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ABSTRACT

Objective: to analyze the risk of mortality from COVID-19
in people with obesity. Methods: observational, retrospec-
tive, and analytical study. Data were collected in the State
System of Data Analysis. For the comparative analysis of pe-
ople with and without obesity, n=168,808 was adopted. The
analyses were performed using the log-binomial regression
model and relative risk calculation. The comparative model
was adjusted for sex, age group, heart disease and diabe-
tes. Results: in more than 95% of COVID-19 notifications,
information regarding the risk factor obesity was recorded
as ignored. Obese individuals with COVID-19 had 26% hi-
gher risk of death when compared to those without obesity.
Obese individuals in the 11 to 60 age groups had the highest
mortality risks compared to individuals without obesity.
Obese women in the age groups 31 to 50 years and elderly
women over 71 years had the lowest mortality risk when
compared to obese men. Conclusion: obese people, espe-
cially adults, have an increased risk of mortality from CO-
VID-19. Contributions to practice: to help establish public
health strategies to identify the profiles of individuals consi-
dered at high risk in the SARS-CoV-2 pandemic.
Descriptors: COVID-19; Obesity; Mortality; Risk Factors.

RESUMO

Objetivo: analisar o risco de mortalidade por COVID-19 em
pessoas com obesidade. Métodos: estudo observacional, re-
trospectivo e analitico. Os dados foram coletados no Sistema
Estadual de Anélise de Dados. Para a analise comparativa
de pessoas com e sem obesidade, adotou-se n=168.808. As
analises foram realizadas por meio do modelo de regressao
log-binomial e calculo de risco relativo. 0 modelo compara-
tivo foi ajustado ao sexo, faixa etdria, cardiopatia e diabetes.
Resultados: em mais de 95% das notificacdes de COVID-19,
a informacdo quanto ao fator de risco obesidade foi regis-
trada como ignorado. Pessoas obesas com COVID-19 apre-
sentaram 26% maior risco de 6bito quando comparadas as
pessoas sem obesidade. Individuos obesos nas faixas eta-
rias entre 11 a 60 anos apresentaram os maiores riscos de
mortalidade comparados aos individuos sem obesidade. As
mulheres obesas nas faixas etarias de 31 a 50 anos e idosas
acima de 71 anos apresentaram menor risco de mortalidade
quando comparadas aos homens obesos. Conclusao: pesso-
as obesas, principalmente os adultos, possuem risco aumen-
tado de mortalidade por COVID-19. Contribui¢cdes para a
pratica: auxiliar o estabelecimento de estratégias de saude
publica que atuem na identificagdo dos perfis dos individu-
os considerados de alto risco na pandemia ocasionada pelo
virus SARS-CoV-2.

Descritores: COVID-19; Obesidade; Mortalidade; Fatores
de Risco.

Rev Rene. 2023;24:e81453.



https://orcid.org/0000-0002-0493-8376
https://orcid.org/0000-0002-8090-9403
https://orcid.org/0000-0002-0236-5025

Ribeiro AC, Poli P, Uehara SCSA

Introduction

Obesity has been considered an epidemic and
a problem for health systems because of its high pre-
valence®. In Brazil, there has been a gradual increa-
se of obesity in the last two decades, with more than
one third of Brazilian males and almost half of females
being overweight®.

Added to this is the fact that obesity offers a
greater likelihood of developing other comorbidities
such as dyslipidemia, nonalcoholic fatty liver disea-
se, hypertension, diabetes mellitus and depression®.
In this context, it is highlighted that obesity may also
contribute to the worsening of other diseases, inclu-
ding the new coronavirus disease (COVID-19)®,

The literature points to the association of obe-
sity with an increased risk of death among patients in-
fected by the new coronavirus, with the mortality rate
increasing in a manner equivalent to the individual’s
Body Mass Index (BMI)®. Regarding complications
from the infection, the results of a systematic review
and meta-analysis study corroborate that obese in-
dividuals require greater attention and medical sur-
veillance. Thus, obesity is a risk factor for mortality in
viral disease since obese individuals have a high risk
of developing serious diseases and complications af-
ter infection®-9,

In this context, a study carried out in France
showed that the use of invasive mechanical ventila-
tion gradually increased according to the patients’
body mass, reaching approximately 90% in individu-
als with BMI =35, Regarding the intensive care unit,
patients aged less than 60 years and BMI between 30
and 34 were 2.0 and 1.8 times more likely to be admit-
ted to the unit when compared to individuals in the
same age group with BMI <30. Likewise, individuals in
the same age group with BMI 235 were 2.2 and 3.6 ti-
mes more likely to be admitted for intensive care than
patients under 60 years of age and BMI <30®),

In Brazil, obesity was the most prevalent group
of comorbidities among people hospitalized with CO-
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VID-19. The rate of obese hospitalized patients was
11.7%, and of those, 43.4% died®. Also, it is notewor-
thy that in the state of Sdo Paulo, obesity correspon-
ded to approximately 36% of pre-existing diseases
among cases of the new coronavirus®?,

Currently, more than five million people have
died worldwide due to the infection caused by the vi-
rus called Severe Acute Respiratory Syndrome Coro-
navirus 2 (SARS-CoV-2) and obesity has been pointed
as a risk factor for the worsening of the disease©.
However, it is necessary to clarify which individuals
among the obese population are more susceptible to
infection and worsening of the disease. In this context,
the aim of this study was to analyze the risk of morta-
lity from COVID-19 in people with obesity.

Methods

This is an observational, retrospective, analyti-
cal study. The unit of analysis was the state of Sao
Paulo, which has 46,649,132 million inhabitants ac-
cording to the Brazilian Institute of Geography and
Statistics based on the estimate performed in 202149,

The study population comprised 4,003,549
reported cases of COVID-19 in the state of Sdo Paulo,
corresponding to the period from February 04, 2020,
to July 25, 2021. Cases were included if they had com-
plete data in the database regarding age, sex, death,
obesity, heart disease, and diabetes. The sample con-
sisted of 168,808 cases of COVID-19 that met the in-
clusion criteria.

The variables analyzed in the reported cases of
COVID-19 were sex (male and female); age group (0
to 10; 11 to 20; 21 to 30; 31 to 40; 41 to 50; 51 to 60;
61 to 70; 71 to 80; 81 to 90; and older than 90 years);
presence of obesity (yes or no); and death. In addition,
the variables heart disease and diabetes that could act
as confounding factors were included in the analysis.

The data were collected from the State Data
Analysis System website, specifically, through the file
named “Cases, deaths, and pre-existing diseases”. This
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is a local system that maintains data related to CO-
VID-19 in the state of Sdo Paulo, available at the state
government website®?.

First, the data were described through ab-
solute and percentage frequencies (qualitative va-
riables) such as gender, age group, and obesity, and
through measures such as mean, standard deviation,
minimum, median, and maximum (quantitative varia-
bles) such as age. No specific treatment was adopted
for missing (null or empty values). The comparative
analyses of individuals in the presence or absence of
the obesity risk factor (obesity - yes versus no) were
conducted using the log-binomial regression model
through the following summary equation: death =
obesity + obesity*sex + obesity*age group + sex*age
group + obesity*sex*age group + sex + age group + he-
art disease + diabetes, with consequent calculation of
Relative Risk (RR) and its 95% Confidence Intervals
(CI). Thus, it was possible to estimate the effect of obe-
sity on mortality adjusted for sex, age group, heart di-
sease and diabetes mellitus and possible confounding
variables. For the analyses, we considered a 5% sig-
nificance level and performed the analyses using the
SAS 9.4 software.

The present study used secondary data, of pu-
blic use and access, available on the official website of
the government of the state of Sdo Paulo, thus dispen-
sing with the need for analysis by the Research Ethics
Committee, in accordance with Resolution 466/12 of
the National Health Council.

Results

The identification of risk factors is an existing
field in the COVID-19 notification form, and regar-
ding the risk factor obesity, in 3,823,193 (95.5%) of
the notifications, this variable was filled in as ignored,
141,326 (3.5%) of the COVID-19 cases were recor-
ded as being from people without obesity and 39,030
(0.97%) of the cases recorded as being from obese
people.

It was estimated that diabetic individuals had,

on average, a 9% increase in mortality risk compared
to individuals without diabetes. In relation to people
with heart disease when compared to people without
heart disease, there was no evidence of an association
with increased mortality risk in the presence of this
comorbidity. When comparing people infected with
COVID-19 with and without obesity, it was estimated
that obese people had, on average, 26% higher mor-
tality risk when compared to those without obesity
(p<0.01), regardless of the variables sex, age group,
heart disease, and diabetes. Regarding women, it was
estimated that those who were considered obese had
on average, 35% higher risk of mortality than those
without obesity (p<0.01). However, in relation to men,
the association was null between having or not having
obesity with the risk of death (p=0.120) (Table 1).

Table 1 - Comparison of the mortality risk for CO-
VID-19 in people with and without obesity in the state
of Sdo Paulo (n=168,808). Sao Carlos, SP, Brazil, 2021

Confidence
Interval
(95%)

Subgroup Comparison RR* p-value

Heart disease ~ Heart Disease (Yes vs No) 1.01 0.9998 - 1.02 0.050

Diabetes Diabetes (Yes vs No) 1.09 1.08-1.11 <0.010
Groups Obesity (Yes vs No) 1.26 1.09-1.45 <0.010
Female Obesity (Yes vs No) 135 1.11-1.65 <0.010
Male Obesity (Yes vs No) 1.18 0.96-1.44 0.120
With obesity Female vs Male 1.06 0.80-1.40 0.680
Without obesity Female vs Male 092 0.86-0.99 0.020
0-10 Obesity (Yes vs No) 1.03 0.27-4.00 0.970
11-20 Obesity (Yes vs No) 139 0.96-2.03 0.080
21-30 Obesity (Yes vs No) 139 1.22-159 <0.010
31-40 Obesity (Yes vs No) 1.50 1.40-1.62 <0.010
41-50 Obesity (Yes vs No) 1.54 146-1.61 <0.010
51-60 Obesity (Yes vs No) 138 1.33-1.43 <0.010
61-70 Obesity (Yes vs No) 1.24 1.20-1.28 <0.010
71-80 Obesity (Yes vs No) 1.14 1.10-1.18 <0.010
81-90 Obesity (Yes vs No) 1.06 1.01-1.12 0.030
>90 Obesity (Yes vs No) 1.06 094-1.19 0.340

*RR: Relative Risk, estimated by means of log-binomial regression
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The study showed that in the group of individu-
als with obesity, there was no evidence of a difference
in the risk of death between women versus men. Ho-
wever, it was estimated that women without obesity
have a lower risk of mortality (7.86%) when compa-
red to men without obesity. Also, people with obesity
showed higher mortality risk in almost all age groups
when compared to people without obesity, except in
the age groups 0 to 20 years and over 90 years. In
addition, it was observed that the higher risk of morta-
lity among people with obesity, when compared with
people without obesity, gradually decreased after 51
years of age (Table 1).

As for the comparison between people with
and without obesity according to gender and age
group, according to Table 2, it was estimated that wo-
men with obesity aged 11 to 20 years had twice the
risk of death than women without obesity (p<0.010).
In addition, women with obesity aged 11 to 20 years
had 2.03 higher risk of death when compared to men
(p=0.030) (Table 2).

In women with obesity aged 0 to 10 years and
over 90 years, no evidence was observed in the as-
sociation of increased mortality risk. However, in the
other age groups, as age increases in obese women, a
gradual reduction in mortality risk was observed when
compared to non-obese women. Also, women with
obesity had a higher risk of death in the age groups
21 to 30 years (p<0.01), 41 to 50 years (p<0.01), and
51 to 60 years (p<0.01) when compared to non-obese
women (Table 2). In contrast, men with obesity in the
age groups 31 to 40 years (p<0.01), 41 to 50 years
(p<0.01) and 51 to 60 years (p<0.01) had a higher risk
of death when compared to non-obese men. However,
in men with obesity in the age groups 0 to 20 years
and above 81 years, no evidence was observed in the
association with mortality risk (Table 2).

In the comparison by age group and presence
of obesity of women versus men, women in the age
groups 31 to 40 years, 41 to 50 years, 71 to 80 years,
and >90 years had a lower risk of death when compa-
red to men (p=0.040; p=0.040; p=0.020, and p=0.040,
respectively). In the analysis by age group and non-

Rev Rene. 2023;24:e81453.

-obese women versus men, when compared to non-
-obese men, there was evidence of reduced mortality
risk in the age groups 21 to 30 years (p=0.030) and in
the age groups >51 years (Table 2).

Table 2 - Comparison of the mortality risk for CO-
VID-19 in people with and without obesity accor-
ding to sex and age group in the state of Sao Paulo
(n=168,808). Sao Carlos, SP, Brazil, 2021

Confidence

Subgroup Comparison RR* Interval (95%) p-value
Female
0-10 Obesity (Yesvs No) 1.21 0.18-8.09  0.840
11-20 Obesity (Yesvs No) 2.00 1.29-3.10 <0.010
21-30 Obesity (Yesvs No) 1.60 1.33-1.93 <0.010
31-40 Obesity (Yesvs No) 1.41 1.27-1.57 <0.010
41-50 Obesity (Yesvs No) 1.50 1.39-1.61 <0.010
51-60 Obesity (Yesvs No) 1.46 1.38-1.54 <0.010
61-70 Obesity (Yesvs No) 1.31 1.25-1.37 <0.010
71-80 Obesity (Yesvs No) 1.19 1.13-1.25 <0.010
81-90 Obesity (YesvsNo) 1.09 1.01-1.16 0.020
>90 Obesity (Yesvs No) 1.004 0.86-1.18  0.960
Male
0-10 Obesity (Yesvs No) 0.88 0.13-6.06 0.890
11-20 Obesity (Yesvs No) 0.97 0.53-1.78 0.920
21-30 Obesity (Yesvs No) 1.21 1.00-1.45  0.040
31-40 Obesity (Yesvs No) 1.60 1.46-1.76 <0.010
41-50 Obesity (Yesvs No) 1.58 1.48-1.68 <0.010
51-60 Obesity (Yesvs No) 1.30 1.24-1.37 <0.010
61-70 Obesity (Yesvs No) 1.17 1.12-1.22 <0.010
71-80 Obesity (Yesvs No) 1.10 1.04-1.16 <0.010
81-90 Obesity (Yesvs No) 1.04 0.96-1.14 0.360
>90 Obesity (Yesvs No) 1.12  0.94-1.32 0.210
With obesity
0-10 Femalevs Male 1.61 0.11-23.00 0.720
11-20 Female vs Male 2.03  1.08-3.80 0.030
21-30 Female vs Male 1.08 0.90-1.31 0.410
31-40 Female vs Male 090 0.81-1.00 0.040
41-50 Female vs Male 0.92 0.85-0.99 0.040
51-60 Female vs Male 0.97 0.91-1.03 0.340
61-70 Femalevs Male 0.96 0.91-1.02 0.160
71-80 Female vs Male 0.92 0.86-0.99 0.020
81-90 Female vs Male 0.90 0.81-1.00 0.060
>90 Female vs Male 0.79  0.63-0.99 0.040
Without obesity Female vs Male
0-10 Female vs Male 1.16 0.68-2.00 0.580
11-20 Female vs Male 098 0.66-1.47 0.930
21-30 Female vs Male 0.82 0.68-0.98  0.030
31-40 Female vs Male 1.02 0.92-1.12 0.720
41-50 Female vs Male 0.97 0.91-1.03 0.350
51-60 Femalevs Male 0.87 0.83-090 <0.010
61-70 Femalevs Male 0.86 0.83-0.88 <0.010
71-80 Female vs Male 0.85 0.83-0.87 <0.010
81-90 Femalevs Male 0.86 0.84-0.89 <0.010
>90 Female vs Male 0.88 0.84-0.92 <0.010

*RR: Relative Risk, estimated by means of log-binomial regression
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Discussion

This study evidenced that obese individuals
showed increased risk of mortality from COVID-19
when compared to individuals without obesity. These
results corroborate the literature, showing obesity as-
sociated with increased mortality risk®*®.

Obese people infected with the new coronavi-
rus were more likely to progress to the severe form of
the disease compared to people of normal weight, sin-
ce the association remained significant after adjusting
for comorbidities and other risk factors®'?, Moreover,
for each 1 kg/m? increase in BM], the risk of develo-
ping the severe form of the disease and death increa-
sed by 9 and 6%, respectively?.

The relationship between obesity and the dise-
ase caused by SARS-CoV-2 is not fully understood, but
its explanation may be related to the fact that obese
people have higher concentrations of the hormone
leptin and lower concentrations of adiponectin, re-
sulting in the inefficient performance of defense lines
in the immune response. In addition, these individu-
als have higher concentrations of pro-inflammatory
cytokines, and, under viral infection, the chronic in-
flammation linked to obesity provides a reduction in
macrophage activation and weakens the production of
pro-inflammatory cytokines after macrophage stimu-
lation. This dysregulated pro-inflammatory response
would contribute to the severe lung lesions in the di-
sease infection(*1%),

In addition, obesity leads to fat accumulation
in the ribs, diaphragm, and abdomen, resulting in at-
tenuation of lung functional capacity, respiratory sys-
tem compliance, and lung expiratory reserve volume.
Taken together, the weakening of the respiratory sys-
tem in obese individuals can be severely compromi-
sed by any respiratory insults, which means that these
patients will have difficulty recovering if they have de-
veloped any serious disease that can negatively affect
respiratory function*®,

These physiological changes resulting from
obesity may explain the findings found in the United

States, where overweight or obese individuals, com-
pared to people of normal weight, presented more
symptoms, especially respiratory symptoms that in-
cluded cough and shortness of breath®?.

It is noteworthy that the main risk factors des-
cribed in children and adolescents that relate obesity
to COVID-19 are the same as those observed in adults,
i.e., obesity alters the immune system resulting in a
pro-inflammatory state, contributing to the emergen-
ce or exacerbation of several diseases*1618),

Regarding self-reported symptom frequency,
duration and severity levels by overweight and obe-
se adolescents were like those of adults. Adolescents
had more symptoms with higher self-reported severi-
ty that lasted longer than children under 12 years of
age®”, This finding may indicate an absence of symp-
toms or mild symptoms in younger children that may
not be associated with SARS-CoV-2 infection, which
may make diagnosis difficult and result in underre-
porting in this population group.

Furthermore, the literature points out that the
angiotensin-converting enzyme 2 (ACE 2), which has
a high concentration in the heart and lung, is used by
the spike protein of the SARS-CoV-2 virus as a recep-
tor to enter the host cell. However, in the adipose tis-
sue, its expression is higher than in the lung tissue, so
obese individuals would have a higher amount of the
enzyme, leading to the hypothesis that excess adipose
tissue could contribute to the development of severe
cases of the disease'®19).

Besides the physiological mechanisms related
to obesity and the new coronavirus, the poor progno-
sis of obese patients may be related to the individual’s
gender. In this context, the literature points out that
the virus infects all age groups and sexes; however, a
prevalence has been observed in males, and especially
in those with chronic diseases among the most seve-
rely affected®. It is noteworthy that sex differences
related to SARS-CoV-2 infection have already been ob-
served in a previous epidemic®?,

Stratification by sex revealed worse outcomes
in males compared to females with higher risks of
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death and intubation in males with obesity. Further,
stratified analysis showed that younger patients with
obesity between 45 and 64 years of age have a relati-
ve risk of three for intubation compared to younger
patients with normal BMI, while patients aged 65 ye-
ars and older have a comparatively lower relative risk
of 2.1@Y, In this scenario, a higher mortality risk has
been observed in men compared to women, and the
explanations for sex differences in coronavirus infec-
tion are not yet fully understood.

Thus, one mechanism that may explain the gre-
ater susceptibility of men to develop the severe form
of the disease may be related to the X chromosome
and sex hormones. It is noteworthy that many genes
are located on the X chromosome, including important
genes related to the immune system. In women, geno-
type XX, a process called X-chromosome inactivation
prevents the overexpression of X-linked genes; howe-
ver, some genes can escape this process and double
their expression. Consequently, the overexpression of
immune system genes could present a stronger immu-
ne response to viral infections compared to men®2-23),

Regarding sex hormones and their influen-
ce before viral infections, it is noteworthy that these
have changes in their levels according to age, besides
the physiological state of the individual@®®. It is wor-
th noting that in both sexes, the onset of puberty is
marked by an increase in hormone production. On the
other hand, a significant reduction in estradiol and
progesterone serum levels and an increase in follicle
stimulating hormone and luteinizing hormone levels
are observed at menopause. In men, associated with
aging, a more gradual decrease in testosterone levels
is observed compared to the drop in female hormone
levels®Y,

In an analysis regarding the protection of fema-
le hormones it was observed that menopausal women
and men of the same age showed no apparent diffe-
rences in terms of clinical severity in COVID-19 disea-
se. However, compared to men of the same age, fewer
non-menopausal women suffered from the disease in
its severe form®.

Rev Rene. 2023;24:e81453.

However, besides the possible hormonal in-
fluence observed, among the various reasons for the
differential response in individuals to coronavirus,
age is also presented as an important risk factor for
the progression of the severe form of the infection,
and the number of individuals with obesity gradually
decreases as age increases due to survivorship bias, as
obesity is associated with reduced life expectancy®®.

It is noteworthy that obesity in general was as-
sociated with a 4.2-year reduction in life expectancy
in men and 3.5 years in women; class 3 obesity was
associated with a 9.1-year reduction in life expectancy
in men and 7.7 years in women. Furthermore, the as-
sociations between BMI and mortality were stronger
atyounger ages than at older ages, and higher degrees
of obesity were strongly associated with overall and
cardiovascular mortality in men than in women®”,

However, aging is known to contribute to func-
tional decline in both the innate and adaptive immune
systems. Recently, it has been evidenced that corona-
viruses target ACE receptors 2 and the enzyme dipep-
tidyl peptidase-4, also known as CD26, found in diver-
sity in cells, and both receptors are highly expressed
in senescent cells, which would cause an increased
lethality rate in people infected with the SARS-CoV-2
virus. However, besides the decline of the immune
system in the aging process, when associated with
chronic inflammation resulting from obesity, an ine-
fficient response to viral infections is expected, which
may result in increased mortality among obese elder-
ly®®),

Thus, an alternative to reduce mortality caused
by coronavirus, especially among those who are more
susceptible to infection, is vaccination. However, there
is concern about the reduced efficacy of vaccination
in obese people, describing that obesity is associated
with reduced memory immune responses, leading to
decreased long-term protection against reinfection®.

It is noteworthy that the alpha, beta, gamma,
delta, and omicron variants are currently circulating
around the world and in Brazil, making wide adheren-
ce to vaccination essential, especially in underdevelo-
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ped countries. Therefore, the relaxation of protective
measures, especially in groups considered at risk, will
only be possible after effective control of the pande-
mict0,

Study limitations

This study has limitations such as the large per-
centage of ignored in relation to the risk factor obe-
sity recorded in the notification forms of the disease
caused by the new coronavirus, this absence of data
may influence the interpretation of the results due to
the limitation of the sample obtained. Finally, it was
not possible to analyze variables regarding the degree
of obesity, presence of other comorbidities, race/eth-
nicity, and socioeconomic and environmental factors
that could relate to a worse prognosis of COVID-19.

Contributions to practice

This study minimizes the gap in the literature
on the topic by describing which individuals among
the obese population are at increased risk of mortality
in coronavirus infection. Furthermore, it may contri-
bute to the establishment of public health strategies
that identify and track changes in the profiles of pe-
ople considered at high risk in pandemic COVID-19.

Conclusion

This was a comprehensive analysis on the mor-
tality of COVID-19 in people with obesity, evidencing
that people with some degree of obesity have an in-
creased risk of mortality when compared to people
without obesity. Furthermore, the study showed that
in males, especially, in the age group ranging from 31
to 60 years, the presence of obesity may contribute to
increased mortality in SARS-CoV-2 infection.
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