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Abstract Background and aims: Metabolic syndrome (MetS) is a chronic, low-grade inflamma-
tory disease. This study aimed to investigate the impact of MetS on the risk and severity of COV-
ID-19.
Methods and results: We investigated a nationwide cohort with COVID-19 including all patients
who underwent the test for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in
Korea. The COVID-19 group included 4070 patients with positive SARS-CoV-2 test results, and
the age- and sex-matched control group included 27,618 subjects with negative SARS-CoV-2 test
results. The endpoints were SARS-CoV-2 positivity and the severity of COVID-19. The prevalence
of MetS was 24.7% and 24.5% in the COVID-19 and control groups, respectively. The presence of
MetS was not associated with the risk of developing COVID-19. Among the components of MetS,
central obesity was associated with a higher risk of COVID-19 infection (adjusted odds ratio
[aOR], 1.17; 95% confidence interval [CI], 1.06e1.28, P Z 0.001). The presence of MetS was signif-
icantly associated with severe COVID-19 (aOR, 1.25; 95% CI, 0.78e2.00, P Z 0.352). Among the
individual components of MetS, prediabetes/diabetes mellitus was associated with a higher risk
of severe COVID-19 (aOR, 1.61; 95% CI, 1.21e2.13, P Z 0.001). The risk of severe COVID-19 linearly
increased according to the number of metabolic components (P for trend Z 0.005).
Conclusion: In this nationwide cohort study, the individuals with MetS had a significant increase
in the risk of severe COVID-19 infection. These patients, particularly those with central obesity
and insulin resistance, deserve special attention amid the COVID-19 pandemic.
ª 2021 The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Italian
Society of Human Nutrition and the Department of Clinical Medicine and Surgery, Federico II
University. Published by Elsevier B.V. All rights reserved.
Introduction

Coronavirus disease (COVID-19), first reported in Hubei,
China in December 2019, is an infectious disease caused by
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severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [1]. This disease has spread rapidly and has caused
global health and economic crises. The World Health Or-
ganization declared a global pandemic of COVID-19 in
March 2020 [2]. COVID-19 infection frequently causes se-
vere pneumonia that requires hospitalization to the
intensive care unit and invasive mechanical ventilation,
and often results in acute respiratory distress syndrome
[3,4]. In critically ill patients with COVID-19, the levels of
inflammatory molecules and proinflammatory cytokines
erosclerosis, the Italian Society of Human Nutrition and the Department of Clinical
d.

mailto:sojinb612@korea.ac.kr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.numecd.2021.05.016&domain=pdf
https://doi.org/10.1016/j.numecd.2021.05.016
https://doi.org/10.1016/j.numecd.2021.05.016
https://doi.org/10.1016/j.numecd.2021.05.016
www.sciencedirect.com/science/journal/09394753
http://www.elsevier.com/locate/nmcd


Figure 1 Disposition of the patients with coronavirus disease and
matched controls. The figure demonstrates the flowchart of the study
population.
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are highly increased, and the presence of the cytokine
storm increases the severity and induces multiorgan dys-
functions and sepsis [5].

Cardiometabolic disorders are commonly observed in
patients with COVID-19 infection, and dysmetabolic con-
ditions are associated with severity and mortality [6,7].
Metabolic syndrome (MetS) is a constellation of multiple
cardiometabolic risk factors, including insulin resistance,
hypertension, and central obesity, which leads to endo-
thelial and myocardial damage and cardiovascular events
[8]. Visceral adipose tissue is metabolically bioactive and a
source of proinflammatory cytokines [9]. The importance
of MetS in increasing the risk and severity of COVID-19
infection has been investigated. In an urban population
study conducted in the USA, MetS was associated with
severe and fatal COVID-19 outcomes [10]. Patients with
diabetes mellitus and MetS who were hospitalized for
COVID-19 had an increased risk of adverse outcomes [11].

However, amid the ongoing pandemic, one key unan-
swered question is which individual components of MetS
are associated with COVID-19 infection and severity. If
individual components were strongly associated with
COVID-19 infection, a preventive strategy should be
established for patients with specific metabolic risk fac-
tors. Considering these, this study aimed to investigate the
influence of MetS and its individual components on the
positivity for SARS-CoV-2 and the severity of COVID-19 in
a cohort covering the entire Korean population.

Methods

Study population

In this nationwide cohort study, the Korean cohort with
COVID-19 included all and consecutive Koreans who un-
derwent the test for SARS-CoV-2. South Korea experienced
the Middle East respiratory syndrome outbreak in 2015,
and the Korean government established a preparedness
and response system for the next infectious disease
[12e14]. In collaboration with the Korean Ministry of
Health and Welfare, national and local governments,
medical experts, and epidemic intelligence service officers
applied the “trace, test, and treat” strategy for suspected
patients with COVID-19 [12]. Amid the COVID-19
pandemic, the Korean Ministry of Health and Welfare
provided a complimentary and obligatory medical service
for all patients with COVID-19 infection. The Korean Min-
istry of Health and Welfare released the previous and
current health insurance claims data of patients with
COVID-19 infection for medical research with confidenti-
ality. The Korea Centers for Disease Control and Prevention
linked the medical records of patients with COVID-19
infection from the Korean National Health Insurance Ser-
vice (NHIS) and the Health Insurance Review and Assess-
ment Service of Korea database. Among consecutive
patients who underwent the SARS-CoV-2 test between
January 1 and July 4, 2020, those who underwent a recent
national health check-up within 3 years were enrolled in
this analysis. For the protection of personal information,
personal identification was blinded and age was expressed
as a categorical variable by 10 years. The detailed study
protocol has been previously described [7,15,16].

Attending physicians and medical experts performed
the SARS-CoV-2 test, based on careful history taking for
exposure to COVID-19, which was conducted by epidemic
intelligence service officers. The institutional review board
of the Korea University Medical Center approved the pro-
tocol of this study (2020AN0292). The flowchart of the
study population is shown in Fig. 1.
Case patients and matched controls

COVID-19 infection was confirmed by a positive result of
the SARS-CoV-2 test with real-time reverse transcriptase
PCR analysis of nasopharyngeal swab cultures [17]. Case
patients were defined as those with positive SARS-CoV-2
test results, and for each case patient, up to 10 exact
age- and sex-matched random controls were randomly
selected and assigned from the patients who had been
exposed to COVID-19, but with a negative result of the
SARS-CoV-2 test.
Study variables and metabolic profiles

The Korean NHIS provides public health check-ups for
manual workers annually and for all Koreans aged over 40
years biennially. The public health check-up investigated
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anthropometric parameters, medical history of cardiovas-
cular risk factors, medications, metabolic laboratory tests,
and lifestyle factors [18]. Attending physicians assessed
basic physical examination parameters. Height, weight,
waist circumference (WC), and systolic and diastolic blood
pressures (SBP and DBP) were measured on the day of the
health check-up. All participants fasted for 8 h before blood
sampling. The total cholesterol, low-density lipoprotein
(LDL) cholesterol, high-density lipoprotein (HDL) choles-
terol, triglyceride (TG), and fasting blood glucose (FBG)
levels were measured. Underlying medical history was
identified using health insurance claims data. The Interna-
tional Classification of Diseases, Tenth Revision was used for
the operational definition of each disease, followed by a
recently published article using the Korean National Health
Information Database [19].

MetS was defined in accordance with the guidelines of
the International Diabetes Federation and the American
Heart Association [20]. Patients with at least three of the
following metabolic risk factors were defined as having
MetS: 1) central obesity (modified cutoff for Koreans) [21]:
WC of �80 cm for women or � 90 cm for men; 2) hy-
pertension: SBP of �130 mmHg or DBP of �85 mmHg or
use of antihypertensives; 3) low HDL cholesterol level:
HDL cholesterol level of <50 mg/dL for women
or < 40 mg/dL for men; 4) elevated TG level: TG level of
�150 mg/dL or use of lipid-lowering medications; and 5)
prediabetes/diabetes mellitus: FBG level of �100 mg/dL or
use of diabetes medications.

Study outcomes

The primary outcome was positivity for SARS-CoV-2. The
secondary outcome was severe COVID-19, which was
defined as a composite of admission to intensive care
units, use of mechanical ventilation, or COVID-19-related
mortality. Admission to intensive care units was defined as
a claim for the charge of intensive care units on medical
bills; use of mechanical ventilation as medical insurance
claim codes for mechanical ventilation (M5850 to M5860);
and COVID-19-related mortality as termination of isolation
owing to death.

Statistical analysis

The exact matching for age, sex, and region was performed
between the COVID-19 and control groups. For each case
patient, up to 10 controls were randomly selected. Contin-
uous variables were presented as means (standard de-
viations) and categorical variables as frequencies and
percentages. Using a conditional logistic regression model
for matched data, we compared the differences in the de-
mographic, anthropometric, clinical, and laboratory vari-
ables between the case and control groups. The difference
in characteristics between the mild to moderate and severe
COVID-19 groups was evaluated by a logistic regression
model. We performed a multiple logistic regression analysis
to investigate the association between MetS and its com-
ponents and COVID-19 related outcomes after adjusting for
age, sex, region, socioeconomic status, smoking history,
alcohol consumption, physical activity, cardiovascular dis-
eases (ischemic heart disease, peripheral artery disease,
stroke, and heart failure), atrial fibrillation, chronic kidney
disease, cancer, and nonalcoholic fatty liver disease. The
results for association were represented as odds ratio and
95% confidence interval. Multivariable restricted cubic
splines with 5 knots were used to detect the possible
nonlinear relationship between continuous variables and
COVID-19 infection. All analyses were performed using the
SAS Enterprise Guide software version 7.1 (SAS Institute,
Cary, NC, USA) and R software version 4.0.2 (R Foundation
for Statistical Computing, Vienna, Austria).

Results

Baseline characteristics

Table 1 denotes the demographic and clinical character-
istics of 4070 patients with COVID-19 infection and 27,618
age- and sex-matched controls. Age and the proportion of
sex did not differ between the groups. The parameters of
obesity, body mass index, and WC were higher in the
COVID-19 group than in the control group. The COVID-19
group had a higher prevalence of diabetes mellitus and
dyslipidemia and a lower prevalence of hypertension than
the control group. In the comparison of the metabolic
laboratory parameters between the COVID-19 and control
groups, the mean LDL cholesterol level was higher, and the
TG level was lower in the COVID-19 group. The mean
levels of HDL cholesterol and FBG were not significantly
different between the groups.

MetS and the risk of COVID-19

The impact of MetS and its components on the risk of
COVID-19 infection was investigated. Table 2 depicts the
risk of COVID-19 in relation to MetS and its components.
The prevalence of MetS was not different between the
COVID-19 and control groups (24.7% vs. 24.5%, P Z 0.214).
The presence of MetS was not associated with a higher risk
of COVID-19 infection (adjusted odds ratio [aOR], 1.08; 95%
confidence interval [CI], 0.99e1.18, P Z 0.092). Regarding
the association between the individual components of
MetS and COVID-19 infection, only central obesity was
significantly associated with a higher risk of COVID-19
infection (aOR, 1.17; 95% CI, 1.06e1.28, P Z 0.001),
whereas hypertension was associated with a lower risk of
COVID-19 (aOR, 0.91; 95% CI, 0.84e1.00, P Z 0.038).

Among each continuous variable of MetS, the WC and
FBG levels were significantly associated with a higher risk
of COVID-19 infection (WC: aOR, 1.16; 95% CI, 1.11e1.21,
P < 0.001; FBG level: aOR, 1.02; 95% CI, 1.01e1.03,
P Z 0.007). Fig. 2 with a cubic spine curve reveals the
linear association of the continuous WC and FBG levels
with a higher risk of COVID-19 infection. As shown in
Fig. 3, the odds for the risk of COVID-19 infection did not
increase according to the number of metabolic compo-
nents (P for trend Z 0.267).



Table 1 Demographic and clinical characteristics of the patients
with (case patients) and without COVID-19 (matched controls).

Case patients Matched controls P

(N Z 4070) (N Z 27,618)

n or
mean

% or
SD

n or
mean

% or
SD

Age (years) 55.9 (14.4) 52.1 (16.2) e

Age group (y) e

20e29 198 (4.9) 2472 (9.0)
30e39 368 (9.0) 4582 (16.6)
40e49 711 (17.5) 5549 (20.1)
50e59 1213 (29.8) 6296 (22.8)
60e69 945 (23.2) 4719 (17.1)
70e79 436 (10.7) 2486 (9.0)
>80 199 (4.9) 1514 (5.5)

Men 1530 (37.6) 12,726 (46.1) e

BMI (kg/m2) 24.1 (3.4) 23.8 (3.7) <0.001
WC (cm) 80.7 (9.5) 80.4 (10.3) <0.001
SBP (mmHg) 121.5 (15.4) 121.7 (15.1) 0.015
DBP (mmHg) 74.9 (10.0) 75.1 (10.0) 0.136
SES <0.001
Low 1347 (33.1) 5940 (21.5)
Middle 1196 (29.4) 8582 (31.1)
High 1527 (37.5) 13,096 (47.4)

Medical history
HTN 1323 (32.5) 9202 (33.3) <0.001
DM 590 (14.5) 3879 (14.0) 0.058
Dyslipidemia 1386 (34.1) 8945 (32.4) <0.001
CVD 1012 (24.9) 7140 (25.9) <0.001
Asthma 97 (2.4) 1421 (5.1) <0.001
AF 50 (1.2) 624 (2.3) <0.001
CKD 30 (0.7) 761 (2.8) <0.001
Cancer 459 (11.3) 6140 (22.2) <0.001
NAFLD 770 (18.9) 4961 (18.0) 0.007

Laboratory parameters
TC level (mg/dL) 194.7 (38.2) 191.5 (38.6) 0.175
HDL cholesterol
level (mg/dL)

57.7 (29.6) 57.2 (20.6) 0.928

LDL cholesterol
level (mg/dL)

114.3 (33.6) 110.2 (34.5) 0.002

TG level (mg/dL) 121.2 (84.1) 126.8 (100.4) 0.002
FBG level (mg/dL) 101.5 (27.2) 100.1 (26.3) 0.127

Abbreviations: COVID-19, coronavirus disease; SD, standard devia-
tion; BMI, body mass index; WC, waist circumference; SBP and DBP,
systolic and diastolic blood pressures; SES, socioeconomic status;
HTN, hypertension; DM, diabetes mellitus; CVD, cardiovascular
disease; AF, atrial fibrillation; CKD, chronic kidney disease; NAFLD,
non-alcoholic fatty liver disease; TC, total cholesterol; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride;
FBG, fasting blood glucose.
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MetS and severe COVID-19 and mortality

Among the total of 4070 patients with COVID-19, 293 pa-
tients with severe COVID-19 and 142 mortalities were
identified. Table 3 and supplementary table summarize the
risk of severe COVID-19 in relation to MetS and its com-
ponents. The prevalence of MetS was significantly higher in
the patients with severe COVID-19 than in those with mild
to moderate COVID-19 (44.7% vs. 23.2%, P < 0.001). The
presence of MetS was significantly associated with severe
COVID-19 infection and mortality (severe COVID-19: aOR,
1.46; 95% CI, 1.11e1.92, PZ 0.007; mortality: aOR, 1.91; 95%
CI, 1.27e2.86, P Z 0.002). The percentage of subjects with
individual metabolic components, including central
obesity, hypertension, elevated TG level, and prediabetes/
diabetes mellitus, but not low HDL cholesterol level, was
higher in the severe COVID-19 group than in the mild to
moderate COVID-19 group. However, only prediabetes/
diabetes mellitus was significantly associated with a higher
risk of severe COVID-19 (aOR, 1.61; 95% CI, 1.21e2.13,
P Z 0.001), and no individual components were associated
with COVID-19 mortality.

The linear association between the metabolic compo-
nents and severe COVID-19 infection and mortality was
also investigated. The FBG level was associated with a
higher risk of severe COVID-19 infection (aOR, 1.05; 95% CI,
1.01e1.09, P Z 0.015), and the WC was associated with a
higher risk of mortality (aOR, 1.33; 95% CI, 1.03e1.72,
P Z 0.031). The association between the number of
metabolic abnormalities and the risk of severe COVID-19
and mortality is illustrated in Fig. 3; the risk of severe
COVID-19 and mortality linearly increased according to the
number of metabolic components (severe COVID-19: P for
trend Z 0.005; mortality: P for trend Z 0.003).

Discussion

Our study demonstrated that the presence of MetS was
significantly associated with severe COVID-19 and mor-
tality. Furthermore, prediabetes/diabetes mellitus and the
FBG level were well correlated with a higher risk of severe
COVID-19, and the risk of severe COVID-19 linearly
increased according to the number of metabolic compo-
nents. The presence of MetS was not associated with the
risk of COVID-19, and among the individual components of
MetS, central obesity was associated with a higher risk of
COVID-19 infection. In general, our investigation revealed
the association between MetS and the risk of COVID-19
infection and severity; especially, central obesity and
impaired fasting glucose were significantly associated with
the risk and severity of COVID-19 infection.

This is the first study to investigate the impact of MetS
and its components on the risk and severity of COVID-19
infection. This study used a cohort with COVID-19 covering
the entire Korean population who underwent the SARS-CoV-
2 test. Amid the COVID-19 pandemic, it is a medical emer-
gency to evaluate and stratify subjects with suspected
COVID-19 infection. In the emergency medical situation, the
epidemiologic investigation is mainly emphasized for the
quarantine and isolation of patients, and detailed medical
history recording and physical examination for underlying
cardiometabolic disorders are sometimes neglected. There-
fore, the previously evaluated metabolic status in participants
with stable conditions is the novelty of our study.

Several studies have aimed to identify clinical and lab-
oratory characteristics associated with severity [6,22,23].
However, studies focusing on metabolic profiles in patients
with COVID-19 infection are rare. In a study of 287 patients



Table 2 Metabolic syndrome and the risk of COVID-19 infection.

Case Patients Matched Controls OR for COVID-19 infection (95% CI)

(N Z 4070) (N Z 27618)

n or mean % or SD n or mean % or SD Unadjusted OR (CI) P Adjusted OR (CI) Pa

Metabolic syndrome 1006 (24.7) 6780 (24.5) 0.95 (0.87, 1.03) 0.214 1.08 (0.99, 1.18) 0.092
Risk factors
Central obesity 972 (23.9) 6405 (23.2) 1.06 (0.98, 1.16) 0.152 1.17 (1.06, 1.28) 0.001
Hypertension 1956 (48.1) 13407 (48.5) 0.84 (0.78, 0.91) <0.001 0.91 (0.84, 1.00) 0.038
Elevated TG 973 (23.9) 7199 (26.1) 0.91 (0.83, 0.99) 0.022 0.93 (0.85, 1.02) 0.109
Low HDL-C 879 (21.6) 5425 (19.6) 0.98 (0.90, 1.07) 0.703 1.04 (0.95, 1.14) 0.426
Prediabetes/diabetes 1612 (39.6) 10510 (38.1) 1.00 (0.92, 1.08) 0.950 1.07 (0.99, 1.17) 0.082

No. of risk factors
0 1071 (26.3) 7533 (27.3) 1.00 1.00
1 1068 (26.2) 7106 (25.7) 0.92 (0.83, 1.02) 0.126 0.96 (0.87, 1.07) 0.456
2 925 (22.7) 6199 (22.4) 0.88 (0.79, 0.99) 0.026 0.95 (0.85, 1.06) 0.371
3 630 (15.5) 4221 (15.3) 0.86 (0.76, 0.98) 0.020 1.01 (0.89, 1.15) 0.895
4 296 (7.3) 2016 (7.3) 0.90 (0.77, 1.05) 0.189 1.11 (0.95, 1.31) 0.198
5 80 (2.0) 543 (2.0) 0.88 (0.67, 1.15) 0.337 1.08 (0.82, 1.43) 0.585
Trend test 0.97 (0.94, 1.00) 0.037 1.02 (0.99, 1.05) 0.267

Measurements
WC (per 10 cm) 80.7 (9.5) 80.4 (10.3) 1.09 (1.04, 1.13) <0.001 1.16 (1.11, 1.21) <0.001
HDL-C (per 10 mg/dL) 57.7 (29.6) 57.2 (20.6) 1.00 (0.99, 1.02) 0.928 1.00 (0.99, 1.02) 0.930
TG (per 10 mg/dL) 121.2 (84.1) 57.2 (20.6) 0.99 (0.99, 1.00) 0.002 0.99 (0.99, 1.00) 0.004
FBG (per 10 mg/dL) 101.5 (27.2) 100.1 (26.3) 1.01 (1.00, 1.02) 0.127 1.02 (1.01, 1.03) 0.007
SBP (per 10 mg/dL) 121.5 (15.4) 121.7 (15.1) 0.97 (0.95, 0.99) 0.015 0.96 (0.94, 0.99) 0.006

Abbreviations: OR, odds ratio; CI, confidence interval; WC, waist circumference; SBP, systolic blood pressure; FBG, fasting blood glucose; HDL-C,
high-density lipoprotein cholesterol; TG, triglycerides; FBG, fasting blood glucose.
a Adjusted for social economic status, ever smoking, alcohol, physical activity, cardiovascular disease, asthma, atrial fibrillation, chronic kidney

disease, cancer and non-alcoholic fatty liver disease.
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with COVID-19, the prevalence of MetS was 66%, and had
been associated with mortality and severity of COVID-19
[10]. In another multicenter retrospective study with 354
subjects, cardiometabolic disorders were associated with
the severity of COVID-19 [11]. The findings of our study are
consistent with those of previous studies. However, it is
remarkable that these previous studies have included
relatively limited patients with COVID-19 and did not
evaluate the individual impact of metabolic components
on the risks of COVID-19 infection and severity as an
outcome. Our study also elaborates on the association of
MetS with COVID-19 infection, demonstrating a dose-
dependent association of central obesity and impaired
fasting glucose with the risk of COVID-19 in a nationwide
cohort. Furthermore, the increasing number of individual
metabolic components linearly increased the severity of
COVID-19 infection and COVID-19 mortality.

Though the exact pathogenic mechanism by which
MetS is associated with a higher risk of COVID-19 infection
remains unclear, several potential mechanisms have been
suggested. Cardiometabolic disorders are characterized by
enhanced low-grade systemic inflammation [24]. In
middle-aged men with MetS, epicardial adipose tissue was
associated with inflammation represented by high-
sensitivity C-reactive protein level and subclinical
myocardial dysfunction, suggesting that the inflammatory
activity of epicardial adipose tissue induced myocardial
dysfunction [9]. In a predominantly non-Hispanic black
population with MetS, inflammatory biomarkers predicted
COVID-19 mortality [10]. Metabolic inflammation may
facilitate COVID-19 infection and intensify the inflamma-
tory cytokine storm [25]. ACE2 physiologically counteracts
the renineangiotensinealdosterone system and serves as
the cellular entry for SARS-CoV-2 [26]. The high expression
of angiotensin-converting enzyme 2 (ACE2) in the lungs
and kidneys explains the most common manifestations of
severe COVID-19: acute respiratory distress syndrome and
acute kidney injury [27]. In a diabetic animal model, ACE
levels were upregulated mainly in the serum, lung, liver,
and heart, and ACE2 levels were elevated mainly in the
serum, pancreas, and liver [28]. In another animal model, a
high fat diet increased adipose mRNA expression of
angiotensinogen and ACE2. This induced an increase in BP,
suggesting that adipocytes express ACE2, which is dysre-
gulated in individuals with metabolic disorders [29]. The
elevated expression of ACE2 could be a possible link be-
tween the dysmetabolic status and the severity of COVID-
19. The data mining from recent publications on COVID-19
and diabetes mellitus also revealed that dysregulation of
ACE2 indicates a higher risk of COVID-19 infection [30].
Direct invasion of SARS-CoV-2 in the endothelial cells
causes endotheliitis in several vital organs. This suggests
that COVID-19 not only impairs the respiratory system, but
also the vascular endothelial system [31]. Endothelial
dysfunction is one of the key pathological mechanisms of
MetS; thus, chronic endothelial dysfunction may predis-
pose an individual to poor COVID-19 related outcomes
[32]. However, further studies are required to clarify the



Figure 2 Continuous association between the metabolic profile and COVID-19. The adjusted odds ratio with 95% confidence interval was
demonstrated. The WC and FBG levels were associated with a higher risk of COVID-19 infection. COVID-19, coronavirus disease; WC, waist
circumference; FBG, fasting blood glucose.
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pathophysiology between MetS and individual metabolic
disorders, and the risk of a severe COVID-19 infection.

MetS is a constellation of cardiometabolic disorders.
We investigated the impact of its individual components
on COVID-19. The strong association of two metabolic
components, central obesity and impaired fasting glucose
with COVID-19, is a novel finding of this study. Impaired
glucose homeostasis and insulin resistance induce alve-
olar microvascular angiopathy and interstitial fibrosis.
Thus, diabetic patients frequently experience symptoms
of respiratory involvement and are at a higher risk of
developing respiratory infections, such as pneumonia
[33]. Furthermore, the plasma level of IL-6, which is an
Figure 3 Risk of COVID-19 according to the components of metabolic syndr
to the number of metabolic components. COVID-19, coronavirus disease
inflammatory and metabolic biomarker, was significantly
higher in diabetic patients than in nondiabetic patients
[34]. Visceral adipose tissue is a bioactive organ that se-
cretes several proinflammatory cytokines [9]. Therefore,
central obesity may impair immune response to SARS-
CoV-2. Furthermore, inflammatory cells, such as den-
dritic cells, macrophages, and cytotoxic T cells, accumu-
late in the adipose tissue and create an imbalance in the
systemic immune cell population [35]. In obese in-
dividuals, their physique increases the chances of devel-
oping obstructive sleep apnea, and often induces the
development of pulmonary hypertension and myocardial
dysfunction [35].
ome. The risk of COVID-19 infection increased in the patients according



Table 3 Metabolic syndrome and the risk of severe COVID-19.

Severe Mild-to-moderate OR for severe COVID-19 (95% CI)

(N Z 293) (N Z 3777)

n or mean % or SD n or mean % or SD Unadjusted OR (CI) P Adjusted OR (CI) Pa

Metabolic syndrome 131 (44.7) 875 (23.2) 2.68 (2.11, 3.42) <0.001 1.46 (1.11, 1.92) 0.007
Risk factors
Central obesity 101 (34.5) 871 (23.1) 1.76 (1.36, 2.26) <0.001 1.09 (0.81, 1.45) 0.573
Hypertension 220 (75.1) 1736 (46.0) 3.54 (2.70, 4.65) <0.001 1.10 (0.79, 1.52) 0.574
Elevated TG 91 (31.1) 882 (23.4) 1.48 (1.14, 1.92) 0.003 1.11 (0.82, 1.50) 0.491
Low HDL-C 76 (25.9) 803 (21.3) 1.30 (0.99, 1.70) 0.061 0.94 (0.68, 1.31) 0.721
Prediabetes/diabetes 186 (63.5) 1426 (37.8) 2.87 (2.24, 3.67) <0.001 1.61 (1.21, 2.13) 0.001

No. of risk factors
0 22 (7.5) 1049 (27.8) 1.00 1.00
1 61 (20.8) 1007 (26.7) 2.89 (1.76, 4.74) <0.001 1.55 (0.92, 2.62) 0.101
2 79 (27.0) 846 (22.4) 4.45 (2.75, 7.20) <0.001 1.58 (0.94, 2.65) 0.085
3 80 (27.3) 550 (14.6) 6.94 (4.28, 11.24) <0.001 2.18 (1.29, 3.70) 0.004
4 40 (13.7) 256 (6.8) 7.45 (4.35, 12.76) <0.001 2.10 (1.16, 3.81) 0.015
5 11 (3.8) 69 (1.8) 7.60 (3.54, 16.31) <0.001 2.01 (0.86, 4.69) 0.106
Trend test 1.52 (1.39, 1.65) <0.001 1.17 (1.05, 1.30) 0.005

Measurements
WC (per 10 cm) 85.0 (8.9) 80.4 (9.5) 1.60 (1.42, 1.80) <0.001 1.08 (0.91, 1.28) 0.368
HDL-C (per 10 mg/dL) 51.8 (13.4) 58.1 (30.5) 0.78 (0.71, 0.86) <0.001 1.00 (0.94, 1.06) 0.913
TG (per 10 mg/dL) 139.3 (76.3) 119.8 (84.5) 1.02 (1.01, 1.03) 0.001 1.01 (0.99, 1.02) 0.365
FBG (per 10 mg/dL) 112.7 (33.2) 100.6 (26.5) 1.11 (1.08, 1.15) <0.001 1.05 (1.01, 1.09) 0.015
SBP (per 10 mg/dL) 127.9 (15.7) 121.0 (15.2) 1.34 (1.24, 1.44) <0.001 1.08 (0.98, 1.18) 0.116

Abbreviations: OR, odds ratio; CI, confidence interval; WC, waist circumference; SBP, systolic blood pressure; FBG, fasting blood glucose; HDL-C,
high-density lipoprotein cholesterol; TG, triglycerides; FBG, fasting blood glucose.
a Adjusted for age, gender, region, social economic status, ever smoking, alcohol, physical activity, cardiovascular disease, asthma, atrial

fibrillation, chronic kidney disease, cancer and non-alcoholic fatty liver disease.
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Previous epidemiological studies report hypertension
as a common cardiovascular disorder in patients with
COVID-19 [22]. Additionally, poor BP control is associated
with a higher risk of developing severe COVID-19 [36]. In
hypertensive patients, the activation of the renin-
angiotensin-aldosterone system results in a procoagulant
and inflammatory response, which predisposes patients to
COVID-19 induced multiorgan failure [37]. However,
limited studies have reported the linear association be-
tween BP levels and the development of COVID-19 related
morbidity. In the present study, higher blood pressure was
associated with a lower risk of COVID-19 infection. The
increased risk of COVID-19 in patients with lower BP may
reflect unrecognized confounding factors such as cachexia
or sarcopenia; however, the exact pathophysiology is un-
clear in the present study. Further studies are needed to
investigate the linear association between BP levels and
COVID-19 related morbidity.

This study acknowledges some limitations that warrant
discussion. This study has a cross-sectional observational
design, indicating that our findings only imply associa-
tions between MetS and COVID-19 infection, but not
causality. We performed multiple logistic regression an-
alyses; however, the effects of residual confounding fac-
tors may explain this association. The number of severe
cases and mortality are relatively low and further studies
with larger populations are required. Metabolic profiles
were assessed from the data available from past national
health check-ups. The status of these findings may differ
from the metabolic characteristics at the time of COVID-19
testing. Further studies with metabolic profiles evaluated
at the time of SARS-CoV-2 exposure are required. Finally,
although the FBG level was well correlated with the
severity of COVID-19, data on HbA1c, which reflects a
longer-term trend of the glucose level, were not available
in the study population.

Conclusion

In this nationwide cohort study, the patients with MetS
had a significant increase in the risk of severe COVID-19
infection. These patients, particularly those with central
obesity and diabetes mellitus, deserve special attention
amid the COVID-19 pandemic.
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