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Background: Metabolic syndrome poses a serious public health concern
among working adults, especially in the context of increasing rates of obesity
and hypertension. These lifestyle-related conditions are intricately linked to
sleep patterns, dietary behaviors, and physical activity.

Objective: This study aimed to examine how sleep duration, energy intake,
and physical activity levels—key lifestyle factors—are associated with metabolic
syndrome based on the presence or absence of obesity and hypertension
among working Korean adults.

Methods: We analyzed 6,503 working Korean adults aged 20-59 years using
cross-sectional data from the Korea National Health and Nutrition Examination
Survey covering 2016-2018. This study divided the participants based on
their obesity and hypertension status. We assessed the participants’ sleep
duration on weekdays and weekends, their total dietary energy consumption
and macronutrient intake using a 24-h dietary recall method conducted by
trained interviewers, and occupational and recreational physical activities,
and movement levels in MET min/week. We evaluated metabolic syndrome
components using standard criteria and examined between-group differences
using two-way analysis of variance and Bonferroni post-hoc tests.

Results: Individuals with hypertension had significantly shorter weekday sleep
(p < 0.05) and weekend sleep durations (p < 0.001) than those without. The
highest total energy intake was significantly higher in obese individuals with
hypertension than in those without hypertension (p < 0.05) and non-obese
individuals with hypertension (p < 0.001). Furthermore, obese individuals with
hypertension showed higher levels of occupational vigorous and total physical
activities than those without hypertension (p < 0.01 and p < 0.001, respectively),
whereas no difference was observed between obese and non-obese individuals
with hypertension.

Conclusion: This study concludes that hypertension and obesity may reinforce
each other through reduced sleep duration, lower physical activity levels, and
increased energy intake, thereby exacerbating metabolic syndrome. To prevent
metabolic syndrome in working adults, multiple aspects of sleep, nutrition, and
physical activity that match their unique risk profiles must be considered.
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1 Introduction

The global public health landscape currently faces significant
challenges such as obesity and hypertension. The World Health
Organization has identified obesity as a major global health crisis and
called it “globesityy which now surpasses malnutrition in its
contribution to illness and death rates (1). By 2030, obesity will affect
almost one-fifth of women and one-seventh of men globally, resulting
in more than 1 billion people being classified as obese (2). The
complex nature of obesity emerges from behavioral patterns, including
a decline in sleep quality, physical inactivity and unhealthy food
choices (3-5). The prevalence of hypertension is increasing alongside
obesity because both medical conditions frequently appear together
and intensify their negative impact on cardiovascular well-being (6,
7). Hypertension is the primary risk factor for several cardiovascular
diseases, including stroke and heart failure, making it a significant
driver of morbidity and mortality rates worldwide (8-10).

Research has demonstrated that insufficient sleep causes people
to consume more energy and adopt unhealthy eating habits while
decreasing their physical activity, which leads to a higher risk of
obesity and hypertension (11, 12). Sleep disturbances often result from
obesity, leading to nocturnal symptoms such as obstructive sleep
apnea and nocturia, which degrade sleep quality and contribute to a
self-sustaining pattern of metabolic dysfunction (13, 14). Therefore,
the relationship between obesity and sleep deprivation is highly
complex and reciprocal, with each condition exacerbating the other
through interrelated physiological and behavioral mechanisms.
Moreover, individuals who consistently experience inadequate sleep
show significant hormonal dysregulation, as evidenced by changes in
leptin and ghrelin levels, which can lead to weight gain and vascular
dysfunction (15, 16). These biological mechanisms underscore the
importance of understanding lifestyle factors in working adults, which
not only sustains the workforce but also represents a significant
segment of the nations adult population.

These unique circumstances in Korean working adults and the
pressures of the modern employment environment result in
unpredictable sleep cycles (17), meal times (18), and physical
inactivity (19), which increase the risk of metabolic syndrome (20).
Working adults in South Korea face severe manifestations of these
challenges. The distinctive occupational environment that features
extended working hours and intense stress in addition to erratic
timetables has led to general sleep deprivation (20, 21). According to
national data, the prevalence of metabolic syndrome among Korean
adults aged 20-59 years is estimated to be approximately 19% in men
and 9% in women (22), which is lower than the overall adult
prevalence of around 25-28% (23). This discrepancy reflects the
relatively younger age of the working population but nonetheless
underscores the urgent need for early lifestyle interventions. Early
detection and intervention in this age group not only prevents long-
term complications but also contributes to workforce sustainability
and reduced healthcare burden at the population level.

According to the Korea National Health and Nutrition
Examination Survey (KNHANES) 2016-2018 data, working adults in
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Korea with a higher body mass index (BMI) experience shorter sleep
durations of <6 h per day, which may lead to metabolic problems and
increased cardiovascular risk (24). This study highlights the complex
bidirectional connections among obesity, high blood pressure, and
lack of sleep, which call for specialized and comprehensive public
health programs in the workplace. According to KNHANES VI
(2013-2016) data analyses, people who follow traditional Korean
balanced diets have lower rates of abdominal obesity, which is a
primary risk factor for metabolic syndrome and hypertension (25, 26).
Researchers examining individual dietary elements, including nut
consumption and mineral intake, have shown that these foods may
safeguard against high blood pressure (27). A study using KNHANES
2016-2018 data discovered that the prevalence of metabolic syndrome
among young adults is strongly correlated with their physical activity
levels and energy intake patterns, highlighting how lifestyle and
nutritional elements combine to influence chronic disease conditions
(28). These comprehensive findings indicate that detailed population-
based surveillance reveals complex interactions among sleep quality,
diet, physical activity, and cardiometabolic health in South Korea.
Research on lifestyle determinants affecting hypertension and
obesity is important; however, research specifically focusing on
working adults using nationally representative data remains limited.
Representative large-scale studies serve as a vital foundation for the
development of successful public health interventions. The KNHANES
database provides detailed information that can be used to examine
the associations among sleep duration, energy intake, physical activity,
and metabolic health outcomes, specifically in individuals with obesity
and hypertension. Therefore, by analyzing KNHANES data from 2016
to 2018, this study explicitly addresses this knowledge gap by
examining how modifiable lifestyle factors interact with metabolic
syndrome and obesity to influence hypertension levels in working
Korean adults. We aimed to develop focused strategies to reduce the
effects of these conditions and their associated metabolic disorders.

2 Materials and methods
2.1 Sample and design

This study used cross-sectional data from the Korea National
Health and Nutrition Examination Survey (KNHANES) conducted
by the Korea Centers for Disease Control and Prevention (KCDC)
from 2016 to 2018. These data are updated every 3 years. Therefore,
we used current data. The details of the study design and data source
profiles followed the methods outlined in the guidelines for using raw
KNHANES data and in the final report on the sampling frame (29).

From 2016 to 2018, 24,269 individuals completed a health
interview survey, nutrition surveys, and health examinations, which
were conducted according to the Declaration of Helsinki. This is a
survey to assess the health and nutritional status of South Koreans,
and it was conducted by the Korea Centers for Disease Control and
Prevention. The National Health and Nutrition Examination Survey
was approved by the Institutional Review Board of the Korea Centers
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for Disease Control and Prevention (reference number 2018-01-03-P-
A). Preceding the survey, all participants were informed about the
purpose and procedures of the survey, and written informed consent
was obtained from each participant prior to their involvement in the
survey. 7,656 participants without jobs were excluded, and 8,477
participants under the age of 20 and over 60 years were excluded.
Among the 8,136 participants aged 20 to 59 years, 224 individuals who
had been previously diagnosed with or treated for cancer (stomach
cancer, colorectal cancer, liver cancer, cervical cancer, breast cancer,
thyroid cancer, lung cancer, and other cancers) and 1,409 participants
with missing data were excluded from the study (Figure 1). The final
sample size of the study comprised 6,503 (men, 3,224; women, 3,279)
working adult males ranging in age from 20 to 50 years and on the day
of the survey, the participants were not taking medication for chronic
diseases (e.g., hypertension, hyperlipidemia, diabetes).

2.2 Measures

We evaluated the components of Metabolic syndrome by
determining waist circumference alongside blood pressure, fasting
blood glucose levels, triglyceride (TG) concentrations, and high-
density lipoprotein cholesterol (HDL-C) levels. The survey data from
KNHANES and interview responses provided the measurements and
variables related to sleep duration, physical activity, and energy intake.
The GPAQ served as the measurement tool for physical activity, while
dietary intake data was gathered through 24-h recall interviews.

10.3389/fpubh.2025.1588706

2.3 Metabolic syndrome components

The diagnosis of metabolic syndrome was made in accordance
with the National Cholesterol Education Program-Adult Treatment
Panel III (30) and the new combined guidelines of the American
Heart Association and the National Heart, Lung, and Blood Institute
(31). For waist circumference, we used the criteria proposed by the
Korean Society for Obesity (32). Metabolic syndrome was diagnosed
if participants had three or more of the following (Huang, 2009): waist
circumference >90 cm (male) or >80 cm (female), systolic blood
pressure (SBP) > 130 mmHg or diastolic blood pressure
(DBP) > 85 mmHg, fasting TG levels >150 mg/dL, fasting HDL-C
levels <40 mg/dL (male) or <50 mg/dL (female), and fasting glucose
(FG) levels >110 mg/dL.

2.4 Sleep characteristics

In this study, participants completed a self-administered
questionnaire as part of the KNHANES survey to assess sleep
duration. Through separate responses, participants indicated their
typical bedtime and wake-up time for weekdays and weekends. The
researchers computed the daily average sleep duration expressed in
minutes from this data. Previous research with the KNHANES dataset
has validated this method (33). No composite score or sleep quality
category was used, as the survey did not include validated sleep
quality items.

The Korean National Health and Nutrition Examination
Survey (KNHANES) from 2016-2018 (n = 24,269)

Excluded: have no jobs
(n = 7,656)

Excluded: aged under 20 or more than 60

(n = 8477)

(n = 8,136)

Participants aged between 20 and 59

Excluded: Participants previously
diagnosed with cancer
(n = 224)

Excluded: Participants with missing data
(n = 1,409)

Final number of participants
(n = 6,503)
*men=3224, women=3279

FIGURE 1
Flow diagram for the selection of study participants.
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2.5 Physical activity

The GPAQ comprises 16 questions grouped to capture PA in
different behavioral domains: work, transport, and recreational
activities. Five domains of PA were analyzed: vigorous-intensity
work, moderate-intensity work, transport, vigorous-intensity
recreation, and moderate-intensity recreation. Participants answered
the five domains freely, without any additional options regarding how
many times a week and how many minutes per day they performed
the activity. The WHO GPAQ analysis guidelines were used to
analyze the GPAQ data (34). We estimated that a person’s caloric
expenditure was four times higher when they were moderately active
and eight times higher when they were vigorously active compared
to sitting quietly. Therefore, when calculating the total energy
expenditure of an individual using GPAQ data, four METs were
assigned to the time spent in moderate activity. Eight METs were
assigned to the time spent in vigorous activity, and the details are
as follows:

« Vigorous intensity activity: occupational (MET) = 8.0 x vigorous
intensity physical activity (day/week) x 1-day vigorous intensity
physical activity (minutes/day)

» Moderate intensity activity: occupational (MET) = 4.0 x moderate
intensity physical activity (day/week) x 1-day moderate intensity
physical activity (minutes/day)

« Vigorous intensity activity: recreational (MET) = 8.0 x vigorous
intensity physical activity (day/week) x 1-day vigorous intensity
physical activity (minutes/day)

o Moderate intensity activity: recreational (MET) = 4.0 x moderate
intensity physical activity (day/week) x 1-day moderate intensity
physical activity (minutes/day)

o Place movement (MET) = 4.0 x place movement physical activity
(day/week) x 1-day place movement physical activity

« Total Physical Activity (MET) = vigorous intensity activity:
occupational + moderate intensity activity: occupational +
vigorous intensity activity: recreational + moderate intensity
activity: recreational + place movement.

PA levels were divided into four groups: inactive (0-249 MET
min/week), somewhat active (250-499 MET min/week), active
(500-999 MET min/week), and very active (>1,000 MET min/week).
These thresholds are based on their equivalence to the following PA
thresholds: 250 MET min/week corresponds to an energy expenditure
dose equal to half the threshold, 500 MET min/week corresponds to
the minimum threshold, and 1,000 MET min/week corresponds to
twice the minimum threshold (35).

2.6 Energy intake

Dietary outcomes were obtained using the 24-h recall method by
interviewing target households in person. Nutrition survey data were
collected from participants’ homes by trained dietitians 1 week after
the health interview and health examination. The daily energy intake
was calculated using the Korean Food and Nutrient Database of the
Rural Development Authority. The following items were included in
the analyses: total energy intake, carbohydrate intake, protein intake,
and daily fat intake. Energy intake data were converted into kcal using
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the conversion factor of 4 kcal/g for carbohydrates and proteins and
9 kcal/g for fats (36).

2.7 Statistical analysis

Continuous variables were presented as means and standard
errors. Normality of the distribution of all outcome-variable data was
verified using the Kolmogorov-Smirnov test. An independent t-test
was used to analyze risk factors for MetS, as well as sleep duration,
energy intakes and PA levels between the hypertension (HT) and
non-HT groups. Two-way analyses of variance (ANOVA) were used
to analyze the differences in risk factors for MetS, as well as sleep
duration, energy intakes and PA levels between participants with and
without HT, and between obese and non-obese participants. Partial
eta-squared (n?) values were calculated to represent effect sizes. If a
significant interaction effect was found by two-way ANOVA, a
Bonferroni post-hoc test was used to perform multiple pairwise
comparisons while controlling for the familywise error rate. This
correction was consistently applied to all relevant group comparisons.
It compares the obese-specificity of dependent variables in each group
(with and without HT) separately. Statistical analyses were performed
using SPSS version 25.0 for Windows (IBM Corp., Armonk, NY,
United States). The level of significance was set at 0.05.

3 Results

A total of 24,269 individuals completed health interviews,
nutrition surveys, and examinations. After excluding 7,656 individuals
without employment and 8,477 individuals aged below 20 or above
59 years, 8,136 working-age adults remained. We further excluded 224
individuals with a cancer diagnosis and 1,409 with missing data,
resulting in a final analytical sample of 6,503 participants (men: 3,224;
women: 3,279). The flow of participant selection is presented in
Figure 1.

Table 1 presents the characteristics of 6,503 working adults,
including 2,250 individuals with obesity (34.6%) and 870 individuals
with hypertension (13.4%). The KNHANES health examination
survey evaluated essential metabolic syndrome components, including
waist circumference, blood pressure, fasting glucose, triglycerides, and
HDL-C levels. Our study collected sleep duration data through self-
administered questionnaires and physical activity data from the
Global Physical Activity Questionnaire (GPAQ), which was reported
in MET minutes/week. The dietary energy intake alongside
macronutrient consumption was assessed through 24-h recall
interviews administered by trained staff. Participants with
hypertension were significantly older than their those without
hypertension overall and those in the obese and non-obese groups
(p <0.001). These participants were taller (169.1+0.3 cm vs.
166.9 + 0.1 cm, p < 0.001), heavier (75.2 + 0.5kg vs. 66.3 + 0.2 kg,
p<0.001), and had higher BMIs across all groups (p < 0.001).
Individuals with hypertension reported higher levels of alcohol
consumption overall (p<0.001) and those in the non-obese
(p <0.001) and obese (p = 0.027) groups. Smoking prevalence was
higher among individuals with hypertension overall (p < 0.001) and
those in the non-obese group (p < 0.001); however, no significant
difference was observed among participants in the obese group.
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TABLE 1 Descriptive characteristics of the participants.

10.3389/fpubh.2025.1588706

Variables Total (n = 6,503) Non-obese (n = 4,253) Obese (n = 2,250)
Non-HT HT Non-HT HT p-value Non-HT HT
(n=5,633) (n=2870) (n=3,894) (n=359) (n=1739) (n=>511)

Age (years) 40.6 +0.2 455+ 04 <0.0017%%% 402+02 473+0.7 <0.001%%* 413404 443404 <0.001%%*
Height (cm) 166.9 £ 0.1 169.1 £0.3 <0.001 **3* 166.1 £0.2 167.5+0.5 0.007%** 168.5+0.2 170.2 £ 0.4 <0.001%***
Body weight
o 66.3+0.2 752+0.5 <0.0017%%% 60.5+0.2 63.9+0.5 <0.001%%% 78.6+0.3 83.0+0.6 <0.0017%%

g
BMI
(ke/m?) 23.7+0.1 26.2+0.1 <0.001%%* 21.8+0.0 227401 <0.001%%* 27.6+0.1 28.6+0.1 <0.001%%*
Alcohol 67.1 75.6 <0.0017%%% 65.5 75.4 <0.001%%% 70.6 75.8 0.027*
Smoking 252 323 <0.0017%%% 222 34.1 <0.001%%% 315 31.1 0.897

Values are expressed as means + standard errors. BMI, body mass index; HT, hypertension. p < 0.05, p < 0.01, **p < 0.001 compared between non-HT and HT groups within each column
group (Total, Non-Obese, Obese). Bold values indicate statistically significant differences. Statistical differences were assessed using independent t-tests for continuous variables and chi-square

tests for categorical variables.

The differences in metabolic syndrome components, according to
the presence or absence of hypertension and obesity are presented in
Table 2. In the entire study population, individuals with hypertension
had a significantly higher waist circumference, triglyceride (TG)
levels, systolic blood pressure (SBP), diastolic blood pressure (DBP),
and fasting glucose levels and significantly lower high-density
lipoprotein cholesterol (HDL-C) levels than those without
hypertension (all p < 0.001). The interaction between hypertension
status and obesity was statistically significant for waist circumference;
TG, HDL-C, and fasting glucose levels; and DBP (all p < 0.001).
Bonferroni post-hoc tests revealed that, among non-obese participants,
those with hypertension had a significantly larger waist circumference,
higher TG and fasting glucose levels, and higher SBP and DBP (all
P <0.001) but lower HDL-C levels (p < 0.001) than those without.
Similarly, obese participants with hypertension showed a significantly
larger waist circumference, higher TG and fasting glucose levels, and
higher SBP and DBP (all p < 0.001) than those without hypertension.
Furthermore, individuals with obesity and hypertension had a
significantly greater waist circumference, TG levels (p < 0.001), and
DBP (p < 0.01) but lower HDL-C levels (p < 0.001) than those without
obesity and hypertension.

Differences in sleep characteristics according to the presence or
absence of hypertension and obesity are presented in Table 3. In the
entire population, individuals with hypertension slept significantly
less frequently on weekdays than those without (p < 0.05). However,
there was no significant difference in weekday sleep duration between
individuals with and without hypertension in each obesity subgroup.
Individuals with hypertension also had significantly shorter sleep
durations on weekends than those without (p < 0.001). The interaction
between hypertension status and obesity was statistically significant
for weekend sleep duration (p =0.013). Bonferroni post-hoc tests
revealed that individuals with obesity and hypertension had a
significantly shorter weekend sleep duration than those without
obesity and hypertension (p < 0.05) and those with obesity and
without HT (p < 0.01).

Differences in energy intake according to the presence or absence
of hypertension and obesity are presented in Table 4. In the entire
population, individuals with hypertension had a significantly higher
total energy intake than those without (p < 0.001). The interaction
between hypertension status and obesity was statistically significant
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for total energy intake (p < 0.001). Bonferroni post-hoc tests revealed
that individuals with obesity and hypertension had the highest total
energy intake, which was significantly greater than that of those
without obesity and hypertension (p < 0.05) and those without obesity
and with HT (p < 0.001). A significant interaction effect was observed
for carbohydrate intake (p=0.003). Bonferroni post-hoc tests
indicated that obese individuals consumed significantly more
carbohydrates than non-obese individuals (p < 0.001). Among obese
participants, those with hypertension had significantly higher
carbohydrate intake than those without (p <0.05). However, no
significant difference in carbohydrate intake was found between
individuals with and without hypertension in the non-obese group.
Protein intake exhibited a statistically significant interaction effect
(p < 0.001). Bonferroni post-hoc tests showed that obese individuals
had a significantly higher protein intake than non-obese individuals
(p < 0.001); however, there was no significant difference in protein
intake between individuals with and without hypertension in either
the non-obese or obese group. A significant interaction effect was
observed for fat intake (p < 0.001). Bonferroni post-hoc tests revealed
that obese individuals consumed significantly more fat than non-obese
individuals (p < 0.001). In the non-obese group, individuals with
hypertension had a significantly lower fat intake than those without
(p <0.01). However, no significant difference in fat intake was
observed between individuals with and without hypertension in the
obese group.

Differences in physical activity levels according to the presence or
absence of hypertension and obesity are presented in Table 5. A
significant interaction effect was observed for vigorous occupational
activity (p = 0.001). Bonferroni post-hoc tests revealed that individuals
with obesity and without hypertension engaged in significantly more
vigorous occupational activities than those without obesity (p < 0.001).
Among obese participants, those with hypertension demonstrated
significantly lower levels of vigorous occupational activity than those
without (p < 0.01). Total physical activity also showed a significant
interaction effect (p = 0.002). Bonferroni post-hoc tests indicated that
individuals with obesity and without hypertension participated in
significantly more total physical activity than those without obesity
and hypertension (p < 0.001). Additionally, among participants with
obesity, individuals with hypertension exhibited significantly lower
total physical activity levels than those without (p < 0.001).
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TABLE 2 Metabolic syndrome components.

10.3389/fpubh.2025.1588706

(0] o114 ANOVA
Variables
Non-obese Obese F-value p-value (172) Power
Waist Non-HT 81.0+0.2 0 977.462 0.000(0.088) 1.000
76.2 +0.1 90.9 + 0.2%
circumference HT 89.0 +0.4 H 409.987 0.000(0.020) 1.000
81.0 + 0.4 94.5 + 0.4 111
(cm) p-value <0.001%5% OxH 17.3527%% 0.000(0.002) 1.000
Non-HT 131.8 2.0 e} 114.953 0.000 (0.012) 1.000
1152 +2.0 167.1 + 3.6
TG (mg/dL) HT 205.0 + 6.4 H 394.885 0.000 (0.020) 1.000
186.8 + 10.4"" 217.6 + 7.9% 11
p-value <0.001%5% OxH 6.6827* 0.001 (0.001) 0.916
Non-HT 51.8+0.2 0 118.739 0.000 (0.012) 1.000
5424023 46.7 +0.3"
HDL-C (mg/dL) = HT 48.5+0.4 H 28.657 0.000 (0.001) 1.000
51.6 + 0.7 46.4 + 0.5
p-value <0.0017%% OxH 4.364* 0.013 (0.000) 0.757
Non-HT 111.6+0.2 0 137.595 0.000 (0.013) 1.000
109.6 + 0.2 115.8 +0.3%¢
SBP (mmHg) HT 1385+ 0.5 H 9519.607 0.000 (0.319) 1.000
139.4 + 0.8 137.8 +0.7""
p-value <0.001%5% OxH 145.531 %% 0.000 (0.014) 1.000
Non-HT 74.6 £0.1 e} 626.477 0.000 (0.058) 1.000
73.2+0.1 77.6 + 0.2+
DBP (mmHg) HT 944403 H 6622.656 0.000 (0.246) 1.000
93.2 + 0.4 95.3 + 0.4* 11
p-value <0.001%5% OxH 83,0887 0.000 (0.008) 1.000
Non-HT 96.9 + 0.4 0 24.052 0.000 (0.002) 1.000
Fasting glucose 94.5+0.3 101.7 £ 0.7
HT 106.7 + 1.0 H 234.090 0.000 (0.012) 1.000
(mg/dL) 104.7 + 1,97 108.0 + 1.4
p-value <0.0017% OxH 3.744 0.024 (0.000) 0.687

Values are expressed as means standard errors; HT, hypertension; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure;
HbA g, glycated hemoglobin. *p < 0.05, *#p < 0.01, ***p < 0.001 compared between non-HT and HT groups; ""p < 0.001 compared with Non-HT values, p < 0.05, “p < 0.01, “**p < 0.001
compared with Non-Obese values. Two-way analysis of variance following Bonferroni post-hoc test. Main effect = H (Hypertension) and O (Obesity), Interaction effect = H x O (Hypertension
x Obesity), O x H is statistically significant if the p value is less than 0.05 and has been indicated in bold in the table.

TABLE 3 Sleep characteristics.

Obesity

Variables Total

Non-Obese

ANOVA

Obese Power

p-value ()

Average sleep time Non-HT 417.8+1.3 [e] 17.026 0.000 (0.002) 1.000
4207+ 14 411.7+24

per day on weekday | HT 411.0+2.5 H 2.012 0.156 (0.000) 0.294
413.7£4.6 409.2£2.8

(minute) p-value 0.010* OxH 1.552 0.212 (0.000) 0.331

Average sleep time Non-HT 472.3+1.3 [e] 15.340 0.000 (0.002) 0.999
4773 £1.6 461.5 +2.27%

per day on weekend = HT 456.2 +3.3 H 45.205 0.000 (0.002) 1.000
466.2 +5.2" 449.3 + 42511

(minute) p-value <0.001#%* OxH 4.374* 0.013 (0.000) 0.758

Values are expressed as means standard errors; HT, hypertension. *p < 0.05, ***p < 0.001 compared between non-HT and HT groups; 'p < 0.05, 'p < 0.01 compared with Non-HT values,
p <0.05,p < 0.001 compared with Non-Obese values. Two-way analysis of variance following Bonferroni post-hoc test. Main effect = H (Hypertension) and O (Obesity), Interaction
effect = H x O (Hypertension x Obesity), O x H is statistically significant if the p value is less than 0.05 and has been indicated in bold in the table.

4 Discussion

In this study, we analyzed how sleep duration, energy intake,
physical activity levels, and metabolic syndrome components vary
among working Korean adults with hypertension and obesity.
Individuals with both obesity and hypertension demonstrated severe
effects of metabolic syndrome-related prevalence factors. Our data
demonstrated that people with hypertension experienced shorter
average sleep durations on weekdays and weekends, and that weekend
sleep duration significantly decreased in patients with both obesity
and hypertension. People with hypertension or obesity consume more
total energy daily than healthy individuals. Furthermore, people with
both obesity and hypertension consume more calories throughout the
day than individuals with either condition alone. Occupational
vigorous activity and total physical activity levels were higher among
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obese individuals without hypertension; people with obesity and
hypertension demonstrated significantly reduced levels of these
activities compared with those in other groups. This study
demonstrated how hypertension and obesity significantly affect sleep
duration, energy intake, and physical activity levels in working Korean
adults, which likely aggravates the prevalence of metabolic syndrome.

In this study, the obesity and hypertension rates among Korean
working adults were 34.6 and 13.4%, respectively (Table 1). A previous
study using KNHANES data from 2019 to 2021 reported that the
obesity rate in Korean adults ranges between 30 and 35%, which is in
good agreement with our findings (37). However, according to our
data, working adults experience lower hypertension rates (13.4%) than
the general adult population (~25-28%) (23). This discrepancy is
likely due to the younger age distribution in the working population,
as also supported by our finding that hypertensive participants were
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TABLE 4 Energy intakes.

10.3389/fpubh.2025.1588706

Obesity ANOVA
Variables Non-Obese Obese F-value p-value Power
(172)
0.000
(0.029)
Non-HT 2189.7 £15.7 0 262.856 1.000
Total energy 2129.2 £16.9 2318.7 £ 31.0% 0.982
HT 2334.5 £37.7 H 0.001 0.050
intake (kcal/day) 2203.5 £ 56.0 2422.4 + 50.8% (0.000)
p-value <0.001 %% OxH 21.499%#% 1.000
0.000
(0.002)
0.000
(0.005)
Non-HT 1230.8+9.5 0 47.150 1.000
Carbohydrate 1213.1 £10.2 1268.5 + 16.2° 0.489
HT 1264.1 +19.4 H 0.479 0.106
intake (kcal/day) 1189.7 +28.4 1314.0 + 27.1%57 (0.000)
p-value 0.110 OxH 5.824%* 0.873
0.003
(0.001)
0.000
(0.027)
Non-HT 323.1£3.0 0 238.459 1.000
Protein intake 310.0 + 3.0 351.0 + 5.6™ 0.000
HT 327.8 £6.8 H 20.615 0.995
(keal/day) 301.8 + 10.1 3452 + 8.6™ (0.001)
p-value 0.508 OxH 10.614% %% 0.990
0.000
(0.001)
0.000
(0.024)
Non-HT 486.9 £5.9 0 212.125 1.000
Fat intake (kcal/ 4717 £7.8 519.3 + 10.4% 0.000
HT 465.3 + 12.1 H 67.756 1.000
day) 419.4 £17.2" 496.1 £ 16.6™ (0.004)
p-value 0.080 OxH 17.755%5% 1.000
0.000
(0.002)

Values are expressed as means standard errors; HT, hypertension. **#p < 0.001 compared between non-HT and HT groups; p < 0.05, "'p < 0.01 compared with Non-HT values, **p < 0.001
compared with Non-Obese values. Two-way analysis of variance following Bonferroni post-hoc test. Main effect = H (Hypertension) and O (Obesity), Interaction effect = H x O (Hypertension
x Obesity), O x H is statistically significant if the p value is less than 0.05 and has been indicated in bold in the table.

significantly older than their non-hypertensive counterparts
(p < 0.001). However, the lower observed hypertension may also
be partially influenced by self-report limitations or undiagnosed cases,
which are common in national health surveys using interview-
based data.

This study established that individuals with both obesity and
hypertension had all metabolic syndrome-related disease factors, with
the poorest outcomes observed in these patients (Table 2). Obesity is
a key element of metabolic syndrome and is strongly associated with
hypertension, diabetes, and dyslipidemia (38). Visceral fat
accumulation contributes to insulin resistance, inflammation, and
oxidative stress and accelerates the development of metabolic
syndrome (39, 40). Additionally, obesity impairs kidney function,
leading to hypertension and further worsening of metabolic syndrome
(41). Hypertension plays a critical role in metabolic syndrome and
contributes to its development and progression, along with obesity.
Hypertension exacerbates these conditions through endothelial
dysfunction and oxidative stress (42, 43). The combination of obesity
and hypertension results in more severe interactions, leading to
heightened health risks (44, 45). The KNHANES 2019 data confirmed
that this combination elevates metabolic risk markers, including
dyslipidemia and fasting glucose levels (46). Further studies, such as
that on 2010-2012 KNHANES data, have shown that the resting heart
rate in individuals with obesity and hypertension is correlated with
insulin resistance and metabolic syndrome components (47).
Moreover, the 2019-2020 KNHANES data demonstrated that early
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obesity increases the risk of metabolic syndrome in adulthood (48).
While the mechanisms linking obesity and hypertension to metabolic
syndrome are well-established, previous studies have often focused on
either older populations or disease-specific samples. Our findings add
to the literature by confirming these associations in a working-age
cohort, where early intervention may be more feasible and impactful.
However, it is important to note that our cross-sectional design limits
causal inference, and the possibility of residual confounding (e.g.,
undetected comorbidities or medication use) should be considered
when interpreting these relationships.

Our findings showed that individuals with hypertension
experienced reduced sleep time on weekdays and weekends, with
those with obesity and hypertension experiencing even shorter
weekend sleep durations (Table 3). This aligns with that reported in
previous studies linking short sleep duration to an increased risk of
obesity and hypertension (11, 12). Studies have confirmed that
individuals sleeping fewer than 6 h per night are more prone to both
conditions (49). Short sleep duration leads to metabolic
dysregulation, increased appetite, and reduced physical activity,
thereby contributing to obesity and hypertension. Furthermore,
insufficient sleep is associated with higher energy intake and lower
energy expenditure, further exacerbating these risks (50). Our
findings are particularly meaningful as they focus on a working-age
Korean population—a group likely to be vulnerable to sleep
disturbances due to irregular schedules, long work hours, and
job-related stress. This occupational context adds a unique
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TABLE 5 Levels of physical activity.

10.3389/fpubh.2025.1588706

Physical Obesity
activity
(MET min/ Non-Obese Obese
week)
0.026
(0.000)
Non-HT 974+ 159 (0] 3.632 0.673
Occupational 65.9 +15.7 164.2 + 34,0 0.637
HT 81.0 +34.3 H 0.223 0.076
vigorous 1282 +77.3 48.3 +20.5™ (0.000)
p-value 0.667 OxH 7.297%% 0.938
0.001
(0.001)
0.000
(0.004)
Non-HT 197.0 £21.4 (@) 41.703 1.000
Occupational 153.5+21.0 288.9£29.5 0.319
HT 208.3 +43.4 H 0.995 0.169
moderate 200.9 £ 73.1 2133 +52.7 (0.000)
p-value 0.812 OxH 2.785 0.551
0.062
(0.000)
0.134
(0.000)
Non-HT 4543 £17.1 O 2.012 0.418
4464 £ 17.4 470.8 £ 26.6 0.554
Place movement HT 430.0 £29.9 H 0.350 0.091
434.0 £42.8 427.2 £37.0 (0.000)
p-value 0.460 OxH 1.666 0.353
0.189
(0.000)
0.000
(0.002)
Non-HT 176.5+10.7 (0] 19.244 1.000
Recreational 158.7 £ 12.2 2143 +194 0.032
HT 164.8 +£25.6 H 4.621 0.575
vigorous 141.8 £39.3 180.7 £ 31.8 (0.000)
p-value 0.676 OxH 0.234 0.087
0.791
(0.000)
0.000
(0.001)
Non-HT 164.0 £ 6.5 O 10.916 0.991
Recreational 1543 +7.7 184.6 + 10.8 0.176
HT 161.0 £ 13.2 H 1.834 0.273
moderate 166.7 +22.8 157.0 + 16.8 (0.000)
p-value 0.835 OxH 1.450 0.312
0.235
(0.000)
0.000
(0.004)
Non-HT 1089.2 £ 44.6 O 42.123 1.000
Total physical 978.8 £44.0 1322.8 + 78.1°% 0.054
HT 1045.0 £ 69.5 H 3.704 0.486
activity 1071.7 £131.5 1026.5 + 80.27" (0.000)
p-value 0.588 OxH 6.007%* 0.883
0.002
(0.001)

Values are expressed as means standard errors; HT, hypertension. "'p < 0.01, ""p < 0.001 compared with Non-HT values,

*#*p < 0.001 compared with Non-Obese values. Two-way analysis of

variance following Bonferroni post-hoc test. Main effect = H (Hypertension) and O (Obesity), Interaction effect = H x O (Hypertension x Obesity), O x H is statistically significant if the p

value is less than 0.05 and has been indicated in bold in the table.

perspective to the growing body of evidence linking short sleep to
metabolic dysfunction.

For instance, Baek et al. (51) and Son et al. (52) introduced the
concept of “Sunday night insomnia,” wherein work-related anxiety
before the Monday workweek significantly shortens weekend sleep—
an effect we also observed in the comorbid obesity and hypertension
group (51, 52). An analysis of 41,805 Korean adults from KNHANES
2007-2015 revealed that adults sleeping 5h or less per night had
significantly higher risks of both general and abdominal obesity, with
particularly strong associations in those aged 30-49 years (53).
Moreover, KNHANES 2001-2005 data highlighted that insufficient
sleep increases metabolic dysfunction, raising the likelihood of obesity
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and hypertension (54). However, as with other studies using large
national survey data, our measurement of sleep was based on self-
reported bedtime and wake-up time, which may be subject to recall
bias or misclassification. Despite this limitation, the associations
we observed support the growing evidence that short sleep duration
plays a critical role in the development and progression of
cardiometabolic disorders. Improving sleep hygiene and protecting
weekend recovery sleep may represent an effective intervention point
for metabolic health, particularly among working adults.

People with hypertension consumed significantly more total daily
energy, whereas those with obesity showed a higher intake of all
macronutrient components (Table 4). The total daily energy intake
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was notably higher among those with both obesity and hypertension.
This aligns with that reported in the literature showing that excessive
energy intake increases the risk of both obesity and hypertension as it
leads to weight gain and an elevated hypertension risk (55). Individuals
with obesity also consume higher amounts of calories in the form of
carbohydrates, fats, and proteins, which contributes to poor dietary
quality and related metabolic disorders (56). Studies using NHANES
and KNHANES 2007-2012 data revealed that high carbohydrate
consumption causes metabolic issues in adults in the United States
(US) and South Korea, with stronger impacts observed in Koreans.
This may be attributed to the Korean diet, where approximately 66%
of daily energy is derived from carbohydrates, compared with 50% in
the US diet. Such diets have been linked to lower HDL cholesterol
levels and higher triglyceride levels (57). Our findings extend this
evidence by showing that Korean working adults with both obesity
and hypertension have the highest daily energy intake, suggesting a
compounding effect of these two conditions on dietary behavior. The
traditional high-carbohydrate Korean diet, when combined with
excessive energy consumption, worsens metabolic risk factors.
Additionally,
independent risk factor for obesity and metabolic syndrome in

sugar-sweetened beverage consumption is an

Koreans. Women who consume these beverages daily have
significantly higher odds of developing these conditions than
non-consumers (58). While these findings align with prior research,
it is important to acknowledge that our dietary data were based on a
single 24-h recall, which may be subject to underreporting or
overreporting, particularly in overweight individuals (59). The
management of metabolic syndrome requires strict energy intake
control, particularly in patients with both conditions. Previous
findings indicated that prohibiting the consumption of sugary snacks
and beverages significantly improves body composition (60, 61). As
sugar consumption drives excessive energy intake and contributes to
obesity and hypertension (62, 63), integrating sugar restrictions into
comprehensive management plans is crucial for reducing
complications and enhancing metabolic health. Future interventions
for this population should not only target total caloric intake, but also
emphasize the cultural context of carbohydrate-dominant diets and
high sugar beverage consumption, which may have a disproportionate
metabolic impact on Korean adults.

Our study demonstrated that individuals with obesity but without
hypertension engaged in greater vigorous occupational and total
physical activities (Table 5). Although occupational category data were
not collected in our study, this pattern may reflect higher physical
demands in blue-collar roles, a trend also observed in previous Korean
studies. These individuals may also participate in physical activities as
a compensatory mechanism to manage their weight and prevent
hypertension. Previous research supports these findings, showing that
individuals with obesity who engage in more physical activity have a
reduced risk of developing hypertension (64). By contrast, individuals
with obesity and hypertension exhibited significantly lower levels of
vigorous occupational and total physical activities. Hypertension
tends to reduce physical activity levels owing to fatigue, decreased
physical fitness, and heightened cardiovascular strain (65, 66).
Moreover, the combination of obesity and hypertension exacerbates
these challenges, leading to a further reduction in physical activity
(67). These findings are consistent with a large body of literature
suggesting that hypertension is both a cause and consequence of
physical inactivity. Our study adds to this by showing how this pattern
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manifests specifically within a working-age Korean population, a
group underrepresented in international physical activity research.
KNHANES 2016-2017 data on middle-aged and older women
showed that frequent occupational physical activity combined with
extended sedentary time increased the risk of hypertension, even
among those following aerobic exercise routines (68). However, the
self-reported nature of physical activity data in KNHANES should
be acknowledged as a limitation, as overestimation of activity is
common among adults with overweight or chronic conditions (69).
These results underscore the importance of targeted interventions that
promote not only physical activity but also recovery, ergonomics, and
flexible exercise strategies suited to the capabilities of individuals with
obesity and hypertension. In particular, integrated programs that also
address sleep quality may enhance intervention adherence and long-
term impact (4, 60, 61, 70).

This study has several limitations. First, our evaluation of
working adults with metabolic syndrome did not account for the
timing of the first appearance or how long it lasted, limiting our
understanding of how the progression or chronicity of the condition
might influence the outcomes. Second, the evaluation of sleep
duration or physical activity levels was conducted using survey data
instead of objective measurements, such as heart rate monitoring or
accelerometers, which might produce inaccurate results. This
reliance on self-reporting introduces the possibility of recall bias and
may lead to discrepancies between the reported and actual
behaviors. Prior studies have shown that recall bias can lead to an
overestimation or underestimation of physical activity levels by up
to 35%, and similar biases have been reported in sleep and dietary
self-reports (59, 69). Nevertheless, since all participants were
assessed using the same self-report instruments under standardized
procedures, any recall bias is likely to be non-differential and would
bias results toward the null. Furthermore, the large, nationally
representative sample and use of validated survey methods in
KNHANES support the overall robustness and generalizability of
the findings. Third, this study found simple differences in sleep
duration, energy intake, and physical activity without proving any
causal links. Fourth, the 24-h recall approach for dietary evaluation
may not accurately capture long-term eating habits because it
depends on participants’ reports of their food and beverage
consumption from the previous day. Our analysis revealed 467
low-reporting females, 47 over-reporting females, 264 low-reporting
males, and 62 over-reporting males. Despite these limitations, this
study demonstrates its strengths through a detailed assessment of
multiple lifestyle factors, including sleep duration, energy intake,
and physical activity levels, in Korean working adults with
hypertension and/or obesity. This is particularly notable because
most previous studies on the relationship among metabolic
syndrome, physical activity, and energy intake have primarily
focused on older adults.

Nevertheless, this study has several notable strengths. Firstly, this
study initially used information from the KNHANES, which
represents the national population and includes a substantial sample
size to ensure that findings can apply to Korea’s general working adult
population. Second, this study differed from earlier research that
looked at obesity or hypertension separately by examining how both
conditions interacted through multiple health aspects such as sleep
patterns, physical activity levels, and energy consumption. Third, the
study reveals rare behavioral and physiological features since it
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examines a working-age population, which metabolic health research
typically overlooks. Lastly, the study achieved complete insight into
metabolic syndrome development pathways by including lifestyle
variables like sleep duration, physical activity levels, and detailed
nutritional intake alongside obesity and hypertension.

In conclusion, this study identified significant associations
between hypertension, obesity, and key lifestyle behaviors among
Korean working adults. Specifically, individuals with hypertension
slept approximately 0.5 h less per weekday, and those with both
obesity and hypertension reported significantly higher total energy
intake and lower physical activity levels compared to their
counterparts (all p < 0.01). These findings suggest that hypertension
and obesity perpetuate a vicious cycle by contributing to reduced sleep
duration, decreased physical activity, and increased energy intake,
thereby exacerbating metabolic syndrome. Future studies should focus
on establishing causal relationships using longitudinal data and
objective measures such as accelerometers or biomarker-based dietary
assessments. Given the interplay among these modifiable factors, it is
also essential to translate these findings into practical interventions for
the working population. Evidence-based interventions that promote
healthy sleep, dietary habits, and physical activity should be prioritized.
In particular, integrated health programs tailored for working adults—
combining sleep hygiene education, nutritional counseling, and
workplace-based physical activity initiatives—may offer a practical
and impactful solution. Such programs should also account for
occupational stress, long working hours, and irregular schedules
common in this population.
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