
Volume 5 | Issue 2 | 1 of 10Diabetes Complications, 2021

Presence of Metabolic Syndrome as a Risk Factor for COVID-19 Mortality: 
A Retrospective Analysis

1Cleveland Clinic Lerner College of Medicine, Cleveland, Ohio.

2Department of Quantitative Health Sciences, Cleveland Clinic, 
Cleveland, Ohio.

3Department of Endocrinology and Metabolism, Cleveland Clinic, 
Cleveland, Ohio.

4Department of Internal Medicine, Cleveland Clinic Community 
Care, Cleveland, Ohio.

Shannon S. Wu1, James F. Bena2, Keren Zhou MD3, Anita D. Misra-Hebert MD MPH4 and Sangeeta R. 
Kashyap MD3

Diabetes & its Complications
ISSN 2639-9326Research Article

Citation: Shannon S. Wu, Bena JF, Zhou K, et al. Presence of Metabolic Syndrome as a Risk Factor for COVID-19 Mortality: A 
Retrospective Analysis. Diabetes Complications. 2021; 5(2); 1-10.

*Correspondence:
Sangeeta R. Kashyap, MD, Cleveland Clinic Foundation, 
Department of Endocrinology and Metabolism, 9500 Euclid 
Avenue/A53, Cleveland, OH 44195, USA, Tel: +1-216-445-2679.

Received: 11 July 2021; Accepted: 04 August 2021

ABSTRACT
Background: Mortality due to COVID-19 is higher in patients with hypertension, diabetes, and obesity. These 
comorbidities are collectively present in metabolic syndrome. The aim of this study is to characterize the association 
between metabolic syndrome and its surrogate biomarkers with severity of COVID-19 disease course. 

Methods: This retrospective study included patients over age 18 who tested for COVID-19 at Cleveland Clinic 
between March 8 and May 17, 2020. Demographics, labs, hospitalization, intensive care unit (ICU) admission, 
and death were analyzed.

Results: Of 23282 patients, 3679 (15.8%) tested positive for COVID-19. Metabolic syndrome as defined by modified 
WHO Criteria was present in 834 (39%) of 2146 with available data. Patients with metabolic syndrome were older, 
male, African-American, heavier, and had more comorbidities. Metabolic syndrome was associated with higher 
rates of hospital admission and death (p<0.001). On multivariable analysis, patients with metabolic syndrome had 
an increase in risk of 77% for hospitalization, 57% for ICU admission, and 81% for death (p<0.001). High AST: 
ALT and TG: HDL were associated with hospitalization and ICU admission, but not mortality. 

Conclusion: Metabolic syndrome is associated with hospitalization and mortality due to COVID-19, even after 
adjusting for other factors. Obesity, hyperglycemia, dyslipidemia, and hypertension are modifiable risk factors that 
would reduce mortality from COVID-19.
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Introduction
Common medical comorbidities stemming from insulin resistance, 
visceral obesity, and adipogenic inflammation are linked to more 
severe SARS-CoV-2 infection and higher mortality, suggesting a 
pathophysiologic link between these disease processes and course 

of viral illness. Of 44,672 confirmed coronavirus disease 2019 
(COVID-19) cases, the case-fatality rate was elevated among those 
with preexisting medical conditions: 10.5% for cardiovascular 
disease, 7.3% for diabetes, and 6.0% for hypertension, compared 
to the overall rate of 2.3% [1]. In New York, leading comorbidities 
among COVID-19 deaths were hypertension (55.4%), diabetes 
(37.3%), and hyperlipidemia (18.5%) [2]. Meta-analyses show 
that patients with obesity had worse outcomes than those without 
obesity (odds ratio, OR, 2.31) [3]. Patients with dyslipidemia 
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had more severe COVID-19 (relative risk (RR), 1.39) [4]. The 
prevalence of diabetes (OR, 3.52) and hypertension (OR, 2.69) in 
severely ill patients were higher than that in non-severe patients 
[5]. Moreover, a recent report suggests that individuals who have 
undergone bariatric surgery for their obesity and diabetes have 
better COVID-19 outcomes than non-surgical controls [6].

To date, the vast majority of published studies on COVID-19 have 
reported effects of obesity, diabetes, dyslipidemia, and hypertension 
on COVID-19 outcomes separately. A comprehensive analysis of 
metabolic syndrome, the common denominator to these conditions, 
may provide insight into the pathophysiology of worse outcomes 
in these patient populations [7,8]. Metabolic syndrome is a 
multiplexed risk factor constituting increased visceral fat, elevated 
blood pressure, atherogenic dyslipidemia (high triglycerides and 
low HDL), and hyperglycemia [9]. In metabolic syndrome, risk of 
heart attack, stroke, heart failure, and diabetes is increased due to a 
multifactorial etiology. Systemic metabolic disruption may permit 
maintenance of a pro-inflammatory state that dysregulates the 
immune response, contributes to activation of the “cytokine storm” 
after COVID-19 infection, and exacerbates risk of death from 
thromboembolic consequences. Due to compromised immune 
response, both susceptibility to SARS-CoV-2 infection and 
worse prognosis after infection is likely potentiated by metabolic 
disease. Ghoneim et al. reported that the cumulative incidence of 
COVID-19 was higher in patients with metabolic syndrome (OR, 
7.00) [10]. In a cohort of 157 COVID-positive patients, metabolic 
syndrome was associated with more severe hospital course and 
mortality [11]. The prevalence of metabolic syndrome is higher 
in North America and Europe than in Asia, perhaps explaining 
in part the more severe COVID-19 course observed in Western 
continents. Establishing the clinical and biochemical parameters 
of metabolic dysfunction is key to better understanding the disease 
course of COVID-19.
 
This study analyzed patients in the Cleveland Clinic health 
system for classical and non-classical components of metabolic 
syndrome. The primary endpoint was the association between 
metabolic syndrome, as defined by the NCEP/ATP criteria, and 
outcomes including rate of hospitalization, rate of ICU admission, 
and all-cause mortality. Secondary outcomes include underlying 
associations between surrogate laboratory markers of metabolic 
syndrome (i.e. AST/ALT ratio, uric acid, TG/HDL ratio) and 
these outcomes. We hypothesized that metabolic syndrome and its 
surrogate biomarkers are associated with more severe COVID-19 
disease course. This study aims to inform the mechanistic 
link between metabolic disorder, inflammation, and immune 
dysfunction and increased susceptibility to severe COVID-19 
disease course.

Materials and Methods
Study Design
This retrospective, cross-sectional study consisted of patients 
over 18 years old who were tested for COVID-19 at all Cleveland 
Clinic locations in Ohio and Florida between March 8, 2020 and 

May 17, 2020. Patients were included in the Cleveland Clinic 
Health System COVID-19 registry (IRB#20-283). This study 
received Institutional Review Board approval (IRB#20-483). 
Written informed consent was waived as no direct risk to patients 
was present. 

Metabolic syndrome was defined using modified World Health 
Organization (WHO) criteria [12]. Patients were defined as having 
metabolic syndrome if at least three of the following five criteria 
were met: (1) body mass index (BMI) > 30 kg/m2, (2) fasting 
glucose ≥ 100 mg/dl (or treatment), (3) serum triglycerides ≥ 150 
mg/dl (or treatment), (4) HDL cholesterol < 40mg/dl in males or 
<50 mg/dl in females (or treatment), (5) systolic blood pressure 
>130 mmHg or diastolic >85 mmHg. When fasting plasma glucose 
level was not available, random glucose > 200 mg/dL, diagnosis of 
type 1 or type 2 diabetes mellitus or treatment met this criterion. 
Treatments included any oral antihyperglycemic (metformin, 
sulfonylurea, acarbose inhibitor, SGLT2 inhibitor, GLP1 agonist, 
or DPP4 inhibitor) or insulin use. When serum triglycerides were 
not available, random triglyceride >200 mg/dL or any cholesterol-
lowering agent (statin, fibrate, ezetimibe, PCSK9 inhibitor, or bile 
acid resin) met the third criteria [13]. The fifth criteria could be met 
by antihypertensive treatment including angiotensin-converting 
enzyme (ACE) inhibitor, aldosterone receptor blocker, calcium 
channel blocker, or beta blocker. All lab values obtained within 
one year prior to date of COVID-19 test were included; otherwise, 
the lab value was considered missing. Lab values obtained on the 
date of or after the COVID-19 test were excluded. Patients had to 
meet at least three criteria to be considered positive for metabolic 
syndrome. Those with missing data on three or more criteria were 
excluded. Patient characteristics were described by presence or 
absence of metabolic syndrome.

Lab measurements were collected for the following variables: 
HDL, triglycerides, AST, ALT, uric acid, and fasting or random 
glucose. Outcomes of interest were rate of hospitalization, rate of 
ICU admission, and mortality. A modification of the WHO seven-
point ordinal scale analyzed in previous studies was analyzed 
as an outcome measure [14,15]. In this study, the modified 
scale is defined as follows: 1, not hospitalized; 2, hospitalized, 
not requiring supplemental oxygen; 3, hospitalized, requiring 
supplemental oxygen; 4, hospitalized, requiring nasal high-flow 
oxygen therapy, noninvasive mechanical ventilation, or both; 5, 
hospitalized, requiring extracorporeal membrane oxygenation 
(ECMO), invasive mechanical ventilation, or both; and 6, death. 
Covariates of interest included age, sex, race, and comorbidities 
such as hypertension, obstructive sleep apnea (OSA), non-
alcoholic fatty liver disease (NAFLD), polycystic ovary syndrome 
(PCOS), asthma, heart failure, and coronary artery disease (CAD). 
These comorbidities were selected for their common associations 
with metabolic syndrome.

Statistical Methods
For each analysis, the results were restricted to those with valid 
responses to the primary variables and covariates of interest. AST: 
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ALT ratio was categorized as a binary variable. Ratios above 
1 were considered elevated, whereas levels less than or equal 
to 1 were treated as normal [16–19]. TG: HDL was analyzed 
as a continuous variable. Uric acid was categorized as a binary 
variable, with hyperuricemia defined as greater than 6.8 mg/dL[ 
20]. Categorical factors were described with frequencies and 
percentages, while continuous measures were described with means 
and standard deviations, if normally distributed, and medians and 
quartiles otherwise. Factors of interest were compared on these 
measures using Pearson chi-square tests for unordered factors, 
Wilcoxon rank sum tests or Kruskal-Wallis tests for ordered 
factors and non-normal continuous measures, and two-sample 
t-tests for continuous measures. Spearman correlations were used 
to measure the association between TG: HDL ratio and continuous 
demographic variables. Logistic regression models were fit for 
each outcome and primary predictor, with adjustment for key 
covariates that were associated with the primary predictor or were 
believed to be associated with outcome. Adjusted odds ratios 
with 95% confidence limits were presented for each outcome. All 
analyses were performed using SAS software (version 9.4; Cary, 
NC), with p-value <0.05 considered statistically significant.

Results
Between March 8, 2020 and May 17, 2020, 23282 patients were 
tested for COVID-19 in the Cleveland Clinic health system in 
Ohio and Florida locations. Of these, 3679 (15.8%) patients had a 
positive test result and were subsequently analyzed. In total, 3679 
patients with a positive test result were analyzed. Subgroup analysis 
included 2146 patients in the metabolic syndrome subgroup, 2475 
patients in the AST/ALT ratio subgroup, and 1806 patients in the 
TG/HDL ratio subgroup. 

Metabolic Syndrome
Metabolic syndrome characterization was available in 2146 
(58.3%) patients with positive COVID-19 test results. Of these, 
834 (38.9%) patients met criteria for metabolic syndrome. Among 
those with metabolic syndrome data, mean age was 56.5 years and 
56% were female. Those with metabolic syndrome were more 
likely to be older, male, African-American, have higher BMI, 
have hypertension, OSA, NAFLD, asthma, heart failure, and CAD 
(p<0.05) (Table 1). Patients with metabolic syndrome had higher 
glucose, triglycerides, AST, and ALT and lower HDL (p<0.001). 
On endpoint analysis, patients with metabolic syndrome had 
higher rates of hospitalization, ICU admission, and death 
(p<0.01). Increased requirement for invasive respiratory support 
was observed in patients with metabolic syndrome (p<0.001). 
On multivariable analysis, patients with metabolic syndrome had 
a 77% increase in the odds of hospitalization relative to those 
without metabolic syndrome after adjustment for age, sex, race, 
asthma, coronary artery disease, and heart failure (Table 2). Odds 
of ICU admission were higher by 56% per Table 2 and odds of 
death were higher by 81% in patients with metabolic syndrome. 
In the same model, patients of white race had 57% lower odds 
of hospitalization relative to those of African-American race. 
Age was positively associated with all three outcomes, while 

sex and heart failure were associated with hospitalization and 
ICU admission only, and asthma and race were associated with 
hospitalization only.

AST/ALT Ratio 
There were 2475 (67.3%) patients who tested positive with 
COVID-19 and had AST: ALT ratios. There were 1655 (66.9%) 
patients with AST: ALT>1 were older, male, Black or African-
American and had higher BMI and more comorbidities (Table 
3). Lab values for glucose, triglycerides, AST, and ALT were all 
higher in the AST: ALT>1 group. Higher hospitalization rates 
and higher respiratory requirements were observed in the AST: 
ALT>1 group. On multivariable analysis, significant odds ratios 
indicating greater risk for those with high AST: ALT ratios were 
observed for both hospitalization and ICU admission, but not 
mortality (Table 4). As a sensitivity analysis, NAFLD was also 
included as an adjustment factor, but the results were similar 
and are not presented. After adjusting for age, sex, race, asthma, 
coronary artery disease, and heart failure, AST: ALT remained a 
significant predictor of hospitalization and ICU admission. Age 
and race were associated with all three outcomes, sex and heart 
failure  were associated with hospitalization and ICU admission 
only, and asthma was associated with hospitalization only .
 
Triglyceride/HDL Ratio
TG: HDL ratios were analyzed continuously using the 1806 
(49.1%) patients with positive test results, who had complete data 
in both lab values. Median TG: HDL ratio was higher among 
males, white and other races, those with OSA, heart failure, and 
CAD (Supplementary Table 1). Median TG: HDL ratios were 
higher in patients that were hospitalized, admitted to the ICU, 
died, or had increased need for respiratory support (Supplementary 
Table 1). The correlation between TG: HDL ratio and BMI was 
weakly positive. TG: HDL was non-significant on multivariable 
analysis (Supplementary Table 2).

Discussion
This is the largest study to date analyzing the association between 
metabolic syndrome and surrogate biomarkers with COVID-19 
disease. Our results demonstrate that patients with metabolic 
syndrome were 77% more likely to be hospitalized, 56% more 
likely to be admitted to the ICU, and 81% more likely to die from 
COVID-19. While the patients in this study were from a single 
institution, compared to prior studies of metabolic syndrome which 
were limited by sample size and population [7,8,16,21–23], the 
present study analyzed outcomes of patients more representative of 
the United States populace in terms of body mass index, comorbid 
conditions, and race and ethnicities included. Furthermore, this 
study analyzed a large patient population presenting to a multi-
center healthcare system across two different geographic regions 
within the United States (Ohio and Florida). Outcomes were 
stratified by severity including risk of hospitalization, risk of ICU 
admission, and risk of death.

Elevated liver transaminase levels indicate hepatic steatosis and 
inflammation, which lead to increased hepatic glucose production, 
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Factor Total (N=2,146)
No Metabolic Syndrome (N=1,312) Metabolic Syndrome (N=834)

p-value
N Statistics N Statistics

Covariates
Age 56.5 ± 19.6 1,312 53.2 ± 20.9 831 61.8 ± 15.9 <0.001a2

Gender 1,312 831 <0.001c

Male 944 (44.1) 517 (39.4) 427 (51.4)
Female 1,199 (55.9) 795 (60.6) 404 (48.6)
Race 1,263 804 <0.001c

Other 87 (4.2) 60 (4.8) 27 (3.4)
Black or African-American 660 (31.9) 363 (28.7) 297 (36.9)
White 1,320 (63.9) 840 (66.5) 480 (59.7)
Ethnicity 1,250 802 0.021c

  Non-Hispanic 1,926 (93.9) 1,161 (92.9) 765 (95.4)
  Hispanic 126 (6.1) 89 (7.1) 37 (4.6)
BMI 30.7 ± 8.1 1,287 27.8 ± 7.0 826 35.1 ± 7.6 <0.001a2

Hypertension 1,184 (56.8) 1,265 452 (35.7) 821 732 (89.2) <0.001c

OSA 401 (18.7) 1,312 152 (11.6) 834 249 (29.9) <0.001c

NAFLD 65 (3.0) 1,312 27 (2.1) 834 38 (4.6) <0.001c

PCOS 31 (1.4) 1,312 20 (1.5) 834 11 (1.3) 0.70c

Asthma 368 (18.3) 1,244 208 (16.7) 772 160 (20.7) 0.024c

Heart failure 272 (13.5) 1,234 99 (8.0) 783 173 (22.1) <0.001c

Coronary artery disease 334 (16.5) 1,248 138 (11.1) 782 196 (25.1) <0.001c

Labs
Glucose 103.0 [91.0, 128.0] 895 94.0 [86.0, 106.0] 744 119.0 [103.5, 151.0] <0.001b

Triglycerides 97.0 [67.0, 141.0] 1,064 85.0 [60.0, 116.0] 722 124.0 [84.0, 192.0] <0.001b

HDL 48.0 [38.0, 61.0] 1,062 55.0 [45.0, 66.0] 718 39.0 [32.0, 48.0] <0.001b

AST 23.0 [18.0, 32.0] 1,149 22.0 [18.0, 30.0] 807 25.0 [18.0, 37.0] <0.001b

ALT 19.0 [14.0, 29.0] 1,159 18.0 [13.0, 26.0] 811 22.0 [15.0, 32.0] <0.001b

Outcomes
Hospitalized 692 (33.0) 1,278 331 (25.9) 818 361 (44.1) <0.001c

Admitted to ICU 231 (11.0) 1,278 105 (8.2) 817 126 (15.4) <0.001c

Death 85 (6.9) 720 36 (5.0) 504 49 (9.7) 0.001c

WHO Outcome 1,312 834 <0.001b

1.Not Hospitalized 1,450 (67.6) 981 (74.8) 469 (56.2)
2.Hospitalized 199 (9.3) 102 (7.8) 97 (11.6)
3.Hosp., Supplemental Oxygen 215 (10.0) 98 (7.5) 117 (14.0)
4. Hosp. Hi-flow, Non-Inv. Mech. Vent. 104 (4.8) 53 (4.0) 51 (6.1)
5. Hosp. ECMO, Inv. Mech. Vent. 93 (4.3) 42 (3.2) 51 (6.1)
6.Death 85 (4.0) 36 (2.7) 49 (5.9)

Statistics presented as Mean ± SD, Median [P25, P75], N (column %).
P-values: a1=t-test, a2=Satterthwaite t-test, b=Wilcoxon Rank Sum test, c=Pearson's chi-square test, d=Fisher's Exact test

Table 1: Metabolic Syndrome Results.

Table 2: Multivariable Models of Metabolic Syndrome.

Outcome Predictor Odds Ratio (95% CI) p-value

Hospitalization

Metabolic Syndrome 1.77 (1.42,2.20) < 0.001
Male Gender 1.81 (1.46,2.25) < 0.001
Other vs. Black Race 0.88 (0.51,1.51) 0.64
White vs. Black Race 0.43 (0.34,0.55) < 0.001
Asthma 1.62 (1.23,2.12) < 0.001
Heart Failure 1.67 (1.21,2.32) 0.002
Coronary Artery Disease 1.12 (0.83,1.51) 0.46
Age (per decade) 1.44 (1.35,1.54) < 0.001

ICU Admission

Metabolic Syndrome 1.56 (1.15,2.12) 0.004
Male Gender 1.66 (1.22,2.25) 0.001
Other vs. Black Race 0.69 (0.28,1.69) 0.42
White vs. Black Race 0.74 (0.53,1.02) 0.068
Asthma 1.12 (0.76,1.66) 0.57
Heart Failure 1.86 (1.26,2.74) 0.002
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Outcome Predictor Odds Ratio (95% CI) p-value
Coronary Artery Disease 1.02 (0.69,1.49) 0.93
Age (per decade) 1.39 (1.26,1.53) < 0.001

Mortality

Metabolic Syndrome 1.81 (1.05,3.12) 0.034
Male Gender 0.72 (0.42,1.24) 0.24
Other vs. Black Race 0.35 (0.04,3.05) 0.34
White vs. Black Race 1.76 (0.97,3.18) 0.062
Asthma 0.65 (0.31,1.37) 0.26
Heart Failure 1.58 (0.85,2.96) 0.15
Coronary Artery Disease 1.50 (0.82,2.75) 0.19
Age (per decade) 2.88 (2.26,3.68) < 0.001

Odds Ratios are from logistic regression models

Factor Total (N=2,475) AST/ALT≤1 (N=820) AST/ALT>1 (N=1,655) p-valueN Statistics N Statistics
Covariates
Age 57.1 ± 19.3 815 51.2 ± 16.1 1,644 60.1 ± 20.1 <0.001a2

Gender 813 1,641 <0.001c

Male 1,082 (44.1) 434 (53.4) 648 (39.5)
Female 1,372 (55.9) 379 (46.6) 993 (60.5)
Race 780 1,581 <0.001c

Other 107 (4.5) 48 (6.2) 59 (3.7)
Black/African-American 789 (33.4) 215 (27.6) 574 (36.3)
  White 1,465 (62.0) 517 (66.3) 948 (60.0)
Ethnicity 754 1,550 <0.001c

Non-Hispanic 2,167 (94.1) 683 (90.6) 1,484 (95.7)
Hispanic 137 (5.9) 71 (9.4) 66 (4.3)
BMI 31.1 ± 8.0 767 32.7 ± 7.7 1,581 30.3 ± 8.1 <0.001a1

Hypertension 1,339 (57.3) 764 420 (55.0) 1,571 919 (58.5) 0.11c

OSA 418 (16.9) 820 154 (18.8) 1,655 264 (16.0) 0.077c

NAFLD 71 (2.9) 820 41 (5.0) 1,655 30 (1.8) <0.001c

PCOS 34 (1.4) 820 12 (1.5) 1,655 22 (1.3) 0.79c

Asthma 420 (18.6) 745 137 (18.4) 1,511 283 (18.7) 0.85c

Heart failure 296 (13.2) 743 52 (7.0) 1,505 244 (16.2) <0.001c

Coronary artery disease 362 (16.0) 743 74 (10.0) 1,522 288 (18.9) <0.001c

Labs
Glucose 103.0 [90.0, 126.0] 632 104.5 [93.0, 130.0] 1,264 102.0 [89.0, 125.0] 0.002b

Triglycerides 98.0 [68.0, 141.0] 581 108.0 [72.0, 155.0] 1,189 95.0 [66.0, 132.0] <0.001b

HDL 48.0 [38.0, 61.0] 581 46.0 [38.0, 57.0] 1,182 49.0 [39.0, 63.0] <0.001b

AST 23.0 [18.0, 34.0] 820 23.0 [17.0, 30.5] 1,655 24.0 [19.0, 35.0] <0.001b

ALT 20.0 [14.0, 30.0] 820 29.0 [21.0, 43.0] 1,655 16.0 [12.0, 23.0] <0.001b

Outcomes
Hospitalized 870 (36.0) 798 204 (25.6) 1,622 666 (41.1) <0.001c

Admitted to ICU 294 (12.2) 798 60 (7.5) 1,621 234 (14.4) <0.001c

Death 102 (7.0) 501 12 (2.4) 956 90 (9.4) <0.001c

WHO Outcome 820 1,655 <0.001b

1.Not Hospitalized 1,600 (64.6) 615 (75.0) 985 (59.5)
2.Hospitalized 254 (10.3) 74 (9.0) 180 (10.9)
3.Hosp., Supplemental Oxygen 273 (11.0) 73 (8.9) 200 (12.1)
4. Hosp. Hi-flow, Non-Inv. Mech. Vent. 121 (4.9) 24 (2.9) 97 (5.9)
5. Hosp. ECMO, Inv. Mech. Vent. 125 (5.1) 22 (2.7) 103 (6.2)
6.Death 102 (4.1) 12 (1.5) 90 (5.4)
Statistics presented as Mean ± SD, Median [P25, P75], N (column %).
p-values: a1=t-test, a2=Satterthwaite t-test, b=Wilcoxon Rank Sum test, c=Pearson's chi-square test, d=Fisher's Exact test.

Table 3: AST/ALT Results.
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fasting hyperglycemia, and dyslipidemia [24]. Elevated AST/
ALT ratio may be an important indicator of COVID-19 severity 
due to direct viral effects of SARS-CoV-2 on the liver, systemic 
inflammation, or drug-induced effects. The ACE2 receptor 
has not been detected on hepatocytes; thus, direct viral entry 
into hepatocytes is unlikely to be the main mechanism of liver 
damage [25]. Rather, the compensatory reaction to systemic pro-
inflammation and cytokine release induced by SARS-CoV-2 may 
underlie the elevation in liver transaminases. Hepatic steatosis 
and inflammation may be a common mechanism that hallmarks 
metabolic syndrome and exacerbates COVID-19 response leading 
to hospitalization. Prior studies have demonstrated the correlation 
between transaminase levels and severity of COVID-19 [23,26,27]. 
In this study, patients with pre-admission serum AST: ALT>1 
were more likely to be hospitalized compared to patients with 
AST: ALT<1. Our results support the findings highlighted by Cai 
et al in which the hepatocellular pattern of liver injury is a strong 
predictor of severe COVID-19 [16].

Our results support the findings by Lohia et al. and Xie et al. that 
metabolic syndrome is a significant predictor of mortality and 
hospitalization [7,8]. We sought to further explore the predictive 
role of surrogate lab markers of metabolic syndrome, and 
demonstrate that the serum values AST/ALT ratio >1 independently 
predicts hospitalization but not mortality. Interestingly, while our 
results showed that escalating need for supplemental oxygen, non-
invasive oxygenation, and extracorporeal membrane oxygenation 
(ECMO) was significantly higher in the metabolic syndrome 
group, this contrasted with the study by van Zelst et al in their 

smaller cohort of 82 patients that metabolic syndrome was not 
associated with increasing respiratory requirements [28].

The increasing prevalence of metabolic syndrome is concerning 
for worsening morbidity and mortality with COVID-19 infection. 
In 2016, over 1.9 billion adults were overweight, constituting 39% 
of the world population [29]. Moreover, countries with higher 
rates of obesity tend also to have more severe COVID-19 infection 
[30]. Unlike the variables of age and sex, metabolic syndrome 
and its components are modifiable risk factors. Lifestyle and 
dietary changes to achieve weight loss, low salt diet, decreased 
alcohol intake, as well as medical treatment of dyslipidemia, 
hyperglycemia, and hypertension target the individual components 
of metabolic syndrome [30]. The effects of improved glucose, 
blood pressure, and weight control may modulate the systemic 
inflammatory response and mitigate COVID-19 disease severity, 
particularly for preventing thrombosis formation [31]. The 
protective role of statins and renin-angiotensin-aldosterone system 
(RAAS) modulators in management of COVID-19 and other pro-
inflammatory viral illnesses are still unclear [32–35]. Efforts to 
improve biochemical and anthropometric parameters that define 
metabolic syndrome would reduce morbidity and mortality for not 
only COVID-19, but future pandemics.

Limitations
This retrospective, cross-sectional study could not explain causal 
relationships between surrogate markers of metabolic syndrome 
and outcomes. Underlying molecular factors such as cytokines, 
interleukin, and apolipoprotein levels that were not routinely 

Outcome Predictor Odds Ratio (95% CI) p-value

Hospitalization

AST:ALT>1 1.52 (1.22,1.90) < 0.001
Male Gender 2.10 (1.72,2.56) < 0.001
Other vs. Black Race 1.00 (0.61,1.62) 0.99
White vs. Black Race 0.44 (0.36,0.55) < 0.001
Asthma 1.48 (1.15,1.91) 0.003
Heart Failure 1.56 (1.14,2.13) 0.005
Coronary Artery Disease 1.04 (0.78,1.39) 0.80
Age (per decade) 1.42 (1.33,1.51) < 0.001

ICU Admission

AST:ALT>1 1.60 (1.14,2.26) 0.007
Male Gender 2.02 (1.53,2.68) < 0.001
Other vs. Black Race 0.75 (0.34,1.64) 0.47
White vs. Black Race 0.74 (0.55,0.99) 0.046
Asthma 1.04 (0.72,1.50) 0.82
Heart Failure 1.83 (1.27,2.64) 0.001
Coronary Artery Disease 1.02 (0.71,1.47) 0.91
Age (per decade) 1.32 (1.21,1.44) < 0.001

Mortality

AST:ALT>1 1.55 (0.75,3.19) 0.23
Male Gender 0.83 (0.50,1.37) 0.46
Other vs. Black Race 0.31 (0.04,2.69) 0.29
White vs. Black Race 1.77 (1.03,3.05) 0.040
Asthma 0.60 (0.30,1.23) 0.16
Heart Failure 1.77 (0.99,3.19) 0.055
Coronary Artery Disease 1.32 (0.74,2.35) 0.35
Age (per decade) 2.73 (2.19,3.41) < 0.001
Odds Ratios are from logistic regression models

Table 4: Multivariable Models for AST: ALT.
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performed in a clinical, non-investigational setting were unable to 
be captured. Many patients tested for COVID-19 at the Cleveland 
Clinic did not have prior medical records in the Cleveland Clinic 
health system, leading to a high rate of missing data. Lab values 
within one year were not available or could not be retrieved for 
a sizable percentage of the patient cohort. We cannot exclude 
the influence of potential confounders due to missing laboratory 
measurements. Besides AST and ALT, other markers of liver 
function (e.g. albumin, alkaline phosphatase, gamma-glutamyl 
transferase, C-reactive protein, LDH) were unable to measured. 
Most patients in this cohort were residents of Ohio or Florida, and 
results may not be generalizable to all populations.

Conclusion
Metabolic syndrome is significantly associated with increased 
hospitalization, ICU admission, and mortality due to COVID-19, 
even after adjusting for sex, age, race, and comorbidities. Elevations 
in the surrogate biomarker ratios AST/ALT and TG/HDL were 
significantly associated with hospitalization but not mortality. 
Obesity, hyperglycemia, dyslipidemia, and hypertension are 
modifiable components of metabolic syndrome that would reduce 
morbidity and mortality of COVID-19.
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Factor N Statistics p-value
Covariates
Gender . <0.001
.  Male 785 2.4 [1.4, 4.3]
.  Female 1019 1.8 [1.1, 3.0]
Race . <0.001
.  Other 74 2.2 [1.3, 4.1]
.  Black/African-American 550 1.7 [1.1, 2.9]
.  White 1119 2.1 [1.3, 3.8]
Ethnicity . 0.69
.  Non-Hispanic 1626 2.0 [1.2, 3.5]
.  Hispanic 96 2.1 [1.3, 3.7]
OSA . 0.001
.  No 1416 2.0 [1.2, 3.5]
.  Yes 390 2.3 [1.4, 3.9]
NAFLD . 0.062
.  No 1744 2.0 [1.2, 3.6]
.  Yes 62 2.2 [1.7, 3.8]
PCOS . 0.43
.  No 1774 2.0 [1.2, 3.6]
.  Yes 32 1.7 [1.2, 2.9]
Asthma . 0.85
.  No 1357 2.0 [1.2, 3.6]
.  Yes 313 2.1 [1.2, 3.4]
Heart failure . <0.001
.  No 1411 2.0 [1.2, 3.4]
.  Yes 255 2.3 [1.4, 4.1]
Coronary artery disease . <0.001
.  No 1359 2.0 [1.1, 3.3]
.  Yes 320 2.5 [1.5, 4.5]
Age 1804 0.04 (-0.00, 0.09) 0.076
BMI 1760 0.22 (0.17, 0.26) <0.001
Outcomes
Hospitalized . <0.001
.  No 1164 1.9 [1.1, 3.4]
.  Yes 597 2.3 [1.3, 3.8]
Admitted to ICU . <0.001
.  No 1561 2.0 [1.2, 3.5]
.  Yes 199 2.5 [1.4, 4.2]
Death . 0.035
.  No 944 2.1 [1.2, 3.5]
.  Yes 76 2.6 [1.4, 4.5]
WHO Outcome . 0.006
.  1. Not Hospitalized 1206 1.9 [1.1, 3.4]
.  2. Hospitalized 160 2.2 [1.3, 3.3]
.  3. Hosp., Supplemental Oxygen 198 2.2 [1.4, 3.9]
.  4. Hosp. Hi-flow, Non-Inv. Mech. 
Vent. 89 2.3 [1.2, 4.0]

.  5. Hosp. ECMO, Inv. Mech. Vent. 77 2.2 [1.3, 3.8]

.  6.Death 76 2.6 [1.4, 4.5]

Statistics presented as Median [25th, 75th percentiles] with 
Kruskal Wallis test or Spearman's correlation (95% CI).

Supplementary Table 1: Univariable Analysis for TG: HDL.

Supplementary 
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Outcome Predictor Odds Ratio (95% CI) p-value
Hospitalization TG:HDL 1.01 (1.00,1.03) 0.16

Male Gender 1.84 (1.45,2.32) < 0.001
Other vs. Black Race 0.85 (0.47,1.53) 0.59
White vs. Black Race 0.41 (0.32,0.52) < 0.001
Asthma 1.78 (1.32,2.39) < 0.001
Heart Failure 1.92 (1.37,2.69) < 0.001
Coronary Artery Disease 1.27 (0.93,1.74) 0.13
Age (per decade) 1.43 (1.33,1.54) < 0.001

ICU Admission TG:HDL 1.01 (0.99,1.03) 0.33
Male Gender 1.82 (1.31,2.52) < 0.001
Other vs. Black Race 0.77 (0.31,1.91) 0.57
White vs. Black Race 0.66 (0.46,0.93) 0.018
Asthma 1.22 (0.80,1.84) 0.35
Heart Failure 2.01 (1.34,3.01) < 0.001
Coronary Artery Disease 1.22 (0.82,1.82) 0.32
Age (per decade) 1.35 (1.21,1.50) < 0.001

Mortality TG:HDL 1.01 (0.99,1.04) 0.36
Male Gender 0.81 (0.46,1.45) 0.48
Other vs. Black Race 0.38 (0.04,3.58) 0.40
White vs. Black Race 1.38 (0.75,2.55) 0.30
Asthma 0.65 (0.30,1.43) 0.29
Heart Failure 1.81 (0.94,3.47) 0.076
Coronary Artery Disease 1.86 (0.99,3.49) 0.054
Age (per decade) 2.60 (2.03,3.33) < 0.001

Supplemental Table 2: Multivariable Models for TG: HDL.

Odds Ratios are from logistic regression models.
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