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Objective: The aim of this study was to explore the potential association 
of obesity and other chronic diseases with severe outcomes, such as 
intensive care unit (ICU) admission and invasive mechanical ventilation 
(IMV), in patients hospitalized with coronavirus disease 2019 (COVID-19).
Methods: This study analyzed a retrospective cohort of 103 patients hos-
pitalized with COVID-19. Demographic data, past medical history, and 
hospital course were collected and analyzed. A multivariate logistic re-
gression analysis was implemented to examine associations.
Results: From February 17 to April 5, 103 consecutive patients were hos-
pitalized with COVID-19. Among them, 44 patients (42.7%) were admit-
ted to the ICU, and 29 (65.9%) required IMV. The prevalence of obesity 
was 47.5% (49 of 103). In a multivariate analysis, severe obesity (BMI ≥ 35 
kg/m2) was associated with ICU admission (adjusted odds ratio [aOR]: 
5.39, 95% CI: 1.13-25.64). Moreover, patients who required IMV were 
more likely to have had heart disease (aOR: 3.41, 95% CI: 1.05-11.06), 
obesity (BMI = 30-34.9 kg/m2; aOR: 6.85, 95% CI: 1.05-44.82), or severe 
obesity (BMI ≥ 35 kg/m2; aOR: 9.99, 95% CI: 1.39-71.69).
Conclusions: In our analysis, severe obesity (BMI ≥ 35 kg/m2) was  
associated with ICU admission, whereas history of heart disease and 
obesity (BMI ≥ 30 kg/m2) were independently associated with the use 
of IMV. Increased vigilance and aggressive treatment of patients with  
obesity and COVID-19 are warranted.
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Introduction 
In late December 2019, a cluster of patients with pneumonia of unknown origin was first 
reported in Wuhan, China (1). Since then, coronavirus disease 2019 (COVID-19), caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has taken the world by 
storm, being officially declared a pandemic by the World Health Organization on March 11, 
2020. Clinical manifestations of COVID-19 range from asymptomatic or mild infection to 
severe forms of disease that are life-threatening. Among other risk factors, chronic conditions 
such as chronic lung disease, cardiovascular disease, diabetes mellitus, and hypertension 
(2-4) seem to increase the risk for severe COVID-19 outcomes. In addition, although the role of  
obesity was initially neglected (5), recent reports (6,7) have found that obesity is associated 
with severe COVID-19 outcomes as well.
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Study Importance

What is already known?

►	Chronic conditions like diabetes, hyper-
tension, obesity, heart and lung disease 
have been associated with coronavirus 
disease 2019 (COVID-19) severity.

►	Evidence is limited, and the extent  
of these associations is not fully 
understood.

What does this study add?

►	This US study shows that heart disease 
and obesity (BMI ≥ 30 kg/m2) are inde-
pendently associated with the use of in-
vasive mechanical ventilation in patients 
with COVID-19.

How might these results change the 
direction of research or the focus of 
clinical practice?

►	 Individuals with BMI ≥ 35 kg/m2, and  
especially those with heart disease, are 
at high risk for severe COVID-19.

►	 In areas with high prevalence of obesity, 
these findings can have a significant im-
pact on the triaging and evaluation of 
patients.

►	Studies should focus on mecha-
nisms that explain why obesity is associ-
ated with increased COVID-19 severity, 
as well as streamlined prevention and 
treatment strategies for these patients.
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In this study, we use data from the largest health care network in Rhode 
Island, with the aim of exploring the potential association of these 
chronic diseases with severe outcomes such as intensive care unit (ICU) 
admission and invasive mechanical ventilation (IMV) in patients hospi-
talized with SARS-CoV-2 infection.

Methods
Study design and patient selection
All consecutive adult (≥18 years old) patients who had a laboratory- 
confirmed (using a reverse transcriptase–polymerase chain reaction 
assay) SARS-CoV-2 infection and who were admitted to Rhode Island 
Hospital, The Miriam Hospital, or Newport Hospital in Rhode Island 
between February 17 and April 5, 2020, were considered eligible for 
inclusion. This study was a retrospective electronicchart review, and 
it was approved by the institutional review board of Rhode Island 
Hospital. A consent waiver was also obtained for the purposes of this 
study. This retrospective cohort study was performed in line with the 
Strengthening the Reporting of Observational Studies in Epidemiology 
statement (Supporting Information Table S1).

Data collection
Two independent investigators (MK, FS) extracted deidentified demo-
graphic, epidemiological, clinical, and laboratory data of interest. More 
specifically, they extracted the following variables: age, gender, race, 
smoking status, BMI, past medical history, and hospitalization course.

Study outcomes
Our primary outcome was to assess whether specific risk factors, namely 
age, race, gender, BMI, diabetes, hypertension, chronic heart disease, and 
chronic lung disease, are associated with ICU admission within the first 10 
days of hospital admission with COVID-19. Our secondary objective was 
to assess whether the aforementioned factors are associated with the need 
for IMV during the first 10 days of hospital admission with COVID-19.

Statistical analysis
For the purposes of statistical analysis, we represented continuous measure-
ments as medians (interquartile ranges), and we compared them using the 
Mann-Whitney Wilcoxon test. For categorical data, we used a 2-proportion 
z test to compare the difference in population proportions between patients 
admitted to the ICU and patients who did not require ICU admission. We 
also examined the association of ICU admission and the need for IMV with 
the following variables: age, race, gender, BMI, diabetes, hypertension, 
heart disease, and chronic lung disease. After examining the associations 
in a univariate logistic regression model, we performed multivariate logistic 
regression analysis, in which we included all of the variables in the same 
model. In addition, for the outcome of obesity, we show a model that ad-
justs for potential demographic confounders but does not include the other 
chronic disease variables. For our analyses, 95% CIs and P values are 
shown. All analyses were performed using Stata Statistical Software version 
15.1 (StataCorp LLC, College Station, Texas).

Results
We identified 103 adult consecutive patients who were admitted with 
COVID-19 in our hospitals from February 17 to April 5. Patients 

baseline characteristics are depicted in Table 1. The median age of pa-
tients was 60 (52-70) years, and 63 patients (61.2%) were men. Among 
hospitalized patients with COVID-19, 42 were non-Hispanic white, 35 
were Hispanic, 24 were non-Hispanic black, and 2 were non-Hispanic 
Asian. The most common comorbidity was hypertension (64.0%), fol-
lowed by diabetes (36.8%) and heart disease (24.2%). The prevalence 
of obesity was 47.5% among hospitalized patients, 56.8% among pa-
tients requiring ICU admission, and 65.5% among patients who re-
quired IMV. During the first 10 days of their hospitalization, 44 out of 
103 patients were admitted to the ICU, and 29 of them required IMV.

Both univariate and multivariate logistic regression analyses were used 
to examine the association of variables with ICU admission within the 
first 10 days of hospital admission (Table 2). In univariate models, 
none of the variables was associated with ICU admission. We per-
formed a multivariate analysis (adjusted for age, gender, and race) to 
examine the association of obesity with ICU admission and found that 
severe obesity (≥35 kg/m2) was associated with increased risk of ICU 
admission (adjusted odds ratio [aOR]: 6.16, 95% CI: 1.42-26.66). We 
then extended our multivariate model to include 4additional chronic 
diseases. Although diabetes, heart disease, and lung disease seemed to 
increase the risk of ICU admission, only severe obesity (≥35 kg/m2)  
reached statistical significance (aOR: 5.39, 95% CI: 1.13-25.64).

As a secondary outcome, we examined factors associated with IMV 
within 10 days of hospital admission with COVID-19 (Table 3). In uni-
variate models, preexisting heart disease and severe obesity were asso-
ciated with the need for IMV. In a multivariate model examining the 
association of different BMI categories with IMV (after adjusting for 
age, gender, and race), severe obesity (≥35 kg/m2) was associated with 
the need for IMV (aOR: 8.19, 95% CI: 1.36-49.13). In our expanded 
multivariate model, even though diabetes was associated with a trend 
for IMV, only the associations of heart disease and obesity with IMV 
reached statistical significance. More specifically, patients who needed 
IMV were more likely to have had a diagnosis of preexisting heart dis-
ease (aOR: 3.41, 95% CI: 1.05-11.06) or obesity (aOR of 6.85 and 9.99 
for BMI 30-34.9 and ≥35 kg/m2, respectively).

Discussion
We report on one of the first US cohorts examined for the associ-
ation of obesity with the severity of COVID-19. We found that se-
vere obesity (BMI ≥ 35 kg/m2) was associated with ICU admission, 
whereas history of heart disease and obesity (BMI ≥ 30 kg/m2) were 
independently associated with the use of IMV. A disproportionate 
impact of COVID-19 on patients with obesity should be anticipated 
because it has also been previously documented for different viral 
pathogens, including influenza (8-10). In particular, rates of hospital-
izations and death due to the H1N1 influenza virus during the 2009 
H1N1 pandemic were greater for both adults with obesity and adults 
with morbid obesity (11). Of note, death was associated with obesity 
(odds ratio: 3.1, 95% CI: 1.5-6.6) and morbid obesity (odds ratio: 
7.6, 95% CI 2.1-27.9), even in patients who had no history of other 
medical conditions.

Given that the epicenters of COVID-19 are now North America and 
Europe, the impact of obesity on COVID-19 outcomes might become 
even more pronounced, as these 2 continents have the highest preva-
lence of obesity globally (12). Relatedly, the first results from France 
(7) and New York (6) are in concordance with our findings and they 
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TABLE 1 Baseline characteristics of patients hospitalized with COVID-19

All (n = 103) ICU-admitted (n = 44) Non-ICU (n = 59)

Age 60 (50-72) 61.5 (54.5-72.5) 57 (48-72)
Male 63 (61.2%) 29 (65.9%) 34 (57.6%)
Non-Hispanic white 42 (40.7%) 20 (45.4%) 22 (37.2%)
Non-Hispanic black 24 (23.3%) 11 (25.0%) 13 (22.0%)
Hispanic 35 (33.9%) 12 (27.2%) 23 (38.9%)
Non-Hispanic Asian 2 (1.9%) 1 (2.2%) 1 (1.6%)
Active smoker 12 (11.7%) 3 (6.8%) 9 (15.25%)
Former smoker 36 (34.9%) 17 (38.6%) 19 (32.2%)
Never smoker 55 (53.4%) 24 (54.5%) 31 (52.5%)
BMI < 25 19 (18.4%) 5 (11.3%) 14 (23.7%)
BMI 25-29.9 35 (33.9%) 14 (31.8%) 21 (35.5%)
BMI 30-34.9 22 (21.3%) 11 (25.0%) 11 (18.6%)
BMI ≥ 35 27 (26.2%) 14 (31.8%) 13 (22.0%)
Comorbidities

Cancer 9 (8.7%) 6 (13.6%) 3 (5.0%)
Chronic renal 11 (10.6%) 4 (9.1%) 7 (11.8%)
Cirrhosis 3 (2.9%) 0 3 (5.0%)
Diabetes* 38 (36.8%) 21 (47.7%) 17 (28.8%)
Heart disease 25 (24.2%) 14 (31.8%) 11 (18.6%)
Hypertension 66 (64.0%) 31 (70.4%) 35 (59.3%)
Lung disease 20 (19.4%) 11 (25.0%) 9 (15.2%)
Transplant 2 (1.9%) 1 (2.2%) 1 (1.6%)

*P value = 0.025.
Continuous data: median (IQR), categorical data: n (%). Heart disease: heart failure, coronary artery disease, cardiomyopathy; lung disease: chronic obstructive pulmonary 
disease, asthma, interstitial lung disease, and pulmonary hypertension.
COVID-19, coronavirus disease 2019; ICU, intensive care unit; IQR, interquartile range.

TABLE 2 Association of different variables with ICU admission within 10 days of hospital admission with COVID-19

Univariate Multivariatea Multivariateb

OR (95% CI) P value aOR (95% CI) P value aOR (95% CI) P value

Age 1.02 (1.00-1.05) 0.067 1.03 (1.00-1.07) 0.016 1.03 (1.00-1.07) 0.059
Non-Hispanic white ref ref ref
Non-Hispanic black 0.93 (0.34-2.54) 0.889 0.86(0.29-2.56) 0.797 0.80 (0.26-2.45) 0.701
Hispanic 0.57 (0.23-1.45) 0.239 0.65 (0.24-1.76) 0.402 0.56 (0.19-1.58) 0.271
Female ref ref ref
Male 1.42 (0.63-3.19) 0.394 2.24 (0.86-5.78) 0.095 2.40 (0.87-6.64) 0.09
BMI < 25 ref ref ref
BMI 25-29.9 1.87 (0.55-6.35) 0.318 2.14 (0.58-7.88) 0.250 2.27 (0.59-8.83) 0.235
BMI 30-34.9 2.80 (0.75-10.48) 0.126 2.56 (0.64-10.1) 0.100 2.65 (0.64-10.95) 0.178
BMI ≥ 35 3.02 (0.85-10.74) 0.088 6.16 (1.42-26.66) 0.015 5.39 (1.13-25.64) 0.034
Diabetes 2.26 (1.00-5.11) 0.051 N/A N/A 1.91 (0.71-5.19) 0.202
Hypertension 1.64 (0.71-3.75) 0.246 N/A N/A 0.79 (0.27-2.28) 0.663
Heart disease 2.04 (0.82-5.07) 0.126 N/A N/A 1.52 (0.51-4.51) 0.448
Lung disease 1.85 (0.69-4.96) 0.22 N/A N/A 1.50 (0.47-4.82) 0.495

Bold values: P < 0.05.
aAdjusted for age, race, and gender.
bFully adjusted.
Heart disease: heart failure, coronary artery disease and cardiomyopathy; lung disease: chronic obstructive pulmonary disease, asthma, interstitial lung disease, and pulmonary 
hypertension.
aOR, adjusted OR; COVID-19, coronavirus disease 2019; ICU, intensive care until; N/A, not applicable; OR, odds ratio; ref, reference value.
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confirm this hypothesis. In a retrospective cohort study with 124 
patients from France, Simonnet et al. (7) found that obesity prevalence 
was high among ICU-admitted patients (47.6%), whereas the aOR for 
IMV in patients with BMI ≥ 35 kg/m2, compared with patients with nor-
mal weight, was 7.36 (1.63-33.14). Similarly, a study from New York 
with 3,615 patients by Lighter et al. () yielded results showing that, 
compared with individuals with BMI < 30, patients with BMI between 
30 and 34.9 were 2.0 and 1.8 times more likely to be admitted to acute 
and critical care, respectively (6).

Although the exact mechanism by which obesity may contribute to 
severe COVID-19 outcomes is not yet defined, several parameters may 
play a role. First, patients with obesity have altered respiratory physi-
ology, including decreased functional residual capacity and expiratory 
reserve volume, as well as hypoxemia and ventilation/perfusion abnor-
malities (13). In addition, obesity has been associated with impaired 
immunesystem surveillance and response (14), whereas the levels 
of angiotensin-converting enzyme 2 expression in adipose tissue, an 
enzyme for which SARS-CoV-2 shows high affinity, may also play a 
role and may need to be further studied (15).

Interestingly, we also found an association between preexisting heart 
disease (which is often associated with obesity as well (16)) and the 
need for IMV. Such findings are in agreement with previous reports, 
which have mentioned that patients with cardiovascular disease had an 
increased risk for severe outcomes, including death from COVID-19 
(17). We should also mention that although chronic diseases like diabe-
tes did not reach statistical significance in our analysis, previous reports 
have found an association with worse COVID-19 outcomes (18). Thus, 
future studies with more patients should reassess these findings.

Our study has some limitations that should be taken into consideration. 
Our CIs were relatively wide, likely because of the small sample size. In 
addition, there was low statistical power for testing interactions. Although 
the retrospective cohort study design used can estimate associations only, 
similar to a prospective design, our study does have the strength of cer-
tainty in regard to the temporal sequence of the exposures and outcomes.

In conclusion, our findings emphasize the need for early detection and 
aggressive treatment for patients with obesity and COVID-19, espe-
cially in countries like the United States, where the prevalence of obe-
sity is more than 40% (19). We highlight the need for future studies 
that will assess the mechanisms behind increased COVID-19 severity 
in patients with obesity, as well as the need for streamlined prevention 
and treatment strategies for these patients.O
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TABLE 3 Association of different variables with need for IMV within 10 days of hospital admission with COVID-19

Univariate Multivariatea Multivariateb

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Age 1.01 (0.98-1.04) 0.454 1.02 (0.99-1.06) 0.129 1.02 (0.98-1.06) 0.271
Non-Hispanic white ref ref ref
Non-Hispanic black 1.92 (0.65-5.71) 0.241 2.02 (0.63-6.47) 0.234 1.83 (0.55-6.11) 0.327
Hispanic 1.28 (0.46-3.55) 0.636 1.58 (0.53-4.74) 0.407 1.17 (0.36-3.82) 0.796
Female ref ref ref
Male 1.05 (0.44-2.55) 0.906 1.18 (0.43-3.19) 0.744 1.13 (0.32-3.40) 0.825
BMI < 25 ref ref ref
BMI 25-29.9 2.52 (0.48-13.30) 0.277 2.64 (0.48-14.4) 0.262 3.70 (0.60-22.87) 0.159
BMI 30-34.9 4.86 (0.88-26.68) 0.069 5.28 (0.91-30.48) 0.063 6.85 (1.05-44.82) 0.045
BMI ≥ 35 5.84 (1.12-30.55) 0.036 8.19 (1.36-49.13) 0.021 9.99 (1.39-71.69) 0.022
Diabetes 2.38 (0.99-5.72) 0.054 N/A N/A 2.13 (0.73-6.22) 0.168
Hypertension 1.35 (0.54-3.38) 0.518 N/A N/A 0.47 (0.13-1.66) 0.242
Heart disease 3.31 (1.28-8.57) 0.014 N/A N/A 3.41 (1.05-11.06) 0.041
Lung disease 1.49 (0.52-4.22) 0.45 N/A N/A 0.76 (0.20-2.86) 0.687

Bold values: P < 0.05.
aAdjusted for age, race, and gender.
bFully adjusted.
Heart disease: heart failure, coronary artery disease and cardiomyopathy; lung disease: chronic obstructive pulmonary disease; asthma, interstitial lung disease and pulmonary 
hypertension.
aOR, adjusted OR; COVID-19, coronavirus disease 2019; ICU, intensive care until; IMV, invasive mechanical ventilation; N/A, not applicable; OR, odds ratio; ref, reference value.
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