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Abstract

Introduction: The relationship between sleep duration and metabolic syndrome (MetS) remains debatable. In the present study, we
analysed the link between total sleep duration (including nighttime sleep and nap duration) and MetS as well as its components among
the Chinese population.

Material and methods: This was a cross-sectional study from a prospective population cohort including 8616 participants over 40 years
in Guangxi, China, evaluated from April 2011 to January 2012. MetS was diagnosed using modified criteria from the National Cholesterol
Education Program’s Adult Treatment Panel III. Sleep information was obtained through a standard self-report-based questionnaire.
The connection between sleep duration and MetS prevalence as well as its components was evaluated using a logistic regression model.
Results: After adjusting for potential confoundings, the longer daily sleep duration (= 10 hours) group was observed to have the higher
odds of having MetS than the reference group with>7 and < 8 hours of sleep [odds ratio (OR): 1.25,95% confidence interval (CI): 1.03-1.52,
p = 0.023], as well as the highest odds of having elevated triglycerides (OR: 1.25, 95% CI: 1.03-1.52) and fasting blood glucose (OR: 1.21,
95% CI: 1.01-1.45). Further analysis demonstrated that sleeping > 9 hours per night was correlated to MetS in females (OR: 1.27,95% CI:
1.02-1.58), while napping > 90 minutes was correlated to MetS (OR: 1.44, 95% CI: 1.11-1.87) in males.

Conclusion: Both longer nighttime sleep duration and longer naps may be associated with the development of MetS. (Endokrynol Pol
2024; 75 (1): 51-60)
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Introduction

Metabolic syndrome (MetS) is a clinical disorder that
includes central obesity, hypertension, hyperglycaemia,
and dyslipidaemia [1]. MetS can lead to cardiovascular
problems and all-cause mortality risk, and it has de-
veloped as a global public health concern [2]. In recent
years, MetS incidence has risen considerably in numer-
ous nations [3], with a global incidence ranging from
20 to 45% [4]. According to epidemiological research,
the total prevalence of MetS among the Chinese popula-
tion was 24.5% in 2016 [5]. Therefore, identifying modi-
fiable factors is crucial to preventing the onset of MetS.

Sleep is an important factor related to human health,
and it is closely related to hormone secretion and meta-

bolic balance in the body [6]. Meanwhile, insufficient or
excessive sleep has been demonstrated in epidemiologi-
cal research to have adverse implications for the body,
such as obesity [7], diabetes [8], or cardiovascular events
[9]. MetS has long been assumed to be caused by lack of
exercise, irregular diets, and a sedentary lifestyle [10].
Moreover, the onset of MetS has been related to sleep
duration, which has been identified as a contributing
factor as modern civilization has progressed. To date,
many studies have analysed the connection between
sleep duration and MetS. However, the outcomes
of prior investigations were inconsistent. Toshiaki
et al. reported a U-shaped relationship in Japanese
patients, with both short- and long-duration sleepers
presenting a higher risk of MetS [11]. Recent data from
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Figure 1. Flow chart of crowd data analysis from the REACTION study (2011-2012)

a meta-analysis of 9 prospective cohorts suggests that
short sleep duration, rather than extended sleep dura-
tion, increases the risk of MetS [12]. On the other hand,
another cross-sectional investigation showed no link be-
tween sleep duration and MetS in Chinese individuals
[13]. These inconsistent results might be related to dif-
ferences in experimental study designs, race, and sleep
duration classification.

Daytime napping is a common behaviour world-
wide. In China, around 68.6% of middle-aged and older
people nap daily [14]. Adequate napping can aid in
energy recovery, memory consolidation [15], and cogni-
tive function [16]. However, obesity [17], type 2 diabetes
(T2DM) [18], and cardiovascular issues have also been
linked to taking longer naps in several studies [19]. Also,
previous studies have reported a correlation between
napping and MetS. In the Netherlands, a cross-sectional
study indicated that napping for both < 30 and > 30 min
was related to an elevated incidence of MetS in 1679
older subjects compared to those who did not nap
[20]. Another cross-sectional study conducted in China
found that only napping for > 90 min was correlated
with significantly higher MetS occurrence among
5129 subjects with an average age of 39 years [21]. Be-
cause more middle-aged and elderly people nap during
the day in China, understanding the health impacts of
napping on MetS is of significant interest.

Most studies on sleep duration and MetS have
concentrated on nighttime sleep duration, with rela-
tively few studies looking at nap and total daily sleep
duration. An even greater lack of studies is related to
the link between the 3 sleep durations and MetS. At
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the same time, there is controversy regarding the length
of sleep duration that affects MetS. Hence, we used
data from the REACTION study in Guangxi to evaluate
the correlation between total sleep duration (including
nighttime sleep duration and naps) and MetS and its
components, and to further explore the impacts of gen-
der, age, and BMI status on the sleep-MetS relationship.

Material and methods

Study population

The data for this study were retrieved from the Guangxi division
of the Risk Evaluation of cAncers in Chinese diabeTic Individuals:
A LONgitudinal (REACTION) study, which is a population-based
prospective cohort study with respondents over the age of 40 years.
This study was designed to evaluate the association between type
2 diabetes, prediabetes, and cancer risk in the Chinese population
[22-24]. A total of 9028 respondents were recruited from April 2011
to January 2012 in 8 communities in Nanning, Guangxi, China.
Respondents who did not match the eligibility requirements of age
(240 years, n = 134), lacked nighttime sleep duration (n = 239), or
could not determine their MetS status (n = 39) were not included
in the current research. Thus, 8616 respondents were included to
evaluate nighttime sleep duration and MetS and its components.
Respondents lacking nap information (n = 1954) were then exclud-
ed, and the remaining population (n = 6662) had their daytime nap
time and daily sleep time with MetS and its components examined
(Fig. 1). The present study followed the Declaration of Helsinki
and was authorized by the Human Research Ethics Committee of
the First Affiliated Hospital of Guangxi Medical University. Written
informed consent form was signed by all the respondents.

Clinical information and biochemical data

Professional researchers performed personal interviews using
a systematic questionnaire. The questionnaire included general
information, lifestyle factors, and medical and family histories.
Never, ever (stopped smoking or drinking for more than 6 months),
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or currently (smoked or drunk regularly in the past 6 months) were
used to categorize smoking and drinking behaviours. The intensity,
duration, and frequency of physical activity during leisure time
were evaluated using a short version of the International Physical
Activity Questionnaire (IPAQ) [25]. The anthropometric measures
of all respondents were evaluated using a standard methodology by
qualified personnel. The blood pressure (BP) of sitting respondents
was tested using an automated electronic device (OMRON, Om-
ron, China). The same observer took BP readings 3 times in a row,
each 5 minutes apart. The BP value for analysis was calculated as
the average of the 3 readings. The waist circumference (WC) was
estimated at the umbilical cord in the natural standing position.
The body mass index (BMI) (kg/m? was computed by multiply-
ing the weight (kg) by the square of the height (m?). Obesity was
defined as a BMI > 28, and overweight was defined as a BMI > 24
and < 28, according to the standards of the Chinese population [26].
Venous blood samples were collected in the early morning when
respondents were fasting. Total cholesterol (TC), low-density lipo-
protein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), fasting plasma glucose (FPG), and triglyceride (TG) levels
were tested using an automated analyser (ARCHITECTc16000Sys-
tem, Abbott Laboratories, IL, United States).

Definition of MetS

MetS was defined following the 2005 National Cholesterol Educa-

tion Program Modified Adult Standard Treatment Group III (NCEP

ATP III) [27] and was diagnosed as a condition in which 3 or more

of the following features were present:

— women’s and men’s WCs of 90 and 80 cm, respectively;

— TG >1.70 mmol/L or medication therapy for high triglycerides;

— HDL-Clevels of < 1.03 and < 1.30 mmol/L for men and women,
respectively;

— systolic blood pressure (SBP) > 130 mmHg, diastolic blood
pressure (DBP) > 85 mm Hg or medication therapy for high BP;

— FPG 2 5.6 mmol/L or medication therapy for high fasting
glucose.

Definition criteria of total sleep duration,

nighttime sleep duration, and nap duration

Sleep duration was evaluated based on the following questions:
When do you generally sleep at night? When do you normally get
up in the morning? Do you take naps during the day? How long
do you generally slumber — minutes or hours? Waking and falling
asleep times were used to compute nighttime sleep duration. Night-
time sleep was separated into 5 categories: <6 h,>6and <7h,>7
and < 8 h,>8and < 9h, and > 9 h. Daytime naps were classified
into 3 categories: > 1 and < 45 min, >45 and < 90 min, and > 90 min.
Based on the sum of nighttime sleep and nap duration, the total
sleep duration was divided into 5 categories: <7h,>7and <8h,>8
and <9h,>9and <10 h, and > 10 h.

Statistical analyses

The Kolmogorov-Smirnov (K-S) test was applied to determine
normality. Continuous variables are presented as means = stan-
dard deviations or medians (interquartile ranges). Frequencies
and percentages are used to express categorical variables. To
contrast non-MetS and MetS groups on continuous variables,
the Wilcoxon rank-sum test was employed, while the y* test was
utilized to compare categorical data. The odds ratios (ORs) and 95%
confidence intervals (Cls) for different sleep durations and MetS
were computed using logistic regression analyses. The reference
groups were the >1and < 45 min nap group and the>7and <8h
sleep group. We performed 2 types of logistic model analyses: model
1 was unadjusted for confounding factors, model 2 was adjusted
for age and gender, ethnicity, education, smoking status, drinking
status, work intensity, physical activity and BMI.

We also focused on whether age and BMI affected the connection
between sleep duration and MetS. After stratifying the research
sample by gender, we analysed the connection between MetS
and sleep duration in subgroups of age (40-60 and < 60 years)
and obesity degree (normal, overweight, or obese). To make our
research more comprehensive, a multivariate logistic regres-
sion model was used to evaluate the relationship between sleep
duration and MetS components. The SAS software (version 9.4) was
used for all statistical analyses, and the significance was determined
by a p value < 0.05.

Results

Characteristics of respondents

The characteristics of respondents with and without
MetS are compared in Table 1. Among the 8616 respon-
dents (3268 males and 5348 females), 3252 (37.7%) had
MetS. The respondents” average age was 56.1 + 10.7
years, and men (34.0%) showed a lower incidence of
MetS than women (40.0%). The mean WC and FPG
were 83.0 £ 9.1 cm and 5.9 = 1.7 mmol/L, respectively.
Respondents with MetS had higher WC, FPG, BD
and TG levels and BMI compared with non-MetS re-
spondents (all p < 0.05).

Association between sleep duration and MetS
The ORs (95% CI) for MetS according to different sleep
durations are displayed in Figure 2. In the total popu-
lation, sleeping > 9 hours at night and > 10 hours per
day exhibited a higher incidence of MetS compared to
the control group, with ORs (95% CI) of 1.32 (1.14-1.52)
and 1.41 (1.19-1.67), respectively (Model 1). After con-
trolling for age, gender, ethnicity, education, smoking
status, drinking status, work intensity, physical activity,
and BM], this correlation (OR: 1.18,95% CI: 1.00-1.40,
p = 0.047; OR: 1.25, 95% CI: 1.03-1.52, p = 0.023) is
attenuated (Model 2). In male subjects, respondents in
the napping duration > 90 min group and with longer
daily sleep duration (> 10 hours) were significantly
linked with MetS (OR: 1.44,95% CI: 1.11-1.87, p = 0.007;
OR:1.42,95% CI:1.04-1.95, p = 0.028). In female subjects
a similar connection was only detected between longer
nightsleep duration (=9 hours) and MetS (OR: 1.27,95%
CI: 1.02-1.58, p = 0.031). We did not detect a significant
correlation between short sleep duration and MetS.

Table 2 shows how the correlation between sleep du-
ration and MetS varied among subgroups stratified by
age and BMI. After correcting for multiple confounders,
napping time > 90 minutes in male subjects was posi-
tively related to MetS in the following subgroups: 40-60
years (OR: 1.53,95% CI: 1.08-2.15) and overweight (OR:
1.79,95% CI: 1.26-2.53). Female subjects with > 9 hours
of nighttime sleep were significantly more susceptible
to MetS in the subgroup aged > 60 years (OR: 1.66, 95%
CI: 1.22-2.27). The interaction p-values for gender, age,
and BMI were significant for MetS (all p < 0.001).
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Table 1. Characteristics of respondents with and without metabolic syndrome (MetS)
Characteristic Total (n = 8616) Non-MetS (n = 5364) MetS (n = 3252) p-value
Male (n%) 3268 (37.93) 2156 (40.19) 1112 (34.19)
Age [years] 56.11 + 10.65 5412 = 10.24 59.40 + 10.51 < 0.001
BMI [kg/m?] 2413 + 3.31 23.13 = 3.00 25.76 = 3.14 < 0.001
Ethnicity < 0.001
Han (n%) 5492 (64.90) 3338 (62.23) 2254 (69.31)
Zhuang (n%) 2666 (30.94) 1811 (33.76) 855 (26.29)
Other (n%) 114 (1.32) 77 (1.44) 37(1.14)
Missing (n%) 244 (2.83) 133 (2.57) 106 (3.26)
Education < 0.001
Primary school and below (n%) 1437 (16.68) 658 (12.27) 779 (23.95)
Junior high school (n%) 2811 (32.63) 1729 (32.23) 1082 (33.27)
High school and technical Secondary school (n%) 3062 (35.54) 2092 (39.00) 970 (29.83)
College degree or above (n%) 1268 (14.72) 859 (16.01) 409 (12.58)
Missing (n%) 38 (0.44) 25(0.48) 12 (0.37)
Smoking status 0.001
Never (n%) 6597 (76.57) 4024 (75.02) 2573 (79.12)
Former (n%) 621 (7.21) 387 (7.21) 234 (7.20)
Current (n%) 1252 (14.53) 859 (16.01) 393 (12.08)
Missing (n%) 146 (1.69) 94 (1.75) 52 (1.60)
Alcohol consumption status < 0.001
Never (n%) 5143 (59.69) 3091 (57.62) 2052 (63.10)
Former (n%) 603 (7.00) 378 (7.05) 225 (6.92)
Current (n%) 2729 (31.67) 1805 (33.65) 924 (28.41)
Missing (n%) 141 (1.64) 90 (1.68) 51 (1.57)
Work intensity < 0.001
No work (n%) 5145 (59.71) 2860 (53.32) 2285 (70.26)
Low intensity (n%) 2686 (31.17) 1952 (36.39) 734 (22.57)
Moderate intensity (n%) 566 (6.57) 400 (7.46) 166 (5.10)
High intensity (n%) 100 (1.16) 64 (1.19) 36 (1.11)
Missing (n%) 119(1.38) 84 (1.63) 31(0.95)
Physical activity < 0.001
No (n%) 1453 (16.86) 943 (17.58) 510 (15.68)
Low level (n%) 4579 (53.15) 2709 (50.50) 1870 (57.50)
Moderate (n%) 1250 (14.51) 804 (14.99) 446 (13.71)
High level (n%) 1153 (13.38) 789 (14.71) 364 (11.19)
Missing (n%) 181(2.10) 119 (2.22) 62 (1.91)
Changes in Mets components
WC [cm] 83.04 = 9.07 79.73 = 8.13 88.41 = 7.89 < 0.001
TG [mmol/L] 1.55 = 1.27 1.16 = 0.72 219 = 1.65 < 0.001
HDL-c [mmol/L] 1.31 £ 0.41 1.39 = 0.43 1.18 = 0.34 < 0.001
SBP [mmHg] 132.03 = 20.21 125.78 + 18.52 142.20 = 18.66 < 0.001
DBP [mmHg] 78.45 = 11.42 76.02 = 10.73 82.40 = 11.41 < 0.001
FPG [mmol/L] 5.90 = 1.67 5.49 = 1.24 6.56 = 2.02 < 0.001

Data are presented as mean =+ standard deviation (SD) or number (percentage). p-values were for x? analyses across the groups. BMI — body mass index;
TG — triglycerides; HDL-C — high-density lipoprotein cholesterol; SBP — systolic blood pressure; DBP — diastolic blood pressure; FPG — fasting plasma glucose
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Figure 2. The odds ratios (ORs) of metabolic syndrome (MetS) based on nighttime sleep duration (A), nap duration (B), and daily sleep
duration (C) in the REACTION study (2011-2012). Model 1: crude ratio. Model 2: adjusted for age, gender (as appropriate), ethnicity,
education, smoking status, alcohol consumption status, work intensity, physical activity, and body mass index (BMI)

Relationship between sleep duration and MetS
components

Figure 3 presents the results of the multivariate logistic
regression analysis between sleep duration and MetS
components. For all participants, with elevated TG

(OR: 1.25, 95% CI: 1.03-1.52) and FPG (OR: 1.21, 95%
CI: 1.01-1.45) being linked to > 10 hours of sleep per
day compared to the reference group. Of elevated
TG, > 9 hours of sleep per night also presented similar
results (OR: 1.23, 95% CI: 1.05-1.45). For males, re-
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Table 2. Subgroup analysis of sleep duration and metabolic syndrome (MetS)
Variables o
40-60y >60y Normal Overweight Obesity
Male
Nighttime sleep duration (n = 8616)
Number 2137 1129 1455 1352 388
<6h 0.51(0.31-0.85) 1.08 (0.60-1.92) 0.79 (0.38-1.66) 0.74 (0.44-1.24) 0.70 (0.33-1.48)
>26and <7h 0.85 (0.64-1.14) 1.24 (0.83-1.85) 1.08 (0.71-1.64) 0.82 (0.60-1.12) 1.52 (0.80-2.89)
>7and <8h Ref Ref Ref Ref Ref
>8and < 9h 1.07 (0.82-1.41) 1.42 (1.02-1.97) 1.40 (0.98-2.02) 1.01 (0.77-1.34) 1.41 (0.75-2.67)
>9h 1.07 (0.74-1.53) 1.29 (0.86-1.94) 1.14 (0.72-1.82) 1.22 (0.85-1.76) 0.77 (0.37-1.60)
Nap sleep duration (n = 6662)
Number 1653 936 1123 1094 310
>1and < 45 min Ref Ref Ref Ref Ref

>45and < 90 min 1.26 (0.95-1.67)

0.88 (0.59-1.31)

0.83 (0.55-1.25)

1.32 (0.97-1.79)

0.90 (0.49-1.67)

> 90 min 1.53 (1.08-2.15)

1.32 (0.86-2.02)

1.22 (0.77-1.93)

1.79 (1.26-2.53)

0.97 (0.48-1.97)

Daily sleep duration (n = 6662)

Number 1653 936 1123 1094 310

<7h 0.89 (0.55-1.43) 0.79 (0.41-1.55) 0.73 (0.30-1.81) 0.89 (0.53-1.50) 0.73 (0.30-1.81)
>7and < 8h Ref Ref Ref Ref Ref
>8and < 9h 1.10 (0.80-1.53) 0.76 (0.49-1.19) 0.75 (0.38-1.47) 1.21(0.85-1.71) 0.75 (0.38-1.47)
>9and < 10h 1.47 (1.02-2.13) 0.96 (0.61-1.50) 0.78 (0.36-1.66) 1.46 (1.00-2.12) 0.78 (0.36-1.66)
>10h 1.44 (0.94-2.21) 1.35(0.83-2.19) 0.78 (0.32-1.90) 1.67 (1.09-2.58) 0.78 (0.32-1.90)

Female

Nighttime sleep duration (n = 8616)

Number 3323 2024 2854 1851 557

<6h 0.95 (0.61-1.47) 0.88 (0.58-1.34) 0.69 (0.43-1.12) 0.95 (0.60-1.52) 0.99 (0.43-2.28)
>6and <7h 1.01 (0.80-1.27) 0.99 (0.75-1.32) 1.10 (0.84-1.43) 0.93 (0.71-1.22) 0.79 (0.48-1.32)

>T7and <8h Ref Ref Ref Ref Ref
>8and < 9h 1.11(0.91-1.37) 1.14 (0.90-1.45) 1.17 (0.94-1.47) 1.11(0.87-1.42) 1.01(0.63-1.63)
>9h 1.04 (0.77-1.41) 1.66 (1.22-2.27) 1.36 (1.01-1.82) 1.09 (0.77-1.55) 1.37 (0.68-2.75)
Nap sleep duration (n = 6662)

Number 2492 1578 2172 1403 425
>1and < 45 min Ref Ref Ref Ref Ref

> 45 and < 90 min 1.05 (0.83-1.32)

0.93 (0.72-1.21)

0.95 (0.74-1.21)

1.00 (0.76-1.31)

1.08 (0.62-1.87)

> 90 min 0.89 (0.68-1.17)

1.04 (0.77-1.40)

1.01(0.76-1.33)

0.87 (0.63-1.18)

1.02 (0.57-1.83)

Daily sleep duration (n = 6662)

Number 2492 1578 2172 1403 425
<7h 0.90 (0.60-1.38) 1.14 (0.71-1.84) 1.06 (0.67-1.68) 0.90 (0.55-1.46) 1.03 (0.42-2.49)
>7and < 8h Ref Ref Ref Ref Ref
>8and < 9h 1.13 (0.86-1.47) 1.04 (0.76-1.44) 1.32 (0.97-1.80) 0.95 (0.69-1.29) 1.32 (0.70-2.51)

>9and <10h 1.05 (0.79-1.41)

0.99 (0.71-1.37)

1.02 (0.74-1.42)

1.04 (0.74-1.45)

1.21 (0.63-2.33)

>10h 0.98 (0.70-1.39)

1.56 (1.07-2.26)

1.27 (0.88-1.83)

1.10(0.75-1.63)

1.37 (0.66-2.85)

Adjusted for age (as appropriate), BMI (as appropriate), ethnicity, education, smoking status, alcohol consumption status, work intensity, physical activity.

BMI — body mass index
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Figure 3. Adjusted odds ratios (ORs) for metabolic syndrome (MetS) components based on nighttime sleep duration, nap duration,
and daily sleep duration in the REACTION study (2011-2012) adjusted for age, gender (as appropriate), body mass index (BMI),
ethnicity, education, smoking status, alcohol consumption status, work status, and physical activity

spondents who napped for > 90 minutes had a higher
risk of elevated TG (OR: 1.48 95% CI: 1.15-1.90). For
females, although the statistically relevant connection
between longer nighttime sleep duration and elevated
TG was weaker, we still noticed a trend (OR: 1.24 95%
CI: 1.00-1.54).

Sensitivity analysis

The association between nighttime sleep duration
and MetS was investigated in Supplementary File
— Table S1 using the data excluding missing nap
information. The sensitivity analysis was similar to
the primary analysis. Compared with women who
slept 7-8 hours at night, those who slept more than
9 hours at night exhibited a higher chance of MetS in

the non-adjusted model. The association in the sensitiv-
ity analysis was slightly attenuated compared to thatin
the primary analysis in the adjusted model.

Discussion

In the current cross-sectional study, we presented epide-
miological evidence that excessive night sleep duration
and total sleep duration might contribute to the onset
of MetS among the Chinese population. Further sub-
group analyses revealed that sleep duration > 9 hours
per night was linked to MetS development in older
Chinese females. Daytime naps of > 90 minutes were
linked to a considerable increase in MetS prevalence
in middle-aged overweight Chinese males. According to
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gender variations in the night sleep and nap connections
with MetS, men might be more vulnerable to napping,
whereas women may be more influenced by nighttime
sleep. Our current findings indicate that longer night-
time sleep and total daily sleep duration might be det-
rimental to MetS components, including TG and FPG.
Previous studies have only shown that a short or
long nighttime sleep duration was linked to MetS,
or that sleep duration presented a U-shaped pattern
with MetS risk [28-30]. Hence, the findings regarding
the link between nighttime sleep duration and MetS are
controversial. Longer nightly sleep (> 9 h) was related
to MetS in women over 60 years old, but not in men,
according to our survey. The exact cause for these
gender differences remains unclear. Hormonal changes
and their effects on sleep could be one explanation for
the gender-specific differences in this connection [31].
Previously, fluctuations in reproductive hormone levels
in women during menopause have been associated
with decreased oestrogen levels and sleep disturbances
[32,33]. Studies have also indicated that perimenopaus-
al women tend to have hot flashes during nighttime
sleep, which are characterized by intense heat, sweat-
ing, and dilation of skin blood vessels [34]. Moreover,
post-hot flashes in women were negatively correlated
with sleep efficiency and increased nocturnal awak-
enings, which might lead to decreased sleep quality
and increased sleep demand, finally resulting in in-
creased nighttime sleep [35]. Also, a meta-analysis men-
tioned that women who slept longer had an elevated
degree of C-reactive protein and interleukin 6 (IL-6)
inflammatory markers than men [36]. The levels of
inflammatory markers also affect BB WC, and insulin
sensitivity, which might contribute to MetS [37].
Napping has long been considered a beneficial
lifestyle habit. However, recent studies have shown
that prolonged napping can be detrimental to health.
According to a previous meta-analysis, prolonged nap-
ping was related to the occurrence of cardiovascular
events and all-cause mortality [38]. Additionally, a co-
hort study found that longer napping was a possible
risk factor for the onset of MetS and negatively affected
MetS recovery [30]. Although we did not identify a link
between napping and MetS in the general population,
in the subgroup analyses by gender and BMI, we found
that napping for > 90 min was linked to an elevated
risk of MetS in overweight men between the ages of
40 and 60 years. The mechanism behind this connec-
tion remains unknown. In previous studies, increased
sympathetic activity was detected after waking from
a daytime nap. In particular, prolonged napping might
lead to sympathetic and vagal equilibrium breakdowns,
thereby activating the renin-angiotensin system that
regulates insulin production and glycaemic regulation,
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finally resulting in abnormal glucose metabolism [39].
Meanwhile, prolonged daytime napping might cause
circadian rhythm disturbances, leading to increased
nighttime cortisol concentrations and predisposition
to insulin resistance and other metabolic abnormalities
[40]. Furthermore, prolonged napping might be caused
by lack of sleep or nocturnal sleep disorders. Thus,
the increased risk of diabetes or metabolic illness on
these individuals might be related to chronic nocturnal
sleep deprivation or sleep disturbances rather than
prolonged daytime napping [41].

Few studies have explored the link between MetS
and the total sleep duration (nighttime sleep and nap-
ping throughout the day). In Korea, a prospective study
reported an OR (95% CI) of 1.41 (1.06-1.08) for the oc-
currence of MetS when comparing a total sleep time
of > 6 and < 8 h with < 6 h [42], but it did not analyse
gender interactions. Moreover, Wu et al. [13] reported
a link between daily sleep duration and MetS in a Chi-
nese population and showed that female respondents
with sleep duration > 8 h were more prone to MetS.
However, this study did not detect the difference
between sleep duration and MetS in men. Regarding
the relative connection between daily sleep duration
and MetS, we showed that among overweight men
and women aged > 60 years, excessive daily sleep du-
ration (> 10 hours/day) was related to MetS. Excessive
total daily sleep duration leading to MetS might be
due to deprivation of physical activity and excessive
fat accumulation in prolonged sleepers. Additionally,
lipocalin is an important adipocytokine that protects
against hypertension, inflammation, and atheroscle-
rotic vascular disease. Lipocalin expression decreases
in people with visceral fat build-up, which might be
one of the reasons why prolonged sleep leads to MetS
[43]. Second, in terms of MetS composition, we showed
that longer daily sleep duration was linked to higher TG
and FPG levels, consistent with previous observations.

Our present study has some limitations. First,
we described a relationship between sleep duration
and metabolic risk factors, but the underlying causes
could not be inferred. Second, although we adjusted
for different possible risk variables, residual confound-
ing can be caused by unobserved or inaccurately cali-
brated variables, including sleep breathing disorders
and other sleep disturbances. Finally, we relied on
self-reported personal information such as sleep time,
which might contribute to bias in the experimental
findings. The lack of objective measures of sleep to go
with the objective measures of MetS was a major limita-
tion. On the other hand, our study has the advantage
of adjusting for more covariates in a large sample of
individuals and adding the effects of longer naptime
and MetS in men.
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Conclusion

This study reveals that excessive daily sleep dura-
tion (both nap and night sleep duration) seems to be
a detrimental factor for MetS and its components, with
overweight middle-aged men being primarily affected
by nap duration and older women being primarily af-
fected by night sleep duration. To maintain a proper
sleep schedule and limit the development of MetS, it
is desirable to enhance sleep-related health education
in the prevention and control of MetS.
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