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ARTICLE

Obesity and COVID-19 Outcomes in a Primarily
Black Population

Raj K. Dangol a,b, Olga Lurye a,b, Sadaf Mustafa a,b, Lyn Camire a, Krupa Patel a,b,
Eshetu Tefera c, David S. Weismana,b,*

a MedStar Union Memorial Hospital, Baltimore, MD, USA
b Medicine, Georgetown University Medical Center, Washington, DC, USA
c MedStar Health Research Institute, Hyattsville, MD, USA

Abstract

Background: Studies have noted higher COVID-19 mortality with more severe obesity in populations that included a
small percentage of Black patients.
Methods: We retrospectively analyzed COVID-19 outcomes associated with obesity in our largely African American

patient population. A total of 1101 symptomatic patients with a positive COVID-19 laboratory test March 5 to June 3,
2020, were categorized into weight groups based on body mass index (BMI). Of these patients, 679 (61.7%) were Black. A
total of 355 (32.2%) patients had overweight and 516 (46.9%) had obesity.
Results: BMI was an independent risk factor for intubation and an independent predictor for ICU length of stay and

intubation days. An unexpected observation was favorable outcomes in mild obesity compared with normal weight and
more severe obesity, likely a result of older age and higher Charlson comorbidity index in patients with normal BMI
compared with patients with mild obesity.
Conclusions: In a diverse primarily Black population, comorbidities were a concern for adverse COVID-19 outcomes

and COVID-19 outcomes were significantly worse with moderate and severe obesity.

1. Introduction

O besity is a major global public health emer-
gency. In the United States, obesity has been

reported in 42.4% of the adult population.1 Studies
have noted a J-shaped curve for in-hospital COVID-
19 mortality in diverse patient populations, with the
highest rate in underweight patients and the lowest
in overweight patients, with increasing mortality
with more severe obesity.2,3 A significantly higher
in-hospital death rate from COVID-19 was observed
with severe obesity >40 kg/m2 in a predominantly
Hispanic population.3 Another report found a

doseeresponse relationship between higher body
mass index (BMI) and risk for hospitalization, ICU
admission, invasive mechanical ventilation, and
death from COVID-19 in a majority white non-
Hispanic population.4

Higher rates of hospitalization with COVID-19
have been reported for Blacks, but not higher
COVID-19 in-hospital mortality compared with pa-
tients of white race.5 However, Black patients
accounted for only 18% of the study population in
the COVID-19 obesity report with the largest per-
centage of Black patients, and that study did not
consider comorbidities.4
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The purpose of this study was to analyze COVID-
19 outcomes associated with obesity, taking comor-
bidities into account, in the largely Black patient
population of our health care system.

2. Methods

This retrospective cohort study was approved as
exempt with HIPAA waiver by the MedStar Insti-
tutional Review Board (Study00002706). Inclusion
criteria were age 18 years or older admitted with a
positive laboratory test for SARS- CoV-2, defined as
a positive result on high-throughput sequencing or
real-time reverse-transcriptase-PCR (RT-PCR) assay
of nasal swab specimens, admission to one of 10
acute care hospitals in our system from March 5 to
June 3, 2020, COVID-19 ICD-10 code in the chart,

chart note stating symptomatic COVID-19 condi-
tion, and BMI data in the chart. Of 2902 charts
identified, 1672 were reviewed as a consecutive se-
ries of patients. A total of 113 charts from hospitals
not fully integrated into the EMR system were
excluded for missing data and 458 were excluded
mostly for COVID negative status or asymptomatic
COVID, leaving 1101 charts for analysis. Because of
resource limitations, this pilot involved review of
distinct consecutive blocks of patients by multiple
residents working simultaneously. A sample of 15%
of charts were reviewed for accuracy by the senior
author.
We used logistic regression analysis to examine

the association between BMI and mortality. We
examined multicollinearity through correlation

Table 1. Baseline characteristics by BMI group.

Factor BMI P value

Overall
(n ¼ 1101)

Normal
(n ¼ 211)

Underweight
(n ¼ 19)

Overweight
(n ¼ 355)

Obesity

Mild (class I)
(n ¼ 221)

Moderate
(class II)
(n ¼ 141)

Severe
(class III)
(n ¼ 154)

Age, y±SD 62.5 ± 16.0 69.9 ± 16.4 80.3 ± 11.4 63.7 ± 14.9 59.7 ± 14.6 59.2 ± 14.1 54.5 ± 15.7 <.0001
Sex <.0001
Female, n (%) 523 (47.5) 90 (42.7) 14 (73.7) 131 (36.9) 110 (49.8) 77 (54.6) 101 (65.6)
Male, n (%) 578 (52.5) 121 (57.3) 5 (26.3) 224 (63.1) 111 (50.2) 64 (45.4) 53 (34.4)
Race, n (%) <.0001
Black 679 (61.7) 115 (54.5) 13 (68.4) 203 (57.2) 132 (59.7) 98 (69.5) 118 (76.6)
White 157 (14.3) 52 (24.6) 4 (21.1) 52 (14.6) 23 (10.4) 12 (8.5) 14 (9.1)
Non-Black, non-Whitey 265 (24.1) 44 (20.9) 2 (10.5) 100 (28.2) 66 (29.9) 31 (22.0) 22 (14.3)
Current smoker, n (%) 63 (5.7) 17 (8.1) 1 (5.3) 18 (5.1) 15 (6.8) 5 (3.6) 7 (4.6) .0006
Location prior to hospital,

n (%)
<.0001

Home, n (%) 826 (75.0) 132 (62.6) 8 (42.1) 256 (72.1) 183 (82.8) 119 (84.4) 128 (83.1)
Nursing home, n (%) 144 (13.1) 45 (21.3) 8 (42.1) 52 (14.6) 14 (6.3) 11 (7.8) 14 (9.1)
Hypertension, n (%) 710 (64.5) 144 (68.2) 11 (57.9) 218 (61.4) 144 (65.2) 90 (63.8) 103 (66.9) .6101
Diabetes on insulin 152 (13.8) 21 (10) 0 (0) 43 (12.1) 36 (16.3) 27 (19.1) 25 (16.2) .0373
Diabetes not on insulin, n (%) 250 (22.7) 44 (20.9) 1 (5.3) 76 (21.4) 53 (24.0) 40 (28.4) 36 (23.4) .2307
Charlson Comorbidity

Index, mean±SD
3.4 ± 2.6 4.4 ± 2.4 5.4 ± 1.4 3.6 ± 2.7 2.9 ± 2.4 2.8 ± 2.4 2.8 ± 2.7 <.0001

BMI, body mass index. ANOVA or KruskaleWallis tests were used to examine differences in the averages of continuous variables
between the BMI groups. Chi-square test was used to investigate differences for categorical variables.yHispanic 192 (72.5%), 73 unknown
race/ethnicity. Definitions of weight groups: underweight BMI less than 18.5 kg/m2, normal BMI 18.5e24.9 kg/m2, overweight BMI
25e29.9 kg/m2, Class 1 obesity BMI 30e34.9 kg/m2, Class 2 obesity BMI 35e39.9 kg/m2 and Class 3 obesity was BMI 40 kg/m2 or greater.

Table 2. Unadjusted primary outcomes by BMI group.

Factor BMI P value

Overall
(n ¼ 1101)

Normal
(n ¼ 211)

Underweight
(n ¼ 19)

Overweight
(n ¼ 355)

Obesity

Mild
(class I)
(n ¼ 221)

Moderate
(class II)
(n ¼ 141)

Severe
(class III)
(n ¼ 154)

In-hospital mortality, n (%) 230 (20.9) 56 (26.5) 5 (26.3) 86 (24.2) 27 (12.2) 28 (19.9) 28 (18.2) 0.0034
ICU admission, n (%) 404 (36.7) 74 (35.1) 4 (21.1) 132 (37.2) 67 (30.3) 62 (44.0) 65 (42.2) 0.0444
Intubation, n (%) 254 (23.1) 40 (19.0) 1 (5.3) 90 (25.4) 41 (18.6) 44 (31.2) 38 (24.7) 0.0129
Discharge home, n (%) 636 (36.7) 93 (44.1) 5 (26.3) 203 (57.2) 155 (70.1) 86 (61.0) 94 (61.0) <0.0001

BMI, body mass index. ICU, intensive care unit. Chi-square and Fisher exact tests (when cells had count less than 5) were used to
investigate differences.
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coefficient, variance inflation factor, and tolerance.
No variable had high correlation (0.8 or higher) with
any other variable. In addition, no variable had a
tolerance value of below 0.1 and variance inflation
value above 10, so there was no threat of multi-
collinearity. We used multivariate logistic regres-
sion analysis controlling for age, sex, race, Charlson
comorbidity index, and comorbidities found signif-
icant in the bivariate analysis to examine whether

BMI was an independent risk factor for mortality,
ICU admission, intubation, and discharge destina-
tion. Multivariate linear regression analysis was
used to examine whether BMI was an independent
predictor of ICU length of stay (LOS) and intubation
days controlling for age, sex, race, Charlson co-
morbidity index, and comorbidities found signifi-
cant in the bivariate analysis. The goodness of fit of
the logistic regression models were assessed using

Table 3. Multivariate logistic regression analysis controlling for all variables found that BMI was not an independent predictor of COVID-19 in-
hospital mortality (p ¼ 0.1361).

Effect Estimate Odds Ratio 95% Wald
Confidence Limits

P value

Underweight vs Normal �0.124 0.883 0.290 2.693 0.827
Overweight vs Normal 0.136 1.146 0.748 1.756 0.532
Class 1 obesity vs Normal �0.532 0.587 0.337 1.024 0.061
Class 2 obesity vs Normal 0.150 1.162 0.654 2.066 0.609
Class 3 obesity vs Normal 0.208 1.232 0.678 2.236 0.494
Age 0.036 1.037 1.019 1.055 <0.0001
Sex Male vs Female 0.424 1.527 1.098 2.124 0.012
Race Black vs White �0.031 0.970 0.624 1.507 0.892
Race Other vs White �0.312 0.732 0.411 1.304 0.290
CCI 0.060 1.062 0.949 1.189 0.294
COPD Yes vs No 0.161 1.175 0.711 1.943 0.530
Coronary artery disease Yes vs No �0.026 0.975 0.610 1.558 0.915
Diabetes on insulin Yes vs No 0.512 1.668 1.039 2.678 0.034
Diabetes not on insulin Yes vs No 0.377 1.458 0.982 2.163 0.061
Hypertension Yes vs No 0.068 1.071 0.709 1.617 0.745
Atrial Fib or flutter Yes vs No 0.186 1.205 0.744 1.949 0.449
Active cancer Yes vs No 0.493 1.637 0.739 3.629 0.225
ESRD Yes vs No 0.096 1.101 0.613 1.975 0.748
CKD Stage IIIb or higher Yes vs No 0.072 1.075 0.628 1.839 0.792

CCI, comprehensive complications index; COPD, chronic obstructive pulmonary disease; atrial fib, atrial fibrillation; ESRD, end-stage
renal disease; CKD, chronic kidney disease.

Table 4. Multivariate logistic regression analysis controlling for all variables found that BMI was not an independent predictor of COVID-19 ICU
admission (p ¼ 0.1426).

Effect Estimate Odds Ratio 95% Wald
Confidence Limits

P value

BMI Underweight vs Normal �0.548 0.578 0.180 1.862 0.359
BMI Overweight vs Normal 0.053 1.055 0.728 1.529 0.778
BMI Class 1 obesity vs Normal �0.263 0.769 0.499 1.183 0.232
BMI Class 2 obesity vs Normal 0.307 1.360 0.850 2.175 0.200
BMI Class 3 obesity vs Normal 0.194 1.214 0.753 1.959 0.426
Age �0.009 0.991 0.978 1.004 0.169
Sex Male vs Female 0.402 1.495 1.147 1.950 0.003
Race Black vs White 0.214 1.239 0.838 1.833 0.283
Race Other vs White �0.176 0.839 0.526 1.338 0.461
CCI 0.059 1.060 0.964 1.167 0.229
COPD Yes vs No 0.101 1.106 0.694 1.764 0.671
Coronary artery disease Yes vs No �0.245 0.783 0.507 1.209 0.269
Diabetes on insulin Yes vs No 0.403 1.496 1.000 2.239 0.050
Diabetes not on insulin Yes vs No 0.403 1.497 1.080 2.073 0.015
Hypertension Yes vs No 0.042 1.043 0.757 1.437 0.797
Atrial Fib or flutter Yes vs No �0.223 0.800 0.377 1.699 0.562
Active cancer Yes vs No �0.037 0.963 0.574 1.616 0.887
ESRD Yes vs No �0.215 0.807 0.490 1.329 0.400

BMI, body mass index; CCI, comprehensive complications index; COPD, chronic obstructive pulmonary disease; atrial fib, atrial
fibrillation; ESRD, end-stage renal disease.
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HosmereLemeshow test. Analyses were conducted
using SAS 9.4 (SAS Institute, Cary, NC).

3. Results

Amajority of patients were Black (679, 61.7%) (Table
1). The median BMI was 29.40 kg/m2 [IQR 25.9e35.6].
Hypertension was the most common comorbid con-
dition (64.5%), followed by diabetes (36.5%). In-hos-
pital death occurred in 20.9% of patients (Table 2).

For patients admitted to the ICU, median ICU
LOS was 8 [IQR 4e15] days overall and 9 [IQR 5e20]
days for patients with severe obesity (class III, BMI
>40 kg/m2). A total of 254 patients (23.1%) required
mechanical ventilation. For intubated patients, the
median intubation days was 9 [IQR 5e15] days
overall and 12.5 [IQR 8e21] days for patients with
severe obesity.

Table 5. Multivariate logistic regression analysis controlling for all variables found that BMI was an independent predictor of intubation
(p ¼ 0.0267).

Effect Estimate Odds Ratio 95% Wald
Confidence Limits

P value

BMI Underweight vs Normal �1.265 0.282 0.036 2.213 0.229
BMI Overweight vs Normal 0.387 1.473 0.952 2.279 0.082
BMI Class 1 obesity vs Normal �0.017 0.983 0.588 1.646 0.949
BMI Class 2 obesity vs Normal 0.678 1.969 1.155 3.358 0.013
BMI Class 3 obesity vs Normal 0.400 1.492 0.854 2.608 0.160
Age �0.0001 1.000 0.985 1.015 0.993
Sex Male vs Female 0.292 1.339 0.989 1.814 0.059
Race Black vs White 0.029 1.029 0.662 1.602 0.898
Race Other vs White �0.379 0.685 0.401 1.170 0.166
CCI 0.031 1.031 0.925 1.151 0.578
COPD Yes vs No �0.217 0.805 0.462 1.402 0.444
Coronary artery disease Yes vs No 0.021 1.021 0.629 1.657 0.933
Diabetes on insulin Yes vs No 0.407 1.503 0.957 2.360 0.077
Diabetes not on insulin Yes vs No 0.463 1.588 1.103 2.286 0.013
Hypertension Yes vs No �0.024 0.976 0.676 1.409 0.897
Atrial Fib or flutter Yes vs No �0.378 0.685 0.393 1.196 0.183
Active cancer Yes vs No 0.106 1.112 0.485 2.546 0.802
ESRD Yes vs No �0.167 0.846 0.464 1.544 0.586
CKD Stage IIIb or higher Yes vs No �0.113 0.893 0.510 1.565 0.693

BMI, body mass index; CCI, comprehensive complications index; COPD, chronic obstructive pulmonary disease; atrial fib, atrial
fibrillation; ESRD, end-stage renal disease; CKD, chronic kidney disease.

Table 6. Multivariate logistic regression analysis controlling for all variables showing that BMI was an independent predictor of discharge
destination.

Effect Estimate Odds Ratio 95% Wald
Confidence Limits

P value

BMI Underweight vs Normal �0.484 0.616 0.201 1.890 0.397
BMI Overweight vs Normal 0.211 1.235 0.830 1.837 0.297
BMI Class 1 obesity vs Normal 0.592 1.808 1.140 2.868 0.012
BMI Class 2 obesity vs Normal 0.066 1.068 0.641 1.782 0.800
BMI Class 3 obesity vs Normal �0.037 0.964 0.570 1.630 0.891
Age �0.029 0.971 0.957 0.986 0.0001
Sex Male vs Female �0.393 0.675 0.505 0.903 0.008
Race Black vs White 0.323 1.381 0.922 2.068 0.117
Race Other vs White 1.050 2.856 1.730 4.716 <0.0001
CCI �0.195 0.823 0.742 0.913 0.0002
COPD Yes vs No �0.055 0.947 0.582 1.539 0.826
Coronary artery disease Yes vs No 0.064 1.066 0.684 1.662 0.778
Diabetes on insulin Yes vs No �0.225 0.799 0.517 1.233 0.310
Diabetes not on insulin Yes vs No 0.045 1.046 0.735 1.488 0.803
Hypertension Yes vs No �0.265 0.767 0.542 1.085 0.134
Atrial Fib or flutter Yes vs No �0.021 0.979 0.607 1.580 0.931
Active cancer Yes vs No 0.416 1.516 0.691 3.325 0.299
ESRD Yes vs No 0.011 1.011 0.584 1.749 0.969
CKD Stage IIIb or higher Yes vs No �0.129 0.879 0.525 1.475 0.626

BMI, body mass index; CCI, comprehensive complications index; COPD, chronic obstructive pulmonary disease; atrial fib, atrial
fibrillation; ESRD, end-stage renal disease; CKD, chronic kidney disease.
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In the unadjusted analysis, patients with mild
obesity had significantly lower odds of in-hospital
mortality compared with normal patients (odds ratio
0.385, 95% CI 0.232, 0.639; P ¼ 0.0002). After control-
ling for all variables, BMIwasnot an independent risk
factor for COVID-19 in-hospitalmortality (Table 3) or
ICUadmission (Table 4), butwas an independent risk
factor for intubation (p¼ 0.0267; Table 5). The odds of
intubation were 1.9 times higher for patients with
class 2 (moderate) obesity compared with patients
with normal BMI. The odds of discharge to home
were 1.8 times higher for patients with class 1 (mild)
obesity compared with patients with normal BMI
(p ¼ 0.0119) (Table 6).
BMI was an independent risk factor for ICU LOS

(Table 7) and intubation days (Table 8). Compared
with normal BMI, ICU LOS increased by an average
of 1.9 days (p ¼ 0.008) with overweight, 3.0 days
(p ¼ 0.001) with class 2 (moderate) obesity, and 3.2
days (p ¼ 0.001) with class 3 (severe) obesity. Intu-
bation increased by an average of 1.7 days (p¼ 0.004)
with overweight, 2.5 days (p ¼ 0.001) with class 2
(moderate) obesity, and 2.6 days (p¼ 0.001) with class
3 (severe) obesity compared with normal BMI.

4. Discussion

In a primarily Black patient population, BMI was
an independent risk factor for COVID-19 intubation
and an independent predictor of ICU LOS and
intubation days. Consistent with previous reports,
poorer outcomes were found in patients with mod-
erate and severe obesity (BMI �35 kg/m2) compared
with normal weight.2e4

Our finding that BMI was not an independent risk
factor for in-hospital COVID-19 mortality adds to
previous studies reporting mixed results on the role
of BMI in COVID-19 mortality. One meta-analysis
of 22 studies (n ¼ 12,591) reported that obesity was
not associated with increased hospital mortality
from COVID-19 (OR ¼ 0.89, 95% CI [0.32e2.51]),6

whereas another meta-analysis of 14 studies
(n ¼ 26,507)) found a relationship between BMI and
mortality in patients with BMI >25kg/m2 (OR 3.68,
CI 1.54e8.83, p ¼ 0.005).7 Previous studies have re-
ported a J-shaped curve associated with BMI and
COVID-19 in-hospital mortality.2e4 One report of a
very large study group showed risk of COVID-19-
related hospitalization, ICU admission, and death
increasing sharply with more severe obesity in a
primarily white population (63.7% whites, 18.4%
blacks).4 Another study found that severe obesity
and age less than 60 years were associated with
higher COVID-19 mortality in a largely Hispanic
out-patient population (Hispanics 54.2%, 17.5%

white, 8.4% black).3 Our data show similar results in
a primarily Black population.
One unexpected finding of our study was the rela-

tively positive outcomes for patients withmild obesity
(class I, 30.0e34.9 kg/m2). These patients had the
lowest odds ratio of in-hospital mortality compared to
patients with normal BMI. Moderate obesity (class II,
35.0e39.9 kg/m2) was associated with increased odds
of intubation compared with normal weight, but mild

Table 7. Multivariate linear regression analysis controlling for all
variables found that BMI was an independent predictor of ICU LOS
(p ¼ 0.001).

Parameter Estimate Standard
Error

t Value P value

BMI Underweight �1.658 1.967 �0.84 0.399
BMI Overweight 1.890 0.719 2.64 0.008
BMI Class 1 obesity 0.680 0.819 0.83 0.406
BMI Class 2 obesity 3.008 0.927 3.24 0.001
BMI Class 3 obesity 3.184 0.938 3.40 0.001
BMI Normal (ref)
Age �0.024 0.026 �0.94 0.348
Sex Male 0.636 0.513 1.24 0.215
Sex Female (ref)
Race Black �0.270 0.751 �0.36 0.720
Race Other �0.415 0.884 �0.47 0.639
Race White (ref)
CCI 0.098 0.189 0.52 0.604
COPD Yes �0.565 0.914 �0.62 0.536
COPD No (ref)
Coronary artery

disease Yes
�0.197 0.840 �0.23 0.815

Coronary artery
disease No (ref)

Diabetes on insulin
Yes

0.239 0.805 0.30 0.767

Diabetes on insulin
No (ref)

Diabetes not on in-
sulin Yes

0.361 0.644 0.56 0.576

Diabetes not on
insulin No (ref)

Hypertension Yes 0.554 0.621 0.89 0.372
Hypertension No

(ref)
Atrial Fib or flutter

Yes
�0.761 0.895 �0.85 0.396

Atrial Fib or flutter
No (ref)

Active cancer Yes �0.723 1.467 �0.49 0.622
Active cancer No

(ref)
ESRD Yes �1.045 1.028 �1.02 0.310
ESRD No (ref)
CKD Stage IIIb

or higher Yes
�1.022 0.967 �1.06 0.290

CKD Stage IIIb
or higher No (ref)

BMI, body mass index; CCI, comprehensive complications index;
COPD, chronic obstructive pulmonary disease; atrial fib, atrial
fibrillation; ESRD, end-stage renal disease; CKD, chronic kidney
disease.
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obesity was not. Significantly higher intubation days
compared with normal weight patients was found in
patients with overweight and with moderate and se-
vere obesity, but not in patients withmild obesity, and
patients with mild obesity had higher odds of being
discharged to home compared with normal weight
patients. These findings appeared to conflict with
previous observations of a J-shaped curve for adverse
COVID-19 outcomes.However,webelieve our results
may reflect the relatively older age and higher co-

morbidities in the underweight, normal weight, and
overweight groups, factors that have been associated
with poorer COVID-19 outcomes.8,9 Age and comor-
biditieswere comparable inpatients inclass I, II and III
obesity, but the effects ofmoderate and severe obesity
might have counteracted the advantage of fewer
comorbidities in these groups, and the younger age
observed in these groups has been reported as a risk
factor for worse COVID-19 outcomes in more severe
obesity.3,10

Limitations of this study include the single health
system observational design. Resource limitations
prevented the inclusion of all patients in the study
period. The inclusion of all patients could have led
to different results, but all patients were consecutive
in discrete time spans within the study period and
we applied strict inclusion criteria to ensure that the
study population provided a strong foundation for
any study conclusions. We had to exclude 458 charts
that should not have appeared in the original data
file because they did not meet our inclusion criteria.
However, only 113 (9%) of the remaining charts
were excluded for missing data. The senior author
reviewed a percentage of charts for accuracy of
abstraction, but misclassification by data abstractors
could have occurred. The sample size for moderate
and severe obesity was relatively small, which could
have influenced the mortality findings. However,
other significant findings were associated with pa-
tients in these weight categories. Finally, other
possibly relevant factors, such as sleep apnea, were
not considered in this report but could provide a
direction for future study.
In a majority Black population and with consid-

eration of comorbidities, BMI was an independent
risk factor for COVID-19 intubation and an inde-
pendent predictor of ICU LOS and intubation
days. Moderate to severe obesity in this population
was associated with significantly worse outcomes
compared to patients in lower weight classes, as
has been reported in populations with other racial
distributions.
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