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SLEEP DURATION AND MORTALITY: A PROSPECTIVE STUDY OF CHINESE MAN AND WOMEN

Sleep Duration and Mortality: A Prospective Study of 113,138 Middle-Aged and
Elderly Chinese Men and Women

Hui Cai, MD, PhD'; Xiao-Ou Shu, MD, PhD'; Yong-Bing Xiang, MD, MS?, Gong Yang, MD, MPH'; Honglan Li, MD, MPH?, Bu-Tian Ji, MD, DrPH?;
Jing Gao, MD?; Yu-Tang Gao, MD, MS?, Wei Zheng, MD, PhD'
Vanderbilt Epidemiology Center, Department of Medicine and Vanderbilt-Ingram Cancer Center, Nashville, TN, *Department of Epidemiology,

Cancer Institute of Shanghai Jiao Tong University, Shanghai Cancer Institute, Shanghai, PRC; ’Division of Cancer Epidemiology and Genetics,
National Cancer Institute, Rockville, MD

http://dx.doi.org/10.5665/sleep.4564

Objectives: To evaluate associations of sleep duration with total mortality and disease-specific mortality in a Chinese population.

Design: Prospective study conducted from 1996 (for women)/2002 (for men) to 2010.

Setting: A population-based cohort study in Shanghai, China.

Intervention: None.

Measurements and Results: A total of 113,138 participants (68,548 women and 44,590 men) of the Shanghai Women’s and Men's Health
Studies, aged 44-79 y and 40-75 y (women and men, respectively) at sleep duration assessment, were included in the study. In-person interviews
were conducted to collect information on sleep duration, socioeconomic status, living conditions, history of chronic disease, participation in
regular exercise, and family history of disease. The cohort has been followed using a combination of biannual in-person interviews and record
linkages with Shanghai’'s population-based death registry. Survival status of participants on December 31, 2010 was included as the study
outcome. Relative risks were calculated using a Cox proportional model stratified by sex and comorbidity score. There were 4,277 deaths (2,356
among women; 1,921 among men) during a median follow-up time of 7.12 y for women and 6.07 y for men. Among both women and men, sleep
duration showed a J-shaped association with total mortality. Hazard ratios (95% confidence intervals) were 1.15 (1.01-1.32), 1.06 (0.94-1.20),
117 (1.04-1.32), 1.36 (1.13-1.64), and 2.1 (1.77-2.52) for women and 1.06 (0.90-1.25), 1.07 (0.94-1.23), 1.13 (1.00-1.28), 1.34 (1.10-1.62), and
1.55 (1.29-1.86) for men who slept 4-5, 6, 8, 9, and = 10 h per day, respectively, compared with those who slept 7 h per day. Associations for
disease-specific mortality, including cardiovascular disease, stroke, diabetes, and cancer, also generally followed the same J-shaped pattern. The
sleep duration-mortality association was more evident among participants with comorbidities, but varied little by sex.

Conclusion: In our study population of Chinese adults, shorter and longer sleep durations were independently associated with increased risk of

mortality. But longer sleep duration had a higher mortality risk of cardiovascular disease and diabetes than short sleep.
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INTRODUCTION

Accumulating evidence suggests that quantity of sleep is
an important factor associated with health and mortality.'
Deviations from 7-8 h of sleep per day have been associated
with increased total mortality with a U-shaped association
in several longitudinal studies.'* In a cohort study of 98,634
individuals in Japan, sleep duration showed a U-shaped as-
sociation with increased total mortality with a nadir at 7 h
of sleep.® A recent meta-analysis found that the risk ratio
associated with shorter sleep duration (e.g., < 7 h/day) was
1.12 (1.06-1.18, 95% confidence interval [CI]), whereas that
associated with longer sleep duration (> 8 h/day) was 1.30
(1.22-1.38, 95% CI) compared with 7-8 h per day.®> How-
ever, a large study reported recently that mortality risk does
not significantly vary according to sleep duration after pro-
spectively controlling for baseline health and concluded that
previous findings suggesting a relationship between sleep
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duration and mortality could be affected by residual con-
founding by poor preexisting health.

Sleep duration is not only a habit people can freely choose
but one that can be influenced by physical, mental, and other
social conditions.®'° Thus, the relation of sleep with total mor-
tality and disease-specific mortality is complex. In this study,
we used the data from two population-based cohort studies of
Chinese adults, the Shanghai Women’s Health Study (SWHS)
and the Shanghai Men’s Health Study (SMHS). We exam-
ined the associations of sleep duration on total mortality and
disease-specific mortality and evaluated the influence of sex,
comorbidities, history of night-shift work, and participation
in regular exercise on the associations of sleep duration with
mortality.

METHODS

Participants

The SWHS and the SMHS are population-based prospective
studies involving 74,941 Chinese women aged 40 to 70 y and
61,480 men aged 40 to 74 y living in Shanghai, China. Details
on the study design, methods, and questionnaires used in the
baseline surveys have been previously described.''? Briefly,
study enrollment for the SWHS took place between 1997 and
2000 with an overall response rate of 92.3%. Enrollment for
the SMHS took place between 2002 and 2006 with an overall
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response rate of 75%. In-person follow-up surveys of all living
SWHS cohort members were conducted from 2000 to 2002,
2002 to 2004, 2004 to 2006, and 2007 to 2012 with response
rates of 99.8%, 98.7%, 95.0%, and 91.9%, respectively. Similar
follow-up surveys of all living SMHS cohort members were
conducted from 2004 to 2008 and from 2007 to 2011 with re-
sponse rates of 97.7% and 91.9%, respectively. Both studies
were approved by the relevant institutional review boards for
human research at the Shanghai Cancer Institute (China) and
Vanderbilt University (United States), and written informed
consent was obtained from all participants.

Data Collection

The SWHS and SMHS used identical study protocols and
nearly identical structured questionnaires at baseline to collect
information on socioeconomic status, occupation, living con-
ditions, personal history of chronic disease, physical activity
level, family history disease, use of supplements (including vi-
tamins and calcium), and usual dietary habits. Anthropometric
measurements, including height, weight, and circumferences
of waist and hips, were taken by trained interviewers. Body
mass index (BMI) was calculated as weight in kilograms di-
vided by the square of height in meters, and waist-to-hip ratio
(WHR) was calculated as waist circumference divided by hip
circumference. The follow-up surveys collected information
on occurrence of cancer and other chronic diseases, as well
as survival status. Information on dietary intakes, physical ac-
tivity, and other lifestyle factors were updated during follow-up.

Sleep related questions were asked during the third follow-
up (approximately 4 y after enrollment) for the SWHS and
during the baseline survey (at enrollment) for the SMHS. In-
formation on sleep duration was collected based on the fol-
lowing question: “In the past 2 y for women (past 1 y for men),
how many hours did you sleep each day (including sleeping
during the day and night, but not including time if you woke
up between two periods of sleep)?”. Participants reported sleep
in 1-h increments and sleep duration referred to total hours
of sleep per day. Information on history of night-shift work,
defined as starting work after 22:00 at least 3 times per month
for 1 y or longer, was collected at the second follow-up for
the SWHS and at baseline for the SMHS. Among the 131,254
participants who completed the third follow-up survey for the
SWHS or baseline survey for the SMHS, we excluded 17,731
participants who were missing sleep information (942 women,
16,775 men) or who were lost to follow-up (14 men). We also
excluded 385 people who reported a sleep duration of less than
4 h or more than 15 h per day. The remaining 113,138 partici-
pants were included in the current study.

Total Mortality and Disease-Specific Mortality

Deaths were identified through a combination of active
follow-up and record linkage with the Shanghai Vital Statis-
tics Registry. The current analysis used mortality data updated
through December 31, 2010. Underlying causes of death were
coded according to the International Classification of Diseases,
Ninth Revision" and included: cardiovascular disease (CVD)
(codes 390—-459), stroke (codes 430—438), diabetes (code 250),
cancer (codes 140-208; 150 and 151 for upper gastrointestinal
cancer (UGI), 153 and 154 for colorectal cancer (CRC), 162
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for lung cancer, and 174 for female breast cancer). Remaining
codes were lumped together under the category “other causes
of death”. Because information on sleep duration was not col-
lected until the third follow-up survey for the SWHS, only
deaths occurring after the third follow-up were included in
this study.

Statistical Analyses

Sleep duration was divided into six categories: 4—5 h, 6 h,
7h, 8 h,9h,and > 10 h. Analysis of variance was used for com-
paring continuous variables, and the chi-square test was used
for comparing dichotomous variables across the different sleep
duration groups. Hazard ratios (HRs) for shorter or longer sleep
durations and their 95% Cls were calculated by using Cox re-
gression models adjusted for potential confounders, using the
7-h sleep group as the reference, because this group had the
lowest mortality rates in both a previous study' and the cur-
rent study. Covariates adjusted for in the model included age
at interview and selected demographic factors, including life-
style factors, health status, and anthropometric measurements.
Educational attainment level was divided into four categories:
primary school or under, middle school, high school, and col-
lege or above. Personal income was divided into three cate-
gories: < 5,000, 5,000-10,000, and > 10,000 yuan/y for both
the SWHS and the SMHS. Smoking status was divided into
two categories (ever/never) for the SWHS and four catego-
ries (never, ex-smoker, current smoker [< 22.85 and > 22.85
pack/y]) for the SMHS. Alcohol consumption had two catego-
ries (ever/never) for the SWHS and five categories (0, 0.01-1.10,
1.11-1.84, 1.85-3.52, and > 3.52 drink/day) for the SMHS. Par-
ticipation in regular exercise (“regular exercise” was defined as
at least once per week for 3 mo or more) was categorized into
five groups of 0, 0.01-0.97, 0.98-1.98, 1.99-3.83, and > 3.84
metabolic equivalent (MET)-h/day for men and 0, 0.01-1.98,
1.99-3.77, 3.78—4.47, and > 4.48 MET-h/day for women. Other
dichotomous variables were created for self-reported history
of night-shift work (yes/no), and tea consumption (ever/never).
History of chronic disease was assessed using the Charlson
comorbidity index (0, 1, 2, and > 3).1%

A restricted cubic spline function was used to calculate
P values for curve trend tests. Similar models were applied for
analyzing all-cause deaths, six specific causes of death, and
deaths from all other causes. All tests were two-tailed with
a significance level of P < 0.05. All analyses were performed
using SAS statistical software (version 9.3; SAS Institute Inc.,
Cary, NC).

RESULTS

Tables 1A and 1B present associations between sleep dura-
tion and selected demographic characteristics, lifestyle factors,
and anthropometric measurements for all study participants.
The most frequent sleep duration was 8 h among both women
and men. Sleep duration decreased with age, but increased
with waist circumference, BMI, and WHR. For both sexes,
those who had shorter and longer sleep durations were less
educated, less likely to drink tea, and more likely to drink al-
cohol; in addition, they were more likely to have had a night-
shift job, to have low income, and to have high comorbidity
scores compared with participants in the 7 h/day and 8 h/day
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Table 1A—Associations between age at interview, lifestyle factors, and anthropometric measurements among women in Shanghai, China.
. Sleep duration (h/day) a
Characteristics o 6 7 8 9 >10 P
Women
Number of participants 7,635 15,627 19,242 20,029 3,751 2,264
Age (y, X + SE) 55.9+0.11 53.8 £0.07 51.9+0.06 50.8 £ 0.06 51.5+0.15 51.8+0.20 <0.001
Waist circumference (cm, X+ SE)  77.3£0.09 77.7+£0.07 77.6 £ 0.06 78.1+£0.06 784 +0.13 795+0.17  <0.001
BMI (x + SE) 23.7+0.04 23.9+0.03 23.9+0.02 24.1+0.02 24.3+0.05 248+0.07 <0.001
WHR (X + SE) 0.809£0.001 0.810+0.001 0.809+0.001 0.812+0.001 0.813+0.001 0.818+0.001 <0.001
Education (%) <0.001
Primary school or under 34.3 243 17.5 16.0 19.8 251
Middle school 34.0 35.1 3741 40.2 40.0 444
High school 217 26.9 29.9 30.2 28.1 245
College or above 10.0 13.7 15.5 13.6 121 6.0
Personal Income (yuanly [%]) <0.001
< 5,000 334 28.9 25.1 25.5 27.0 35.1
5,000-10,000 40.9 39.1 38.3 39.0 39.7 39.1
>10,000 25.7 320 36.6 355 33.3 258
Ever smoked (%) 3.8 2.8 23 25 25 3.8 <0.001
Ever drank alcohol (%) 2.8 24 20 22 21 29 <0.001
Ever drank tea (%) 245 21.7 31.6 32.2 31.6 21.7 <0.001
Night-shift work (%) 318 27.3 246 245 25.3 285 <0.001
Regular exercise (MET-h/day, %) <0.001
0 58.2 59.4 60.7 63.2 61.6 67.8
0.01-1.98 6.7 71 7.2 6.8 7.2 5.2
1.99-3.77 15.2 13.8 13.6 12.3 12.4 10.5
3.78-4.47 9.2 9.6 8.7 7.9 8.0 6.8
2448 10.7 10.1 9.8 9.7 10.8 9.6
Comorbidity score (%) <0.001
21 29.8 246 20.5 19.8 21.1 26.4
2Analysis of variance was used for continuous variables and the chi-square test was used for discrete variables. BMI, body mass index; MET, metabolic
equivalent; SE, standard error; WHR, waist-to-hip ratio.

groups. Among women, exercise rates were inversely asso-
ciated with sleep duration. Among men, exercise rates were
comparable across all sleep duration groups, except among
men in the > 10 h/day group, whose exercise rates were lower.
A total of 4,277 deaths (2,356 women, 1,921 men) had oc-
curred as of the end of 2010. As shown in Table 2, a sleep dura-
tion of 4-5 h/day was associated with a modestly elevated HR
for total mortality (HR = 1.15 and 1.06 for women and men,
respectively), compared with the 7 h/day group. Longer sleep
durations were associated with significantly increased risk of
total mortality. Among women, HRs were 1.17 (1.04-1.32) for
the 8 h/day group, 1.36 (1.13—1.64) for the 9 h/day group, and
2.11 (1.77-2.52) for the > 10 h/day group. Among men, HRs
were 1.13 (1.00-1.28), 1.34 (1.10—1.62), and 1.55 (1.29-1.86) for
the 8, 9, and > 10 h/day groups, respectively. For both women
and men, a J-shaped association was observed between sleep
duration and total mortality (Figure 1). This J-shaped asso-
ciation was also observed for several major causes of death,
including CVD, stroke, diabetes, and cancer. Among women,
HRs for the > 10 h/day group were 2.64 (1.99-3.52) for CVD,
3.09 (2.14-4.47) for stroke, 3.73 (1.98-7.05) for diabetes, and
1.47 (1.08-2.00) for all cancers combined compared with
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women in the 7 h/day group. These non-linear associations
were all statistically significant (P < 0.01). Among men, we
found no nonlinear associations between sleep duration and
disease-specific mortality.

Table 3 presents associations between sleep duration and
total mortality and disease-specific mortality stratified by co-
morbidity for all participants combined. As expected, the sleep
duration and mortality association was evident among individ-
uals with at least one comorbidity (score > 1). Compared with
the 7 h/day group, HRs for the > 10 h/day group were 1.5-3.4
times higher with a statistically significant J-shaped trend for
major causes of death, including CVD, stroke, diabetes, and
cancer. However, among participants in the > 10 h/day group
with no comorbidities, higher mortality risk was observed only
for CVD (HR = 1.60) and stroke (HR = 2.00). We analyzed
associations of sleep duration with history of night-shift work
and regular exercise participation for all participants com-
bined. HRs for total mortality and disease-specific mortality
were comparable among participants regardless of whether
they reported a history of night-shift work or participation in
regular exercise (data not presented). We also did a sensitivity
analysis excluding those deceased individuals with follow-up
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Table 1B—Associations between age at interview, lifestyle factors, and anthropometric measurements among men in Shanghai, China.
. Sleep duration (h/day) a
Characteristics o 6 7 8 9 >10 P
Men
Number of participants 4,263 10,283 11,802 13,619 2,545 2,078
Age (y, X + SE) 56.3£0.15 55.5+0.10 55.0 £ 0.09 54.6 +0.08 55.7+0.19 549+022 <0.001
Waist circumference (cm, X+ SE)  84.3+0.13 84.7 £ 0.08 85.0 £ 0.08 85.0 £ 0.07 84.9+0.17 855+0.19 <0.001
BMI (x + SE) 235+0.05 23.7+0.03 23.8+0.03 23.7+0.03 23.7+0.06 23.7+0.07 <0.001
WHR (X + SE) 0.898 £0.001  0.901+£0.001 0.902+0.001 0.902+0.001 0.903+0.001 0.906 £0.001 <0.001
Education (%) <0.001
Primary school or under 9.5 6.7 5.2 6.1 7.9 1.1
Middle school 36.2 33.8 31.9 34.2 36.7 41.1
High school 34.5 36.7 36.9 38.2 36.1 36.9
College or above 19.8 228 26.0 215 19.3 10.9
Personal income (yuan/y, %) <0.001
< 5,000 15.5 124 104 12.9 121 19.0
5,000-10,000 441 43.0 40.2 42.8 432 46.3
>10,000 40.4 44.6 49.4 44.3 4.7 34.7
Smoking status (%) <0.001
Never 32.1 30.0 30.6 28.3 275 215
Ex-smoker 12.1 10.3 9.7 9.5 1.7 11.2
Current smoker (pack/y)
<22.85 246 29.0 314 32.0 29.1 31.9
>22.85 31.2 30.7 28.3 30.2 317 354
Alcoholic consumption (drink/day, %) <0.001
0 63.4 65.2 67.3 66.8 65.8 61.1
0.01-1.10 7.2 8.2 8.5 7.9 7.3 7.1
1.11-1.84 8.4 9.3 9.1 9.1 8.6 8.9
1.85-3.52 9.2 85 7.9 8.3 8.3 9.3
>3.52 11.8 8.8 7.2 7.9 10.0 13.6
Ever drank tea (%) 61.6 65.9 68.7 68.7 68.0 66.8 <0.001
Night-shift work (%) 37.9 34.8 31.8 33.3 34.6 41.0 <0.001
Regular exercise (MET-h/day, %) <0.001
0 65.7 64.9 63.6 65.5 65.3 73.3
0.01-0.97 8.1 8.6 9.3 8.7 79 7.1
0.98-1.98 6.4 74 85 7.7 7.5 52
1.99-3.83 10.2 9.6 10.0 9.9 10.7 6.6
>384 9.6 9.4 8.6 8.2 8.6 78
Comorbidity score (%) <0.001
21 35.5 322 30.1 294 31.8 32.7
2Analysis of variance was used for continuous variables and the chi-square test was used for discrete variables. BMI, body mass index; MET, metabolic
equivalent; SE, standard error; WHR, waist-to-hip ratio.

duration < 2 y to avoid that disease status might have affected
sleep patterns and got similar results (data not shown).

DISCUSSION

In this large, population-based cohort study of Chinese
adults from Shanghai, we found that compared with a sleep
duration of 7 h/day, both shorter (< 5 h/day) and longer (= 9
h/day) sleep durations were associated with increased total
mortality and mortality from CVD, stroke, diabetes, cancer,
and other disecases. These associations appeared to be indepen-
dent of major confounders, and the magnitude of the associa-
tions appeared to be stronger for longer sleep durations than
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for shorter sleep durations, yielding a J-shaped relationship.
These J-shaped associations were more evident among indi-
viduals with comorbidities and did not appear to be modified
by history of night-shift work or regular exercise participation.

Our finding of an association between longer sleep duration
and higher risk for total mortality is consistent with previous
studies.'""® A study in Great Britain found that those who
sleep longer were at increased risk of mortality after 23 y of
follow-up.” A study of over 1 million American adults (aged
30-102 y) showed similar findings that were consistent across
age and sex; sleep durations below 6.5 h/day and above 7.5 h/
day were associated with increasing risk for total mortality but
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Table 2—Associations of sleep duration with overall and disease-specific mortality among women and men in Shanghai, China.
Sleep duration (h/day) Pyond
Cause of death o 6 7 3 9 >10 (curve)
All participants
All causes 1.11(1.00-1.23)  1.06 (0.97-1.16) 1.0 1.15(1.05-1.26) 1.34 (1.17-1.54)  1.81(1.59-2.06)  <0.001
CVD 1.05(0.87-1.26) 1.10(0.94-1.29) 1.0 1.22(1.05-1.43) 147 (1.17-1.85)  2.04 (1.65-2.53) 0.0002
Stroke 0.91(0.70-1.18)  0.99(0.79-1.23) 1.0 1.28(1.04-1.58) 1.31(0.94-1.82) 2.35(1.78-3.09) 0.0689
Diabetes 1.17(0.75-1.85) 1.07(0.71-1.64) 1.0 1.20(0.79-1.83) 1.35(0.72-2.53) 2.92(1.79-4.74)  <0.001
All cancer 1.06 (0.91-1.24)  1.02(0.90-1.17) 1.0 1.11(0.97-1.26)  1.04 (0.84-1.30)  1.34 (1.08-1.66) 0.0242
Lung cancer 1.23(0.91-1.67) 0.97(0.74-1.27) 1.0 1.05(0.81-1.37)  1.11(0.72-1.69)  1.58 (1.06-2.35) 0.0016
UGI cancer 1.35(0.91-2.00) 1.19(0.84-1.68) 1.0 1.34(0.96-1.88)  0.99 (0.54-1.80)  1.32(0.75-2.35) 0.2237
Colorectal cancer 1.18(0.75-1.84) 1.10(0.74-1.62) 1.0 1.33(0.91-1.93) 0.59(0.25-1.38)  2.17 (1.24-3.80) 0.0883
Other causes 1.33(1.08-1.63) 1.13(0.94-1.36) 1.0 1.13(0.94-1.36) 2.02(1.58-2.58) 2.06(1.58-2.67)  <0.001
Women
All causes 1.15(1.01-1.32)  1.06 (0.94-1.20) 1.0 1.17(1.04-1.32) 1.36(1.13-1.64)  2.11(1.77-2.52) <0.001
CVD 1.02 (0.80-1.30)  1.12(0.91-1.39) 1.0 1.20(0.96-1.50)  1.28 (0.91-1.82)  2.64 (1.99-3.52)  <0.001
Stroke 0.92(0.65-1.29) 1.14(0.85-1.52) 1.0 1.36(1.01-1.82) 0.98(0.58-1.66) 3.09 (2.14-4.47) 0.0283
Diabetes 1.45(0.83-2.56) 1.31(0.76-2.25) 1.0 1.65(0.96-2.84) 2.05(0.96-4.35) 3.73(1.98-7.05) <0.001
All cancer 1.19(0.98-1.45) 1.01(0.84-1.20) 1.0 1.10(0.92-1.31)  1.15(0.86-1.54)  1.47(1.08-2.00) 0.0017
Lung cancer 150 (1.00-2.24)  0.84 (0.56-1.26) 1.0 0.92(0.61-1.38)  1.32(0.71-2.42)  1.33(0.65-2.72) 0.0006
UGI cancer 1.14(0.66-1.98) 1.33(0.83-2.13) 1.0 1.16(0.71-1.91) 0.98(0.41-2.37) 1.35(0.56-3.27) 0.3550
Colorectal cancer 1.45(0.86-2.45) 1.15(0.71-1.86) 1.0 1.12(0.69-1.83) 0.83(0.32-2.14)  3.28 (1.70-6.32) 0.0003
Breast cancer 122 (0.64-2.34) 0.84 (0.45-1.54) 1.0 0.98(0.55-1.75)  1.30(0.53-3.20)  1.54 (0.58-4.10) 0.3583
Other causes 123(0.94-1.61) 1.04(0.81-1.33) 1.0 1.11(0.87-1.43) 2.04 (1.46-2.85) 2.20(1.53-3.16)  <0.001
Men
All causes 1.06 (0.90-1.25)  1.07 (0.94-1.23) 1.0 1.13(1.00-1.28)  1.34 (1.10-1.62)  1.55(1.29-1.86) 0.0007
CVD 1.09 (0.82-1.46)  1.06(0.83-1.34) 1.0 1.25(1.00-1.56) 1.68(1.23-2.30)  1.58 (1.14-2.18) 0.2046
Stroke 0.93(0.62-1.40) 0.78(0.55-1.10) 1.0 1.20(0.89-1.62) 1.62(1.06-2.48)  1.73 (1.14-2.64) 0.7890
Diabetes 0.80(0.35-1.85)  0.79(0.40-1.58) 1.0 0.70(0.36-1.38)  0.61(0.18-2.09)  2.06 (0.96-4.40) 0.0975
All cancer 0.93(0.72-1.20) 1.06(0.87-1.30) 1.0 1.10(0.91-1.33)  0.94 (0.68-1.29)  1.19(0.88-1.61) 0.9380
Lung cancer 0.99(0.61-1.59) 1.10(0.76-1.60) 1.0 1.13(0.80-1.61)  0.94 (0.52-1.69)  1.66 (1.01-2.72) 0.2368
UGI cancer 1.70(0.97-3.00) 1.04 (0.61-1.76) 1.0 1.52(0.95-2.44) 1.02(0.44-2.34) 1.36 (0.64-2.90) 0.4129
Colorectal cancer 0.70(0.27-1.78)  1.07 (0.55-2.07) 1.0 1.65(0.91-2.99)  0.23 (0.03-1.74)  0.94 (0.31-2.82) 0.0875
Other causes 146 (1.06-2.03) 1.26(0.95-1.65) 1.0 1.17(0.89-1.53) 2.03(1.42-2.91) 2.03(1.42-2.91)  <0.001
Hazard ratios and 95% confidence intervals calculated using age as the time scale in the Cox model and adjusted for education, income, smoking, alcohol
consumption, tea consumption, comorbidity score, history of night-shift work, participation in regular exercise, body mass index, and waist-to-hip ratio.
CVD, cardiovascular disease; UGI, upper gastrointestinal tract.

mostly with longer sleep duration (> 7.5 h/day)."” Similar to our
study, a Japanese study involving 104,010 participants (aged
40-79 y) found a J-shaped association between sleep and mor-
tality among men. Specifically, sleep durations of more or less
than 7 h were associated with increased mortality risk after
an average of 10 y of follow-up.” A recent study conducted
in Brazil also reported a J-shaped association between sleep
duration and total mortality.*

The biological mechanism driving this association is not
completely understood. It has been postulated that worsening
physical condition may be associated with both longer sleep
duration and mortality.” Magee et al.” concluded that a pre-
vious finding suggesting a relationship between sleep dura-
tion and mortality could be affected by residual confounding
by poor preexisting health because in their study they found
that total mortality risk does not significantly vary according
to sleep duration after prospective controlling for baseline
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health. However, in our study, we found that longer sleep
durations were still associated with total mortality and CVD
and stroke mortality even after excluding individuals with
major comorbidities, including diabetes, myocardial infarc-
tion, cerebrovascular disease, and cancers diagnosed before
the sleep assessment. A possible explanation is that the effect
of residual confounding on the association could be reduced
because we had a median follow-up time of 7.12 y for women
and 6.07 y for men. The association between sleep duration
and total mortality are consistent by health status (P for in-
teraction = 0.061) in our study. Similarly, longer sleep dura-
tion was found to be associated with higher mortality among
older adults with good health status in a Spanish population.*
Thus, the association between long sleep duration and total
mortality cannot be completely explained by comorbidities
or by the physical condition of individuals. It is likely that
poor quality of sleep, such as sleep fragmentation, waking
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Table 3—Associations of sleep duration with total mortality and disease-specific mortality by comorbidity score.
Sleep duration (h/day) Pons
Cause of death o 6 7 8 9 >10 (curve)
Comorbidity score =0
All causes 1.03(0.88-1.21)  1.02(0.89-1.16) 1.0 1.14(1.00-129) 1.28(1.04-1.56)  1.47 (1.18-1.83) 0.0061
CVD 0.92(0.69-1.23) 1.05(0.83-1.32) 1.0 1.15(0.92-1.44) 1.39(0.99-1.96)  1.60 (1.12-2.29) 0.3999
Stroke 0.82(0.53-1.25)  1.04 (0.75-1.45) 1.0 1.15(0.84-1.58)  1.10(0.65-1.86)  2.00 (1.25-3.18) 0.8610
Diabetes 0.48(0.10-2.30) 0.77(0.27-2.23) 1.0  0.98(0.37-2.61) - 0.84 (0.10-6.82) 0.4271
All cancer 0.99(0.78-1.26)  1.00 (0.82-1.21) 1.0 1.16(0.96-1.39)  0.94 (0.67-1.31)  1.08 (0.74-1.58) 0.8470
Lung cancer 1.05(0.68-1.64) 0.73(049-1.10) 1.0 0.93(0.64-1.35) 1.11(0.62-2.00)  0.68 (0.29-1.58) 0.6636
UGI cancer 1.10 (0.60-2.00) 1.02(0.61-1.70) 1.0 1.37(0.86-2.19)  0.94 (0.39-2.27) 0.88 (0.31-2.52) 0.7610
Colorectal cancer 1.07 (0.51-2.24) 1.39(0.78-2.46) 1.0 1.54(0.88-2.68) - 2.45(0.98-6.11) 0.5386
Other causes 1.27(0.97-1.68) 1.02(0.79-1.30) 1.0 1.05(0.82-1.34) 1.99 (1.45-2.74) 1.80(1.24-2.60)  <0.001
Comorbidity score = 1
All causes 1.18(1.03-1.36)  1.12(0.99-1.27) 1.0 1.18(1.04-1.33) 142 (1.18-1.70) 2.05(1.74-2.41)  <0.001
CVD 1.16 (0.90-1.48)  1.16(0.93-1.45) 1.0 1.30(1.05-1.62) 156 (1.14-2.13)  2.35(2.79-3.09) 0.0001
Stroke 0.98 (0.70-1.37)  0.96(0.71-129) 1.0 1.40(1.05-1.85) 1.48(0.97-2.25)  2.53 (1.79-3.58) 0.0626
Diabetes 1.33(0.82-2.17)  1.16(0.73-1.83) 1.0 1.28(0.81-2.03) 1.65(0.86-3.16)  3.36 (2.00-5.63)  <0.001
All cancer 1.14(0.93-1.40) 1.06(0.89-1.27) 1.0 1.08(0.90-1.29) 1.15(0.87-1.53)  1.50 (1.15-1.96) 0.0093
Lung cancer 149(0.97-2.28) 1.26(0.86-1.84) 1.0 1.21(0.83-1.77) 1.15(0.62-2.13)  2.45(1.51-4.00) 0.0002
UGI cancer 1.62(0.95-2.76)  1.39(0.85-2.26) 1.0 1.35(0.83-2.20) 1.06 (0.46-2.45)  1.68 (0.83-3.40) 0.0819
Colorectal cancer 1.24 (0.70-2.20)  0.91(0.53-1.56) 1.0 1.18(0.71-1.96)  0.99 (0.41-2.39)  1.99 (0.98-4.03) 0.1091
Other causes 141(1.04-192) 1.29(0.98-1.71) 1.0 1.27(0.95-1.69) 2.07 (1.42-3.02) 242 (1.67-3.52)  <0.001
Hazard ratios and 95% confidence intervals calculated using age as the time scale in the Cox model and adjusted for education, income, smoking, alcohol
consumption, tea consumption, sex, history of night-shift work, participation in regular exercise, body mass index, and waist-to-hip ratio. CVD, cardiovascular
disease; UGI, upper gastrointestinal.

—— All participants / /
3] === Female J /

Hazard Ratio

4 5 6 7 8 9 10 1 12 13 14 15
Sleep Duration (hours/day)

Figure 1—Association between overall survival and hours of sleep.
There are J-shaped associations of overall survival and hours of sleep
among both Chinese men and women using the 7 h/day group as a
reference.

after sleep onset, sleep latency, and feelings of fatigue and
lethargy after a long sleep, may induce sleep extension?* ¢
and decrease resistance to disease, which, in turn, may lead
to increased mortality.” Unfortunately, we were not able to
investigate this mechanism because of a lack of relevant in-
formation. In our study, sleep duration was positively associ-
ated with BMI, WHR, and waist circumference, known risk
factors for diabetes, CVD, and stroke. Thus, obesity may me-
diate the association between longer sleep duration and total
or disease-specific mortality.

SLEEP, Vol. 38, No. 4, 2015

Consistent with prior studies, the increased risk of mortality
among our participants with longer sleep durations did not ap-
pear to be limited to one cause of death.®* We observed similar
patterns for various disease-specific mortalities. Among them,
CVD mortality is a very interesting topic in sleep duration
studies. An early National Health and Nutrition Examination
Survey (NHANES)-I study reported that longer sleep duration
was independently associated with CVD during a 10-y follow-
up.”” Subsequent studies have confirmed this finding among
elderly people, women, and other populations.?®3! A recent
meta-analysis by Cappuccio et al.** also found that long sleep
duration was associated with a greater risk of CVD (relative
risk [RR] = 1.41, 95% CI: 1.19-1.68) and stroke (RR = 1.65,
95% CI: 1.45-1.87) with no evidence of publication bias and
suggested that long sleep duration is a predictor or marker of
cardiovascular outcomes. It could be argued that an observed
association between longer sleep duration and CVD mortality
may be caused by underlying disease that caused subjects
to sleep more, i.e., an increased need for sleep plus reduced
physiologic reserve resulted in reduced ability to survive
the underlying serious illness.”® A large epidemiologic study
found that longer sleep durations are associated with snoring
and with metabolic disturbances, including insulin resistance,
abnormal lipid profile, and elevated markers of increased cor-
tisol levels and abnormal growth hormone secretion.** In our
study, an association between longer sleep duration and CVD/
stroke mortality was also observed among participants with no
comorbidities, although the association was weaker than that
observed among participants with comorbidities (HR = 2.35
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for CVD and HR = 2.53 for stroke, P < 0.01), suggesting that
underlying disease may be partially responsible for the ob-
served associations with sleep duration. However, a recent
review examined the underlying mechanisms of association
between sleep deprivation and CVD and considered that levels
of markers of obesity and appetite control, energy metabolism,
glucose homoeostasis, inflammation, thrombosis, and hemo-
stasis, which are affected by short sleep duration, might be
useful predictors of the risk of developing CVD,* suggesting
several possible biological mechanisms linking sleep duration
and mortality.

There has been increasing interest in possible associations
between sleep disorders and the prevalence/incidence of glu-
cose metabolism disorders and diabetes. Several retrospective®
and prospective® studies have shown a relationship between
sleep duration and type 2 diabetes mellitus. A literature review
by Alvarez and Ayas” indicated that longer sleep duration is
a moderate risk factor for development of diabetes. A recent
US cohort study found that sleep disorders are an independent
predictor of diabetes, although the association disappeared
after additional adjustment for physical health.*® We found that
sleep duration was associated with diabetes mortality after
adjustment for comorbidities and BMI. Although less well
supported, it is possible that longer sleep duration may cause
inflammation, because it has been associated with increased
sleep fragmentation and more frequent awakenings, which can
influence cytokine expression and risk of diabetes.?*** In the
only study of sleep duration and inflammation conducted in
a non-Western population, a strong positive relationship was
found between longer sleep duration and several markers of
inflammation (e.g. C-reactive protein, interleukin-6, and fi-
brinogen), among Chinese adults with an average age of 66.1 y
(standard deviation = 10.4 y).* Cappuccio et al. reported that
the mechanisms underlying association between habitual
sleep disturbances and diabetes may be different: low-grade
inflammation and reduced acute insulin response to glucose
are activated during short sleep duration, thus predisposing
individuals to type 2 diabetes. However, there is a less clear
indication of possible mechanisms mediating the effect of long
sleep duration as a cause of type 2 diabetes.*’

Association between sleep duration and mortality varies by
sex. Meisinger et al. reported that a modest association between
short sleep and incident myocardial infarction was observed in
middle-aged women but not men in the MONICA (Monitoring
trends and determinants on cardiovascular diseases) study.*' In
our study, sex differences were observed in association of sleep
duration and total mortality and disease-specific mortality al-
though these associations had similar patterns. Ideally, longer
follow-up would be appropriate to assess the influence of sleep
duration on mortality over the life course,’ especially for the
SMHS. Night-shift work is a common cause of insomnia and
reduced sleep time, because it causes individuals to try to sleep
at times that are less than ideal because of both circadian in-
fluences and environmental cues. In addition, night-shift work
may have adverse health consequences, including heart dis-
ease and breast cancer.”>* In our previous study, history of
night-shift work was associated with both shorter and longer
sleep durations.® In analyses stratified by history of night-shift
work, we found that ever having held a night-shift job did not
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modify the association of sleep duration with total mortality or
with mortality from CVD, stroke, or other causes.

A meta-analysis, including over two million people from
23 prospective studies, reported that the risk of total mortality
was increased by 10—12% among those with shorter sleep du-
rations and 23-30% among those with longer sleep durations,
yielding a U-shaped relationship.! In our study the risk of total
mortality was increased 11% among those with shorter sleep
durations, which is consistent with the results of the meta-anal-
ysis. However, total mortality risk was increased 81% among
those with longer sleep durations, which resulted in a J-shaped
association between sleep duration and total mortality in our
Chinese population.

The advantages of our study include its large sample size,
the population-based design, and our ability to adjust for a
wide range of lifestyle factors and health conditions. Some
limitations of the data need to be discussed. First, sleep du-
ration was derived from a self-reported questionnaire item
without investigating questionnaire reliability or objective
sleep patterns, which may also have introduced bias. Lau-
derdale and colleagues** reported a moderate correlation be-
tween self-reported sleep duration and actigraph measures of
sleep duration of 0.47. Second, we did not collect data of sleep
quality, sleep disturbances, depression, self-rated health and
use of hypnotics at the survey, which may provide more in-
formation to understand the association between sleep dura-
tion and mortality. Third, as many large cohort studies do, we
used a single item to assess sleep duration and assumed that
sleep patterns were consistent over the preceding 1-2 y, which
could lead to biased estimation because sleep duration could
be changed along with changes of working and living envi-
ronment and health conditions. Therefore, further research
should assess association of repeated measures of sleep dura-
tion and mortality. Last, like most observational studies, we
were unable to determine causality for the sleep-mortality
associations.

CLINICAL SIGNIFICANCE AND CONCLUSION

Our study found that sleep duration is a good predictor of
total mortality and several disease-specific mortalities among
middle-aged and elderly Chinese women and men. Because
information on sleep duration is easy to obtain, it may serve as
a useful tool for the identification of high-risk populations in
clinical practice for possible intervention.
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