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ABSTRACT

This paper aims to identify the socioeconomic, demographic, and clinical factors associated
with COVID-19 deaths in Brazil using information from municipal and individual databases.
The data was extracted from the IBGE, the Ministry of Tourism for municipalities, and the
Ministry of Health for individuals, with a particular focus on the period from January 1, 2020,
to May 31, 2022. Data analysis was performed based on the estimation of odds ratios through
logistic regression. The results show that the probability of the death of individuals who were
hospitalized by COVID-19 is greater for those living in cities with low GDP per capita, high
illiteracy rates, and a high percentage of extreme poverty. In addition, individuals over 60 years
old, males, racial minorities, and illiterates were more likely to die from COVID-19. This study
provides evidence that the effects of COVID-19 can be alleviated by improving socioeconomic
conditions.
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Fatores socioeconomicos associados aos obitos hospitalares por COVID-19 no Brasil

RESUMO

Este estudo objetiva identificar os fatores associados as mortes por COVID-19 no Brasil,
enfocando em aspectos socioecondémicos, demograficos e clinicos a partir da combinagao de
bases de dados municipais e individuais. Os dados foram extraidos do IBGE e do Ministério
do Turismo para os municipios e do Ministério da Saude para os individuos, de Janeiro de
2020 a Maio de 2022. Os dados foram analisados com base na estimativa de odds ratios via
regressao logistica. Os resultados mostram que a probabilidade de um individuo hospitalizado
por COVID-19 morrer € maior para quem vive em cidades com baixo PIB per capita, altos
indices de analfabetismo e de pessoas vivendo em situacio de extrema pobreza. Ademais,
individuos maiores de 60 anos, homens, minorias raciais e analfabetos apresentaram maior
probabilidade de morte em comparacdo com suas contrapartes. Este estudo fornece evidéncias
de que melhorias nas condi¢des socioecondémicas podem auxiliar no enfrentamento a COVID-19.

PALAVRAS-CHAVE
COVID-19, Fatores Socioeconoémicos, Regressao Logistica

CLASSIFICACAO JEL
CO01, C25, 114, 118

Recebido: 28/10/2021. Aceito: 21/10/2022 e-ISSN: 2447-7990 | https://revistaaber.org.br/rberu
© 2022 Associagao Brasileira de Estudos Regionais e Urbanos


https://doi.org/10.54766/rberu.v16i1.838
https://brsa.org.br/
https://orcid.org/0000-0001-9144-4675
https://orcid.org/0000-0003-4234-8665
https://revistaaber.org.br/rberu

142 | J.D.S. Pereira, A. M. A. Santos

1. Introduction

The first half of 2020 introduced one of the world’s biggest challenges in terms of
economic, social, and public health: the coronavirus (severe acute respiratory syn-
drome coronavirus 2 or SARS-CoV-2). The disease caused by this new virus (COVID-
19) began in December 2019 after an unknown outbreak of pneumonia in the city of
Wuhan, the capital of the Chinese province of Hubei (WHO, 2020b). The advance-
ment and severity of the disease led the World Health Organization (WHO) to declare
COVID-19 as a global pandemic on March 11, 2020 (WHO, 2020c).

From the first COVID-19-induced death in January 2020 in China, to May 31,
2022, approximately 527.12 million cases of COVID-19 have been confirmed around
the world, including about 6.30 million recorded deaths worldwide (WHO, 2020a).
During the period from the beginning of 2020, when the first case of COVID-19 was
confirmed, to May 31, 2022, Brazil registered approximately 31.02 million confirmed
cases, including about 667 thousand deaths (MS, 2020Db).

To reduce the number of cases and deaths caused by COVID-19, many countries
have implemented several measures to inhibit the transmission of the new coron-
avirus, including social distancing (Cohen and Kupferschmidt, 2020). In Brazil, the
state and municipal governments took several actions to eradicate the virus to the ex-
tent that by the end of March 2020, all Brazilian states had introduced some measures
of social distancing (Moraes et al., 2020). These measures, as pointed out by Stojkoski
et al. (2020), have contributed to reducing the expected shock from the coronavirus.
However, the magnitude of this reduction within the country varies.

Another measure adopted by many countries was the mandatory use of masks. In
some countries, such as the United States (Lyu and Wehby, 2020; Van Dyke et al.,
2020; Kwon et al., 2021) and Germany (Mitze et al., 2020), the use of masks is as-
sociated with a reduction in the transmission of COVID-19. There are no studies on
the use of masks and their impact on COVID-19 in Brazil since there is no data on
population mask usage.

Vaccination is another important measure that has been used against the COVID-
19 pandemic. Vaccination began on December 8, 2020 , in the United Kingdom
(Bernal et al., 2021). In Brazil, the vaccination campaign began in January 2021.
As of May 31, 2022, just over 166 million people have been fully immunized (i.e.,
those who have taken the second dose of the vaccine), which represents 78.1% of
the Brazilian population. Some studies associate reductions in the number of hospi-
talizations and mortality caused by the virus with the vaccination campaign (Bernal
et al., 2021; Vasileiou et al., 2021; Victora et al., 2021) found an association between
the expansion of vaccination coverage among the elderly Brazilians and a reduction
in relative mortality compared to younger individuals.

While social distancing, usage of masks, and vaccination have contributed to the
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reduction of the negative impacts of COVID-19, many factors exacerbate these im-
pacts. Stojkoski et al. (2020) point out that there is a correlation between health,
social, and economic factors and certain variations in the coronavirus outcome in
terms of the number of infections and/or deaths.

Although recent, the literature on COVID-19 has sought to identify which fac-
tors may contribute more significantly to worsening the disease. Some studies in
the United States of America (Abedi et al., 2021; Alsan et al., 2020) have found that
African Americans are more likely to contract the new coronavirus when compared
to Caucasians. These studies also show that males are more likely to be affected by
COVID-19 than females. These results are supported by a study developed for patients
hospitalized with COVID-19 in China (Hou et al., 2020).

The WHO considers that older individuals (people over 60 years of age) and in-
dividuals who have comorbidities (such as cardiovascular disease, diabetes, chronic
respiratory diseases, and disease (WHO, 2020b). Research on COVID-19 has shown
that of the individuals who were hospitalized with the disease, those with comorbidi-
ties, the elderly, and males presented the greatest complications of the disease (Garg
et al., 2020; Hou et al., 2020; Huang et al., 2020; Li et al., 2020; Liu et al., 2020; Wu
et al., 2020)

There are studies on the economic and social factors associated with COVID-19-
induced deaths. However, these two factors have the potential to impact the dynamics
of infectious diseases (Suk and Semenza, 2011), as is the case with COVID-19, and,
therefore, must be analyzed. Some studies have sought to identify the association be-
tween these factors and deaths caused by COVID-19 (Abedi et al., 2021; Alsan et al.,
2020; Qiu et al., 2020; You et al., 2020). In Brazil, there is evidence that economic
inequalities have a positive relationship with the incidence of COVID-19 and the re-
sulting deaths (Demenech et al., 2020). The Gini coefficient, which measures the
income concentration of a population, is positively correlated with the increase in
cases and death rates from the new coronavirus in Brazilian states (Demenech et al.,
2020). Therefore, it is necessary to consider the social and economic aspects of the
analysis of deaths caused by COVID-19.

Given this context, this paper aims to identify the factors associated with COVID-
19-induced deaths in Brazil, focusing on socioeconomic, demographic, and clinical
aspects from January 1, 2020, to May 31, 2022. This association was measured
based on the estimation of the odds ratio through logistic regression, which makes it
possible to model the probability that the dependent variable, which is binary in this
case, assumes a certain value as a function of a set of explanatory variables.

This research makes two important contributions by doing this analysis. First, it
presents the literature on economics and epidemiology in a single study, showing that
these two areas are interconnected and can make important contributions to analyz-
ing the situation of COVID-19 in Brazil. Second, this study considers in its analysis
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the association of clinical factors of individuals as well as the socioeconomic factors
of municipalities associated with COVID-19. It is important to note that, concerning
the analysis of the clinical factors associated with COVID-19, there is a study on the
state of Espirito Santo (Maciel et al., 2020). There is also a study that relates eco-
nomic inequality with the incidence and mortality rates due to COVID-19 in Brazilian
states; however, it does not consider clinical factors in its analysis (Demenech et al.,
2020). This study differs from these two, as it considers, in addition to clinical fac-
tors, socioeconomic factors in its analysis through a combination of databases at the
municipality level and at the individual level.

In general, this paper, by including variables from the municipalities, introduces a
component related to the environment in which the individual infected by COVID-19
lives, to identify how the characteristics of that environment contribute to the outcome
of the disease. This facilitates the understanding and analysis of the progress of
COVID-19. The rest of the paper proceeds as follows: Section 2 captures the method
used in this study and describes the database. Section 3 presents the results. Section
4 discusses the results, and Section 5 concludes the study.

2. Method and database

2.1 Database

This study was carried out using a combination of databases at the municipal and
individual levels. All municipal variables are considered the most up-to-date data
and are separated into two blocks. The first block includes two economic variables:
the In of the municipal GDP per capita in the year 2017 (the variable was used in
its logarithmic form to avoid possible biases in the estimates due to the presence
of outliers and a high standard deviation), extracted from the Instituto Brasileiro de
Geografia e Estatistica (IBGE, 2020b), and an extreme poverty variable, measured in
terms of the percentage of the municipal population living in extreme poverty (<1%
and >1%), which was extracted from the 2010 Census data (IBGE, 2010).

The second block presents the municipalities’ sociodemographic characteristics.
The variables In of the population and In of the population density (inhab / km2)
were used in their logarithmic form for the same reasons as the variable In of GDP
per capita. The population of the municipalities is based on the last IBGE population
estimate (IBGE, 2020a), and the area of the municipalities was retrieved from the last
IBGE territorial areas survey (IBGE, 2020c). The following variables were extracted
from the 2010 Census (IBGE, 2010): piped water (<90% and >90%), expressed as the
percentage of households with running water, garbage collection (<90% and >90%),
expressed in terms of the percentage of households with garbage collection, and illit-
eracy rate.

Furthermore, based on data from the IBGE, the following variables were collected:
type of composition (metropolitan region, integrated development regions, urban ag-
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glomerations, and other compositions) that indicate the composition of; border mu-
nicipality (yes and no); and coastal municipality (yes and no). Finally, the last so-
ciodemographic variable considered is the tourist municipality (yes and no) variable,
which was extracted from the Brazilian Ministry of Tourism (2020).

At the individual level, the database refers to individuals hospitalized by COVID-19,
from the severe acute respiratory syndrome (SARS) database, which includes COVID-
19 data, made available by OPENDATASUS on the Brazilian Ministry of Health web-
site (MS, 2020a). The data considered for the present study covers the period from
January 01, 2020, to May 31, 2022, and considers only cases of SARS classified as
COVID-19.

The dependent variable is the outcome of COVID-19, a binary variable where O rep-
resents other outcomes different from death by COVID-19 (hospital discharge, death
from other causes, ongoing treatment) and 1 represents death by COVID-19.

The characteristics of the individuals are divided into two sets: the sociodemo-
graphic characteristics and the clinical conditions of the individuals. The first set
consists of the following variables: age group (in years: <30, 30-60, and >60), gender
(male and female), race (white, black, yellow, pardos, indigenous, unidentified, and
missing), education (illiterate, elementary 1, elementary 2, high school, higher edu-
cation, and missing), region of residence (North, Northeast, Midwest, Southeast, and
South) and area of residence (urban, rural, and missing).

The set of characteristics, including the variables described in blocks 1, 2, and
3, consists of the variables of the individuals’ clinical conditions, which includes the
following variables: main symptoms (at least one and none), risk group (yes and no),
main symptoms and risk groups (yes and no), ICU admission (yes, no, and missing),
and ventilatory support (invasive, non-invasive, no, and missing).

For those variables that had more than 10% of missing observations, a category
called “missing” was created to group them to avoid generating biased estimates. The
main symptom variable considers the following symptoms: fever, cough, dyspnea, res-
piratory distress, and oxygen saturation. The variable risk group considers whether
the patient has any comorbidity, such as chronic diseases, immunodeficiency, dia-
betes mellitus, asthma, puerperal women, and obesity, among others.

Table 1 below shows the expected association between the dependent variables
when it assumes value 1 that is, being equal to death and the main explanatory
variables of this study. For categorical variables, the expected association is always
about the comparison category.
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Table 1. Main explanatory variables and expected association with deaths from
COVID-19

Variables Categories Expe.ctf.:d Literature
association
Ln GDP } Low (Abedi et al., 2021);
per capita (Demenech et al., 2020)
<1% (comparison
Extreme category); High (Pires et al., 2020);
poverty (%) & (Demenech et al., 2020)
>1%
Ln Population .
density - High (You et al., 2020)
Ln Population - High (You et al., 2020)
Ase srou <80(:§t23 m(f)ralﬁson (Garg et al., 2020; Gupta et al., 2020);
g( ei o p gory): High (Hou et al., 2020; Li et al., 2020);
Y 30-60: 60 (Maciel et al., 2020; Wu et al., 2020)
Gender Femaézégo;r;p}% rison Hish (Alsan et al., 2020; Garg et al., 2020);
Mgaley ’ & (Gupta et al., 2020)
White (comparison
category);
Race Black; Yellow; Pardos; High (Abedi et al., 2021; Alsan et al., 2020)
Indigenous; Unidentified;
Missing
. Yes (comparison
Main category); Low (Wu et al., 2020)
symptoms No
Risk srou Yesc(;:sem(l)):lr)l'son Low (Gupta et al., 2020; Maciel et al., 2020);
group 1§O y): (Wu et al., 2020)
Main s toms Yes (comparison
. ymp category); Low (Wu et al., 2020)
and risk groups No
Yes (comparison
ICU admission category); High (Gupta et al., 2020)
No

Source: Elaborated by the authors themselves.

In this study, some important variables for the outcome of COVID-19, such as
vaccination, social distancing, and use of masks, were not considered in the analysis
because there is insufficient data on the latter two. Regarding vaccination, despite
the existence of data, it is restricted to vaccination that began in 2021 and was mostly
staggered.

2.2 Method

Logistic regression is a generalized linear model used to describe the behavior of
a binary dependent variable, which assumes values of O or 1, and both qualitative
and quantitative variables (Favero et al., 2009). It allows the assumption of a certain
value as a function of a set of explanatory variables by modeling the probability of the
dependent variable.

In this study, binomial logistic regression analysis was used to estimate the values
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of the crude and adjusted odds ratios (OR), as well as their respective 95% confidence
intervals (95% CI), with the COVID-19 outcome as the dependent binary variable,
where O represents other outcomes and 1 represents death by COVID-19. The data
analysis was performed using Stata, version 15.1.

Considering that this paper aims to identify the factors associated with COVID-
19-induced death in Brazil with a focus on economic and social aspects, four blocks
of logistic regression were estimated. Block 1 encompasses the municipal economic
variables. Block 2 covers the sociodemographic variables of the municipalities. Block
3 presents the estimates of individuals’ sociodemographic characteristics. Block 4
focuses on individuals’ clinical characteristics.

Each block includes a univariate analysis to capture the crude odds ratio for each
variable and another multivariate analysis to capture the adjusted OR that are ad-
justed for all variables in the block. Thus, the OR for block 4 are adjusted for all
the predictor variables described in this section, which will enable the identification
of a more direct effect of the association between COVID-19-induced deaths and the
economic and sociodemographic characteristics of the municipalities.

The logistic regression model is estimated by the maximum likelihood method, and
it is expressed as follows:

y = Bo + BiXi + Basi Rasi (D

where y denotes a binary variable, O represents other outcomes different from COVID-
19 induced deaths (hospital discharge, death from other causes, ongoing treatment);
and 1 represents COVID-19 induced deaths; X; is the vector of explanatory variables
referring to an individual i and R, is the vector of explanatory variables referring to
the municipality a where an individual 7 resides.

3. Results

From January 1, 2020, to May 31, 2022, 1,944,391 people were diagnosed and
hospitalized with COVID-19, of which 610,639 (31.41%) died and 1,333,752 (68.59%)
had other outcomes (hospital discharge, death from other causes, and ongoing treat-
ment).

Table 2 presents the sample distribution as well as the proportion of deaths due to
economic, sociodemographic, and health characteristics. Regarding the economic and
sociodemographic aspects (the focus of this study), it is observed that the proportion
of deaths is higher among individuals who live in municipalities with lower levels of
GDP per capita, lower access to piped water, lower garbage collection percentage, and
lower illiteracy rate, as well as for those individuals who live in poorer regions (North
and Northeast and rural areas) and coastal municipalities. Regarding individuals, the
death outcome is higher among the elderly, males, and less educated individuals.
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Table 2. Association distribution between the outcome of COVID-19 and the charac-
teristics of the municipalities and of the individuals hospitalized from COVID-19 in
Brazil

Sample Deaths

. . p-value
proportion proportion
Variables N = 1,333,752 N =610,639
Economic characteristics of the municipalities
Ln GDP per capita (quartiles)

1st Quartile 25.02% 34.81%

2nd Quartile 25.35% 31.66%

3rd Quartile 25.55% 31.39%

4th Quartile 24.08% 27.62%
Extreme poverty (%) <0.001

<1% 36.78% 28.86%

>1% 63.22% 32.89%

Sociodemographic characteristics of the municipalities
Ln Population density

1st Quartile 25.02% 30.90%

2nd Quartile 25.01% 31.85%

3rd Quartile 25.26% 31.84%

4th Quartile 24.71% 31.03%

Ln Population

1st Quartile 25.03% 31.46%

2nd Quartile 25.10% 31.16%

3rd Quartile 25.35% 32.06%

4th Quartile 24.53% 30.93%
Piped water (%) <0.001

<90% 14.47% 33.77%

>90% 85.53% 31.01%
Garbage collection <0.001

<90% 4.21% 34.86%

>90% 95.79% 31.25%
Illiteracy rate <0.001

1st Quartile 27.92% 30.12%

2nd Quartile 22.58% 31.32%

3rd Quartile 24.80% 31.15%

4th Quartile 24.71% 33.20%
Type of composition <0.001

Metropolitan region 59.43% 31.73%

Integrated development regions 3.55% 26.87%

Urban agglomerations 2.20% 32.43%

Other compositions 34.82% 31.25%
Border municipality <0.001

Yes 5.97% 28.54%

No 94.03% 31.59%
Coastal municipality <0.001

Yes 18.04% 36.51%

No 81.96% 30.28%
Tourist municipality <0.001

Yes 84.03% 31.29%

To be continued
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Table 2 - Continued from previous page

Sample Deaths
. . p-value
proportion proportion
Variables N = 1,333,752 N =610,639
No 15.97% 32.01%
Sociodemographic characteristics of individuals
Age group (years) <0.001
<30 4.42% 29.84%
30-60 46.70% 30.79%
>60 48.88% 32.14%
Gender 0.588
Male 55.44% 31.42%
Female 44.56% 31.38%
Race <0.001
White 42.38% 30.27%
Black 4.29% 32.11%
Yellow 0.99% 30.94%
Pardos 33.61% 32.36%
Indigenous 0.18% 32.10%
Unidentified 17.08% 32.17%
Missing 1.46% 31.42%
Schooling <0.001
Illiterate 2.28% 32.93%
Elementary 1 9.51% 30.96%
Elementary 2 6.65% 30.98%
High school 11.74% 30.48%
Higher education 5.41% 30.39%
Missing 64.41% 31.71%
Region of residence <0.001
North 6.67% 34.80%
Northeast 16.91% 34.55%
Midwest 10.17% 27.66%
Southeast 49.15% 31.47%
South 17.09% 29.01%
Area of residence <0.001
Urban 83.74% 31.26%
Rural 4.44% 31.76%
Missing 11.82% 32.29%
Clinical and treatment characteristics of individuals
Main symptoms <0.001
Yes 2.84% 33.79%
No 97.16% 31.34%
Risk group <0.001
Yes 60.50% 31.69%
No 39.50% 30.97%
Main symptoms and risk groups <0.001
Yes 62.39% 31.75%
No 37.61% 30.83%
ICU admission <0.001
Yes 36.85% 32.81%
No 60.93% 30.36%
Missing 2.22% 33.56%

To be continued
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Table 2 - Continued from previous page

Sample Deaths
. . p-value
proportion proportion
Variables N = 1,333,752 N =610,639
Ventilatory support <0.001
Invasive 19.98% 33.36%
Non-invasive 56.81% 30.90%
No 19.74% 29.54%
Missing 3.46% 33.81%

Source: Elaborated by the authors based on the study database.

Notes: The data are presented in terms of mean (standard deviation) for continuous variables and as a
percentage for categorical variables. The p-value of the t-test for continuous variables (Ln GDP per capita,
Ln Population density, and Ln Population) and the p-value of Pearson’s chi-square test for categorical

variables.

In Table 2, some variables have many missing values, such as education, race,
area of residence, ICU admission, and ventilatory support. Therefore, it is important
to emphasize that the interpretation of estimates of these variables must be done with
caution.

Table 3 presents the crude and adjusted OR between the variables in block 1 and
COVID-19-induced deaths. The variable In of GDP per capita in both the crude and
adjusted models proved to be statistically significant, with a lower risk of death for
individuals living in wealthier municipalities. Individuals within the group with the
most extreme poverty (>1%) are more likely to die.

Table 3. Association between the economic characteristics of the municipalities and
the outcome of COVID-19 in Brazil

Variables o‘:g:ul;::m 95% CI ((’:gjsuztg;’ 95% CI
Economic characteristics of the municipalities
Ln GDP per capita 0.837*** (0.833-0.842) 0.870*** (0.865-0.874)
Extreme poverty (%)
<208%** (1.201-1.216) 1.129%#* (1.121-1.137)

Source: Elaborated by the authors themselves based on the study database.
Notes: All the variables included in the model were adjusted. A robust confidence interval is captured
in parentheses. *** p < 0.01, * p < 0.05, * p< 0.1

Table 4 presents the crude and adjusted OR between the variables in block 2
(the sociodemographic characteristics of the municipalities) and COVID-19-induced
deaths. All variables before and after the adjustment were statistically significant,
except for tourist municipality.
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Table 4. Association between the sociodemographic characteristics of the municipal-
ities and the outcome of COVID-19 in Brazil

Odds Ratio Odds Ratio

Variables (Crude) 95% CI (Adjusted) 95% CI
Sociodemographic characteristics of the municipalities
Ln Population density 1.005%** (1.004-1.006) 1.013%** (1.010-1.016)
Ln Population 0.994 *** (0.992-0.995) 0.986*** (0.983-0.989)
Piped water (%)
<90% 1 - 1 -
>90% 0.881*** (0.874-0.889) 0.983*** (0.972-0.994)
Garbage collection
<90% 1 - 1 -
>90% 0.849%** (0.837-0.862) 0.982** (0.966-0.999)
Illiteracy rate 1.010%*** (1.010-1.011) 1.012%** (1.011-1.012)
Type of composition
Metropolitan region 1 - 1 -
Integrated development regions 0.791%** (0.777-0.804) 0.859%** (0.843-0.874)
Urban agglomerations 1.033*** (1.012-1.054) 1.097%** (1.074-1.120)
Other compositions 0.978*** (0.971-0.984) 0.984*#* (0.975-0.993)
Border municipality
Yes 1 - 1 -
No 1.156*** (1.141-1.171) 1.103%** (1.088-1.118)
Coastal municipality
Yes 1 - 1 -
No 0.755%** (0.749-0.761) 0.758%** (0.752-0.765)
Tourist municipality
Yes 1 - 1 -
No 1.034*** (1.025-1.042) 1.001 (0.991-1.010)

Source: Elaborated by the authors based on the study database.
Notes: All the variables included in the model were adjusted. A robust confidence interval is captured
in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1

The results in Table 4 show that groups with greater piped water coverage and a
higher percentage of garbage collection are less likely to die. Higher population density
and higher illiteracy rates are also associated with higher chances of death. Not living
in the metropolitan area is associated with lower chances of death when compared
to other areas (except for urban agglomerations in both the crude and adjusted OR
models). Hospitalized individuals living in non-border municipalities are more likely
to die than those living in border municipalities (15.6% in the crude analysis and
10.3% in the adjusted analysis). Living in tourist municipalities is associated with
lower chances of death, while living in coastal counties has a positive relationship
with deaths by COVID-19.

As can be seen in Table 5, the crude and adjusted OR between the variables in block
3 - the individuals’ sociodemographic characteristics and the deaths by COVID-19
were statistically significant for all variables, except for gender. Older individuals are
more likely to die. Black and pardos individuals are more likely to die when compared
to whites. Individuals with higher education levels are less likely to die from COVID-
19 when compared to illiterate individuals. The same occurs for those people who live
in rural areas in the adjusted analysis. People who live in the center-south of Brazil
have lower chances of death from COVID-19.
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Table 5. Association between the sociodemographic characteristics of individuals and
the outcome of COVID-19 in Brazil

. Odds Ratio Odds Ratio
0, 0,
Variables (Crude) 95% CI (Adjusted) 95% CI

Sociodemographic characteristics of individuals

Age group (years)

<30 1 - 1 -
30 -60 1.046%*** (1.030-1.062) 1.044%** (1.029-1.061)
>60 1.114%*** (1.097-1.131) 1.105%** (1.088-1.122)
Gender

Male 1 - 1 -
Female 0.998 (0.992-1.004) 0.996 (0.990-1.002)

Race
White 1 - 1 -

Black 1.089%** (1.073-1.106) 1.052%*** (1.036-1.068)
Yellow 1.032%** (1.000-1.064) 0.992 (0.962-1.024)
Pardos 1.102%*** (1.094-1.110) 1.033*** (1.024-1.041)

Indigenous 1.089%* (1.014-1.169) 1.033 (0.962-1.110)
Unidentified 1.092*** (1.083-1.102) 1.047%** (1.037-1.057)
Missing 1.055%** (1.028-1.082) 0.982 (0.957-1.008)
Schooling

Illiterate 1 - 1 -
Elementary 1 0.913%*** (0.893-0.934) 0.963*** (0.942-0.985)
Elementary 2 0.914*** (0.893-0.936) 0.983 (0.960-1.006)
High school 0.893*** (0.874-0.913) 0.968%** (0.947-0.990)
Higher education 0.889%** (0.868-0.911) 0.966*** (0.943-0.989)
Missing 0.946%** (0.927-0.965) 0.991 (0.971-1.011)

Region of residence

North 1 - 1 -
Northeast 0.989 (0.976-1.003) 0.978%** (0.964-0.991)
Midwest 0.716%** (0.706-0.727) 0.717%** (0.706-0.728)
Southeast 0.861*** (0.850-0.871) 0.864*** (0.853-0.875)
South 0.766*** (0.755-0.776) 0.779%** (0.768-0.791)

Area of residence

Urban 1 - 1 -
Rural 1.023*** (1.008-1.039) 0.982** (0.967-0.997)
Missing 1.049*** (1.039-1.059) 1.031%** (1.021-1.040)

Source: Elaborated by the authors themselves based on the study database.
Notes: All the variables included in the model were adjusted. Robust confidence interval in parentheses.
***p <0.01, * p<0.05 *p<0.1

Table 6 presents the estimates of the crude and adjusted OR between COVID-19-
induced deaths and the variables in block 4, which include, in addition to the eco-
nomic and social variables of the municipality and the individuals’ sociodemographic
variables, the clinical variables of the individuals. In both the univariate analysis and
the multivariate analysis of the clinical characteristics of individuals, having none
of the main symptoms and not being at risk was negatively associated with deaths
resulting from COVID-19, while individuals who were admitted to the ICU and used
invasive respiratory support had a higher risk of death.

In the multivariate analysis (adjusted for all variables) presented in Table 6, some
variables lost statistical significance, namely: main symptoms and risk groups; ICU
admission; the other compositions category of the type of composition variable; the
yellow, pardos, and indigenous categories of the race variable; and all categories, ex-
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cept for elementary 1, of the variable schooling. The other variables remained statis-
tically significant, including the female category of the gender variable and the North-
east category of the region of residence variable, which before adjustment were not
statistically significant. For some variables, the magnitude of the OR in the adjusted
model was modified, changing the direction of their association with the dependent
variable. This occurred for the categories of >90% of the piped water and garbage
collection variables, which increased the risk of COVID-19-induced deaths. In some
cases, the risk of death was reduced after the adjustment, as in the case of individu-
als hospitalized with the new coronavirus residing in non-tourist municipalities and
non-rural areas.

Even after all variables were adjusted (Table 6), individuals living in wealthier mu-
nicipalities (with a higher In of GDP per capita) were less likely to die after being
infected with COVID-19, while individuals living in municipalities with a higher pop-
ulation density, a higher illiteracy rate, and individuals in the group of greatest ex-
treme poverty (>1%) had a higher chance of death by COVID-19. These chances are
also greater for individuals residing in urban agglomerations, coastal municipalities,
non-border municipalities, as well as in tourist municipalities.

Table 6. Association between the outcome of COVID-19 and the economic and so-
ciodemographic variables of the municipalities and the sociodemographic and clinical
characteristics of individuals hospitalized by COVID-19 in Brazil

Variables 0dds Ratio 95% CI 0Odds Ratio 95% CI
(Crude) (Adjusted)
Economic characteristics of the municipalities
Ln GDP per capita 0.837*** (0.833-0.842) 0.855%** (0.848-0.861)
Extreme poverty (%)
<1% 1 - 1 -
>1% 1.208%** (1.201-1.216) 1.086%*** (1.078-1.095)
Sociodemographic characteristics of the municipalities
Ln Population density 1.005%** (1.004-1.006) 1.027%%** (1.024-1.031)
Ln Population 0.994*** (0.992-0.995) 0.987#*** (0.984-0.991)
Piped water (%)
<90% 1 - 1 -
>90% 0.881%** (0.874-0.889) 1.031%#** (1.019-1.043)
Garbage collection
<90% 1 - 1 -
>90% 0.849%** (0.837-0.862) 1.049%** (1.031-1.067)
Illiteracy rate 1.010%*** (1.010-1.011) 1.010%** (1.009-1.011)
Type of composition
Metropolitan region 1 - 1 -
Integrated development regions 0.791%** (0.777-0.804) 0.928%*** (0.910-0.947)
Urban agglomerations 1.033%** (1.012-1.054) 1.162%** (1.137-1.187)
Other compositions 0.978*** (0.971-0.984) 0.998 (0.988-1.007)
Border municipality
Yes 1 - 1 -
No 1.156%** (1.141-1.171) 1.1171%** (1.094-1.127)

To be continued
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Table 6 - Continued from previous page

Variables 0dds Ratio 95% CI 0dds Ratio 95% CI
(Crude) (Adjusted)

Coastal municipality

Yes 1 - 1 -

No 0.755%** (0.749-0.761) 0.777*** (0.769-0.784)
Tourist municipality

Yes 1 - 1 -

No 1.034%** (1.025-1.042) 0.963*** (0.954-0.973)

Sociodemographic characteristics of individuals

Age group (years)

<30 1 - 1
30 - 60 1.046%** (1.030-1.062) 1.031%*#*
>60 1.114%** (1.097-1.131) 1.062%**
Gender
Male 1 - 1
Female 0.998 (0.992-1.004) 0.994*
Race
White 1 - 1
Black 1.089%** (1.073-1.106) 1.017**
Yellow 1.032%* (1.000-1.064) 0.988
Pardos 1.102%** (1.094-1.110) 0.997
Indigenous 1.089%** (1.014-1.169) 0.998
Unidentified 1.092%** (1.083-1.102) 1.010%**
Missing 1.055%** (1.028-1.082) 0.964***
Schooling
Illiterate 1 - 1
Elementary 1 0.913*** (0.893-0.934) 0.972%**
Elementary 2 0.914*** (0.893-0.936) 0.989
High school 0.893*** (0.874-0.913) 0.982
Higher education 0.889%#* (0.868-0.911) 0.986
Missing 0.946%** (0.927-0.965) 0.998
Region of residence
North 1 - 1
Northeast 0.989 (0.976-1.003) 0.735%***
Midwest 0.716%*** (0.706-0.727) 0.808***
Southeast 0.861%** (0.850-0.871) 0.873%#*+*
South 0.766%** (0.755-0.776) 0.835%**
Area of residence
Urban 1 - 1
Rural 1.023%#** (1.008-1.039) 0.956%**
Missing 1.049%** (1.039-1.059) 1.021%***

(1.015-1.047)
(1.046-1.079)

(0.988-1.001)

(1.001-1.033)
(0.957-1.019)
(0.989-1.006)
(0.929-1.072)
(1.000-1.020)
(0.939-0.989)

(0.951-0.994)
(0.966-1.012)
(0.961-1.005)
(0.962-1.010)
(0.978-1.019)

(0.722-0.749)
(0.794-0.822)
(0.859-0.888)
(0.821-0.850)

(0.942-0.972)
(1.011-1.031)

Clinical and treatment characteristics of individuals

Main symptoms

Yes 1 - 1
No 0.894*** (0.878-0.910) 0.961**
Risk group
Yes 1 - 1
No 0.967*** (0.961-0.973) 0.983
Main symptoms and risk groups

Yes 1 - 1
No 0.958%*** (0.952-0.964) 0.998

(0.932-0.991)

(0.946-1.020)

(0.961-1.037)

To be continued
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Table 6 - Continued from previous page

Variables 0dds Ratio 95% CI 0dds Ratio 95% CI
(Crude) (Adjusted)
ICU admission
Yes 1 - 1 -
No 0.893*** (0.887-0.899) 0.952%*** (0.945-0.960)
Missing 0.97 1%*** (0.961-0.980) 0.932*** (0.921-0.943)
Ventilatory support
Invasive 1 - 1 -
Non-invasive 0.893*#* (0.886-0.900) 0.935%*** (0.926-0.944)
No 0.837*** (0.829-0.846) 0.885*** (0.874-0.895)
Missing 0.983*** (0.973-0.993) 0.971*** (0.958-0.983)

Source: Elaborated by the authors based on the study database.
Notes: All the variables included in the model were adjusted. A robust confidence interval is captured
in parentheses. *** p < 0.01, ** p < 0.05, *p < 0.1

The adjusted model in Table 6 also shows that more educated individuals, females,
those who had not been admitted to the ICU and who did not use invasive ventilatory
support, and those who were not in the risk group were less likely to die from COVID-
19 when compared to their counterparts. When compared to white, people of color
were more likely to die from COVID-19. The same situation was noted for individuals
living in the Northern region and the elderly.

4. Discussion

In Brazil, between January 1, 2020, and May 31, 2022, most of the people who
were hospitalized and died after contracting COVID-19 were male, older than 60 years,
pardos, residents of the Southeast region, and urban dwellers. These people lived
mostly in municipalities with more than 1% of the population living in extreme poverty,
tourist cities, and metropolitan regions. Most of the deaths occurred in municipalities
with low GDP per capita, high population density, and high illiteracy rates.

The adjusted results of the logistic model reveal that the chances of the death of
an individual that was hospitalized due to COVID-19 decreased as the municipal GDP
per capita increased. The opposite occurred for those hospitalized in municipalities
where over 1% of the population lived in extreme poverty when compared to those who
lived in cities where this percentage was 1% and below. These results are supported
by the recent literature on the topic Abedi et al. (2021); You et al. (2020), which states
that low economic development might increase the chances of deaths by COVID-19.

Results of this study indicate that the chances of COVID-19-induced deaths in-
crease when the population density and the size of the municipal population increase.
The literature has presented different results that show the relationship between the
population variable and COVID-19-induced deaths. In some cases, the results differ
(Abedi et al., 2021; Stojkoski et al., 2020) from those of the present study, but in oth-
ers, they align (You et al., 2020). These differences may be related to the behavior,
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access conditions, and absorption of information about the new coronavirus by the
population within each locality, as well as methodological issues in each study, such
as sample size and observation periods.

Itis also observed that individuals living in coastal, tourist, and non-border munic-
ipalities are more likely to die from COVID-19 complications when compared to their
counterparts. These results indicate that the rate of contracting COVID-19 is higher
in municipalities with the highest flow of people (tourists and coastal), consequently
increasing the chances of COVID-19-related deaths. However, individuals who do not
reside in border municipalities are more likely to die, which corroborates the fact that
Brazil is the epicenter of the disease in South America.

The adjusted estimates of the logistic model indicate that individuals over 60 years
old are more likely to die when compared to individuals under 30 years old. These
results corroborate many studies that have shown that elderly COVID-19 patients are
more likely to die when compared to their younger counterparts (Garg et al., 2020;
Gupta et al., 2020; Hou et al., 2020; Li et al., 2020; Wu et al., 2020). Regarding
gender, hospitalized females were less likely to die when compared to males. This
evidence has been documented in research that investigates the factors associated
with COVID-19-induced deaths (Alsan et al., 2020; Gupta et al., 2020; Li et al., 2020).

The adjusted OR indicates that more educated individuals affected by COVID-19
were less likely to die compared to illiterate individuals. This result may indicate that
the way individuals receive and process information may vary according to their level
of education. Regarding race, blacks, pardos, and indigenous individuals who were
hospitalized due to COVID-19 had a higher risk of death when compared to white ones.
This result may be linked to their level of exposure to COVID-19, which may be higher
for racial minorities, especially blacks and pardos, as they experience less favorable
economic situations than white people (Abedi et al., 2021; Alsan et al., 2020).

Regarding the region in which the individual is hospitalized due to COVID-19, indi-
viduals hospitalized in the Northern region have a higher risk of death from COVID-19
when compared to other regions. This result may be linked to the high incidence and
mortality rates of COVID-19 in the Northern region when compared to other regions
of the country and the high percentage of the population of the municipalities living
in extreme poverty, which is 12.14%, the highest percentage in the country, according
to the calculations in this research.

The OR adjusted for clinical characteristics reveal that those individuals hospital-
ized with COVID-19 but did not present the main symptoms, those who are not in the
risk group, and those who did not present any of the main symptoms and are not at
risk, simultaneously, had a lower risk of dying from COVID-19 complications when
compared to their counterparts (Garg et al., 2020; Gupta et al., 2020; Hou et al., 2020;
Huang et al., 2020; Li et al., 2020; Liu et al., 2020; Wu et al., 2020).

The results presented in this study also reveal that individuals who were not hos-
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pitalized in ICUs and those who did not receive invasive respiratory support were less
likely to die from COVID-19 compared to those who were hospitalized in ICUs and
those who received invasive respiratory support. These results may reflect a possible
delay between the moment of worsening of symptoms and the intervention needed (ICU
admission or use of ventilatory support) to relieve them in time to prevent preventable
deaths with these interventions. This possible delay may be due to a fragile hospital
structure regarding the availability of beds, ICUs, and ventilatory support. There-
fore, the fight against the COVID-19 pandemic is strongly linked to an improvement
in hospital structure to adequately serve the population’s needs, especially the most
vulnerable portion, which depends almost exclusively on the public health system.

Caution is necessary when interpreting the estimates for municipalities as they
are estimates at the municipal level, not at the individual level. From the results of
this study, it can be stated that the locality in which the hospitalized individual lives
is an important factor in the outcome of the disease. The risk of dying from COVID-19
is higher in places with the worst socioeconomic indicators and in places with higher
population density and a higher population. Moreover, other characteristics of the
municipalities, including where they are located (coastal, border) and their composi-
tion, are factors that are significantly associated with COVID-19-related deaths. This
indicates that the factors (economic, social, and demographic) that relate to the place
of residence of individuals hospitalized because of the virus are important factors that
may increase or decrease the chances of COVID-19-induced deaths. Thus, the plan-
ning of actions to combat health crises such as that caused by the new coronavirus
may not ignore the influence of local factors, especially socioeconomic ones, on the
worsening of the crisis.

As in this study, some studies using different methodologies and with different
objectives have highlighted those economic inequalities in Brazil that can aggravate
the impact of the COVID-19 pandemic on individuals living in less developed cities
(Demenech et al., 2020; Pires et al., 2020). The fact is that these economic inequalities
can compromise the ability to react to the disease both at the individual and municipal
levels (Demenech et al., 2020).

Ceteris paribus, the better the socioeconomic conditions, the lower the risk of
COVID-19-induced deaths. This shows the importance of developing public policies
that aim to improve socioeconomic conditions in Brazil to increase the power of re-
action to COVID-19 or other diseases with similar characteristics that may affect the
Brazilian population. These policies should focus on reducing extreme poverty and
increasing the education level of the population, to improve access and absorption
of important information to combat a pandemic. In structural terms, it is necessary
to guarantee a more inclusive and accessible health system, especially for those in-
dividuals experiencing less favorable economic situations. Policies to strengthen the
Brazilian health system, such as the expansion of the primary care network and hos-
pital structures, must be formulated. These policies are structural and long-term.
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Therefore, they should be discussed and practicalized as soon as possible to reduce
the impact of a future pandemic or health crisis like COVID-19 on Brazilians.

5. Conclusions

The results found in this study for the clinical and sociodemographic factors of
individuals hospitalized by COVID-19 are widely supported in the literature on the
subject. Individuals over 60 years of age, male, black, pardos, indigenous, and illit-
erate had at least one of the main symptoms, needed ICU admission, and the use
of invasive ventilatory support had a greater risk of death by COVID-19 when com-
pared to their counterparts. The same is true for hospitalized individuals living in
municipalities with a high population and a high population density. Also, the risk of
death by COVID-19 is higher for those who live in cities with low GDP per capita, high
illiteracy rates, and a high percentage of extreme poverty.

This study achieved its objective of identifying the factors associated with deaths
from COVID-19 in Brazil. It presents important results by relating these deaths to
socioeconomic and demographic factors in addition to clinical factors. From this, it
is possible to point out the main public policies that should be adopted to tackle the
COVID-19 pandemic. These policies involve improving the socioeconomic conditions
of the population and strengthening the public health system by expanding and im-
proving hospital structures and access to them.

Although this paper has achieved its objective, it is important to highlight certain
limitations regarding the use of the data in this study. As the database at the indi-
vidual level is built from records filled out by the reporting health units, its quality
depends on those who fill in the data. Unfortunately, some information has not been
filled in, generating high percentages of missing data for some variables, such as the
schooling variable, in which 64.41% of the observations are missing. However, the
dependent variable - the outcome of COVID-19 - was filled in. Considering the data
at the municipality level, the main limitation relates to the time lag of some variables,
especially those from the 2010 Census.
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