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Abstract

Background Components of metabolic syndrome (MetS) was reported to contribute to severe and worse outcomes
of coronavirus disease 2019 (COVID-19). Hereby, we evaluated the association of MetS and its components with
susceptibility to COVID-19.

Methods Here, 1000 subjects with MetS were recruited that were diagnosed via the International Diabetes
Federation (IDF) criterion. Real-time PCR was exerted to detect SARS-CoV-2 in the nasopharyngeal swabs.

Results Among the MetS patients, 206 (20.6%) cases were detected to have COVID-19. Smoking (OR=5.04,
95%Cl=3.53-7.21,P<0.0001) and CVD (OR=1.62, 95%Cl=1.09-2.40, P=0.015) were associated with increased chance
of COVID-19 infection in the MetS patients. BMI was significantly higher (P=0.0001) in MetS cases with COVID-19

than those without COVID-19. Obesity was associated with increased susceptibility to COVID-19 in MetS patients
(OR=2.00, 95%Cl=1.47-2.74, P<0.0001). Total cholesterol, TG, LDL were significantly higher in the MetS cases with
COVID-19 than those without COVID-19. Dyslipidemia was associated with increased chance of COVID-19 (OR=1.50,
95%Cl=1.10-2.05, P=0.0104). FBS level was significantly higher in the MetS cases with COVID-19. T2DM was
associated with increased risk of COVID-19 in MetS patients (OR=1.43, 95%Cl=1.01-2.00, P=0.0384). Hypertension
was associated with increased chance of COVID-19 in the MetS patients (OR=1.44, 95%Cl=1.05-1.98, P=0.0234).

Conclusions MetS and its components, like obesity, diabetes, dyslipidemia, cardiovascular complications were
associated with increased chance of COVID-19 infection development and probably with aggravated symptoms in
such patients.
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Introduction

Coronavirus disease 2019 (COVID-19), which is caused
by novel Severe acute respiratory syndrome coronavirus
2 (SARS-CoV - 2), has become a global health challenge
and causes a wide range of clinical complications and, in
the more intense and severe conditions, is manifested as
acute respiratory distress syndrome (ARDS). The most
common clinical presentation of COVID-19 are dry
cough, fatigue, sore throat, and fever [1-3]. By its spike
protein, SARS-CoV-2 binds to angiotensin-converting
enzyme 2 (ACE2) receptor, particularly expressed on
the cells from respiratory system [4—6]. COVID-19 has
disseminated quickly worldwide and has conferred sev-
eral health and economic problems. In March 2020, The
World Health Organization (WHO) announced COVID-
19 infection as a global pandemic [7]. The intense forms
of COVID-19 may causes severe pneumonia that neces-
sitates supportive cares like mechanical ventilation in
hospitals [8, 9]. Aberrant activation of the immune sys-
tem accompanied by higher levels of proinflammatory
cytokines and chemokines is frequently reported in the
intense forms of COVID-19 infection [10, 11], and the
development of cytokine release syndrome associates
with the worsening of the disease that might promote
sepsis and multiorgan dysfunction [12-14].

The clinical course of the COVID-19 infection and the
clinical symptoms range from asymptomatic conditions
to intense settings of life-threatening respiratory failure
that may cause mortality [15]. Several studies in differ-
ent populations have revealed a number of risk factors in
association with increased disease severity and mortal-
ity rate. It was shown that hypertension, obesity, chronic
liver diseases, cardiovascular diseases (CVD), and diabet-
ics are co-morbidities that increase the mortality rate and
intensify the disease course in COVID-19 patients [16]. A
systematic review and meta-analysis on 28 studies con-
taining 12,995 COVID-19 patients indicated that dyslip-
idemia was associated with higher disease severity and
mortality of COVID-19 [17]. Another meta-analysis on
203 studies involving 24,032,712 subjects demonstrated
that pre-existing CVD was associated with adverse out-
comes in the patients with COVID-19 [18]. Meta-ana-
lyzing the results from 46 studies containing 625,153
subjects indicated that obesity was associated 2.73-fold
increased risk of COVID-19 infection, 1.72-fold higher
risk of hospitalization due to COVID-19, and 1.61-fold
higher COVID-19-associated mortality rate [19].

The underlying pathophysiological characteristics of
metabolic syndrome (MetS) is regarded as a common
representator to COVID-19 related comorbidities. This
is because MetS is characterized by abdominal obe-
sity, insulin resistance, dyslipidemia, and hypertension
[20-23]. In this context, the association between MetS
and related co-morbidities might exacerbate COVID-19
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disease course or increase susceptibility to develop
COVID-19 infection. With respect to the prevalence of
MetS in various ethnicities and populations, the com-
ponents of MetS might be critical risk factor for the
COVID-19 infection worldwide. As a result, here we
attempted, for the first time, to determine the prevalence
of COVID-19 and associating risk factors in Iranian cases
with MetS and divulge its relationship with development,
worsening, and co-morbidities related to infection by
SARS-CoV-2.

Patients and methods

Study subjects

In this prospective study, we enrolled 1000 subjects
(with Iranian ethnicity) referred to the clinics of the Ali
Ibn Abi Talib Hospital, Rafsanjan University of Medical
Sciences, Kerman, Iran during June 2020 to December
2021. Detection of MetS was accomplished based on the
IDF criteria [24]. According to the International Diabe-
tes Federation (IDF), MetS was defined as having cen-
tral obesity and at least two criteria such as; increased
triglyceride (TG) (=150 mg/dL), decreased high-density
lipoprotein (HDL) cholesterol (<40 mg/dL in men and
<50 mg/dL in women), hypertension (systolic blood pres-
sure (BP) 2130 or diastolic BP>85 mm Hg) or pre-known
hypertension and fasting blood sugar (FBS)>100 mg/dL
or previous history of type 2 diabetes [20, 21]. Subjects
were contacted 6 months upon enrollment to be assessed
for infection by SARS-CoV-2, which was determined via
Real-time PCR analysis of samples from nasopharyngeal
swab, computed tomography (CT) scan of chest, and
clinical presentations. Patients with genetic dysfunctions,
infectious diseases, immunodeficiencies, cancers, preg-
nancy, breastfeeding, and other metabolic and endocrine
disorders were excluded from the study. None of the sub-
jects had other complications or chronic conditions like
autoimmunity, cancer, liver disease, etc. Sampling was
conducted at the time of COVID-19 detection or at the
end of 6th month upon enrollment. Prior to collecting 5
ml of the peripheral blood samples for detection of bio-
chemical components, all cases voluntarily signed a writ-
ten consent to participate in the study. The protocol of
the undergoing investigation was endorsed by the Ethics
Committee of Rafsanjan University of Medical Sciences.

Clinical evaluations

Waist circumference (WC) was measured on a horizon-
tal plane at the midpoint between the lower rib margin
and the iliac crest. Based on IDF, a WC less than 80 cm
suggests a reduced risk of type 2 diabetes, hypertension
or coronary heart disease [24]. Systolic and diastolic
BP (mmHg) were measured twice by a standard mer-
cury sphygmomanometer after resting seated for 5 min.
BP>130 mmHg for systolic pressure or 285 mmHg for



Bagheri-Hosseinabadi et al. BMC Endocrine Disorders

diastolic pressure or current hypertension treatment was
described as hypertension. In addition, standing height
measurement was conducted with a calibrated standard
wall-mounted stadiometer, following the recommenda-
tions of the World Health Organization (WHO) [25].
Weight (kg) was measured with the subjects dressed in
light clothing and barefoot after overnight fasting with
a standard scale. Body mass index (BMI) was measured
by weight (kg) divided by height squared (m?). Accord-
ing to the WHO criteria, BMI value<18.5 kg/m2 was
considered underweight, 18.5-24.9 kg/m2 as normal,
25-29.9 kg/m?2 as overweight and >30 indicated obesity
[25].

Biochemical indices

Subsequent to and overnight fasting, the serum levels
of total cholesterol, TG, HDL, low-density lipoprotein
(LDL), liver enzymes, creatinine, blood urine nitrogen
(BUN), and FBS were determined exerting clinical bio-
chemistry autoanalyzer BT3000 Plus (Biotecnica Instru-
ments SPA, Italy) using commercial reagents (Pars
Azmoon, Iran). Blood leukocytes were enumerated using
Sysmex KX-21 hematology analyzer. ESR was measured
using the automated kineticphotometric method (Auto-
matic ESR analyzer, XC-A30, Caretium Medical Instru-
ments, China). Inflammatory indices like C-reactive
protein (CRP) were measured by the Enzyme linked
immunosorbent assay (ELISA) using commercial kits
reagents (Pars Azmoon, Iran) and microplate reader (Stat
Fax 4200, Awareness Technology Inc., UAS) Blood oxy-
gen saturation was measured using fingertip Pulse Oxim-
eter (Beurer PO 80, France).

Statistical analysis

The Statistical Package for the Social Sciences (SPSS)
software for windows v. 23 (SPSS, Chicago, IL, USA) was
exerted for data analysis. The normality of the numerical
variables was determined by the Kolmogorov—Smirnov
test. The independent sample ¢-test was exerted to
compare data with a normal distribution. In contrast,
the non-normally distributed variables were analyzed
via Mann-Whitney U test. The strength of association
between nominal data with risk of COVID-19 in MetS
patients was determined via calculating the odds ratio
(OR) and 95% confidence interval (CI). Data presenta-
tion was conducted by meanztstandard deviation (SD)
and P values less than 0.05 were assumed as statistically
significant.

Results

Demographics and characterization of the study subjects
The clinical presentations and demographic data of the
MetS patients are demonstrated in Table 1. Study group
was comprised of 1000 MetS subjects, containing 466
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(46.6%) males and 548 (53.4%) females. Among the MetS
patients, 206 (20.6%) were detected to have COVID-19
infection.

Comparison of MetS patients with and without COVID-19
Characterization of the subjects

Table 2 demonstrates the data of the MetS patients with
and without COVID-19 infection. In the MetS cases with
COVID-19, 160 (77.6%) of cases were smoker, while 324
(40.8%) cases having MetS without COVID infection
were smokers. It was detected that smoking was associ-
ated with increased chance of COVID-19 infection in the
MetS patients (OR=5.04, 95%CI=3.53-7.21, P<0.0001).
It was observed that 41 (19.9%) of cases with MetS and
COVID-19 infection had familial history of CVD, while
108 (13.6%) cases had familial history of CVD in the
MetS patients without COVID-19 infection. It was
seen that familial history of CVDs was associated with
increased susceptibility to COVID-19 infection in the
MetS patients (OR=1.57, 95%CI: 1.06—2.34, P=0.0245).
No statistically significant difference was detected in the
duration of MetS between two groups (P=0.32).

Blood pressure

It was detected that Systolic BP was significantly higher
(P=0.0018) in MetS patients with COVID-19 infec-
tion (133.4+21.4 mmHg) compared with those without
COVID-19 infection (128.3%+24.5 mmHg). Moreover,
diastolic BP was significantly higher (P=0.0014 mmHg)
in MetS cases with COVID-19 (74.2+6.7 mmHg) in
relation to MetS cases without COVID-19 infection
(72.4%7.3) (Table 2).

Blood leukocytes and inflammatory indices

Total number of leukocytes was observed to be signifi-
cantly higher (P<0.0001) in MetS cases with COVID-
19 (9581.6%2219.2 cells/mm?) in relation to MetS cases
without COVID-19 infection (5174.4+1408.9 cells/mm?>).
It was seen that lymphocyte-total leukocyte ratio was
significantly decreased (P<0.0001) in MetS cases with
COVID-19 (24.3£14.5) in relation to MetS cases with-
out COVID-19 infection (29.3+14.1). However, the
neutrophil-lymphocyte ratio was significantly increased
(P=0.0016) in MetS cases with COVID-19 (11.8+14.5)
in relation to MetS cases without COVID-19 infection
(8.4%10.2).

CRP level was significantly higher (P<0.0001) in MetS
cases with COVID-19 (5.7+2.1 mg/L) in relation to MetS
cases without COVID-19 infection (1.4 0.5 mg/L). Addi-
tionally, ESR level was significantly higher (P<0.0001)
in MetS cases with COVID-19 (21.3%14.9 mm/h) in
relation to MetS cases without COVID-19 infection
(8.4%5.8 mm/h) (Table 2).
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Table 1 Demographics and clinical presentations of the MetS subjects

Characteristic

MetS patients (N=1000)

Gender; Male/ Female (N, %)
COVID-19 cases; Yes/No (N, %)
COVID-19 severity; mild/severe (N, %)
Smoker/ Non-smoker

Familial history of CVD (Yes/No)

Age (Year, mean+SD)

Duration of MetS (Year)

Duration of COVID-19 (Day)

Oxygen saturation (in COVID-19 cases)
Systolic BP (mmHg)

Diastolic BP (mmHg)

WBC (cells/mm?)

Lymphocyte-total leukocyte ratio
Neutrophil-lymphocyte ratio

ALP (IU/L)

AST (IU/L)

ALT (IU/L)

LDH (1U/L)

CRP (mg/L)

ESR (mm/h)

BMI (kg/m?)

WC-Male (cm)

WC-Female (cm)

Total cholesterol (mg/dl)

TG (mg/dl)

LDL (mg/dl)

HDL (mg/dl)

Creatinine (mg/dl)

BUN (mg/dl)

FBS (mg/dl)

Fever (in COVID-19 cases)

Cough (in COVID-19 cases)

Dyspnea (in COVID-19 cases)

Sputum (in COVID-19 cases)
Vomiting/diarrhea (in COVID-19 cases)
Methylprednisolone use (in COVID-19 cases)
Dexamethasone use (in COVID-19 cases)
Remdesivir use (in COVID-19 cases)
Tocilizumab use (in COVID-19 cases)
Cefixime use (in COVID-19 cases)
Azithromycin use (in COVID-19 cases)

466 (46.6%)/ 548 (53.4%)
206 (20.6%)/794 (79.4%)
189 (91.8%)/ 17 (8.2%)
484 (48.4%)/516 (51.6%)
149 (14.9%)/ 851 (85.1%)
5114109

1445+87

125422

935456

130.8+229

733+7.1

7378+1814.1

268+143

1014123

215.8+443

26.1+74

33.1+87

3248+79.5

35+13

148+103

294+52

99.6+14.8

948+134

201.7+369

157.1457.1

12854379

49.1+14.1

1614039

2274162

96.2+283

200 (97.1%)
197 (95.6%)
202 (98.1%)
122 (59.2%)
118 (57.3%)
160 (77.6%)
163 (79.1%)
99 (48.1%)
4 (1.9%)
36 (17.5%)
24 (11.7%)

MetS, Metabolic syndrome; COVID-19, Coronavirus disease 2019; WBC, White blood cell; CRP, C-reactive protein; ALP, Alkaline phosphatase; AST, Aspartate
aminotransferase; ALT, Alanine aminotransferase; LDH, Lactate dehydrogenase; ESR, Erythrocyte sedimentation rate; CVD, Cardiovascular diseases; BMI, Body mass
index; WC, Waist circumference; FBS, Fasting blood sugar; TG, Triglyceride; LDL, Low density lipoprotein; HDL, High density lipoprotein; BUN, Blood urea nitrogen;

OR, Odds ratio; Cl, Confidence interval; SD, Standard deviation; BP, Blood pressure

Liver enzymes

It was observed that there was a significant increase
(P<0.0001) in ALP level in the MetS cases with COVID-
19 (318.9£50.1 IU/L) in relation to MetS cases without
COVID-19 infection (112.7£38.6 IU/L). A statistically
significant increase (P<0.0001) was seen in the AST
level in the MetS cases with COVID-19 (31.5+9.4 IU/L)
compared to MetS cases without COVID-19 infection

(20.5£5.4 IU/L). ALT level was significantly higher
(P<0.0001) in the MetS cases with COVID-19 (40.3+10.6
IU/L) compared to MetS cases without COVID-19 infec-
tion (25.7+6.9 IU/L). It was detected that LDH level was
significantly higher (P<0.0001) in the MetS cases with
COVID-19 (439.5193.2 IU/L) in comparison to MetS
cases without COVID-19 infection (210.2+65.8 IU/L)
(Table 2).
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Table 2 Comparison of the MetS cases with and without COVID-19 infection and related association analyses
Characteristic MetS patients with  MetS patients with- OR (95% CI) P value
COVID-19 out COVID-19
(N=206) (N=794)
Gender; Male/ Female (N, %) 88 (42.8%)/ 118 378 (47.6%)/ 416 0.82(0.60-1.11) 02118
(57.2%) (52.4%)
Smoker/ Non-smoker 160 (77.6%)/46 324 (40.8%)/ 470 5.04(3.53-7.21)  <0.0001
(22.4%) (59.2%)
Familial history of CVD (Yes/No) 41 (19.9%)/ 165 108 (13.6%)/ 686 1.57 (1.06-234)  0.0245
(80.1%) (86.4%)
Age (Year, mean£SD) 515+118 50.7+£10.2 - 0.8480
Duration of MetS (Year) 14.8+8.5 141489 - 0.3240
Systolic BP 1334+214 1283+245 - 0.0018
Diastolic BP 742+6.7 724+73 - 0.0014
WBC; cells/mm? 9581.6+£2219.2 51744414089 - <0.0001
Lymphocyte-total leukocyte ratio 243+145 293+14.1 - <0.0001
Neutrophil-lymphocyte ratio 84+10.2 11.8+145 - 0.0016
ALP (IU/L) 3189+50.1 112.7+£38.6 - <0.0001
AST (IU/L) 31.5+94 205+54 - <0.0001
ALT (1U/L) 403+106 257+69 - <0.0001
LDH (IU/L) 4395+932 2102+658 - <0.0001
CRP (mg/L) 57+2.1 14405 - <0.0001
ESR (mm/h) 213+149 84+58 - <0.0001
BMI (kg/mz) 314+56 27.5+4.7 - 0.0001
WC-Male (cm) 101.8+15.5 974+14.1 - 0.0001
WC-Female (cm) 96.2+13.7 9344131 - 0.0069
Total cholesterol (mg/dl) 204.9+38.7 198.6+35.1 - 0.0249
TG (mg/dl) 164.3+£58.2 149.8+55.8 - 0.0010
LDL (mg/dl) 1354+395 121.6+£364 - 0.0001
HDL (mg/dl) 48.7+12.1 49.5+16.2 - 0.5079
Creatinine (mg/dl) 1.80+0.5 14+029 - 0.0001
BUN 254+89 201473 - 0.0001
FBS (mg/dl) 98.6+295 93.8+27.2 - 0.0268

MetS, Metabolic syndrome; COVID-19, Coronavirus disease 2019; WBC, White blood cell; CRP, C-reactive protein; ALP, Alkaline phosphatase; AST, Aspartate
aminotransferase; ALT, Alanine aminotransferase; LDH, Lactate dehydrogenase; ESR, Erythrocyte sedimentation rate; CVD, Cardiovascular diseases; BMI, Body mass
index; WC, Waist circumference; FBS, Fasting blood sugar; TG, Triglyceride; LDL, Low density lipoprotein; HDL, High density lipoprotein; BUN, Blood urea nitrogen;

OR, Odds ratio; Cl, Confidence interval; SD, Standard deviation; BP, Blood pressure

MetS components

BMI was seen to be significantly higher (P=0.0001) in
the MetS cases with COVID-19 (31.4+5.6 kg/m?) in
comparison to MetS cases without COVID-19 infection
(27.5+4.7 kg/m?). It was observed that WC in both male
and female subjects was significantly higher (2=0.0001
and 0.0069, respectively) in the MetS cases with COVID-
19 compared to MetS cases without COVID-19 infec-
tion. Total cholesterol was seen to be significantly
higher (P=0.0249) in the MetS cases with COVID-19
(204.9+38.7 mg/dl) in comparison to MetS cases with-
out COVID-19 infection (198.6+35.1 mg/dl). TG level
was significantly higher (P=0.001) in the MetS cases with
COVID-19 (164.3+58.2 mg/dl) compared with MetS
cases without COVID-19 infection (149.8%£55.8 mg/
dl). It was detected that LDL level was significantly
higher (P=0.0001) in MetS cases with COVID-19
(135.4%39.5 mg/dl) compared with MetS cases without

COVID-19 infection (121.6+36.4 mg/dl). It was detected
that FBS level was significantly higher (P=0.0268) in the
MetS cases with COVID-19 (98.6+29.5 mg/dl) com-
pared with MetS cases without COVID-19 infection
(93.8£27.2 mg/dl). No statistically significant difference
was detected in the HDL level between MetS cases with
COVID-19 compared with MetS cases without COVID-
19 infection (Table 2).

Co-morbidities

Obesity was seen in 98 (47.6%) cases with MetS and
COVID-19, while 247 (31.1%) cases had obesity in MetS
patients without COVID-19. Hence, obesity was associ-
ated with increased susceptibility to COVID-19 infec-
tion in patients with MetS (OR=2.00, 95%CI1=1.47-2.74,
P<0.0001). CVD was observed in 43 (20.1%) cases with
MetS and COVID-19 and 111 (13.9%) subjects hav-
ing MetS without COVID-19. Therefore, CVD was
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associated with increased risk of COVID-19 infection in
MetS patients (OR=1.62, 95%CI=1.09-2.40, P=0.015).
Type 2 diabetes mellitus (T2DM) was detected in 63
(30.5%) cases with MetS and COVID-19 and 187 (23.5%)
patients having MetS without COVID-19. Presence of
T2DM was associated with increased risk of COVID-19
infection in MetS patients (OR=1.43, 95%CI=1.01-2.00,
P=0.0384). It was seen that 88 (42.7%) MetS patients with
COVID-19 had dyslipidemia, while 263 (33.1%) MetS
patients has dyslipidemia. Hence, the analysis showed
that dyslipidemia was associated with increased chance
of COVID-19 infection (OR=1.50, 95%CI=1.10-2.05,
P=0.0104). Hypertension was observed in 81 (39.3%)
cases and 246 (30.1%) cases in MetS patients with and
without COVID-19 infection, respectively. Hypertension
was observed to increase the chance of COVID-19 infec-
tion in the MetS patients (OR=1.44, 95%CI=1.05-1.98,
P=0.0234). It was seen that 23 (11.2%) cases in MetS
patients with COVID-19 and 60 (7.5%) subjects in the
MetS patients without COVID-19, respectively, had
asthma. Hence, having asthma in the MetS patients sig-
nificantly increased the chance of COVID-19 infection
(OR=1.84, 95%CI=1.13-2.90, P=0.0129). Lung diseases
was seen in 66 (32.1%) MetS patients with COVID-19
and 116 (14.6%) MetS patients without COVID-19. It
was detected that lung diseases significantly increased
COVID-19 susceptibility in the MetS patients (OR=2.75,
95%CI=1.93-3.92, P<0.0001) (Table 3).

Discussion
Recent studies showed that comorbidities such as diabe-
tes, hypertension, obesity, sex hormones, hyperinflam-
mation, and immune-thrombosis contribute to severe
and worse outcomes of COVID-19, suggesting that MetS
and its components have association with increased
chance of COVID-19 infection.

According to a cohort study, a number of co-morbid-
ities like hypertension and diabetes existed in approxi-
mately 50% of the patients with COVID-19. The risk of
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in-hospital mortality was significantly increased in sub-
jects with hypertension and diabetes [26]. After adjusting
for other risk factors, obesity in the chinese COVID-19
patients was associated with approximately 2.4-times
higher risk for raising an intense pneumonia in compari-
son to non-obese subjects [27]. Hence, the components
of MetS seem to be associated with severe COVID-19
complications.

Ghoneim et al. carried-out a population-based study
to determine the relationship of MetS and its compo-
nents with the risk of COVID-19 [28]. They assessed
information from a large commercial database that
combines electronic health records from 26 large
nationwide healthcare systems. The analysis indicated
that incidence of COVID-19 was higher in patients
with MetS (OR=7.00; 95% CI=6.11-8.01). Further-
more, the adjusted OR of developing COVID-19 was
increased in cases with hypertension (OR=2.53, 95%
CI=2.40-2.68), obesity (OR=2.20, 95% CI=2.10-2.32),
diabetes (OR=1.41, 95% CI, 1.33-1.48), hyperlipid-
emia (OR=1.70, 95% CI=1.56—1.74). This study showed
that patients with MetS and/or its each component had
increased proneness to develop COVID-19. Scalsky et
al. evaluated the effect of lipid profiles, BMI, and diabe-
tes on the risk of positive test results for SARS-CoV-2
among 9,005 UK Biobank (UKBB) subjects from March
16 to June 29, 2020. Hemoglobin Alc (HbA1lc), BMI, and
T2DM were associated with higher risk of SARS-CoV-2
infection. However, HDL and apolipoprotein A were
associated with decreased SARS-CoV-2 infection risk
[29]. Our study also indicated a significant association of
MetS components such as obesity, diabetes and dyslipid-
emia with the susceptibility to SARS-CoV-2 infection.

Among the 1000 MetS patients, we identified 206 cases
with COVID-19 infection. We observed that BMI was
higher significantly in the MetS cases with COVID-19
in comparison to MetS cases without COVID-19 infec-
tion. In addition, WC was significantly higher in the
MetS cases with COVID-19 in comparison to MetS cases

Table 3 Association of Co-morbidities in MetS patients with risk of COVID-19

Characteristic MetS patients with COVID-19 MetS patients without COVID-19 OR(95%Cl)  Pvalue
(N=206) (N=794)
Obesity 98 (47.6%)/108 (52.4%) 247 (31.1%)/ 547 (68.9%) 2.00(1.47-2.74) <0.0001
VD 43 (20.1%)/ 163 (79.9%) 1(13.9%)/ 683 (86.1%) 1.62 (1.09-2.40) 0.0153
T2DM 63 (30.5%)/ 143 (69.5%) 187 (23.5%)/ 607 (76 5%) 143 (1.01-2.00) 0.0384
Dyslipidemia 88 (42.7%)/ 118 (57.3%) 263 (33.1%)/ 531 (66.9%) 1.50 (1.10-2.05) 0.0104
Neurodegenerative diseases 5(2.4%)/ 201 (97.6%) 16 (2.1%)/ 778 (97.9%) 1.20 (043-3.34) 0.7136
Kidney diseases 24( .6%)/ 182 (88.4%) 63 (7.9%)/ 731 (92.1%) 1.53(0.93-2.51) 0.0937
Hypothyroidism 3 (6.3%)/ 193 (93.7%) 48 (6.1%)/ 746 (93.9%) 1.04 (0.55-1.97) 0.8873
Hypertension 81 (39.3%)/ 125 (60.7%) 246 (30.1%)/ 548 (69.9%) 144 (1.05-1.98) 0.0234
Asthma 23 (11.2%)/ 179 (88.8%) 60 (7.5%)/ 734 (92.5%) 1.84 (1.13-2.90) 0.0129
Lung diseases 66 (32.19%)/ 140 (67.9%) 116 (14.6%)/ 678 (85.4%) 2.75(1.93-392) <0.0001

MetS, Metabolic syndrome; COVID-19, Coronavirus disease 2019; CVD, Cardiovascular diseases; OR, Odds ratio; Cl, Confidence interval; SD, Standard deviation; T2DM;

Type 2 diabetes mellitus
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without COVID-19 infection in both males and females.
Furthermore, obesity was associated with increased sus-
ceptibility to COVID-19 infection in patients with MetS
(OR=2.00, 95%CI=1.47-2.74).

Our analysis also indicated that total cholesterol was
significantly higher in the MetS cases with COVID-19
in comparison to MetS cases without COVID-19 infec-
tion. TG level was significantly higher in the MetS cases
with COVID-19 compared with MetS cases without
COVID-19 infection. It was detected that LDL level was
significantly higher in the MetS cases with COVID-19
compared with MetS cases without COVID-19 infec-
tion. It was detected that FBS level was significantly
higher in the MetS cases with COVID-19 compared
with MetS cases without COVID-19 infection. However,
no statistically significant difference was detected in the
HDL level between MetS cases with COVID-19 com-
pared with MetS cases without COVID-19 infection. The
analysis showed that dyslipidemia was associated with
an increased chance of COVID-19 infection (OR=1.50,
95%CI=1.10-2.05).

Among the co-morbidities in the MetS patients, we
observed that CVD was associated with increased risk
of COVID-19 infection in MetS patients (OR=1.62,
95%CI=1.09-2.40). Moreover, T2DM was associated
with increased risk of COVID-19 infection in MetS
patients (OR=1.43, 95%CI=1.01-2.00). In addition,
hypertension was observed to increase the chance of
COVID-19 infection in the MetS patients (OR=1.44,
95%CI=1.05-1.98). Furthermore, asthma (OR=1.84,
95%CI=1.13-2.90) and lung diseases (OR=2.75,
95%CI=1.93-3.92) in the MetS patients significantly
increased the chance of COVID-19 infection.

During obesity-induced insulin resistance, higher levels
of tumor necrosis factor (TNF)-a and interleukin (IL)-6
secreted by adipose tissue may explain the associations
of coagulopathy and endothelial dysfunction with insu-
lin resistance [30]. On the other hand, there is an asso-
ciation between insulin resistance and increased levels
of plasminogen activator inhibitor-1 (PAI-1, which is a
fibrinolytic inhibitor), and insulin and lipoproteins stim-
ulate higher production of PAI-1 by liver and endothelial
cells [30]. Higher levels of pro-inflammatory cytokines,
endothelial dysfunction and a pro-coagulant condi-
tion have already been defined in obese individuals even
prior to COVID-19 [31, 32]. It seems that SARS-CoV-2
infection may increase generation of inflammatory cyto-
kines, resulting in cytokine storm, which in turn might
develop thrombosis and endothelial injury. In our sub-
jects with MetS, blood leukocytes and inflammatory
indices were associated with COVID-19 infection in the
MetS patients. Total number of leukocytes was observed
to be significantly higher in MetS cases with COVID-19
in relation to MetS cases without COVID-19 infection.
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It was seen that lymphocyte-total leukocyte ratio was
significantly decreased in MetS cases with COVID-19
in relation to MetS cases without COVID-19 infection.
However, the neutrophil-lymphocyte ratio was signifi-
cantly increased in MetS cases with COVID-19 in rela-
tion to MetS cases without COVID-19 infection. CRP
level was significantly higher in MetS cases with COVID-
19 in relation to MetS cases without COVID-19 infec-
tion. Additionally, ESR level was significantly higher in
MetS cases with COVID-19 in relation to MetS cases
without COVID-19 infection.

According to meta-analysis results [33-35], obesity,
dyslipidemia, hypertension and diabetes, which are the
components of MetS, are strongly involved in the aggra-
vation of COVID-19. In addition, it was observed that
CVD, which is caused by MetS, is also involved in the
aggravation of COVID-19 [36]. We observed that CVD
was associated with increased risk of COVID-19 infec-
tion in MetS patients (OR=1.62, 95%CI=1.09-2.40).
Moreover, familial history of CVD was associated with
increased susceptibility to COVID-19 infection in the
MetS patients (OR=1.57, 95%CI: 1.06—2.34, P=0.0245).

Smoking and air pollution have been linked with
upregulation of the ACE2 receptor (which is ligated
with SARS-CoV-2 S protein), on adipose tissue as well
as alveolar epithelial cells of lung. On the other hand.
An association has been reported between air pollution
and COVID-19 and smokers show more severe presen-
tations of COVID-19. Smoking and air pollution may
adversely modulate the Renin-angiotensin system (RAS)
and increase the risk of COVID-19 development [37].
Our study also indicated that smoking was associated
with higher chance of COVID-19 infection in the MetS
patients (OR=5.04, 95%CI=3.53-7.21).

Even though we tried to perform a study with lowest
possible confining points and biases, still some limita-
tions and caveats exist that need to be clarified. First, the
prospective design of the study might yield in limited evi-
dence to understand underlying mechanisms involved in
the modulation of COVID-19 risk in the MetS patients;
hence the conclusions could only be indicative of on
associations and do not represent causation. Second, a
number of cases might fall in bias as to report research-
ers if they have COVID-19 symptoms and hence were
abolished from molecular evaluations. Third, most of the
patients we recruited were inhabitants of Rafsanjan city,
not nationwide; therefore, we barely generalize our data
to the whole country. Fourth, although we attempted to
find out the contributing biological factors to alter the
risk of COVID-19 infection in the MetS cases, a number
of bias sources like socioeconomic situation might also
be important that were not assessed in this research.

Considering all the facts, this study indicated that com-
ponents of MetS, such as obesity, diabetes, dyslipidemia,
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cardiovascular complications were associated with
increased chance of COVID-19 infection development in
Iranian population and probably with aggravated symp-
toms in such patients.
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