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Background: Patients with extreme body mass indices (BMI) could have an increased risk of death while
hospitalized for COVID-19.
Methods: The database of the International Severe Acute Respiratory and Emerging Infection Consortium
(ISARIC) was used to assess the time to in-hospital death with competing-risks regression by sex and
between the categories of BMI.
Results: Data from 12,137 patients (age 60.0 + 16.2 years, 59% males, BMI 29.4 + 6.9 kg/m?) of 48
countries were available. By univariate analysis, underweight patients had a higher risk of mortality than
the other patients (sub-hazard ratio (SHR) 1.75 [1.44—2.14]). Mortality was lower in normal (SHR 0.69
[0.58—0.85]), overweight (SHR 0.53 [0.43—0.65]) and obese (SHR 0.55 [0.44—0.67]) than in underweight
patients. Multivariable analysis (adjusted for age, chronic pulmonary disease, malignant neoplasia, type 2
diabetes) confirmed that in-hospital mortality of underweight patients was higher than overweight
patients (females: SHR 0.63 [0.45—0.88] and males: 0.69 [0.51—0.94]).
Conclusion: Even though these findings do not imply changes in the medical care of hospitalized pa-
tients, they support the use of BMI category for the stratification of patients enrolled in interventional
studies where mortality is recorded as an outcome.

© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

The risks of overweight or obesity during the COVID-19 pandemic
has attracted much attention. Indeed, obesity is associated with a
respiratory insufficiency likely exacerbated by a COVID-19 pneu-
monitis or respiratory complication that may increase the need for a
ventilatory support and hospital stay [1]. However, cohort studies or
meta-analyses reported divergent findings supporting or refuting an
obesity paradox: increased mortality of obese patients has been re-
ported by some investigators [2—4] but not by others [5,6].

In contrast, a potential association between a low BMI and
mortality of patients hospitalized for COVID-19 has been less
extensively scrutinized [7,8]. Nevertheless, a low BMI can
represent a feature of malnutrition regardless of the underlying

cause [9]. Underweight and especially malnourished patients
facing an acute inflammation such as COVID-19 can experience
more frequent complications related to muscle weakness and
immune deficiency. Older age, male gender and chronic diseases
(with or without inflammatory component) are known risk fac-
tors for both malnutrition [9], and poor outcome after a COVID-
19 infection.

Some investigators analyzed the association between BMI and
mortality. A J-shaped curve in some [10] but not all [3] meta-
analyses of these studies. If present, the confounding effect of
BMI mortality should be used to stratify patients included in
interventional trials.
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This study aimed to assess the relation between admission BMI
and in-hospital mortality in a large cohort of patients hospitalized
for COVID-19, adjusting for demographic and health factors.

1. Patients and methods

We included adult patients (at least 18 years-old) included in
the International Severe Acute Respiratory and Emerging Infection
Consortium (ISARIC) database from January 2020 to January 2021,
with a value of BMI (either BMI, or weight and height reported) and
the admission and outcome dates.

Patients with a BMI under 10 kg/m? and above 100 kg/m? were
excluded (n = 27 and 58, respectively), as these values were most
likely incorrect. Patients were categorized as underweight (BMI <18.5
if age <65 or 20.5 for an age >65 years, normal (BMI >18.5 or
20.5—24.99), overweight (BMI 25.00—29.99) or obese (BMI >30) (15).

The variables used to describe the sample included age, sex, weight,
height, BMI, survival, length of hospital stay and region. Count and
percentages were presented in each category of the categorical variables.
Mean and standard deviation were used to describe normally-
distributed data. Median and interquartile range were used to describe
asymmetrical distributions. Normality was assessed based on graphical
representations (histogram, box plot, qq plot). Reference values from the
ISARIC report from 8 April 2021 were given as comparison.

Time-to-in-hospital-death was analyzed with competing-risks
regression (according to the method of Fine and Gray), consid-
ering the discharge alive as the competing event. The proportional-
subhazards assumption was verified with a test of interaction with
time. A multivariable analysis, including other separately-identified
predictors of in-hospital-mortality and stratified for sex (because of
non-proportional subhazards) was performed. Variable selection
was based on the Akaike Information Criterion (AIC). Sub-hazard
ratios (SHR) were presented with their 95% confidence interval.
Wald's test p-value was presented.

The analyses were performed with Stata/IC 15.1.

2. Results

Data from 12,137 patients from 48 different countries were
available for analysis (Supplemental Tables 1 and 2). The charac-
teristics of the patients are displayed on Table 1 (analyzed and
validation datasets). Patients were mostly middle-aged (60.0 + 16.2
years old), predominantly male (59.0%), obese (38.8%) and hospi-
talized in Europe (59.3%) or North America (27.2%).

Univariate analysis showed that underweight patients had a
higher risk of in-hospital mortality than the patients from all other
categories of BMI combined (SHR 1.75 [95% CI 1.44—2.14]). When
underweight was taken as the reference, the SHR of in-hospital
mortality for the normal, overweight and obese patients were 0.69
[0.58—0.85], 0.53 [0.43—0.65] and 0.55 [0.44—0.67] respectively.

After adjustment for the other explanatory variables identified
(age, chronic pulmonary disease, malignant neoplasm and type 2
diabetes), the multivariable analysis revealed that the overweight
patients had still a significantly lower risk of in-hospital mortality
than the underweight patients. Overall, the magnitude of the as-
sociation of age with risk of death was greater in men than in
women, while the opposite was found for the categories of BMI
(Table 2 and Supplemental Figs. 1a and b). The only difference in
statistical significance between men and women was the sub-
hazard ratio for malignant neoplasm (Table 2).

3. Discussion

This study was performed on data recorded in a large cohort of
patients hospitalized for COVID-19 in different regions of the
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Table 1
Description of the sample and reference values.
N Mean + SD/%/Median
[1QR]
Sample ISARIC 8
April 2021
Age (years) 12,137 60.0 + 16.2 Median 61
Sex 12,092
F 4953 41.0 48.4
M 7139 59.0 51.6
Weight (kg) 12,137 83.6 +21.3 -
Height (cm) 12,137 1684 + 10.4 —
BMI (kg/m?) 12,137 294 + 6.9 -
BMI 12,137
<18.5% or <20.5" 362 3.0 -
Underweight
>18.5 or >20.5"-24.99 2699 222 -
Normal
25.00—29.99 Overweight 4371 36.0 -
>30 Obese 4705 38.8 —
Deceased 12,137
Yes 2237 184 23.7
Length of hospital stay (days) 12,137 13 [7-20] Median 8
Region 11,747
Africa 57 0.5
Asia 988 8.4
South America 519 44
North America 3200 27.2
Western Europe 4339 36.9
Eastern Europe 2631 224
Oceania 13 0.1
2 Age<65.
b Age>65.

world suggests that being overweight is associated with higher
survival than being underweight, even after adjustment for
chronic conditions proportionally associated with lower survival
(Table 2).

The findings of a protective effect of overweight differ from other
large studies; Gao et al. [2] found a linear increase in risk of severe
COVID-19 leading to admission to hospital, and death, above a
threshold of BMI of 23, while Ullah et al. [5] reported that morbid
obesity serves as an independent risk factor of high in-hospital
mortality and the need for invasive mechanical ventilation. In
addition to the diverging associations between BMI and in-hospital
mortality, there are several differences between the published
studies: definition of BMI threshold, categorical stratification of BMI
ranges, selection of confounding factors, definitions of poor outcome
(length of hospital stay, vs composite index). The impact of the
discrepancies of these variables if mostly unknown. Arguably, the
use of the thresholds used for the GLIM classification [9] could have
been used but this would not change the results of our analyses, as
only 0.1% of the population would change of category of weight.

Suggested mechanistic hypotheses for the protective effect of
overweight include the immunomodulatory effects of adipokines
(leptin, adiponectin, resistin and visfatin) [11]. The production of
TNF receptors by adipose tissue [12] might attenuate the conse-
quences of the cytokine storm [13].

From a public health standpoint, the socio-economic condition,
medical managementglobal health status of overweight patients
could also be better than the other categories [14] On the other
hand, potential explanations for the worsened outcome in patients
with low BMI include a high rate of malnutrition-related compli-
cations such as muscle weakness and increased susceptibility to
infections, although these hypotheses cannot be assessed with the
available data.

The strengths of this study include the large size of the cohort of
patients from the 5 continents. The characteristics of the
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Table 2
Sub-hazard ratios of in-hospital death in women and men, by age, BMI, chronic
pulmonary disease, malignant neoplasm and type 2 diabetes.

Women n = 4378
Ndeath (failure) = 635

Men n = 6231
Ndeath (failure) = 1267

Ndischarged (competing) = 3369

Ndischarged (competing) = 4343

SHR [95% CI] p-value SHR [95% CI] p-value
Age (years) <0.001 <0.001
18—48 1.00 1.00
49-59 1.75 [1.26—2.42] 2.18 [1.73-2.74]
60—-71 2.57 [1.91-3.46] 3.26 [2.63—4.04]
72—105 4.53 [3.42—6.00] 5.79 [4.68—7.16]
BMI 0.03 <0.001
Underweight 1.00 1.00
Normal 0.79 [0.57—1.11] 0.92 [0.67—1.25]
Overweight 0.63 [0.45—0.88] 0.69 [0.51—0.94]
Obese 0.78 [0.57—1.07] 0.78 [0.57—1.06]
Chronic 1.58 [1.27-1.98] <0.001 1.16 [0.98—1.37] 0.08
pulmonary
disease
Malignant 1.48[1.17—-1.88] 0.001 1.03 [0.86—-1.23] 0.77
neoplasm
Diabetes type I 1.52 [1.29—-1.79] <0.001  1.28[1.14—-1.44] <0.001

population are consistent with other reports [6,7], including the in-
hospital mortality and length of stay.

Potential limitations include the lack of data on ethnicity, an
overrepresentation of Europe and North America and of obese
patients, even when BMI was not reported in 95% of the patients
recorded in the entire database. This high percentage of missing
values possibly reflects a lack of interest for nutrition status and/or
the lack of recording when the weight was considered as normal.
Still, the number of patients with a complete dataset including BMI
allowed a meaningful analysis.

Potential implications of these findings include the need to
include the BMI range for the stratification of patients enrolled in
interventional studies where in-hospital mortality is recorded as an
outcome.
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