Since the last visit/In the last 2 years, has a doctor
told you that you had another stroke?”; “When was your most
recent stroke?,” an affirmative response was considered as having
a stroke (33). The outcome of interest was incident stroke that
first occurred after baseline survey but before October 11, 2017.

Assessment of covariates

The covariates data were selected based on findings from
previous studies (5, 13). Information on sociodemographic

characteristics, lifestyle behaviors, and clinical or biochemical
measures were collected at baseline using semi-structured
questionnaires and clinical/biochemical measures. The
sociodemographic characteristics included age, gender
(male/female), education level (elementary school or
below/from middle school to secondary school/Bachelor’s
degree or beyond), marital status (married/unmarried),
and area of residence (rural/urban). Lifestyle behaviors
included smoking status (never/quit/current), drinking
status (never/quit/current), and physical activity
(walking/moderate/vigorous). Clinical/biochemical measures
included the self-report diagnosis of stroke, dyslipidemia,
hypertension, diabetes or high blood sugar, body mass index
(BMI), waist circumference, triglycerides, HDL-C, systolic
and diastolic blood pressure, fasting plasma glucose and
glycosylated hemoglobin.

Statistical analyses

Continuous variables are presented as mean (SD) and
compared using variance or Mann-Whitney U tests, whereas
categorical variables are presented as count and proportions and
compared with chi-square tests. Multivariate logistic regression
and cox proportional hazards analysis were used to access the
cross-sectional and longitudinal relationship of sleep parameters
(nighttime sleep duration, daytime napping, and total sleep
duration) and risk of stroke, respectively. Based on previous
studies, we used nighttime sleep duration of 6∼8 h/night,
daytime napping of 1∼60 min, and total sleep duration of 7∼9 h
as the reference group intervals. The potential non-linear trends
of sleep duration and incident stroke risk were evaluated by
restricted cubic spline regression. We further accessed the joint
effect of nighttime sleep duration and daytime napping on the
risk of incident stroke, taking nighttime sleep duration of 6∼8 h
per night and no napping as the reference groups. Stratified
analyses were performed by sociodemographic characteristics
(age and gender) and five components of Mets. Furthermore, we
performed a sensitivity analysis according to objectively assessed
Mets to explore the risk of stroke. Two-sided P-value < 0.05
were considered statistically significant. All statistical analyses
were conducted using SAS version 9.3 (SAS Institute Inc., Cary,
NC, United States).

Results

Participants characteristics

A total of 14,532 participants (7,052 men, mean age
59.8 ± 9.5 years) were included in this study (Figure 1).
Sample characteristics of these participants by sleep duration
categories are presented in Table 1. Overall, 46.0% had short
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FIGURE 1

Flow of participants through study.

nighttime sleep duration (<6 h/night), while 9.1% had long
sleep duration (>8 h/night). Over half of the population (54.2%)
took a nap during daytime. Among the individuals with total
sleep duration, there were 5121 (35.2%) people who slept less
than 7 h per day and 1,782 (12.3%) people who slept more than
9 h per day. Compared with participants reporting normal sleep
duration per night/day or 1∼60 min daytime napping, those
reporting short or long sleep duration per night/day or daytime
napping > 60 min were more likely to be older, females, less
educated, unmarried, rural residents, with poor health state and
disabilities, and were less likely to be obesity (all P < 0.05).
In addition, individuals napping > 60 min were more likely
to be current smokers and have insufficient physical activity,
obesity, hypertension, hyperglycemia, hyperlipidemia and Mets
compared to the reference group (Table 1).

Sleep duration and stroke events

The cross-sectional relationship between sleep parameters
and the stroke risk are presented in Table 2. There was a
significant association between short or long total sleep duration
and stroke in the crude model, for total sleep duration < 7 h
[Odds ratio [OR] (95%CI), 1.43 (1.14–1.80)] and for total
sleep duration > 9 h [OR (95%CI), 1.62 (1.20–2.21)]. During
a median 4 years of follow-up, 136 (1.98%) (77 cases with
short sleep duration, 10 cases with long sleep duration) of
the participants experienced incident stroke events. Compared
with sleeping for 6∼8 h/night, the multivariate-adjusted HRs
(95%CIs) of incident stroke were 1.65 (1.04–2.61) for < 6 h
per night. Participants who slept < 7 h in total had an

increased risk of developing stroke compared to participants
who slept 7∼9 h per day (HRs 1.62 [95%CIs 1.03–2.53]), with
adjustment for each of covariates, the significant association was
still present. However, there were no significant associations
between long sleep duration and incident stroke; nor were there
any significant association between napping and incident stroke.
The HRs (95%CIs) for each of the covariates in the multivariate-
adjusted models are presented in Table 3. We further observed a
non-linear association between sleep duration per night/day and
incident stroke risk, and an approximately smoothing “U-shape”
of such association was showed in Figure 2 and Supplementary
Figure 1, in which the lowest risk was observed in participants
with sleep duration around 7 h.

Combined effects of nightly sleep
duration and daytime napping on the
risks of incident stroke

We further explored the joint effects of nighttime sleep
duration and daytime napping on the risks of incident stroke.
Compared with those reporting moderate nighttime sleep
duration (6∼8 h/night) and no napping, participants who
reported both short sleep duration (≤ 6 h/night) and no napping
showed a significantly higher risk of incident stroke (HR
1.82, 95%CI 1.06–3.12), whereas participants with nighttime
sleep ≤ 6 h combined with daytime napping > 60 min were
linked with a non-significant risk of stroke. Moreover, our
results revealed that long sleep duration (>8 h/night) with
different napping patterns had no significant joint effect on
stroke risk (Figure 3 and Supplementary Table 1).
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TABLE 1 Baseline sample characteristics according to sleep categories.

Variable Total Nighttime sleep duration Daytime napping Total sleep duration

≤6 h 6 to ≤8 h >8 h P-value 0 1 to ≤60 min >60 min P-value <7 h 7 to ≤9 h >9 h P-value

n = 14,532 n = 6,685 n = 6,528 n = 1,319 n = 6,656 n = 5,342 n = 2,508 n = 5,121 n = 7,629 n = 1,782

Demographic characteristics

Age, years, mean
(SD)

59.83 (9.49) 60.43 (9.39) 58.99 (9.31) 60.92 (10.43) < 0.0001 59.25 (9.18) 60.00 (9.60) 60.98 (9.88) < 0.0001 60.32 (9.31) 59.23 (9.36) 60.97 (10.31) < 0.0001

Male, n (%) 7,052 (48.53) 3,158 (47.24) 3,265 (50.02) 629 (47.69) 0.005 2,790 (41.92) 2,801 (52.43) 1,448 (57.74) < 0.0001 2,217 (43.29) 3,893 (51.03) 942 (52.86) < 0.0001

Education level
(missing = 4)

< 0.0001 <0.0001 < 0.0001

Elementary school or
below, n (%)

6,264 (43.1) 2,992 (44.76) 2,592 (39.72) 680 (51.55) 3,150 (47.34) 2,073 (38.82) 1,029 (41.03) 2,445 (47.74) 3,001 (39.36) 818 (45.90)

From Middle school
to Bachelor’s degree,
n (%)

7,878 (54.21) 3,536 (52.90) 3,717 (56.97) 625 (47.38) 3,399 (51.08) 3,032 (56.78) 1,434 (57.18) 2,572 (50.22) 4,363 (57.22) 943 (52.92)

Bachelor’s degree or
beyond, n (%)

386 (2.66) 156 (2.33) 216 (3.31) 14 (1.06) 105 (1.58) 235 (4.40) 45 (1.79) 104 (2.03) 2,61 (3.42) 21 (1.18)

Married, n (%) 12,859 (88.49) 5,859 (87.64) 5,867 (89.87) 1,133 (85.90) < 0.0001 5,840 (87.74) 4,769 (89.27) 2,227 (88.80) 0.0284 4,462 (87.13) 6,834 (89.58) 1,563 (87.71) 0.0001

Rural, n (%) 12,886 (88.67) 5,930 (88.72) 5,729 (87.77) 1,227 (93.10) < 0.0001 5,937 (89.22) 4,648 (87.02) 2,279 (90.87) < 0.0001 4,548 (88.83) 6,696 (87.78) 1,642 (92.20) < 0.0001

Lifestyle factors

Smoking status
(missing = 5)

0.3257 < 0.0001 <0.0001

Never, n (%) 8,767 (60.33) 4,049 (60.58) 3,895 (59.70) 823 (62.40) 4,286 (64.42) 3,157 (59.11) 1,309 (52.21) 3,227 (63.03) 4,519 (59.26) 1,021 (57.33)

Quit, n (%) 1,292 (8.89) 592 (8.86) 580 (8.89) 120 (9.10) 462 (6.94) 564 (10.56) 261 (10.41) 432 (8.44) 675 (8.85) 185 (10.39)

Current, n (%) 4,468 (30.75) 2,043 (30.57) 2,049 (31.41) 376 (28.51) 1,905 (28.63) 1,620 (30.33) 937 (37.38) 1,461 (28.54) 2,432 (31.89) 575 (32.29)

Drinking status
(missing = 3,641)

0.0873 < 0.0001 0.0585

Never, n (%) 8,541 (58.77) 3,904 (77.82) 3,835 (79.12) 802 (78.09) 4,239 (81.68) 2,996 (75.89) 1,289 (74.42) 3,111 (79.12) 4,427 (78.41) 1,003 (76.39)

Quit, n (%) 1,167 (8.03) 556 (11.08) 484 (9.99) 127 (12.37) 472 (9.09) 463 (11.73) 230 (13.28) 410 (10.43) 587 (10.40) 170 (12.95)

Current, n (%) 1,183 (8.14) 557 (11.10) 528 (10.89) 98 (9.54) 479 (9.23) 489 (12.39) 213 (12.30) 411 (10.45) 632 (11.19) 140 (10.66)

Physical activity
(missing = 2,360)

0.4266 0.0069 0.1229

Walking, n (%) 10,508 (72.31) 4,819 (72.09) 4,707 (72.10) 982 (74.45) 4,748 (71.33) 3,868 (72.41) 1,870 (74.56) 3,662 (71.51) 5,521 (72.37) 1,325 (74.35)

Moderate, n (%) 1,873 (12.89) 875 (13.09) 837 (12.82) 161 (12.21) 856 (12.86) 704 (13.18) 313 (12.48) 692 (13.51) 960 (12.58) 221 (12.40)

Vigorous, n (%) 2,151 (14.8) 991 (14.82) 984 (15.07) 176 (13.34) 1,052 (15.81) 770 (14.41) 325 (12.96) 767 (14.98) 1,148 (15.05) 236 (13.24)

Mean nighttime sleep
duration, h

6.69 (1.57) 5.30 (0.78) 7.52 (0.50) 9.68 (0.84) < 0.0001 6.59 (1.59) 6.67 (1.47) 7.04 (1.66) < 0.0001 5.13 (0.79) 7.19 (0.88) 9.05 (1.17) < 0.0001

Mean total sleep
duration, h

7.35 (1.81) 5.88 (1.08) 8.22 (0.92) 10.46 (1.27) < 0.0001 6.59 (1.59) 7.51 (1.51) 9.01 (1.73) < 0.0001 5.44 (0.78) 7.89 (0.74) 10.50 (0.99)

Mean daytime
napping, min

39.21 (44.75) 34.94 (42.33) 42.05 (45.34) 46.79 (51.24) < 0.0001 0.00 (0.00) 50.94 (14.51) 118.26 (22.65) < 0.0001 18.67 (29.76) 41.86 (42.08) 86.80 (51.98) < 0.0001
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TABLE 1 (Continued)

Variable Total Nighttime sleep duration Daytime napping Total sleep duration

≤6 h 6 to ≤8 h >8 h P-value 0 1 to ≤60 min >60 min P-value <7 h 7 to ≤9 h >9 h P-value

n = 14,532 n = 6,685 n = 6,528 n = 1,319 n = 6,656 n = 5,342 n = 2,508 n = 5,121 n = 7,629 n = 1,782

Clinical/biochemical measures

BMI ≥ 25, n (%) 3,810 (26.22) 1,679 (25.12) 1,826 (27.97) 305 (23.12) < 0.0001 1,550 (23.29) 1,511 (28.29) 740 (29.51) < 0.0001 1,218 (23.78) 2,107 (27.62) 485 (27.22) < 0.0001

Elevated waist
circumference, n (%)

6,213 (42.75) 2,816 (50.12) 2,829 (51.61) 568 (51.87) 0.2338 2,785 (50.13) 2,300 (51.51) 1,117 (51.83) 0.2535 2,146 (50.41) 3,269 (50.86) 798 (52.85) 0.2601

Elevated blood
pressure, n (%)

6,422 (44.19) 2,945 (44.07) 2,898 (44.41) 579 (43.93) 0.9049 2,863 (43.03) 2,346 (43.93) 1,203 (47.99) 0.0001 2,213 (43.23) 3,383 (44.36) 826 (46.38) 0.0656

Elevated
triglycerides, n (%)

3,140 (21.61) 1,415 (21.29) 1,441 (22.21) 284 (21.60) 0.4442 1,330 (20.09) 1,226 (23.06) 578 (23.24) 0.0001 1,063 (20.88) 1,668 (21.98) 409 (23.09) 0.1129

Reduced HDL-C,
n (%)

4,402 (30.29) 2,002 (30.13) 1,989 (30.65) 411 (31.25) 0.6553 1,942 (29.33) 1,658 (31.19) 795 (31.97) 0.0185 1,526 (29.98) 2,313 (30.48) 563 (31.79) 0.3619

Elevated fasting
glucose, n (%)

5,470 (37.64) 2,574 (54.01) 2,424 (52.15) 472 (50.70) 0.0743 2,436 (52.04) 2,078 (53.57) 947 (53.62) 0.2924 1,965 (53.84) 2,843 (52.37) 662 (52.29) 0.3521

Metabolic syndrome,
n (%)

4,094 (28.17) 1,845 (27.60) 1,880 (28.80) 369 (27.98) 0.3046 1,748 (26.26) 1,585 (29.67) 755 (30.10) < 0.0001 1,384 (27.03) 2,192 (28.73) 518 (29.07) 0.0737

Clinical characteristics

Health state
(missing = 1)

< 0.0001 0.0617 < 0.0001

Good, n (%) 504 (4.54) 169 (3.17) 287 (6.01) 48 (4.86) 232 (4.55) 181 (4.46) 91 (4.74) 126 (3.06) 304 (5.38) 74 (5.58)

Fair, n (%) 6,964 (62.74) 3,220 (60.31) 3,132 (65.61) 612 (62.01) 3,140 (61.54) 2,618 (64.47) 1,195 (62.30) 2,426 (58.87) 3,726 (65.90) 812 (61.28)

Poor, n (%) 3,632 (32.72) 1,950 (36.52) 1,355 (28.38) 327 (33.13) 1,730 (33.91) 1,262 (31.08) 632 (32.95) 1,569 (38.07) 1,624 (28.72) 439 (33.13)

History of stroke,
n (%)
(missing = 112)

356 (2.44) 180 (2.70) 142 (2.18) 39 (2.96) 0.0835 150 (2.26) 136 (2.55) 74 (2.96) 0.1449 148 (2.89) 155 (2.04) 58 (3.26) 0.0008

History of heart
problems, n (%)
(missing = 74)

1,723 (11.86) 912 (13.72) 690 (10.62) 121 (9.23) < 0.0001 709 (10.69) 716 (13.48) 294 (11.81) < 0.0001 718 (14.09) 820 (10.80) 185 (10.45) < 0.0001

History of cancer,
n (%) (missing = 62)

144 (0.99) 83 (1.25) 49 (0.75) 12 (0.91) 0.016 64 (0.96) 58 (1.09) 22 (0.88) 0.6373 63 (1.24) 66 (0.87) 15 (0.85) 0.0979

History of
disabilities, n (%)

2,358 (16.23) 1,125 (16.83) 952 (14.58) 281 (21.30) < 0.0001 1,015 (15.25) 863 (16.15) 474 (18.90) 0.0001 849 (16.58) 1,158 (15.18) 351 (19.70) < 0.0001

History of
psychiatric problem,
n (%) (missing = 57)

149 (1.03) 82 (1.23) 55 (0.85) 12 (0.91) 0.0827 60 (0.90) 55 (1.03) 34 (1.36) 0.1532 67 (1.31) 61 (0.80) 21 (1.19) 0.0157

History of memory
related disease
(missing = 43)

185 (1.27) 95 (1.42) 66 (1.01) 24 (1.83) 0.0194 75 (1.13) 67 (1.26) 43 (1.72) 0.0811 67 (1.31) 86 (1.13) 32 (1.80) 0.0726

Data are % for categorical variables and mean (SD) for continuous variables.
P-values were derived from analysis of variance or Mann-Whitney U tests for continuous variables according to data distribution and χ2 tests for category variable.
BMI, body mass index; HDL-C, high-density lipoprotein cholesterol.
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TABLE 2 The association of sleep duration and daytime napping with stroke.

Total stroke, adjusted OR (95%CI)

Variable Univariate model Age and gender adjusted Multivariable adjusted††† Multivariable adjusted‡‡‡

Nighttime sleep duration, hours/night

≤ 6 h 1.24 (0.99, 1.55) 1.17 (0.93, 1.46) 1.16 (0.91, 1.49) 0.95 (0.69, 1.31)

6 to ≤ 8 h 1.000 1.000 1.000 1.000

>8 h 1.37 (0.96, 1.96) 1.23 (0.85, 1.76) 1.07 (0.71, 1.62) 0.65 (0.35, 1.21)

Daytime napping, minutes

0 0.88 (0.70, 1.12) 0.94 (0.74, 1.19) 0.82 (0.63, 1.07) 0.73 (0.51, 1.04)

1 to ≤60 min 1.000 1.000 1.000 1.000

>60 min 1.17 (0.87, 1.55) 1.09 (0.82, 1.46) 1.03 (0.74, 1.42) 1.10 (0.73, 1.65)

Total sleep duration, hours/day

<7 h 1.43 (1.14, 1.80)** 1.39 (1.11, 1.75)** 1.34 (1.04, 1.72)* 1.08 (0.77, 1.51)

7 to ≤9 h 1.000 1.000 1.000 1.000

>9 h 1.62 (1.20, 2.21)** 1.46 (1.07, 1.99)* 1.27 (0.89, 1.81) 1.09 (0.68, 1.75)

OR, odds ratio; CI, confidence interval.
*P < 0.05; **P < 0.01.
†Adjusted for age, gender, educational level, marital status, area of residence, and behaviors including smoking, drinking, and physical activity.
‡Adjusted for age, gender, educational level, marital status, area of residence, behaviors including smoking, drinking, and physical activity, along with additional adjustment for self-
reported diagnosis of stroke, dyslipidemia, hypertension, diabetes or high blood sugar, BMI, waist circumference, triglycerides, HDL-C, systolic and diastolic blood pressure, fasting
plasma glucose and HbA1c levels.
Bold values indicate the positive results of the study.

TABLE 3 Hazard ratios (95%CI) of incident stroke by sleep duration and daytime napping.

Variable N case/total Incidence
rates,% (95%CI)

Incident stroke, adjusted HR (95%CI)

Univariate
model

Age and gender
adjusted

Multivariable
adjusted†††

Multivariable
adjusted‡‡‡

Nighttime sleep duration, hours/night

≤6 h 77/3,206 2.40 (1.90,2.99) 1.51 (1.05,
2.16)*

1.41 (0.98, 2.02) 1.65 (1.04, 2.61)* 1.65 (1.04, 2.61)*

6 to ≤8 h 49/3,065 1.60 (1.19, 2.11) 1.000 1.000 1.000 1.000

>8 h 10/606 1.65 (0.79,3.01) 1.04 (0.52, 2.04) 1.02 (0.52, 2.01) 1.39 (0.65, 2.94) 1.38 (0.65, 2.93)

Daytime napping, minutes

0 66/3,148 2.10 (1.63, 2.66) 1.11 (0.77, 1.61) 1.18 (0.81, 1.73) 1.36 (0.85, 2.16) 1.36 (0.86, 2.18)

1 to ≤60 min 48/2,543 1.89 (1.39, 2.49) 1.000 1.000 1.000 1.000

>60 min 22/1,186 1.85 (1.17, 2.80) 0.98 (0.59, 1.63) 0.90 (0.54, 1.51) 0.94 (0.49, 1.82) 0.94 (0.49, 1.82)

Total sleep duration, hours/day

<7 h 62/2,443 2.54 (1.95, 3.24) 1.53 (1.07,
2.18)*

1.52 (1.06, 2.18)* 1.61 (1.03, 2.52)* 1.62 (1.03, 2.53)*

7 to ≤9 h 60/3,598 1.67 (1.27, 2.14) 1.000 1.000 1.000 1.000

>9 h 14/836 1.67 (0.92, 2.79) 1.01 (0.56, 1.80) 0.98 (0.54, 1.75) 1.11 (0.56, 2.18) 1.11 (0.56, 2.17)

HR, hazard ratio; CI, confidence interval. *P < 0.05.
†Adjusted for age, gender, educational level, marital status, area of residence, and behaviors including smoking, drinking, and physical activity.
‡Adjusted for age, gender, educational level, marital status, area of residence, behaviors including smoking, drinking, and physical activity, along with additional adjustment for self-
reported diagnosis of stroke, dyslipidemia, hypertension, diabetes or high blood sugar, BMI, waist circumference, triglycerides, HDL-C, systolic and diastolic blood pressure, fasting
plasma glucose and HbA1c levels.
Bold values indicate the positive results of the study.

Subgroup analysis

In the subgroup analysis, the association of short sleep
duration (<7 h) with incident stroke was more conspicuous
among individuals who were female or aged 45–65 years. But
the effect tended to attenuate in individuals with nighttime sleep

duration ≤ 6 h after adjustment for the potential confounders.
When stratified by Mets and its components, the association
of incident stroke with short nighttime sleep duration seemed
to be more pronounced among individuals with elevated waist
circumference and elevated blood pressure, but no interaction
was observed. However, for participants with elevated fasting
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FIGURE 2

Multivariate-adjusted spline curves for associations of sleep duration with incident stroke. The curves demonstrate that participants with short
nighttime sleep duration (A) and total sleep duration (B) had a higher risk of stroke. (A) Nighttime sleep duration; (B) Total sleep duration.
Adjusted for age, gender, educational level, marital status, area of residence, and behaviors including smoking, drinking, and physical activity.
The reference group was 7 h/night for nighttime sleep duration and 8 h/day for total sleep duration.

glucose, elevated triglycerides, reduced HDL-C and Mets, the
risk of stroke was not significantly different between the different
sleep duration groups. The association of short total sleep
duration (<7 h) with prevalent stroke had similar trend, but no
significant interaction was found (Figure 4 and Supplementary
Figure 2). In the sensitivity analysis, the results seemed to show
the same tendency (Supplementary Tables 2, 3).

Discussion

In this prospective cohort study, we found that both
short nighttime sleep duration and total sleep duration were
significantly associated with higher risk of incident stroke, and
a U-shaped of such association was observed. In addition, we
observed that short nighttime sleep duration combined with no
napping had the highest risk of stroke; proper napping could
lower the risk of stroke among those with short nighttime sleep
duration. Furthermore, we found that the association of short
sleep duration and stroke was more evident in female, those aged
45–65 years and participants with some components of Mets,
especially elevated blood pressure.

Stroke is a common and frequently-occurring disease
among the elderly, and the absolute numbers and crude rate
of stroke burden increased over a 30-year period from 1990 to
2019 (2). In previous studies, the cumulative incidence of stroke
was 2.22% in a Chinese study with 8-year follow-up (17), versus
2.75% in the REGARDS study including 16,733 participants
with mean follow-up of 6.1 years (36). Similarly, in CHARLS
cohort including 6,877 Chinese participants aged 45–90 years
with an average follow-up of 4 years, 136 (1.98%) stroke events

occurred. In this study, the incidence risk of stroke is relatively
low, possibly because of the relative younger sample (71.51%
aged younger than 65) in our cohort, as well as the relative
shorter follow-up.

Up to date, the impact of sleep duration on stroke
risk was inconclusive. Several studies reported a J-shape
relationship between short (less than 6 h) or long sleep (more
than 9 h) duration with stroke (5–37), while other studies
reported a U-shape relationship (4–13). In our study, the
cross-sectional study showed a U-shaped association between
total sleep duration (night sleep combined with napping)
and risk of stroke, indicating the less nighttime sleep can be
compensated by napping to get sufficient sleep. Furthermore,
in the cohort study, we found a J-shaped association between
short sleep duration and high stroke risk. Present results are
partially consistent with the preponderance of previous studies.
Different age samples and sleep duration compositions may
be account for the inconsistency. Besides, time sequence and
duration of follow-up may partially explain the differences.
The mechanisms underlying the associations between short
sleep duration and incident stroke are likely multifactorial.
Inflammation, as a previous study shown that sleep deprivation
resulted in endothelial dysfunction and elevated markers of
oxidative stress and inflammation in blood (38), is a potential
biological pathway. Moreover, previous studies showed that
habitually short sleep duration was significantly associated
with reduced leptin and elevated ghrelin levels (39), increased
caloric intake and unhealthy food choices (40, 41), any of
which could promote the development of obesity. Short sleep
duration may increase plasma cortisol levels via activation
of sympathetic activity and the hypothalamic-pituitary-adrenal
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FIGURE 3

Combined effects of nighttime sleep duration and daytime napping on the risk of stroke. All hazard ratios were calculated with moderate sleep
duration (6∼8 h/night) and no napping as the reference groups. HR, hazard ratio. *P < 0.05.

FIGURE 4

Sleep duration and incident stroke risk, stratified by baseline characteristics and metabolic syndrome. All hazard ratios were calculated with (A)
night sleep duration > 6 h/night and (B) total sleep duration ≥ 7 h/day as the reference groups, with models adjusted for gender, age,
educational level, marital status, area of residence, behaviors including smoking, drinking, and physical activity, along with additional adjustment
for self-reported diagnosis of stroke, dyslipidemia, hypertension, diabetes or high blood sugar, BMI, waist circumference, triglycerides, HDL-C,
systolic and diastolic blood pressure, fasting plasma glucose, and HbA1c levels. Each group adjusted for the other covariates except itself. HR,
hazard ratio; CI, confidence interval.

axis, which can further result in hypertension (42–45). Short
sleep duration also results in impaired glucose regulation,
insulin resistance (43–46), and hypercholesteremia (47). These
common risk factors of cardiovascular events are apt to promote
the development of stroke.

Furthermore, a significant joint effect of sleep duration
and napping on incident stroke were observed in this study:

short sleep duration combined with no napping showed a
significantly highest risk of incident stroke, whereas once short
sleep duration combined with a daytime napping < 1 h, the
risk of stroke relatively lowered. Several studies have provided
well-documented evidence of the benefits of naps during total
sleep deprivation (48). And there is general agreement that short
night sleep duration and no napping could have adverse health
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consequences with respect to stroke incidence and optimal
daytime napping could buffer the adverse effects especially of
short night sleep duration.

In addition, we found that the association between short
sleep duration and the risk of incident stroke appeared to be
more pronounced in participants aged 45–65 years, which is
consistent with previous literature (6–49). Furthermore, our
study found that women with a sleep duration < 7 h/day had
a higher risk for stroke than men. This is in line with a previous
study showing that short sleep duration imparted a greater
risk of stroke among young women (18–44 years) compared to
young men with brief sleep (49). However, the mechanisms are
still under exploration.

Among the participants with Mets or its components, the
relationship between short sleep duration per day/night and
stroke was inconsistent. The risk of stroke seemed to be more
evident among those suffering from elevated blood pressure.
In line with present results, several previous studies have also
reported an association between sleep duration and stroke risk
in hypertensive patients (31, 50). The possibility may be that
hypertension and short sleep duration have a synergistic effect
on stroke risk through common pathways inducing arterial
stiffening and atherosclerosis. In addition, we suppose sleep
duration could lead to increased blood pressure and prevalence
of hypertension, which, in turn, might lead to prevalence
of stroke. This finding suggests that optimal sleep duration
is particularly important for hypertensive patients. However,
the association of short sleep duration and incident stroke is
not statistically significant in participants with hyperlipidemia,
elevated blood glucose or metabolic syndrome, while in persons
relatively free of hyperlipidemia, diabetes and Mets, short sleep
duration itself may be a precursor to other traditional stroke risk
factors, which exacts its own negative influence on stroke. The
results presented in our study are in agreement with previous
studies (51–54). Cross-sectional studies indicated short sleep
duration was not associated with the increased risk of stroke
among individuals with Mets (52) and Asian diabetic patients
(53). Moreover, a longitudinal study confirmed that only in
individuals of normal weight, self-reported short sleep duration
had an increased risk of stroke symptoms (54). However, there is
little known about the underlying mechanism in the association
between sleep duration and stroke and the mediating role of
Mets, which need to be further validated in future studies.

Strengths and limitations

Our analysis had several strengths. Most notably, this study
explored the association of sleep duration and incident stroke
among participants with components of metabolic syndrome,
as issue rarely considered in prior studies. Then, the study
benefited from its prospective design and involvement of a
large, Chinese population-based sample of middle-aged to older
adults. Third, samples were obtained by random sampling

method and multiple stroke related factors assessed through
validated screening questionnaire. Thus, the population was
representative, and the measurement method was objective.
Finally, we both conducted cross-sectional and longitudinal
study to explore the association between sleep duration and risk
of stroke, which likely increased the accuracy of the results.

However, some limitations also should be noted. First,
information on sleep duration and midday napping was
obtained from a questionnaire rather than by recording
biological sleep. Although prone to biases in perception, self-
report is a convenient and frequently used method to assess
sleep duration and napping in numerous large population-
based studies (5, 17, 36). Moreover, questionnaire could reflect
their own understanding and assessment of sleep conditions.
Second, we did not collect information on sleep disorders and
dimensions such as snoring, sleep apnea, sleep quality, bedtime
and wake-up time, any of which might be related to the risk
of stroke according to previous studies (5, 55, 56). Our further
research will focus on collecting data about sleep dimensions
and consider the contribution of these confounding factors.
Finally, in our study, participants with long sleep duration
accounted for only 9.1%, the number of which may be relatively
small to explore the reliable relationship between long sleep
duration and stroke risk. Therefore, the data on the right half of
our U-shape may be insufficient for the discussion of long sleep
and further studies should be confirmed.

Conclusion

Our prospective study revealed that short sleep duration
is a significant, independent risk predictor of stroke incidence,
especially among females adults aged 45–65 years. Furthermore,
the effect was different among Mets and its components,
more evident among those with hypertension, but lower in
those with Mets, elevated triglycerides and reduced HDL-
C. Moreover, optimal daytime sleeping could compensate the
adverse effects of short nighttime sleep duration on stroke. Our
results highlight the importance of adequate sleep duration for
stroke prevention, and the need for better understanding of the
role of Mets on sleep-stroke association.
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