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Background: Metabolic syndrome (MetS) is reportedly a crucial risk factor for coronavirus disease 2019 (COVID-19). Since the
epidemiological studies that examine this association are few and include small samples, we investigated the relationship between
MetS and COVID-19 severity and death using a larger sample in the Republic of Korea.

Methods: We analyzed 66,321 patients, 4,066 of whom had COVID-19. We used chi-square tests to examine patients’ character-
istics. We performed logistic regression analysis to analyze differences in COVID-19 infection and clinical outcomes according to
the presence of MetS.

Results: Although MetS was not significantly associated with COVID-19 risk, acquiring MetS was significantly associated with
the risk of severe COVID-19 outcomes (odds ratio [OR], 1.97; 95% confidence interval [CI], 1.34 to 2.91; P=0.001). The mortality
risk was significantly higher in COVID-19 patients with MetS (OR, 1.74; 95% CI, 1.17 to 2.59; P=0.006). Patients with abnormal
waist circumference were approximately 2.07 times more likely to develop severe COVID-19 (P<0.001), and high-density lipo-
protein cholesterol (HDL-C) levels were significantly associated with COVID-19; the mortality risk due to COVID-19 was 1.74
times higher in men with an HDL-C level of <40 mg/dL and in women with an HDL-C level of <50 mg/dL (P=0.012).
Conclusion: COVID-19 is likely associated with severity and death in patients with MetS or in patients with MetS risk factors.

Therefore, patients with MetS or those with abnormal waist circumference and HDL-C levels need to be treated with caution.
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INTRODUCTION

As of January 13, 2021, there were more than 90 million cases
positive for coronavirus disease 2019 (COVID-19) and ap-
proximately 2 million deaths globally since the first reported
case in December 2019 in Wuhan, China [1]. Although COV-
ID-19 appeared to be under control in the Republic of Korea,
the number of cases showed an upward trend from November
2020, resulting in a cumulative total of 70,212 cases and 1,185
deaths as of January 13, 2021 [2]. During the prolonged pan-
demic period spanning over a year, several studies reported
that old age, chronic disease, and poor lifestyle are risk factors

associated with increased severity of COVID-19. Of these risk
factors, chronic disease has been identified as a major cause of
high mortality in COVID-19 patients [3]. According to a study
conducted by the University of Pennsylvania, mortality was
higher among COVID-19 patients with comorbidities such as
cardiovascular disease, hypertension, diabetes mellitus, kidney
disease, and cancer than among other COVID-19 patients [4].
Furthermore, the Global Burden of Disease Study led by the
Institute for Health Metrics and Evaluation, recently published
in The Lancet, states that chronic diseases that cause a high dis-
ease burden, such as ischemic heart disease, diabetes mellitus,
and stroke, have significantly contributed to the high mortality
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of COVID-19 globally. Particularly, they reported that the high
disease burden of chronic diseases is caused by the escalating
prevalence of metabolic syndrome (MetS) [5].

Although the exact etiology of MetS is unknown, lifestyle
factors such as irregular and poor diet, smoking, drinking, over-
work, sleep deprivation, and stress and insulin resistance are the
major causes of MetS. In general, an individual is diagnosed
with MetS if three of the following five symptoms are present:
abdominal obesity (waist circumference 290 cm in men, =85
cm in women), high blood pressure (>130/85 mm Hg), high
blood glucose levels (=100 mg/dL), high triglyceride levels
(=150 mg/dL), and low levels of high-density lipoprotein cho-
lesterol (HDL-G; levels of <40 mg/dL in men, <50 mg/dL in
women) [6]. While there are no characteristic symptoms of
MetS, there is a higher prevalence of stroke, cancer, arterioscle-
rosis, diabetes mellitus, and cardiovascular disease among pa-
tients with MetS than among the general population; conse-
quently, there is an increased mortality rate among patients
with MetS [7-9].

Recent studies have reported that MetS, a major cause of
chronic diseases, is associated with the severity of COVID-19.
A research team at Tulane University School of Medicine pub-
lished a study showing that individuals with MetS who have a
diagnosis of COVID-19 are more likely to have a poor progno-
sis. Furthermore, according to an analysis on 287 COVID-19
patients admitted to two hospitals in New Orleans, the odds of
death due to COVID-19 was 3.4 times higher in patients with
MetS than in others, while the odds for intensive care unit
(ICU) treatment, ventilator support, or acute respiratory dis-
tress syndrome was approximately 5 times higher in COV-
ID-19 patients with MetS than in those without MetS [10]. Re-
searchers believe that vascular dysfunction and impaired adi-
pocyte regulation caused by COVID-19 in patients with MetS
elevate the risk of increased severity of COVID-19 [11,12].

The Republic of Korea is one of the countries with a high and
consistently increasing prevalence of MetS. As of 2015, MetS
prevalence in the Republic of Korea was 22.4% [13]. A study
that analyzed changes in the prevalence of MetS based on the
data from the Korean National Health and Nutrition Examina-
tion Survey from 2008 to 2017 observed a marked elevation in
MetS prevalence in men from 24.5% in 2008 to 28.1% in 2017,
and a slight reduction in MetS prevalence in women, though
still high, from 20.5% in 2008 to 18.7% in 2017 [6]. Although
MetS prevalence is high and may contribute toward increased
mortality from COVID-19 [12], only a few epidemiological

428

studies have analyzed the association between MetS and COV-
ID-19 in the Republic of Korea, and the majority of studies
conducted abroad have been small-sample studies. Hence, it is
necessary to investigate the effects of MetS on COVID-19 us-
ing a national database. Therefore, this study aimed to analyze
the association between MetS and COVID-19 severity and
mortality using a national COVID-19 database.

METHODS

Ethics statement

This study conformed to the Guidelines on De-identification
of Personal Data of Korea and was approved by the Kyung Hee
University’s Institutional Review Board (IRB No. KHSIRB-
20-301[EA]) as a review exemption study. As the study used
de-identified data, the requirement for informed consent was
waived by the board.

Data and study participants

The associations among COVID-19, clinical outcome, and
MetS were analyzed using the National Health Insurance Ser-
vice COVID Database, which contains medical records from
January 2015 to July 2020, including those of 129,120 patients
who visited hospitals in the Republic of Korea between January
1, 2020, and May 30, 2020 [14]. Patients in the database were
categorized as COVID-19 and non-COVID-19 patients, and
stratified random sampling was performed at a 1:15 ratio. The
stratifying factors used were sex, age, and area of residence. In
this study, patients aged <20 years and those with missing es-
sential health examination-related data (waist circumference,
blood pressure, triglyceride levels, HDL-C levels, and fasting
blood glucose levels) were excluded, resulting in a total of
66,321 patients in the final analysis. Of the total, 62,255 were
non-COVID-19 patients, while 4,066 were COVID-19 pa-
tients (Fig. 1).

Clinical factors and outcomes

Clinical outcomes include ventilator support and death in CO-
VID-19 patients, while general characteristics included sex,
age, area of residence, health insurance premium, Charlson
Comorbidity Index (CCI), normal levels of MetS components
(waist circumference, triglyceride level, HDL-C level, blood
pressure, and fasting glucose level), number of MetS compo-
nents in the abnormal range, and MetS diagnosis. Health in-
surance premiums were used as indicators of economic status
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Patients who were treated at hospitals in Korea
between January 1 and May 30, 2020

Patients without COVID-19

Patients with COVID-19

Stratified random sampling

« Sampling population: patients who were not
tested for COVID-19

- Sampling method: stratified random sampling
- Stratifying factors: sex, age, region of residence
- Sample size: 15 times of patients with COVID-19

‘ NHIS-COVID DB (n=129,120)

- Patients aged =20 years
« Excluded patients with missing records of
medical check-up results

‘ Patients for analysis in the study (n=66,321) ‘

Patients without COVID-19 (n=62,255)

Patients with COVID-19 (1n=4,066)

Fig. 1. Flowchart of the patient selection process. We selected 66,321 patients who were enrolled in the National Health Insurance
Service (NHIS) and excluded those with missing records. Among the selected patients, 62,255 were non-coronavirus disease 2019

(COVID-19) patients, while 4,066 were COVID-19 patients.

as the premiums in the Republic of Korea are set proportionate
to income. Medical aid recipients do not pay health insurance
premiums, and health insurance subscribers who pay a premi-
um were classified into the first quintile (lowest), second quin-
tile, third quintile, fourth quintile, and fifth quintile (highest).
The CCI was weighted using the updated criteria proposed by
Quan et al. [15] based on the 2019 main diagnosis. The most
up-to-date clinical information was collected from the 2015 to
2018 health examination data for the diagnosis of MetS. The
normal ranges of the five components of MetS were deter-
mined based on the following clinical criteria: waist circumfer-
ence (men =90 cm, women =85 cm), triglyceride level (=150
mg/dL), HDL-C level (male <40 mg/dL, female <50 mg/dL),
blood pressure (>130/85 mm Hg or a diagnosis of hyperten-
sion in 2019), and blood glucose level (=100 mg/L or a diag-
nosis of diabetes mellitus in 2019). Additionally, the number of
the aforementioned clinical factors in the abnormal range was

https://e-dmj.org  Diabetes Metab ] 2022;46:427-438

calculated, and patients with three or more factors in the ab-
normal range were defined as MetS patients.

Statistical analyses
The risk factors for COVID-19 and clinical outcomes were an-
alyzed in relation to the participants’ general characteristics
using chi-square tests. Logistic regression was used to analyze
the association between COVID-19 or clinical outcomes (ven-
tilator support or death) and MetS, MetS criteria, and other
patient characteristics. Sex, age, area of residence, and health
insurance premium were adjusted in all logistic regression
models. Because MetS is a complex syndrome of several adult
diseases, the diagnosis of the condition was deemed to include
information about various underlying diseases; thus, CCI was
not adjusted for in the logistic regression models.

We established logistic regression models while considering
the adjustment variables and the diagnosis of MetS to examine
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the risk of COVID-19 in patients with MetS. Ventilator sup-
port and death were set as the clinical outcome variables for
COVID-19 in patients with MetS. The clinical MetS compo-
nents were individually considered to identify specific risk fac-
tors for MetS that were associated with COVID-19 and mor-
tality. Statistical analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC, USA), and the level of significance
was set at 5% for all statistical analyses.

RESULTS

Analysis of target patient characteristics

The baseline characteristics of COVID-19 patients are shown
in Table 1. Among the various characteristics of participants,
age, health insurance premium, CCI, waist circumference,
HDL-C level, and fasting glucose levels were significantly asso-
ciated with COVID-19. COVID-19 rate ranged from 4.1% to
6.6% across age groups, with the lowest rate in the 20 to 29
years group and the highest rate in the 50 to 59 years group.
Regarding economic status, the infection rate was highest
(12.2%) among medical aid recipients, who are considered to
have the lowest economic status. The COVID-19 rate tended
to increase with increasing CCI. Furthermore, the COVID-19
rate was high among patients with abnormal waist circumfer-
ence (men =90 cm, women =85 cm, 6.5%), HDL-C level
(male <40 mg/dL, female <50 mg/dL, 6.7%), and fasting glu-
cose level (6.4%).

The association of COVID-19 patient characteristics with
ventilator support and death was analyzed using chi-square
tests (Table 1). The use of ventilator support indicated severe
COVID-19 symptoms. The severity of COVID-19 symptoms
differed based on sex, age, area of residence, CCI, waist cir-
cumference, triglyceride levels, blood pressure, fasting glucose
levels, number of MetS components, and MetS diagnosis. The
proportion of patients with severe symptoms was approxi-
mately three times higher among men (5.2%) than among
women and tended to increase with advancing age. The pro-
portion of severe COVID-19 patients was highest in the North
Gyeongsang Province region (5.9%) when compared with that
in all other regions, and it increased with increasing CCI. The
proportion of severe COVID-19 patients was higher among
those with MetS (6.5%) than among those without MetS and
was the lowest among patients without any MetS components
(1.1%). Moreover, the proportion of severe COVID-19 pa-
tients was higher among those with abnormal waist circumfer-
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ence (6.2%), triglyceride levels (4.8%), and fasting glucose lev-
els (4.6%) than among COVID-19 patients with normal corre-
sponding parameters.

The mortality rate was more than threefold higher among
male COVID-19 patients (6.1%) than among female patients.
No deaths were observed in COVID-19 patients in their 20s
and 30s, while the mortality rate was highest among patients
aged 280 years (28.6%). Similar to the proportion of severe
COVID-19 patients, the mortality rate was highest in the
North Gyeongsang Province region (6.7%), and this increased
with increasing CCI, indicating the severity of underlying dis-
eases. The COVID-19 mortality rate was approximately three-
fold higher among those with MetS than among those without
MetS and tended to increase with an increasing number of
MetS components. Additionally, the mortality rate was higher
among patients with abnormal waist circumference (5.8%),
HDL-C levels (5.4%), blood pressure (5.2%), and fasting glu-
cose levels (5.3%).

Odds ratio for the risk of COVID-19 and clinical outcomes
Multivariate logistic regression analysis was performed to ana-
lyze the difference between COVID-19 infection and clinical
outcome according to the presence of MetS, and all input vari-
ables were adjusted (Table 2). In the model with COVID-19
infection as an outcome variable, age and health insurance
premiums were found to have a significant effect on COV-
ID-19 infection (P<0.001), but while MetS did not show this
significant association.

The associations between MetS and the clinical outcomes of
ventilator support and death were analyzed using logistic re-
gression (Table 2). The results showed that sex, age, and MetS
were significantly associated with ventilator support. Female
COVID-19 patients were less likely to require ventilator sup-
port than their male counterparts (odds ratio [OR], 0.36; 95%
confidence interval [CI], 0.24 to 0.52; P<0.001), and the likeli-
hood of needing ventilator support increased with advancing
age (P<0.001). Moreover, experiencing MetS was significantly
associated with ventilator support (OR, 1.97; 95% CI, 1.34 to
2.91; P=0.001).

Logistic regression analysis was performed to identify risk
factors affecting mortality in COVID-19 patients. As a result of
the analysis, sex, age, health insurance premium, and MetS
were analyzed to be associated with COVID-19 death. There
was a lower likelihood of deaths among women than among
men (OR, 0.26; 95% CI, 0.17 to 0.39; P<0.001), and the likeli-
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Table 2. Odds ratio for the risk of infection, ventilator support, and death in COVID-19 patients

Multivariate model
Variable OR for COVID-19 OR for ventilator support OR for COVID-19-related death
Adgl;ted 95%Cl  Pvalue Adgl;ted 95%Cl  Pvalue Adjoulzted 95%Cl  Pvalue
Sex
Male 1 1 1 1 1 1 1 1 1
(reference) (reference) (reference) (reference) (reference) (reference) (reference) (reference) (reference)
Female 0.99 0.92-1.06 0.682 0.36 0.24-0.52  <0.001 0.26 0.17-0.39  <0.001
Age, yr
20-59 1 1 1 1 1 1 1 1 1
(reference) (reference) (reference) (reference) (reference) (reference) (reference) (reference) (reference)
60-69 1.57 1.34-1.84 <0.001 5.25 3.08-8.95 <0.001 4768  2.37-9.61 <0.001
70-79 1.5 1.26-1.79  <0.001 9.61 546-16.93 <0.001 21.71 11.15-4225 <0.001
>80 1.51 1.23-1.86  <0.001 11.48 6.05-21.78 <0.001 76.19 38.72-1499 <0.001
Region of residence
Seoul 1 1 1 1 1 1 1 1 1
(reference) (reference) (reference) (reference) (reference) (reference) (reference) (reference) (reference)
Daegu 0.88 0.77-1.01 0.06 0.95 0.36-2.45 0.908 2.19 0.61-7.91 0.233
Gyeonggi-do 0.89 0.74-1.08 0.243 1.93 0.62-5.99 0.254 3.83 0.89-16.41 0.071
Gyeongsangbuk-do 0.89 0.76-1.04 0.146 1.85 0.68-5.00 0.228 3.88 1.04-14.50 0.044
Others 0.88 0.75-1.04 0.122 0.96 0.31-2.98 0.936 1.99 0.47-8.46 0.35
Health insurance premium
Medical aid 1 1 1 1 1 1 1 1 1
(reference) (reference) (reference) (reference) (reference) (reference) (reference) (reference) (reference)
First quintile (lowest) 0.53 0.46-0.60 <0.001 0.66 0.31-1.37 0.263 0.43 0.20-0.91 0.028
Second quintile 0.44 0.38-0.50  <0.001 0.46 0.18-1.19 0.108 0.47 0.19-1.15 0.098
Third quintile 0.47 0.41-0.53  <0.001 1.15 0.57-2.29 0.702 0.78 0.38-1.61 0.499
Fourth quintile 0.4 0.35-0.46 <0.001 0.82 0.40-1.67 0.59 0.53 0.26-1.11 0.091
Fifth quintile (highest) 0.42 0.37-0.48 <0.001 0.81 0.41-1.59 0.538 0.5 0.25-0.99 0.046
Metabolic syndrome
No 1 1 1 1 1 1 1 1 1
(reference) (reference) (reference) (reference) (reference) (reference) (reference) (reference) (reference)
Yes 0.98 0.90-1.06 0.614 1.97 1.34-2.91 0.001 1.74 1.17-2.59 0.006

COVID-19, coronavirus disease 2019; OR, odds ratio; CI, confidence interval.

hood of death increased with advancing age (P<0.001). Re-
garding health insurance premiums, patients in the first quan-
tile (OR, 0.43; 95% CI, 0.20 to 0.91; P=0.028) or fifth quantile
(OR, 0.50; 95% CI, 0.25 to 0.99; P=0.046) were less likely to
succumb to COVID-19 than those receiving medical aid. Pa-
tients with MetS were more likely to die than those without
MetS (OR, 1.74;95% CI, 1.17 to 2.59; P=0.006).

In the logistic regression model, which set whether to wear a
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ventilator as an outcome variable, it was found that patients
with MetS were more likely to wear a ventilator. Logistic re-
gression analyses were used to identify the specific MetS com-
ponents that were associated with the clinical outcomes of
COVID-19 (Table 3). Consistent with previous models, we ad-
justed for factors including sex, age, area of residence, and
health insurance premium. Patients with abnormal waist cir-
cumference were more likely to require ventilator support
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Table 3. Odds ratio for the risk of ventilator support and death in COVID-19 patients according to the criteria for metabolic syn-

drome
OR for ventilator support OR for COVID-19-related death
Variable Number
Adjusted OR 95% CI Pvalue Adjusted OR 95% CI Pvalue

Waist circumference

Normal 3,095 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Abnormal 971 2.07 1.41-3.02 <0.001 1.42 0.96-2.11 0.083
Triglycerides

Normal 3,094 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Abnormal 972 1.35 0.90-2.02 0.147 1.085 0.71-1.66 0.703
HDL-C

Normal 3,188 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Abnormal 878 1.16 0.75-1.80 0.505 1.74 1.13-2.66 0.012
Blood pressure

Normal 3,015 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Abnormal 1,051 1.05 0.71-1.54 0.823 0.80 0.54-1.18 0.258
Fasting blood glucose

Normal 2,479 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Abnormal 1,587 1.15 0.78-1.70 0.470 1.22 0.82-1.81 0.331

Models are adjusted for sex, age, region of residence, and health insurance premium.
COVID-19, coronavirus disease 2019; OR, odds ratio; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol.

(OR, 2.07; 95% CI, 1.41 to 3.02; P<0.001). Patients with an ab-
normal HDL-C level were more likely to expire (OR, 1.74; 95%
CI, 1.13 t0 2.66; P=0.012).

DISCUSSION

This study analyzed the association between MetS and COV-
ID-19 severity and mortality in 66,321 patients in the Republic
of Korea between January 1, 2020, and August 14, 2020; among
them, 4,066 were diagnosed with COVID-19.

First, regarding the susceptibility of MetS patients to COV-
ID-19, the results were not statistically significant, suggesting
that MetS is not associated with COVID-19. However, the
odds of progressing toward severe COVID-19 were 1.97 times
higher among those with MetS than among those without
MetS (P=0.0001), while the odds of death were 1.74 times
higher among those with MetS than among those without
MetS (P=0.006).

A previous study in the USA reported that MetS predicts in-
fection severity and the associated mortality in COVID-19. A
study in New Orleans, USA, on 287 COVID-19 in-patients ex-
amined the correlation of MetS and its components (hyperten-
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sion, obesity, diabetes mellitus, triglyceride level, and HDL-C
level) with the severity of COVID-19 and found that patients
with MetS were more likely to progress toward severe COV-
ID-19 and die due to COVID-19 than patients without MetS
[10]. While hypertension, obesity, diabetes mellitus, and low
HDL-C predicted the severity of COVID-19, they were not as-
sociated with mortality rate. Another recent study conducted
in the USA analyzed the correlation between COVID-19 and
the risk factors for MetS based on electronic medical records
from 1999 to 2019 and revealed that the odds of death from
COVID-19 and progression to severe COVID-19 were higher
among COVID-19 patients with MetS than among those with-
out MetS [16]. Regarding the MetS components, dyslipidemia,
diabetes mellitus, and obesity predicted the severity of COV-
ID-19 and the associated death.

There are a few possible reasons underlying the higher risk
of severe COVID-19 and death due to COVID-19 in patients
with MetS. First, as previously stated, MetS is a risk factor for
several diseases such as diabetes mellitus, obesity, ischemic
heart disease, and stroke. As patients with MetS concurrently
present with at least three of five components (abdominal obe-
sity, hypertension, glucose impairment, high triglyceride level,
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and low HDL-C level), the presence of chronic diseases is
highly likely. Many studies reported that metabolic disorders
such as diabetes mellitus and obesity increase COVID-19-re-
lated mortality [4,17]. Particularly, COVID-19 was found to be
57% more fatal in patients with diabetes mellitus than in others
[18]. Thus, comorbidities induced by MetS may have signifi-
cantly contributed to the severity of and death due to COV-
ID-19.

Second, one of the causes of severe COVID-19 is the exces-
sive inflammatory response triggered by cytokines, such as in-
terferon, which exerts antiviral activity [12,19]. Pathologically,
although patients with MetS have elevated levels of inflamma-
tory cytokines such as tumor necrosis factor-o and interfer-
on-6 owing to abnormal adipokine production [20], they have
relatively low adiponectin levels [21]. Owing to this chronic
inflammatory state, patients with MetS develop more severe
inflammatory responses on contracting COVID-19 [22],
which increases the severity and mortality rate of COVID-19
in patients with MetS.

Infection severity and mortality in COVID-19 were found to
be affected by MetS. Hence, to examine the association of each
MetS component (waist circumference, triglyceride level,
HDL-C level, blood pressure, and fasting glucose level) with
severity and mortality in COVID-19, we conducted regression
analyses with each component.

Regarding COVID-19 severity, patients with abnormal waist
circumference, men with a waist circumference of >90 cm and
women with a waist circumference of >85 cm, were approxi-
mately 2.07 times more likely to develop severe COVID-19
(P<0.001). Waist circumference is the most typical indicator of
obesity [23], and having a large waist circumference indicates
that the individual has serious visceral and abdominal obesity.
Persistent visceral obesity hinders the normal insulin mecha-
nism in the body, thereby increasing levels of inflammatory
factors and inducing the development of various diseases such
as diabetes mellitus and lung disease [24]. Moreover, an abnor-
mal waist circumference may be fatal not only for diseases
such as influenza, pneumonia, and coronary heart disease but
also for COVID-19. A British study that analyzed obesity and
COVID-19-related mortality by sex using the biobank data re-
ported that male and female patients with a large waist circum-
ference were 1.36 and 1.66 times more likely to die due to CO-
VID-19, respectively [25]. Moreover, an analysis of the associa-
tion between visceral obesity and COVID-19 severity using
the same data source and visceral obesity criteria of 2102 cm
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for men and >88 cm for women found that patients with vis-
ceral obesity were 1.84 times more likely to progress toward
severe COVID-19 (P<0.001) [26]. Another study analyzed the
association between obesity and COVID-19 using waist cir-
cumference as an indicator of obesity along with body mass
index. According to a meta-analysis of 75 studies in 10 coun-
tries in Asia, North America, and Europe, obese patients were
74% more likely to be admitted to the ICU due to COVID-19
and 48% more likely to die due to COVID-19 than their nor-
mal-weight counterparts [27]. The reason for the detrimental
effect of waist circumference on COVID-19 may be the same
as that for the fatality of obesity on COVID-19—as mentioned
earlier, waist circumference is an indicator of obesity. This may
be because the accumulation of fat tissue in the abdomen ele-
vates the diaphragm, and the muscles inferior to the thoracic
cage compress the lungs, thus hindering airflow within the
lungs [28].

Regarding the risk of death from COVID-19 in relation to
each MetS component, HDL-C alone was significantly associ-
ated, wherein the risk for death due to COVID-19 was 1.74
times higher in men with HDL-C <40 mg/dL and in women
with HDL-C <50 mg/dL (P=0.012). A strong correlation be-
tween HDL-C levels and COVID-19 severity and mortality has
been reported in several studies. A Chinese study on the corre-
lation between HDL-C and COVID-19 in 228 COVID-19 in-
patients of the Public Health Treatment Center of Changsha
from January to March 2020 reported that the risk of severe
COVID-19 was 2.8 times higher among patients with low
HDL-C levels than among those with normal HDL-C levels
[29]. Furthermore, an analysis of the COVID-19 clearance rate
and HDL-C levels performed at the Beijing University School
of Medicine identified that the time until the elimination of se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
from the body was more than three-fold longer, indicating that
recovery takes longer in patients with low HDL-C levels [30].
Moreover, a low HDL-C concentration impacts COVID-
19-related mortality. A study that examined lipid profile and its
association with COVID-19-related mortality in 99 COV-
ID-19 patients between February and April 2020 found that
the odds of progression to severe infection and death were
higher among patients with low HDL-C levels [31]. HDL influ-
ences immune cells involved in innate immune responses, and
it coordinates inflammatory responses and the antigen-pre-
senting functions of macrophages. Furthermore, it activates T-
cells and regulates the functions of macrophages and lympho-

435



Jeon WH, et al.

dmj

cytes upon the onset of inflammatory disease. A low concen-
tration of HDL-C—which plays a pivotal role in immune re-
sponses—may increase the risk of death or progression to se-
vere infection upon exposure to SARS-CoV-2 because of im-
paired regulation of the innate immune response [32,33].

This study has a few limitations. The 2015 to 2018 health ex-
amination records were used to collect data on the diagnosis of
MetS; although the latest test results were used, relatively older
data were used for patients without recent diagnostic records.
Additionally, the varying years in which the diagnosis was pro-
vided may potentially lead to errors. Finally, exposure to SARS-
CoV-2 or contact with affected individuals are an important
factor in the outcome of the COVID-19 incidence. But these
variables are really hard to control. It is a limitation that this
part has not been corrected in our study. Nevertheless, this
study is significant for using an adequate sample size with a na-
tional database to shed light on the association between COV-
ID-19 and MetS, a risk factor for COVID-19, and for presenting
reliable epidemiological data and patient management criteria.

This study showed that COVID-19 is likely to have a fatal
outcome in patients diagnosed with MetS or with risk factors
related to MetS. Therefore, it is important for patients with
MetS or patients who have abnormal waist circumference and
HDL-C levels, which were the identified risk factors in this
study; to take all possible measures to prevent the development
of COVID-19. If patients with MetS contract COVID-19, then
intensive treatment is necessary to prevent disease progression.
Although it was not examined as a major outcome, the severity
and mortality of COVID-19 were higher in males and in older
patients. Thus, in addition to the management of individual
risk factors confirmed in this study, older male patients with
MetS should be given priority during treatment. Finally, as
MetS is caused by poor lifestyle behaviors, such as a poor diet,
smoking, drinking, overwork, and stress, along with environ-
mental factors, it is crucial to prevent MetS through lifestyle
changes. Detecting MetS through periodic health examina-
tions and national campaigns to encourage proper exercise
and diet would not only promote public health but also further
protect people from contracting chronic diseases and infec-
tious diseases such as COVID-19.
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