
ABSTRACT This ecological study analyzed the spatial correlation between socioeconomic and demographic 
indicators and deaths due to COVID-19 in Brazil. The independent variables covered population, sex, age, 
race, literacy, and Gini index, while the dependent variable was COVID-19 mortality. Socioeconomic and 
demographic data were obtained from the Continuous National Household Sample Survey, and data on 
COVID-19 cases and deaths were obtained from the Ministry of Health website. The analysis included the 
calculation of univariate and bivariate Global Moran’s Indices. The results revealed a significant spatial 
correlation of the independent variables with COVID-19 mortality. A moderate positive correlation stands 
out for literate individuals aged 20 to 59 years. Therefore, there is an association between socioeconomic 
factors and COVID-19 mortality, with variations between Brazilian states. This conclusion highlights the 
need to implement intersectoral measures to ensure universal access to health and allocate resources 
equitably across states.
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RESUMO Este estudo ecológico analisou a correlação espacial entre indicadores socioeconômicos, demográ-
ficos e óbitos por covid-19 no Brasil. As variáveis independentes abrangeram população, sexo, idade, raça, 
alfabetização e índice de Gini, enquanto a variável dependente foi a mortalidade por covid-19. Os dados 
socioeconômicos e demográficos foram obtidos da Pesquisa Nacional por Amostra de Domicílios Contínua, 
e os dados de casos e óbitos de covid-19 foram obtidos do site do Ministério da Saúde. A análise incluiu o 
cálculo dos Índices de Moran Global de forma uni e bivariada. Os resultados revelaram correlação espacial 
significativa das variáveis independentes com mortalidade por covid-19. Destaca-se correlação positiva 
moderada para os indivíduos alfabetizados e de 20 a 59 anos. Portanto, existe associação entre fatores 
socioeconômicos e mortalidade por covid-19, com variações entre os estados brasileiros. Essa conclusão 
ressalta a necessidade de implementar medidas intersetoriais para assegurar o acesso universal à saúde e 
alocar recursos de maneira equitativa entre os estados.
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Introduction

The COVID-19 pandemic has heterogeneously 
affected the population, especially in Brazil, 
which is among the ten countries with the 
highest inequality in the world1. The occur-
rence of COVID-19 is not uniform, but its 
worsening and death from the disease are 
associated with sociodemographic charac-
teristics and the pre-existence of comorbidi-
ties. In addition, individuals with a higher 
degree of social vulnerability are susceptible 
to a greater impact by COVID-19, and it is es-
sential to consider the social determinants of 
health to identify vulnerability to the disease1. 
A study carried out in Mexico highlighted that 
the COVID-19 lethality coefficient was also 
higher in municipalities with lower Human 
Development Index (HDI), which allows us 
to establish that the disease has more serious 
effects on the most unprotected layers of the 
population2. 

Socioeconomic factors, such as low income, 
affect living conditions, such as residence in 
poorer neighborhoods and housing condi-
tions, especially tight or overcrowded housing, 
besides low educational level, which is indi-
rectly associated with a higher risk of develop-
ing severe forms of the disease3.

The analysis of the association between so-
cioeconomic factors and the mortality rate due 
to COVID-19 showed that per capita income, 
unemployment rate, comorbidities, and dif-
ficulty in accessing health services are risk 
factors associated with a higher mortality rate 
due to COVID-194. Likewise, some analyses 
also point to a relationship between COVID-19 
mortality and socioeconomic factors, such as 
low income, unemployment, comorbidities, 
black ethnicity, low level of education, and 
older individuals3.

Thus, studies on COVID-19 involving 
socioeconomic factors and patient profiles 
address the association in specific periods of 
the pandemic1–4, with small and specific time 
frames. To minimize this knowledge gap, this 
study aimed to analyze the spatial correlation 

between socioeconomic and demographic 
indicators and deaths from COVID-19 in 
Brazilian states, from March 2020 to June 
2022.

Material and methods

This is an analytical ecological study. Data 
on the population, sex, age, race, literacy, 
and Gini index were obtained through the 
National Household Sample Survey (PNAD), 
referring to 2015, as it corresponds to the last 
update of these data; and data on mortality 
from the disease in the period from March 
2020 to June 2022 were obtained from the 
electronic platform of the Ministry of Health, 
entitled ‘COVID-19 in Brazil’. 

In this study, the independent variables 
were population, sex, age, race, literacy and 
Gini index, considering the absolute numbers. 
The dependent variable was COVID-19 mortal-
ity in Brazil. It is noteworthy that the variable 
race was divided into two categories (white 
and non-white), due to the underreporting of 
the data, which generated a low n value. Thus, 
to enable the statistical analysis, it was neces-
sary to group the black, brown, yellow, and 
indigenous races in the non-white category.

Descriptive analyses of independent vari-
ables and mortality (dependent variable) were 
performed. To evaluate the spatial autocorre-
lations of the variables of interest, the Global 
Moran Indexes (GMI) were calculated ac-
cording to a bivariate analysis. To estimate 
the spatial autocorrelation, the GMI was used, 
which varies between -1 and +1 and provides 
its statistical significance (p). All analyses 
adopted a significance level of 5%. 

GeoDa 1.20.0.10 software was used for index 
calculations5, and the QGIS 3.26.0 software 
was used to prepare the maps and frequency 
distributions6. Bivariate analysis was per-
formed to evaluate the spatial correlation 
between the dependent variable COVID-19 
mortality and the independent variables (sex, 
age, race, literacy, Gini index). This analysis 
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generated the Local Moran Index (LMI) and 
spatial correlation maps. For the bivariate 
spatial correlation, clusters were interpreted 
in one of the five types: Not significant: regions 
that did not enter any cluster; High-High: 
regions with high frequency of the variable 
of interest and high frequency of mortality; 
Low-Low: regions with low frequency of the 
variable of interest and low frequency of mor-
tality; Low-High: regions with low frequency 
of the variable of interest and high frequency 
of mortality; High-Low: regions with high 
frequency of the variable of interest and low 
frequency of mortality7. 

The correlation values generated by the 
GMI and LMI could be evaluated as positive 
or negative and as weak (< 0.3), moderate (0.3-
0.7), or strong (> 0.7), as used in the evaluation 
of Pearson’s correlation.

As this research uses secondary data, 
without personal identification and in the 
public domain, and according to Resolution 
No. 510/2016, of the National Health Council8, 
it was not necessary to be considered by the 
Ethics Committee on Research with Human 
Beings. 

Results

In the period studied, the state of Rio de 
Janeiro stands out, where the highest mortal-
ity rate (428.92 deaths/100,000 inhabitants) 
was recorded, followed by Mato Grosso (421.6 
deaths/100,000 inhabitants), Roraima (407.10 
deaths/100,000 inhabitants), and Rondônia 
(407.10 deaths/100,000 inhabitants) (table 1).

Table 1. Deaths/100,000 inhabitants by Federative Units and Brazilian regions from 03/27/2020 to 06/24/2022. Brasil, 
2022 

Federative Unit/Region Deaths/100.000 inhabitants

North Region

Pará 214.5

Acre 227.0

Amapá 253.0

tocantins 264.4

Amazonas 342.1

Roraima 407.1

Rondônia 407.1

Northeast Region

Maranhão 154.0

Bahia 201.8

Alagoas 208.0

Pernambuco 228.5

Rio Grande do Norte 235.0

Piauí 237.0

Paraíba 254.9

Sergipe 276.5

Ceará 297.5
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Table 1. Deaths/100,000 inhabitants by Federative Units and Brazilian regions from 03/27/2020 to 06/24/2022. Brasil, 
2022 

Federative Unit/Region Deaths/100.000 inhabitants

Southeast Region

Minas Gerais 293.0

Espírito Santo 359.9

São Paulo 371.4

Rio de Janeiro 428.9

South Region

Santa Catarina 306.6

Rio Grande do Sul 351.1

Paraná 381.6

Central West Region

Mato Grosso do Sul 381.8

Goiás 382.1

Distrito Federal 389.6

Mato Grosso 421.6

Source: Prepared by the authors. 

During the period of the study, it was pos-
sible to verify a moderate positive spatial cor-
relation in relation to COVID-19 mortality and 
individuals aged 20 to 59 years (IMl = 0.31; p 
< 0.01), mortality from the disease and liter-
ate (IMl = 0.48; p < 0.01), that is, states with 
higher mortality had a higher population of 
individuals aged 20 to 59 years and literate 
individuals (table 2). 

Regarding ethnicity, a weak positive 
spatial correlation can be observed regarding 

COVID-19 mortality and white individuals 
(IMl = 0.26; p < 0.01). A moderate negative 
spatial correlation was also found in relation 
to mortality and the Gini index, that is, states 
with higher mortality had a lower Gini index 
(IMl = -0.310; p < 0.01). Although the relation-
ship between spatial distribution of mortality 
and sex was not significant, a positive correla-
tion between COVID-19 mortality and male 
sex can be observed (table 2). 
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Table 2. Bivariate Moran index of the independent variables sex, age, ethnicity, and literacy in relation to mortality from 
covid-19 in Brazil. Brasil, 2022 

Mortality (/100 thousand) vs Bivariate Moran index p-value

Gini index -0.310 < 0.010

Sex

Female -0.099 0.180

Male 0.099 0.180

Age (years)

0 to 19 -0.251 0.020

20 to 59 0.317 < 0.010

≥ 60 0.127 0.110

Race

White 0.265 < 0.010

Non-white -0.265 < 0.010

Education

literate 0.483 < 0.010

Illiterate -0.483 < 0.010

Source: Prepared by the authors. 

Regarding the spatial distribution, the 
results show a heterogeneous pattern of 
COVID-19 mortality in Brazil, highlighting 
the correlation of mortality with the Gini 
index, age between 20 and 59 years old, 
white and literate individuals, reflecting 
the complexity and challenges in coping 

with the pandemic in a continental country 
(figure 1).

The maps demonstrate the formation 
of clusters when the spatial correlation of 
COVID-19 mortality with the independent 
variables, sex, age, race, literacy, and Gini 
index is verified (figure 1).
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Figure 1. Spatial correlation of mortality by COVID-19 with the variables: sex, age, race, literacy, and Gini index. Brasil, 2022

Source: Prepared by the authors. 
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Spatial autocorrelation maps of COVID-19 
mortality in Brazil: A – BiLisamap, proportion 
of literate individuals in Brazil; B – BiLisamap, 
proportion of non-white individuals in Brazil; 
C – BiLisamap, proportion of individuals aged 
60 or older in Brazil; D – BiLisamap, propor-
tion of individuals aged 20 to 59 years in Brazil; 
E – BiLisamap, proportion of individuals aged 
0 to 19 years in Brazil; F – BiLisamap, propor-
tion of men in Brazil; G – BiLisamap, incidence 
of COVID-19 in Brazil from 03/27/2020 to 
06/24/2022; and H – BiLisamap, Gini index. 

In general, in the spatial autocorrelation 
regarding mortality and literacy, most in-
dividuals were 60 years or more, and men. 
As for the incidence, there was formation 
of a high-high cluster, covering states in the 
Southeast and Central West, mainly Mato 
Grosso do Sul and Minas Gerais. Low-low 
mortality clusters and age from 20 to 59 years 
and literate people were more concentrated 
in the Northeast region, involving the states 
of Maranhão, Piauí, Ceará, and Pernambuco.

Regarding the Gini index and mortality, a 
high-high cluster was formed in an isolated 
state, São Paulo. It is also worth mentioning the 
formation of inverse clusters in the Northeast 
and Southeast regions, concerning non-white 
individuals and mortality, with the high-low 
and low-high types being verified, respectively.

Discussion

The spatial distribution of COVID-19 mortal-
ity in the period studied and the independent 
variables showed a spatial correlation and the 
formation of several clusters for each region, a 
fact associated with regional diversity. Thus, 
there was a positive correlation between mor-
tality and individuals aged 20 to 59 years and 
literate; a weak positive correlation between 
mortality and white people; and a moderate 
negative correlation between mortality and the 
Gini index, confirming a spatial correlation of 
COVID-19 mortality with socioeconomic and 
demographic indicators.

These correlations may be associated with 
the scope of the period studied, as it went 
through the various waves of the COVID-19 
pandemic, in which different measures were 
adopted by managers to minimize the impact 
of the disease, in addition to the beginning and 
evolution of vaccination.

The heterogeneous distribution of cases 
and COVID-19 mortality can be related to the 
arrival of new virus variants at different times 
in each region, the adoption, and adherence 
of the population to non-pharmacological 
measures to prevent the disease, initiation, 
and adherence of the population to vaccina-
tion, in addition to existing social vulner-
abilities and health structure9. During the 
pandemic, several variants were identified, 
causing epidemic waves of COVID-19, such 
as Alpha, Beta, Gamma, Delta, and Omicron 
(+). The variants Alpha and Delta were associ-
ated with a higher mortality rate, which may 
be related to the ability of both to generate 
many infections in a short time, overburden-
ing health services10.

It was also found that the risk of hospi-
talization, due to the more severe forms of 
the disease, was related to the Alpha and 
Beta11 variants. In January 2021, Brazil was 
notified by Japan’s health authorities that 
a new variant had been identified in four 
Japanese who had returned from Manaus12. 
Therefore, the new variant, called P.1, lineage 
B.1.1.28.1, Gama, was found out to have been 
circulating in the state of Amazonas since 
October 202013. In Paraná, mortality rates 
tripled in young people aged between 20 and 
29 years and doubled in adults aged 30 to 59 
years after the emergence and spread of the 
Gamma variant14. 

Unlike the previous variants, infection by 
the Omicron variant does not cause loss of 
smell or taste, with more recurrent symptoms 
being tiredness, muscle pain, fever, dry cough, 
sore throat, headache, and tachycardia15. A 
study carried out at the National Middle 
Center, in South Korea, with 40 patients in-
fected with the Omicron variant, found that 
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47.5% were asymptomatic cases16. In Brazil, 
on the other hand, it was found that the mor-
tality of patients hospitalized with Severe 
Acute Respiratory Syndrome Coronavirus 2 
(SARS-CoV-2) increased during the wave of 
COVID-19 caused by the Omicron variant. 
People over 60 years of age, the presence of 
comorbidities, and males had a higher risk of 
death from the disease caused by this variant. 
On the other hand, the booster dose of the 
COVID-19 vaccine contributed to a decrease 
in the probability of death17. 

In this context, the pandemic went through 
several phases. In Brazil, in the first phase, 
from February to May 2020, there was an 
internalization of cases, causing difficulty 
in accessing beds in the Intensive Care Unit 
(ICU) and increasing the occurrence of death. 
From June to August 2020, COVID-19 had 
already spread throughout the country, with 
an average of 1,000 deaths per day, in addi-
tion to regions such as the Central West and 
South, which experienced critical situations 
of occupation of ICU beds. In the third phase, 
from September to November 2020, there 
was a reduction in cases and deaths from the 
disease, so isolation measures were relaxed 
to different degrees and times by the states; 
however, there was no vaccine, which favored 
the development of new variants18. 

Given the loosening of restriction mea-
sures, at the end of 2020, the fatigue of the 
population from restrictive measures and 
the holiday parties led to an increase in cases 
and deaths, from the end of 2020, starting 
the fourth phase, which lasted until June 
2021. In this period, considered the most 
dramatic of the pandemic, the Gamma variant 
was circulating, and the unpreparedness of 
the health system contributed to an increase 
in mortality, reaching an average of 3,000 
deaths per day from COVID-19. This phase 
of the pandemic led to the collapse of health 
systems in several states, which had a lack of 
equipment, ICU supplies, and depletion of 
the workforce of healthcare providers. The 
collapse of the health and funeral system 

in the North region stands out, with a lack 
of ICU beds and supplies, and equipment19.

In this scenario, in Brazil, vaccination began 
in the second half of January, concomitantly 
with the rapid transmission of the Gamma 
variant, identified in Manaus, which expe-
rienced explosive peaks in mortality. The 
situation in Manaus forced the Ministry of 
Health to allocate extra quotas of COVID-19 
vaccines to Amazonas, aimed at individuals 
over 70 years old and health collaborators, 
to halt the advance of the pandemic. COVID-
19 Mortality in Amazonas, between April 
and May 2020 and January 2021, showed a 
change in the death profile by sex and age 
group when comparing the first with the 
second wave of the pandemic in the state. 
There was an increase in the proportion of 
deaths from COVID-19 among women and 
in the age group from 20 to 59 years of both 
sexes. In addition, there was a relative in-
crease in mortality and lethality coefficients 
in different age groups and sexes20.

The age group with the highest risk of 
death is associated with the elderly and may 
be justified by immunosenescence, a situa-
tion in which the immune system weakens 
because of increased production of cytokines 
and weakening of T and B cells, in addition to 
the presence of comorbidities, which increase 
with age, influencing the increase in mortality 
in the elderly21. Thus, age is one of the demo-
graphic risks related to the development of 
the severe form of COVID-19. 

Regarding COVID-19 mortality and sex, 
studies have shown that higher numbers of 
deaths occurred in males21,22. This may be 
associated with higher prevalence of diabe-
tes, cancer, and heart disease among men, 
in addition to lower levels of male immune 
resistance associated with testosterone immu-
nosuppressive behavior20. A similar fact was 
identified in a study carried out in 63 countries, 
with a higher mortality rate in males due to 
COVID-19, related to the greater presence 
of comorbidities such as diabetes and heart 
disease, in addition to biological factors, such 
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as a higher expression of the angiotensin-
converting enzyme receptor 2, used by the 
SARS-CoV-2, to enter the host cell 23.

Regarding non-white ethnicity, the study 
identified a negative spatial correlation, that 
is, the formation of high-low clusters in the 
Northeast region, with a high number of 
non-white individuals and low mortality, and 
low-high in the Southeast region, with a small 
number of non-white individuals and high 
COVID-19 mortality, which may be associ-
ated with a higher mortality rate in non-white 
individuals in the period studied. 

On the other hand, in Rondônia, among 
the notifications with the information of 
race/color, the highest lethality was identi-
fied among black people24. This relationship 
between COVID-19 mortality and the black 
population may be associated with both a 
higher incidence of associated diseases and 
socioeconomic inequality25. 

The South and Southeast regions had the 
highest hospitalization rates per 100,000 
inhabitants; however, in-hospital mortality 
was higher in the Northern and Northeastern 
states. When checking for racial differences, it 
was observed that white individuals were the 
most hospitalized, but black people had higher 
mortality rates. These data may be associated 
with disadvantages related to housing condi-
tions, income distribution, education, and less 
access to health services26.

 In this context, the income and employ-
ment occupied by the black population also 
stand out, which often develops activities that 
favor contamination by COVID-19. A consider-
able part of this population occupies jobs that 
cannot be performed online; thus, race and 
ethnicity profile were directly correlated with 
exposure to SARS-CoV-227.

In England, hesitation regarding the 
COVID-19 vaccine was identified among black 
and Asian individuals, one of the concerns 
being insecurity about side effects. Thus, for 
better adherence to the vaccine, a broader 
look at communities is necessary, trying to 
involve them, asking for help from community 

leaders, social workers, local councils, as well 
as greater dissemination of publicly available 
and qualified information and transparency 
about possible side effects28. 

From July to November 2021, the incidence 
of COVID-19 in the country was reduced, ac-
companied by a drop in the number of serious 
cases and deaths, resulting in a reduction in 
ICU occupancy rates. In the aforementioned 
period, the effectiveness of ongoing vaccina-
tion was evidenced, by reducing the transmis-
sion and severity of the disease, and 60% of 
the Brazilian adult population was vaccinated; 
however, about 250 daily deaths were still 
recorded18. 

After vaccination with BioNTech vaccine, 
Pfizer, 33 individuals among 3,720 health-
care providers were infected with the Alpha 
variant; however, they were asymptomatic 
or had mild symptoms of the disease11. In the 
United States, the overall efficacy of Pfizer’s 
vaccine against infection of the Delta variant 
of the SARS-CoV-2 virus decreased from 93% 
at one month after complete vaccination to 
53% after four months29.

In addition to vaccination, the structural 
capacity of health systems was important in 
the pandemic. A study created and mapped 
the Health Infrastructure Index (IIS) in 
Brazilian states, noting that there are regional 
disparities in the spatial distribution of health 
system infrastructure, with the lowest rates 
recorded in the North region, in states such 
as Amapá and Roraima, places where the 
health system was severely affected by the 
pandemic30.

Another point to be considered is the mis-
alignment and lack of coordination between 
the Union, states, and municipalities in 
coping with the pandemic in Brazil, from the 
initial phase to the execution of the National 
COVID-19 Immunization Plan. At the begin-
ning of vaccination, there was a shortage of 
vaccine doses, in addition to the divergence 
of vaccination schedules and criteria for 
prioritizing groups between states and mu-
nicipalities, and especially due to the delays 
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in the purchase of vaccines by the federal 
government, as well as the anti-vaccines 
manifestations at this level of management31–33.

In Brazil, with the advancement of COVID-
19 vaccination, there was a reduction in the 
number of serious cases and clinical and 
ICU admissions, in addition to the number 
of deaths21. In Manaus, there were changes 
in hospitalization patterns and deaths from 
COVID-19 after the start of vaccination, with 
reduced rates of hospitalization and death 
from the disease, especially in the age group 
from 60 to 69 years20. 

From July to November 2021, the fifth 
phase of the pandemic, there was a reduction 
in serious cases and deaths from COVID-19, 
even in the face of the high spread of the Delta 
variant, with the effectiveness of vaccination 
being noticeable. It is noteworthy that, in the 
face of 40% of the eligible vaccinated popula-
tion, an average of 500 deaths were reported 
per day; and with 60% being vaccinated, an 
average of 250 deaths per day were recorded. 
In the sixth phase of the pandemic, from 
December 2021 to January 2022, a new wave 
with the Omicron variant was verified, increas-
ing the number of cases and the occupancy rate 
of ICU beds; however, this increase occurred 
in a smaller proportion when comparing this 
phase with the others of the pandemic18. 

Despite the therapeutic measures, and con-
trary to what was found in this study, analyses 
show that socioeconomic and political con-
texts are determining factors for the number 
of cases and deaths from the disease; thus, 
demographic density and the Gini index are as-
sociated with COVID-19 mortality34,35. Social 
inequality impacts the adoption of preventive 
measures, as the population belonging to the 
most vulnerable strata of society represents 
the majority of people with informal jobs, 
domestic workers, commercial service pro-
viders, transportation workers and post office 
workers, who remained active even during 
the most critical phases of the pandemic. In 
addition, the scarcity of income influences the 
availability of resources due to the absence 

of investments in community infrastructure, 
such as education, transportation, sanitation, 
housing, and health services22.

Study Limitations

The study presents limiting factors related 
to underreporting and the use of retroactive 
Censuses of the National Household Sample 
Survey (PNAD), referring to 2015. However, 
these factors did not interfere with the quality 
of the results, since the data used showed 
spatial correlations between the independent 
variables and COVID-19 mortality, verifying 
the heterogeneity of the states with their par-
ticularities and forms of coping, being crucial 
for the direction of government projects and 
actions at the municipal, state, or federal levels, 
according to their profile. 

Contributions to the Practice 
between Socioeconomic and 
Demographic Indicators and Deaths 
from COVID-19 in Brazilian States

This study covers the identification of the 
association between socioeconomic and de-
mographic indicators and deaths from COVID-
19, offering relevant information for clinical 
practice and health resource management. 
Still, for healthcare providers, the results show 
the importance of considering the influence of 
local socioeconomic indicators on the dynam-
ics of an infectious disease, and their inclusion 
in the preparation of contingency plans for 
outbreaks and epidemics is essential.

Conclusions

A spatial correlation was observed between 
socioeconomic and demographic indicators 
and deaths from COVID-19 in Brazilian states, 
with clusters in the mortality coefficient and 
the categories described, verifying the signifi-
cance between mortality and age, ethnicity, 
literacy, and Gini index. Thus, there is a need 
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to adopt intersectoral measures to ensure uni-
versal access to health and equitable allocation 
of resources to minimize social inequalities. 
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