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Background/Aims: The coronavirus disease 2019 (COVID-19) pandemic has significantly impacted global health, exacerbat-
ed metabolic health issues, and altered lifestyle behaviors. This study examined the sex-specific impact of the COVID-19 out-
break on the incidence of metabolic syndrome using data from the Korea National Health and Nutrition Examination Survey
(KNHANES).
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Methods: Data from the KNHANES VII (2018) and VIII (2019-2021), including 15,499 participants, were analyzed. The study
population was stratified by sex, and further subdivisions were conducted based on the timeframe relative to the COVID-19
outbreak. Variables such as age, education level, household income, smoking status, and high-risk drinking were analyzed to
assess their influence on the prevalence of metabolic syndrome.

Results: The overall prevalence of metabolic syndrome significantly increased from 28.11% before the outbreak to 29.69%
after the outbreak. Both males and females reported significant increases in waist circumference and fasting glucose levels.
Age and education level differentially influenced the prevalence of metabolic syndrome between the sex. Smoking was sig-
nificantly associated with increased prevalence in males, whereas high-risk drinking was associated with increased prevalence
in males and decreased prevalence in females.

Conclusions: The COVID-19 pandemic has significantly increased the prevalence of metabolic syndrome with notable
sex-specific differences. These findings highlight the need for sex-specific public health interventions to mitigate the impact

of the pandemic on metabolic health.

Keywords: COVID-19; Metabolic syndrome; Sex factors; Pandemic; Risk factors

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has
profoundly impacted global health by affecting different
aspects of physical and mental well-being. The pandemic
has increased morbidity and mortality, disrupted healthcare
services, and exacerbated existing health imbalances [1,2].
One significant area of concern is the influence of the pan-
demic on metabolic health, particularly the prevalence of
metabolic syndrome [3]. Metabolic syndrome is a cluster of
conditions that increases the risk of cardiovascular diseases
and type 2 diabetes, including abdominal obesity, hypertri-
glyceridemia, low high-density lipoprotein (HDL) cholesterol,
hypertension, and high fasting glucose [4] Recent studies
have reported worsening metabolic profiles during the pan-
demic [5,6]. The pandemic’s influence on lifestyle behaviors,
such as reduced physical activity, altered dietary habits, and
increased stress levels, has likely exacerbated the risk factors
associated with metabolic syndrome [7,8].

Sex-specific differences in the prevalence and impact of
metabolic syndrome components have been well-docu-
mented [9,10]. Males typically exhibit higher rates of ab-
dominal obesity and hypertension, whereas females of-
ten have lower HDL cholesterol levels. Furthermore, two
recent studies in Asian patients have shown that sex may
have a differential impact on the prevalence of metabolic
syndrome, depending on socioeconomic status [11] and
patterns of daily activity, and not just physical activity [12].
These differences emphasize the necessity of understanding
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how the COVID-19 pandemic may differentially affect these
patterns across sex.

This study explored the sex-specific impact of the
COVID-19 outbreak on the incidence of metabolic syndrome
by comparing its prevalence and associated risk factors be-
fore and after the pandemic using data from the Korea Na-
tional Health and Nutrition Examination Survey (KNHANES).

METHODS

Study population

This study used data from KNHANES conducted between
2018 (KNHANES VII) and 2019-2021 (KNHANES VIII), en-
compassing 30,551 participants. Since 1998, the Division
of Chronic Disease Surveillance of the Korean Centers for
Disease Control and Prevention has performed the KN-
HANES annually. This cross-sectional and nationally repre-
sentative survey comprises a health interview and nutrition
and health examinations to assess the health and nutritional
status of the Korean population. Participants who met the
inclusion criteria were selected from the dataset, resulting in
a final sample size of 15,499 individuals (Fig. 1). The selec-
tion criteria excluded individuals under 19 years of age and
those with incomplete data or missing information critical
for analyzing metabolic syndrome components. The study
population was stratified by sex and comprised 7,881 males
and 7,618 females. These groups were further subdivided
based on the timeframe of the COVID-19 outbreak. Given
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(2018-2021)
Korea National Health and Nutrition Examination Survey
(n=30,551)

o Participants under 19 years
of age (n = 5,371)
Participants with missing
values (n = 9,681)

Excluded

Participants included in the study (n = 15,499)

: :

Male (n = 7,881) Female (n = 7,618)

: : : :

Before After Before After
COVID-19 COVID-19 COVID-19 COVID-19
(n=4,221) (n = 3,660) (n=4,151) (n = 3,467)

Figure 1. Study population.

that the KNHANES categorizes data by fiscal year and that
the first case of COVID-19 in South Korea was confirmed in
January 20, 2020, the 2018-2019 data were categorized
as pre-COVID, with corresponding participants in the pre-
COVID group, and the 2020-2021 survey data were cat-
egorized as post-COVID, with corresponding participants
in the post-COVID group. Among males, there were 4,221
participants in the pre-COVID-19 group and 3,660 in the
post-COVID-19 group. Similarly, 4,151 females were pres-
ent in the pre-COVID-19 group and 3,467 females in the
post-COVID-19 group.

In this study, we utilized de-identified data from the KN-
HANES. The study protocol was reviewed and approved by
the Institutional Review Board (IRB) of Yonsei University (IRB
No. CR323362). The requirement for informed consent was
waived because participant consent was obtained from the
KNHANES. The dataset is in the public domain and does not
contain any individually identifiable information.

Data collection

Data collection involved a comprehensive set of variables
relevant to metabolic syndrome and its components. The
variables collected included sex, age, education level (below
university level and university level or higher), and household
income (divided into two quartiles, first and second quartiles
and third and fourth quartiles, with third and fourth quar-
tiles representing higher income levels). Smoking status was
classified as never smoking or not smoking, and non-nev-
er smokers were defined as individuals who had smoked
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a minimum of five packs of cigarettes over their lifetime.
High-risk drinking was defined as consuming more than
seven glasses of alcohol on a single occasion for males and
more than five glasses for females on two or more occa-
sions per week. Physical activity was indicated by whether
the participant engaged in regular exercise, characterized as
physical activity for at least 30 min per session, five or more
times per week. Waist circumference was measured at the
narrowest point between the upper iliac crest and lowest rib
after normal expiration. Systolic and diastolic blood pressure
(BP) were recorded in mmHg. Laboratory samples, includ-
ing fasting glucose, triglycerides, and HDL cholesterol levels
measured in mg/dL, were obtained after a 12-h fast. These
variables were meticulously recorded for each participant to
ensure a thorough analysis of the incidence and prevalence
of metabolic syndrome before and after the COVID-19 out-
break. Data collection methods adhered to standardized
procedures to maintain consistency and reliability across the
study period, enabling the investigation of potential chang-
es in metabolic health and identifying risk factors associated
with the COVID-19 pandemic.

Definition of metabolic syndrome

Metabolic syndrome was defined according to harmonized
criteria established by multiple international organizations,
including the International Diabetes Federation; National
Heart, Lung, and Blood Institute; American Heart Associ-
ation; World Heart Federation; International Atherosclero-
sis Society; and International Association for the Study of
Obesity. These criteria are modifications of the National
Cholesterol Education Program Adult Treatment Panel Il
guidelines. Metabolic syndrome was diagnosed when an
individual presented with three or more of the following
components [13]: 1. Abdominal obesity was defined as a
waist circumference of > 90 cm for males or > 85 cm for
females, according to the Korean-specific cutoffs set by the
Korean Society of Obesity [14], 2. hypertriglyceridemia was
identified by a serum triglyceride level of > 150 mg/dL, 3.
low HDL cholesterol levels were defined as a serum HDL
cholesterol concentration < 40 mg/dL for males and < 50
mg/dL for females, 4. high BP was characterized by systolic
BP of > 130 mmHg or diastolic BP of > 85 mmHg or the use
of antihypertensive medication, 5. high fasting glucose was
marked by a fasting serum glucose level of > 100 mg/dL
or the current use of antidiabetic medication, including oral
hypoglycemic agents or insulin.
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Statistical analysis

Descriptive statistics were calculated for all the participants
to outline their baseline characteristics. For categorical vari-
ables, comparisons between groups were performed using
the chi-square test, whereas continuous variables were
compared using the t-test. To compare the prevalence of
metabolic syndrome and its components before and after
the COVID-19 outbreak, the chi-square test was used to an-
alyze categorical variables, and p values were calculated to
determine statistical significance. Non-parametric tests were
used for continuous variables that did not follow a normal
distribution. The Mann-Whitney U test was used to com-
pare two independent groups. Logistic regression analysis
was used to evaluate the association between the COVID-19
outbreak and the prevalence of metabolic syndrome and its
components by calculating odds ratios (ORs) and 95% con-
fidence intervals (Cls). The OR represents the odds of devel-
oping metabolic syndrome after exposure to the COVID-19
outbreak compared with the odds of developing metabolic
syndrome without the COVID-19 outbreak. Further strati-
fied analysis was performed by age group (19-29, 30-39,
40-49, 50-59, 60-69, and 70 yr and older) to examine the
impact across different age demographics. These analyses
were additionally stratified by sex to explore sex-specific ef-
fects. Logistic regression analyses were also performed to
assess the odds of developing metabolic syndrome based
on age, education level, household income, smoking status,
high-risk drinking, and physical activity before and after the
COVID-19 outbreak. Separate analyses were conducted for
males and females to identify potential differences between
sex. The results are represented as ORs with 95% Cls to
provide a comprehensive understanding of the risk factors
associated with metabolic syndrome in the context of the
COVID-19 pandemic.

Subgroup analyses were conducted to evaluate whether
the interaction between the COVID-19 outbreak and met-
abolic syndrome prevalence differed by sex across different
subgroups, including age (< 65 yr vs. > 65 yr), education
level, household income, smoking status, high-risk drinking,
and physical activity. In this analysis, the OR represents the
risk of developing metabolic syndrome in females compared
to males. Interaction p values were calculated to determine
whether the impact of the COVID-19 outbreak on meta-
bolic syndrome differed significantly between males and
females in each subgroup. A significant interaction p value
indicated that the relationship between COVID-19 and the
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prevalence of metabolic syndrome differed between males
and females within the subgroups analyzed.

Al statistical analyses were conducted using SAS software
(version 9.4; SAS Institute Inc., Cary, NC, USA), and statis-
tical significance was set at p <0.05. These rigorous statis-
tical methods ensured the robustness and reliability of the
findings.

RESULTS

Baseline characteristics

The baseline characteristics of the study population were
summarized and compared before and after the COVID-19
outbreak (Table 1). The study population comprised 15,499
individuals, with 8,372 participants before COVID-19 and
7,127 participants after the COVID-19 outbreak. Significant
differences between the pre- and post-COVID-19 groups
were observed in household income, waist circumference,
diastolic BP, and fasting glucose levels. When analyzed sep-
arately by sex, both males and females showed significant
differences in household income and waist circumference.
In terms of household income level, the difference before
and after COVID-19 did not reflect an actual change in the
amount of household income, as the distribution of the sur-
veyed participants changed slightly between KNHANES VII
(2018) and VIII (2019-2021). For males, waist circumference
increased significantly from 87.35 £ 9.17 cm to 88.64 =
9.42 cm (p < 0.001), and systolic BP showed a significant
increase post-COVID-19 (p = 0.001). For females, waist cir-
cumference increased from 78.80 + 9.98 cm to 79.86 +
10.27 cm (p <0.001), and diastolic BP significantly decreased
(p < 0.001), with mean values dropping from 74.33 £ 9.54
mmHg to 72.86 + 9.33 mmHg. In addition, fasting glucose
levels in females increased significantly in post-COVID-19,
from 97.01 £ 18.06 mg/dL to 98.50 = 20.39 mg/dL
(p=0.001).

Prevalence of metabolic syndrome before and
after the COVID-19 outbreak

The prevalence of metabolic syndrome and its components
before and after the COVID-19 outbreak are provided in
Table 2. In the entire study population, the prevalence of met-
abolic syndrome increased significantly from 28.11% before
COVID-19 to 29.69% after COVID-19 (p = 0.030). Among
the components of metabolic syndrome, the percentage of
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females, the development of metabolic syndrome was sig-
nificantly associated with the COVID-19 outbreak. Elevated
waist circumference had an OR of 1.36, and high fasting
glucose had an OR of 1.18, both of which showed signif-
icant increases. The COVID-19 outbreak has significantly
affected the prevalence of metabolic syndrome, primarily
through increases in waist circumference and fasting glu-
cose levels, with varying degrees of significance between
males and females.

According to the age group (Table 4), the adjusted OR for
developing metabolic syndrome was 1.41 (95% Cl 1.04-
1.90) in the 19-29 age group, indicating a significant 41%
increase after the COVID-19 outbreak compared to before.
Elevated waist circumference showed the most pronounced
increase in the younger age groups, with an OR of 1.53
(95% Cl11.23-1.90) for the 19-29 age group. For high fast-
ing glucose, the association with the COVID-19 outbreak in-
creased with age, showing ORs of 1.18 (95% Cl 1.02-1.37)
in the 50-59 age group and 1.25 (95% Cl 1.02-1.52) in the
70 and older age group. These OR values indicated an 18%
and 25% higher likelihood of high fasting glucose levels in
the respective age groups post-COVID-19. In males, signif-
icant increases in elevated waist circumference were also
observed in younger age groups. For high fasting glucose,
the OR was significant in the 30-39 age group, the 50-59
age group, and the 70 and older age group. Similarly, in
females, elevated waist circumference showed a significant
increase in younger age groups. The OR for high fasting
glucose levels was significantly correlated with COVID-19
in the 60-69 age group. Overall, the OR values in these
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analyses showed varying effects of the COVID-19 outbreak
on different age groups, highlighting significant increases
in metabolic syndrome and its components, especially ele-
vated waist circumference and high fasting glucose, across
different demographics.

Sex differences in factors influencing metabolic
syndrome before and after COVID-19

Factors influencing the association between metabolic syn-
drome before and after the COVID-19 outbreak are shown
in Table 5, with notable differences and similarities between
males and females. Higher age was consistently associated
with increased metabolic syndrome in both sex. In contrast,
higher education level and household income were pro-
tective factors, reducing the ORs for metabolic syndrome
in both males and females. Although non-smoking was
significantly associated with increased metabolic syndrome
in males, it had no significant impact on females. High-risk
drinking was associated with increased and decreased met-
abolic syndrome in males and females, respectively. Reg-
ular physical activity was associated with lower metabolic
syndrome in both males and females, highlighting its im-
portance as a protective factor across sex. These findings
emphasize the complicated interplay between demograph-
ic and lifestyle factors that influence metabolic syndrome
during the pandemic.

Supplementary Table 1 provides a subgroup analysis eval-
uating the interaction effects of different factors on the
prevalence of metabolic syndrome between males and fe-
males stratified by the COVID-19 outbreak. Significant inter-

Table 3. Logistic regression of metabolic syndrome according to the COVID-19 outbreak

All population

Male Female

Metabolic syndrome
Metabolic syndrome components
Elevated waist circumference

Hypertriglyceridemia

High blood pressure
High fasting glucose

1.09 (1.02-1.18)*

1.29 (1.20-1.38)*

0.94 (0.88-1.02)
Low HDL cholesterol 1.04(0.97-1.12)

0.96 (0.90-1.03)
1.15 (1.08-1.23)*

1.09 (0.99-1.19) 1.13 (1.00-1.27)*

1.26 (1.15-1.38)* 1.36 (1.22-1.52)*
0.95 (0.86-1.04) 0.95 (0.84-1.07)
1.05 (0.94-1.17) 1.04 (0.94-1.15)

0.98 (0.89-1.08) 0.95 (0.85-1.06)
1.14 (1.04-1.25)* 1.18 (1.06-1.31)*

Values are presented as odds ratio (95% confidence interval).
HDL, high-density lipoprotein.

Logistic regression analysis was adjusted for age, sex, education level, household income, smoking status, high-risk drinking, and

physical activity.
*Indicates statistical significance.
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Table 5. Logistic regression analysis of metabolic syndrome

Female

After COVID-19

Before COVID-19

After COVID-19

; Male
Variable
Before COVID-19
Age 1.03 (1.03-1.04)*
Education level
< University Ref.
> University 0.73 (0.64-0.83)*

Household income
1st & 2nd quartiles
3rd & 4th quartiles

Smoking
Never
Not never

High-risk drinking
No
Yes

Physical activity
No
Yes

Ref.
0.94 (0.82-1.07)

Ref.
1.54 (1.31-1.80)*

Ref.
1.55 (1.36-1.77)*

Ref.
0.85 (0.74-0.96)*

1.03 (1.03-1.04)*

Ref.
0.72 (0.63-0.83)*

Ref.
0.80(0.70-0.92)*

Ref.
1.72 (1.46-2.03)*

Ref.
1.42 (1.23-1.63)*

Ref.
0.82 (0.72-0.95)*

1.07 (1.06-1.08)*

Ref.
0.27 (0.22-0.32)*

Ref.
0.43 (0.37-0.50)*

Ref.
0.86 (0.70-1.07)

Ref.
0.74 (0.63-0.87)*

Ref.
0.82 (0.71-0.96)*

1.06 (1.06-1.07)*

Ref.
0.36 (0.30-0.43)*

Ref.
0.42 (0.36-0.49)*

Ref.
0.96 (0.77-1.20)

Ref.
0.69 (0.58-0.83)*

Ref.
0.77 (0.66-0.91)*

Values are presented as odds ratio (95% confidence interval).
*Indicates statistical significance.

actions were observed for age, education level, household
income, smoking status, and high-risk drinking, suggesting
that these factors differentially influenced the risk of meta-
bolic syndrome between sex before and after the COVID-19
outbreak. Younger females (< 65 yr) had a significantly low-
er prevalence of metabolic syndrome than males, whereas
older females (> 65 yr) had a higher prevalence than men
before the COVID-19 pandemic. This pattern has persisted
even after the COVID-19 outbreak. Females with university
education or higher had a significantly lower prevalence of
metabolic syndrome than similarly educated males, a dif-
ference that was more pronounced than in those with less
education, and this trend persisted after COVID-19. High-
er household income, no smoking, and high-risk drinking
showed patterns similar to those observed for education lev-
el, with significant differences between males and females
persisting before and after COVID-19.

Supplementary Table 2 provides baseline patient char-
acteristics according to age group. As the above anal-
ysis showed a pattern of elevated waist circumference in
younger age groups, especially in males, and higher fast-
ing blood glucose levels in older participants, we analyzed
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the differences in factors according to age before and after
COVID-19. According to this table, among all participants,
regular physical activity was performed by 61.45% of partic-
ipants aged 19-49 years and 60.17% of participants aged
> 50 years with no statistical difference. However, when
comparing pre- and post-COVID-19 periods, as seen in Sup-
plementary Table 3, we found that before the COVID-19
pandemic, the proportion of participants performing regu-
lar physical activity was statistically lower in those aged > 50
years than in those aged 19-49 years (59.49% vs. 61.83%,
p = 0.029), but after COVID-19, this statistical difference
disappeared (60.94% vs. 60.99%, p = 0.965). Although not
significantly different, this trend was more pronounced in
males, where regular physical activity tended to be lower in
males aged > 50 years than in those aged 19-49 years be-
fore COVID-19 (58.89% vs. 61.46%, p = 0.088); however,
this trend was not observed post-COVID-19.

DISCUSSION

Investigation of the sex-specific impact of the COVID-19
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outbreak on metabolic syndrome revealed several import-
ant findings. The overall prevalence of metabolic syndrome
increased significantly from 28.11% before the outbreak
to 29.69% after the outbreak, with significant increases
in waist circumference and fasting glucose levels in both
males and females. Sex-specific analyses highlighted that
males experienced significant increases in waist circum-
ference and fasting glucose levels, while females showed
notable increases in these components as well. In addition,
factors such as age, education level, household income,
smoking status, and high-risk drinking differentially influ-
enced the prevalence of metabolic syndrome in males and
females. Younger females had a lower prevalence of met-
abolic syndrome than males, whereas older females had a
higher prevalence. Higher education levels and household
income were more protective against metabolic syndrome
in females than in males. Smoking was significantly associ-
ated with an increased prevalence of metabolic syndrome
in males; however, it exerted no significant impact on fe-
males. High-risk drinking was associated with an increased
prevalence of metabolic syndrome in males, whereas it was
associated with a decreased prevalence in females. These
findings emphasize the necessity of sex-specific strategies to
address metabolic health issues, particularly in global health
crises such as the COVID-19 pandemic.

A significant association between metabolic syndrome
and COVID-19 exacerbates the severity of COVID-19 out-
comes in individuals with underlying metabolic conditions
such as obesity, hypertension, diabetes, and dyslipidemia
[15,16]. The pathophysiology involves chronic inflamma-
tion and altered angiotensin-converting enzyme 2 (ACE2)
expression, which increases the susceptibility and severity of
infection [16,17]. Studies have demonstrated that obesity
impairs respiratory function and immune response, hyper-
tension exacerbates endothelial dysfunction, and diabetes
leads to chronic inflammatory states, all contributing to
higher morbidity and mortality in patients with COVID-19
[17-19]. In addition, sex-specific differences play a role, as
males generally exhibit higher rates of abdominal obesity
and hypertension, whereas femalse often have lower HDL
cholesterol levels [20]. These differences suggest that tai-
lored interventions considering both metabolic syndrome
and sex-specific risks are crucial in managing and mitigating
the impacts of COVID-19.

An analysis of the prevalence of metabolic syndrome in
the United States, as reported in the National Health and
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Nutrition Examination Survey (NHANES) 2011-2018, high-
lights its significant association with COVID-19. The study
reported that approximately 34.7% of the adults had met-
abolic syndrome during this period. Among these, individ-
uals with metabolic syndrome had higher rates of severe
COVID-19 outcomes, including increased hospitalization
and mortality rates, than those without metabolic syndrome
[21]. Similarly, a European study examining 20,133 UK pa-
tients hospitalized with COVID-19 using the International
Severe Acute Respiratory and Emerging Infection Consor-
tium World Health Organization Clinical Characterization
Protocol revealed a notable prevalence of metabolic syn-
drome components among patients with severe COVID-19.
In this cohort, 56% of the patients had hypertension, 41%
had obesity, and 21% had diabetes. The presence of these
conditions was associated with a higher risk of intensive care
unit admission and mortality [20]. These data emphasize the
critical impact of metabolic syndrome on COVID-19 sever-
ity in diverse populations and underscore the importance
of targeted public health strategies. In comparison with our
data, which reported a significant increase in metabolic syn-
drome prevalence from 28.11% to 29.69% in South Korea
during the COVID-19 pandemic, both the US and UK data
further illustrate the global burden of metabolic syndrome
and its exacerbating effect on COVID-19 outcomes. The in-
creasing prevalence of obesity and metabolic syndrome is a
global trend, independent of COVID-19, and South Korea
has been no exception, especially since 2015 [22,23]. The
increase in the prevalence of metabolic syndrome in the
present study does not necessarily indicate that the impact
of COVID-19 as a dominant factor. However, several factors
contribute to metabolic syndrome, including sedentary life-
style, physical inactivity, obesity, and mental stress [24,25].
Thus, it is undeniable that the COVID-19 pandemic has had
a significant impact on these risk factors.

In this study, the most important factors contributing
to the increased prevalence of metabolic syndrome after
COVID-19 were abdominal obesity and elevated blood
glucose levels. In males, abdominal obesity was more likely
to contribute to metabolic syndrome in patients under 50
years of age, whereas in females, abdominal obesity con-
tributed to metabolic syndrome in all age groups except
the 60-69 years age group. Further, we found that regular
physical activity levels were higher in younger age groups in
the pre-COVID-19 era, and this pattern disappeared after
COVID-19, indirectly suggesting that this trend may have
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contributed to the increase in abdominal obesity in males.
In contrast, abdominal obesity did not differ significantly by
age in females, and the effect of physical activity in younger
females was not apparent; however, the higher prevalence
of metabolic syndrome in middle-aged and postmenopausal
females may explain this difference from males [26]. With
regard to elevated fasting glucose levels, while there is a
trend towards worsening glucose metabolism, especially in
Asian patients [27], there is also evidence that decreased
physical activity contributes to poor glycemic profiles [28].
Our results suggest that there are sex differences in the risk
of fasting blood glucose elevations during COVID-19, with
females showing significant elevations in the age > 60 years
group, while males tended to show elevated glucose levels
that were not significantly related to age. Thus, it is conceiv-
able that lifestyle changes due to physical inactivity or social
distancing caused by COVID-19 may have contributed to
the exacerbation of metabolic syndrome.

Other sex-specific differences observed in our study, such
as higher rates of hypertension in males and lower HDL cho-
lesterol levels in females, align with broader trends observed
in studies conducted in the US and UK. The results of our
study showed that female high-risk drinkers had a lower risk
of metabolic syndrome, which is in contrast to the results
in males. A previous study from South Korea analyzed the
relationship between alcohol and metabolic syndrome and
found that alcohol consumption of > 14 g/day was associ-
ated with a increased risk of metabolic syndrome in both
males and females [29]. Interestingly, this study showed
that females aged 65 years or older who consumed alcohol
had a lower risk of metabolic syndrome than non-drinkers
of the same age, even if the amount of alcohol consump-
tion increased, but this was not observed in males. Upon
closer exploration, we found that the association was driven
by improved lipid profiles such as low HDL and triglyceride
levels, whereas abdominal circumference increased with
alcohol consumption in this subgroup. Although we did
not observe this association in our study, this suggests that
alcohol consumption and the risk of metabolic syndrome
may have different patterns depending on sex and age.
Taken together, these findings highlight the necessity for
comprehensive sex- and region-specific public health inter-
ventions to address metabolic syndrome in the context of
COVID-19. In addition, follow-up studies are needed to de-
termine whether the increase in metabolic syndrome and
sex differences due to social and physical inactivity during
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COVID-19 will change again after the effects of COVID-19
have passed. Based on this, continued education and pro-
motion of sex- and age-appropriate lifestyle modifications
as preventive measures to manage metabolic syndrome risk
factors are needed.

This study has several limitations. First, the cross-section-
al design limited the ability to establish causality between
the COVID-19 outbreak and changes in the prevalence of
metabolic syndrome. The baseline characteristics of the
study population differed in factors other than metabolic
syndrome, which may have affected the results of the anal-
ysis. Second, the reliance on self-reported data for certain
variables, such as smoking status and alcohol consumption,
may have introduced a reporting bias. Third, the study pop-
ulation was limited to South Korea, which may have affect-
ed the generalizability of the findings to other populations
with different demographic and healthcare characteristics.
Fourth, the analysis did not account for potential confound-
ing factors such as changes in diet or physical activity levels
that could have occurred independently of the pandemic.
Fifth, the household income data presented represent the
distribution of survey subjects within quartiles rather than
the actual changes in income amounts. This slight varia-
tion in income distribution and differences in other base-
line characteristics, apart from metabolic syndrome, may
have influenced the study results. Finally, given that the first
confirmed case of COVID-19 in South Korea occurred on
January 20, 2020, there is a limitation in that people sur-
veyed between January 1 and 19, 2020, may have been
classified into the post-COVID group, even though this was
before the spread of COVID-19. Despite these limitations,
our study analyzed a large population-based dataset and
focused on sex-specific analysis of the COVID-19 pandemic,
providing valuable insights into the sex-specific impact of
the COVID-19 pandemic on metabolic health.

A novel finding of this study is the detailed sex-specific
analysis of metabolic syndrome components and their re-
lationship with COVID-19 outcomes, which has yet to be
comprehensively addressed in previous research.

In conclusion, the COVID-19 pandemic has significantly
increased the prevalence of metabolic syndrome primarily
through increases in waist circumference and fasting glu-
cose levels, with notable sex-specific differences. Males
exhibited more significant increases in the metabolic syn-
drome components associated with smoking and high-risk
drinking, whereas females showed significant variations in
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education level and household income. Clinicians should
consider these sex-specific factors when developing target-
ed interventions to mitigate the impact of this pandemic on
metabolic health.

KEY MESSAGE

1. The COVID-19 pandemic significantly increased
the prevalence of metabolic syndrome, primari-
ly through increases in waist circumference and
fasting glucose levels, with notable sex-specific
differences.

2. Males experienced significant increases in waist
circumference and fasting glucose levels, while
women showed variations influenced by education
level, household income.

3. Sex-specific public health strategies are needed to
address pandemic-related metabolic health risks.
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