Journal of Racial and Ethnic Health Disparities
https://doi.org/10.1007/s40615-021-01162-w

Disparities in Excess Mortality Between Indigenous
and Non‑Indigenous Brazilians in 2020: Measuring the Effects
of the COVID‑19 Pandemic
Gustavo Hermes Soares1

· Lisa Jamieson2 · Maria Gabriela Haye Biazevic1 · Edgard Michel‑Crosato1

Received: 22 July 2021 / Revised: 23 September 2021 / Accepted: 23 September 2021
© W. Montague Cobb-NMA Health Institute 2021

Abstract
This study aimed to estimate the number of excess deaths among Indigenous Peoples associated with the COVID-19 pandemic in 2020 and to assess the disparities in excess mortality between Indigenous and non-Indigenous Brazilians. A time
series analysis of weekly mortality data including all deaths from January 2015 to December 2020 was conducted. The
number of expected deaths for 2020 was estimated using an over-dispersed Poisson model that accounts for demographic
changes, temporal trends, and seasonal effects in mortality. Weekly excess deaths were calculated as the difference between
the number of observed deaths and the expected deaths. Regional differences in Indigenous mortality were investigated. A
significant increase in Indigenous mortality was observed from April 1 to December 31, 2020. An estimated 1149 (95% CI
1018–1281) excess deaths was found among Indigenous Brazilians in 2020, representing a 34.8% increase from the expected
deaths for this population. The overall increase in non-Indigenous mortality was 18.1%. The Indigenous population living
in the Brazilian Amazon area was the earliest-affected Indigenous group, with one of the highest proportional increases in
mortality. Disparities in excess mortality revealed a disproportionate burden of COVID-19 among Indigenous Brazilians
compared to their non-Indigenous counterparts. Findings highlight the importance of implementing an effective emergency
plan that addresses the increased vulnerability of Indigenous Peoples to COVID-19.
Keywords Indigenous population · Excess deaths · Pandemic · COVID-19 · Mortality · Vulnerable groups

Introduction
The emergence of the novel coronavirus (SARS-CoV-2) as a
global pandemic has challenged the capacity and preparedness of health systems worldwide in managing public health
crises. Despite a long tradition in community-based health
strategies and previous positive experiences handling sanitary emergencies [1, 2], Brazil has reportedly had a disastrous response to the spread of the 2019 coronavirus disease
(COVID-19) [3, 4]. The federal administration has been criticized by the international scientific community for downplaying the severity of COVID-19, in addition to immersing
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the country in scientific denialism, undermining the efforts
of other entities to reduce the impact of the disease, and
refusing to implement a central public health governance
during the pandemic [5–7]. Up to September 2021, Brazil
had accumulated over 590,000 deaths from COVID-19, only
second to the toll of victims in the USA [8].
The lack of effective measures to protect vulnerable
groups during the pandemic prompted the Brazilian Supreme
Court to determine that the federal government implemented
an emergency plan for tackling COVID-19 among the Indigenous population [9]. Indigenous Brazilians correspond to
approximately 0.4% of the Brazilian population. This group
is constituted by 305 different Indigenous Peoples living in
all regions of the country. The Amazon area concentrates
the highest Indigenous population of the country, in addition to over 100 Indigenous communities living in voluntary
isolation—the greatest number of native peoples classified
as isolated in the world [10, 11]. This remarkably diverse
population is consistently affected by social marginalization, structural racism, and worse sociodemographic and
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health conditions compared to their non-Indigenous counterparts [11–13]. Barriers to accessing health services and the
intensification of conflicts with land-invaders exacerbate the
Indigenous vulnerability to the COVID-19 pandemic [14].
Only in March 2021, 7 months after the ruling, the Ministry of Health presented a plan that was partially sanctioned
by the Supreme Court [15]. Although the Indigenous population was later included as a priority group for the COVID19 vaccination, the response of the Special Secretary of
Indigenous Health to the pandemic failed to recognize the
Indigenous Brazilians living in urban areas, leaving approximately 36% of the Indigenous population unassisted during
an unprecedented public health emergency [11, 16]. A study
revealed that Indigenous Brazilians living in urban settings
have a twofold higher prevalence rate of COVID-19 compared to the non-Indigenous population [17].
The vulnerability of Indigenous Brazilians—whether
living in traditional lands or urban areas—to COVID-19
is shaped by a complex interplay of broader determinants
of health that include social marginalization, poor housing
conditions, structural racism, and colonial legacy [16, 18].
Information collected by the Articulation of the Indigenous
Peoples of Brazil (APIB), the widest movement of Indigenous Peoples from Brazil, reveals that 161 different Indigenous Peoples (53%) from all regions of Brazil were directly
affected by the pandemic in 2020 [19]. The COVID-19 constitutes a tangible threat for the survival and cultural continuity of several of these millenary Indigenous groups. For
instance, there are 24 Indigenous Peoples entirely formed by
up to 100 individuals to which the pandemic could result in a
decimation [20]. Furthermore, the pandemic may have a profound effect on Indigenous cultures. Indigenous elders are
at increased risk of death from COVID-19 due to advanced
age, impacting their central role in Indigenous cultures and
epistemologies as traditional knowledge keepers [16]. Other
health and socioeconomic effects of the pandemic on Indigenous communities may include difficulties in accessing
health services and obtaining food supplies, exacerbating a
context of epidemiological vulnerability and food insecurity
[18, 21].
In this study, we investigated the effects of the COVID-19
pandemic on Indigenous Brazilians mortality. Based on a
time series analysis of mortality data from 2015 to 2019, we
compared the estimates of excess deaths for 2020 between
the Indigenous and the non-Indigenous populations. Excess
mortality is a measure that allows the identification of unusually high mortality rates for a specific demographic and
time interval, providing important information regarding the
overall impact of the pandemic across populations. The number of excess deaths is calculated as the difference between
the number of observed deaths and the number of expected
deaths for the same period. Previous studies adopted different approaches to estimate the excess mortality associated
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with the COVID-19 pandemic, including comparing the
number of observed deaths with the figures reported in 2019
or with the historical average of deaths in past years [22, 23].
This study advances the scientific literature by applying a
robust statistical approach that estimates the expected number of deaths for a given period while accounting for a recent
demographic change in the Indigenous population from Brazil [24]. Thus, this study aimed to estimate the number of
excess deaths among Indigenous Peoples associated with the
COVID-19 pandemic in 2020 and to assess the disparities
in excess mortality between Indigenous and non-Indigenous
Brazilians.

Methods
Study Design
A time series of weekly mortality data was conducted to
assess the excess of deaths among Indigenous Brazilians
in 2020.

Data
Daily mortality data were obtained from the Mortality Information System of the Brazilian Health System including all
deaths reported from January 1 2015 to December 31 2020
[25, 26]. The 2020 mortality dataset used for our analyses
was last revised by the Ministry of Health on September 1,
2021.
Annual mid-year population estimates for Brazil were
obtained for each year included in the analysis from the
Brazilian Institute of Geography and Statistics [27]. These
figures represent the total population living in the country
and do not include information on Indigenous status.
The most updated information available for the Indigenous population was obtained from the 2010 Brazilian
National Census, which was considered the initial population [11]. To calculate the annual population size of Indigenous Brazilians from 2015 to 2020, we defined population
growth as the balance of the number of births and deaths in
a given year (we did not account for migration as it has a
reduced influence over population growth). The change in
population size (number of live births—number of deaths)
was computed for each year between 2010 and 2019. The
annual number of Indigenous live births was obtained from
the Brazilian Live Birth Information System and the annual
number of Indigenous deaths from the Mortality Information System [25, 28]. The differences between the number
of live births and deaths were added to the initial population
estimates, accounting for sex and region. For instance, the
size of the Indigenous population in 2020 is represented by
the total Indigenous population in 2010 plus the sum of the
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population change from 2010 to 2019. Thus, the Indigenous
population in a given year can be expressed as follows:

P(t) = P2010 +

t−1
∑
(

bi − d i

)

i=2010

where P(t) is the population size at year t; P2010 is the number of individuals in year 2010; bi is the total number of
births in year i; di is the total number of deaths in year i;
i = 2010 is the first term of summation; and t-1 is the last
term of summation. Adjustments were also made by region.
The updated population size of Indigenous Brazilians from
2010 to 2020 is provided as Online Resource.

Analysis
The data analyzed included individual information on date
of death, ethnicity, and country region. We considered the
total number of deaths reported in the mortality system
(from all causes). Ethnicity was the only variable with missing information (the proportion of deaths with no record
of ethnic background ranged from 2.6% in 2019 to 4.5%
in 2020). To account for missing ethnicity information, we
considered an equal probability of missing ethnicity data
for Indigenous and non-Indigenous Brazilians. Based on the
proportion of Indigenous deaths in 2019 (the year with the
most complete information available), we considered that
0.325% of the weekly deaths with missing ethnicity information were Indigenous and 99.675% were non-Indigenous.
To assess the impact of the imputed information, we built an
alternative scenario in which all deaths with missing ethnicity information were treated as non-Indigenous.
Weekly expected deaths were estimated using an overdispersed Poisson model accounting for population growth,
temporal trends, and seasonal effects in mortality. The model
considered the historical mortality data from January 2015
to December 2019 to estimate the expected number of deaths
for Indigenous and Non-Indigenous Brazilians in 2020.
We identified the periods of 2020 when observed deaths
were above the 95% upper confidence limit of expected
mortality. Excess deaths were calculated as the difference
between observed deaths and expected deaths in each period.
Regional differences in excess deaths of Indigenous Brazilians were also examined. The excessmort R package was
used to model the time series. Previous studies demonstrated
the validity of this approach to estimate excess mortality
with both simulation and COVID-19 data [24, 29].
We also compared excess mortality with reported number
of deaths from COVID-19 in both ethnic groups. Temporal
trends were presented as absolute figures and per 100,000.
The ratio of excess deaths to reported COVID-19 deaths was
reported. Analyses were conducted using RStudio version

1.4.1106. All the data used in this study are anonymised and
publicly available.

Results
The estimated Indigenous population in 2020 comprised
1,086,043 individuals, equivalent to 0.5% of the overall Brazilian population (Online Resource). The annual population
growth rate of Indigenous Brazilians from 2010 to 2020 was
2.1%. The Indigenous population living in the North region
presented the highest annual population growth rate (3.1%),
whereas the Indigenous Peoples from the Northeast had the
lowest (1.2%).
There were 5653 Indigenous deaths in Brazil in 2020,
corresponding to 0.36% of all deaths. We found evidence
of excess deaths for both Indigenous and non-Indigenous
Brazilians, although the proportional increase in mortality
was more pronounced among the Indigenous population
(Fig. 1). The model detected a significant increase in Indigenous mortality from April 01 to December 31. The peak
in excess deaths of Indigenous Brazilians occurred in June,
approximately a month after the peak in non-Indigenous
excess deaths. Despite the identification of a small increase
in non-Indigenous mortality in February, we reported only
the excess deaths among non-Indigenous Brazilians from
March to December as the first confirmed COVID-19 case
in the country was registered on February 26.
The estimated number of excess deaths for Indigenous
Brazilians in 2020 was 1149 (95% CI 1018–1281), representing a 34.8% increase from the expected mortality for this
population (Table 1). The overall increase in non-Indigenous
mortality was 18.1%, with an estimated number of excess
deaths of 207,765 (95% CI 205,436–210,093). The cumulative excess deaths per 100,000 in 2020 was higher among the
Indigenous population, with statistically significant differences in the period from June to November (Fig. 2).
We tested an alternative model in which all records with
missing ethnicity information were considered non-Indigenous deaths. The alternative model had a substantial impact
on absolute and relative indicators of Indigenous mortality,
but nearly no effect on the indicators of non-Indigenous mortality. Overall, the alternative model failed to detect a statistically significant increase in Indigenous mortality between
October and November. Moreover, the ratio of excess deaths
to reported COVID-19 deaths was exceptionally low (0.68),
which is an unlikely scenario considering the significant proportional increase in deaths detected by the model. For this
reason, we refrain from further interpreting the results of the
alternative model (Online Resource).
Important regional differences in Indigenous excess
deaths were identified (Fig. 3). The Indigenous population living in the North region was the earliest-affected
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Fig. 1  Weekly percentage
deviation from expected deaths
for Indigenous and non-Indigenous Brazilians in 2020

Table 1  Comparison of absolute
and relative measures of excess
mortality between Indigenous
and non-Indigenous Brazilians
in 2020

Indigenous

Non-Indigenous

Total deaths in 2020
Observed deaths in the corresponding intervals
Excess deaths

5653
4452a
1149 (95% CI 1018–
1281)a

Excess deaths/100,000
COVID deaths
Ratio excess deaths/COVID-19 deaths

106
962
1.19

1,572,251
1,356,945b
207,765 (95%
CI 205,436–
210,093)b
98
202,081
1.03

a
b

From April 1 to December 31
From March 1 to December 31

group during the first wave of the pandemic in Brazil in
2020. Subsequentially, the Northeast and the Center-West
regions experienced significant increases in mortality,
although the former observed a more discrete increment
in deaths from all causes. The models did not detect statistically significant increases in mortality among the Indigenous populations living in the Southeast and the South
up to December, when a strong tendency of increase in
mortality was observed.
Figure 4 presents the temporal patterns of observed
deaths, expected deaths, and deaths from COVID-19 among
Indigenous and non-Indigenous Brazilians in 2020. Most
deaths from COVID-19 overlap with the weekly excess
deaths in both groups, indicating that excess deaths in 2020
were predominantly caused by the disease. Periods in which
the deaths from COVID-19 exceeded the estimates of excess
deaths signal a potential reduction in mortality from other
causes such as unintentional injuries (including violence
and accidents). Conversely, intervals in which the number of
excess deaths surpassed the reported deaths from COVID-19

13

reveal the indirect effects of the pandemic that contributed
to greater mortality.

Discussion
In this study, we compared the effects of the COVID-19
pandemic on the excess mortality between the Indigenous
and non-Indigenous populations from Brazil in 2020. Based
on historical mortality data from January 2015 to December 2019, we estimated the expected number of deaths for
Indigenous and non-Indigenous Brazilians in the counterfactual scenario of no pandemic. The percentual increase in
mortality from the estimated expected deaths was substantially higher among the Indigenous population compared to
the non-Indigenous population. Important regional differences related to the magnitude and the periods with excess
deaths were observed. The Indigenous population living in
the Brazilian Amazon area was the earliest-affected Indigenous group, with one of the highest proportional increases
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Fig. 2  Cumulative number of excess deaths per 100,000 individuals for Indigenous and non-Indigenous Brazilians in 2020

in mortality associated with the COVID-19 pandemic. The
estimated number of excess deaths among the Indigenous
population was greater than the reported COVID-19 deaths,
whereas the number of excess deaths was slightly lower than
the reported number of deaths from COVID-19 among the
non-Indigenous Brazilian population.
To the best of our knowledge, this is the first study to
examine the excess mortality among Indigenous Brazilians
during the COVID-19 pandemic. Previous studies reported
substantially higher excess deaths among the Brazilian population, although their analyses were restricted to a few large
cities, deaths by natural causes, or smaller intervals of time
[22, 30, 31]. Differences between our results and previous
findings may also be largely influenced by the estimation
procedures adopted. Other studies have not addressed factors such as data overdispersion, temporal trends, seasonal
effects in mortality, and demographic changes, which could
have contributed to underestimating the expected number
of deaths in 2020—and, consequently, overestimating the
number of excess deaths.

In contrast with other studies, we were not able to
assess the level of under-reporting of COVID-19 deaths
[32, 33]. Findings are not directly comparable due to
important methodological differences between studies. For instance, Alves et al. (2021) analyzed only the
excess deaths from causes that are clinically similar to
COVID-19, an approach that is more appropriate for
investigating the level of under-reporting in mortality
associated with COVID-19 [32]. A study conducted by
Fellows et al. (2021) observed an under-reporting of 14
and 103% in confirmed cases and deaths from COVID19, respectively, among the Indigenous population living
in the Brazilian Amazon [34]. In this study, we provide a
comprehensive analysis of the impacts of the pandemic
on Indigenous and non-Indigenous mortality, including
data on deaths from all causes. Additionally, we demonstrated that even low levels of missing ethnicity information on death records may underestimate the magnitude
of disparities in mortality between Indigenous and nonIndigenous populations. Labgold et al. (2020) observed
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Fig. 3  Weekly percentage deviation from expected deaths for Indigenous Brazilians in 2020 according to region

Fig. 4  Comparison of excess deaths and confirmed COVID-19 deaths for Indigenous and non-Indigenous Brazilians in 2020

that imputing missing ethnicity data improves the estimates of ethnic inequalities associated with the impact
of COVID-19 [35].
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Social gradients in COVID-19 mortality have been documented across several populations, with a greater burden
over ethnic minorities and the most socially disadvantaged
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groups [36–38]. In Brazil, the pervasive socioeconomic and
health inequalities may be at the root of the disproportionate
impact of COVID-19 on Indigenous communities. Raupp
et al. (2020) reported that the gap related to basic sanitation infrastructure between Indigenous and non-Indigenous
households increased between 2000 and 2010 [39]. Access
to clean water and sanitation is critical for preventing the
spread of COVID-19 and other infectious diseases, which
remain a major cause of mortality among Indigenous Brazilians [40, 41].
Studies reported a disproportionately higher impact of
COVID-19 among Indigenous populations from Mexico,
Colombia, and among Mayan immigrants living in the
USA when compared to their non-Indigenous counterparts
[42–45]. Indigenous Ecuadorians experienced a 220%
increase in the expected number of deaths during the pandemic, the highest level of excess deaths among all ethnic
groups [46]. In Brazil, a nationwide serological survey conducted in June 2020 observed that Indigenous Brazilians
presented a prevalence rate of antibodies against SARSCoV-2 four times the seroprevalence observed among white
Brazilians and two times the overall national seroprevalence
[17].
Our study demonstrated that a significant increase in
excess deaths among Indigenous Brazilians started in early
April. This is supported by findings of genomic sequencing
of the SARS-CoV-2 revealing that the spread of the virus
from metropolitan areas to the rest of the country occurred
from March 21 to April 15 [47]. In the South of Brazil,
Indigenous communities in the vicinities of large and midsized urban centers were initially more affected by COVID19 [48]. Our findings indicate that the pandemic had a
greater impact on Indigenous communities living in rural
areas in the South and Southeast only in the last few weeks
of 2020. Analysis of 2021 mortality data should examine
whether this trend was sustained over a longer period.
Previous research reported that the Indigenous populations living in the North and Center-West regions of Brazil
had the highest incidence and mortality rates from COVID19, which is consistent with our findings [49]. Housing conditions, access to basic sanitation, and nutritional status are
considerably worse among Indigenous Peoples from these
regions compared to the groups from the South, Southeast,
and Northeast [50]. These factors may partially explain the
regional differences in excess deaths observed in this study.
Moreover, the Indigenous population in the North region
is primarily concentrated in Amazonas, a state that faced
a health services collapse in April due to the lack of early
non-pharmacological interventions such as physical distancing measures [51]. Azevedo et al. (2020) developed an
index that quantifies the vulnerability to COVID-19 based on
infrastructure and demographic characteristics of Indigenous
Lands. The authors observed that the most critical Special

Indigenous Health Districts are concentrated in the North
region [52]. It is likely that this extreme scenario contributed
to a disproportionate burden of COVID-19 mortality among
Indigenous Brazilians in the first wave of the pandemic.
Indigenous Brazilians, especially those living in traditional territories, faced additional barries to accessing
healthcare even before the pandemic. As a result of the historical unequal access to health, the Brazilian health system
has systematically failed to recognize the distinct health
needs of Indigenous communities. These inequalities in
accessing healthcare arise from factors such as structural
racism, lack of funding to the Indigenous Health Subsystem,
geographical distances, lack of transportation, and shortage
of health professionals [53, 54]. In 2019, the dismissal of
more than 8000 Cuban doctors that primarily served vulnerable and remote communities across all regions of Brazil had a major impact on the delivery of primary health
care to Indigenous communities [55]. It is likely that the
COVID-19 pandemic exacerbated the existing barriers to
accessing healthcare faced by the Indigenous Peoples from
Brazil. The majority of the Indigenous population lives in
rural and remote areas, where generally there is a lack of
health care infrastructure needed to treat severe COVID-19
patients [56]. Although the Indigenous population has been
considered a high priority for the COVID-19 vaccination,
which may have protected Indigenous Peoples from a more
severe second wave of the pandemic in 2021, the exclusion
of Indigenous Brazilians living in urban areas from the first
vaccination group against COVID-19 may have contributed
to increasing inequalities within this population [57].
The hostile political agenda for Indigenous rights in Brazil and the recent weakening of environmental protection
policies are likely to have increased the vulnerability of
the Indigenous population to the pandemic. Evidence has
shown that the incidence of COVID-19 cases among the
Indigenous Peoples from the Amazon area is directly correlated with illegal activities in Indigenous territories such
as land grabbing, mining, and deforestation [34]. Conflicts
between Indigenous populations and invaders may represent
an important source of exposure of Indigenous communities
to the SARS-CoV-2. Furthermore, the dismantling of regulations and institutions responsible for environmental protection in Brazil, a process intensified by the current federal
administration during the pandemic [58], not only harms
Indigenous populations and their constitutional rights but
increases the likelihood of new zoonotic disease outbreaks
[59, 60].
These results must be interpreted with caution and a
number of limitations should be borne in mind. Although
we accounted for demographic changes in the Indigenous
population over the last decade, some level of interregional migration may have occurred and influenced estimates of population size. Assessing the excess mortality
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from different causes of death was not feasible due to
low statistical power, especially when considering the
Indigenous sample. Estimates of excess deaths were not
adjusted by age as updated data on the population pyramid
structure of Indigenous Brazilians was not available. Our
analysis is restricted to the year of 2020 because mortality
data related to 2021 has not been disclosed by the Brazilian Mortality Information System. We were not able
to assess whether there were differences in excess deaths
between rural and urban Indigenous populations due to
the unavailability of such granular data. Due to a potential
under-reporting of COVID-19 deaths among the Indigenous population, the estimates of excess deaths reported
in this study may be conservative, especially regarding
the Indigenous population [34]. Consequently, the disparities related to COVID-19 mortality between Indigenous
and non-Indigenous Brazilians could be even greater than
indicated by our findings.
Indigenous demographic and health statistics in Brazil are characterized by a substantial level of uncertainty
[61]. For instance, the data coverage of the Brazilian
Information System on Live Births is considerably low in
over 10% of the municipalities of Amazonas, a state that
concentrates the highest Indigenous population in Brazil
[62]. This “epidemiological invisibility” and lack of quality information may introduce bias to our analysis. Even
though the 2020 mortality data may still be subjected to
revisions, examining the extent of the impact of COVID19 on Indigenous communities should be a considered a
high priority. Despite the low precision of epidemiological
information of Indigenous Peoples, the substantial health
inequalities between Indigenous and non-Indigenous populations justify the use of these statistics in a cautious and
critical analysis.
It is important to bear in mind that the population
dynamics of Indigenous Peoples from Brazil are not simply a result of demographic changes, but rather a complex
phenomenon affected by historical and socio-political
contexts. In other words, individuals may refrain from
identifying themselves as “Indigenous” during periods of
intense violence and discrimination against Indigenous
Peoples. On the other hand, the recognition of Indigenous
rights and self-determination may influence individuals of
Indigenous background to disclose their ethnic status [63].
Ethnic identity is not a rigid and homogeneous category,
but rather a socially constructed reality. We acknowledge
that there is important volatility in the skin color classification in Brazil, which may have influenced our findings to
some extent [64]. Furthermore, there are methodological
differences in terms of how the Brazilian Government estimates the Indigenous population (based on self-declaration) and registers Indigenous deaths (based on interviewer
classification, generally a relative).
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Conclusion
Our study provides important insights on the magnitude
of disparities in mortality between Indigenous and nonIndigenous Brazilians during an unprecedented scenario
of sanitary crisis. The COVID-19 pandemic magnifies the
structural inequalities between ethnic groups and places an
additional burden on Indigenous populations. In 2020, the
proportional increase in excess mortality was substantially
higher among Indigenous Brazilians compared to their nonIndigenous counterparts. Findings highlight the urgent need
to adopting effective measures that address the increased
vulnerability of Indigenous Peoples to COVID-19.
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