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Abstract  The COVID-19 pandemic has unevenly affected regions, countries, and ethnic-racial segments. Socioenvi-
ronmental factors were associated with worse disease evolution, with a greater likelihood of mortality in vulnerable 
people. This study aimed to investigate the association between the proportion of vulnerable populations (Black, 
brown, and Indigenous people) and mortality from COVID-19 in Brazil from March 2020 to February 2021. Morta-
lity rate ratios and respective 95% Confidence Intervals (95%CI) were estimated using negative binomial regression 
models. Statistically significant associations were found between the proportion of these populations and mortality 
rates, emphasizing Blacks in the first four-month period, mixed race in the second four-month period, and Indigenous 
people in the third four-month period, in which an increase of 54%, 16% and 27% in mortality rates was observed, 
respectively, for every 10% increase in the proportion of these populations. We highlight the existence of ethnic-racial 
inequalities in COVID-19 mortality in Brazil and that efforts must be made to mitigate health inequalities, an expres-
sion of the perpetuated structural racism and social exclusion of historically vulnerable groups.
Key words  Racial groups, Health inequality, COVID-19, Ethnicity
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Introduction 

The COVID-19 pandemic was declared by the 
World Health Organization (WHO) in March 
2020, becoming one of the largest and most im-
portant health and humanitarian crises in His-
tory1. The first cases of illness and death from 
COVID-19 in Brazil were reported in February 
and March 20202, respectively. It is a disease 
caused by the new coronavirus, SARS-CoV-2, 
which can manifest as severe acute respiratory 
syndrome (SARS). In many cases, SARS requires 
intensive and prolonged medical and hospital 
care, overloading health systems3.

In Brazil, the COVID-19 pandemic was an 
event that unequally and more severely affected 
the population segments most vulnerable due to 
adverse geographic, environmental, socioeco-
nomic, and ethnic-racial conditions and health-
care access, resulting in a higher risk of death 
from the disease in these groups4-6. Individual 
factors, such as age over 60, pregnancy, and co-
morbidities, which include hypertension, obesity, 
and diabetes, were also associated with a worse 
prognosis for COVID-195,6.

A vast scientific production on health in-
equalities was produced during the pandemic, 
evidencing that the pandemic effects on peo-
ple’s health resulted from the mutual enhance-
ment of social determinants of health, such as 
ethnic-racial, socioeconomic, and geographic 
aspects and health patterns, which was consid-
ered a syndemic7. For example, ethnic-racial 
inequalities were shown by Pontes et al.8 when 
they reported age-group-specific mortality rates 
in Indigenous people higher than those in the 
general population, with higher rate ratios in the 
0-9-year groups (RR: 7.1) and 80 or older (RR: 
2.1). The cumulative lethality by COVID-19 rate 
had reached 41.8% among Indigenous people 
and 35.1% among non-Indigenous people in the 
country up to August 2020, with heterogeneity 
by region. The most significant inequalities were 
identified in the North and Midwest. Santos et 
al.9 found maternal mortality rates approximate-
ly twice as high in Black women than in white 
women. Baqui et al.10 found a significantly higher 
risk of death in brown people (RR: 1.45; 95%CI: 
1.33-1.58) and Black people (RR: 1.32; 95% CI: 
1.15-1.52) than white people.

In the Epi-Covid study, seroepidemiological 
surveys were conducted in all 27 federative units 
of Brazil, in three different waves and 133 sentinel 
cities, using a sampling method, estimating the 
seroprevalence of COVID-19 and its respective 

confidence intervals in these locations, showing 
a seroprevalence five times higher in Indige-
nous people than white people, and three times 
higher in mixed race people than white people 
in the three waves. Furthermore, seroprevalence 
was inversely proportional to wealth, where the 
poorest quintile was about twice as likely to have 
antibodies than the most affluent quintile in all 
three study waves. Regarding the regions of the 
country, 10% of the population in the North, 
on average, had or had already contracted the 
coronavirus. In contrast, this percentage was 1% 
in the South in the third wave. In the first wave, 
none of the cities analyzed had positive seroprev-
alence results in the Midwest, in contrast to the 
North, where only 32% of the cities analyzed had 
no positive results11,12.

Given this evidence, the present study aimed 
to investigate the association between the pro-
portion of vulnerable populations (Black, brown, 
and Indigenous people) and mortality from 
SARS by COVID-19 (COVID-19) in the first 
year of the pandemic and its interaction with so-
cioeconomic inequality and healthcare access per 
the Brazilian mesoregions.

Methods

Study design and area  

This ecological space-time study assessed 
the association between the proportion of vul-
nerable people (Black, brown, and Indigenous) 
and COVID-19 mortality in the first year of the 
pandemic, from March 2020 (month of the first 
death from COVID-19 in the country) to Feb-
ruary 2021 (month of the start of vaccination 
against COVID-19 in the country), considering 
137 Brazilian mesoregions as units of spatial 
analysis and three four-month periods (March 
to June 2020, July to October 2020, and Novem-
ber 2020 to February 2021) as units of temporal 
analysis.

Brazil was divided into mesoregions in 1989 
to compose geographic units capable of integrat-
ing the organization, planning, and implemen-
tation of public functions of common interest. 
Each mesoregion includes a set of geographically 
articulated municipalities with economic, geo-
graphic, and social similarities, which respect 
the limits of the state to which it belongs (Brazil-
ian Institute of Geography and Statistics, IBGE, 
2017). The Northeast is the Brazilian region with 
the most significant number of mesoregions (42), 
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followed by the Southeast (37), South (23), North 
(20), and Midwest (15) (Figure 1).

Study variables, indicators, and data sources  

The number of COVID-19 deaths was con-
sidered the study’s outcome. The primary ex-
posure in this study was the proportion of vul-
nerable populations, defined as the proportion 
of Black, brown, and Indigenous populations in 
each mesoregion. The analysis also considered 
these ethnicity/skin color categories as second-
ary exposures. The mean Socioeconomic Index 
of the Geographic Context for Health Studies 

(GeoSES), as an indicator of socioeconomic sta-
tus, the ratio of ICU beds per inhabitant as an in-
dicator of healthcare access, and the aging index, 
as an indicator of the age structure of the popula-
tion, were included as the study’s covariates. All 
study indicators were aggregated by mesoregion 
and four-month periods for analysis. Data on 
COVID-19 deaths by municipality of residence 
were retrieved from the Influenza Epidemiologi-
cal Surveillance System (SIVEP-Gripe) and com-
prised the numerators of COVID-19 mortality 
rates and the study outcome. The population by 
ethnicity/skin color category and municipality, 
later aggregated by mesoregion, derived from 

Figure 1. Brazilian Mesoregions by the IBGE.

Source: IBGE, 2005.

20)  Serrana
21)  Norte Pioneiro Paranaense
22)  Marília
23)  Sudeste Paranaense
24)  Norte Central Paranaense
25)  Nordeste Rio-Grandense
26)  Centro-sul Paranaense
27)  Centro-ocidental Paranaense
28)  Noroeste Paranaense
29)  Sul Catarinense

15)  Sul do Amapá
16)  Norte do Amapá
17)  Metropolitana de Belém
18)  Sul de Roraima
19)  Sul Maranhense

54)  Nordeste Paraense
55)  Oeste Maranhense
56)  Norte Maranhense
57)  Centro Maranhense
58)  Metropolitana de Fortaleza
59)  Leste Maranhense

40)  Araraquara
41)  Bauru
42)  São José do Rio Preto
43)  Itapetininga
44)  Litoral Sul Paulista
45)  Assis
46)  Araçatuba
47)  Presidente Prudente
48)  Leste de Mato Grosso do Sul 
49)  Metropolitana de Curitiba
50)  Centro-Oriental Paranaense
51)  Norte Catarinense
52)  Vale do Itajaí
53)  Grande Florianópolis

Mesorregiões do Brasil (IBGE)
by Forest-GIS

10) Pantanais Sul Mato-Grossense
11) Centro Norte de Mato Grosso do Sul
12) Distrito Federal
13) Noroeste Goiano
14) Centro Goiano

112) Central Potiguar
113) Agreste Potiguar
114) Borborema
115) Agreste Paraibano
116) Mata Paraibana

1) Oriental do Tocantins
2) Madeira-Guaporé
3) Ocidental do Tocantins
4) Leste Rondonense
5) Nordeste Mato-Grossense
6) Sudoeste Mato-Grossense
7) Norte Goiano
8) Sudeste Mato-Grossense
9) Centro-Sul Mato-Grossense

97)  Metropolitana de Salvador
98)  Extremo-Oeste Baiano
99)  Centro-Sul Baiano
100) Noroeste de Minas
101) Jequitinhonha
102) Sul Baiano
103) Vale do Mucuri
104) Noroeste Espírito-Santense
105) Litoral Norte Espírito-Santense
106) Central Espírito Santense

87)  Agreste Pernambucano
88)  Leste Alagoano
89)  Agreste Alagoano
90)  São Francisco Pernambucano
91)  Leste Sergipano
92)  Sertão Sergipano
93)  Nordeste Baiano
94)  Agreste Sergipano
95)  Sudoeste Piauiense
96)  Centro-norte Baiano

67)  Central Mineira
68)  Vale do Rio Doce
69)  Metropolitana de Belo Horizonte
70)  Oeste de Minas
71)  Ribeirão Preto
72)  Campo das Vertentes
73)  Sul Espírito-Santense
74)  Zona da Mata
75)  Sul/Sudoeste de Minas
76)  Noroeste Fluminense

77)  Campinas
78)  Norte Fluminense
79)  Centro Fluminense
80)  Metropolitana do Rio de Janeiro
81)  Sul Fluminense
82)  Baixadas
83)  Piracicaba
84)  Vale do Paraíba Paulista
85)  Metropolitana de São Paulo
86)  Macro Metropolitana Paulista30)   Sudoeste Paranaense

31)  Oeste Catarinense
32)  Metropolitana de Porto Alegre
33)  Oeste Paranaense
34) Sudoeste de Mato Grosso do Sul
35)  Noroeste Rio Grandense
36)  Centro Oriental Rio-Grandense
37)  Sudeste Rio Grandense
38)  Centro-Ocidental Rio Grandense
39)  Sudoeste Rio-Grandense

60)  Triângulo Mineiro / Alto Paranaíba
61)  Norte Cearense
62)  Leste Goiano
63)  Sertões Cearenses
64)  Norte piauiense
65)  Noroeste Cearense
66)  Centro-Norte Piauense

117) Sertão Paraibano
118) Sul Cearense
119) Sertão Pernanbucano
120) Vale São-Franciscano da Bahia
121) Metropolitana de Recife
122) Mata Pernambucana
123) Sertão Alagoano

107) Sudeste Piauiense
108) Jaguaribe
109) Centro-Sul Cearense
110) Oeste Potiguar
111) Leste Potiguar
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the 2010 Brazilian Demographic Census (IBGE, 
2010), since there was a delay in conducting 
the 2020 Demographic Census. The sum of the 
Black, brown, and Indigenous populations was 
divided by the total population of each mesore-
gion to obtain the proportion of vulnerable pop-
ulations, per the proportions of the 2010 Census. 
The calculation was made for the three popula-
tions together and for each separately. The esti-
mate of the Brazilian population by municipality, 
used to calculate the mortality rates by SARS-
COVID-19 in the pandemic year, was obtained 
from the IBGE’s population projections for 2020. 
The “Socioeconomic Index of the Geographic 
Context for Health Studies” (GeoSES) was gen-
erated by principal component analysis based on 
data from the 2010 Demographic Census;. It is 
composed of the dimensions education, mobili-
ty, poverty (absolute poverty, defined as the lack 
of minimum survival capacity and access to ma-
terial resources), and wealth (proxy for all eco-
nomic resources accumulated throughout life), 
income, segregation (which refers to a broad 
concept related to separate housing of different 
population groups in different parts of a city and 
affects health by escalating psychosocial effects 
involving insecurity, anxiety, social isolation, 
socially dangerous environments, bullying, and 
depression), and deprived access to services and 
resources13. The GeoSES index ranges from -1 to 
+1, with a lower index indicating worse socioeco-
nomic conditions. The calculated index is avail-
able for all Brazilian municipalities on the IBGE 
website ((https://www.ibge.gov.br/estatisticas/
downloads-estatisticas.html). For our study, we 
calculated the mean index by mesoregion.

The ratio of ICU beds per inhabitant was 
calculated by dividing the number of available 
ICU beds by the population per mesoregion. 
Data on the number of ICU beds were retrieved 
from DATASUS through the National Registry of 
Health Establishments (CNES) (CnesWeb - Ca-
dastro Nacional de Estabelecimentos de Saúde 
(datasus.gov.br)). 

We adopted the Aging Index to represent the 
population’s age structure. The index is calculat-
ed by dividing the number of individuals over 60 
by those under 15. The population in these age 
groups was obtained from the population esti-
mate projected by the IBGE for 2020.

Statistical analysis 

We created thematic maps showing the spa-
tial distribution of mortality rates per four-month 

period, the proportion of vulnerable populations, 
the ratio of ICU beds per inhabitant, mean Geo-
SES, and the Aging Index.

A negative binomial regression model as-
sessed the association between the proportion 
of vulnerable populations and COVID-19 mor-
tality. The outcome variable was the number of 
deaths by COVID-19 per mesoregion. The pri-
mary exposure was the proportion of vulnera-
ble populations, and the general population was 
considered an offset in the model. Moreover, 
we separately assessed the proportion of Black, 
brown, and Indigenous populations as secondary 
exposures. The ratio of ICU beds per inhabitant, 
mean GeoSES, and Aging Index were considered 
the model’s adjustment variables.

Initially, we created the model with only the 
raw exposure variable (Model 1). Then, each of 
the following adjustment variables was progres-
sively and cumulatively added to the raw mod-
el, in this order: Aging Index (Model 2), simple 
GeoSES mean (Model 3), and ratio of ICU beds 
per inhabitant (Model 4). Finally, we investigated 
socioeconomic and healthcare access indicators 
as possible effect modifiers on the association 
in question, adopting a multiplicative scale by 
introducing an interaction term in the mod-
el. The non-significance of the interaction term 
indicates no effect modification. The mortality 
rate ratios estimated from the adjusted models 
considered a 10% increase in the proportion of 
the vulnerable population. All analyses were per-
formed for the accumulated period of one year 
and per four-month periods using R software (R 
core team, 2022).

Results

A total of 224,430 deaths by COVID-19 were re-
corded in Brazil from March 2020 to February 
2021, 224,405 of which were in people residing 
in the country. Of this total, 83,125, 85,332, and 
55,948 occurred in the first, second, and third 
four-month periods.

COVID-19 mortality rates were higher in the 
North of the country and some Southeast and 
Midwest regions in the accumulated period of 
one year (Figure 2). The first four-month period’s 
rates were higher in the North and a small area 
of the Southeast. In the second four-month peri-
od, rates declined in the North and hiked in the 
Midwest, with a new increase in the North and a 
decrease in the Midwest in the third four-month 
period.
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Figure 3 shows the spatial distribution of the 
proportions of vulnerable populations by me-
soregion. We observed a more significant pro-
portion of these populations in the North and 
Northeast of the country, besides the northern-
most Midwest, and a more significant proportion 
of the Indigenous population in mesoregions to 
the northwest of the North and the west of the 
Midwest region.

Figure 4 shows the spatial distribution of 
the covariates. The mean GeoSES Index increas-
es gradually from the North to the South of the 
country, as does the Aging Index. We observed 
a few mesoregions in the North and Northeast 
with a ratio of ICU beds per inhabitant compara-
ble to those in the central-southern region of the 
country, which has the highest ratio of ICU beds 
per inhabitant in Brazil.

No statistically significant association was 
observed in the crude model (Model 1) for any 
of the categories of vulnerable populations ana-
lyzed (Table 1). After adjusting for the variables 
Aging Index, Mean GeoSES Index, and ratio of 
ICU beds per population, we identified statisti-
cally significant associations between propor-
tions of vulnerable population (RR: 1.12, 95%CI: 
1.04-1.21), brown people (RR: 1.09, 95%CI: 1.01-
1.17), and COVID-19 mortality. An increase of 
12% and 9% in the COVID-19 mortality rate is 
observed for each 10% increase in the propor-
tions of vulnerable populations or Brown people. 

In the first four-month period, we observed 
statistically significant associations between 
COVID-19 mortality rates and the increase 
in the proportions of vulnerable populations 
(RR: 1.44, 95%CI: 1.23-1.67), brown (RT: 1.36, 
95%CI: 1.17-1.58) and Black people (RR: 1.54, 
95%CI: 1.01-2.42), after adjustment for socio-
economic indicators, healthcare access, and Ag-
ing Index (Model 4) (Table 1). The proportion 
of the Black people lost statistical significance 
in the second four-month period, with only the 
proportions of the vulnerable population (RR: 
1.17, 95%CI: 1.07-1.28) and Brown people (RR: 
1.16, 95%CI: 1.05-1.27) remaining associated. 
In the third four-month period, only the pro-
portion of the Indigenous population (RR: 1.27; 
95%CI 1.03-1.64) remained associated with 
higher COVID-19 mortality. We observed a 27% 
increase in the COVID-19 mortality rate (Table 
1) for each 10% increase in the proportion of the 
Indigenous population.

In the multiplicative interaction analysis, so-
cioeconomic and healthcare access indicators 
were not effect modifiers in the association be-

tween the proportion of the vulnerable population 
and SARS-COVID-19 mortality (p-value>0.05).

Discussion

In our study, we observed higher mortality 
rates in mesoregions with higher proportions 
of vulnerable populations in the first year of the 
COVID-19 pandemic in Brazil, particularly in 
the first and second four-month periods, even 
after adjusting for variables of healthcare access, 
socioeconomic index, and aging index. Also, in 
the analysis stratified by four-month periods, 
we observed that the behavior of mortality rates 
suffered different effects depending on the eth-
nic-racial composition of the mesoregions, with 
the proportion of Black people having a more 
significant effect on the increased mortality in the 
first four-month period. In comparison, the pro-
portion of brown people had a more significant 
effect in the second, and the Indigenous people in 
the third. No interaction was observed between 
the socioeconomic index or access to healthcare 
and the proportion of vulnerable populations as-
sociated with COVID-19 mortality.

Higher proportions of brown and Indigenous 
people were found in the North and of Black peo-
ple in the Northeast and Southeast. Furthermore, 
the map of the vulnerable population’s spatial dis-
tribution resembles the spatial distribution of the 
brown population since the brown population 
represents the most significant proportion of the 
total population and corresponds spatially to the 
most unfavorable distribution of socioeconom-
ic and healthcare access indices and aging rate. 
All these indicators showed an upward trend 
in a North-South direction, consistent with the 
historical social and economic inequality and de-
mographic patterns that distinguish the regions 
of the country, in which the South and Southeast 
are socioeconomically more developed than the 
Midwest, Northeast, and North14-18.

Regarding age structure, the southernmost 
areas have older populations than the north-
ernmost areas19 due to demographic dynamics 
that reflect higher fertility and early mortality 
and lower life expectancy at birth in the North 
and Northeast20. Besides the inequalities already 
shown, the ratio of ICU beds/inhabitants is high-
er in the central-southern regions of the country, 
revealing fewer barriers to healthcare access16-18.

Patterns of socioeconomic, demographic, 
and health access inequalities overlap with the 
ethnic-racial distribution of the population, 
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characterizing a syndemic condition, resulting in 
worse control of COVID-19 and its unfavorable 
outcomes in locations with a higher proportion 
of these populations7. Several authors have shown 
through descriptive studies at the individual level 
that morbidity and COVID-19 mortality and le-
thality were higher in Black9,21-23, mixed-race10,22, 
and Indigenous8,10,22 people in the country. Our 
study also confirms this vulnerability from an 
ecological perspective, showing the ethnic-racial 
inequalities that exceed socioeconomic, demo-
graphic, and healthcare access inequalities. Es-
trela et al.24 emphasize that structural racism in 
the country and worldwide generates health in-
equalities, which lead to a deteriorated health sit-
uation in minority populations. The inequalities 
highlighted may likely reflect a broader outlook 
of historically rooted social exclusion, which is 
an expression of structural racism24-26.

The association between age over 60 and the 
risk of death from COVID-19 has been widely 
demonstrated at the individual level, national-

ly and internationally6,27. In contrast, our study 
showed that specific SARS-COVID-19 mortal-
ity in the accumulated period was lower in the 
mesoregions with the highest aging rate in the 
Center-South of the country and higher in the 
North, which indicates that social determinants 
and individual factors operated to increase the 
risk of death from COVID-19 in Brazilian me-
soregions4,28. Corroborating this hypothesis, we 
highlight the higher mortality rates in mesore-
gions with lower socioeconomic index and less 
access to healthcare, evidencing the prognostic 
relevance of these determinants in the pandemic, 
besides Ranzani et al.’s study22, which revealed 
that approximately half of the first 250,000 hos-
pitalizations for COVID-19 in the country oc-
curred in patients under 60 (47%), and mortality 
in this age group was higher in the North and 
Northeast, reaching 31% in the Northeast.

The results obtained from the adjusted mod-
els in the cumulative period and the four-month 
periods analyzed indicate that vulnerable popu-

Figure 2. Spatial distribution of cumulative and four-month specific mortality rates due to SARS-COVID-19 by 
Brazilian mesoregions from March 2020 to February 2021.

Source: Authors.
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lations were exposed to COVID-19 and experi-
enced a higher risk of death from the disease at 
different stages during the pandemic, which can 
be explained by the dynamics of the geographic 
spread of the pandemic in the country, the intro-
duction of different SARS-CoV-2 variants and 
their respective virulence, and the geographic 
distribution of vulnerable populations.

When analyzing the association between the 
proportion of vulnerable populations and SARS-
COVID-19 mortality per four-month period, 
we realized that these populations suffered the 
effects of the pandemic early, particularly in the 
first four-month period, possibly as a reflection 
of their vulnerabilities and barriers in access to 
healthcare, the dynamics of viral circulation in 
the regions of the country, and the ethnic-ra-
cial composition of the population. In the first 
COVID-19 wave in the country, when the possi-
bility of social distancing did not exist for infor-
mal workers, who account for a large portion of 

Brazilians in the worst socioeconomic conditions 
in the country, we found statistically significant 
associations even after adjusting for the aging in-
dex, socioeconomic index, and proxy for access 
to healthcare. This result confirms the findings of 
other studies already published, which showed 
a higher risk of mortality in vulnerable popula-
tions, such as Black and brown people29,30.

For example, Lana et al.31 demonstrated that 
COVID-19 transmission was initially concen-
trated in a few large urban centers, with a rapid 
internalization in some states, such as Amazonas, 
Rio de Janeiro, and São Paulo. The North has the 
most significant proportion of Indigenous people 
in the country, which had a significant impact on 
this segment, as observed in the seroepidemio-
logical studies conducted, which showed a higher 
seroconversion in the North and this population 
group11. However, the most significant impact 
on mortality in this segment occurred later, as 
seen in our study in the third four-month period, 

Figure 3. Spatial distribution of the proportions of vulnerable populations (Black, brown, and Indigenous) and 
the proportion of Black, brown, and Indigenous people separately by Brazilian mesoregions.

Source: Authors.
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where the disease again increased its rates in the 
North, which can be explained by the presence of 
the P.1 variant in this region, which had greater 
transmissibility and a possible greater lethality 
than the variants previously circulating in our 
country32,33.

Regarding mortality rates related to the In-
digenous people in the third four-month pe-
riod, our study revealed a 27% increase in the 
COVID-19 mortality rate in the mesoregion for 
each 10% increase in the proportion of the Indig-
enous population, corroborating the findings of 
other studies, which also showed higher mortal-
ity and lethality8 in this specific population. Sig-
nificant mortality differentials were observed in 
the study by Pontes et al.8, for example, where the 
mortality rate ratio between the Indigenous pop-
ulation and the general population was 7.1 for 
the 0-9 years group, 3.6 for the 10-19 years group, 
2.3 for the 50-59 years group, and 2.1 in the 80 
years and older group. These findings confirm 

that the Indigenous population in our country 
has unfavorable health indicators compared to 
other population groups34,35 and that this popu-
lation was particularly affected by the COVID-19 
pandemic8,21,22.

The main limitation of our study is the lack 
of an updated demographic census, which chal-
lenges the more accurate calculation of the pro-
portion of population by ethnicity/skin color 
required for calculating the proportion of vulner-
able population. Population growth is not merely 
a demographic event associated with the demo-
graphic growth of the general Brazilian popu-
lation. Self-designation of one’s ethnicity/skin 
color is influenced by the people’s environment, 
economic characteristics, and political situation, 
which has occurred significantly in the country’s 
Indigenous populations in recent decades34-36. 
Thus, populations may experience variations in 
their growth, which are not explained solely by 
demographics and may influence the magnitude 

Figure 4. Spatial distribution of the socioeconomic index measured by the mean GeoSES index, Aging index, 
and Ratio of ICU beds per population by Brazilian mesoregions. 

Source: Authors.
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of specific mortality rates by ethnicity/skin color 
and the proportions of vulnerable populations. 
However, the data sources used were the only 
ones available and employed in all other studies 
on the subject.

Our study shows a consistent pattern of 
higher SARS-CoV-2 mortality in mesoregions 
with higher proportions of Black, brown, and 
Indigenous people, with more significant in-
creases related to brown and Indigenous people 

in the North and Midwest and Black people in 
the Southeast. These results powerfully demon-
strate that the pandemic was an event that affect-
ed, to a greater degree, the regions with higher 
proportions of vulnerable populations. Some 
overlapping distinct vulnerabilities are reflected 
in ethnic-racial health inequalities, an event that 
can be characterized as a syndemic. Despite this, 
no synergistic effect was confirmed between so-
cioeconomic index and access to healthcare and 

Table 1. Mortality rate ratios and respective 95% confidence intervals for crude and adjusted associations 
between the proportion of vulnerable population and mortality from SARS-COVID-19 in the accumulated 
period of one year and by four-month period.

Vulnerable 
population 

Black 
population 

Brown 
population

Indigenous 
Population

RR (95%CI) RR (95%CI) RR (95%CI) RR (95%CI)
One-year accumulation

Model 1: Vulnerable population 1.00 (0.97-1.04) 1.09 (0.89-1.35) 1.00 (0.96-1.04) 1.08 (0.92-1.29)

Model 2: Model 1 + Aging 
index

1.01(0.96-1.06) 1.09 (0.89-1.35) 0.99 (0.94-1.05) 1.09 (0.93-1.33)

Model 3: Model 2 + Mean 
GeoSES

1.12 (1.04-1.21)* 1.18 (0.96-1.46) 1.09(1.00-1.17) 1.10 (0.93-1.32)

Model 4: Model 3 + Bed to 
population ratio

1.12 (1.04-1.21)* 1.16 (0.95-1.44) 1.09 (1.01-1.17)* 1.09 (0.93-1.31)

Four-month period 1
Model 1: Vulnerable population 1.26 (1.17-1.34)* 1.42 (0.90-2.34) 1.27 (1.18-1.37)* 1.29 (0.96-1.96)
Model 2: Model 1 + Aging 
index

1.26 (1.13-1.41)* 1.60 (1.06-2.50)* 1.25 (1.11-1.41)* 0.98 (0.74-1.41)

Model 3: Model 2 + Mean 
GeoSES

1.44 (1.23-1.67)* 1.57 (1.03-2.47)* 1.36 (1.16-1.58)* 0.98 (0.74-1.41)

Model 4: Model 3 + Bed to 
population ratio

1.44 (1.23-1.67)* 1.54 (1.01-2.42)* 1.36 (1.17-1.58)* 0.97 (0.74-1.40)

Four-month period 2
Model 1: Vulnerable population 0.71 (0.46-1.08) 1.08 (0.84-1.40) 0.96 (0.91-1.00) 0.95 (0.78-1.19)
Model 2: Model 1 + Aging 
index

0.99 (0.93-1.06) 1.10 (0.86-1.43) 0.98 (0.91-1.05) 1.03 (0.15-17.56)

Model 3: Model 2 + Mean 
GeoSES

1.18 (1.08-1.28)* 1.27 (0.99-1.64) 1.15 (1.05-1.27)* 1.03 (0.84-1.31)

Model 4: Model 3 + Bed to 
population ratio

1.17 (1.07-1.28)* 1.24 (0.97-1.61) 1.16 (1.05-1.27)* 1.03 (0.84-1.30)

Four-month period 3
Model 1: Vulnerable population 0.87 (0.84-0.91)* 0.88 (0.68-1.16) 0.85 (0.81-0.89)* 0.98 (0.80-1.26)

Model 2: Model 1 + Aging 
index

0.90 (0.84-0.96)* 0.86 (0.67-1.12) 0.86 (0.80-0.92)* 1.26 (1.00-1.67) 

Model 3: Model 2 + Mean 
GeoSES

0.97 (0.88-1.07) 1.03 (0.80-1.35) 0.90 (0.82-1.00) 1.27 (1.02-1.64)*

Model 4: Model 3 + Bed to 
population ratio

0.97 (0.88-1.07) 1.04 (0.80-1.36) 0.90 (0.82-1.00) 1.27 (1.03-1.64)*

Source: Authors.
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ethnicity on mortality levels. This fact shows that 
other aspects not controlled in the multiple anal-
ysis affect mortality through the condition relat-
ed to skin color in Brazil, and structural racism 

can be mentioned. This study brings significant 
results regarding the health inequalities in our 
country and becomes an essential instrument in 
the fight for their mitigation.
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