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Summary

Background The dominant effect of age on COVID-19 mortality obscures the impact of other risk factors. Although
the elderly is at a greater risk of severe disease and death due to COVID-19, the interaction of obesity and age was
not carefully assessed. This analysis is especially critical for prioritizing groups to receive COVID-19 vaccination.

Methods Starting with 1,120,767 unvaccinated individuals registered in a Brazilian surveillance system, we selected
313,898 hospitalized COVID-19 patients aged 20 to 89 who had a BMI > 25 kg/m* and cardiovascular diseases
(CVD) or diabetes, as well as individuals with no risk factors associated with severe COVID-19. Patient data were
stratified by age, obesity, BMI, and comorbidities, and subsequently, subjected to crude and adjusted odds ratio, haz-
ard ratio, and Kaplan—Meier curves. Disease outcomes were invasive and non-invasive ventilatory support, intensive
care unit (ICU) admission, and death.

Findings Obesity alone is a risk factor for in-hospital mortality and is more significant than cardiovascular disease
and diabetes. Furthermore, obesity, cardiovascular disease, and diabetes increase the risk of severity and death by
COVID-19 more significantly in young adults than in the elderly. When categorizing patients by obesity classes, the
severity of obesity was found to be associated with a higher risk of admission to the ICU and death from COVID-19
than the non-obese young adults or elderly population.

Interpretation Our findings highlight the increased risk of severe COVID-19 on the Brazilian obese youth. As
SARS-CoV-2 may become a recurrent seasonal infection, future vaccination campaigns against COVID-19 should
prioritize obese young individuals.

Fundings This work was supported by the Brazilian National Council for Scientific and Technological Development
(grant number 313662 /2017-7 and 307356/2017-5; the Sao Paulo Research Foundation (grant numbers 2018/14933-
2); and CAPES.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
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Introduction When vaccination against COVID-19 finally started
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was reported in the country. very early in the pandemic.’ Therefore, the elderly popu-

lation was the first to receive vaccines against COVID-

19. This measure was essential to reduce deaths in this

age group.’ Associations between various cardiovascular
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Research in context

Evidence before this study

Age and comorbidities such as diabetes, hypertension,
and obesity significantly increase the risk of developing
severe COVID-19. However, it remains unclear whether
these comorbidities impact the youth and elderly differ-
ently in countries with high prevalence of obese young
adults.

Added value of this study

We performed a comprehensive retrospective study on
the Brazilian population to evaluate the contribution of
obesity along with other comorbidities on the increased
risk of severe COVID-19 in the elderly and the young.
The values of our study are the following: (1) We used a
large sample (N = 313,898) of hospitalized patients with
laboratory-confirmed COVID-19; (2) We covered the
entire pre-vaccination period in Brazil (February 16,
2020 to January 17, 2021); (3) We collected the informa-
tion on comorbidities and BMI at the time of admission.

Implications of all the available evidence

Considering the potential seasonality of SARS-CoV-2
outbreaks, our results reveal a clear impact of obesity
on the severity of COVID-19 in young adults. Therefore,
the findings provide strong support for obese youth to
be considered a high-priority group for receiving
COVID-19 vaccines.

described.*® In Brazil, vaccinating people with such
comorbidities, even if they were young, was prioritized.
Given that vaccines are only available to a small fraction
of the population, it is unclear whether prioritizing
young people with comorbidities is efficient.

Obesity was epidemic in Brazil before COVID-19.
The prevalence of obesity among Brazilian adults aged
20 or older increased from 12.2 to 26.8% from 2003 to
2019.”Such high obesity rates in Brazil create a high
health and economic burden. It has been projected that
the prevalence cases of obesity-related diseases, such as
stroke, hypertension, coronary heart disease, osteoar-
thritis and diabetes may double by 2050.° We hypothe-
size that excess weight in young individuals may be
associated with greater risk for severe COVID-19 when
compared to young individuals with normal weight.

Methods

Study Design and Data Source

This study is a retrospective analysis of publicly avail-
able data extracted from the Influenza Epidemiological
Surveillance Information System, SIVEP-Gripe, (Sis-
tema de Informacao Epidemioldgica da Gripe). It is a
nationwide surveillance system established by the

Brazilian Ministry of Health to monitor cases of Severe
Acute Respiratory Syndrome (SARS).” The SIVEP-
Gripe is the central repository for compulsory notifica-
tions regarding SARS by COVID-19 or other etiologies
admitted in Brazil's public and private health systems.
Furthermore, this databank includes socio-demographic
information, self-reported symptoms, comorbidities,
respiratory support use, date of hospital admission, date
of entry to intensive care unit (ICU), clinical and labora-
tory exams, and in-hospital outcomes.

The criteria used by the Ministry of Health of Brazil
to consider a case as SARS are dyspnea/respiratory dis-
comfort or persistent pressure in the chest, O, satura-
tion being less than 95% under normal ventilation
conditions, or blushing of the lips or face in patients
with respiratory condition accompanied by at least two
of the following symptoms: fever, chills, sore throat,
headache, cough, runny nose, and olfactory or taste dis-
turbances.” Since we included only patients with
COVID-19 as a defined cause of SARS in this study,
throughout the text, we have used only the term
COVID-19 to characterize our study population.

Study population and outcomes

From an initial sample of 1,120,767 patients registered
in SIVEP-Gripe® in the pre-vaccination period in Brazil,
between February 16, 2020 and January 17, 2021, we
analyzed data from 313,898 adult patients aged 20 to
89 years who were admitted to hospital due to SARS by
COVID-19 and whose diagnosis was confirmed by poly-
merase chain reaction testing (RT-PCR) or antigenic
tests. The study’s inclusion and exclusion criteria are
detailed in Supplementary Figure 1, which presents the
profile of our study population. Inclusion criteria were
patients without any comorbidity or patients with obe-
sity or CVD, diabetes, or any combination of these risk
factors (Supplementary Figure 1). The SIVEP-Gripe
database considers the following conditions or comor-
bidities as a risk factor: cardiovascular disease (CVD),
diabetes mellitus, overweight/obesity (body mass index
[BMI] > 25 kg/m?), chronic respiratory disease (includ-
ing asthma), hepatopathy, chronic kidney pathology,
immune deficiency, genetic syndrome, renal pathology,
and others (hematologic disease, neurology disorder,
cancer, rheumatologic disease, and drug addiction).
CVD also includes individuals with atherosclerotic dis-
eases, as well as those that had stroke, myocardial
infarction, arrhythmias, thrombosis, hypertension,
congestive heart failure, and dyslipidemia. We reviewed
these comorbidities to define our study group and
divided the patients into two groups: 1) 164,119 patients
without risk factors (BMI < 24.9 kg/m* or without
comorbidities) and 2) 149,779 patients with any compo-
sition of the following characteristics: overweight or obe-
sity (BMI > 25 kg/m?), Diabetes, CVD, or any

combination of these risk factors. Any other
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comorbidity as well as pregnant or puerperal women
were excluded (Supplementary Figure 1).

The SIVEP-Gripe database only provides BMI infor-
mation for patients who have been classified as obese.
Therefore, we classified obese patients as overweight
(BMI 25 to 29.9 kg/m?), obesity class I (BMI 30 to 34.9
kg/m?), obesity class II (BMI 35 to 39.9 kg/m?), and
obesity class III (BMI > 40 kg/m?®). Patients who
received non-invasive respiratory support or invasive
respiratory support were compared with those who did
not receive any respiratory support. The outcomes were
analyzed, separately, as follows: ICU admission, non-
invasive respiratory support, invasive respiratory sup-
port (intubation), and death due to COVID-19.

Statistical analysis
After defining the comorbidities, we evaluated the asso-
ciation between death rates, ICU admission, and non-
invasive respiratory support to each age subgroup by cal-
culating the crude odds ratio (OR) and the adjusted OR
using multiple logistic regression. The factors adjusted
in the analyses were race, education, region. The group
of people without comorbidities was used as the refer-
ence control.

To calculate the survival curves, we considered the time
(in days) between the final outcome and the onset of symp-
toms. Furthermore, we considered death as an event and
hospital discharge as a non-event. Patients with missing
data at any point were not considered in the survival analy-
sis. To estimate the survival curves, we used the Kaplan
—Meier method, and to compare the curves, we used the
Gehan-Breslow-Wilcoxon test (non-parametric test analo-
gous to the Log-Rank test) since the curves along time pre-
sented inversions and overlaps. Risk rates over time and
Hazzard Ratio (HR) were carried over from the risk model
proportionally to the COX, with adjustment for race, educa-
tion level, and region.

The results were estimated using PRISMA (version
9.1.2) and SPSS (version 20), and the significance level
was assumed to be 5%.

Ethical aspects

SIVEP-Gripe is a publicly available database which con-
tains no personal information about patients. Therefore,
the analysis was based on open data principles and did
not require ethical approval in Brazil."®

Role of the funding source
The funders had no role in study design, data collection,
data analysis, interpretation, writing of the report.

Results
The study population comprised of 313,898 Brazilian
adults (20—89y) who were hospitalized with COVID-19
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from February 16, 2020, to January 17, 2021. These
dates cover the period between the first cases of COVID-
19 in Brazil and the beginning of vaccination against
the disease. Patients with COVID-19 were predomi-
nantly male (60%), white (40%), 60—89y (50%), had
high school education level (12%), and were from the
southeast region of Brazil (51%) (Table 1).

We performed four separate analyses using as pri-
mary outcome: (i) ICU admission, (ii) use of non-inva-
sive support, (iii) use of invasive ventilatory support,
and (iv) death. We then compared the adjusted odds
ratios for each primary outcome for patients identified
as obese (N = 8,834), patients with CVD (N = 56,079),
patients with diabetes (N = 24,535), patients with
CVD + diabetes (N = 41,646), with obesity + CVD
(N = 8,759), with obesity + diabetes (N = 2,178), and
with obesity + CVD + diabetes (N = 7,748). The refer-
ence group comprised patients with no other risk fac-
tors (N = 164,119). Initially, we assessed the interplay
between age and obesity using a multiple logistic regres-
sion model with BMI/age as concurrent variables. Con-
sidering age and BMI categories together in the model,
we found that the interaction between them was often
associated with all primary outcomes (Supplementary
Table I). Likewise, when we considered BMI or age
alone, the association with primary outcomes remains,
thereby justifying the age stratification analyses (Sup-
plementary Table I and II).

Obesity alone is undoubtedly an aggravating factor
for COVID-19 severity when considering ICU admis-
sion, ventilatory support, and death (Figure 1 and Sup-
plementary Tables III-V). Indeed, for all age intervals,
patients who were only obese were at a higher risk for
dying from COVID-19 than patients who had only CVD
(P < o.0001; Supplementary Table VI). Furthermore,
for 20—39y and 40—59y age groups, the risks were
equivalent to patients that had only diabetes (P > o.05;
Supplementary Table VI). The risk of mortality for
obese patients was more prominent in younger patients:
OR 3.70, CI 3.13—4.37 for 20—39 y; OR 2.41, CI 2.14
—2.72 for 40—59 y and OR 1.41, CI 1.19—1.66) for > 60
y. Obesity combined with diabetes or CVD in young
patients leads to a 7.24 times (CI 5.14—10.18) higher
risk of mortality from COVID-19 than in young patients
without comorbidities (Figure 1). Obesity was found to
be a risk factor using crude or adjusted odds ratios or
hazard ratios (Supplementary Tables III-V).

A Kaplan-Meier survival analysis was performed to
investigate the median survival time — the smallest
time at which the survival probability drops to 50% or
below. For hospitalized patients aged 20—39y it was
estimated to be 180 days for patients without risk fac-
tors, 39 days for obesity, 49 days for CVD, 34 days for
CVD + obesity, 55 days for diabetes, and 29 days for
diabetes + obesity (Figure 2). These effects, although
less prominent, are maintained for the population aged
40—59y: median survival time equal to 45 days for
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Characteristics

All Patients

N= 313,898 (column %)

Sex

Male 187,220 (60)
Female 126,678 (40)
Age group

20to 39y 43,230 (14)
40to 59y 114,737 (36)
>=60y 155,931 (50)
Self-reported race/ethnicity

White 123,571 (39,7)
Black/ Brown 116,488 (37)
Asian 3,396 (1)
Indigenous 898 (0,3)
Misinformed 69,545 (22)
Education Level

llliterate 6,458 (2,5)
Up to High-School 48,765 (15,5)
High School 38,069 (12)
University or College 19,678 (6)
Missing information 200,928 (64)
Brazilian Region

Southeast 160,516 (51)
South 45,190 (14,4)
Northeast 53,729 (17)
North 27,003 (8,6)
Central-West 27,460 (9)

Deaths P value*
N=94,775 (% of deceased patients in
relation to all patients of the group)

0.37993
56,638 (30)
38,137 (30)
3,926 (9) < 0.00001
21,140 (18) < 0.00001
69,709 (55) reference
33,919 (27) < 0.00001
40,715 (35) reference
1,067 (32) 0.00005
350 (39) 0.01189
18,704 (27) < 0.00001
3,444 (53) < 0.00001
18,284 (38) reference
8,632 (23) < 0.00001
3,476 (18) < 0.00001
60,939 (30)
44,831 (28) reference
10,305 (23) < 0.00001
21,935 (41) < 0.00001
10,731 (40) < 0.00001
6,973 (25) < 0.00001

* Chi-square test.

Table 1: Sociodemographic characteristics of patients included in the study.

patients without risk factors; 36 days for obese; 40 days
for CVD; 33 days for CVD + obese; 35 days for diabetes,
and 32 days for diabetes + obesity patients. For the older
population, the median survival time for all conditions
was equivalent and in the range of 25—28 days (Supple-
mentary Table VII).

We next stratified patients with BMI information avail-
able (N = 3,772) as overweight (N = 178 cases), class I obe-
sity (N = 1,738), class II obesity (N = 984), and class III
obesity (N = 8y2) (Figure 3). The grade of obesity did not
affect the severity and deaths of elderly patients (class I obe-
sity compared with class II or class III, P >o0.05). However,
in the youngest population, the grade of obesity was signifi-
cantly associated with increased mortality (class I obesity
compared with class III, P < o.0001; class II compared
with class III, P = 0.008; Figure 3, Supplementary Tables
VIII-X). The median survival time for patients aged 20
—39y was estimated to be 180 days for patients without
risk factors, 63 days for class I obese, 35 days for class II
obese, and 38 days for class III obese patients (Supplemen-
tary Table XI). For the intervals of 40—59y and > Goy,
there was no correlation of severity with obesity (Figure 4
and Supplementary Table XI).

Discussion

In this study, we demonstrated that obesity alone, or
when associated with CVD and diabetes, considerably
increases the risk for COVID-19 severity in young
adults. Obesity was found to be an independent risk fac-
tor for in-hospital mortality and more critical than CVD
and diabetes. However, it is important to emphasize
that our findings cannot be extrapolated to those with
COVID-19 who remained in the ambulatory and did not
require hospitalization. In Brazil, the triad obesity,
CVD, and diabetes represent a major public health
issue.” CVD has been the leading cause of hospitaliza-
tion and mortality since the 1960s, and the increasing
prevalence of obesity and diabetes mellitus is also a
cause for concern.” In addition, even prior to the
COVID-19 pandemic, studies have shown that both all-
cause mortality and cause-specific mortality were higher
in younger individuals with excess weight than in older
individuals with similar weight."*"

BMI is commonly used to measure obesity grades in
clinical settings and research studies. For our study,
this information was only available for 3,772 of a total of
8,834 obese patients (obesity alone). When obese
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Figure 1. Isolated and associated obesity are outstanding risks factors for COVID-19 severity and mortality in young patients. Com-
parison of isolated obesity, CVD, and diabetes and the association of obesity with these two comorbidities with non-obese patients
without comorbidities. Adjusted odds ratios for ICU admission, use of non-invasive and invasive ventilatory support, and deaths
(Supplementary Tables IlI-V). Age 20—39y: Without comorbidity N = 33,994; Obesity N = 3,091; CVD N = 2,150; Obesity + CVD
N = 1,008; Diabetes N = 1,646; Obesity + Diabetes N = 314; CVD + Diabetes N = 612; Obesity + CVD + Diabetes N = 415. Age 40
—59y: Without comorbidity N = 64,952; Obesity N = 4,181; CVD = 15,870; Obesity + CVD N = 4,077; Diabetes N = 9,202;
Obesity + Diabetes N = 1,017; CVD + Diabetes N = 9,370; Obesity + CVD + Diabetes N = 3,068. Age > 60y: Without comorbidity
N = 62,171; Obesity N = 1,614; CVD N = 37,396; Obesity + CVD N = 4,280; Diabetes N = 13,683; Obesity + Diabetes N = 842;

CVD + Diabetes N = 30,784; Obesity + CVD + Diabetes N = 5,161.

patients were stratified by BMI and compared to non-
obese individuals, a strong association between obesity
grades and ICU admission and deaths from COVID-19
in young patients was evident. Such association was
found to be weaker in 40—59y patients, and it disap-
peared in patients > 6oy. Unfortunately, we did not
find BMI values < 18 kg/m? and we found very few
BMI values 25—29.9 kg/m*. This prevented us from
assessing the severity of COVID-19 in underweight and
overweight patients.

The present study had limitations. First, our descrip-
tive analysis did not try to established a causal relation-
ship between the comorbidities and COVID-19 severity
or death. By stratifying individuals by age and
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comorbidities, we aimed to assess if the association
between comorbidities and COVID-19 severity or death
was different in young and elderly patients. Second, the
classification of individuals as being obese was not done
in a uniform and standardized manner nationwide. In
general, patients were classified as obese in four situa-
tions: (1) patients self-reported that they were obese; (2)
the healthcare employee assumed whether the patient
was obese based on visual inspection; (3) the healthcare
employee took the weight and height of the patient, cal-
culated the BMI but did not report the BMI value; and
(4) the healthcare employee took the weight and height
of the patient, calculated and reported the BMI value.
Moreover, as expected for any large, nationwide,
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Figure 2. Kaplan—Meier survival curves of COVID-19 patients from symptoms onset till discharge or death. Adjusted hazard ratios
for survival probability using Kaplan—Meier. Number at risk and censored patients at each timepoint are supplied (Supplementary
Table VII). Overall survival of hospitalized patients without risk factors (black solid line); with obesity only (purple dashed line); with
CVD only (red solid line); with CVD and Obesity (red dashed line); with Diabetes only (blue solid line); and with Diabetes and Obesity
(blue dashed line). Comparisons were performed using the Gehan-Breslow-Wilcoxon test. The P-value were < 0.05 for all compari-
sons. Age 20—39y: Without comorbidity N = 33,994; Obesity N = 3,091; CVD N = 2,150; Obesity + CVD N = 1,008; Diabetes N = 1,646;
Obesity + Diabetes N = 314; CVD + Diabetes N = 612; Obesity + CVD + Diabetes N = 415. Age 40—59y: Without comorbidity
N = 64,952; Obesity N = 4,181; CVD = 15,870; Obesity + CVD N = 4,077; Diabetes N = 9,202; Obesity + Diabetes N = 1,017;
CVD + Diabetes N = 9,370; Obesity + CVD + Diabetes N = 3,068. Age > 60y: Without comorbidity N = 62,171; Obesity N = 1,614; CVD
N = 37,396; Obesity + CVD N = 4,280; Diabetes N = 13,683; Obesity + Diabetes N = 842; CVD + Diabetes N = 30,784;

Obesity + CVD + Diabetes N = 5,161.

retrospective database, some variables (including obe-
sity) may be underestimated. To further address this
limitation, we performed two independent and comple-
mentary analyses: one utilizing all patients classified as
obese, regardless if the BMI value was reported, and
one utilizing only those with BMI values.

Although the association between obesity and
COVID-19 severity has been evaluated in other high-
quality studies,*'#"® our retrospective study covers the
entire country of Brazil during the pre-vaccination
period. By using a government database created exclu-
sively for monitoring SARS, we leveraged the following:
(1) a large sample size of hospitalized patients with labo-
ratory-confirmed COVID-19; (2) information on comor-
bidities and BMI collected at the time of hospital
admission, therefore simultaneously with the laboratory
diagnosis of COVID-19; (3) the specific contribution of
obesity, CVD, and diabetes to the risk of severe COVID-
19, (4) stratification by BMI and age, and (5) analysis of
ICU admission, ventilatory support, and death.

The specific contribution of increased morbidity and
mortality from COVID-19 in young obese people may
offer clues to formulate mechanisms determining the
severity of the disease. Factors linked to obesity, such as
overexpression of angiotensin-converting enzyme 2
(ACE2), inflammation, and cytokine storm have been
considered the mechanism behind the increased mor-
bidity and mortality.””"® However, these do not help
explain the higher susceptibility of young obese

patients. Curiously, in an old experimental study, it was
revealed that obesity in young animals leads to overex-
pression of ACE2.”° Future integrated analysis of bio-
chemical and metabolic differences along life-related to
adipose tissue accumulation could be a helpful strategy
to define new mechanisms for COVID-19 severity.

A significant challenge for middle-income countries
with considerable territorial extension, such as Brazil, is
implementing a vaccination program with sufficient
coverage and speed to mitigate the effects of the
COVID-19 pandemic. Studies have shown that prioritiz-
ing young adults minimizes transmissibility, while pri-
oritizing older adults reduces mortality.*” Vaccination
in Brazil started on January 17, 2020, prioritizing the
elderly and expanding to younger people with comor-
bidities in May 2021. To date (December 1, 2021), over
120 million Brazilians have already been fully vacci-
nated, and, in some States, immunization of adoles-
cents 12 years or older has started.” Consequently, a
reduction in COVID-19 hospitalizations and deaths can
only be seen in Brazilian older adults that have been
administered the full vaccination regimen.** When the
authors wrote this paper, more than 22 million Brazil-
ians had been infected with SARS-CoV-2, and almost
613,000 had died. Our data provides crucial epidemio-
logical information about the impact of COVID-19 on
the obese young that must be considered in future vacci-
nation coverage strategies, especially considering the
possible seasonality of SARS- CoV-2.
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Figure 3. COVID 19 severity and mortality increases with the increase of BMI in young patients. Comparisons of obese patients (Class I, BMI 30—34.9 kg/m?, Class Il (BMI 35—39.9 kg/m? and
Class IIl (BMI > 40 kg/m?) with non-obese patients without comorbidities. Adjusted odds ratios for ICU admission, use of non-invasive and invasive ventilatory support, and deaths (Supple-
mentary Tables VIII-X). Age 20—39y: Obese Class | N = 588; Obese Class Il N = 391; Obese Class Il N = 362. Age 40—59y: Obese Class | N = 861; Obese Class Il N = 459; Obese Class Il N = 394.
Age > 60y: Obese Class | N = 289; Obese Class Il N = 134; Obese Class Il N = 116.
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Figure 4. Kaplan—Meier survival curves of patients with different BMI classes from symptoms onset till discharge or death. Adjusted
hazard ratios for survival probability using the Kaplan—Meier method. Number at risk and censored patients at each timepoint are
supplied (Supplementary Tables XI). Overall survival of hospitalized patients without risk factors (black solid line); Obesity Class |
(light blue); Obesity Class Il (blue); Obesity Class Il (purple). Comparisons were performed using the Gehan-Breslow-Wilcoxon test.
The P-value were <0.05 for all comparisons. Age 20—39y: Obese Class | N = 588; Obese Class Il N = 391; Obese Class Il N = 362. Age
40—59y: Obese Class | N = 861; Obese Class Il N = 459; Obese Class lll N = 394. Age > 60y: Obese Class | N = 289; Obese Class Il

N = 134; Obese Class lll N = 116.
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