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Abstract N\
The aims of this study were to evaluate the prevalence of metabolic syndrome (MetS) and explore the association between sleep |
duration and MetS. This study enrolled 8 272 adults aged 18 years and older from 6 urban and 8 rural areas during 2013 to 2014in
Henan China. Participants were interviewed about demographic characteristics, lifestyle factors and medical history, and physical
measurements were performed. The relationships between sleep duration and MetS were evaluated and plotted by Restricted Cubic
Spline Regression. The mean age was 51.5 years (SD 14.2) and 4 916 (59.4%) were female. The crude prevalence of MetS was
30.3% and the age-standardized rate was 23.6%. Men were more likely to have MetS than women (P=.01). MetS was positively
associated with age, education, smoking, drinking, BMI and sleep duration, and seemed irrelevant to occupation and sedentary
behavior. In terms of individual component of MetS, high blood pressure was the most prevalent component for both men and
women, while the lowest prevalent was high triglycerides in men and for women was low high-density lipoprotein cholesterol (HDL-
C). There was a U-shaped relationship between sleep duration and MetS and its components. Sleep duration <6hours or >9hours
were associated with higher risk of MetS (OR from 1.10 to 2.15). The MetS was prevalent, and more than half of total adult population
was suffering from high blood pressure. Sleep duration may be a determinant of metabolic health. Both short (<6hours) and long
sleep duration (>9hours) was linked to an increased risk of MetS.

Abbreviations: BMI = body mass index, Cl = confidence interval, DBP = diastolic blood pressure, FBG = fasting blood glucose,
HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, MetS = metabolic syndrome, OR = odds

ratio, SBP = systolic blood pressure, TC = total cholesterol, TG = triglycerides, WC = waist circumference.
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1. Introduction

Metabolic syndrome is a cluster of risk factors that include
abdominal obesity, elevated blood pressure, elevated glucose,
elevated triglycerides, and reduced HDL cholesterol, which is
linked to an increased risk of developing cardiovascular disease
and diabetes mellitus.™ MetS has been one of the major public-
health challenges worldwide, and its estimated prevalence is
about one quarter of the world population.”*! National Health
and Nutrition Examination Survey data reported overall
prevalence of the metabolic syndrome in the United States was
33% from 2003 to 2012 and predicted nearly 35% of adults and
50% of aged 60 years or older had MetS.”! Data from 9
European population-based studies suggested 41% of the men
and 38% of the women had MetS."*! A nationally representative
study in China showed the overall prevalence in the year 2010
was 33.9%.5! The metabolic syndrome has a multifactorial
causation. Sleep has important function in homeostasis mainte-
nance of internal environment, which can regulate physiological,
hormonal and psychological processes.!®® These hormonal
changes may contribute to a range of adverse health outcomes,
including hypertension, diabetes, cancer, depression, and
mortality.” 3! Previous epidemiologic studies have shown sleep
duration had increased risk of MetS."'*') However, these results
were inconsistent, which had been reflected in a recent meta-
analysis.""”! The potential reasons may be due to ethics disparity,
different geographic distribution, socio-demographic factors, as
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well as the diagnostic criteria.l>!®! In the study, our aim was to
investigate the prevalence of MetS and the relationship between
sleep duration and MetS based on cross-sectional survey
conducted in 2013 to 2014 in the central part of China.

2. Methods
2.1. Study population

Data for this analysis was derived from China Chronic Disease
and Risk Factors Surveillance Study. The detailed information of
surveillance survey had been published previously in detail.[**->!!
The survey took place between June 2013 and April 2014.

In the first stage, 14 (6 urban and 8 rural) regions were selected
from a total of 159 counties referring to the proportion of urban
and rural counties. In the second stage, 4 urban subdistricts or
rural townships were involved at each counties county according
to the probability proportional to the size of their population. In
the third stage, 3 communities or villages were selected at each
subdistrict or townships township with a probability propor-
tional to the size of their population. At last, the household
composition information was obtained from the government
household registration system, and a sample of at least 50
households was randomly drawn. A Kish selection table was used
to randomly select only 1 person aged 18 years or older from each
household. Only persons who had been living at their current
residence for more than half a year were eligible to participate.
These households who could not be accessed during 3 attempts to
visit on 3 days were replaced by another household with a similar
family structure in the same village or residential area. The overall
response rate was 98.8% (the cooperation rate was 92.6% and
the replacement rate was 6.2%). The study protocol was
approved by the ethical review committee of Centre of Disease
Control and Prevention. All participants gave written informed
consent for participating in this survey.

2.2. Data collection

Trained interviewers performed a door-to-door and face-to-face
interview, using a comprehensive questionnaire including demo-
graphic characteristics, lifestyle factors including smoking, alcohol
use, physical activities, and medical history. Physical measure-
ments were recorded using standard methods. Individuals were
asked to be fasting for 10 to 12 hours before blood extraction.
All participants were assessed at a central survey site in
residential areas. Blood pressure was measured 3 times at 1-minute
interval with an automated electronic device (OMRON HEM-
1300, Omron, Japan), after participants had rested in the seated
position for atleast  minutes. The mean of these readings was used
in all analyses. Standing height and weight were measured to the
nearest 0.1 cm or 0.1 kg without heavy clothing. Body mass index
(BMI) was calculated as weight in kilograms divided by standing
height squared in meters (kg/m?). Waist circumference was
measured in the horizontal plane midway between lowest rib
and the iliac crest. Fast blood samples were also collected for all
participants and the OGTT was performed to drink a solution
containing 75 g of glucose for only non-diabetic individuals. Serum
samples were centrifuged to store within 2 hours and shipped at
-80°C to the central laboratory. Plasma glucose was measured by
using glucose oxidase method or hexokinase method under a
stringent quality control method. Serum lipid profile was tested by
using an automated clinical chemistry analyzer (ROCHE
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DIAGNOSITICS, USA). All study laboratories completed a
standardization and certification program.

2.3. Definition of metabolic syndrome and covariate

The MetS was defined according to Chinese guideline for type 2
diabetes.*>*3! MetS was diagnosed when 3 or more of the
following criteria were met:

1. abdominal obesity: waist circumference > 90 cm for men and
> 85cm for women;

2. high blood glucose: fasting plasma glucose level >6.1 mmol/L
or 2-hour plasma glucose (2hPG) level >7.8 mmol/L or
previously diagnosed type 2 diabetes;

3. high blood pressure: blood pressure >130/85 mm Hg or drug

treatment for hypertension;

. high triglycerides: fasting triglycerides level >1.70 mmol/L;

5. low HDL-C: HDL-C level <1.04 mmol/L.

N

Following questions were surveyed by collecting the informa-
tion on sleep status: “On average, how many hours and minutes
do you sleep per day?” Sedentary behaviors were extracted from:
“How many hours and minutes do you usually sit, lean, or lie
except sleep per day?” Based on the status of self-reported, 3
categories of smoking status were defined: never-smoker
(participants who reported not smoking), current smoker
(participant who reported ever smoking at least 1 cigarette or
who had stopped smoking <6 months), and former smoker
(participants who had stopped >6 months). Based on the
frequency of alcohol drinking during the past year, participants
were classified into 4 main drinking categories: never-drinker
(participants who reported not drinking), low risk drinker
(participants who reported drinking <41 g/day in men or <21g/
day in women), hazardous drinker (participants who reported
drinking 41 to 60g/day in men or 21 to 40 g/day in women) and
harmful drinker (participant who reported drinking >61 g/day in
men or >41g/day in women).** Based on the guidelines for
prevention and control of overweight and obesity in Chinese
adults, individuals were categorized into 4 groups: underweight,
normal weight, overweight and obesity, and the corresponding
cut off points were 18.5, 24 and 28 kg/m>.[**!

2.4. Statistical analysis

We excluded 112 participants with missing information on sex,
marital status, education, occupation and metabolic data, and
those with extreme values of sleep duration (Fig. 1). Finally, total
participants 8 272 participants were included in our analyses.
Demographic and metabolic features were showed based on
gender using percentages for categorical variables and means +
SD for continuous variables. Prevalence of MetS and its
components were calculated for the overall population and
different subgroups, such as age groups, gender, BMI groups,
sedentary behaviors and sleep duration. Sleep duration was
classified as <6, 6-9, and >9 hours. Sedentary time behavior was
divided into <3, 3-6, and > 6 hours. The relationships between
sleep duration and MetS were evaluated by Restricted Cubic
Spline Regression, adjusting for age, sex, education, occupation,
smoking category, alcohol intake, physical activities, and BMI.
The number of dots was chosen to 3 according to criteria to
balance best fit and overfitting. MetS rate standardization was
done using Henan province population in 2010. All the statistical
analyses were performed with SAS version 9.2 (SAS Institute Inc).
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Figure 1. Flow diagram.

Figures used Stata 12.0 version (StataCorp, College Station, TX,
USA).

3. Results

Totally 8272 participates were included in the analyses. The
mean age was 51.5 years (SD 14.2) and 4 916 (59.4%) was
female. Overall, 60.2% participates had been educated for more
than 6 years, and 65.8% participates were manual workers.
Among male participants, 53.8% were current smokers and
5.6% were harm drinkers, whereas the corresponding were 0.8 %
and 0.1% in women. Men had higher waist circumference and
systolic blood pressure than women, nevertheless a lower BMI
level. More detailed characteristics were shown in Table 1.

The estimated prevalence of MetS was 30.3% (95% CI, 29.3 to
31.3), and the age-standardized rate was 23.6%. Men are more
likely to have MetS than women (P=.01).

MetS was positively associated with age, education, smoking,
drinking, BMI and sleep duration, and seem irrelevant with
occupation and sedentary behavior (Table 2).

In terms of individual component of MetS, high blood pressure
was the most prevalent component for both men and women,
while the lowest prevalent was high triglycerides in men and for
women was low HDL-C. Compared to participants with less than
60 years old, the prevalence of components were higher in those
aged 60 or over, except for low HDL-C. More than 50% of
participants were suffering from high blood pressure, and one
quarter was suffering from high triglycerides and low HDL
cholesterol. Abdominal obesity was more common in women
than in men (39.9% vs 46.5%), whereas high blood pressure,
high triglycerides, and low HDL-C were more common in males
than that in females (55.7% vs 50.2%, 29.0% vs 26.0%, 32.3%
vs 21.6%). BMI was correlated with MetS components, about 2
times in obesity adult than that in normal and underweight
group. Participants with lower sedentary behaviors had higher
prevalence of high blood glucose and Low HDL-C, whereas those
with short sleep duration had greater risks (Table 2).

In order to explore the relationship between sleep duration and
MetS, we used restricted cubic splines regression to calculate and
visualize the relationship (Fig. 2). There was a U-shaped
relationship between sleep duration and MetS, and sleep duration
<6hours or >9hours was associated with the high risk of MetS

(OR from 1.10 to 2.15). In term of individual components of
MetS, there was a similar trend in participants that sleep more
than 9hours. However, there was no association between
participants with sleep duration <6hours and abdominal
obesity, blood pressure, triglycerides, and HDL-C.

4. Discussion

Although the metabolic syndrome definition of American heart
association (ADA), US national Cholesterol Education Pro-
gramme Adult Treatment Panel III (ATP III), and International
Diabetes Federation (IDF) were used worldwide, the Chinese

Baseline characteristics of the study population by gender.

Overall Men Women
No. of participants 8272 3356 4916
Socioeconomic factors
Age, years 51.5+14.2 51.3+15.0 51.7+137
Education>6 years, % 60.2 695 " 53.9
Manual worker, % 65.8 58.0° 711
Lifestyle factors
Former smoker,% 6.5 15.6 0.2
Current smoker, % 22.3 53.8" 0.8
Occasional drinker,% 26.8 49.6 11.3
Hazard drinker,% 1.8 41 0.3
Harm drinker,% 2.4 5.6 0.1
Sedentary behaviour, hours 45425 47426 44424
Sleep duration, hours 76+14 75+1.3 76+15
Anthropometry
BMI, kg/m? 24.9+39 246+36 251437
WC, cm 852+10.0  87.1+10.0" 84.0+9.8
SBP, mm Hg 131.4+20.8 1325+19.0" 130.6+22.0
DBP, mm Hg 770115 791115 756+11.3
FBG, mmol/L 57+15 57+15 56+15
TC, mmol/L 46+1.0 45+0.9 46+1.0
TG, mmol/L 1.5+1.2 1.6+15 1.5+1.0
HDL-C, mmol/L 1.3+04 1.2+0.3 1.3+04
LDL-C, mmol/L 29+0.8 2.8+0.8 2.9+08

BMI = body mass index, DBP = diastolic blood pressure, FBG = fasting blood glucose, HDL-C = high-
density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, SBP = systolic blood
pressure, TC = total cholesterol, TG = triglycerides, WC=waist circumference.

" P<.05.
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Covariate analysis of metabolic syndrome and its components.
Abdominal obesity High blood glucose High blood pressure High triglycerides Low HDL-C MetS
Overall 3625 (43.8) 2691 (32.5) 4336 (52.4) 2254 (27.3) 2146 (25.9) 2503 (30.3)
Gender
Male 1338 (39.9) 1075 (32.0) 1868 (55.7) 974 (29.0) 1085 (32.3) 1068 (31.8)
Female 2287 (46.5) 1616 (32.9) 2468 (50.2) 1280 (26.0) 1061 (21.6) 1435 (29.2)
P value <.001 0.42 <.001 0.003 <.001 0.01
Age group
<60 years 2480 (42.5) 1596 (27.4) 2529 (43.4) 1572 (27.0) 1533 (26.3) 1572 (27.0)
>60 years 1,145 (47.0) 1,095 (44.9) 1807 (74.1) 682 (28.0) 613 (25.1) 931 (38.2)
P value <.001 <.001 <.001 0.35 0.28 <.001
Education
<6 years 1536 (46.7) 1231 (37.4) 2043 (62.1) 891 (27.1) 825 (25.1) 1104 (33.6)
>6 years 2,089 (41.9) 1,460 (29.3) 2,293 (46.0) 1,363 (27.4) 1,321 (26.5) 1,399 (28.1)
P value <.001 <.001 <.001 0.79 0.15 <.001
Occupation
Manual 2437 (44.8) 1761 (32.4) 2939 (54.0) 1463 (26.9) 1415 (26.0) 1650 (30.3)
Mental 1,188 (42.0) 930 (32.9) 1,397 (49.4) 791 (28.0) 731 (25.8) 853 (30.1)
P value .01 64 <.001 .30 87 87
BMI groups
Underweight 5(1.9) 66 (25.5) 77 (29.7) 24 (9.3) 41 (15.8) 13 (6.0
Normal 356 (10.7) 842 (25.4) 1,340 (40.4) 549 (32.2) 561 (16.9) 337 (10.2)
Overweight 1765 (56.3) 1079 (34.4) 1802 (57.5) 1009 (32.2) 928 (29.6) 1171 (37.4)
Obesity 1499 (96.0) 704 (45.1) 1,117 (71.6) 672 (43.1) 616 (39.5) 982 (62.9)
P value <.001 <.001 <.001 <.001 <.001 <.001
Smoking
Never 2703 (45.9) 1925 (32.7) 3022 (51.3) 1528 (25.9) 1366 (23.2) 1736 (29.5)
Former 226 (42.2) 231 (43.2) 372 (69.5) 148 (27.7) 158 (29.5) 190 (35.5)
Current 696 (37.7) 535 (29.0) 942 (51.1) 578 (31.3) 622 (33.7) 577 (31.3)
P value <.001 <.001 <.001 <.001 <.001 .01
Alcohol use
Never 2543 (44.6) 1918 (33.6) 3059 (53.6) 1523 (26.7) 1464 (25.7) 1735 (30.4)
Occasional 913 (41.1) 649 (29.2) 1,067 (48.1) 611 (27.5) 604 (27.2) 644 (29.0)
Hazard 71 (46.7) 49 (32.2) 83 (54.6) 43 (28.3) 34 (22.4) 45 (29.6)
Harm 98 (50.3) 75 (38.5) 127 (65.1) 77 (39.5) 44 (22.7) 79 (40.5)
P value .01 <.001 <.001 .001 0.24 .01
Sedentary
<3 hours 1471 (42.5) 1104 (39.1) 1865 (53.9) 895 (25.9) 839 (24.3) 1005 (29.1)
3-6 hours 1,560 (44.8) 1,155 (33.2) 1,817 (52.2) 985 (28.3) 939 (27.0) 1072 (30.8)
> 6 hours 594 (44.7) 432 (32.5) 654 (49.2) 374 (28.1) 368 (27.7) 426 (32.1)
P value 13 54 .01 .06 .01 .09
Sleep duration
< 6 hours 290 (46.2) 257 (40.9) 389 (61.9) 188 (29.9) 159 (25.3) 227 (36.2)
6-9 hours 2606 (43.4) 1887 (31.4) 3059 (50.9) 1606 (26.7) 1531 (25.5) 1759 (29.3)
> 9 hours 729 (44.7) 547 (33.5) 888 (54.4) 460 (28.2) 456 (27.9) 517 (31.7)
P value .30 <.001 <.001 14 12 <.001

BMI = body mass index, HDL-C = high-density lipoprotein cholesterol, MetS = metabolic syndrome.

Diabetes Society criteria was adopted in our analysis in view of
ethnic difference. Our study provided the latest estimate of MetS
prevalence among subjects aged 18 and older in the Henan
province. The age-standardized prevalence of MetS was 23.6%,
which indicated about 30 million adults suffered from metabolic
syndrome. More than half of total adult population suffered from
high blood pressure, and two fifths of participants had abdominal
obesity while about one third of participants had others
components. High blood pressure, high triglycerides, and low
HDL-C were more prevalent in men than in women.
Asia-Pacific region was facing a significant epidemic of MetS
and nearly 1/5th of the adult population or more were affected by
MetS in most countries.”®! A meta-analysis with a total
population of 226,653 subjects suggested a high prevalence of
MetS in the range of 13.2% to 46.3% from 2005 to 2015 in 35

cross-sectional studies in mainland China.*”! Much earlier, the
InterASIA study, a cross-sectional survey conducted in 2000 to
2001, revealed an age-standardized prevalence of MetS is 9.8%
in men and 17.8% in women.!"® The China CDC demonstrated
the prevalence of MetS was 33.9% among adults aged 18 and
older in mainland China, based on the 2010 China Non-
communicable Disease Surveillance.’! National Health and
Nutrition Examination Survey reported metabolic syndrome
prevalence increased from 25.3% to 34.2% during 1988 to 2012,
and more than a third of all US adults met the definition and
criteria for MetS in 2012.*%! The prevalence of the MetS is
increasing rapidly over the past decades throughout the world
and MetS is much prevalent in US than that in central China. The
potential reasons may be as follows: aging population, rapid
urbanization, nutrition transition, and increasingly obesity or
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Figure 2. Association of sleep duration and metabolic syndrome and its components by using method of restricted cubic splines, adjusted by age, sex, education,

occupation, smoking category, alcohol intake, physical activities, and BMI.

sedentary lifestyles or ethnicity. Several surveys demonstrated
that MetS is associated with an increased incidence and mortality
of cardiovascular disease*” and also associated with all-cause
mortality or cancer mortality.**! Consequently, population-wide
policies should be implemented for individual-level screening and
treatment.

On the other hand, the association of sleep duration and MetS
also varied in different surveys. A U-shaped association between
sleep duration and MetS was found in our study. A recent meta-
analysis of cross-sectional studies explored a dose-response
relationship between short sleep duration and MetS. A 1.5 odds
for suffering MetS was found in those who slept less than 5 hours.
Oppositely, long sleep was not associated with metabolic
disorder.™”1 A cohort study of 162,121 adults investigated short
sleep duration increased the risk for MetS by 9% in healthy adults
and long sleep decreased the MetS after 787,983 person-years of
follow-up.*"" A summary of twelve cross-sectional studies and
3 cohort studies showed that short and long sleep durations were
risky behaviors for increasing the risk of metabolic syndrome.*®!

Causal mechanisms relating sleep duration and MetS included
circadian regulation of energy metabolism and hormone
secretion.[®”32 Sleep rhythms disruption has been related to
impaired metabolism and seems to influence the pathogenesis of
metabolic diseases. Changes in the timing and sleep duration
could also disrupt circadian rhythmicity and autonomic balance,
disturbing the diurnal cardiac output rhythm, and increasing
blood pressure variability.!*>*¥ Sleep restriction played a key
role in the regulation of glucose and was associated with glucose
clearance reduction and glucose production elevation, increasing

glucose production, and incident diabetes.’>**¢! The relationship
between sleep duration and obesity, type 2 diabetes, hypertension
may be mediated through changes in dietary intake. Short
sleepers may have irregular eating behavior and have higher total
energy intake and total fat intake.?”! Low-grade inflammation
was also activated during short sleep.!*®! Mechanisms underlying
the association between long sleep duration and metabolic health
were unclear, and future studies are required to explain the role of
comorbidities and confounding factors. It may be explained by
comorbidity and confounding factors.

There are several limitations in this study. Firstly, it was a
cross-sectional survey, which had restricted ability to address the
causal relationship. This result should be consolidated in
prospective cohort study. Secondly, we used self-reported sleep
duration in our study, and this may be result in information bias.
Thirdly, this study only contain 1 province, and there is
uncertainty for extrapolation. At last, we did not take into
account insomnia symptom. Insomnia symptoms are the most
common sleep complaint and highly prevalent in individuals
with short sleep duration. However, previous study showed
the association between short sleep duration and metabolic
syndrome were similar among participants with and without
insomnia symptoms.I31I

5. Conclusion

The MetS was prevalent in central China, more than half of total
adult population was suffering from high blood pressure, and
two fifths of participants had abdominal obesity. This study
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demonstrates that sleep duration may be a determinant of
metabolic health. Both short (<6 hours) and long sleep duration
(>9hours) were linked to an increased risk of MetS.
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