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OBJECTIVE

Obesity is an established risk factor for severe coronavirus disease 2019 (COVID-19),
but the contribution of overweight and/or diabetes remains unclear. In a mul-
ticenter, international study, we investigated if overweight, obesity, and diabetes
were independently associated with COVID-19 severity and whether the BMI-
associated risk was increased among those with diabetes.

RESEARCH DESIGN AND METHODS

We retrospectively extracted data from health care records and regional databases
of hospitalized adult patients with COVID-19 from 18 sites in 11 countries. We used
standardized definitions and analyses to generate site-specific estimates, modeling
the odds of each outcome (supplemental oxygen/noninvasive ventilatory support,
invasivemechanical ventilatory support, and in-hospitalmortality) by BMI category
(reference, overweight, obese), adjusting for age, sex, and prespecified comorbid-
ities. Subgroup analysis was performed on patients with preexisting diabetes. Site-
specific estimates were combined in a meta-analysis.

RESULTS

Among 7,244 patients (65.6% overweight/obese), those with overweight were
more likely to require oxygen/noninvasive ventilatory support (random effects
adjusted odds ratio [aOR] 1.44; 95% CI 1.15–1.80) and invasive mechanical
ventilatory support (aOR 1.22; 95% CI 1.03–1.46). There was no association
between overweight and in-hospital mortality (aOR 0.88; 95% CI 0.74–1.04).
Similar effects were observed in patients with obesity or diabetes. In the subgroup
analysis, the aOR for any outcome was not additionally increased in those with
diabetes and overweight or obesity.

CONCLUSIONS

In adults hospitalized with COVID-19, overweight, obesity, and diabetes were
associated with increased odds of requiring respiratory support but were not
associatedwith death. In patients with diabetes, the odds of severe COVID-19were
not increased above the BMI-associated risk.
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In the first 6 months of the coronavirus
disease 2019 (COVID-19) pandemic (until
30 June 2020), .10 million people had
been infected with severe acute respi-
ratory syndrome coronavirus 2 (SARS-
CoV-2) and.500,000 COVID-19–related
deaths had been recorded (1), but strik-
ing variation in clinical severity and out-
comes remains. Identifying risk factors
associated withmore severe COVID-19 is
essential for optimizing individual treat-
ment and resource allocation and priori-
tizing immunization distribution. Obesity
has emerged as an important risk factor
for severe COVID-19 (2), but several key
questions remain unanswered (3).
First, most studies to date have fo-

cused on individuals with obesity (BMI
$30 kg/m2) (4), but the specific contri-
bution of overweight (BMI between$25
and ,30) to severe COVID-19 has only
been investigated in a few studies, which
have reported inconsistent results (5–
10). This is a significant knowledge gap,
because 40% of the global population is
overweight, in addition to the 13% living
with obesity (11). Second, most studies
are single-center analyses and are un-
likely to be globally representative, given
the marked intercountry variation in
overweight and obesity (12). This short-
coming has partially been addressed by
meta-analyses, but these rarely include
individuals who are overweight (2). Fi-
nally, both overweight and obesity fre-
quently occur with other comorbidities,
particularly type 2 diabetes (13). How-
ever, many studies have either not ad-
justed for these covariables or the
regression models used did not allow
clinical translation of findings (3). Spe-
cifically, a key clinical question iswhether
patients with both diabetes and higher
BMI have a higher risk of severe COVID-
19 compared with those with diabetes
and BMI in the normal range.
In the present study, we aimed to

address these unresolved questions by
performing an international, retrospec-
tive, multisite analysis of 7,244 hospi-
talized patients with COVID-19 from 18
sites in 11 countries. We used common
definitions and analyses to delineate
whether overweight, obesity, and di-
abetes are independent risk factors
for respiratory support and in-hospital
mortality. In patients with diabetes, we
also investigated the association be-
tween BMI category and COVID-19
severity.

RESEARCH DESIGN AND METHODS
Study Design
We conducted an international, multi-
center, retrospective analysis of hospi-
talized patients with COVID-19 from a
total of 69 hospitals in 11 countries (Sup-
plementary Table 1) from 17 January
2020 to 2 June 2020. Data from 69
hospitals were collated to form 18 sites
that each provided site-specific outcomes
and estimates. We modeled the odds of
in-hospital respiratory support (supple-
mental oxygen/noninvasive ventilatory
support, invasive mechanical ventilatory
support) and in-hospital mortality by
BMI category, adjusting for age, sex,
and prespecified comorbidities, as de-
scribed later in this section. A protocol
was finalized on 20 April 2020 (see

plementary Material) prior to com-
mencement of the study. The study was
conducted in accordance with Good Clin-
ical Practice guidelines, local regulations,
and the ethical principles described in
the Declaration of Helsinki. Ethical ap-
proval was obtained at the coordinating
center (Murdoch Children’s Research
Institute [MCRI], Royal Children’s Hos-
pital, Melbourne, Australia; approval
no. HREC 63887), and local approvals
were obtained at participating sites,
depending on local regulations. Informed
consent was not required.

Data Source
We analyzed deidentified data from ex-
isting collections of hospital data and
regional databases, including the Norwe-
gian Intensive Care and Pandemic Reg-
istry,Norway, andWashingtonUniversity,
St. Louis, Missouri (see Supplementary
Material for participating sites and in-
vestigators). Data from smaller contrib-
uting hospitals were collected for clinical
auditing processes approved by local
hospitals and in accordance with local
regulations. Each site followed a stan-
dardized protocol for data coding and
analysis to generate site-specific estima-
tes for each study population (see SAP 
in Supplementary Material). Deidentified
data from hospitals in Austria, Singa- 
pore, the Netherlands, Switzerland, and
Indonesia were exported to the coordi- 
nating center (MCRI) for generation
of site-specific estimates. All transfer
of  data and site-specific estimates  to
the MCRI was subject to a data transfer
agreement. Statisticians at the MCRI
completed the meta-analyses.

Data Collection
Study participants were aged$18 years,
admitted to hospital with COVID-19
(confirmed by PCR for SARS-CoV-2), and 
had height and weight recorded on ad-
mission to participating sites with local 
approval to participate. The period for 
data collection from individual sites
varied (Supplementary Table 1).

Information regarding participant de-
mographic variables (age, sex), BMI,
preexisting medical conditions, clinical
variables including intensive care unit
admission, and treatment including ox-
ygen and noninvasive ventilatory sup-
port and mechanical ventilatory support
were identified. Supplemental oxygen
was defined as the provision of oxygen
via nasal canulae or face mask. Nonin-
vasive ventilatory support was defined
as the use of a device providing contin-
uous positive airway pressure or bilevel
positive airway pressure. Cardiovascular
disease was defined as preexisting, phy-
sician-diagnosed coronary heart disease,
ischemic stroke, heart failure, and/or
peripheral vascular disease. Diabetes
was defined as preexisting diabetes (in-
cluding type1or2). Inall countries, type2
diabetes was diagnosed according to the
American Diabetes Association guide-
lines or local guidelines with the same
diagnostic criteria as the American Di-
abetes Association guidelines. For three
sites only (Cape Town, South Africa;
Lausanne, Switzerland; and Ticino, Swit-
zerland), a small number of patients
were included who were first diagnosed
withdiabetesduring their admissionwith
COVID-19. Preexisting respiratory condi-
tions and hypertension were defined
as physician-diagnosed and currently
on treatment. Data cleaning was per-
formed for out-of-range values, incon-
sistent data, and repeated participant
entries. Central source data verification
was not feasible for this study, because
coding was performed by the individual
participating centers.

Statistical Analysis
All analyses were conducted as outlined
in our protocol (see SAP in Supplementary
Material). Participant data are pre-
sented as frequency (percent). Each
site (or the MCRI) followed a standard-
ized protocol for data coding and analysis
to generate site-specific estimates from
each study population, modeling the
odds of each outcomeby BMI (calculated
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as weight [kg] divided by height squared
[m ]) category (see SAP in Supplemen-2

as underweight ($12 to ,18), normal
$18 to ,25 [reference]), overwei-
ght ($25 to,30), and obese  ($30).
In sensitivity analyses for  Asian  
populations, respective BMI categories
were based on the following ranges:
$12 to ,18.5, $18.5 to ,24 (refe-
rence), $24 to ,28, and $28 (14). Logi-
stic regression was used to model the
association between BMI category and
the use of in-hospital respiratory thera-
pies (supplemental oxygen / noninvasive
ventilation, mechanical  ventilation)

All models estimated crude (unad-
justed) and adjusted odds ratios. Two
levels of adjustments were made. The
first level, available for all sites, included
age, sex, preexisting cardiovascular dis-
ease, diabetes, preexisting respiratory
conditions, and hypertension. The sec-
ond level of adjustments included the
first level of adjustments plus current
smoking status and/or race/ethnicity,
depending on data availability. The sec-
ond level was available for only five sites.
The crude and adjusted (first-level) mod-
els were run on data from a subgroup of
patients with preexisting diabetes. No
adjustment was made for multiple com-
parisons. Covariables had few missing
data and no imputations were war-
ranted. Site-specific adjusted estimates
for BMI category, each independent
covariable included in the adjustedmod-
els, and the diabetes subgroup estimates
were combined in meta-analyses.
Summarized estimates included fixed

and random effects models (15). Ran-
dom effects estimates are presented in
the text. Of note, the Los Angeles, New
York, and Cape Town sites were not in-
cluded in analysis of supplemental oxygen/
noninvasiveventilatory support, because
nearly all hospitalized patients received
supplemental oxygen per local policies.
Data on supplemental oxygen were not
available for Austria, Norway, or Amphia
(the Netherlands). Variations to the pre-
planned analysis were made because
there were insufficient data available
from themajority of sites. The outcomes
not analyzed included intensive care unit
length of stay, hospital length of stay,
and extracorporeal membrane oxygen-
ation use (see SAP in Supplementary Mate-
rial). Site-specific analyses were performed

in SAS (SAS Institute, Cary, NC), Stata (Stata-
Corp College Station, TX), or R studio (PBC,
Boston, MA) (16). Meta-analyses were
performed in Stata SE, version 16.0 (17).

RESULTS
Characteristics of Patients Included in
the Study
A total of 7,244 patients from 18 sites
(n 5 69 hospitals) in 11 countries were
included in this study of hospitalized
patientswith COVID-19 (Supplementary
Tables 1 and 3). Among these, 60.1%
were male and 51.7% were older than
65 years. Overall, 34.8% were over-
weight and 30.8% obese; however, there
was considerable variability across dif-
ferent individual countries and sites.
Prevalence of obesity for each site coun-
try is provided in Supplementary Table 2.
The rates of comorbidities and the fre-
quency of outcomes varied across sites
(Supplementary Tables 3 and 4). Preva-
lenceof diabetes varied from7% inGuang-
dong Province, China, to 46% in St. Louis,
Missouri. Prevalence of diabetes among
those of normal weight ranged from 6%
in Milan Sacco, Italy, to 39% in Cape
Town, South Africa. Prevalence of dia-
betes among those who were overweight
or  obese ranged  from 7% and 5%, respec-
tively, in Guangdong Province, China, to
47% and 53%, respectively, in St. Louis,
Missouri.

Association of Overweight, Obesity
With Supplemental Oxygen/
Noninvasive Ventilatory Support,
Mechanical Ventilatory Support, and
In-Hospital Death
Compared with normal weight, over-
weight and obesity were associated with
increased odds of supplemental oxygen/
noninvasive ventilatory support (random
effects adjusted odds ratio (aOR) 1.44
[95% CI 1.15–1.80], P 5 0.02; and aOR
1.75 [95% CI 1.33–2.30], P , 0.01), re-
spectively (Fig. 1).Obesitywasassociated
with a 73% increase in odds for invasive
mechanical ventilatory support (aOR 1.73;
95% CI 1.29–2.32; P, 0.01) (Fig. 2), and a
moremodest associationwasobserved for
overweight (aOR 1.22; 95% CI 1.03–1.46;
P5 0.02). Data on this outcome were not
available from Amphia (the Netherlands).

Overweight was not associated with
an increase in odds for in-hospital mor-
tality (aOR 0.88; 95% CI 0.74–1.04; P 5
0.13) (Fig. 3). Obesity was also not as-
sociated with an increase in odds of
in-hospital mortality, with confidence

limits including the null (aOR 1.23; 95%
CI 0.92–1.64;P50.17). The lownumberof
participants in theunderweight group (n5
162) precluded calculation of robust odds
ratios. The I2 statistic, which describes the
percentage of variation across studies that
isduetoheterogeneity rather thanchance,
was 43.6% and 53.7% among the obese
groups for invasive mechanical ventila-
tory support and in-hospital mortality,
respectively, suggestingmodest hetero-
geneity across studies. Unadjusted site-
specific odds ratios are presented in Figs.
1–3.

For the Chinese, Indonesian, and Sin-
gaporean sites, odds ratios varied slightly
depending on whether the standard or
Asian country–specific BMI categories
were used. The variation did not mean-
ingfully affect the summarized meta-
analysis estimates (Supplementary Table
4). Additional adjustments for current
smoking and race/ethnicity, where data
were available, had little impact on the
odds ratios (Supplementary Table 5).

Association of Diabetes With
Supplemental Oxygen/Noninvasive
Ventilatory Support, Mechanical
Ventilatory Support, and In-Hospital
Death
Compared with patients without diabe-
tes, thosewith diabetes had an increased
odds of needing mechanical ventilatory
support in random effects models ad-
justed for all covariables, including BMI
category and comorbidities (aOR 1.21;
95%CI 1.03–1.41;P50.02) (Supplementary
Fig. 1). There was no increase in odds of
noninvasive respiratory support or in-
hospital mortality in those with diabetes
(Supplementary Fig. 1). In addition to di-
abetes, other host factors previously asso-
ciatedwithsevereCOVID-19 (i.e., increased
age, male sex, preexisting cardiovascular
disease, and chronic respiratory disease)
(18) were each independently associated
with an increased risk of oneormoreof the
selected study outcomes (Supplementary
Figs. 2–4).

Among Patients With Diabetes,
Increased BMI Did Not Increase the
Risk of Severe COVID-19 Outcomes
To further inform patient care, we next
performed a subgroup analysis of indi-
viduals with diabetes. Specifically, we
investigated if BMI category among those
with diabetes was associated with
the selected COVID-19 outcomes. Strik-
ingly, there was no association between
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overweight or obesity and supplemental
oxygenuse/noninvasiveventilatorysup-
port (aOR 1.04 [95% CI 0.54–2.00], P 5
0.91; and 1.29 [95% CI 0.68–2.46], P 5
0.44, respectively), invasive mechanical
ventilatory support (aOR 0.67 [95% CI
0.40–1.12], P 5 0.10; and 1.25 [95% CI
0.62–2.53], P 5 0.73, respectively), or
in-hospital mortality (aOR 0.79 [95% CI
0.52–1.20], P 5 0.28; and 1.14 [95% CI
0.61–2.13], P 5 0.52, respectively) in
those with preexisting diabetes (Fig. 4). In
this subgroup analysis, the sample size
was reduced and resulted in wide CIs.

CONCLUSIONS

In this large, international, multicen-
ter study of patients hospitalized with

COVID-19, overweight was associated
overall with an increased requirement
of respiratory support. The association
between overweight and in-hospital
mortality was not statistically significant.
Similar trends were observed in patients
with obesity. In addition to the associ-
ations with BMI, diabetes was indepen-
dently associated with increased COVID-
19 severity but not death. Importantly,
amongpatientswithdiabetes,overweight/
obesity were not associated with an in-
creased risk of severe COVID-19.

The data presented here are consis-
tent with those of previous studies that
reported not only obesity but also ad-
vanced age, male sex, and preexisting
cardiovascular,metabolic, andrespiratory

disease were associated with worse out-
comeswithCOVID-19 (19). In thepresent
study, neither overweight/obesity nor
diabeteswas associatedwith in-hospital
mortality. Although previous analyses
have suggested that obesity increases
themortality risk associatedwith COVID-
19 (4,8,20), these studies did not neces-
sarily make adjustments for age, sex, and
other comorbidities as we did in the
present study, or only found an effect on
death for those with more severe obe-
sity (BMI.35) (21). The data presented
here are consistent with previous find-
ings that an elevated BMI is associated
with an increased requirement for re-
spiratory support (5,22–24) and that di-
abetes in patients with COVID-19 is not

Figure 1—Meta-analysis odds ratios for requirement of supplemental oxygen/noninvasive ventilatory support by BMI category.Modelswere adjusted
for age (,65,$65years), sex (male/female), preexisting cardiovascular disease (yes/no), diabetes (yes/no), preexisting respiratory conditions (yes/no),
and hypertension (yes/no). The reference BMI is $18 to,25. The 95% CIs of the odds ratios were not adjusted for multiple testing and should not
be used to infer definitive effects. Data from Norway; Amphia (in the Netherlands); Austria; South Africa; University of California, Los Angeles,
California; and Cornell University, Ithaca, New York, were not included in this model because data were either not available for this outcome or
all patients received the therapy. D1L, DerSimonian and Laird random effects model; FG&V, Franciscus Gasthuis & Vlietland; I-V, inverse-variance
weighted fixed effects model; MC, medical center.
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significantly associated with in-hospital
mortality after appropriate adjustment
(25).
The mechanisms underlying the asso-

ciation between BMI and COVID-19 se-
verity likely reflect a dysregulated host
response, resulting in heightened inflam-
mation and/or a suboptimal antiviral
response. There are a number of relevant
immunomodulatoryeffectsofoverweight/
obesity, including chronic systemic in-
flammation (26), reduced production of
type I interferons (27), reduced antigen

presentation (28), complement activation
(29), and/or suboptimal T-cell responses
(30). Moreover, these immunomodula-
tory effects may be compounded by the
reduced functional respiratory capacity
in individuals with overweight/obesity,
which may lead to a lower threshold for
noninvasive or invasive respiratory sup-
port (31).

It is likely that the independent role
identified for diabetes in COVID-19 se-
verity reflects the role of hyperglycemia
in severe respiratory disease. Indeed,

data from Denmark suggest that each
1 mmol/L increase in plasma glucose
level is associated with a 6% increased
risk of hospitalization for pneumonia
(32). Elevated blood glucose levels are
also associated with altered activity of
transporters responsible for clearing
the lung of interstitial edema and for
maintaining the integrity of the pulmon-
ary epithelial–endothelial barrier (33–35),
both of which are likely to be important
in determining the clinical outcome of
SARS-CoV-2 infection. This hypothesis is

Figure 2—Meta-analysis odds ratios for invasivemechanical ventilatory support by BMI category.Models were adjusted for age (,65,$65 years), sex
(male/female), preexisting cardiovascular disease (yes/no), diabetes (yes/no), preexisting respiratory conditions (yes/no), and hypertension (yes/no).
The reference BMI is $18 to,25. The 95% CIs of the odds ratios have not been adjusted for multiple testing and should not be used to infer definitive
effects. Data from Amphia (in the Netherlands) were not available for invasive mechanical ventilatory support. D1L, DerSimonian and Laird random
effects model; FG&V, Franciscus Gasthuis & Vlietland; I-V, inverse-variance weighted fixed effects model; UCLA, University of California, Los Angeles,
California.
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consistent with observations that well-
controlled blood glucose levels corre-
lated with improved clinical outcomes in
patients with COVID-19 who also had
diabetes (36). More severe COVID-19,
however, may also be associated with
elevatedglucose levels (37).With respect
to the relationship between longer-term
glucose control and COVID-19 severity,
an elevated hemoglobin A1c is associated
with increased risk of hospital admission
due to COVID-19 in those with diabetes
(38). Additional studies investigating the
mechanistic roles of both BMI and diabe-
tes in COVID-19 severity are warranted.

Currently, it is estimated that;90%of
patients with type 2 diabetes are over-
weight or obese (39). Previous studies
have suggested that amongpatientswith
COVID-19 who have diabetes, nonsurvi-
vors had a greater prevalence of comor-
bidities compared with survivors (25).
Given the clear independent role of BMI
in COVID-19 severity, we reasoned that
patients with both diabetes and an ele-
vated BMI may be at increased risk of
severe disease outcomes compared with
patients with diabetes and a BMI in the
normal range. Surprisingly, BMI was not
associated with the risk of in-hospital

respiratory support or death among pa-
tients with both COVID-19 and diabetes.
Larger studies will be needed to confirm
these findings; however, this findingmay
reflect a “threshold effect” of suscepti-
bility to severe COVID-19 in these con-
ditions. This hypothesis will require
clinical and experimental evaluation.

Our data will inform public policy,
particularly for risk-stratification of se-
vere COVID-19 disease. The U.S. Centers
for Disease Control and Prevention iden-
tifies individuals with obesity (BMI$30)
as being at increased risk for severe dis-
ease, as well as those with cardiovascular

Figure 3—Meta-analysis odds ratios for in-hospital mortality by BMI category. Models were adjusted for age (,65, $65 years), sex (male/female),
preexisting cardiovascular disease (yes/no), diabetes (yes/no), preexisting respiratory conditions (yes/no), and hypertension (yes/no). The referenceBMI is
$18to,25. The 95% CIs of the odds ratios were not adjusted for multiple testing and should not be used to infer definitive effects. Data from Guandong
Province,China,andSingaporewerenotavailable for in-hospitalmortality.D1L,DerSimonianandLaird randomeffectsmodel; FG&V, Franciscus Gasthuis
& Vlietland; I-V, inverse-variance weighted fixed effects model; UCLA, University of California, Los Angeles, California.
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disease, and has recently outlined that
individualswhoareoverweightmaybeat
increased risk (40). Similarly, the most
recent guidelines from Public Health
England consider overweight andobesity
as risk factors for severeCOVID-19 (41), in
contrast tomore conservative guidelines
from the U.K. National Health Service that
suggestedan increased riskonly for aBMI
$40 (42). The World Health Organiza-
tion now considers obesity a risk factor
for severe COVID-19 disease (43). Incon-
sistent recommendations may impede
optimal patient care and compromise
clear public health messaging. To our
knowledge, there is currently no clinical
guidance on the role of BMI in COVID-
19 risk stratification of patients with
diabetes.

We acknowledge limitations of our
study. Data on socioeconomic status
were not available, limiting the inter-
pretation of these findings, particularly
because there may be important rela-
tionships among BMI, race/ethnicity,
and socioeconomic status (44). Adjust-
ment for confounders including smok-
ing and race/ethnicity was only possible
for five sites, with no difference in odds
ratio observed. Supplemental oxygen
use varied; oxygen was administered
to all hospitalized patients at a limited
number of sites, affecting our ability to
determine the influence of host comor-
bidities on this outcome. Theremay also
be varying and unmeasurable differen-
ces in thresholds for escalating care
in those with overweight and obesity.

Given that this analysis involves patients
admitted to hospital with COVID-19
only, we also were unable to assess
whether patients with diabetes and
obesity were more likely to experience
out-of-hospital death due to COVID-19
infection. These patients were not cap-
tured in the data, and this may have
resulted in an underestimation of over-
all mortality. At some sites, BMI was not
consistently recorded during the study
period, which may have introduced
site-specific bias. Because of the rela-
tively small numbers of patients at
some sites, we were unable to stratify
BMI categories to include underweight
(BMI ,18.5) or BMI .40, so we were
unable to report specific odds ratios for
these groups. We were unable to

Figure 4—Meta-analysis odds ratios for supplemental oxygen/noninvasive ventilatory support (A), invasive mechanical ventilatory support (B), and
in-hospital mortality by BMI category in patients with preexisting diabetes (C). Models were adjusted for age (,65,$65 years), sex (male/female),
preexisting cardiovascular disease (yes/no), preexisting respiratory conditions (yes/no), and hypertension (yes/no). The reference BMI is $18 to,25.
The 95% Cl of the odds ratios have not been adjusted for multiple testing and should not be used to infer definitive effects. Data from New York were
not available for this subgroup analysis. D1L, DerSimonian and Laird random effects model; FG&V, Franciscus Gasthuis & Vlietland; I-V, inverse-variance
weighted fixed effects model.
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differentiate between type 1 and type 2
diabetes from the data available. Not-
withstanding, the majority of patients
with diabetes included would be ex-
pected to have type 2 diabetes, given
the expected prepandemic relative
prevalence (25). Moreover, type 1 di-
abetes has not been associated with
increased severity of COVID-19 (45);
therefore, we believe the findings for
patients with diabetes predominantly
represent those with type 2 diabetes. It
is important to note that the modest
sample size of this study precludes pre-
cise estimates of risk, particularly with
respect to the associations among the
subgroup of patients with diabetes.
We acknowledge that the number of
deaths likely decreased over the pe-
riod of the study, which may have
altered results dependent on dates of
data collection and the timing of COVID-

19 surges in different countries. Given
that improvements in clinical care did
not occur uniformly in all countries,
however, we were unable to adjust
for this in our analysis. Finally, al-
though we enrolled multiple sites,
our findings should not be considered
regionally or globally representative
and the study population was under-
represented for low- and middle-in-
come countries, which may limit
generalizability.

Notwithstanding, to our knowledge,
this study remains one of the largest
multinational studies to date on the
risk factors associated with severe
COVID-19. Inclusion of individuals from
low- and middle-income countries and
disadvantaged or higher-risk populations
in such analyses is essential, and it is
hoped that as the pandemic progresses
and more data become available, data

from these populations can be added to
our ongoing analysis; potential collab-
orators are encouraged to contact the
corresponding authors.

In conclusion, our findings high-
light the importance of maintaining a
healthy BMI, because patients with
either overweight or obesity are at
risk for severe COVID-19. Although re-
ducing the current levels of overweight
and obesity is unlikely in the short term
to have an impact on the COVID-19
pandemic, doing so may contribute to
reducing disease burden in future viral
pandemics (41,46). Furthermore, the
absence of an association between
overweight/obesity and COVID-19 se-
verity among those with diabetes
should guide additional exploration
of mechanistic pathways and may in-
form risk stratification and appropriate
patient treatment. Finally, our findings

Figure 4dContinued.
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may inform immunization prioritization
for higher-risk groups.
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