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Abstract

Purpose There is a lack of data on the role of sleep in the development of metabolic syndrome (MetS) in older adults. We
aimed to examine the associations of sleep durations at night and other sleep-related parameters with the presence of MetS in
older Chinese adults.

Methods Data of 4579 individuals aged 60 years or older from the Weitang Geriatric Disease Study were analyzed. MetS
was diagnosed based on the Adult Treatment Panel IIT (ATP III) criteria. Information regarding sleep durations and other
sleep-related parameters was collected by questionnaires.

Results Compared with those with daytime napping, individuals without daytime napping were at an increased risk of MetS
(odds ratio [OR] = 1.23; 95% confidence interval [CI] = 1.03—1.47). Each hour increase in daytime napping increased the
risk of MetS by 33% (OR =1.33; 95% CI=1.15-1.52). After adjusting for the effect of age and gender, a J-shaped
association between sleep durations at night and the presence of MetS was observed. The risk of MetS was lowest among
those who slept 7-8 h at night. Gender-stratified analysis indicated that the J-shaped relationship between sleep durations at
night and MetS remained significant in men but not in women.

Conclusions In older Chinese adults, sleep durations at night might have a dual effect on the risk of MetS and this effect was
particularly pronounced in men. The results indicated that circadian rhythm might play an important role in the development
of MetS in older populations.
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Introduction

Metabolic syndrome (MetS), a global public health concern
[1], is linked with a wide range of chronic conditions
including type 2 diabetes mellitus, cardiovascular diseases,
cognitive impairment, and increased risks of mortality [2—4].
Identifying preventable risk factors for MetS is urgent for
lowering the disease burdens from public health perspec-
tives. While many epidemiological studies among the
elderly found a U-shaped association between sleep
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durations and some specific components of MetS such as
hypertension [5], obesity [6], diabetes [7], hypercholester-
olemia [8], the exact quantity of sleep durations associated
with MetS remains unclear. Previous studies have suggested
that sleep might be related to the risk of MetS but most
studies focused on young generations or mixed-age popu-
lation, which mostly exhibited a U-shaped association of
sleep durations with MetS [9-16]. Considering the age-
specific variations in circadian rhythms between the old and
young, these findings from younger generations could not be
directly extrapolated to older adults [17]. To the best of our
knowledge, only one study on Swedish adults aged 65 years
or older found that longer sleep durations were associated
with a higher prevalence of MetS but the findings from a
single study are far from conclusive [18]. Ethnic differences
in sleep patterns may exist as more family burdens and
financial insecurity during retirement in Chinese than the
Whites may result in a higher level of stress hormone cor-
tisol in older Chinese and ultimately associate with more
common short sleep durations in Chinese [19-21].
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As world’s most populous country, more than half of the
Chinese older populations were affected by MetS and China
might have the greatest burden of MetS [22-24]. However,
there was limited evidence to valid the association of sleep
with MetS among older Chinese. In this study, we exam-
ined the associations between sleep-related variables and
the presence of MetS among older Chinese adults. Con-
sidering the possible dual effect of sleep durations on MetS,
we explored whether a U-shaped or J-shaped association
between sleep durations and MetS existed in older Chinese.
In addition, we also investigated the interaction effects
between sleep durations and other demographic or socio-
economic variables to better understand the sleep—MetS
relationship. The findings would provide novel insights into
the role of circadian rhythm in the development of MetS in
Chinese older populations.

Methods
Study population

The Weitang Geriatric Diseases Study is a community-
based cross-sectional study on Chinese adults aged 60 years
or older living in the Weitang town of Suzhou located in the
eastern part of China. The study protocol and some sig-
nificant findings have been described elsewhere [25-27]. In
brief, 6030 individuals aged 60 years or older were invited
to participate in the study based on the official records. A
participant was considered “ineligible” to participate if he or
she had moved from the residing address, had not been
living there for more than 6 months, or was deceased. We
totally identified 5613 eligible individuals, of whom, 4611
eventually attended the clinical examinations between
August 2014 and February 2015. Complete data on
interviewer-administered questionnaires and blood samples
were obtained for 4579 individuals.

The study was conducted following the tenets of the
Helsinki Declaration and was approved by the Institutional
Review Board of Soochow University.

Definition of MetS

According to the Adult Treatment Panel III (ATP III)
criteria, MetS components consist of five conditions: (a)
body mass index (BMI) of 25 kg/m2 or more; (b) blood
pressure (BP) of 130/85 mmHg or higher or on drug
treatment for hypertension; (c) blood triglycerides of
150 mg/dL. (1.7 mmol/L) or greater; (d) blood high-
density lipoprotein (HDL) cholesterol of lower than
40 mg/dL in men and 50 mg/dL in women; (e) fasting
plasma glucose of 7.0 mmol/L or above or with a history
of diabetes mellitus [28]. An individual was considered to

have MetS if he or she was affected by at least three of the
above conditions.

Clinical examinations

Body height was measured without shoes using a wall-
mounted tape and body weight was measured with light
clothing using a digital scale. BMI was calculated as weight
in kilograms divided by height in meters squared (kg/m?).
BP was measured for three times or more in a 5-min
interval, using an automatic digital BP monitor. The data of
fasting glucose, HDL cholesterol, and serum triglycerides
were obtained from blood sample analysis.

Measurement of sleep-related parameters

Information regarding night-sleep-duration of the partici-
pants was collected by the questions on the usual sleep and
wake time in a typical day. To assess the dose-response
relationships between sleep durations at night and MetS,
sleep durations at night were classified into six groups
including “less than 7h (h)”, “7-7.99h”, “8-8.99h”,
“9-9.99h”, “10-10.99h”, and “11h or more”. Daytime
napping was inquired by the following questions: “Do you
have a habit of taking naps? If yes, how long do you sleep?”
Participants self-assessed the sleep quality with three
severity categories including “good”, “intermediate”, and
“poor”.

Questionnaires

Information regarding participants’ sociodemographic
characteristics (i.e., age, gender, educational attainment, and
monthly income) and lifestyle habits (i.e., cigarette smok-
ing, alcohol consumption, tea consumption, and vegetar-
ianism) were collected using predesigned questionnaires.
Educational attainment was classified into four categories:
no formal education, primary education, secondary educa-
tion, and university education or higher. Monthly income
was categorized as three groups (1000 Yuan or less,
1001-3000 Yuan, and more than 3000 Yuan). Cigarette
smoking was categorized into “smokers” or “nonsmokers”
while alcohol and tea consumption were divided into
“drinkers” and “nondrinkers”. Vegetarianism was classified
as “nonvegetarian” and “vegetarian”.

Statistical analysis

Descriptive statistics were presented as means and stan-
dard deviations for continuous variables and percentages
for categorical variables. The differences in characteristics
such as demographic and behavioral factors by MetS
status (present or absent) were compared employing the
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Student’s ¢ test and chi-square test for continuous and
categorical variables, respectively. Multiple logistic
regression models were fitted to examine the associations
between sleep-related parameters and the presence of
MetS. Sleep durations at night were treated as an exposure
variable and the presence of MetS was treated as the
outcome measure. The square of sleep duration at night
was also analyzed to test for the potential U-shaped or J-
shaped relationship between sleep durations at night and
MetS considering that sleep durations usually have a dual
effect on health outcomes. Accordingly, sleep durations at
night were treated as both a continuous and categorical
variable in the logistic regression models. The first model
adjusted for the effect of age and gender and the second
additionally adjusted for other potential confounders such
as educational attainment, monthly income, and lifestyle
habits (e.g., smoking, vegetarianism, alcohol consump-
tion, and tea consumption). We also assessed the
dose-response relationships between sleep durations at
night and the presence of MetS using trend analysis.
Effect estimates including odds ratios (ORs) and their
corresponding 95% confidence intervals (CIs) were

Table 1 Characteristics of study participants by metabolic syndrome

obtained from the above multiple logistic regression
models. Interaction effects were investigated between
sleep durations and other five variables (age, gender,
education, monthly income, and if the participants were
living alone) and stratified-analyses were performed if the
interaction effects were statistically significant.

All statistical analysis were performed using SPSS ver-
sion 21.0 (SPSS Inc., Chicago, IL, USA) and statistical
significance was set at 0.05.

Results

Table 1 shows the characteristics of the study participants
with and without MetS. Of the 4579 participants, 919
(20.1%) were affected by MetS as defined by the ATP III
criteria. The mean age of the study participants was 67.6
(6.3) years. The average systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were 144.3 (19.7) and 85.7
(11.2) mmHg, respectively. Participants with MetS were
more likely to be women and had a higher SBP, DBP, and
BMI compared with those without (all P <0.05).

Characteristic All persons (n =4579)  No metabolic syndrome (n =3660) Metabolic syndrome (n =919) p
Sex (women), % 51.96 48.40 66.12 <0.001
Age, mean (SD), years 67.64 (6.33) 67.81 (6.41) 66.98 (5.96) 0.001
No formal education, % 47.72 47.17 49.89 0.46
Living with spouse, % 82.28 81.83 84.10 0.11
Monthly income 0.64

<1000 CNY 57.62 57.74 57.14

1001-3000 CNY 35.46 35.20 36.48

>3000 CNY 6.92 7.06 6.37
Former or current smoking, % 34.32 36.51 25.60 <0.001
Alcohol consumption, % 22.59 24.49 15.03 <0.001
Tea consumption, % 34.32 35.58 29.30 <0.001
Vegetarian 1.62 1.39 2.51 0.02
Without physical activities, % 56.15 56.62 54.31 0.21
Working 34.40 36.00 28.00 <0.001
Systolic BP mean(SD), mmHg 144.32 (19.66) 142.67 (19.76) 150.87 (17.84) <0.001
Diastolic BP mean(SD), mmHg  85.73 (11.21) 84.96 (11.30) 88.79 (10.27) <0.001
BMI, mean (SD), kg/m* 23.28 (2.63) 22.79 (2.34) 25.23 (2.82) <0.001
Hypertension, % 53.81 49.00 72.98 <0.001
Diabetes mellitus, % 11.19 5.80 32.68 <0.001
High BP, % 85.86 82.75 98.25 <0.001
Low HDL, % 22.96 9.81 75.38 <0.001
High triglycerides, % 22.07 9.05 73.97 <0.001
High BMI, % 19.30 11.02 52.29 <0.001

BMI body mass index, BP blood pressure, HDL high-density lipoprotein, SD standard deviation,

CNY Chinese Yuan
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Table 2 Association of sleep-
related variables with metabolic
syndrome

243
Characteristic Age, sex-adjusted model Multivariable-adjusted model*
OR (95% CI) p OR (95% CI) p
Sleep duration per night (h) 1.06 (1.00-1.12) 0.04 1.07 (1.01-1.14) 0.02

Sleep duration per night square (h?)

Sleep quality
Poor
Intermediate
Good
Daytime napping
Absent
Present
Daytime napping duration (h)
Bedtime (24 h)
<22
>22
Wake-up time (24 h)
<6
>6

1.003 (1.0001-1.01) 0.04 1.004 (1.001-1.007) 0.02

1.00 1.00

1.08 (0.80-1.46) 0.60  1.07 (0.80-1.45) 0.65

0.95 (0.74-1.21) 0.67  0.95 (0.74-1.22) 0.67

1.00 1.00

1.23 (1.03-1.47) 0.02  1.20 (1.01-1.44) 0.04

1.33 (1.15-1.52) <0.001  1.31 (1.14-1.51) <0.001
1.00 1.00

1.39 (1.00-1.92) 005  1.32(0.95-1.83) 0.10

1.00 1.00

1.43 (1.11-1.84) 0.005  1.39 (1.08-1.79) 0.01

OR odds ratio, CI confidence interval

#Adjusted for age, sex, smoking, alcohol consumption, tea consumption, vegetarianism, monthly income,

education level

The associations between sleep-related variables and
MetS are displayed in Table 2. Compared with those with
daytime napping, individuals without daytime napping were
at an increased risk of MetS (OR =1.23; 95% Cl=
1.03-1.47), and each hour increase in daytime napping
increased the risk of MetS by 33% (OR = 1.33; 95% CI =
1.15-1.52). In addition, older adults whose bedtime were
later than 10p.m. (OR =1.39; 95% CI=1.00-1.92) and
whose wake-up time were later than 6 a.m. (OR = 1.43;
95% CI=1.11-1.84) were more likely to be affected by
MetS. After adjusting for potential confounders such as
cigarette smoking, alcohol consumption, tea consumption,
vegetarianism, monthly income, and educational attainment,
the associations of daytime napping habit, daytime napping
durations and wake-up time with MetS were remain sig-
nificant while the association of bedtime with MetS was no
longer significant. In both models, no significant differences
in self-reported sleep quality between adults with and
without MetS were observed. The OR of per hour increase
in sleep durations at night for the risk of MetS was 1.06
(95% CI=1.00-1.12) in the age-gender-adjusted model
and 1.07 (95% CI = 1.01-1.14) in the multivariate-adjusted
model. The square of sleep duration was also associated
with MetS in both models, indicating that there might be a
curvilinear relationship between sleep durations at night and
the presence of MetS in older adults.

We further performed a dose-response analysis to elu-
cidate the possible curvilinear relationship of sleep

durations at night with the risk of MetS and results are
shown in Table 3 and Fig. 1. After adjusting for the effect of
age and gender, there was a J-shaped association between
sleep durations at night and the presence of MetS (Fig. 1).
The risk of MetS was lowest among those who slept for
7-8h at night. Additional adjustment for potential con-
founders did not alter the effect estimates significantly in the
multiple logistic regression models.

We found that gender might be a possible effect modifier
on the sleep—MetS relationship (P for interaction = 0.035).
We further performed a gender-stratified analysis and
results are shown in Table 4. We observed that the patterns
between sleep durations at night and the presence of MetS
were different in men and women. The J-shaped relation-
ship between sleep durations at night and MetS remained
significant in all models in men but not in women (Fig. 2).
In women, a linear rather than a J-shaped relationship was
observed (Fig. 3).

Discussion

In the present study, we observed a J-shaped relationship
between sleep duration at night and MetS among older
Chinese adults. Furthermore, this pattern seemed to be
gender-specific. Abnormal sleep (<7 h and >8 h) tended to
increase the risk of MetS in men (<7 h and 8-10.99 h) rather
than in women. In women, excessive sleep (29 h) increased
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Table 3 Associations of sleep

R . . At risk n (cases
duration with metabolic ( )

Age, sex-adjusted model Multivariable-adjusted model*

syndrome OR (95% CI) p OR (95% CI) p
Sleep duration per night (h)
<7 250 (55) 1.63 (1.12-2.37) 0.010 1.59 (1.10-2.33) 0.015
7-7.99 636 (101) 1.00 1.00
8-8.99 1495 (299) 1.38 (1.07-1.77) 0.013 1.42 (1.10-1.82) 0.007
9-9.99 1184 (253) 1.49 (1.15-1.93) 0.002 1.54 (1.19-2.01) 0.001
10-10.99 593 (126) 1.59 (1.18-2.15) 0.002 1.66 (1.22-2.24) 0.001
>11 421 (85) 1.62 (1.15-227)  0.005 1.74 (1.23-2.45) 0.002
OR odds ratio, CI confidence interval
*Adjusted for age, sex, smoking, alcohol consumption, tea consumption, vegetarianism, monthly income,
education level
45 E— .found that. participants with short sleep had a 1.59-fold
i increased risk of MetS. The lack of relationship between
4 gl ik short sleep and MetS reported in Swedish may be explained
by the discrepancy of sleep durations between the Whites
e and Chinese [21]. In addition, methodological disparities
@ 3 such as the differences in the sampling frames and the
Ju 245 confounding factors adjusted for in the multivariate ana-
£ 25 e 224 3 lyses should be taken into considerations when interpreting
g, the results. While prior studies indicated the association
5;" between sleep durations and components of MetS in Chi-
E 15 nese [32, 33], limited evidence supported a dual effect of
o sleep durations on MetS among the elderly [9]. The Harbin
L Chronic Disease Study found a U-shaped association
- between sleep durations and MetS among Chinese aged
30-65 years with a lowest risk of sleep durations between 7
0 and 8 h [9]. We got a similar curvilinear relationship to this

<7 7-7.99

8-899 9-999 10-1099 =>=11

Sleep Duration (h)

Fig. 1 Association between sleep durations at night and metabolic
syndrome (MetS) in all participants

the risk of MetS. These results added the accumulating
evidence that the quantity of sleep may be implicated
diversely in the occurrence of MetS in men and women.
There has been a growing body of studies suggesting a
relevant role of sleep durations in MetS [16, 29]. However,
most published studies assessing the association of sleep
durations with MetS have been conducted in the middle-
aged or mixed-aged populations [9, 14, 30] and limited
literatures available in the elderly demonstrated contra-
dictory findings with studies of other age groups [18]. In
this regard, comparing with those with a recommended
sleep durations of 7-8 h [16, 31], a study in Swedish adults
aged 65 years or older found that only long sleep at night (h
> 9) was associated with 1.26-fold of MetS [18], which was
consistent with the findings in our study. Besides, we also

@ Springer

study, regardless of variations in age ranges. However, we
could not confirm the clinical significance of short sleep on
MetS in the elderly on the basis of insufficient data.

Our study indicated that the pattern on the association
between sleep durations at night and MetS might vary by
gender. The biologic mechanisms underlying the different
patterns remain unclear and we provided some possible
explanations. First, excessive sleep may compress the
waking time of physical activities [32]. Lack of adequate
activities can influence the overall well-being of the old
people, attributing to obesity, hypertension, and diabetes
mellitus, all of which can trigger MetS for women and men
[34, 35]. Second, we found that men suffering from som-
nipathy had a higher prevalence of MetS than women. One
possible explanation was that, for those who lack sleep, the
decrease of testosterone reduced sympathetic neural
response, which existed only in men [36]. This distinction
of sympathetic baroreflex function may lead to the variation
of related curves [37]. In addition, chronically sleep depri-
vation would make individuals face more negative events.
Men were more likely to be affected by stress and
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(Tiilr’;‘;:n évjfﬁcgéggzli’cf sleep At risk 7 (cases) Model 1* Model 2°
syndrome by gender OR (95% CI) P OR (95% CI) P
Sleep duration per night (h)
Men
<7 153 (34) 2.42 (1.43-4.10) 0.001 2.49 (1.46-4.25) 0.001
7-7.99 317 (33) 1.00 1.00
8-8.99 761 (170) 1.50 (0.99-2.28) 0.054 1.60 (1.05-2.44) 0.030
9-9.99 530 (78) 1.59 (1.03-2.46) 0.037 1.74 (1.11-2.71) 0.015
10-10.99 258 (37) 1.73 (1.04-2.88) 0.036 1.98 (1.17-3.36) 0.011
>11 181 (19) 1.34 (0.72-2.47) 0.382 1.65 (0.87-3.11) 0.124
Women
<7 97 (21) 1.02 (0.58-1.77) 0.953 0.94 (0.54-1.65) 0.836
7-7.99 319 (68) 1.00 1.00
8-8.99 734 (189) 1.31 (0.95-1.80) 0.096 1.32 (0.96-1.81) 0.091
9-9.99 654 (175) 1.44 (1.04-1.98) 0.028 1.47 (1.06-2.03) 0.020
10-10.99 335 (89) 1.52 (1.05-2.20) 0.028 1.54 (1.06-2.24) 0.028
211 240 (66) 1.72 (1.14-2.61) 0.010 1.77 (1.17-2.70) 0.007

OR odds ratio, CI confidence interval

*Adjusted for age

PAdjusted for age, sex, smoking, alcohol consumption, vegetarianism, tea consumption, monthly income,

education level
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Sleep Duration (h)

Fig. 2 Association between sleep durations at night and metabolic
syndrome (MetS) in men

chronically elevated cortisol levels, which showed up in
metabolic changes such as increased appetite, elevated
plasma glucose, and extreme fatigue and eventually pre-
dispose the high prevalence of MetS [9, 38].

Our study might have some implications regarding the
prevention of MetS among the aged population. Consider-
ing that the number of people aged 60 or older will reach 2
billion by the year 2050 based on the projection estimates

45 - < - lower limit

oo Upper limit
—r— 0cds ratio

35

26 224 o

Confidence Interval (Cl)

<7 7-7.99

8-899 9-999 10-1099 >=11

Sleep Duration (h)

Fig. 3 Association between sleep durations at night and metabolic
syndrome (MetS) in women

from the World Health Organization [39], the disease bur-
den of MetS in China should not be neglectable [40].
Meanwhile, poor sleep health also shows secular trends
alongside changes in modern society and is an under-
appreciated determinant of health status. Our study sug-
gested that lifestyle changes including sleeping would help
to reduce the burden and associated costs of MetS, subse-
quently improving health-related quality of life, especially
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for older men with short sleep durations. Randomized
control trials are warranted to examine the effectiveness and
cost-effectiveness of sleep-related behavior changes and the
risk of MetS.

Our study was the first epidemiological study assessing the
association between sleep durations of the aged and MetS in
Chinese older adults. In addition, we performed a gender-
stratified analysis to reveal the differential associations
between sleep durations and MetS in men and women.
However, several limitations of the study should be noted.
First, sleep durations at night might also be affected by sleep
disorders and carbohydrate intake which may have an impact
on MetS [41, 42], so we were not able to evaluate all of such
confounders. Second, we cannot determine a causal rela-
tionship between sleep durations and MetS due to the cross-
sectional design in nature. It is also likely that patients with
MetS tended to sleep more [43]. MetS-related changes in the
concentration of metabolites might destroy the systemic
homeostasis of human system and ultimately result in phy-
siological disorders [44]. In addition, insulin resistance is a
key link and common pathogenesis of various metabolic
abnormalities in MetS. Altered insulin and glucose metabo-
lism would lead to the loss of energy, which may cause
fatigue and result in long sleep durations [45]. It is possible
that the association between sleep and MetS are bidirectional
and warrants further clarifications [46, 47]. Third, information
regarding sleep-related parameters and lifestyle habits were
collected by self-reported questionnaires which may be sub-
jected to information bias. However, a previous study found
that the agreement between objective and subjective measures
of sleep-related parameters was relatively good [48].

In conclusion, sleep durations at night might have a dual
effect on the risk of MetS and this effect was particularly
pronounced in men. The results indicated that circadian
rhythm might play an important role in the development of
MetS in Chinese older populations. Longitudinal cohort
studies with the objective measurement of sleep-related
parameters are warranted to verify the association.
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