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Racial health inequities may be partially explained by area-level factors such as residential segregation. In this
cross-sectional study, using a large, multiracial, representative sample of Brazilian adults (n = 37,009 individuals
in the 27 state capitals; National Health Survey (Pesquisa Nacional de Saúde), 2013), we investigated 1) whether
individual-level self-rated health (SRH) (fair or poor vs. good or better) varies by race (self-declared White, Brown,
or Black) and 2) whether city-level economic or racial residential segregation (using dissimilarity index values
in tertiles: low, medium, and high) interacts with race, increasing racial inequities in SRH. Prevalence of fair
or poor SRH was 31.5% (Black, Brown, and White people: 36.4%, 34.0%, and 27.3%, respectively). Marginal
standardization based on multilevel logistic regression models, adjusted for age, gender, and education, showed
that Black and Brown people had, respectively, 20% and 10% higher prevalence of fair or poor SRH than did White
people. Furthermore, residential segregation interacted with race such that the more segregated a city, the greater
the racial gap among Black, Brown, and White people in fair or poor SRH for both income and race segregation.
Policies to reduce racial inequities may need to address residential segregation and its consequences for health.
Brazil; interaction analysis; racial health inequities; residential segregation; self-rated health

Abbreviations: CI, confidence interval; PD, prevalence difference; PNS, Pesquisa Nacional de Saúde (National Health Survey);
PR, prevalence ratio; SES, socioeconomic status; SRH, self-rated health.

Brazil is a multiracial country with the world’s fifth largest
population (1). Although inequities unfavorable to people
who identify their race or skin color as Black or Brown (or
“Pardo”), compared with White people (1, 2), have been
found reported, few studies have been conducted to investigate racial inequities in health in Brazil (3). The limited
focus on racial health inequities may be partially explained
by the myth of a “Brazilian racial democracy,” proposed
by Freyre (4) (i.e., the belief in racial egalitarianism) (3, 5,
6). The Brazilian racial democracy myth derives from the
idea that in Brazil, the intermixture of Native, African, and
European descendants gave rise to an interracial society in
which racism is claimed to be nonexistent (5, 7).
Despite the notion of Brazilian racial democracy, there
are important differences in living conditions between Black
and Brown people and White people in Brazil. Historically,

Black and Brown Brazilians have lower socioeconomic status (SES) and poorer health outcomes than White Brazilians
(1, 8). However, individual-level differences in SES do not
fully account for racial inequities in health, and in a growing
body of literature from high-income countries, authors have
focused on area-level factors as an additional explanation for
racial inequities (9, 10). Specifically, variation in residential
contexts linked to residential segregation shaped by structural racism has been postulated as a contributor to the health
gap between Black and White people (9–13).
In Brazil, the spatial concentration of the poor and nonWhite people is a consequence of urbanization and immigration processes, leading these groups to reside in areas with
limited resources (e.g., Brazilian favelas) (7, 14). Residential segregation operates as a fundamental cause of health
inequities that generate and reinforce race differences by
1
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METHODS

In this cross-sectional study, we used data from the Brazilian National Health Survey (Pesquisa Nacional de Saúde
(PNS)), a nationwide household-based survey conducted in
2013 by the Ministry of Health and the Brazilian Institute of
Geography and Statistics. The aim for the PNS is to describe
the health situation and lifestyles of the Brazilian population
(17, 18). The 2013 PNS and 2010 Census microdata were
obtained from the Brazilian Institute of Geography and
Statistics (19, 20).
The PNS sample was representative of Brazil, geopolitical
macro-regions, states, metropolitan regions, and the 27 state
capitals. Census tracts with at least 60 households were
defined as the primary sampling units. Census tracts were
selected with probability proportional to the number of
households; households were selected by simple random
sampling in each primary sampling unit; and 1 adult aged
18 years or older was selected by simple random sampling
in each household (21). Of the 93,113 adults sampled,
55,492 were excluded because they were not randomly
selected to answer the SRH question (18) and 612 were
excluded because they self-declared as being of Asian
descent (n = 371), as Brazilian indigenous (n = 238), or
data were missing on their skin color or race (n = 3),
leaving 37,009 adults in the 27 Brazilian state capitals
for analysis. Included and excluded participants were
similar, although included participants were slightly older
and more likely to be female (Web Table 1) (available
at https://doi.org/10.1093/aje/kwac001). The PNS was
approved by the National Commission of Ethics in Research.
We defined race as a social construct, a marker of people’s
life experiences and social contexts (5, 22–24). Individuallevel, self-declared race or skin color was assessed according
to the classification officially adopted in the Institute of
Geography and Statistics Brazilian Census and most used
in Brazilian epidemiologic studies (25): White, Brown (or
Pardo, a proxy for persons of mixed White and Black race),

Black, Asian (or Yellow, people of Asian descent), or Indigenous (i.e., Brazilian Indigenous) people.
Individual-level SRH was assessed using the following
question: “In general, how would you rate your health?”
The answers ranged from very good to very poor and were
dichotomized as very good/good versus fair/poor/very poor.
Age and gender were self-reported by survey respondents.
Individual-level education was also reported by respondents
and categorized into university, secondary, primary, and
less than primary. Information on self-reported household
income per capita was available for 61.9% of the sample
(n = 22,898) and categorized into tertiles.
City-level residential segregation (economic and racial)
was investigated as a modifier of race differences in health.
Cities were defined as groups of administrative units that
are part of the urban extent as determined from satellite
imagery (26). They are akin, therefore, to metropolitan areas.
City segregation was assessed using the dissimilarity index,
which measures evenness and indicates the percentage of
a population group that would have to change residence in
order to achieve total integration (27). The index ranges from
0 (complete integration) to 1 (complete segregation) and was
calculated for each city according to the following formula:

n 
1   ai
bi 
−
A
2
BT 
T
i=1

where n is the number of census tracts; AT and BT are the
total populations of the groups being compared at the city
area (percentage of households with mean income ≤2 vs.
> 2 minimum wages, or percentage of Black and Brown
people vs. White people, for income-based or race-based
segregation, respectively); and ai and bi are their respective
populations in census tract i. Each census tract (setor censitário) contains approximately 250–350 households. The
27 Brazilian cities included 67,588 census tracts, which corresponds to 2,500 census tracts, on average, per city (range,
246–18,955 census tracts). Segregation was categorized into
tertiles: low, medium, and high.
Other features of the city social environment were characterized using a city social-environment index (28), constructed by combining z scores of city features including the
percentages of the following: the population aged 25 years or
older who completed primary education or more, households
with access to piped water, households with access to a
municipal sewage network, and households with more than
3 people per room (inverted).
We compared covariates across categories of SRH and
city segregation. Differences were tested using χ2 tests and
analysis of variance. Multilevel logistic regression models
(i.e., individuals nested within cities) with a random intercept for each city and robust variance estimation were used
to estimate associations of race with SRH after adjustment.
We estimated prevalence ratios (PRs) and prevalence differences (PDs) using the marginal standardization method
(based on predicted probabilities of fair/poor SRH from the
fitted logistic models) (29–31).
Models were run separately for each dimension of residential segregation: 1) income based and 2) race based. We
first estimated associations of race with SRH after adjustment
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creating and magnifying differences across neighborhoods
in a range of exposures and living conditions that are important to health. Because of structural racism, Brazilian Black
and Brown people are more likely than White people to live
in racially and economically segregated areas (5, 15), which
may contribute to racial inequities in health. It is reasonable,
therefore, to hypothesize that more-segregated cities have
larger inequities in health by race than less-segregated cities.
Our study addresses an important gap: the limited
research on the impact of residential segregation (both
racial and economic) on racial inequities in health in Latin
America. We used self-rated health (SRH), a subjective
measure of health status that has strong predictive value for
subsequent morbidity and mortality (16). Using data from
a large representative sample from Brazil, we investigated
1) differences in fair or poor SRH by race in 27 Brazilian
capital cities, and 2) whether city-level economic or racial
residential segregation interacts with race, increasing racial
inequities in SRH.

Race, Residential Segregation, and Self-Rated Health

RESULTS

The 37,009 adults (41.6% White, 48.2% Brown, 10.2%
Black) were distributed in 27 cities with a median of 1,371
respondents per city (range, 641–3,439). The overall prevalence of fair/poor SRH was 31.5%. Black and Brown participants were more likely to report their health as fair/poor than
were White participants (Black participants, 36.4%; Brown,
34.0%; White, 27.3%). Those with fair/poor SRH were older
and more likely to be female and have less education than
those who had good or better health (all P < 0.001) (Web
Table 2).
The mean dissimilarity indices were 0.32 and 0.25 for
income- and race-based segregation, respectively (r =
–0.08). Greater city residential segregation by income was
associated with higher prevalence of fair/poor SRH in survey
respondents (Table 1). Cities with more income segregation
had larger proportions of Black or Brown respondents
and lower proportions of White respondents. The mean
age of respondents was also slightly older in cities with
greater income segregation, and cities with more income
segregation had a higher social environment score.
Respondents living in cities with more racial residential
segregation tended to have a lower prevalence of fair/poor
SRH (Table 1). They were also more likely to be White
and less likely to be Brown than respondents in areas with
less racial segregation. The percentage of Black respondents
was slightly higher in the highest racial segregation tertile
but differences were small. Respondents in more racially
segregated cities were also slightly older than those in lesssegregated cities, and more racially segregated cities had a
higher social environment score (Table 1).
After adjustments for age and gender, the prevalence of
fair/poor SRH was 34% higher for Black participants and
25% higher for Brown participants than White participants.
Prevalence proportions were 0.09 and 0.07 higher among
Am J Epidemiol. 2022;00(00):1–10

Black and Brown participants, respectively, compared with
White participants (model 1) (Table 2). Additional adjustment for education attenuated PRs and PDs by approximately half, but important differences by race remained
(model 2) (Table 2).
Additional adjustment for city-level social environment
index and income residential segregation (model 4A) did
not further attenuate race associations (for Black and Brown
participants vs. White participants, respectively: PR = 1.18
(95% confidence interval (CI):1.12, 1.23) and PR = 1.11
(95% CI: 1.07, 1.16); PD = 0.05 (95% CI: 0.04, 0.07)
and PD = 0.03 (95% CI: 0.02, 0.05)). Similar findings
were observed in models adjusted for racial segregation
(model 4B) (for Black and Brown participants vs. White
participants, respectively: PR = 1.18 (95% CI: 1.13, 1.24)
and PR = 1.12 (95% CI: 1.07, 1.17); PD = 0.05 (95% CI:
0.04, 0.07) and PD = 0.03 (95% CI: 0.02, 0.05)) (Table 2).
In models without interactions between race and segregation, more income residential segregation was associated
with higher prevalence of fair/poor SRH (model 4A) (for
highest vs. lowest tertile: PR = 1.18 (95% CI: 1.04, 1.32);
PD = 0.05 (95% CI: 0.01, 0.09)), whereas racial residential
segregation was not (model 4B) (PR = 1.07 (95% CI: 0.86,
1.33); PD = 0.02(95% CI: −0.05, 0.09)) (Table 2).
Multiplicative interactions between race and segregation were statistically significant for income segregation and marginally significant for racial segregation (P
interaction = 0.01 and 0.08, respectively) (Figure 1A and
1B). Table 3 shows associations of race with SRH stratified
by segregation. Overall, race differences in fair/poor SRH
were larger in more-segregated than less-segregated cities.
For example, the PR for Black versus White participants
was 1.09, 1.17, and 1.24, respectively, for cities with low,
medium, and high levels of income segregation; and 1.11,
1.16, and 1.25, respectively, cities with for low, medium,
and high racial segregation. Similar patterns (with slightly
smaller race differences) were observed when comparing
Brown participants with White participants (Table 3). The
city random-intercept variance was significant and gradually
decreased as variables were added but remained significant
in full models (data not shown).
In Figure 1A and 1B, we show adjusted marginal prevalence of fair/poor SRH by race for different levels of income
and race segregation. Overall, prevalence of fair/poor SRH
was higher in Black participants than in White participants,
but race differences were greater in more-segregated than
in less-segregated cities. There was also a dose–response
pattern in prevalence estimates by levels of income segregation for different race groups, such that, in general, the
more segregated the city, the greater the adjusted prevalence
of fair/poor SRH (Web Table 3). This gradient was present
in all 3 race groups for income-based segregation, but the
associations were weaker for Whites participants (for cities
with the most (vs. least) income segregation, PR = 1.12
(95% CI: 0.98, 1.27), 1.21 (95% CI: 1.07, 1.38), and 1.27
(95% CI: 1.11, 1.45) for White, Brown, and Black participants, respectively) (Web Table 3). More racial segregation
was also associated with higher prevalence of fair/poor SRH
in Brown and Black participants, but the associations were
weaker and not statistically significant (PR = 1.12 (95%
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for individual-level age and gender, because these may confound race differences (model 1). For model 2, we added
education to model 1 to determine race differences after
accounting for differences in individual-level education by
race. For model 3, the city-level social-environment index
was added to model 2 to account for differences in the social
characteristics of cities in which persons of different races
live. For models 4A and 4B, we added to model 3 income
and racial residential segregation, respectively.
To investigate whether residential segregation modified
the association between race and SRH, we added interaction
terms between race and segregation (models 5A and 5B).
Then, we derived the adjusted marginal prevalence for each
race group as well as PRs and PDs for Black and Brown
participants, compared with White participants, stratified
by levels of segregation. All marginal estimates were standardized to the covariate distribution in the study sample.
Because we estimated associations and did not derive prevalence estimates for specific regions, no weights were used
in the analyses. In sensitivity analyses, we 1) adjusted data
for income in the subsample for which income data were
available and 2) stratified data by gender and education.
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41.3 (16.0)

8.3

65.4

26.3

35.7

Low
(0.13–0.21)
(n = 12,895)

Household income–based dissimilarity index: % of households with mean income ≤2 vs. > 2 minimum wages.
Race-based dissimilarity index: percentage of Black and Brown people combined vs. percentage of White people.
c Values are expressed as mean (standard deviation).
d Measured at the city level; higher score indicates better social environment.
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a

–0.18 (0.63)
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23.2
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Race or skin color, %

Low
(0.26–0.30)
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Income Residential Segregation (Index Range)a

Characteristics of the Sample, by Residential Segregation (in Tertiles) (n = 37,009), National Health Survey, Brazil, 2013

Variable

Table 1.

< 0.001

< 0.001

0.67

< 0.001

< 0.001

< 0.001

P value
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0.04,0.07

0.02,0.05
0.05

0.03

PD

0.04,0.07

0.02,0.05

95% CI

0.05

0.03

PD

Abbreviations: CI, confidence interval; PD, prevalence difference; PR, prevalence ratio.
a Model 1: + age and gender.
b Model 2: + age and gender + education.
c Model 3: + age and gender + education + social environment index.
d Model 4A: + age and gender + education + social environment index + income residential segregation.
e Model 4B: + age and gender + education + social environment index + racial residential segregation.

0.05

0.05

0.03

95% CI

1.18

0.02

0.08,0.11

0.06,0.09

PD

1.13,1.24

1.11

PR

Residential segregation, high (vs. low)

0.09

Black (vs. White)

95% CI

1.18

1.07,1.17

95% CI

Residential segregation, medium (vs. low)

0.07

Brown (vs. White)

PD

1.12,1.23

1.12

PR

1.18

1.18

1.07,1.17

95% CI

Residential segregation, high (vs. low)

1.26,1.42

1.12

PR

Model 3c

1.08

1.34

Black (vs. White)

1.19,1.33

95% CI

Model 2b

Residential segregation, medium (vs. low)

1.25

Brown (vs. White)

PR

Model 1a

0.01,0.09

–0.01,0.06

0.04,0.07

0.02,0.05

95% CI

1.04,1.32

0.96,1.22

1.12,1.23

1.07,1.16

95% CI

Model 4Ad
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Variable

1.13,1.24
0.81,1.16
0.86,1.33
95% CI
0.02,0.05
0.04,0.07
–0.06,0.04
–0.05,0.09

1.18
1.07
PD
0.03
0.05
–0.01
0.02

1.07,1.17

1.12
0.97

95% CI

PR

Model 4Be

Table 2. Marginal Prevalence Ratios, Marginal Prevalence Differences, With 95% Confidence Intervals, of Fair/Poor Self-Rated Health Associated With Race and Residential Segregation
(in Tertiles) (n = 37,009), National Health Survey, Brazil, 2013

Race, Residential Segregation, and Self-Rated Health
5

6

Guimarães et al.

Table 3. Marginal Prevalence Ratios, Marginal Prevalence Differences, With 95% Confidence Intervals, of Fair/Poor Self-Rated Health
Associated With Race, Stratified by Residential Segregation in Tertiles, (n = 37,009), National Health Survey, Brazil, 2013a
Income Segregationb

Racial Segregationc

Variable
PR

95% CI

PR

95% CI

At low residential segregation

1.05

0.98, 1.12

1.06

1.00, 1.12

At medium residential segregation

1.16

1.07, 1.26

1.11

1.04, 1.19

At high residential segregation

1.14

1.07, 1.20

1.19

1.12, 1.26

Brown (vs. White)

At low residential segregation

1.09

1.01, 1.19

1.11

1.03, 1.18

At medium residential segregation

1.17

1.10, 1.25

1.16

1.09, 1.25

At high residential segregation

1.24

1.17, 1.31

1.25

1.18, 1.34

PD

95% CI

PD

95% CI

At low residential segregation

0.01

–0.01, 0.03

0.02

0.00, 0.04

At medium residential segregation

0.05

0.02, 0.07

0.03

0.01, 0.05

At high residential segregation

0.04

0.02, 0.06

0.06

0.04, 0.08

At low residential segregation

0.03

0.00, 0.05

0.03

0.01, 0.05

At medium residential segregation

0.05

0.03, 0.07

0.05

0.03, 0.07

At high residential segregation

0.08

0.05, 0.10

0.08

0.05, 0.11

Brown (vs. White)

Black (vs. White)

Abbreviations: CI, confidence interval; PD, prevalence difference; PR, prevalence ratio.
a Marginal PRs and PDs were obtained from fully adjusted models 5A (income segregation) and 5B (racial segregation).
b Adjusted for age, gender, education, social environment index, income segregation, and interaction term between race and income
segregation.
a Adjusted for age, gender, education, social environment index, racial segregation, and interaction term between race and racial segregation.

CI: 0.90, 1.40) and 1.14 (95% CI: 0.89, 1.45) for the high
vs. low segregation tertile in Brown and Black participants,
respectively) (Web Table 3).
Additional adjustment for income yielded similar results
(Web Table 4). Stratification by gender showed that race
differences were larger in women than in men and the
magnitude of the effect modification was also stronger in
women than in men (Web Table 5). Stratification by education showed that race differences were larger in higher
than in lower education strata (Web Table 6). However, a
similar pattern of effect modification of race differences
by segregation was observed in both genders and in both
education strata.
DISCUSSION

In this large, multiracial population-based sample from
Brazil, we found that after adjusting for age, gender, and
education, Black people had nearly 20% higher prevalence
of fair/poor SRH than did White people, and Brown people
had more than 10% higher prevalence of fair/poor SRH
than did White people. The excess prevalence of fair/poor
SRH was 0.05 and 0.03 among Black and Brown people,
respectively, versus White people. These results support our

hypothesis of racial inequities in SRH in Brazilian cities. We
also found that racial inequities in SRH were larger in more
segregated than less segregated areas, for both income and
race segregation: the more segregated the cities, the greater
the racial disparity in fair/poor SRH.
The link between race and fair/poor SRH can be explained
by the effects of structural racism operating over the life
course and across generations (23, 32). According to the
ecosocial theory of racism and health (32), structural racism
creates discriminatory and oppressive social relations, which
benefit dominant groups (e.g., White people) and harm subordinated groups (e.g., Black people), thus shaping the distribution of adverse exposures over one’s life course. These
exposures become embodied, resulting in the biological
expression of racism and, hence, racial health inequities. In
Brazil, because of the country’s historical trajectory, a racial
hierarchy, imposed since the colonial period by a slavebased economy, fosters racial discrimination and marginalizes the non-White population (5, 33). Still today, long after
the end of slavery, racism remains entrenched in Brazilian
society.
Evidence of racial inequities in SRH from other Brazilian
samples of adults has not always been consistent; in some
studies, researchers found racial inequities (22, 34–37), but
Am J Epidemiol. 2022;00(00):1–10
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A)
Race
White

Brown

Black
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Medium
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Tertile of Income Segregation
B)
Adjusted Prevalence of Fair/Poor SRH, %
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0
Low

Medium

High

Tertile of Racial Segregation

Figure 1. Adjusted marginal prevalence of fair/poor self-rated
health by race and residential segregation in tertiles, National Health
Survey (n = 37,009), Brazil 2013. A) Income segregation, adjusted
for age, gender, education, social environment index, income segregation, and interaction term between race and income segregation
(P for interaction = 0.01). B) Racial segregation, adjusted for age,
gender, education, social environment index, racial segregation,
and interaction term between race and racial segregation (P for
interaction = 0.08). Adjusted marginal prevalence data were obtained
from fully adjusted models 5A (income segregation) and 5B (racial
segregation). SRH, self-rated health.

these were not found in other studies (8, 38). These mixed
results might be explained partially by the way in which
socioeconomic factors are included in analyses. No race
differences in SRH were found in some studies in which
SES was adjusted for (8, 38), whereas in other studies
in which SES was not adjusted for, race differences were
reported (34, 36, 37). In a systematic review on the use
of race/ethnicity in epidemiologic studies of race in Brazil,
Am J Epidemiol. 2022;00(00):1–10

authors reported that in only 27% of the reviewed studies
did researchers include SES indicators in their statistical
models (25). In our study, we estimated race differences after
adjusting for education because education is often posited as
a key driver of race differences. However, race differences
in education are themselves a manifestation of structural
racism; therefore, education can be thought of as a mediator
rather than a confounder of race differences. In fact, race
differences were about twice as large before education was
adjusted for. Education-adjusted results show that in Brazil,
race differences persist even after adjusting for education.
Additional adjustment for income (in the set of participants
for whom income data were available) did not substantially
change the results. This finding supports the hypothesis that
race affects health through a variety of mechanisms linked
to structural racism and its impact on work, neighborhoods,
and life-course factors (5, 15, 33, 39). Another important
finding from our analysis is that fair/poor SRH was highest among Black and lowest among White participants,
with Brown people between those 2 groups, irrespective of
residential segregation. Thus, our study findings highlight
the importance of analyzing Brown people in a separate
category, instead of collapsing them with Black people or
excluding them from analysis.
According to Bailey et al. (39), residential segregation is
“a foundation of structural racism and contributes to racialized health inequities.” We found that residential segregation
interacted with race such that the more segregated the city,
the greater the racial gap among Black, Brown, and White
people in terms of fair/poor SRH. In other words, living
in segregated environments magnifies race differences in
health. This is consistent with findings from US studies in
which researchers showed that health disparities between
Black people and White people were larger in areas with
high segregation than in areas with low segregation for
several health-related outcomes such as hypertension (40),
obesity (41), firearm-associated homicide rates (42), and
perinatal outcomes (12, 43). In the Brazilian context, no
study has explored racial inequities in health by residential
segregation, to our knowledge. Moreover, there appear to
be no empirical studies on racial segregation and health
and very few on income segregation and health (15, 44). In
studies of income segregation and health, researchers have
found that more segregation is associated with unhealthy
food consumption (44) and with higher prevalence of hypertension and diabetes (15).
A number of processes could explain the link between
greater residential segregation and larger race differences.
More segregation generates larger differences in the race and
income composition of neighborhoods, which, in the context
of structural racism and inequality, lead to larger differences across neighborhoods in health-related attributes. As a
result, neighborhoods in which the majority of residents are
Black or Brown people or have low income are more likely
to have health-damaging physical and social environments,
including higher levels of toxic exposures, poorer access to
health care and other services, greater levels of stressors and
violence (11, 39), and unhealthy built environments (e.g.,
high densities of fast-food restaurants, poor walkability)
(45, 46). Residential segregation thus perpetuates struc-
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discrimination and structural racism over one’s life course.
Our study findings suggest that residential contexts contribute to racial inequities in SRH, because more-segregated
cities are likely to have larger differences in the contexts
in which persons of different races live. Policies to reduce
racial inequities may need to address residential segregation
and its consequences for health.
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