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Study Objectives: Many studies suggest an association of both short and long sleep duration with all-cause mortality, but the effect of co-occurrence of

sleep duration and other lifestyle risk factors or health status remains unclear.

Methods: A total of 17,184 participants aged 18 years or older from rural areas of China were examined at baseline from 2007 to 2008 and followed up from
2013 to 2014. Cox proportional hazard models were used to estimate the hazard ratio (HR) and 95% confidence interval (Cl).

Results: During 6-year follow-up, we identified 1,101 deaths. The multivariable-adjusted mortality risk was significantly higher with short-duration sleepers
(< 6.5 hours) (HR =1.37,95% CI 1.01-1.86) and long-duration sleepers (= 9.5 hours) (HR = 1.35, 95% CI 1.05-1.74) versus 6.5-7.5 hours. The multiplicative
interaction of long sleep duration with some lifestyle risk factors and health statuses increased the mortality risk in men (low level of physical activity:

HR =1.03, 95% CI 1.02-1.04; hypertension: HR = 1.06, 95% CI 1.04-1.09; type 2 diabetes mellitus [T2DM]: HR = 1.07, 95% CI 1.04-1.11). Similar results
were found in women (low level of physical activity: HR = 1.03, 95% CI 1.02-1.05; T2DM: HR = 1.07, 95% CI 1.05-1.10).

Conclusions: Sleep duration could be a predictor of all-cause mortality and its interaction with physical activity, hypertension, and T2DM may increase the

risk of mortality.
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BRIEF SUMMARY

and those factors.

Current Knowledge/Study Rationale: Many studies suggested that sleep duration was associated with all-cause mortality. However, there is
a paucity of studies focused on the interrelation between sleep duration and lifestyle factors and health status. In our study, we tried to examine
the relationship between sleep duration and all-cause mortality and detect the interrelationship between sleep duration (both short and long)

Study Impact: Results of the study indicated that both short and long sleep duration was associated with all-cause mortality and that long sleep
duration interacted with low level of physical activity, hypertension, and type 2 diabetes mellitus. Our study of a rural Chinese population has great
public health significance and the conclusions could provide useful and important evidence for future intervention programs.

INTRODUCTION

Sleep is a biobehavioral phenomenon regulated by circadian,
homeostatic, and neurohormonal process.! Accumulating
evidence® shows that as compared with sleep duration of ap-
proximately 7 hours, both shorter and longer sleep duration is
associated with adverse health outcomes such as cardiovascu-
lar disease, diabetes mellitus, and hypertension, and further
affects life expectancy and all-cause mortality.

Studies conducted in America suggested that demographic
characteristics such as race, sex, age, lifestyle, health status,
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and socioeconomic status (including marital status, financial
strain, and education level) were related to sleep duration.>* In
China, age, unhealthy lifestyles, poor health conditions, obe-
sity, and dietary fat content were associated with both short
and long sleep duration.™® Thus, the relationship of sleep to
all-cause mortality is complex. Previous studies of sleep-re-
lated mortality concluded the relationship as a U shape, but
the casual relationship between sleep and all-cause mortal-
ity is debated.” Some researchers suggest poor lifestyle fac-
tors®? (such as low level of physical activity, smoking, alcohol
drinking, and unhealthy diet) or health status’ (hypertension
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and diabetes) might confound the association or be a primary
driving factor of the sleep-mortality relationship. Decreased
quantity and quality of sleep may link to hypertension, obe-
sity, diabetes, and dyslipidemia.”” However, only one study
explored the interrelation between sleep duration and lifestyle
risk factors or health status in terms of all-cause mortality; the
risk factors were limited to physical activity, sedentary behav-
ior, and body mass index (BMI)."" Moreover, few cohort stud-
ies have focused on sleep-related mortality in China'*'¢ and
none involved the interaction between sleep duration and other
risk factors. It is unknown whether the risk of death would be
increased or to what degree the extreme sleep duration com-
bined with lifestyle factors or health status could increase the
risk of mortality.

Here, we aimed to examine the relationship between sleep
duration and all-cause mortality using data from the Rural
Chinese Cohort Study, which was initially established to ex-
amine chronic noncommunicable diseases such as hyperten-
sion and diabetes. In this population, the crude prevalence of
high blood pressure was 31.5%, and the age-standardized prev-
alence of diabetes was 6.98% at baseline.'™'® These participants
mainly had primary or secondary education, with smoking and
drinking mainly seen in men. Considering the prevalence of
health conditions and the special demographic characteristics
of the rural population, we could further explore the interac-
tion between sleep duration and smoking, alcohol drinking,
physical activity, obesity, hypertension, type 2 diabetes mel-
litus (T2DM), and dyslipidemia with all-cause mortality risk.

METHODS

Study Population
A total of 20,194 participants aged 18 years or older were se-
lected by a cluster randomization method from July to August
of 2007 and July to August of 2008 in rural areas of Henan
province of China. All participants were stable residents for
at least 10 years. The follow-up survey was conducted from
July to August 2013 and July to October 2014 and 17,265 par-
ticipants (response rate: 85.5%) were successfully followed
up. We excluded 3 participants who had no data on sleep du-
ration and 78 participants with outlier of sleep duration (< 3
or > 16 hours); finally, 17,184 participants were eligible for
the current analysis.

Each study participant gave their signed informed consent
and the study protocol was approved by Shenzhen University
Medical Ethics Committee.

Data Collection

Baseline data were collected on demographic characteristics,
medical history, and lifestyle risk factors by specially trained
physicians and public health investigators. Physical exami-
nation provided data on height, weight, waist circumference,
systolic blood pressure, and diastolic blood pressure. The mea-
surement methods have been described in detail elsewhere.”
Overnight fasting venous blood samples were collected to
measure levels of fasting plasma glucose, total cholesterol
(TC), triglycerides, and high-density lipoprotein cholesterol
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(HDL-C) by using an Automatic Biochemistry Analyzer (HIT-
ACHI 7060, Tokyo). Low-density lipoprotein cholesterol level
was calculated by the Friedewald formula.?

Principal Variables and Definitions

Self-reported sleep duration was collected by asking the fol-
lowing question: During the past month, how many hours
do you sleep per day (including both nighttime and daytime
sleep)? Sleep duration was divided into 5 groups: < 6.5, 6.5—
7.5, 7.5-8.5, 8.5-9.5, and > 9.5 h/d. Dates of death were ac-
quired by face-to-face interview with participants’ family
members or the village doctor during the follow-up survey. We
also checked the death information with vital registration data
from the local Centers for Disease Control and Prevention. The
survival time was calculated from the date of the baseline sur-
vey to the date of death.

Covariates and Definitions
Marital status was classified as unmarried, married/cohabi-
tating, and widowed/divorced/separated. Education level was
classified as primary school, secondary school, and college or
above. Monthly per capita income was classified into 3 cat-
egories: < 500, 501-1,000, and > 1,000 yuan. Smoking was
defined as having smoked > 100 cigarettes during the lifetime
and participants were classified as nonsmokers, exsmokers,
and current smokers. Nondrinkers included irregular drinkers
who drank less than once a month. Daily alcohol consumption
(ethanol g/d) was calculated and classified into three catego-
ries according to tertiles. Participants who drank tea at least 3
times a week and for more than 6 months were considered tea
drinkers. According to the consumption of tea every month,
tea drinkers were divided into 100 or fewer and more than 100
g/mo. Given that the physical activity of the rural population in
China is mainly farm work, we evaluated work-related physi-
cal activity and classified it as low, moderate, and high accord-
ing the International Physical Activity Questionnaire.”
According to the obesity standard in China, BMI was cal-
culated as weight in kilograms divided by height in meters
squared, and classified as underweight (< 18.5 kg/m?), nor-
mal weight (18.5-23.9 kg/m?), overweight (24.0-27.9 kg/m?),
and obese (> 28 kg/m?).? Hypertension was defined as sys-
tolic blood pressure > 140 mmHg and/or diastolic blood pres-
sure > 90 mmHg and/or using antihypertensive medication.?
Fasting plasma glucose > 7.0 mmol/L and/or self-reported
current diabetes-related medication were defined as T2DM.*
Dyslipidemia was defined as levels of total cholesterol > 6.22
mmol/L or triglycerides > 2.26 mmol/L or low-density lipo-
protein cholesterol > 4.14 mmol/L or high-density lipoprotein
cholesterol < 1.04 mmol/L.*

Statistical Analysis

The characteristics of participants were compared by sleep-
duration categories. All continuous variables showed a skewed
distribution and the Kruskal-Wallis test was used for analyz-
ing both categorical and continuous variables. Linear trend
was tested by Cochran-Mantel-Haenszel test. Person-years of
follow-up were calculated from baseline to the date of death
or the end of follow-up, and all-cause mortality per 1,000
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Figure 1—Association between baseline sleep duration and all-cause mortality for all participants.

Sleep Duration  No. of Person-years  Mortality HR (95% CI)? HR (95% Cl)b HR (95% CI)°
(hr/day) deaths (/1000 person-years)
<6.5 96 6,648.36 14.44 —— 2.08 (1.53, 2.82) —— 1.42 (1.05, 1.93) [—— 1.37 (1.01, 1.86)
6.5-7.5 73 10,322.24 7.07 4 1.00 (Referent) 4 1.00 (Referent) 4 1.00 (Referent)
7.5-85 244 32,046.47 7.61 -— 1.08 (0.83, 1.41) - 1.04 (0.80, 1.36) - 1.03 (0.79, 1.34)
8.5-9.5 213 22,971.15 9.27 —— 1.34 (1.03, 1.74) T— 1.16 (0.88, 1.51) - 1.11 (0.85, 1.46)
29.5 475 29,153.05 ' 6.29 —e—— 2.37(1.85,3.03) —— 1.48 (1.15, 1.90) —— 1.35(1.05, 1.74)
Total 1101 101,141.30  10.89
[ [ [ | [ I [ [ [
1 2 3 4 1 2 3 4 1 2 3 4

Superscript letters indicate: a = unadjusted model; b = model 1: adjusted for sex, age, marital status, education level, and monthly income; ¢ = model 2:
adjusted for covariates in Model 1 and smoking status, alcohol, tea drinking, physical activity level, body mass index, systolic blood pressure, fasting plasma
glucose, and triglycerides and high-density lipoprotein cholesterol levels. Cl = confidence interval, HR = hazard ratio.

person-years was calculated by using the number of events di-
vided by the total number of person-years.

Cox regression models adjusted for some potential con-
founders were used to estimate the hazard ratio (HR) and 95%
confidence interval (95% CI) for short and long sleep dura-
tion. The adjusted HR was calculated in two models. The first
model adjusted for sociodemographic variables (sex, age, mar-
ital status, education level, and monthly income); the second
model further adjusted for lifestyle variables, usual chronic
diseases, and indicators (smoking status, alcohol, tea drinking,
physical activity level, BMI, systolic blood pressure, fasting
plasma glucose and triglycerides, and high-density lipoprotein
cholesterol levels).

Because both short and long sleep duration were associated
with all-cause mortality, we excluded people with sleep dura-
tion 9.5 h/d or more when analyzing interaction between short
sleep duration and other risk factors. A similar approach was
also applicable to the analysis of long sleep duration and other
risk factors. Crossover analysis was conducted to explore an
interaction between sleep duration and lifestyle risk factors or
health status on all-cause mortality. An HR with 95% CI of
the multiplicative interaction was estimated by Cox regression,
and variables used in the regression model were all continu-
ous or multicategorical. Testing for multiplicative interaction
involved the Wald test. As suggested by the results of previous
studies,?® sleep duration 6.5 to 7.5 hours was the reference to
compare the risk of death in different situations.

Analyses were performed with SAS 9.13 for Windows (SAS
Institute Inc, Cary, North Carolina, United States) and STATA
12.0 (StataCorp, College Station, Texas, United States). A value
of P < .05 (two-sided) was considered statistically significant.

RESULTS

Table 1 shows the baseline characteristics of participants by
sleep duration. Participants with 8.5 to 9.5 and 9.5 or more
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hours of sleep were mainly women and overweight and obese
and had T2DM (P for sex and T2DM <.001, P for BMI =.0497).
The frequency of smokers decreased with increasing sleep du-
ration (P < .001). Participants with 6.5 to 7.5 hours versus other
sleep durations were frequently regular alcohol and tea drink-
ers (both P <.001). As compared with participants with 6.5 to
7.5 hours of sleep, those with shorter duration (< 6.5 hours) and
longer duration (= 9.5 hours) were less educated and more fre-
quently widowed/divorced/separated, older, or had a low level
of work-related physical activity, hypertension, and dyslipid-
emia (P < .001 for education, marital status, physical activity
and hypertension; P = .026 for dyslipidemia).

During 101,141.3 person-years of follow-up, we identified
1,101 deaths (cancer: 267, cardiovascular disease: 478, other
reason: 356). The all-cause mortality was 10.89/1,000 person-
years for all participants, 14.44/1,000 for short-duration sleep-
ers (< 6.5 h/d) and 28.50/1,000 for long-duration sleepers (> 9.5
h/d) (Figure 1). Risk of unadjusted mortality was significantly
increased with < 6.5 hours (HR = 2.08, 95% CI 1.53-2.82),
8.5-9.5 hours (HR = 1.34, 95% CI 1.03—1.74), and > 9.5 hours
(HR =2.37,95% CI 1.85-3.03) as compared with 6.5-7.5 hours.
The risk decreased only slightly with additional adjustment in
the second model (< 6.5 hours: HR = 1.37, 95% CI 1.01-1.86
and > 9.5 hours: HR = 1.35, 95% CI 1.05-1.74).

Table 2 presents the relationship between sleep duration
and mortality stratified by lifestyle risk factors and health sta-
tus. For women, the risk of death was increased with fewer
than 6.5 hours and 9.5 hours or more of sleep (HR = 1.89, 95%
CI 1.13-3.16 and HR = 1.65, 95% CI 1.06-2.57, respectively),
as compared with 6.5-7.5 hours. For nonsmokers, the risk of
death was increased 62% with fewer than 6.5 hours of sleep
and 54% with 9.5 hours or more of sleep. The sleep-mortality
association existed similarly in nonalcohol drinkers and people
without T2DM. The association between sleep duration and
all-cause mortality appeared to be stronger with than with-
out hypertension. With a low level of physical activity, risk of
death was increased 48% with 9.5 hours or more of sleep. Sleep
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Table 1—General characteristics of the study population at baseline by sleep duration among rural Chinese adults.

Sleep Duration (h/d)

Characteristics <6.5 6.5-7.5 7.5-8.5 8.5-9.5 29.5 p?
Men, n (%) 547 (47.98) 814 (47.66) 2,203 (41.26) 1,413 (36.11) 1,811 (35.62) <.001
Age, years® 54 (44-62) 50 (41-57) 49 (40-58) 51 (41-60) 55 (44-64) <.001
Marital status, n (%) <.001

Unmarried 30 (2.63) 53 (3.10) 161 (3.02) 86 (2.20) 97 (1.91)
Married/cohabitating 1,001 (87.81) 1,570 (91.92) 4,881 (91.42) 3,563 (91.06) 4,418 (86.90)
Widowed/divorced/separated 109 (9.56) 85 (4.98) 297 (5.56) 264 (6.75) 569 (11.19)
Education level, n (%) <.001
Primary school 586 (51.40) 686 (40.16) 2,317 (43.40) 1,931 (49.35) 2,972 (58.46)
Secondary school 538 (47.19) 992 (58.08) 2,943 (55.12) 1,937 (49.50) 2,084 (40.99)
College and above 16 (1.40) 30 (1.76) 79 (1.48) 45 (1.15) 28 (0.55)
Monthly income, n (%)° 27
<500 1,068 (94.10) 1,565 (92.11) 4,971 (93.28) 3,651 (93.47) 4,736 (93.39)
501-1,000 56 (4.93) 109 (6.42) 288 (5.40) 205 (5.25) 254 (5.01)
=1,000 11(0.97) 25 (1.47) 70 (1.31) 50 (1.28) 81(1.60)
Smoker, n (%) <.001
Nonsmoker 742 (65.09) 1,115 (65.28) 3,812 (71.40) 2,954 (75.55) 3,906 (76.83)
Exsmoker 64 (5.61) 95 (5.56) 297 (5.57) 235 (6.01) 351 (6.91)
Current smoker 334 (29.30) 498 (29.16) 1225 (22.97) 721 (18.44) 825 (16.23)
Alcohol drinker, n (%) <.001
None 959 (84.12) 1 418 (83.02) 4,706 (88.14) 3,536 (90.37) 4,684 (92.13)
<3¢/ 53 (4.65) 89 (5.12) 218 (4.08) 134 (3.42) 150 (2.95)
3-99/d 56 (4.91) 118(6 91) 200 (3.75) 123 (3.14) 111 (2.18)
>9g/d 72 (6.32) 83 (4.86) 215 (4.03) 120 (3.07) 139 (2.73)
Tea drinker, n (%) <.001
None 906 (79.47) 1,338 (78.34) 4,322 (80.95) 3,223 (82.37) 4,279 (84.17)
<100 g/mo 172 (15.09) 285 (16.69) 775 (14.52) 529 (13.52) 657 (12.92)
>100 g/mo 62 (5.44) 85 (4.98) 242 (4.53) 161 (4.11) 148 (2.91)
Physical activity level, n (%) <.001
Low 411 (36.05) 445 (26.05) 1,386 (25.96) 1,246 (31.84) 2,154 (42.37)
Moderate 224 (19.65) 353 (20.67) 1,209 (22.64) 930 (23.77) 895 (17.60)
High 505 (44.30) 910 (53.28) 2,744 (51.40) 1,737 (44.39) 2,035 (40.03)
BMI, kg/m?2® 2420 (21.43-26.54) 24.22 (21.61-26.52) 24.22 (21.64-26.57) 24.27 (21.64-26.57) 34.42 (21.67-26.80)  .0497
Hypertension, n (%) 397 (34.82) 445 (26.05) 1,491 (27.93) 1,236 (31.59) 1,970 (38.75) <.001
T2DM, n (%) 89 (7.81) 111 (6.51) 382 (7.16) 322 (8.23) 586 (11.53) <.001
Dyslipidemia, n (%) 511 (44.90) 728 (42.75) 2,323 (43.55) 1,708 (43.71) 2,329 (45.89) .026

Superscript letters indicate: a = Kruskal-Wallis test, b = age and BMI were skewed and presented as median (P25-P75), ¢ = monthly per capita income

(Chinese Yuan). BMI =

body mass index, T2DM = type 2 diabetes mellitus.

duration was not related to mortality in overweight and obese
population. However, the underweight population showed re-
duced risk of death with fewer than 6.5 hours of sleep.

We found a significant interaction between sleep duration
and sex in all-cause mortality (Piyeraciion fOr sex < .001); there-
fore, we performed interaction analysis with men and women
separately. Higher all-cause mortality was observed among
people with fewer than 6.5 h/d and with hypertension (women:
HR = 2.28, 95% CI 1.09—4.73; men: HR = 2.83, 95% CI 1.60—
5.02) (Table S1 and Table S2 in the supplemental material).
For women, the risk of all-cause mortality was increased with
fewer than 6.5 hours of sleep duration combined with low level
of physical activity (HR = 3.77, 95% CI 1.75-8.12), overweight
and obesity (HR =2.62, 95% CI 1.10—6.23), T2DM (HR = 2.70,
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95% CI 1.10—6.64), and dyslipidemia (HR = 2.40, 95% CI 1.14—
5.05). Additionally, we found a statistically significant synergis-
tic interaction between fewer than 6.5 hours of sleep duration
and hypertension for men (HR = 1.14, 95% CI 1.07-1.22). Com-
pared with people who reported 6.5-7.5 hours of sleep and
without hypertension, the risk of death among hypertensive
individuals with fewer than 6.5 hours of sleep was 1.83 times
higher (HR = 2.83, 95% CI 1.60-5.02), and 7.4% (0.14/1.89) of
the 183% excess risk could be attributed to the interaction of
short sleep duration and low level of physical activity in men.
A multiplicative interaction was found between long sleep
duration (= 9.5 hours) and low level of physical activity and
T2DM for both men and women. For women, the risk of death
was increased 146% with long sleep duration combined with
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Table 2—Association between sleep duration and all-cause mortality by sex, behavior risk factors, and selected chronic diseases.

Sleep Duration (h/d)
Characteristic <6.5 6.5-7.5 7.5-8.5 8.5-9.5 295 Piend Pinteraction

Sex <.001  <.001
Male 1.12 (0.76-1.56) Referent 0.89 (0.64-1.23)  1.10(0.79-1.53)  1.20 (0.88-1.64)
Female 1.89 (1.13-3.16) Referent 1.32 (0.83-2.09) 1.21(0.76-1.94)  1.65(1.06-2.57)

Smoking <.001 561
Nonsmoker 1.62 (1.08-2.43) Referent 1.19(0.84-1.70)  1.26 (0.88-1.80)  1.54 (1.09-2.15)
Exsmoker 0.61(0.17-2.01) Referent 1.16 (0.48-2.81)  1.05(0.42-2.61)  1.49(0.63-3.50)
Current smoker 1.25(0.74-2.10) Referent 0.78 (0.49-1.23)  0.94 (0.59-1.51)  1.08 (0.70-1.68)

Alcohol consumption <.001 314
None 1.33 (0.95-1.86) Referent 1.05(0.79-1.39)  1.12(0.84-1.50)  1.39 (1.06-1.82)
<3gM 2.02 (0.35-11.66) Referent 2.34 (0.49-11.13) 1.74(0.34-8.83) 2.04 (0.41-10.12)
399/ 1.66 (0.45-6.10) Referent 0.58 (0.17-1.97)  0.53 (0.14-2.02)  0.75(0.21-2.62)
>9g/d 1.89 (0.50-7.24) Referent 0.70 (0.19-2.56)  1.47(0.41-5.25)  0.80 (0.21-3.01)

Physical activity <.001 <.001
Low 1.35(0.88-2.08) Referent 1.05(0.71-1.55)  1.19(0.80-1.76)  1.48 (1.03-2.12)
Moderate 1.39 (0.62-3.13) Referent 1.11(0.57-2.17)  1.06 (0.53-2.09)  1.01 (0.50-2.03)
High 1.46 (0.86-2.47) Referent 0.97 (0.64-1.49)  1.02 (0.65-1.60)  1.23 (0.81-1.87)

BMI 012 335
Underweight 0.11 (0.01-0.94) Referent 0.56 (0.19-1.65)  1.32(0.48-3.63) 1.28 (0.48-3.44)
Normal 1.54 (1.01-2.35) Referent 1.00 (0.68-1.45)  1.06 (0.72-1.56)  1.39(0.97-1.99)
Overweight and obese 1.43 (0.89-2.31) Referent 1.15(0.77-1.70)  1.14(0.76-1.70)  1.30 (0.89-1.90)

Hypertension <.001 <.001
No 1.10 (0.70-1.71) Referent 1.06 (0.74-1.53)  1.06 (0.72-1.54)  1.22(0.85-1.74)
Yes 1.62 (1.05-2.48) Referent 1.02 (0.69-1.49) 1.15(0.78-1.69)  1.48 (1.03-2.12)

T2DM <.001  <.001
No 1.40 (1.01-1.94) Referent 1.03(0.77-1.37)  1.13(0.85-1.51)  1.30(0.99-1.71)
Yes 1.24 (0.51-2.99) Referent 1.09 (0.54-2.22) 1.14(0.56-2.34)  1.70(0.88-3.30)

Dyslipidemia .051 .028
No 1.37 (0.90-2.08) Referent 0.98 (0.68-1.41)  1.17(0.81-1.70)  1.38 (0.98-1.95)
Yes 1.36 (0.87-2.15) Referent 1.06 (0.72-1.55)  1.03(0.70-1.52)  1.28 (0.89-1.85)

Data are presented as HR (95% Cl). HR is adjusted for model 2 (sex, age, marital status, education, monthly income, smoking status, alcohol, tea drinking,
physical activity level, BMI, systolic blood pressure, fasting plasma glucose, and triglycerides and high-density lipoprotein cholesterol levels, except for the
respective stratification variable). BMI = body mass index, Cl = confidence interval, HR = hazard ratio, T2DM = type 2 diabetes mellitus.

low level of physical activity (HR = 2.46, 95% CI 1.30—4.66),
and 2.1% (0.03/1.46) of the increased risk was caused by the
interaction (HR = 1.03, 95% CI 1.02-1.05). With long sleep
duration combined with T2DM, the risk of death was increased
2.1-fold (women: HR = 3.10, 95% CI 1.84-5.22), and 3.3% of
the excess risk was due to the interaction between long sleep
duration and T2DM (HR = 1.07, 95% CI 1.05-1.10) (Table 3).
Similarly, the coexistence of long sleep duration and low level
of physical activity was associated with 97% increased risk of
death for men (HR = 1.97, 95% CI 1.27-3.05), and its multi-
plicative interaction was also significantly associated with
3.1% increased risk of all-cause mortality (HR = 1.03, 95% CI
1.02-1.04). The combination of long sleep duration and T2DM
increased the risk of death 144% for men (HR = 2.44, 95%
CI 1.57-3.81), and 4.9% (0.07/1.44) of the increased risk was
attributed to the interaction (HR = 1.07, 95% CI 1.04—-1.11).
Additionally, with long duration of sleep in hypertensive men
(> 9.5 hours), the risk of death was increased 119% (HR =2.19,
95% CI 1.39-3.44), and the interaction accounted for 5.0% of
the excess risk (HR = 1.06, 95% CI 1.04-1.09) (Table 4).

Journal of Clinical Sleep Medicine, Vol. 14, No. 5

DISCUSSION

In this study, we found increased all-cause mortality with both
short (< 6.5 hours) and long (> 9.5 hours) sleep duration as com-
pared with 6.5-7.5 h/d, even in participants with healthy lifestyles
(not smoking or alcohol drinking), without obesity and T2DM.
Moreover, the results of multiplicative interaction analysis sug-
gested a statistically significant synergistic interaction between
long sleep duration and low level of exercise and T2DM in rela-
tion to all-cause mortality. Specifically, the synergistic interaction
was between long sleep duration and hypertension for men and
short sleep duration and low level of physical activity for women.

After adjusting for potential confounders, both short and
long sleep duration were related to all-cause mortality for all
participants and more pronounced for women. Another Chi-
nese study'? including 113,138 participants found an associa-
tion for men (HR = 1.06, 95% CI1 0.90—1.25 and HR = 1.55, 95%
CI 1.29-1.86 for 4 to 5 hours and > 10 hours, respectively), with
a greater association for women (HR = 1.15, 95% CI 1.01-1.32
and HR =2.11, 95% CI 1.77-2.52, respectively). The prevalence
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Table 3—Cox regression analysis of the multiplicative interaction between long sleep duration and lifestyle factors or health

status in women.

HR (95% CI)* Interaction
Characteristics 6.5-7.5 h/d 29.5h/d HR (95% Cl) P
Low-level physical activity 1.03 (1.02-1.05) <.001
No Referent 1.41(0.73-2.70)
Yes 1.42 (0.61-3.32) 2.46 (1.30-4.66)
Overweight and obesity 1.00 (0.99-1.00) 230
No Referent 2.27 (1.05-4.91)
Yes 1.53 (0.62-3.77) 1.93 (0.89-4.18)
Hypertension 1.04 (1.01-1.06) .007
No Referent 1.16 (0.64-2.11)
Yes 0.76 (0.32-1.80) 1.66 (0.91-3.01)
T2DM 1.07 (1.05-1.10) <.001
No Referent 1.44 (0.90-2.31)
Yes 0.97 (0.23-4.17) 3.10 (1.84-5.22)
Dyslipidemia 1.01(0.98-1.03) .58
No Referent 1.63 (0.89-2.97)
Yes 1.01 (0.47-2.56) 1.65 (0.90-3.04)

* = HR is adjusted for model 2 (age, marital status, education, monthly income, smoking status, alcohol, tea drinking, physical activity level, BMI, systolic
blood pressure, fasting plasma glucose, and triglycerides and high-density lipoprotein cholesterol levels, except for the respective stratification variable).

BMI = body mass index, Cl = confidence interval, HR = hazard ratio, T2DM = type 2 diabetes mellitus.

Table 4—Cox regression analysis of the multiplicative interaction between long sleep duration and lifestyle factors or health

status in men.

HR (95% CI)* Interaction
Characteristics 6.5-7.5 (h/d) 2 9.5 (h/d) HR (95% Cl) P
Smoking 1.00 (0.98-1.01) 613
No Referent 1.23 (0.72-2.09)
Yes 1.02 (0.56-1.87) 1.12 (0.66-1.88)
Alcohol drinking 0.99 (0.97-1.01) .339
No Referent 1.17 (0.82-1.66)
Yes 0.94 (0.48-1.84) 0.87 (0.50-1.50)
Low-level physical activity 1.03 (1.02-1.04) <.001
No Referent 1.05 (0.68-1.62)
Yes 1.65 (0.92-2.93) 1.97 (1.27-3.05)
Overweight and obesity 1.00 (0.99-1.00) .16
No Referent 1.12 (0.76-1.64)
Yes 0.63 (0.35-1.15) 0.73 (0.48-1.13)
Hypertension 1.06 (1.04-1.09) <.001
No Referent 1.21(0.78-1.90)
Yes 2.06 (1.17-3.63) 2.19 (1.39-3.44)
T2DM 1.07 (1.04-1.11) <.001
No Referent 1.16 (0.83-1.64)
Yes 2.19(1.02-4.72) 244 (1.57-3.81)
Dyslipidemia 1.02 (0.99-1.04) 094
No Referent 1.18 (0.77-1.82)
Yes 1.35(0.77-2.37) 1.38 (0.90-2.13)

Downloaded from jcsm.aasm.org by 49.145.234.186 on March 23, 2022. For personal use only. No other uses without permission.

Copyright 2022 American Academy of Sleep Medicine. All rights reserved.

* = HR is adjusted for model 2 (age, marital status, education, monthly income, smoking status, alcohol, tea drinking, physical activity level, BMI, systolic
blood pressure, fasting plasma glucose, and triglycerides and high-density lipoprotein cholesterol levels, except for the respective stratification variable,
except for the respective stratification variable). BMI = body mass index, Cl = confidence interval, HR = hazard ratio, T2DM = type 2 diabetes mellitus.

of sleep problems in women was higher than in men and the
rates increased with age.”” Thus, the all-cause mortality can
greatly differ in men and women.?®

Low level of physical activity contributed to the all-cause
mortality in our study, and our results were consistent with a
Belgian physical fitness study finding low level of occupational
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physical activity related to all-cause mortality (HR =2.07, 95%
CI 1.03-4.19).” The results may be compatible with activity
settings and physical fitness. In the stratification of smoker,
alcohol drinker, T2DM, and obesity, the U-shaped associa-
tion between sleep duration and all-cause mortality was not
statistically significant. This may be caused by the stronger as-
sociation between smoking,* alcohol drinking,*’ T2DM and
obesity,*” and all-cause mortality. In the underweight popula-
tion, sleeping fewer than 6.5 hours could reduce the risk of
death and this situation may result from nutrition status, poten-
tial increasing physical activity, or the smaller sample size with
underweight stratification

A meta-regression of 40 prospective cohort studies also con-
firmed that as compared with 7 hours of sleep, both shortened
and prolonged sleep durations were associated with increased
risk of all-cause mortality.** However, there is still a hot debate
on whether sleep duration is truly associated with all-cause
mortality. Hall et al” enrolled 3,075 participants and found
that the sleep—mortality association was mainly explained
by lifestyle factors and health status. Kurina et al.** summa-
rized that men, the elderly, and individuals with increased TC/
HDL-C, recent treatment for cancer, or heart attack tended to
report longer sleep duration; individuals with obesity, diabe-
tes, hypertension, or poor general health tended to report short
sleep duration; black race, unmarried individuals, those with
low socioeconomic status, and working long hours were fac-
tors more likely to affect both long and short sleep duration. In
the current work, however, we found sleep-related mortality
in individuals with healthy lifestyles (no smoking and alcohol
drinking) or with favorable health status (without T2DM and
obesity), which indicated that the sleep—mortality relationship
was not entirely driven by poor health and sleep duration could
be a predictor of all-cause mortality.

Currently, few studies have focused on the interaction be-
tween sleep duration and other factors when researching sleep
and all-cause mortality. Xiao et al."" explored the change in to-
tal mortality when short sleep duration coexisted with physi-
cal activity, sedentary behavior, and BMI and they found short
sleep duration interacted with BMI. In our study, we found that
short sleep duration interacted only with hypertension in men.
Additionally, the multiplicative interaction of long sleep dura-
tion with low level of physical activity and T2DM increased
mortality risk both in men and women. Extreme sleep dura-
tion was associated with low level of physical activity, hyper-
tension, and T2DM. In terms of physical activity, low level of
physical activity contributed to reduced quality and duration
of sleep and affected sleep onset latency and bedtime.*> An in-
tervention of exercise suggested that a lack of physical activity
could increase napping and that regular exercise could be a
useful method to improve sleep.’*¥” Excessive sleep can lead
to an increase in proinflammatory cytokine levels, considered
to cause pancreatic beta-cell dysfunction. Lifestyle interven-
tions (fiber intake and physical activity) for long sleepers were
effective in lowering diabetes risk.*® In terms of hypertension,
short sleep duration could result in overactivity of the renin-
angiotensin-aldosterone system, proinflammatory responses,
endothelial dysfunction, and alter the circadian rhythm, fac-
tors considered to contribute to the risk of hypertension. The
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mechanisms between long duration of sleep and hypertension
are not clear. Some studies suggested that long sleep duration
was related to high TC or HDL-C level or often accompanied
by less physical activity and inactivity, related to increased risk
of hypertension.** In contrast, in individuals with T2DM, hy-
pertension, or low level of physical activity, sleep disorders or
excessive or insufficient sleep are more likely to develop.*-+
These factors could contribute to the vicious cycle of too short
or long sleep duration and adverse health status.

Various mechanisms of the relation of sleep duration and
all-cause mortality have been proposed, but they remain un-
clear. Sleep duration is influenced by socioeconomic status,
lifestyle risk factors, stress, and age.* Mortality caused by
long sleep duration could result from sleep fragmentation and
sympathetic nervous system activation,'>**** which are consid-
ered to influence the physiological reduction of the photope-
riod*¢ and then change the physical condition and physiological
cycle. Short sleep duration is linked to the length of leukocyte
telomeres in men, which may help to explain the mechanisms
between short sleep and poor health outcomes in older men.*’
The biologic mechanism proposed for sleep-related mortal-
ity could be summarized as extreme sleep duration causing a
change in endocrine, immune, and metabolic systems. In de-
tail, excessive sleep is associated with higher levels of evening
cortisol, oxygen-free copper-guanosine triphosphate, calcium,
uric acid, creatinine, and glucose and reduced levels of alka-
line phosphatase, cholinesterase, lactate dehydrogenase, and
leptin secretion.*** People who lack sleep often have higher
levels of lactate dehydrogenase, calcium, and total cholesterol,
and lower alkaline phosphatase level.** Thus, sleep duration
could affect homeostasis and further contribute to death. The
sleep—mortality association may be explained by a chronic in-
flammation process. Sleep duration is associated with elevated
levels of C-reactive protein and cytokines (such as interleu-
kin-6 and tumor necrosis factor-a),>°-> which are considered
related to increased risk of death. Additionally, Kronholm et
al.? hypothesized that extreme sleep duration and risk of death
depended on genetic predisposition, and its expression might
be modulated by lifestyle factors and health status.

Sleep duration is largely influenced by environmental factors
and can be modified by public health measures such as education
and counseling.’* Considering our findings, risk of mortality at-
tributable to short or long sleep may increase with the prevalence
of extreme sleep duration, especially in individuals with a low
level of exercise, hypertension, and T2DM. In terms of public
health implications, too-short or too-long sleep duration could be
used as a diagnostic tool to detect subclinical or undiagnosed co-
morbidity or could identify a group at increased risk for all-cause
mortality.** In addition to promoting health education to raise
people’s awareness of reasonable sleep, public health surveil-
lance, especially of a high-risk population, should be strength-
ened and appropriate interventions should be implemented.

Our study has several strengths. It is a longitudinal study
based on a rural population of China, and participants were
recruited from a large general population, which allows for
reasonable generalization of our results. Total sleep duration
rather than nighttime sleep duration was investigated, which
is a useful way to evaluate sleep,” because people often also
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sleep in the daytime. The stratification analysis can help to un-
derstand the role of lifestyle and health status in the sleep-mor-
tality association. Moreover, the multiplicative model showed
an interaction between extreme sleep duration and other fac-
tors, and the risk was greater than that with the factors alone.

Despite the strengths of the study, there are several limi-
tations. First, because sleep duration was self-reported and
assessed by few questions, sleep duration may have been es-
timated inaccurately. A single measure of exposure could not
capture the sustained long-term effects on mortality. Dynamic
changes in sleep duration over time may be a better measure
of exposure.*® Second, we did not collect data on depression or
other affective disease, sleep quality, sleep apnea, or obstruc-
tive sleep apnea, which could affect the health of long-duration
sleepers. Sleep quality is expected to be interacted with sleep
duration to increase the risk of hypertension, diabetes or other
health outcomes.’™® Moreover, sleep quality is considered as
an important risk factor for all-cause mortality.” Thus, further
studies with dynamic changes in sleep duration or involving
sleep quality are still needed to explore the risk of mortality.

In conclusion, we observed a U-shaped association of sleep
duration and all-cause mortality in rural Chinese adults that
suggests recommending sleep duration of 7 hours. Further-
more, risk of all-cause mortality may be increased with too-
long or too-short sleep duration combined with a low level of
exercise, hypertension, and T2DM.

ABBREVIATIONS

BMI, body mass index

CI, confidence interval

HR, hazard ratio

T2DM, type 2 diabetes mellitus
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