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Background: Inadequate sleep duration and insomnia can affect both physical and mental health. There
is limited evidence, however, on characteristics and correlates of sleep patterns and insomnia in urban
and rural China.
Methods: This cross-sectional study, involving 512,891 adults aged 30—79 years from ten (five urban and
five rural) diverse areas in China, recorded detailed information, using interviewer-administered laptop-
based questionnaires, on sleep patterns (duration, daytime napping and snoring) and insomnia symp-
toms. Logistic regression was used to examine the associations of sleep patterns and insomnia symptoms
with a range of socio-economic, lifestyle, behaviour and health-related factors.
Results: Overall, the mean (SD) sleep duration was 7.38 (1.37) h, with 23% reporting short (<6 h) and 16%
reporting long (>9 h) sleep duration, 21% taking daytime naps and 22% having frequent snoring. Overall,
17% reported having insomnia symptoms, with a higher proportion in women than in men (19% vs 13%),
in rural than in urban residents (19% vs 15%), and in individuals who were living alone (23%). The
adjusted odds ratios (ORs) of having insomnia symptoms were significantly higher among people with
major depressive episodes (6.10, 95% CI: 5.69—6.55), generalised anxiety disorders (7.46, 6.65—8.37) and
any chronic diseases (1.46; 1.44—1.49). In contrast, the ORs of insomnia symptoms were significantly
lower among those reporting napping (0.77, 0.75—0.78) and frequent snoring (0.86, 0.84—0.87).
Conclusions: Among Chinese adults, sleep patterns varied greatly by socio-economic, lifestyle and
health-related factors. The risk of insomnia symptoms was associated with both poor mental and
physical health status.

© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

systematic reviews of prospective studies conducted mainly in
Western populations have demonstrated that individuals who re-

Insomnia is a common problem in middle-aged and older peo- ported either short sleep (ie <6 h) or long sleep duration (ie >9 h)
ple and has been associated with poor health status. Recent had a higher prevalence of cardiovascular risk factors (hyperten-
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sion, diabetes and obesity) and higher risks of both cardiovascular
disease and all-cause mortality [1,2]. However, relatively little is
known about the correlates of sleep duration or sleep disturbances
or about the characteristics and determinants of sleep duration and
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insomnia in low- and middle-income countries such as China.
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In recent decades in China, there has been a rapid economic
transition accompanied by major changes in lifestyle, including
changes in sleep duration and sleep habits. The increased use of
night-time TV, internet, mobile phones and social media has
resulted in reduced sleep duration and increased prevalence of
insomnia. Such changes varied substantially by demographic, socio-
economic, lifestyle and health factors. Previous studies of the cor-
relates and health consequences of sleep patterns and insomnia in
China have been constrained by small sample size [3], collection of
only limited data on other lifestyle, behavioural and health-related
correlates, and restriction to local occupational or urban cohorts
[4]. We report on findings from a nationwide study of 0.5 million
Chinese adults in the China Kadoorie Biobank (CKB). The aims of the
present study were to examine the following: the patterns of sleep
duration, napping, snoring and prevalence of insomnia symptoms,
overall and in certain population subgroups (eg by age, gender and
region); the socio-economic and lifestyle correlates of sleep dura-
tion (short and long) and insomnia symptoms and the association of
sleep duration and insomnia symptoms with physical and mental
disorders (eg depression and anxiety).

2. Methods
2.1. Study participants

Details of the design and methods of the CKB study have been
described elsewhere [5,6]. Briefly, 512,891 women and men, aged
30—79years (mean 52 years), were recruited between 2004 and 2008
from 1175 local communities across ten (five rural and five urban)
geographically defined areas in China. The regions were selected ac-
cording to local disease patterns, exposure to certain risk factors,
population stability, qualities of local death and disease registries,
local commitment and capacity. In each chosen area, permanent
residents aged 30—79 years old were identified through local resi-
dential records and invited to participate in the study by letter and
information leaflet. Overall, approximately 30% (33% rural, 27% urban
areas) of potentially eligible residents participated in the study. Non-
participants were mainly those who were absent from home or
reluctant to spend time to visit the local assessment centre according
to anecdotal reports by field staff. Periodic resurveys of ~5% of
randomly selected surviving participants were conducted using
identical approaches. Ethics approval was obtained from all relevant
local, national and international authorities prior to commencement
of the study. All participants provided written informed consent.

The baseline survey and subsequent re-surveys were conducted
at local assessment centres set up specifically for the study. Trained
health workers administered laptop-based questionnaire on de-
mographic and socio-economic status, prior medical history, health
status, smoking, alcohol consumption, diet, physical activity and
other aspects of lifestyle (http://www.ckbiobank.org). The ques-
tionnaire had built-in checks to identify and minimise missing items,
data entry errors and inconsistencies. Physical measurements
including height, weight, waist and hip circumference, heart rate and
blood pressure were also recorded. A 10-ml non-fasting blood
sample (with time since last meal recorded) was collected for long-
term storage. Standard operational procedures, training manuals and
onsite training were provided to the local study team in each of ten
areas. All devices were regularly maintained and calibrated to ensure
consistency of the measurements across the ten areas and over time.

2.2. Assessment of insomnia symptoms, napping, snoring and sleep
duration

Participants were first asked whether they had any of the
following four symptoms in at least three days or more in a week

during the last month: (i) taking >30 min to fall asleep after going
to bed or waking up in the middle of the night, (ii) waking up early
and not being able to go back to sleep, (iii) needing to take medicine
(including herbal or sleeping pills) at least once a week to help
sleep and (iv) having difficulty staying alert while at work, eating or
meeting people during daytime. Participants who answered ‘Yes’ to
any of the above i, ii and iii symptoms were classified as having
insomnia symptoms (Section 10.3 Baseline questionnaire: http://
www.ckbiobank.org/site/binaries/content/assets/resources/pdf/
gs_baseline-final-from10june2004.pdf).

Subsequently, participants were asked the following multiple
choice questions: Do you usually take a daytime nap? (‘Yes, usu-
ally’; ‘Yes, but only in summer’ and ‘No’); Do you snore during
sleep? (‘Yes, Frequently’; ‘Yes, Sometimes’ or ‘No/Don't know’).
Finally, participants were asked ‘How many hours do you typically
sleep per day including naps?’

2.3. Assessment of physical and mental health

Participants were asked if they had ever been diagnosed by a
doctor as having any major diseases, including ischaemic heart
disease, stroke/TIA, emphysema/chronic bronchitis, diabetes mel-
litus and cancer (Section 7 Baseline questionnaire: http://www.
ckbiobank.org).

Participants were assessed using the CIDI-SF (A) questionnaire
for major depressive episode (MDE) and CIDI-SF (B) for generalised
anxiety disorder (GAD) [7]. Those who met the CIDI-SF criteria (A)
were classified as having had a MDE, and those who met CIDI-SF (B)
[7] were classified as having GAD. Questions on ten major stressful
life events related to death of spouse, family conflict, financial dif-
ficulty, violence, etc. were also included, along with level of life
satisfaction and level of self-rated health status (http://www.
ckbiobank.org/site/binaries/content/assets/resources/pdf/qs_
baseline-final-from10june2004.pdf).

2.4. Statistical methods

The adjusted mean sleep duration (in hours) and proportions of
individuals reporting insomnia symptoms, napping and frequent
snoring were calculated by direct standardisation to the age (in ten
year groups), gender and study area (ten groups) structure of the
CKB cohort. Logistic regression was used to estimate adjusted odds
ratios (OR) of short (<6 h) and long (>9 h) sleep duration (reference
group: 7—8 h) and OR of insomnia symptoms by selected baseline
characteristics adjusted for age, gender, region, body mass index
(BMI) (five groups: <18.5, 18.5—24.99, 25—-29.99, 30—34.99 and
>35 kg/m?), systolic blood pressure (SBP mmHg) (<110, 110—129,
130—139, >140), smoking (three groups: never regular, former
regular and current regular smoker), alcohol (four groups: never
regular, former regular, occasional and weekly drinkers) and meta-
bolic equivalent of task (MET) (four groups: <10, 10—19.99,
20—29.99 and >30 MET-h per day). For variables with three or more
groups, ‘floating’ standard errors [8] were used to facilitate com-
parisons between any two groups. These analyses were repeated
after excluding individuals with prior disease (any of ten diseases
reported at study entry) and MDE or GAD as sensitivity analyses. All
analyses were conducted in R version 3.3.1 (R Core Team, 2016).

3. Results

The overall mean (SD) sleep duration was 7.38 (1.37) h and was
higher (7.46 h) among those without prior diseases, MDE or GAD
(Table 1 and Web Table 1). The duration of sleep decreased with
age, whereas the converse was true for the proportion of in-
dividuals reporting insomnia symptoms (Fig. 1). Compared with
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Table 1
Mean sleep duration and proportion of individuals reporting insomnia symptoms according to selected characteristics of participants.
N Mean sleep duration Insomnia symptoms Daytime naps Frequent snoring Short sleep (<6 h) Long sleep (>9 h)
(h) (%) (%) (%) (%) (%)
All 512,891 7.38 16.8 20.9 22.0 23.1 15.9
Age (year)
30-39 77,804 7.73 10.8 18.2 13.6 129 19.6
40-49 152,748 7.5 13.8 19.4 19.9 19.0 16.1
50-59 157,556 7.29 18.5 204 26.4 253 14.4
60-69 91,773 7.14 21.7 24.2 26.0 30.8 14.6
70-79 33,010 6.98 24.8 26.5 21.8 37.2 15.0
Gender
Men 210,259 7.43 13.5 249 289 21.7 15.6
Women 302,632 7.35 19.2 18.0 17.5 24.2 16.0
Region
Rural 286,705 7.51 18.7 8.5 204 21.2 203
Urban 226,186 7.21 14.6 36.4 241 25.6 103
Highest education
No formal school/Primary school 260,437 7.37 179 18.8 22.5 24.7 171
Middle school/High school 222,440 7.4 15.8 229 22.0 22.0 154
Technical school/College/ 30,014 7.42 14.0 40.5 218 16.7 124
University
Annual household income (yuan)
<10,000 144,832 7.37 20.1 18.1 21.1 25.5 18.4
10,000—19,999 149,013 7.41 16.9 20.0 222 23.0 171
20,000—34,999 126,721 7.39 15.9 235 22.6 225 15.1
>35,000 92,325 7.4 15.5 26.8 23.8 214 14.9
Marital status
Married 464,608 7.4 16.4 21.1 223 22.6 16.0
Widowed 36,572 7.14 23.7 18.9 19.9 30.7 13.5
Separated/divorced 7945 7.2 204 20.6 20.8 28.4 15.1
Never married 3766 6.92 17.6 18.2 14.1 25.2 15.9
Living alone
No 498,335 7.39 16.6 20.9 221 229 16.0
Yes 14,556 6.92 234 19.8 17.7 31.7 139
Occupation
Manual worker 286,402 7.31 16.5 16.3 21.6 22.6 15.0
Not in employment 138,460 743 179 24.9 24.2 23.6 184
Office worker 66,173 7.36 14.9 25.7 239 214 13.5
Other or not stated 8267 7.19 17.2 20.1 24.5 231 193
Unemployed 13,589 7.13 21.1 22.6 21.8 25.2 16.5
Smoking status
Never regular smoker 346,773 7.38 16.9 21.1 21.0 23.1 15.7
Ex-regular smoker 30,563 7.09 21.0 237 28.6 335 15.1
Regular smoker 135,555 7.36 20.1 20.7 26.4 24.6 175
Alcohol
Never regular drinker 235,199 741 169 20.8 21.1 23.0 17.0
Ex-regular drinker 9256 6.95 232 23.8 23.2 275 16.0
Occasional drinker 192,284 7.38 16.8 21.1 222 228 15.8
Weekly drinker 76,152 7.37 183 25.0 24.0 23.7 15.8
Physical activity (MET"-h/day)
<10 121,598 7.44 18.0 223 235 24.0 19.6
10-29 262,808 7.39 16.5 216 22.1 225 15.7
>30 128,485 7.28 16.5 17.6 21.7 24.5 134
BMI” (kg/m")
<185 22,373 7.23 224 18.6 10.9 27.8 14.8
18.5-24.99 321,586 7.37 17.4 203 17.2 234 15.7
25-29.99 147,965 7.43 15.0 224 31.1 22.0 16.6
>30 20,965 7.44 13.6 234 484 223 17.5
Waist Circumference (mm)
200—699 71,879 7.30 203 18.2 12.5 25.5 15.3
700—799 187,350 7.36 17.5 19.5 16.1 23.7 15.7
800—899 167,260 7.40 15.7 215 24.6 225 15.9
900—1499 86,402 7.43 14.5 233 38.0 221 16.9
SBP° (mmHg)
<110 70,853 7.34 17.9 19.8 16.6 239 15.0
(110,120) 92,407 7.36 17.0 20.3 18.7 235 154
(120,130) 113,683 7.37 16.7 20.5 21.0 233 15.5
(130,140) 87,936 7.39 16.5 21.2 235 22.8 16.1
>140 148,012 741 16.6 215 27.7 22.7 16.8

Adjusted for age, region and sex (where appropriate).
2 MET: Metabolic Equivalent Task.
b BMI: Body Mass Index.
€ Systolic Blood Pressure.
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Fig. 1. Mean sleep duration and proportion of insomnia symptoms by age, gender and region. Solid squares represent men or rural residents; open squares represent women or

urban residents.

men, women had slightly shorter sleep duration (7.35 vs 7.43 h;
Table 1) and a higher proportion of insomnia symptoms, especially
after age 50 years. Participants living in urban areas had shorter
sleep duration (7.21 vs 7.51 h; Table 1), but a lower proportion re-
ported insomnia symptoms across all age groups (Fig. 1). The pat-
terns were unaltered after excluding individuals with prior
diseases, MDE or GAD (Web Table 1). The proportion of individuals
reporting daytime napping was higher in men than in women, in
urban than in rural areas (36.4% vs 8.5%) and increased with age
(Table 1). However, the proportion reporting only seasonal napping
(ie napping only in the summer) was much higher in rural than in
urban areas (58.3% vs 16.3%; data not shown). The proportion
reporting frequent snoring was higher in men, in urban residents
and those with annual household income more than 30,000 RMB
(Table 1).

3.1. Patterns and correlates of sleep duration, daytime napping and
snoring

Overall, about 23% reported short sleep duration (ie <6 h), and
16% reported long sleep duration (ie >9 h; Table 1). Exclusion of
people with prior diseases and 12-month MDE or GAD significantly
decreased the proportion of individuals with short but not long
sleep duration (Web Table 1). Among people without prior diseases
and MDE or GAD, the proportion of individuals reporting short

sleep duration was more common at age >70 years, in women, in
those with low socio-economic status (including no formal edu-
cation, annual household income <10,000 RMB and unemployed)
and in those with high physical activity (MET >30 h per day) (Web
Table 1). The proportion reporting short sleep duration in partici-
pants without prior diseases was higher in those who were wid-
owed (28%), living alone (30%), not employed (21%) and ex-regular
smokers (28%) (Web Table 1). The proportion of individuals
reporting long sleep duration in participants without prior diseases
was higher in those with higher BMI (>30 kg/m?) or higher SBP
(>140 mmHg). Although low BMI was associated with short sleep
duration (Table 1), the association became U-shaped after
excluding prior diseases including 12-month MDE and GAD (Web
Table 1).

The results for short and long sleep duration after excluding
individuals with any insomnia symptoms are shown in Fig. 2A and
B, respectively. Compared to people with an average sleep duration
of 7—8 h, those reporting short sleep duration (<6 h) were more
likely to have poor life satisfaction (adjusted OR 1.55; 1.48—1.61);
two stressful life events (1.39; 1.24—1.57); poor self-rated health
status (1.36; 1.32—1.40); 12-month MDE (1.59; 1.39-1.82); 12-
month GAD (1.61; 1.28-—2.03); and certain major physical ill-
nesses such as emphysema/bronchitis (1.13; 1.07—1.19), coronary
heart disease (1.05; 1.00—1.10) and cancer (1.09; 0.96—1.22)
(Fig. 2A). Compared to short sleep duration, those reporting long



A

Life satisfaction

Very satisfied / Satisfied 242387 43050 199337 1.00 (0.99

Neither satisfied nor dissatisfied 94989 18593 76396 1.16 (1.14,

Unsatisfied / Very unsatisfied 12909 3202 9707 [ ] 1.55 (1.48,

Stressful life events

0 324405 59144 265261 1.00 (0.99, 1.

1 24234 5315 18919 1.22 (1.18,

2 1565 369 1196 —— 1.39(1.24,1.

3+ 81 17 64 — 1.34(0.78, 2.

Self-rated health status

Excellent 68378 11975 56403 1.00 (0.98, 1.

Good 101703 15990 85713 0.90 (0.89, 0.

Fair 152625 29979 122646 1.09 (1.07,

Poor 27579 6901 20678 | 1.36 (1.32, 1.

Major depressive episode (MDE)

No 349094 64548 284546 1.00 (1.00, 1.

Yes 1191 297 894 — 1.59 (1.39, 1.

Generalized anxiety disorder (GAD)

No 349885 64743 285142 1.00 (1.00, 1.

Yes 400 102 298 —_— 1.61(1.28, 2.

Any prior disease

No 249516 43148 206368 1.00 (1.00

Yes 100769 21697 79072 1.05 (1.03

Coronary heart disease

No 340615 62288 278327 1.00 (1.00

Yes 9670 2557 7113 1.05 (1.00

Stroke or TIA

No 344859 63527 281332 1.00 (1.00

Yes 5426 1318 4108 - 0.94 (0.88,

Emphysemalbronchitis

No 342313 62955 279358 1.00 (1.00

Yes 7972 1890 6082 - 1.13 (1.07

Cancer

No 348706 64468 284238 1.00 (1.00,

Yes 1579 377 1202 T 1.09 (0.96

Diabetes

No 330187 60149 270038 1.00 (1.00

Yes 20098 4696 15402 = 1.07 (1.03
075 1 7 3 4

N N short sleep N normal sleep

Y. Chen et al. / Sleep Medicine 44 (2018) 67—75

Sleep <= 6 hours vs 7-8 hours

OR (95% CI)

0Odds ratio (95% CI)

,1.01)
,1.18)
,1.61

,1.07)

,1.00)
,1.10)

,1.00
,1.01)

,1.00
,1.19)

,1.00
,1.22)

,1.00)
,1.10)

B

N N long sleep N normal sleep

255069
94743
12213

336032
24290
1612
91

69891
109395
154025

28714

360801
1224

361625
400

261773
100252

353178
8847

356286
5739

354180
7845

360410
1615

342426
19599

55732
18347
2506

70771
5371
416
27

13488
23682
31379

8036

76255
330

76483
102

55405
21180

74851
1734

74954
1631

74822
1763

76172
413

72388
4197

Sleep >=9 hours vs 7-8 hours

71

OR (95% CI)

199337 1.00 (0.99
76396 0.95 (0.94
9707 = 1.10 (1.05
265261 1.00 (0.99
18919 1.10 (1.07
1196 — 1.29 (1.15
64 1.51(0.95
56403 1.00 (0.98
85713 1.01 (1.00,
122646 0.97 (0.96
20678 | 1.34 (1.30
284546 1.00 (1.00
894 - 1.25 (1.10,
285142 1.00 (1.00
298 —f—— 1.08 (0.86
206368 1.00 (1.00,
79072 |l 1.06 (1.04
278327 1.00 (1.00
7113 - 1.02 (0.97
281332 1.00 (1.00
4108 - 1.45 (137
279358 1.00 (1.00
6082 - 1.1 (1.05
284238 1.00 (1.00
1202 — 1.17 (1.05
270038 1.00 (1.00
15402 = 1.11(1.07
075 1 2 3 4

0Odds ratio (95% CI)

,1.01)
,0.97)
,1.15)

,1.01)
,1.14)
, 1.44)
,2.39)

,1.02)
,1.03)
,0.98)
,1.37)

,1.00)
,1.42)

,1.00)
,1.36)

,1.00)
,1.08)

,1.00)
,1.08)

, 1.00)
,1.54)

,1.00)
,1.18)

,1.00)
,1.32)

,1.00)
,1.16)

Fig. 2. Adjusted ORs for (A) short sleep duration and (B) long sleep duration by mental health conditions and physical illness, excluding individuals with insomnia
symptoms. Each solid square represents an odds ratio (OR), and the size of the squares is inversely proportional to the variance of the log OR in that group after considering the
variance of the log risk in the reference group where appropriate. The horizontal lines represent the 95% CI. All ORs were stratified by age, gender and region and adjusted for BMI,
smoking, alcohol, MET-h/day and systolic blood pressure (SBP). Prior disease was defined as having been diagnosed by a doctor with at least one of the following diseases: diabetes,
coronary heart disease, stroke or TIA, hypertension, rheumatic heart disease, tuberculosis, emphysema/bronchitis, asthma, cirrhosis/hepatitis, peptic ulcer, gallbladder disease,

kidney disease, rheumatoid arthritis, head injury and cancer.

sleep duration (>9 h) were also more likely to have poor life
satisfaction (OR 1.10; 1.05—1.15), two stressful life events (1.29;
1.15—1.44), poor self-rated health status (1.34; 1.30—1.37), 12-
month MDE (1.25; 1.10—1.42), 12-month GAD (1.08; 0.86—1.36)
and emphysema/bronchitis (1.11; 1.05—1.18). Compared to short
sleep duration, individuals reporting long sleep duration were
associated with higher risks of stroke (OR 1.45; 1.37—1.54), cancer
(1.17; 1.05—1.32) and diabetes (1.11; 1.07—1.16) (Fig. 2B).

Overall, one-fifth of participants reported daytime napping,
with a higher proportion in individuals with higher socio-economic
status (eg university education, household income >35,000 RMB
and office worker), married, not living alone, non-smokers and
regular drinkers. Moreover, daytime napping was also associated
with higher levels of BMI and lower levels of physical activity
(Table 1). In the study, almost a quarter of the participants reported
frequent snoring, and it was associated with various socio-
economic and lifestyle factors similar to those associated with
daytime napping. Individuals reporting daytime napping or
frequent snoring were less likely to report insomnia symptoms.

sleep and 64% waking up early. About 7% of individuals with
insomnia symptoms used medication, and 14% participants had
difficulty staying alert during daytime (Table 2). Among those that
answered insomnia questions, 58% had one insomnia symptom,
31% had two insomnia symptoms, and very few had three or more
insomnia symptoms (Table 2).

Individuals reporting insomnia symptoms were more likely to
have lower socio-economic status, with a particularly high rate
among those with poor education, lower household income, wid-
owed, living alone, unemployed, ex-regular smokers or ex-regular
drinkers (Table 1). Additionally, in all individuals, after adjusting
for age, sex, region, smoking, alcohol, MET, snoring, SBP and BMI,

Table 2

Proportion of responses to each question among participants with insomnia
symptoms. A: > 30 min to fall asleep or waking up in the middle of the night; B:
Waking up too early and not being able to go back to sleep; C: Needing medication to
sleep (at least once a week); D: Difficulty staying alert during daytime.

Snoring was associated with slightly longer sleep duration (5 min; N Type of symptoms Number of symptoms
P < 0.0001, data not ShOWI]). A(%) B(%) C(%) D(%) 1(%) 2(%) 3(%) 4(%)
o ) . All 86,119 693 637 75 137 581 314 87 18
3.2. Characteristics and correlates of insomnia symptoms Gender
Men 28867 671 621 59 108 634 287 67 1.3
Women 57,252 705 645 83 152 554 329 97 21

Overall, 16.8% of the participants reported having insomnia
symptoms (Table 1). Of those surveyed, 69% had difficulty falling

Adjusted for age, sex and region (where appropriate).
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hypertension was associated with slightly but statistically signifi-
cantly longer sleep duration (2 min; P < 0.0001; data not shown),
BMI (kg/m?) was also significantly associated with longer sleep
duration (about 8—9 min in individuals with BMI >18.5 compared
to underweight individuals; P < 0.0001; data not shown). With the
same adjustments, hypertension was not associated with insomnia
symptoms, and BMI (kg/m?) had an inverse dose-response associ-
ation with insomnia symptoms (ORs 0.74, 0.62 and 0.56 for BMI
18.5—24.99, 25—29.99 and >30, respectively, compared to <18.5;
data not shown). These associations remained largely unaltered
after excluding prior diseases and 12-month MDE and GAD (Web
Table 1).

Participants who rated themselves unsatisfied or very unsatis-
fied with their life were much more likely to report insomnia
symptoms than those who rated themselves very satisfied (OR:
2.53; 95% CI: 2.46—2.61; Fig. 3). Similarly, participants who rated
their health status as poor were also more likely to have insomnia
symptoms than those with excellent self-rated health status (OR
3.78; 3.71-3.85; Fig. 3). As with life satisfaction and level of self-
rated health, there was a positive dose-response relationship be-
tween the number of stressful life events and insomnia symptoms
(Fig. 3). Similarly, individuals who had MDE or GAD during the
previous 12 months were 6—7 times more likely to have insomnia
symptoms, and those with prior history of mental disorders were
six times more likely to have insomnia symptoms (Fig. 3). Prior
diseases were also found to be associated with moderately
increased odds of insomnia symptoms (Fig. 3). Because major life
events could affect sleep, in sensitivity analyses, we excluded in-
dividuals who experienced major life events, and the results
remained unchanged (data not shown). We also examined ORs of
insomnia symptoms by physical illness and mental disorders in
those with short (<6 h) and long (>9 h) sleep duration, but the
patterns remained unchanged (data not shown).

4. Discussion

This is the largest study to date of sleep patterns and correlates
in middle-aged Chinese men and women. The study showed that
sleep duration shortened as age increased, and women had shorter
sleep duration and more insomnia symptoms at least after 50 years
old, whereas rural residents had longer sleep duration but higher
proportion of insomnia symptoms. Moreover, short sleep duration
and insomnia symptoms were strongly associated with poor
mental health status, particularly depression, and, albeit to a lesser
extent, with poor physical health status.

Several population-based studies have previously reported as-
sociations of either short or long sleep duration among adults with
mental and physical diseases. In the present study, the mean sleep
duration was 7.46 h among those without major health problems,
consistent with those previously reported in much smaller studies
in China (7.76 h) conducted during 2009 [3], but appeared to be
longer than those reported in other studies in high-income coun-
tries such as Korea (7 h) [9] or North America (6.99 h) [10]. In the
present study, the total sleep duration also included daytime nap-
ping, which is much more common in China than in the US and
Korea, which may explain the slightly longer duration observed in
the present study.

A few large cross-sectional studies have examined the correlates
of sleep duration in high-income countries such as US and Korea
[9,10]. In general, these studies demonstrated that both short (<6 h)
and long (>9 h) sleep duration were each associated with older age,
women and lower SES. The present study in Chinese adults
demonstrated similar associations with these factors. The associa-
tion of short sleep duration with obesity has been reported in both
children and adults [11]. A meta-analysis of 17 cross-sectional

studies, involving 600,000 individuals aged 15—102 years,
showed that short sleep duration was associated with 55% and 89%
higher risks of obesity in adults and children, respectively [11].
However, a small cross-sectional study of about 6000 adults aged
>15 years in Beijing, China [3], reported that individuals with short
sleep duration had lower BMI, similar to what we found in the
present study without excluding prior diseases. After excluding
those with prior disease and 12-month MDE and GAD, both high
BMI and low BMI were associated with short sleep duration. The
relationship of BMI with sleep duration in adults warrants further
study in prospective studies with longitudinal measurements
adjusting for regression dilution of both BMI and sleep duration
[12].

Insomnia symptoms were more often associated, although not
exclusively, with short sleep duration. We examined the associa-
tions of mental and physical illness with short and long sleep
duration while excluding participants who reported any insomnia
symptoms. Both short and long sleep duration were associated with
higher risks of psychiatric disorders including depressive and
anxiety disorders in studies conducted in the US [13], Korea [9] and
China [3], but most such studies included only a modest number of
participants. However, in a Korean study of 6510 adults [9], only
short sleep duration was associated with increased risk of depres-
sion and anxiety. The present study showed that people with
several mental health-related traits (eg poor life satisfaction, poor
self-rated health status, stressful life events, and 12-month MDE
and GAD) were much more likely to have short and, to a lesser
extent, long sleep duration. Short or long sleep duration may
represent a marker of susceptibility to psychiatric disorders,
including depression (as either may indeed indicate the develop-
ment of depression) [13]. A meta-analysis of prospective studies,
involving 474,684 adults with 16,000 cardiovascular events,
showed that both short and long sleep duration were associated
with higher risks of cardiovascular diseases [14]. Another US study
of over 55,000 adults also showed that in addition to CVD, the risks
of hypertension and diabetes were also elevated among people
with either short or long sleep duration [2,15]. The findings of the
present study were broadly consistent with previous cross-
sectional studies conducted in Chinese adults [4]| [16] and with
prospective studies [14].

In the present study, insomnia symptoms were comparable to
those used in Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV-TR) [17] or International Classification of Sleep Disorders
(ICSD) [18] and Research Diagnostic Criteria (RDC) for insomnia
[19]. Among individuals without apparent physical and mental
disorders, the proportion reporting at least one insomnia symptom
in the present study (17%) was less than half of that reported in a US
population using the same criteria [20] and lower than the esti-
mates in two small cross-sectional studies in China [3,21], in which
sleep disturbance was measured by Pittsburgh Sleep Quality Index
(PSQI). The reasons for the apparent discrepancy are not clear but
could be due at least in part to the use of a non-representative
sample and low overall response rate in the present study, which
could lead to underestimation of the prevalence of insomnia
symptoms. Insomnia symptoms can be either a risk factor or
symptom of mental disorders. A few prospective studies, including
the US-based HUNT study of 24,715 people, reported that insomnia
predicts long-term risk of several major physical and mental dis-
eases [22,23]. The present cross-sectional study demonstrated
strong positive associations of insomnia symptoms with a range of
mental conditions including MDE, GAD and prior mental disorders.
Consistent with previous reports [20] [24] the current study found
that women, those with older age, lower levels of education and
household income, and unemployment were more likely to have
insomnia symptoms. Those who were divorced/separated,
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N insomnia N no insomnia

N symptoms

Life satisfaction

Very satisfied / Satisfied 351543 53424
Neither satisfied nor dissatisfied 140010 26674
Unsatisfied / Very unsatisfied 21338 5923
Stressful life events

0 469439 74263
1 40204 10599
2 3073 1092
3+ 175 67
Self-rated health status

Excellent 90439 8573
Good 144260 18875
Fair 225087 41083
Poor 53105 17490
Depressive symptoms

0 485162 75380
1 16678 5521
2 5219 2121
3+ 5832 2999
Major depressive episode (MDE)

No 509536 84187
Yes 3355 1834
Generalized anxiety disorder (GAD)

No 511613 85245
Yes 1278 776
Prior mental disorder

No 502461 80937
Yes 10430 5084
Family history of mental disorder

No 503300 83936
Yes 9591 2085
Any prior disease

No 357506 52585
Yes 155385 33436
Coronary heart disease

No 497419 81953
Yes 15472 4068
Stroke or TIA

Yes 13289 3554
Cancer

No 510314 85436
Yes 2577 585
Diabetes

No 482591 80016
Yes 30300 6005
Daytime naps

No 201480 37824
Yes but only in the summer 204319 32067
Yes 107092 16130
Snoring

No/don't know 275239 49026
Yes, sometimes 124676 19696
Yes, frequently 112976 17299

symptoms OR (95% CI)
298119 - 1.00 (0.9, 1.01)
113336 - | 1.33 (1.31, 1.35)
15415 = 2.53 (2.46, 2.61)
395176 [ - | 1.00 (0.99, 1.01)
29605 = 1.93 (1.89, 1.97)
1981 - 3.06 (2.83, 3.30)
108 3.64 (2.66, 4.97)
81866 ] 1.00 (0.98, 1.02)
125385 - 1.29 (1.27, 1.31)
184004 - | 1.85 (1.83, 1.87)
35615 -] 3.78 (3.71, 3.85)
409782 [ - | 1.00 (0.99, 1.01)
11157 . 2.62 (2,53, 2.71)
3098 - 3.72 (3.51, 3.93)
2833 5.87 (5.57, 6.19)
425349 1.00 (1.00, 1.00)
1521 6.10 (5.69, 6.55)
426368 1.00 (1.00, 1.00)
502 7.46 (6.65, 8.37)
421524 1.00 (1.00, 1.00)
5346 = 4.90 (4.70, 5.10)
419364 1.00 (1.00, 1.00)
7506 - 1.37 (1.31, 1.44)
304921 1.00 (1.00, 1.00)
121949 - | 1.46 (1.44, 1.49)
415466 1.00 (1.00, 1.00)
11404 = 1.64 (1.58, 1.70)
9735 = 1.56 (1.50, 1.62)
424878 1.00 (1.00, 1.00)
1992 - 1.25 (1.14, 1.38)
402575 1.00 (1.00, 1.00)
24295 = 1.14 (1.10, 1.17)
163656 - | 1.00 (0.99, 1.01)
172252 0.72(0.71, 0.73)
90962 -] 0.77 (0.75, 0.78)
226213 - | 1.00 (0.99, 1.01)
104980 -] 0.89 (0.87, 0.90)
95677 - | 0.86 (0.84, 0.87)

0.5 1 2 5 10

Odds ratio (95% Cl)

Fig. 3. Adjusted ORs for insomnia symptoms by mental health conditions and physical illness, napping and snoring. Symbols and conventions are as in Fig. 2.
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widowed and/or living alone were also more likely to report
insomnia symptoms. The higher proportion of insomnia symptoms
in rural residents could be largely attributed to the lower socio-
economic status. As a result of rapid urbanisation and introduc-
tion of one child policy in China, living alone became particularly
common among the elderly rural population, highlighting the need
for provision of adequate social support in rural communities.

Unlike sleep duration, few previous studies have examined the
relationship between BMI and insomnia symptoms. The present
study showed that individuals with low BMI were more likely to
have insomnia symptoms, both in those with or without prior
physical and mental disorders. These results are consistent with a
report from CKB demonstrating that the prevalence of MDE was
inversely associated with BMI [25]. These results should be inter-
preted with caution as only 4% of the present study population was
obese. The present study also showed an inverse association of
snoring with insomnia symptoms. A possible explanation is that
frequent snoring was associated with both higher BMI and longer
sleep duration, which were inversely associated with reporting
insomnia symptoms (Table 1). The longer sleep duration reported
by snorers may be due to sleep apnoea associated with snoring,
although it was not explicitly examined in the present study. Hence,
snorers, who are at increased risk of apnoea, may exhibit less
insomnia symptoms. The association between snoring and
insomnia symptoms needs to be investigated further in individuals
with and without apnoea in future studies.

The chief strength of the present study included the large
sample size and diverse areas covered; the use of internationally
recognised criteria for insomnia symptoms, major depression and
generalised anxiety disorder; and directly measured physical
measurements. Moreover, the information collected covered a
range of socio-economic factors, health-related behaviour charac-
teristics, and physical and mental health status, which enabled
comprehensive assessment of their associations with sleep dura-
tion and insomnia symptoms in a single study.

The present study also has several limitations. First, the main
objective of the prospective CKB was to investigate genetic and
non-genetic determinants of major chronic diseases rather than
population prevalence or incidence of such diseases. Hence, the
selection of areas was based on the diversity of risk factor profile
and disease patterns rather than representativeness. Because of
the low response rate, which is typical of large cohort studies such
as CKB, the present study may have underestimated the preva-
lence of insomnia symptoms as individuals with severe insomnia
symptoms may have been less likely to participate. Nonetheless,
the patterns of socio-economic and health-related correlates with
sleep duration and insomnia symptoms and the association of
extreme sleep duration and insomnia symptoms with mental and
physical health conditions are likely to be generalisable to the
general population. Second, the information collected was self-
reported, using questionnaire rather than objective measures, so
the data may be subject to recall bias, but the effects would likely
be non-differential on the observed associations. Third, because of
the cross-sectional nature of the study, the direction of the asso-
ciations reported in the present study cannot be reliably estab-
lished. Finally, information about sleep hygiene, shift work or
other common sleep disorders such as RLS and sleep apnoea was
not recorded.

Among Chinese adults, sleep patterns and insomnia symptoms
varied greatly by socio-economic, lifestyle and health-related fac-
tors. People with more extreme sleep duration (<6 h or >9 h), with
or without insomnia symptoms, were more likely to have concur-
rent mental and physical health problems. Similarly, insomnia
symptoms, regardless of sleep duration, were also associated with
higher odds of both mental and physical diseases.
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