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ORIGINAL RESEARCH ARTICLE
Association of Body Mass Index and Age With Morbidity

and Mortality in Patients Hospitalized With COVID-19

Results From the American Heart Association COVID-19

Cardiovascular Disease Registry

BACKGROUND: Obesity may contribute to adverse outcomes in coronavirus

disease 2019 (COVID-19). However, studies of large, broadly generalizable
patient populations are lacking, and the effect of body mass index (BMI) on
COVID-19 outcomes— particularly in younger adults—remains uncertain.

METHODS: We analyzed data from patients hospitalized with COVID-19
at 88 US hospitals enrolled in the American Heart Association’s COVID-19
Cardiovascular Disease Registry with data collection through July 22, 2020.
BMI was stratified by World Health Organization obesity class, with normal
weight prespecified as the reference group.

RESULTS: Obesity, and, in particular, class lll obesity, was overrepresented
in the registry in comparison with the US population, with the largest
differences among adults <50 years. Among 7606 patients, in-hospital
death or mechanical ventilation occurred in 2109 (27.7 %), in-hospital
death in 1302 (17.1%), and mechanical ventilation in 1602 (21.1%).

After multivariable adjustment, classes | to Il obesity were associated with
higher risks of in-hospital death or mechanical ventilation (odds ratio, 1.28

[95% Cl, 1.09-1.51], 1.57 [1.29-1.91], 1.80 [1.47-2.20], respectively),
and class Ill obesity was associated with a higher risk of in-hospital death
(hazard ratio, 1.26 [95% Cl, 1.00-1.58]). Overweight and class | to Il

obese individuals were at higher risk for mechanical ventilation (odds ratio,

1.28 [95% Cl, 1.09-1.51], 1.54 [1.29-1.84], 1.88 [1.52-2.32], and 2.08
[1.68-2.58], respectively). Significant BMI by age interactions were seen
for all primary end points (P-interaction<0.05 for each), such that the
association of BMI with death or mechanical ventilation was strongest in
adults <50 years, intermediate in adults 51 to 70 years, and weakest in
adults >70 years. Severe obesity (BMI =40 kg/m?) was associated with an
increased risk of in-hospital death only in those <50 years (hazard ratio,
1.36 [1.01-1.84]). In adjusted analyses, higher BMI was associated with
dialysis initiation and with venous thromboembolism but not with major
adverse cardiac events.

CONCLUSIONS: Obese patients are more likely to be hospitalized with
COVID-19, and are at higher risk of in-hospital death or mechanical
ventilation, in particular, if young (age <50 years). Obese patients are
also at higher risk for venous thromboembolism and dialysis. These
observations support clear public health messaging and rigorous
adherence to COVID-19 prevention strategies in all obese individuals
regardless of age.
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Clinical Perspective
What Is New?

¢ In a large, diverse, and generalizable population,
obese individuals were more likely to be hospital-
ized with coronavirus disease 2019 (COVID-19),
and were at an increased risk of the composite
of in-hospital death or mechanical ventilation.
Severely obese individuals (body mass index >40
kg/m?) had an increased risk of in-hospital death.

e Significant age by body mass index interactions
were observed, and the relative risks of death, and
death or mechanical ventilation associated with
obesity were accentuated in younger individuals
(age <50 years old).

¢ Obesity was associated with a stepwise higher risk
for in-hospital initiation of renal replacement ther-
apy but not major adverse cardiovascular events.

What Are the Clinical Implications?

e Obese individuals are at higher risk for death or
mechanical ventilation if hospitalized with COVID-
19, even for young adults.

e These observations support clear public health
messaging and rigorous adherence to COVID-19
prevention strategies in obese individuals of all
ages.

e Severely obese individuals (body mass index >40
kg/m?) should be considered high risk for severe
COVID-19 infection and may warrant prioritization
for a COVID-19 vaccine.

besity affects >4 in 10 adults in the United
0 States and contributes to diabetes, heart fail-
ure, and cardiovascular disease (CVD) morbid-
ity and mortality."? As the coronavirus disease 2019
(COVID-19) pandemic has progressed, preliminary ob-
servations, largely from single- or oligo-center studies,
suggest that obesity may be an important driver of
hospitalization and possibly death in patients with CO-
VID-19."36 The association of obesity with increased
risk has been seen with other respiratory viruses, such
as influenza.” Obese patients with influenza have a
higher risk of hospitalization and death, and a longer
length of stay and duration of mechanical ventilation
than do patients who have normal weight.”#® Studies
of large, diverse, and broadly generalizable patient
populations hospitalized with COVID-19 in the United
States and Europe are still lacking; and the effect of
body mass index (BMI) on cardiovascular, respiratory,
and other clinical outcomes in patients with COVID-19
remains uncertain.
At the same time, younger age has been associat-
ed with a much lower risk of severe COVID-19 infec-
tion.® However, it is not known whether the apparently
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protective effect of younger age may extend to obese
individuals. Although preliminary observations suggest
that young, obese individuals hospitalized with CO-
VID-19 may be at higher risk for adverse outcomes,*
the possibility of an interaction between obesity and
age has not been fully elucidated. This knowledge gap
may have important implications for younger obese in-
dividuals and for COVID-19 prevention strategies. We
hypothesized that obesity would be associated with
worse outcomes in COVID-19, in particular, among
younger individuals. To address these questions, we
evaluated the relationship between BMI and in-hospital
death, mechanical ventilation, adverse cardiovascular,
renal, and venous thromboembolic outcomes in pa-
tients admitted with COVID-19 in the American Heart
Association’s (AHA) COVID-19 CVD registry powered
by Get With The Guidelines.

METHODS

All data and materials are available through the AHA Precision
Medicine Platform (https:/precision.heart.org) and are avail-
able to qualified researchers through a formal research pro-
posal. We obtained patient data from 88 US hospitals in the
first data release of the AHA COVID-19 CVD registry through
July 22, 2020 (Table I and Figure | in the Data Supplement).
The AHA COVID-19 CVD registry is voluntary, free of charge,
and available to all health systems in the United States treat-
ing adult patients with active COVID-19. Recruitment of
hospitals has been multifaceted and has used direct com-
munications with potential sites, creation of a dedicated
website, and outreach to hospitals participating in other Get
With The Guidelines registries. Strategic outreach has been
undertaken to recruit health systems from across the United
States, including both rural and urban areas, to develop a
diverse and representative registry. Existing AHA support staff
and information technology experts from other Get With
The Guidelines registries are used to train and support data
abstractors and site principal investigators.

Personnel at participating hospitals are instructed to
abstract data from all consecutive patients hospitalized with
active COVID-19 infection, regardless of CVD status, and data
are entered into an electronic case record form. The regis-
try includes real-time validation rules, at the point of data
entry, that flag and prevent saving of a record when the data
entered are outside predefined ranges. Input outside these
ranges generates an error attached to the specific field, until
the data entry is corrected.'® Detailed demographic and clini-
cal data are collected from the medical record for the duration
of the hospital stay, but no outpatient follow-up is performed.
Because the registry is designed as a quality improvement tool,
with no intervention or participant contact, and collection of
only a limited data set, informed consent is not obtained.
IQVIA (Parsippany, NJ) serves as the data collection center
and the Duke Clinical Research Institute is the data-coordinat-
ing center for the registry. The Duke University Institutional
Review Board provided approval. Detailed methods of the
registry have been previously described.”® All authors had
access to the data and verified the integrity and data analysis.
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The study cohort for the present analyses included all adults
(=18 years old) with available BMI data and completed field
entries for age, sex, admission date, discharge date, discharge
disposition, and a medical history (selected as either none or
as applicable conditions). Patient records could not be closed
until the patient had a discharge disposition, which prevents
right censoring of events. The diagnosis of acute COVID-19
infection was defined by polymerase chain reaction testing
evidence of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) RNA, hospital-specific criteria, or the presence
of immunoglobulin M antibodies to COVID-19. The primary
exposure of interest was BMI, stratified by World Health
Organization (WHO) obesity class, defined as: underweight
(<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), overweight
(25.0-29.9 kg/m?), class | obesity (30.0-34.9 kg/m?), class
Il obesity (35.0-39.9 kg/m?), and class Ill obesity (=40.0 kg/
m?).2 We prespecified the normal weight group (18.5-24.9
kg/m?) as the reference group for all outcomes analyses. We
also performed analyses evaluating BMI as a continuous vari-
able. The primary outcomes of interest were the composite of
in-hospital death or mechanical ventilation, in-hospital death,
and mechanical ventilation. Secondary outcomes included
major adverse cardiovascular events (MACE, a composite of
in-hospital stroke, heart failure, myocardial infarction, or all-
cause death), venous thromboembolism (VTE, a composite
of deep vein thrombosis or pulmonary embolism), and renal
replacement therapy (RRT, in-hospital initiation of hemodialy-
sis or continuous renal replacement).

Statistical Analysis

Continuous and categorical variables were presented as either
median (interquartile range) or number (proportion), respec-
tively. The AHA COVID-19 CVD Registry BMI distribution was
compared with sample weight-adjusted aggregate norma-
tive data from the National Health and Nutrition Examination
Survey sample from 2015 to 2016 and 2017 to 2018. Baseline
characteristics and the incidence of clinical outcomes were
compared across obesity classes with the Jonchkeere-Terpstra
trend test. Hazard ratios (HR) and 95% Cls were generated
for in-hospital death, VTE, MACE, and initiation of RRT with
stratified Cox proportional hazards models by hospital with
the robust sandwich estimator for variances to account for
the clustering of hospitals. Models evaluating nonfatal out-
comes of the initiation of RRT and the composite of deep vein
thrombosis or pulmonary embolism accounted for the com-
peting risk of death. Odds ratios and 95% Cls were generated
for mechanical ventilation, and the composite of in-hospital
death or mechanical ventilation via generalized linear mixed
models with a logit link function and binomial distribution
with empirical estimates for the variances and random effects
for patients clustered within hospitals. Multivariable Cox pro-
portional hazards and logistic regression models were gener-
ated for the primary and secondary outcomes, with different
baseline hazards and robust variance estimates for each cen-
ter/site to account for patients clustered within hospitals. For
the Cox models, the proportional hazards assumption was
verified using Schoenfeld residuals. Covariates for the vari-
ous models were chosen based on prior review of the litera-
ture and clinical judgment, focusing on variables that might
be expected to confound the BMI-risk relationship. Models
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were initially adjusted for age, sex, and race/ethnicity (model
1), and subsequently additionally adjusted for history of CVD
(myocardial infarction, stroke, heart failure, or percutaneous
coronary intervention), hypertension, diabetes, and chronic
kidney disease (model 2).

To assess the possibility that the association of BMI with
outcomes in individuals hospitalized with COVID-19 may
differ across age strata, we tested for effect modification
between age and BMI on primary outcomes, using multiplica-
tive interaction terms of agexBMI in all multivariable models.
Next, the adjusted association between BMI and primary out-
comes was compared across 3 age strata (<50, 51-70, and
>70 years old). Restricted cubic splines with a reference point
at BMI of 25 mg/kg? were generated to visually represent the
continuous association of BMI with the primary outcomes of
a composite of in-hospital death or mechanical ventilation,
in-hospital death, and mechanical ventilation across the 3 age
strata. These analyses were adjusted for the variables in model
2. Two-sided P values of <0.05 were considered statistically
significant. All analyses were performed with SAS version 9.4
using a deidentified data set housed on the AHA Precision
Medicine Platform (https:/precision.heart.org).”” No imputa-
tion was performed for missing data because rates of miss-
ingness for all covariates included in the models was <1%.

RESULTS

Hospital and Patient Characteristics

Characteristics and locations of hospitals contributing
data to the first data release of the AHA COVID-19
CVD registry are shown in Table | and Figure | in the
Data Supplement. The hospitals represent 28 US states
and are weighted toward larger teaching hospitals in
urban locations. Of the 8519 unique patients hospital-
ized with COVID-19 from the first data release of the
AHA COVID-19 CVD Registry, 7606 (89%) had BMI
data available for analysis. Patients with missing BMI
data were slightly older, more likely to be Hispanic, and
less likely to have a history of smoking, or have had
a prior percutaneous coronary intervention. However,
there were no differences by sex or remaining medi-
cal comorbidities (P>0.05 for all; Table Il in the Data
Supplement). The study cohort had a median age of
63 years (interquartile range, 49-75) with slight male
predominance (55%), and was racially and ethni-
cally diverse with a high prevalence of diabetes and
hypertension (Table 1). The proportions of each BMI
category in the AHA COVID-19 CVD Registry were:
underweight (3%), normal weight (24%), overweight
(30%), class | obesity (21%), class Il obesity (11%), and
class Il obesity (11%). In comparison with a weighted
population sample from the National Health and Nu-
trition Examination Survey, hospitalized patients with
COVID-19 were more likely to be overweight or obese.
Differences were particularly notable among individu-
als <50 years old, with class lll obesity twice as com-
mon among patients hospitalized with COVID-19 than
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Table 1. Baseline Characteristics, by Obesity Classes

E Obesity class
<
L Underweight | Normal Overweight | Class| Class Il Class Ill
f_ﬂ Characteristics (n=194) (n=1793) (n=2308) (n=1623) (n=846) (n=842) P value
f COVID-19 polymerase chain reaction 188 (97) 1667 (93) 2099 (91) 1491 (92) 768 (91) 778 (93) 0.10
g positive
g Weight, kg 48 (41-52) 64 (57-70) 78 (71-85) 91 (83-100) 103 (95-113) 127 (113-146) | <0.01
o Age, y 77 (62-86) 71 (59-82) 63 (51-75) 59 (47-71) 56 (45-66) 53 (41-63) <0.01
Male 104 (53.6) 1021 (56.9) 1472 (63.8) 865 (53.3) 394 (46.6) 351 (41.7) <0.01
Race
White 81(41.8) 655 (36.5) 747 (32.4) 477 (29.4) 269 (31.8) 260 (30.9) <0.01
Black 43 (22.2) 364 (20.3) 453 (19.6) 400 (24.7) 263 (31.1) 328 (40.0) <0.01
Hispanic 34(17.5) 462 (25.8) 772 (33.5) 547 (33.7) 243 (28.7) 189 (22.5) 0.36
Asian 22 (11.3) 177 (9.9) 152 (6.6) 48 (3.0) 11(1.3) 11(1.3) <0.01
Comorbidities
Hypertension 116 (59.8) 1084 (60.5) 1316 (57.0) 961 (59.2) 527 (62.3) 521 (62.9) 0.23
Diabetes 53(27.3) 609 (34.0) 770 (33.4) 656 (40.4) 357 (42.2) 354 (42.0) <0.01
Smoking 18(9.3) 140 (7.8) 153 (6.6) 105 (6.5) 45 (5.3) 49 (5.8) <0.01
Prior cardiovascular disease* 63 (32.5) 459 (25.6) 440 (19.1) 285 (17.6) 158 (18.7) 160 (19.0) <0.01
Prior coronary artery bypass surgery 5(2.6) 71 (4.0) 83 (3.6) 45 (2.8) 24(2.8) 9(1.1) <0.01
History of deep vein thrombosis 9(4.6) 73 (4.1) 58 (2.5) 44.(2.7) 23(2.7) 33(3.9) 0.19
Prior pulmonary embolism 3(1.6) 37 (2.1) 38(1.7) 27 (1.7) 13(1.5) 25(3.0) 0.52
Dialysis 11 (5.7) 126 (7.0) 88 (3.8) 44 (2.7) 18 (2.1) 18 (2.1) <0.01
Chronic kidney disease 25(12.9) 316 (17.6) 281(12.2) 178 (11.0) 94 (11.1) 78(9.3) <0.01
Cancer 27 (13.9) 268 (15.0) 264 (11.4) 151 (9.3) 58 (6.9) 65(7.7) <0.01
g Asthma 11 (5.7) 123 (6.9) 183 (7.9) 163 (10.0) 112 (13.2) 149 (17.7) <0.01
% Chronic obstructive pulmonary 37 (19.1) 177 (9.9) 165 (7.2) 100 (6.2) 76 (9.0) 75 (8.9) <0.01
8 disease
% Symptomst
% Confusion 43 (22.4) 290 (16.6) 239 (10.6) 134 (8.4) 48 (5.8) 36 (4.4) <0.01
'E Fever/chills 85 (44.3) 983 (56.3) 1496 (66.3) 1034 (65.1) 605 (73.1) 556 (68.5) <0.01
‘% Headache 4(2.1) 101 (5.8) 223(9.9) 172 (10.8) 94 (11.4) 102 (12.6) <0.01
g Nausea or vomiting 25 (13.0) 412 (23.6) 614 (27.2) 496 (31.2) 257 (31.0) 277 (34.1) <0.01
% Shortness of breath 85 (44.3) 887 (50.8) 1357 (60.1) 996 (62.7) 574 (69.3) 589 (72.5) <0.01
é Pulmonary infiltrate 131 (67.9) 1258 (71.1) 1669 (73.1) 1223 (76.2) 631 (74.9) 645 (76.9) <0.01
% Admission vital signs
% Oxygenation saturation <94% 50 (27.3) 488 (29.6) 678 (32.0) 506 (34.3) 270 (34.6) 311(39.8) <0.01
g Temperature 37.0 37.0 37.2 37.2 37.2 37.3 <0.01
8‘ (36.7-37.8) (36.8-37.8) (36.8-38.0) (36.8-38.0) (36.9-38.2) (36.9-38.3)
_'l" Heart rate, beats/min 92 (79-109) 90 (77-104) 93 (80-106) 95 (82-108) 97 (85-110) 98 (86-110) <0.01
§ Systolic blood pressure, mmHg 126 127 128 130 130 134 <0.01
o (109-148) (113-145) (115-142) (116-144) (115-145) (121-148)
Diastolic blood pressure, mmHg 74 (63-83) 73 (65-82) 75 (66-84) 76 (68-85) 78 (68-86) 79 (69-88) <0.01
Therapies
Glucocorticoids 32(17.1) 344 (19.9) 479 (22.2) 347 (22.2) 198 (24.1) 245 (29.7) <0.01
Remdesivir 7 (3.6) 97 (5.4) 188(8.2) 175(10.8) 82(9.7) 87 (10.4) <0.01

Baseline values are presented as median (25th-75th percentile) for continuous variables and n (%) for categorical variables. World Health Organization body mass
index classes: underweight, <18.5 kg/m?; normal weight, 18.5-24.9 kg/m?; overweight, 25.0-29.9 kg/m?; class | obesity, 30.0-34.9 kg/m?; class Il obesity, 35.0-39.9
kg/m?; and class Ill, obesity 240.0 kg/m?.

*Cardiovascular disease defined by prior myocardial infarction, stroke, heart failure, or percutaneous coronary intervention.

tn=7424 with reported symptoms available.
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individuals from the National Health and Nutrition Ex-
amination Survey (Figure 1).

Among patients included in the registry, higher BMI
categories were associated with younger age, female
sex, and a higher prevalence of Black race and diabetes.
Class Il and Ill obese patients in the registry were =16
and 18 years younger, respectively, than those with nor-
mal weight. Conversely, patients in the lower BMI class-
es had a higher prevalence of chronic kidney disease,
current hemodialysis, and CVD (P-trend <0.001 for all).
There were no differences in the prevalence of hyper-
tension or prior VTE by obesity class. On presentation to
the hospital, patients in higher BMI classes had a higher
prevalence of headache, nausea/vomiting, and short-
ness of breath, and had a higher systolic and diastolic
blood pressure (P-trend <0.01 for all). Obese patients
were more likely to have pulmonary infiltrates and a
low oxygen saturation at admission (P-trend <0.01 for
each; Table 1). Remdesivir and glucocorticoids were
used more often in obese patients (P-trend <0.01 for
each; Table 1).

Primary Outcomes

In-hospital death or mechanical ventilation occurred
in 2109 (27.7%) patients, in-hospital death in 1302
(17.1%), and mechanical ventilation in 1602 (21.1%)
(Table 2). In the unadjusted model, there was no associa-
tion of BMI class with the composite of in-hospital death

Association of BMI With Outcomes in COVID-19

or mechanical ventilation. However, after adjustment for
age, sex, and race/ethnicity in model 1, class I, Il, and Il
obesity were associated with progressively higher risks of
in-hospital death or mechanical ventilation in comparison
with individuals who had a normal weight (P<0.01 for all).
After subsequent adjustment for the variables in model
2, class | (odds ratio, 1.28 [95% Cl, 1.09-1.51)), class |l
(1.57 [1.29-1.91]), and class Il (1.80 [1.47-2.20]) obesity
remained associated with progressively higher risks of in-
hospital death or mechanical ventilation in comparison
with individuals with a normal weight (Figure 2A).

For the individual components of the composite pri-
mary outcome, overweight and class |, Il, and Il obesity
were associated with a lower incidence of in-hospital
death in comparison with individuals with normal
weight in unadjusted analyses (P<0.01 for each). After
multivariable adjustment for the variables in model 1,
these associations changed, such that class Ill obesity
became significantly associated with a higher risk of in-
hospital death (HR, 1.30 [95% Cl, 1.03-1.63]). After
further adjustment for the variables in model 2, class |l
obesity remained associated with a higher risk of in-hos-
pital death (HR, 1.26 [95% CI 1.00-1.58]) (Figure 2A).
Overweight and obese individuals were at increasingly
higher risk for mechanical ventilation with higher obe-
sity class in both unadjusted and adjusted analysis in
comparison with individuals who have normal weight
(model 2, odds ratio, 1.28 [95% Cl, 1.09-1.51] for
overweight; 1.54 [1.29-1.84] for class | obesity; 1.88

Overall
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21%

30%
28%

1%
1% 10%
21%

24%
12% 3%
NHANES AHA COVID-19 CVD NHANES
Age 51-70 D
¢ 12%
23%
32% 3%
20% 24%
2%
NHANES AHA COVID-19 CVD NHANES

Age =50
™ mClass Ill Obesity
™ mClass Il Obesity
Class | Obesity

m Overweight

AHA COVID-19 CVD
Age >70
—
6%

i m Normal Weight

32%

®m Underweight

37%

5%
AHA COVID-19 CVD

Figure 1. Proportion of individuals hospitalized by COVID-19 by BMI in comparison with NHANES.

A, NHANES sample weighted proportion of US adults 2015 to 2016 and 2017 to 2018 (=18 years old) by BMI in comparison with US adults in the AHA COVID-19
CVD Registry. B, Proportion of US adults 18 to 50 years old by BMI from NHANES and the AHA COVID-19 CVD Registry. C, Proportion of US adults 51 to 70 years
old by BMI from NHANES and the AHA COVID-19 CVD Registry. D, Proportion of US adults >70 years old by BMI from NHANES and the AHA COVID-19 CVD Reg-
istry. World Health Organization BMI classes: underweight <18.5 kg/m?; normal weight 18.5 to 24.9 kg/m?; overweight 25.0 to 29.9 kg/m?; class | obesity 30.0 to
34.9 kg/m?; class Il obesity 35.0 to 39.9 kg/m?; and class Ill obesity >40.0 kg/m2. AHA COVID-19 CVD indicates American Heart Association COVID-19 Cardiovas-
cular Disease Registry; BMI, body mass index; COVID-19, coronavirus disease 2019; and NHANES, National Health and Nutrition Examination Survey.
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Table 2. Unadjusted Clinical Outcomes, by Obesity Classes

Association of BMI With Outcomes in COVID-19

Obesity class
Underweight Normal Overweight Class | Class Il Class Il
Outcomes (n=194) (n=1793) (n=2308) (n=1623) (n=846) (n=842) P value
Primary
Hospital death 53(27.3) 368 (20.6) 391 (17.0) 237 (14.6) 132 (15.6) 121(14.4) <0.01
Mechanical ventilation 30(15.5) 303 (16.9) 468 (20.3) 364 (22.5) 214 (25.3) 223 (26.5) <0.01
Death or mechanical ventilation 66 (34.2) 497 (27.8) 618 (26.9) 437 (27.0) 244 (28.8) 247 (29.5) 0.79
Secondary
Major adverse cardiovascular 57 (29.5) 396 (22.2) 418 (18.2) 263 (16.2) 145 (17.2) 133 (15.9) <0.01
events*
New hemodialysis/continuous 3(1.6) 47 (2.6) 75 (3.3) 67 (4.1) 50 (5.9) 67 (8.0) <0.01
renal replacement therapy
Deep vein thrombosis 5(2.6) 32(1.8) 47 (2.0) 36(2.2) 28 (3.3) 26 (3.1) 0.01
Pulmonary embolism 1(0.5) 14(0.8) 32(1.4) 28(1.7) 22 (2.6) 11(1.3) <0.01
Deep vein thrombosis/pulmonary | 6 (3.1) 44 (2.5) 74 (3.2) 54 (3.3) 46 (5.4) 32 (3.8) <0.01
embolism
Cardiac arrest 10(5.2) 95 (5.3) 130(5.7) 92 (5.7) 42 (5.0) 56 (6.7) 0.42
Shock 25(13.6) 205 (12.0) 279 (12.8) 218 (14.2) 121 (15.0) 118 (14.4) 0.02
Length of stay 6.7 6.3 5.8 5.8 5.8 6.6 0.75
(3.8-11.5) (3.6-11.6) (3.6-10.8) (3.6-10.8) (3.7-10.7) (3.7-11.8)
Hospital day of intubation 0 (0-2) 0(0-3) 1(0-3) 1(0-2) 1(0-2) 1(0-2) 0.52
Duration of mechanical 6(1-13) 6(2-12) 8 (4-15) 8 (4-14) 9 (5-16) 9 (4-13) <0.01
ventilation

Values are reported as a number (%) or median (25th-75th percentile). World Health Organization body mass index classes: underweight, <18.5 kg/m?; normal
weight, 18.5-24.9 kg/m?; overweight, 25.0-29.9 kg/m?; class | obesity, 30.0-34.9 kg/m?; class Il obesity, 35.0-39.9 kg/m?; and class Il obesity, 240.0 kg/m?.

*Defined by myocardial infarction, stroke, heart failure, and all-cause death.

[1.52-2.32] for class Il obesity; 2.08 [1.68-2.58] for
class lll obesity) (Figure 2A).

There were no BMI by sex interactions for the com-
posite of in-hospital mortality and mechanical ven-
tilation or the individual components of death and
mechanical ventilation (P-interaction>0.05 for each),
with similar risk relationships seen across higher BMI
classes for women and men. (Tables Ill through V in
the Data Supplement).

Secondary Outcomes

In the unadjusted models, overweight and obese in-
dividuals were at lower risk of MACE (P<0.01 for all);
however, in the adjusted models there was no associa-
tion between obesity classes and MACE (P>0.05 for all)
(Figure 2B). Class Il obesity was associated with a higher
risk of VTE in comparison with individuals who have
normal weight in unadjusted analyses (HR, 2.28 [95%
Cl, 1.48-3.51]), and in model 1 (2.01 [1.30-3.12]) and
model 2 (1.91 [1.22-2.98]), as well. Last, obesity was
associated with a stepwise higher risk for in-hospital
initiation of RRT both in unadjusted analyses and after
multivariable adjustment in comparison with individuals
who have normal weight (model 2: HR, 1.87 [95% (],
1.26-2.78] for class | obesity; 2.86 [1.86—4.40] for class
Il obesity; and 3.86 [2.55-5.85] for class Il obesity).
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Effect Modification of the Association of
BMI with Primary Outcomes by Age

We observed effect modification by age on the asso-
ciations between BMI and the outcomes of in-hospital
death or mechanical ventilation, death, and mechanical
ventilation (P-interaction <0.05 for all). We then evalu-
ated the associations between continuous BMI and the
primary outcomes by age strata of <50 (n=2094), 51
to 70 (n=3012), and >70 years (n=2487) using adjust-
ed cubic splines (Figure 3). Although higher BMI was
associated with greater odds for in-hospital death or
mechanical ventilation across all age strata, the slope
of the odds ratio spline for the composite end point
was steeper in those <50 years than in the older groups
(Figure 3). Moreover, BMI 240 was associated with a
significantly greater odds of death or mechanical ven-
tilation in those <50 years old (odds ratio, 1.64 [95%
Cl, 1.23-2.21]), and a moderately increased risk in
those 51 to 70 years old (1.40 [1.10-1.80]), but no sig-
nificant increase in risk for those >70 years old (1.28
[0.83-1.95]). The absolute risk for death or mechanical
ventilation among patients <50 years old with class |ll
obesity was 23.1% in comparison with 12.5% for indi-
viduals who have normal weight.

When the individual outcome of in-hospital death
was assessed in this manner, the slope of the HR spline

Circulation. 2020;142:00-00. DOI: 10.1161/CIRCULATIONAHA.120.051936
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in the age <50 group increased sharply after BMI =40
kg/m?, whereas the slope of the hazard among older
groups remained relatively flat (Figure 3). BMI >40
kg/m? was associated with significantly increased risk
of in-hospital death in those <50 years old (HR, 1.36
[1.01-1.84]), but not those 51 to 70 years old (HR, 1.10
[0.82-1.46]) or >70 years old (HR, 1.16 [0.79-1.73]).
The crude mortality rate for patients with age <50 and
BMI >40 kg/m? was 8.3%, versus 3.3% and 5.0% for
class I and Il obesity (P-trend <0.05; Table VI in the Data
Supplement). The odds of mechanical ventilation in-
creased linearly across higher BMIs in all age groups,
with similar appearances of the splines (Figure 3).

DISCUSSION

This analysis highlights several key observations re-
garding the influence of obesity on clinical outcomes
for patients hospitalized with COVID-19. First, obesity
was overrepresented in this population of hospitalized
individuals with COVID-19 in comparison with a con-
temporary ambulatory population in the United States,
in particular, among individuals <50 years old. Further-
more, patients with more severe obesity hospitalized

Circulation. 2020;142:00-00. DOI: 10.1161/CIRCULATIONAHA.120.051936

with COVID-19 were much younger, and more likely
were Black and female than their lower BMI counter-
parts. Obese patients had higher rates of diabetes and
similar rates of hypertension, which is notable given
the much younger age of those who were obese. Sec-
ond, obesity was associated with a higher risk of the
composite of in-hospital death or mechanical ventila-
tion and the individual components of this end point,
observations that were independent of demographic
characteristics and comorbid conditions associated
with adverse COVID-19 outcomes. Third, we observed
a significant interaction between age and BMI, with
the association between higher BMI and death or me-
chanical ventilation accentuated in younger individuals.
Fourth, obese patients also had a higher risk of VTE and
a dose-dependent increase in risk for RRT initiation with
increasing obesity class. Last, we did not observe higher
rates of MACE among more obese individuals.

Obesity has become a well-recognized risk factor
for hospitalization and adverse outcomes with COV-
ID-19.34 Several mechanisms may explain, in part, the
overrepresentation of obesity in the AHA COVID-19
CVD Registry and its association with adverse outcomes
among those hospitalized with COVID-19. First, obesity
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Figure 3. Risk of in-hospital death or mechanical ventilation by age and BMI.

Adjusted odds ratio for in-hospital death or mechanical ventilation (Left), adjusted hazard ratio for in-hospital death (Center), and adjusted odds ratio for mechan-
ical ventilation (Right) by continuous BMI and ages <50, 51 to 70, and >70 years. BMI of 25.0 kg/m? serves as the reference. Adjustment variables include age,
sex, and race/ethnicity, history of cardiovascular disease (myocardial infarction, stroke, heart failure, or percutaneous coronary intervention), hypertension, diabetes,

and chronic kidney disease. BMI indicates body mass index.

is associated with higher prevalence of cardiometabol-
ic diseases such as hypertension and diabetes, which
are linked with worse outcomes in COVID-19.41213 Al-
though associations of obesity with adverse outcomes
remained robust after accounting for these factors, re-
sidual contributions related to the duration and sever-
ity of these risk factors is possible. Second,SARS-CoV-2,
which results in COVID-19, has a high affinity for host
cell angiotensin-converting enzyme 2, which is essen-
tial for host cell infection.” Angiotensin-converting
enzyme 2 is highly expressed in adipose tissue, and
therefore the presence of excess adipose tissue may
exacerbate the severity of infection.™ Third, obesity
may contribute to the severity of COVID-19 disease be-
cause of adverse respiratory mechanical factors includ-
ing decreased pulmonary expiratory reserve volume,
functional capacity, and respiratory system compliance.
For example, increased thoracic mass may contribute to
the need for higher positive end-expiratory and peak
pressures to maintain adequate oxygenation in obese
versus patients with normal weight.”” We observed
more hypoxemia and higher prevalence of radiographic
abnormalities on chest x-ray among obese patients in
the registry, and higher rates of remdesivir and corti-
costeroid use, as well, highlighting greater respiratory
disease severity with obesity.

8 XXX XXX, 2020

Past studies have observed associations between
obesity and death and mechanical ventilation with CO-
VID-19; however, most of these studies used admin-
istrative data, which lack granularity, or were limited
to one or a few health systems. Cunningham et al'®
recently reported an increased risk of in-hospital death
or mechanical ventilation for adults <35 years old with
morbid obesity in a claims-based cross-sectional study.
Tartof et al* reported stronger associations of BMI with
death in COVID-19 among individuals <60 years old
than in older individuals, but their analysis included
both outpatients and inpatients and had only 206 total
deaths. Our findings, in a large, multicenter, ethnically
diverse inpatient cohort, with >1300 death events, has
greater power to evaluate age interactions, and ex-
tends past observations by demonstrating that excess
risk from higher BMI on death is limited mostly to indi-
viduals <50 years old with class Ill obesity. In contrast,
the association of obesity with the use of mechani-
cal ventilation is linear, with a slope that is steeper in
younger versus older patients. The reasons why obe-
sity associates more strongly with death and the need
for ventilation among younger versus older individuals
is not clear. It is plausible that weaker associations of
high BMI with mortality in older individuals may reflect

Circulation. 2020;142:00-00. DOI: 10.1161/CIRCULATIONAHA.120.051936
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competing risks for death among older nonobese in-
dividuals from multimorbidity, frailty, or other factors.

Higher obesity class was associated with a progres-
sively higher risk for the initiation of RRT. This finding
may relate to a more severe SARS-CoV-2 infection
among obese patients. Although acute kidney injury
is common in critically ill patients and often related to
shock,' the rates of shock did not markedly increase
across obesity classes in our study. One potential ex-
planation may be related to the reduced expression of
renal angiotensin-converting enzyme 2 in higher-risk
obese individuals.?>?" However, it is possible that factors
aside from adiposity may explain these observations.
For instance, unequal allocation of limited resources by
age may have biased hemodialysis use preferentially to
younger ages.

Several limitations merit comment. First, hospitals
that participat in the registry are weighted toward larg-
er urban hospitals affiliated with medical schools and
thus may not be fully generalizable to small rural hos-
pitals. Second, clinical events were recorded by study
personnel at the local sites and there was no formal
adjudication of nonfatal outcomes. Rates of VTE were
lower than previously reported in COVID-19, likely re-
flecting low rates of systematic surveillance for these
outcomes in clinical practice.?223 Third, the initial regis-
try data collection form did not include information on
advanced directives or code status, and we were not
able to discern which patients may have died with a
do-not-resuscitate order in place. Although this may
have created a differential bias underestimating event
rates in the lower BMI classes, the number of these pa-
tients may be low given that most patients who died
also had mechanical ventilation. Furthermore, the small
number of patients in the underweight class may have
limited power to detect important observations in this
BMI class. Fifth, we are unable to account for temporal
trends in the pandemic because of the deidentified na-
ture of our data, which lack date and time designation.
However, variation by date or region would, in part,
still be addressed by our analysis because it accounts
for site-specific clustering of outcomes. Despite these
limitations, our study is a robust, large, and diverse
multicenter registry with large numbers of documented
adverse outcomes.

Our findings have important clinical and public health
implications. Although the severity of COVID-19 and
probability of hospitalization and death are, in general,
manyfold lower in younger than in older individuals,®
our findings confirm that the protection from young-
er age does not extend to class Ill obese individuals.
Moreover, the similar in-hospital rates of cardiac arrest,
shock, and MACE, despite the much younger age of
obese patients hospitalized with COVID-19, highlights
that young age does not protect against the cardiovas-
cular complications of obesity. Current data from the

Circulation. 2020;142:00-00. DOI: 10.1161/CIRCULATIONAHA.120.051936
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National Health and Nutrition Examination Survey high-
lights that >40% of American adults <50 years old are
obese and 8% have class Ill obesity.? Such individuals
are more likely to be hospitalized, and when hospital-
ized they are more likely to die, require mechanical ven-
tilation, or require RRT, in comparison with individuals
who have normal weight.

In conclusion, patients with high BMI hospitalized
with COVID-19, in particular, those with class Ill obesi-
ty, are at significantly higher risk of in-hospital death or
mechanical ventilation, VTE, and initiation of RRT. They
are at similar adjusted risk for major cardiac events.
These obese patients are overrepresented in the hos-
pital in comparison with the general population and
are substantially younger than patients with normal
weight who are hospitalized with COVID-19. These
observations support rigorous adherence to COVID-19
prevention strategies in obese individuals of all ages.
Clear public health messaging is needed for younger
obese individuals who may underestimate their risk of
severe COVID-19.
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