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A B S T R A C T   

Background: Body Mass Index (BMI) has a significant impact on Coronavirus disease (COVID-19) patient out
comes; however, major adverse cardiac and cerebrovascular outcomes in patients with severe sepsis have been 
poorly understood. Our study aims to explore and provide insight into its association. 
Methods: This is an observational study looking at the impact of BMI on COVID-19-severe sepsis hospitalizations. 
The primary outcomes are adjusted odds of all-cause in-hospital mortality, respiratory failure, and major adverse 
cardiac and cerebrovascular events (MACCE), which include acute myocardial infarction, cardiac arrest, and 
acute ischemic stroke. The secondary outcome was healthcare resource utilization. Coexisting comorbidities and 
patient features were adjusted with multivariable regression analyses. 
Results: Of 51,740 patients with severe COVID-19-sepsis admissions, 11.4% were overweight, 24.8% had Class I 
obesity (BMI 30–34.9), 19.8% had Class II obesity (BMI 35–39.9), and 43.9% had the categorization of Class III 
obesity (BMI >40) cohorts with age>18 years. The odds of MACCE in patients with class II obesity and class III 
obesity (OR 1.09 and 1.54; 95CI 0.93–1.29 and 1.33–1.79) were significantly higher than in overweight (p <
0.001). Class I, Class II, and Class III patients with obesity revealed lower odds of respiratory failure compared to 
overweight (OR 0.89, 0.82, and 0.82; 95CI 0.75–1.05, 0.69–0.97, and 0.70–0.97), but failed to achieve statistical 
significance (p = 0.079). On multivariable regression analysis, all-cause in-hospital mortality revealed signifi
cantly higher odds in patients with Class III obesity, Class II, and Class I (OR 1.56, 1.17, and 1.06; 95CI 
1.34–1.81, 0.99–1.38, and 0.91–1.24) vs. overweight patients (p < 0.001). 
Conclusions: Patients with Class II and Class III obesity had significantly higher odds of MACCE and in-hospital 
mortality in COVID-19-severe sepsis admissions.   
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1. Introduction 

The pandemic caused by SARS-CoV-2, also known as COVID-19, has 
resulted in a significant number of cases with various symptoms. Those 
affected can experience a wide range of clinical outcomes and post- 
sequelae, including cardiometabolic complications, which can lead to 
morbidity and mortality. To date, around 700 million COVID-19 cases 
have been diagnosed worldwide; the number of deaths exceeds 6 
million, as reported to the WHO [48]. Type 2 diabetes (T2DM), obesity, 
and age in patients with COVID-19 are strong predictors of hospitali
zation and mortality, with 30% of patients with COVID-19-related 
hospitalizations having type 2 diabetes and around 35% of deaths 
occurring in individuals with diabetes [47]. The prevalence of obesity is 
increasing worldwide, reaching epidemic proportions, leading to sig
nificant public health problems defined by a body mass index (BMI) of 
≥30 kg/m2, affecting 4 in 10 adults in the United States [1–3]. Obesity is 
also associated with an increased risk of diabetes, heart failure, and 
morbidity and mortality related to cardiovascular disease (CVD) [1–3]. 
Several research studies in the past have shown that obesity is associated 
with a higher risk of severe pneumonia in hospitalized patients with 
COVID-19 [4]. Some other studies have shown an increased risk of 
COVID-19 severity and/or death in a population with obesity [5–7]. The 
association between obesity and worsening outcomes in COVID-19 pa
tients is still controversial, although many studies show clear evidence 
[49–54] but lacking a definitive association in other clinical studies 
[55–57]. Additionally, obesity is known to be an independent risk factor 
for poor in-hospital outcomes in patients infected with COVID-19, with 
excess complications including respiratory failure and death [8,9]. Hy
pertension and coronary artery disease have been well-documented to 
exhibit significant increases in morbidity and mortality in such patients. 
Hypertension has been associated with severe disease manifestations 
leading to acute respiratory distress syndrome (ARDS), disease pro
gression, and the need for ICU admissions in patients with COVID-19 
[40]. There have been a few studies in the past that have shown that 
cardiovascular diseases co-occurring with COVID-19 increase the odds 
of hospitalizations and death by sixfold. A few of the cardiac compli
cations associated with COVID-19 sepsis during the hospitalization stay, 
including myocarditis, pericarditis, and cardiac arrest, had an overall 
worse survival rate [10,11]. Several studies in the past had looked at 
major cardiac and cerebrovascular events and respiratory failure in ICU 
patients, however; outcomes in patients admitted with severe sepsis 
have been poorly understood, and there have not been any compre
hensive reviews based on this association. Our study aimed to assess the 
association of body mass index on cardiovascular outcomes in patients 
admitted with severe COVID-19 sepsis by conducting a comprehensive 
analysis using a large national representative database. 

2. Methods 

2.1. Design and data source 

We conducted our analysis using the national inpatient sample year 
2020, which is available through the Healthcare Cost and Utilization 
Project (HCUP). National Inpatient Sample (NIS) is a large publicly 
available database representing 95% of hospitalizations in the US, 
covering 48 states and the District of Columbia. We utilized the Internal 
Classification of Diseases, 10th revision, Clinical Modification (ICD-10- 
CM) coding system to identify the principle of COVID-19-severe sepsis 
admissions. This is an observational study, looking at the impact of BMI 
on severe sepsis COVID-19 hospitalizations. 

2.2. Study population and characteristics 

We included hospitalized patients with a diagnosis of COVID-19 se
vere sepsis using the ICD-10 codes in the year 2020. We restricted our 
sample size to overweight (BMI 25–29.9), Class I obesity (BMI 30–34.9), 

Class II obesity (BMI 35–39.9), and Class III obesity (BMI >40) cohorts; 
they were identified in the NIS using obesity diagnostic ICD-10-CM 
codes. 

2.3. Outcome measures 

The primary outcome of this study is to assess in-hospital mortality, 
major adverse cardiac and cerebrovascular events (MACCE), and res
piratory failure in patients who were admitted with COVID-19 sepsis. 

Secondary outcomes included heart care utilization and length of 
hospitalization stay. Patient confounders were adjusted with multivar
iable regression analyses, which are known to have prognostic impli
cations for our outcomes. 

2.4. Statistical analysis 

Patient characteristics and in-hospital outcomes were compared 
among overweight, Class I, Class II, and Class III patients with obesity 
who were admitted with severe COVID-19 sepsis. Continuous variables 
are expressed as mean ± standard deviation and categorical variables 
are presented as percentages. Odds ratios [OR] along with their 95% 
confidence intervals (CI) were obtained using multivariable logistic 
regression for in-hospital mortality and outcomes. All reported P-values 
are two-sided, with a value of <0.05 considered significant. 

3. Results 

3.1. Baseline characteristics 

A total of 51,740 COVID-19-severe sepsis admissions were identified 
in the year 2020; 24.8% had Class I obesity (BMI 30–34.9), 19.8% had 
Class II obesity (BMI 35–39.9), and 43.9% had the categorization of 
Class III obesity (BMI >40). The median age of patients admitted with 
COVID-19 sepsis was 62 years (58–66 years), with 53.4% being male 
patients. The majority of patients admitted to the hospital were Cau
casians (44.5%), followed by Hispanics (28.2%), and African Americans 
(23.4%). Most of the hospitalized 

patients with COVID-19 sepsis were admitted primarily to southern 
hospitals (41.6%), followed by western hospitals (22.4%). These hos
pitalized patients were primarily Medicare patients (46.6%), with 
36.6% of them from low-income quartiles. Patients with class III obesity 
were mostly white females from low-income quartiles in urban hospi
tals. Of total admissions, patients with class III obesity were the youngest 
(median age 58 years vs. patients with Class II obesity 62 years, Class I 
obesity 64 years, and overweight 68 years). 

Patients with class III obesity were also more likely to have hyper
tension as compared to patients with overweight (70% vs. 69.3%). 
diabetes (56.8% vs. 48.9%), chronic pulmonary disease (29.6% vs. 
19.5%), acute respiratory distress syndrome (32% vs. 25.4%), me
chanical ventilation (62.8% vs. 57.4%), chronic kidney disease (25% vs. 
25.4%), and acute kidney injury (66.7% vs. 60.1%). Table 1 describes 
the distribution of co-morbidities among the patients. 

3.2. Primary outcomes 

In the study of 51,740 COVID-19-severe sepsis admissions, the 
multivariable regression analysis showed that all-cause in-hospital 
mortality had higher odds in patients with Class III, Class II, and Class I 
individuals with obesity. (OR 1.56, 1.17, and 1.06; 95% CI 1.34–1.81, 
0.99–1.38, and 0.91–1.24) with p < 0.001. Major adverse cardiac and 
cerebrovascular events (MACCE) were highly prevalent in patients with 
Class II and Class III obesity (OR 1.09, 1.54; 95% CI 0.93–1.17, 
1.33–1.79) compared to patients with overweight (p < 0.001). 

While patients with Class I, Class II, and Class III obesity revealed 
lower odds of respiratory failure compared to patients with overweight 
(OR 0.89, 0.82, and 0.82; 95% CI 0.75–1.05, 0.69–0.97, and 0.70–0.97), 
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this failed to achieve statistical significance (p = 0.079). Table 2 de
scribes the multivariable odds of outcomes. 

3.3. Secondary outcomes 

Patients with Class II and Class III obesity, hospitalizations are 
associated with higher costs compared to patients with overweight 
(median $171,623 and $189,355, respectively, vs. $164,819) without 
any change in length of stay, while respiratory failure showed no sig
nificant difference among the cohorts. In contrast, patients with 

overweight were more frequently transferred to skilled nursing facilities 
compared to patients with Class II and Class III obesity (25.8% vs. 16.4% 
and 20.8%). Table 1 describes the cost outcomes. 

4. Discussion 

This large population-based outcomes study explored the association 
between cardiopulmonary outcomes including major adverse cardiac 
and cerebrovascular events (MACCE) and respiratory failure, associated 
with body mass index in patients admitted with severe COVID-19 sepsis. 

Table 1 
Baseline characteristics, comorbidities, and in-hospital outcomes of COVID-19 admissions with severe sepsis stratified by body mass index.   

OVERWEIGHT 
(5915) 

BMI 30–34.9 
(12850) 

BMI 35–39.9 
(10250) 

BMI 40 and more 
(22725) 

TOTAL COVID-19 with Severe Sepsis 
(52740) 

P Value 

Median Age at admission, years 68 64 62 58 62 <0.001 
Max % and Age group in years 59.3% (>/ = 65) 48.7%(>/ = 65) 45.5%(45–64) 47.3%(45–64) 43.9%(45–64) 
Sex Male > Female Male > Female Male > Female Female > Male Male > Female <0.001 
Male 65.3% 61.5% 56% 44.6% 53.4% 
Female 34.7% 38.5 44% 55.4% 46.6% 
Race 
White 45.8% 44.1% 43.6% 44.7% 44.5% <0.001 
Hispanic 31.4% 32.3% 30.7% 23.9% 28.2% 
Black 16.8% 18.5% 22.4% 28.3% 23.4% 
Asia/PI 4.7% 3.7% 2.1% 1.5% 2.6% 
Native American 1.2% 1.3% 1.2% 1.5% 1.4% 
Median Income quartile for patients’ zipcode 
0-25th 34.7% 33% 34.9% 39.6% 36.4%  
26-50th 24.3% 26.2% 27.4% 27.9% 27%  
51–75 23.9% 24.4% 22.5% 19.8% 21.9%  
76-100th 17.2% 16.4% 15.3 12.8% 14.7% <0.001 
Payer status 
Medicare 59.2% 49% 44.1% 43.1% 46.6%  
Private 23.1% 33% 34.5% 34.1% 32.6%  
Medicaid 14.1% 14.6% 16.2% 18.1% 16.4%  
Self-pay 3.6% 3.3% 5.1% 4.3% 4.1% <0.001 
Hospital region 
South 39% 39% 40.1% 44.6% 41.6% <0.001 
West 25.5% 24.4% 23% 19.8% 22.4% 
Midwest 19.9% 21.5% 22.5% 21.1% 21.3 
Northeast 15.6% 15.1% 14.3% 14.4% 14.7 
Comorbidities 
Hypertension 69.3% 69.3% 71.6% 70% 70% <0.001 
Diabetes Mellitus 48.9% 52.6% 56.3% 56.8% 54.7% <0.001 
Hyperlipidemia 42.7% 44.7% 44.2% 37.2% 41.1% <0.001 
Tobacco use disorder 20.4% 21.4% 20.2% 15.4% 18.4% <0.001 
Chronic pulmonary disease 19.5% 19.2% 21.9% 29.6% 24.3% <0.001 
Peripheral vascular disease 4.6% 3.9% 3.5% 2.7% 3% <0.001 
CKD 25.4% 23.3% 22.1% 25.8% 24.4% <0.001 
In-hospital Outcomes 
Primary 
All-cause mortality 41.9% 40.4% 41.2% 45% 42.7% <0.001 
MACCE 48.3% 45% 45.6% 50.7% 47.9% <0.001 
Acute kidney injury 61.6% 58.2% 60.1% 66.7% 62.7% <0.001 
Acute respiratory distress 

syndrome 
25.4% 29.9% 31.3% 32.9% 30.9% <0.001 

Acute respiratory Failure 67.5% 65.5% 64% 64.4% 64.9% <0.001 
Acute Ischemic stroke 2.5% 1.4% 1% 1.6% 1.5% <0.001 
Cardiac arrest 9.7% 10% 11.9% 11.3% 10.9% <0.001 
Acute myocardial infarction 10.1% 7.5% 7.2% 8.8% 8.3% <0.001 
MACCE_ACM_AMI_CA_AIS 48.3% 45% 45.6% 50.7% 48% <0.001 
Secondary 
Disposition of patients      <0.001 
Routine 18.9% 26.2% 29.5% 21.2% 23.9% <0.001 
Transfer to Short-Term Hospital 4.0% 4.4% 3.4% 3.7% 3.8% <0.001 
Transfer Other: SNF, ICF, etc. 25.8% 17.4% 16.4% 20.8% 19.7% <0.001 
Home Health Care 8.8% 11.3% 9.1% 8.8% 9.4% <0.001 
Against Medical Advice 0.6% 0.3% 0.4% 0.4% 0.4% <0.001 
Length of stay (days), median 13 12 12 13 13 <0.001 
Cost (USD), median $1,64,819 $158248 $160369 $189355 $171623 <0.001 
Death during hospitalization 41.9% 40.4% 41.2% 45% 42.8% <0.001 

P < 0.05 indicates statistical significance. 
MACCE major adverse cardiovascular and cerebrovascular events. 
Multivariate logistic regression was adjusted for: Age, Sex, Race, Median income quartile, Payer status, Hospital region, Hypertension, Diabetes Mellitus, Hyperlip
idemia, Tobacco use disorder, Chronic pulmonary disease, PVD, Chronic kidney disease. 
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We showed that the patients with Class III obesity (BMI >40) and 
overweight (BMI 25–30) have higher mortality risks compared to other 
population, which suggests a J-shaped association between body mass 
index and risk of death, as shown in previous studies [12,13]. In our 
study, who were hospitalized with severe COVID-19 sepsis, patients with 
Class III obesity were younger with an average age of 58 compared to 
patients with overweight with an average age of 68 years. Obesity was 
independently associated with increased hospitalizations in patients 
with several comorbidities, including type 2 diabetes mellitus, hyper
tension, coronary artery diseases, and chronic kidney diseases. There is 
limited research available on COVID-19 patients who have been hospi
talized and have experienced MACCE outcomes. However, none of the 
existing studies have been conducted on cohorts of severe COVID-19 
sepsis patients. To our knowledge, this is the first large 
population-based study that shows major adverse cardiac and cerebro
vascular events in cohorts hospitalized with severe COVID-19 sepsis. 
Both univariate and multivariate logistic regression models have been 
used to analyze the association between body mass index and cardio
pulmonary outcomes in cohorts hospitalized with severe COVID-19 
sepsis. Our study supports of findings of previously published large 
population-based studies showing obesity as a predictor of increased 
hospitalizations, ICU admissions, mechanical ventilation, and increased 
death in patients with COVID-19 [14–16] also, with similar findings and 
associations in major adverse cardiac and cerebrovascular events 
(MACCE). These results in contrast to a few of the studies published in 
the last few years, showed no association between obesity and mortality 
in patients admitted with COVID-19 infection [17–19]. As per the 
Centers for Disease Control and Prevention (CDC), the prevalence of 
obesity in the United States from 2017 to 2020 was 41.9%, with class III 
obesity reaching approximately 9.2% [20]. In the last decade, the 
prevalence of obesity has risen significantly from 30.5% to 41.9%, along 
with Class III obesity, which rose from 4.7% to 9.2%. Obesity is often an 
insulin-resistant state characterized by adipocyte insulin resistance, 
inflammation, and release of inflammatory and insulin-provoking adi
pocytokines and is a strong prediction of hospitalization and mortality in 
COVID-19 patients. Although the precise mechanism remains unclear, 
there has been some evidence that obesity may impact COVID-19 
severity through several different mechanisms: including, diminished 
functions of both adaptive and innate immune responses, endothelial 
dysfunction, release of inflammatory markers by changing cytokine re
sponses, and by reducing antigen response [21–25]. Immune responses 
in patients with obesity are altered which can be explained by several 
mechanisms; one of the mechanisms is the deposition of adipocytes into 
lymphoid tissue leading to altered secretion of adipocytokines by adi
pose tissue, including leptin, adiponectin, and resistin levels [26,27]. 
The implications of leptin dysregulation in COVID-19 are not fully 

understood. However, there is a hypothesis that higher levels of leptins 
can have pro-inflammatory functions by increasing cytokine storm in 
plasma by stimulating the production of Interleukin (IL)-2 and tumor 
necrosis factor-alpha (TNF-α) in COVID-19 patients leading to multi
organ dysfunction and respiratory failure, especially in patients with 
obesity [41]. In contrast, adiponectin was reduced in patients in 
COVID-19 cohorts which exerts anti-inflammatory actions [28]. Resistin 
has been linked to numerous inflammatory disorders and was found to 
have increased levels of COVID-19 infection which might predict the 
need for invasive mechanical ventilation [42]. Another mechanism is by 
angiotensin-converting enzyme-2 (ACE-2) involvement. It was shown 
that the COVID-19 virus uses ACE-2 enzymes to bind and enter host 
cells. Adipose tissue has a higher expression of ACE-2, since the popu
lation with obesity has an increase in adipose tissue, leading to an in
crease in the level of ACE-2 expression, which in turn increases 
susceptibility to COVID-19 infection [29]. There is also some evidence 
that increased lipoproteins and adipose tissue will bind to bacterial 
toxins and inactivate lipopolysaccharides [30,31]. Insulin resistance is a 
fundamental flaw associated with obesity [43]. Furthermore, metabolic 
disorders have been found to have a significantly higher prevalence in 
patients with COVID-19, which can lead to an increased need for 
ventilatory support and mortality. There have been no studies so far 
which examined the presence of insulin resistance in COVID-19 patients. 
However, the COVID-19 virus has been associated with the activation of 
innate immune response and causing the cytokine storm leading to the 
production of inflammatory cytokines which can induce insulin resis
tance [44–46]. Obesity is also associated with an increased risk of 
several comorbidities, including sleep apnea, hypertension (HTN), 
non-alcoholic fatty liver disease, and cardiovascular risks. These coex
isting conditions are considered to increase the likelihood of severe 
illness from COVID-19 in the population with obesity [36–38]. Obesity 
is associated with increased activation of the renin-angiotensin system, 
contributing to high blood pressure, which may be a protective mech
anism for hospitalized individuals due to less utilization of fluids and 
vasopressors [39]. Hyperglycemia and diabetes are considered one of 
the worse risk factors for COVID-19 hospitalizations and have been 
found to increase hospitalizations and deaths. According to a recent 
analysis, patients with diabetes and high levels of fasting plasma glucose 
are the earliest predictors of poor outcomes and mortality in COVID-19 
patients, as opposed to patients without diabetes [32,33]. In our current 
study, 54.7% of the patient population have diabetes, most prevalent in 
the population with obesity. The exact mechanism is unknown, but some 
of the possible mechanisms include increasing proinflammatory cyto
kines, decreasing immunity, insulin resistance, and the destruction of 
beta cells [34]. Elevated glucose levels are also considered an inde
pendent risk factor for COVID-19 [35]. The mechanism of obesity 
affecting the MACCE, and pulmonary complications is mentioned in 
Fig. 1. 

4.1. Limitations 

The limitations of our study are as follows: Firstly, we confined our 
study to hospitalized critically ill COVID-19 sepsis patients, which hel
ped us reduce selection bias by narrowing down the study population. 
Our analysis was conducted using the National Inpatient Sample for the 
year 2020, utilizing ICD-10 codes to identify cohorts admitted with 
COVID-19 sepsis. This approach might introduce the possibility of 
misclassification, particularly regarding height and weight measure
ments. However, this potential misclassification should be consistent 
among both survivors and non-survivors, thus not significantly affecting 
the interpretation of the results. We did not account for different strains 
of the COVID-19 virus, which could potentially impact the population in 
varying ways. Additionally, we lack information about the vaccination 
status of the cohorts, which could act as a confounding factor, especially 
in the context of mortality among population with obesity, immuno
compromised, and elderly. Our study also did not compare outcomes 

Table 2 
Multivariable odds of outcomes as per severity of obesity vs overweight.  

All-Cause In-Hospital Mortality aOR 95% C.I. LL 95% CI UL P-value 

Class 1 vs Overweight 1.06 0.91 1.24 <0.001 
Class 2 vs Overweight 1.17 0.99 1.38  
Class 3 vs Overweight 1.56 1.34 1.81  

MACCE 
Class 1 vs Overweight 0.86 0.86 1.17 <0.001 
Class 2 vs Overweight 0.93 0.93 1.29  
Class 3 vs Overweight 1.33 1.33 1.79  

BMI Obesity Classes - Overweight, class 1 - 30–34.9, class 2 - 35–35.9, class 3–40 
and greater. 
Multivariate logistic regression was adjusted for Age, Sex, Race, Median income 
quartile, Payer status, Hospital region, Hypertension, Diabetes Mellitus, 
Hyperlipidemia, Tobacco use disorder, Chronic pulmonary disease, PVD, and 
Chronic kidney disease. 
MACCE major adverse cardiac and cerebrovascular events – composite events of 
all-cause mortality, acute myocardial infarction, cardiac arrest, and acute 
ischemic stroke. 
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with visceral obesity; we solely utilized BMI due to the absence of in
formation regarding adipose tissue. Nevertheless, the substantial sample 
size of our study enhances its statistical power, helping to mitigate the 
aforementioned limitations. 

5. Conclusions 

Our study has revealed that patients with Class II and Class III 
obesity, who are also suffering from COVID-19 severe sepsis, are at a 
higher risk of experiencing MACCE (OR 1.09 and 1.54) and in-hospital 
mortality (OR 1.56, 1.17), compared to patients with overweight.  

• Obesity may affect immune function, which makes it necessary to 
monitor such patients closely and provide them with targeted 
interventions.  

• Hospitalizations of patients with obesity in severe COVID-19 sepsis 
can result in higher costs. However, the study’s limitations prevent 
us from establishing causality or assessing long-term outcomes using 
administrative data.  

• Therefore, more research is needed to study the long-term outcomes 
of these populations. 
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[41] Perrotta F, Scialò F, Mallardo M, Signoriello G, D’Agnano V, Bianco A, Daniele A, 
Nigro E. Adiponectin, leptin, and resistin are dysregulated in patients infected by 
SARS-CoV-2. Int J Mol Sci 2023 Jan 6;24(2):1131. https://doi.org/10.3390/ 
ijms24021131. PMID: 36674646; PMCID: PMC9861572. 

[42] Perpinan C, Bertran L, Terra X, Aguilar C, Binetti J, Lopez-Dupla M, Rull A, 
Reverte L, Yeregui E, Gomez-Bertomeu F, Peraire J. Resistin and IL-15 as predictors 
of invasive mechanical ventilation in covid-19 pneumonia irrespective of the 
presence of obesity and metabolic syndrome. J Personalized Med 2022;12(3):391. 

[43] Goldstein BJ. Insulin resistance as the core defect in type 2 diabetes mellitus. Am J 
Cardiol 2002 Sep 5;90(5A):3G–10G. https://doi.org/10.1016/s0002-9149(02) 
02553-5. PMID: 12231073. 

[44] Fizelova M, Jauhiainen R, Kangas AJ, Soininen P, Ala-Korpela M, Kuusisto J, 
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