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Abstract

Background: This study examines the impact of sleep duration on the incidence of metabolic syndrome in Korean adults.

Methods: A total of 11,721 participants (5,263 male 6,458 female) aged 19-64 years from the 8th Korea National Health and Nutri-
tion Examination Survey were included. Sleep duration was categorized as less than 7 hours, 7 to less than 9 hours, and 9 or more
hours. Metabolic syndrome was defined using the National Cholesterol Education Program Adult Treatment Panel-Ill criteria. Chi-
square tests and logistic regression analysis were conducted to assess associations.

Results: The prevalence of metabolic syndrome was 28.4%, higher in male (34.4%) than female (23.6%). The average sleep duration
was 6.79£1.75 hours. In male, sleeping less than 6 hours increased the risk of metabolic syndrome by 1.54 times (95% confidence in-
terval [Cl]: 1.30-1.82) and abdominal obesity by 1.51 times (95% Cl: 1.29-1.77). In premenopausal female, sleep under 7 hours in-
creased the risk of metabolic syndrome by 1.28 times (95% Cl: 1.06-1.55) and abdominal obesity by 1.41 times (95% Cl: 1.20-1.66).
Conclusions: Shorter sleep duration is linked to a higher risk of metabolic syndrome and abdominal obesity, highlighting the impor-
tance of adequate sleep for metabolic health.
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INTRODUCTION

The life expectancy of Koreans has steadily increased due to
advancements in medical technology and improved living stan-
dards. However, the incidence of chronic diseases has risen due
to factors such as stress, irregular eating habits, sleep disorders,
and sedentary lifestyles. In particular, circulatory diseases and
cancer have shown a marked increase, which is closely associat-
ed with metabolic syndrome. Metabolic syndrome is defined as
a cluster of metabolic abnormalities, including abdominal obesi-

ty, hypertension, hyperglycemia, elevated triglycerides, and low
high-density lipoprotein (HDL) cholesterol levels, and is known
to significantly increase the risk of cardiovascular diseases and
diabetes [1,2].

Over the past two decades, the prevalence of metabolic
syndrome among Korean adults has increased from 27.1% to
33.2%. The rise has been particularly dramatic in male, where
prevalence surged from 25.8% to 40.0%, primarily driven by
increased abdominal obesity and hyperglycemia. These findings
underscore the importance of early detection and prevention of
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metabolic syndrome [3].

Mental health and lifestyle factors play critical roles in the
onset of metabolic syndrome, with sleep duration being a par-
ticularly important variable. Short sleep duration can stimulate
the sympathetic nervous system, leading to increased heart
rate and blood pressure, elevated secretion of cortisol—a stress
hormone—and the exacerbation of insulin resistance and met-
abolic abnormalities [4-6]. Studies suggest that the relationship
between sleep duration and the prevalence of metabolic syn-
drome follows a U-shaped curve, with both short and long sleep
durations posing risks [7-9].

In female, menopause induces significant metabolic changes,
increasing the risk of abdominal obesity, elevated triglycerides,
and hyperglycemia. Consequently, the prevalence of metabolic
syndrome rises sharply in postmenopausal female. This high-
lights the need for studies analyzing the relationship between
sleep duration and metabolic syndrome while considering sex
and physiological conditions [10,11].

This study utilized data from the 8th Korea National Health
and Nutrition Examination Survey (KNHANES) to examine
the association between sleep duration and the prevalence of
metabolic syndrome in Korean adults. Specifically, it assessed
the risks of short sleep duration (<6 hours) in male and com-
pared the prevalence of individual metabolic syndrome compo-
nents between premenopausal and postmenopausal female. The
findings aim to provide a foundation for the development of
preventive and management strategies for metabolic syndrome
that account for sex and physiological differences.

METHODS

Study population

This study was conducted using data from the 8th KNHANES
(2019-2021). Of the 22,559 participants in the KNHANES,
individuals aged 18 years or younger and those aged 65 years
or older (n=9,245) were excluded. Consequently, 13,314 adults
aged 19 to 64 years were initially selected for analysis. Among
these, 780 participants with missing data on sleep duration and
795 individuals with incomplete information required for the
diagnosis of metabolic syndrome-such as blood pressure, blood
glucose, triglycerides, HDL cholesterol, or waist circumfer-
ence-were excluded. Additionally, 18 participants with missing
occupational data were removed. Ultimately, a total of 11,721
participants (5,263 male and 6,458 female) were included in the
final analysis (Fig. 1).
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Variable definitions

Dependent variable

The dependent variable in this study was metabolic syndrome,
defined based on the revised 2005 National Cholesterol Educa-
tion Program Adult Treatment Panel-III criteria and the waist
circumference thresholds suggested by the Korean Society for
the Study of Obesity [12].

Metabolic syndrome was diagnosed if an individual met three

or more of the following five criteria:

* Abdominal obesity: Waist circumference 290 cm for male
and >85 cm for female.

* Hypertriglyceridemia: Triglycerides >150 mg/dL or current-
ly taking medication for dyslipidemia.

* Hypertension: Systolic blood pressure 2130 mmHg or dia-
stolic blood pressure >85 mmHg, or currently taking anti-
hypertensive medication.

* Low HDL cholesterol: HDL cholesterol <40 mg/dL for male
and <50 mg/dL for female.

* Hyperglycemia: HbA1C >5.7% was used as an indicator
instead of fasting blood glucose, and individuals taking dia-
betes medication were also included [13].

Independent variable
The independent variable was average daily sleep duration,
measured based on the “weekday sleep duration” item from the

KNHANES 8th 2019-2021
Total (n=22,559)

Excluded participants aged under 18 and
over 65 (n=9,245)

Excluded participants with missing sleep
information (n=780)

Excluded participants with missing
e information on any metabolic syndrome
components (n=795)

Excluded participants with missing

> occupational information (n=18)

A4

Final analysis (N=11,721)
(male=5,263 and female=6,458)

Fig. 1. Flow-chart for study participants selection. KNHANES,
Korea National Health and Nutrition Examination Survey.
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Mental Health section of the KNHANES (2019-2021). Partici-
pants were asked to report their average bedtime and wake-up
time on weekdays, and these were used to calculate their daily
sleep duration. For this study, sleep duration was categorized
into three groups:

* Short sleep duration: Less than 7 hours.

* Optimal sleep duration: 7 hours to less than 9 hours.

* Excessive sleep duration: 9 hours or more [14,15].

For male, a further stratification was made to analyze the
impact of very short sleep duration (<6 hours) on the risk of
metabolic syndrome. This additional classification (less than 6
hours, 6 to less than 7 hours, 7 to less than 9 hours, and 9 hours
or more) aimed to provide a more precise understanding of
how short sleep duration affects the components of metabolic
syndrome in male.

This classification was based on prior studies reflecting the
characteristics of the Korean population and the guidelines
recommended by the National Sleep Foundation in the United
States [16].

Covariates

a. Sociodemographic Characteristics: Sociodemographic char-
acteristics included sex, age, income level, and educational
attainment, all of which were self-reported. Age was catego-
rized into five groups based on the KNHANES data: 19-29
years, 30— 39 years, 40-49 years, 50-59 years, and 60-64
years. Marital status was classified as “single,” “married,” or
“without a spouse” (separated, divorced, or widowed). Educa-
tional attainment was grouped into four categories: “elemen-

» <

tary school graduate or lower;” “middle school graduate,” “high
school graduate,” and “college graduate or higher” Income
level was divided into four groups: “high,” “upper middle,”
“lower middle,” and “low”

b. Health Behavior Characteristics: Health behavior charac-
teristics included smoking status, alcohol consumption,
physical activity, sleep duration, and obesity. Smoking status
was classified into “non-smoker;” “former smoker;,” and “cur-
rent smoker,” with non-smokers defined as those who had
smoked fewer than 100 cigarettes in their lifetime. Alcohol
consumption was grouped into three categories: “less than

» «

once per month,” “1-4 times per month,” and “twice or more
per week” Physical activity was assessed based on the weekly
accumulation of at least 150 minutes of moderate-intensity
activity or 75 minutes of vigorous-intensity activity. Obesi-

ty was defined as a body mass index (BMI) >25 kg/m”. For

female, menopausal status (absence of menstruation for 12
consecutive months) was also considered.

¢. Occupational Characteristics: Occupational characteristics
included shift work status and average weekly working hours.
Shift work was classified as either “daytime work” or “shift
work” Daytime work referred to jobs performed exclusive-
ly during regular daytime hours, while shift work included
evening work, night work, rotating shifts (including day and
night rotations), 24-hour shifts, split shifts, irregular shifts,
and any work schedule involving nighttime or non-daytime
hours. Average weekly working hours were categorized as “40
hours or fewer” and “more than 40 hours”

Statistical analyses

Statistical analyses were conducted using SPSS version 29.0
(IBM Corp.), and the significance level was set at P<0.05. The
specific analytical methods employed in this study were as fol-
lows:

First, descriptive statistics were performed to examine the
general and health behavior characteristics of the study popula-
tion. Frequencies and percentages were presented for categori-
cal variables, while means and standard deviations were report-
ed for continuous variables.

Second, chi-squared tests (x’-tests) were used to assess differ-
ences in the prevalence and statistical significance of metabolic
syndrome and its components across sleep duration categories.

Third, logistic regression analysis was performed to evaluate
the effect of sleep duration on the prevalence of metabolic syn-
drome. Odds ratios and 95% confidence intervals (CIs) were
calculated to quantify the associations.

Ethics statement

This study was exempted from approval by the Institutional Re-
view Board because this study was a secondary data analysis of
existing data.

RESULTS

Metabolic syndrome by general characteristics

This study analyzed the prevalence of metabolic syndrome
and its associated factors among 5,263 male and 6,458 female.
The prevalence of metabolic syndrome was 34.4% in male and
23.6% in female, and it increased with age. The highest preva-
lence was observed in the 60-64 age group, with rates of 50.6%
in male and 54.4% in female.
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Shorter sleep duration was associated with a higher preva-
lence of metabolic syndrome. Among those sleeping less than 6
hours per night, the prevalence was 43.6% in male and 29.9% in
female. Additionally, the prevalence of metabolic syndrome was
significantly higher in individuals who were obese, had lower
educational attainment, lower income, or no spouse. Lifestyle
factors such as smoking, alcohol consumption, shift work, and
working more than 40 hours per week were also associated with
increased prevalence.

Table 1. Characteristics of the study population

Among individuals who did not engage in regular exercise,
the prevalence of metabolic syndrome was 39.1% in male and
25.8% in female. Obese individuals exhibited the highest preva-
lence, with 56.5% in male and 56.3% in female (Table 1).

Metabolic syndrome by sleep duration

In male, shorter sleep duration was associated with a higher
prevalence of metabolic syndrome. The prevalence was 37.8%
in male sleeping less than 7 hours, 31.9% in those sleeping 7

Male Female
Characteristic Category Metabolic syndrome xz (] Metabolic syndrome xz ]
Yes (n=1,809) No (n=3,454) Yes (n=1,521) No (n=4,937)

Age (yr) 19-29 117 (11.2) 930 (88.8) 434.81 (<0.001) 57 (5.5) 980 (94.5) 926.86 (<0.001)
30-39 263 (26.9) 715 (73.1) 125 (10.7) 1,048 (89.3)
40-49 496 (39.8) 750 (60.2) 253 (16.1) 1,322 (83.9)
50-59 565 (44.7) 700 (55.3) 582 (33.3) 1,164 (66.7)
60-64 368 (50.6) 359 (49.4) 504 (54.4) 423 (45.6)

Marital status Single 334 (19.8) 1,355 (80.2) 241.68 (<0.001) 110 (8.1) 1,249 (91.9) 264.76 (<0.001)
Spouse (+) 1,340 (40.6) 1,963 (59.4) 1,168 (26.3) 3,274 (73.7)
Spouse (-) 135 (49.3) 139 (50.7) 243 (37.0) 414 (63.0)

Education Elementary 99 (51.8) 92 (48.2) 66.48 (<0.001) 249 (60.9) 160 (39.1) 590.28 (<0.001)
Middle 153 (50.3) 151 (49.7) 227 (45.0) 277 (55.0)
High 685 (32.4) 1,430 (67.6) 611 (24.3) 1,902 (75.7)
University 872 (32.9) 1,781 (67.1) 434 (14.3) 2,598 (85.7)

House income Low 164 (35.4) 299 (64.6) 6.35 (0.096) 210 (37.1) 356 (62.9) 111.04 (<0.001)
Mid-low 411 (37.4) 689 (62.6) 425 (27.9) 1,096 (72.1)
Mid-high 535 (33.1) 1,079 (66.9) 455 (22.6) 1,562 (77.4)
High 699 (33.5) 1,387 (66.5) 431 (18.3) 1,923 (81.7)

Weekday sleep (hr) <6 362 (43.6) 468 (56.4) 44.01 (<0.001) 282 (29.9) 662 (70.1) 34.20 (<0.001)
6 to <7 534 (34.8) 1,001 (65.2) 418 (25.0) 1,255 (75.0)
7 to <9 846 (31.8) 1,811 (68.2) 742 (21.8) 2,656 (78.2)
>9 72 (28.5) 181 (71.5) 84 (18.7) 365 (81.3)

Shift work None 187 (33.0) 379 (67.0) 7.74 (0.021) 528 (27.8) 1,372 (72.2) 29.11 (<0.001)
Daytime 1,379 (35.4) 2,519 (64.6) 841 (22.2) 2,945 (77.8)
Shift 243 (30.4) 556 (69.6) 152 (19.7) 620 (80.3)

Working time (hr)  None 186 (33.0) 377 (67.0) 9.60 (0.008) 528 (27.8) 1,374 (72.2) 32.74 (<0.001)
<40 780 (32.5) 1,621 (67.5) 681 (20.8) 2,591 (79.2)
>40 843 (36.7) 1,456 (63.3) 312 (24.3) 972 (75.7)

Smoking Current 690 (37.0) 1,174 (63.0) 89.54 (<0.001) 99 (25.5) 289 (74.5) 0.84 (0.656)
Former 728 (39.7) 1,107 (60.3) 89 (22.7) 303 (77.3)
Never 391 (25.0) 1,173 (75.0) 1,334 (23.5) 4,345 (76.5)

Alcohol use (times) <1 514 (35.5) 935 (64.5) 28.37 (<0.001) 974 (28.8) 2,409 (71.2) 108.33 (<0.001)
1-4 632 (30.3) 1,454 (69.7) 394 (17.7) 1,831 (82.3)
25 663 (38.4) 1,065 (61.6) 153 (18.0) 697 (82.0)

Physical activity Yes 774 (29.6) 1,841 (70.4) 52.50 (<0.001) 587 (20.7) 2,249 (79.3) 22.88 (<0.001)
No 1,035 (39.1) 1,613 (60 9) 934 (25.8) 2,688 (74.2)

Menopause Yes - - 902 (41.3) 1,281 (58.7) 578.16 (<0.001)
No - - 619 (14.5) 3,656 (85.5)

BMI [kg/mz) <25.0 439 (15.5) 2,401 (84.5) 978.33 (<0.001) 514 (11.0) 4,154 (89.0) 1,471.10 (<0.001)
>25.0 1,370 (56.5) 1,053 (43.5) 1,007 (56.3) 783 (43.7)

Values are presented as number (%) with appropriate units unless stated otherwise.

BMI, body mass index.

170  https://doi.org/10.15384/kjhp.2024.00157



Korean ] Health Promot 2024;24(4):167-175

KJHP

to less than 9 hours, and 28.5% in those sleeping 9 hours or
more (P<0.001). Abdominal obesity was most prevalent in male
sleeping less than 7 hours (43.5%), followed by those sleeping 7
to less than 9 hours (37.1%) and those sleeping 9 hours or more
(37.9%) (P<0.001). Similarly, hyperglycemia was most prevalent
in male sleeping less than 7 hours (44.9%), compared to 40.4%
in those sleeping 7 to less than 9 hours, and 29.6% in those
sleeping 9 hours or more (P<0.001).

In female, shorter sleep duration was also associated with a
higher prevalence of metabolic syndrome. The prevalence was
26.6% in female sleeping less than 7 hours, 21.8% in those sleep-
ing 7 to less than 9 hours, and 18.7% in those sleeping 9 hours
or more (P<0.001). Abdominal obesity was most prevalent in
female sleeping less than 7 hours (29.9%), followed by those
sleeping 9 hours or more (24.7%) and those sleeping 7 to less
than 9 hours (22.6%) (P<0.001). Hyperglycemia was also most
prevalent in female sleeping less than 7 hours (42.1%) (P<0.001)
(Table 2).

Relationship between sleep duration and metabolic syn-
drome

Association between sleep duration and metabolic syndrome
and its components

Logistic regression analysis revealed that in male, insufficient
sleep (less than 7 hours) was associated with a 1.27-fold higher
risk of metabolic syndrome (95% CI: 1.12-1.43) and a 1.29-fold
higher risk of abdominal obesity (95% CI: 1.15-1.45) compared

Table 2. Prevalence of metabolic syndrome and its components

to optimal sleep duration (7 to less than 9 hours).

In female, insufficient sleep increased the risk of abdominal
obesity by 1.34 times (95% CI: 1.19-1.52), but no significant
association was observed with the overall risk of metabolic syn-
drome (Table 3).

Insufficient sleep was a significant common factor associated
with increased risk of abdominal obesity in both male and fe-

male.

Association between metabolic syndrome and categorized
sleep duration in male

When sleep duration was further categorized, male sleeping
less than 6 hours exhibited a 1.54-fold higher risk of metabolic
syndrome (95% CI: 1.30-1.82) compared to those with optimal
sleep (7 to less than 9 hours). Additionally, this group showed
the highest risk of abdominal obesity, with a 1.51-fold increase
(95% CI: 1.29-1.77) (Table 4).

Prevalence of metabolic syndrome and its components
before and after menopause
Postmenopausal female exhibited a metabolic syndrome prev-
alence of 41.3%, approximately 2.8 times higher than the 14.5%
observed in premenopausal female. Among its key components,
abdominal obesity increased from 20.5% before menopause to
35.9% after menopause, hypertension from 14.8% to 43.3%, and
hyperglycemia from 24.2% to 64.3% (all P<0.001) (Table 5).
Notably, the prevalence of hyperglycemia showed the largest
increase, with postmenopausal female exhibiting a prevalence

Sleep duration

Variable <7 hr 7 to <9 hr >9 hr Pvalue

Male (n) 2,358 2,652 253
Metabolic syndrome 891 (37.8) 846 (31.9) 72 (28.5) <0.001
Central obesity 1,026 (43.5) 994 (37.1) 96 (37.9) <0.001
High blood pressure 980 (41.6) 1,022 (38.5) 83 (32.8) 0.007
High triglyceride 1,094 (46.4) 1,180 (44.5) 99 (39.1) 0.060
Low HDL-cholesterol 523 (22.2) 573 (21.6) 53 (20.9) 0.834
Hyperglycemia 1,058 (44.9) 1,060 (40.4) 75 (29.6) <0.001

Female (n) 2,611 3,398 449
Metabolic syndrome 695 (26.6) 742 (21.8) 84 (18.7) <0.001
Central obesity 780 (29.9) 768 (22.6) 11 (24.7) <0.001
High blood pressure 728 (27.9) 755 (22.2) 94 (20.9) <0.001
High triglyceride 726 (27.8) 874 (25.7) 102 (22.7) 0.037
Low HDL-cholesterol 761 (29.1) 992 (29.2) 130 (29.0) 0.994
Hyperglycemia 1,100 (42.1) 1,215 (35.8) 124 (27.6) <0.001

Values are presented as number (%) with appropriate units unless stated otherwise.

HDL, high-density lipoprotein.

https://doi.org/10.15384/kjhp.2024.00157 171



Jiyoung PARK, etal. Sleep Duration and Metabolic Syndrome I <JHP

Table 3. Odds ratios of metabolic syndrome and its components

Variable Sleep duration

<7 hr 7 to <9 hr >9 hr
Male (n) 2,365 2,657 253
Metabolic syndrome 1.27 (1.12-1.43) Ref 1.10 (0.81-1.50)
Metabolic syndrome components
Central obesity 1.29 (1.15-1.45) Ref 1.23 (0.93-1.61)
High blood pressure 1.08 (0.96-1.22) Ref 0.96 (0.71-1.30)
High triglyceride 1.04 (0.92-1.17) Ref 1.00 (0.76-1.32)
Low HDL-cholesterol 1.02 (0.89-1.17) Ref 1.03 (0.74-1.42)
Hyperglycemia 1.12 (0.99-1.27) Ref 0.86 (0.62-1.19)
Female (n) 2,617 3,398 449
Metabolic syndrome 1.12 (0.98-1.27) Ref 1.04 (0.79-1.38)
Metabolic syndrome components
Central obesity 1.34 (1.19-1.52) Ref 1.28 (1.00-1.63)
High blood pressure 1.11 (0.97-1.27) Ref 1.27 (0.95-1.68)
High triglyceride 0.90 (0.80-1.03) Ref 0.99 (0.76-1.29)
Low HDL-cholesterol 0.91 (0.81-1.02) Ref 0.96 (0.76-1.21)
Hyperglycemia 1.07 (0.95-1.21) Ref 0.92 (0.71-1.19)

Values are presented as odds ratio (confidence interval) with appropriate units unless stated otherwise. Adjusted for age, marital status, education,
household income, shift work, working time, alcohol drinking, smoking status, physical activity, body mass index, high blood pressure, high triglyceride,
low HDL-cholesterol, hyperglycemia only (menopausal status: female only).

HDL, high-density lipoprotein; Ref, reference.

Table 4. Odds ratios of metabolic syndrome and its components by four sleep duration in male

Sleep duration

Variable <6 hr 6 to <7 hr 7 to <9 hr >9 hr
Male (n) 830 1,535 2,675 253
Metabolic syndrome 1.54 (1.30-1.82) 1.14 (0.99-1.31) Ref 1.11 (0.81-1.51)
Metabolic syndrome components
Central obesity 1.51(1.29-1.77) 1.19 (1.04-1.35) Ref 1.22 (0.93-1.61)
High blood pressure 1.11 (0.94-1.32) 0.96 (0.84-1.11) Ref 0.97 (0.71-1.33)
High triglyceride 1.14 (0.96-1.35) 0.89 (0.82-1.07) Ref 1.01 (0.76-1.35)
Low HDL-cholesterol 1.13 (0.93-1.36) 0.88 (0.75-1.03) Ref 1.06 (0.76-1.47)
Hyperglycemia 1.12 (0.94-1.34) 1.12 (0.97-1.29) Ref 0.86 (0.62-1.19)

Values are presented as odds ratio (confidence interval) with appropriate units unless stated otherwise. Adjusted for age, marital status, education,
household income, shift work, working time, alcohol drinking, smoking status, physical activity, body mass index, high blood pressure, high triglyceride,
low HDL-cholesterol, hyperglycemia only.

HDL, high-density lipoprotein; Ref, reference.

Table 5. Prevalence of metabolic syndrome and its components according to menopausal status

Premenopause (n=4,275) Postmenopause (n=2,183) P-value
Metabolic syndrome 619 (14.5) 902 (41.3) <0.001
Metabolic syndrome components
Central obesity 875 (20.5) 784 (35.9) <0.001
High blood pressure 631 (14.8) 946 (43.3) <0.001
High triglyceride 767 (17.9) 935 (42.8) <0.001
Low HDL-cholesterol 1,115 (26.1) 768 (35.2) <0.001
Hyperglycemia 1,036 (24.2) 1,403 (64.3) <0.001

Values are presented as number (%) with appropriate units unless stated otherwise.
HDL, high-density lipoprotein.
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approximately 2.7 times higher than premenopausal female.

Association between sleep duration and metabolic syndrome
in premenopausal and postmenopausal female

Logistic regression analysis was conducted to examine the rela-
tionship between sleep duration and metabolic syndrome and
its components in premenopausal and postmenopausal female
(Table 6).

In premenopausal female, insufficient sleep (less than 7 hours)
was associated with a 1.28-fold higher risk of metabolic syn-
drome (95% CI: 1.06-1.55) and a 1.41-fold higher risk of ab-
dominal obesity (95% CI: 1.20-1.66) compared to optimal sleep
duration (7 to less than 9 hours).

In postmenopausal female, insufficient sleep was associat-
ed with a 1.26-fold higher risk of abdominal obesity (95% CI:
1.05-1.52) compared to optimal sleep.

In both premenopausal and postmenopausal female, insuffi-
cient sleep significantly increased the risk of abdominal obesity.
However, the risk of metabolic syndrome increased with insuf-

ficient sleep only in premenopausal female.

DISCUSSION

This study analyzed the relationship between sleep duration and

metabolic syndrome, considering sex and menopausal status,

using data from the 8th Korea National Health and Nutrition
Examination Survey (KNHANES, 2019-2021). The main find-
ings revealed that shorter sleep duration significantly increased
the risk of metabolic syndrome in male, with the highest risk
observed in those sleeping less than 6 hours. Among female, the
association between sleep duration and the components of met-
abolic syndrome differed based on menopausal status. These
findings suggest that sleep duration is a critical factor in the
development of metabolic syndrome and highlight the study’s
novelty in providing more detailed analysis by sex and physio-
logical state compared to previous studies.

Shorter sleep duration increases the risk of metabolic syn-
drome due to physiological mechanisms such as sympathetic
nervous system hyperactivation, increased cortisol secre-
tion, and worsened insulin resistance. These mechanisms are
well-documented in the literature and support this study’s
results that short sleep is associated with increased risks of met-
abolic abnormalities and abdominal obesity [1,6]. In particular,
this study further subdivided male participants into a group
sleeping less than 6 hours, revealing that very short sleep dura-
tions significantly exacerbate the risk of metabolic syndrome.
Unlike most prior studies that dichotomized sleep duration into
“short” and “adequate;” this study offers insights into the specif-
ic risks posed by extremely short sleep durations [3,4].

The rapid increase in the risk of metabolic syndrome in post-

Table 6. Odds ratios of metabolic syndrome by sleep duration according to menopausal status

Sleep duration

<7 hr 7 to <9 hr >9 hr
Premenopause (n) 1,613 2,316 349
Metabolic syndrome 1.28 (1.06-1.55) Ref 1.11 (0.76-1.61)
Metabolic syndrome components
Central obesity 1.41 (1.20-1.66) Ref 1.33 (0.99-1.78)
High blood pressure 1.19 (0.98-1.45) Ref 1.27 (0.87-1.87)
High triglyceride 0.91 (0.76-1.09) Ref 1.00 (0.72-1.39)
Low HDL-cholesterol 0.93 (0.80-1.08) Ref 0.96 (0.73-1.26)
Hyperglycemia 1.04 (0.88-1.23) Ref 0.85(0.61-1.18)
Postmenopause (n) 1,004 1,082 100
Metabolic syndrome 0.96 (0.82-1.18) Ref 0.99 (0.65-1.54)
Metabolic syndrome components
Central obesity 1.26 (1.05-1.52) Ref 1.25(0.81-1.94)
High blood pressure 1.03 (0.86-1.24) Ref 1.31 (0.85-2.02)
High triglyceride 0.89 (0.74-1.07) Ref 0.98 (0.64-1.51)
Low HDL-cholesterol 0.86 (0.72-1.04) Ref 0.93 (0.60-1.46)
Hyperglycemia 1.10 (0.92-1.33) Ref 1.05 (0.67-1.64)

Values are presented as odds ratio (confidence interval) with appropriate units unless stated otherwise. Adjusted for age, marital status, education,
household income, shift work, working time, alcohol drinking, smoking status, physical activity, body mass index, high blood pressure, high triglyceride,

low HDL-cholesterol, hyperglycemia only.
HDL, high-density lipoprotein; Ref, reference.
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menopausal female is primarily attributed to decreased estrogen
levels, which lead to changes in fat distribution and worsened
insulin sensitivity. This study showed that premenopausal fe-
male with shorter sleep durations (<7 hours) had a 1.41-fold
increased risk of abdominal obesity, while postmenopausal
female exhibited a similar trend with a 1.26-fold increased risk.
Notably, postmenopausal female demonstrated higher preva-
lence rates of metabolic syndrome components such as abdom-
inal obesity, hypertension, and hyperglycemia. These findings
suggest that short sleep durations can exacerbate metabolic
abnormalities in postmenopausal female [7,8].

The observed prevalence of hyperglycemia in postmenopaus-
al female is particularly noteworthy. This increase reflects phys-
iological changes in postmenopausal female, such as worsened
insulin resistance and impaired glucose regulation. Previous
studies have identified these changes as major contributors to
the heightened risk of metabolic syndrome in postmenopausal
female. This study builds on these findings, demonstrating that
short sleep durations may further increase the risk of hypergly-
cemia in this population. These results emphasize the impor-
tance of developing tailored preventive strategies for metabolic
syndrome in postmenopausal female [9,10].

Compared to previous studies, this research has several sig-
nificant strengths. First, it analyzed the relationship between
sleep duration and metabolic syndrome by accounting for
sex and menopausal status. While most prior studies either
broadly examined the relationship or only divided participants
by sex, this study provides a detailed comparison of metabol-
ic syndrome prevalence rates and component-specific risks
based on premenopausal and postmenopausal status. Second,
it subdivided male’s sleep durations to include a group sleeping
less than 6 hours, providing a more precise analysis of the risks
associated with very short sleep durations. This contrasts with
prior studies that often defined short sleep as less than 7 hours.
Third, this study used data from KNHANES, ensuring large-
scale representativeness and high reliability through the use of
the most recent data.

The findings of this study offer several important implica-
tions. First, for male, extremely short sleep durations (less than
6 hours) significantly increase the risk of metabolic syndrome.
This highlights the need for education and interventions aimed
at maintaining adequate sleep duration (7-9 hours). Second, for
female, the risk factors for metabolic syndrome vary before and
after menopause. Tailored management strategies considering
menopausal status are essential, especially for postmenopausal
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female, where increased fat accumulation and decreased insulin
sensitivity are major contributors to metabolic abnormalities.
Third, this study demonstrates the importance of detailed cat-
egorization of sleep durations in assessing the risk of metabolic
syndrome. Future studies should move beyond simple dichoto-
mization of “short” and “long” sleep durations to include more
precise classifications of very short sleep.

Despite its strengths, this study has several limitations. First,
sleep duration was self-reported, which may lead to recall bias
or under- or over-reporting. Second, this study focused solely
on sleep duration without accounting for qualitative factors
such as sleep disorders (e.g., insomnia, sleep apnea) or stress
levels, which may influence the results. Third, the cross-section-
al design limits the ability to determine causal relationships be-
tween sleep duration and metabolic syndrome. Future research
should adopt longitudinal designs to address these limitations
and incorporate multidimensional analyses, including qualita-
tive assessments of sleep.

In conclusion, this study confirms that sleep duration signifi-
cantly impacts the risk of metabolic syndrome and highlights
the differences by sex and menopausal status. These findings
provide critical evidence for the development of tailored strate-
gies for the prevention and management of metabolic syndrome
based on sex and physiological state.
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