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Large health disparities exist between Black
and White infants in Brazil.1–4 Infant mortal-
ity is more than twice as common among
Black as White infants in Southern Brazil
(30.4 vs13.9 per1000).5 Poor birth outcomes
including low birth weight (LBW) and preterm
birth (PTB) are also more common among
Black infants. Racial disparities are also
reported in prenatal and postnatal care, with
White mothers having more and higher-quality
prenatal visits and greater use of postnatal
care.6,7

Documenting the prevalence and magni-
tude of racial disparities in infant’s and
children’s health is important. However, of
more importance is explaining these dispar-
ities and identifying the pathways through
which they arise to identify contributors that
can be targeted by policy interventions. Such
effort has lifelong implications because of
the importance of children’s health for adult
health and human capital attainment.8–12

Because children’s health may have multipli-
cative effects on health over life, early health
disparities may extend into large health and
human capital disparities later in life.13,14

Studies in the United States have shed light
on several pathways that lead to racial dis-
parities in infant’s and children’s health.15–21

Individual-level factors including socioeconomic
status (SES),22 maternal age, prenatal care
use,22–24 and stressful life events before delivery,17

as well as differences in health care access and
quality25–27 and social inequalities because
of residential segregation and poverty,15,28,29 are
thought to be important contributors to racial
disparities in infants’ health in the United States.

To our knowledge, there are no studies that
simultaneously quantify the contributions of
a large number of conceptually relevant factors
to racial disparities in infants’ health in Brazil. In
this study, we examined the extent to which
socioeconomic, health care, demographic, and
geographic effects explain disparities in LBW (<
2500 grams) and PTB (< 37 gestational weeks)
rates by African ancestry in Brazil. Unlike any
previous study for Brazil, we evaluated the

contributions of the explanatory factors to the
disparities by different degrees of African ances-
try.We focused on disparities by African ancestry
because they are the most prevalent and affect
a large percentage of the Brazilian population.1–5

Our study is the first to simultaneously
quantify the contributions of several factors both
as a group and each on its own (with control for
the others) to explaining racial disparities in
infant health in Brazil. Such a study is needed
not only because Brazil is the largest country in
South America but also because there are many
historical, demographic, economic, social, cul-
tural, and health care system differences be-
tween Brazil and other racially admixed coun-
tries such as the United States. These differences
limit the generalizability of studies of racial
infant health disparities in the United States to
the Brazilian population as these differences
may modify the underlying factors and the
extent of their contributions to the disparities.

There is a sharp contrast in perception of
race between Brazil and the United States.30

Race for individuals of African and European
ancestry in Brazil has been historically and
socially defined on a “continuum” of skin color

including Black, Brown (mixed between Black
and White), or White, instead of the Black or
White color line as in the United States. This
is in part because of the large racial admixing in
Brazil.31 The difference in perceptions of racial
identity between Brazil and the United States
implies potential differences in cultural and
socioeconomic factors related to race and how
these may affect health and contribute to racial
disparities. Brazil also differs significantly in
its economic growth and extent of economic
disparities by race from the United States.32

Finally, there are major differences in access
to and quality of health care between Brazil
and the United States.33,34 For all of these
reasons, a study that explains the racial dis-
parities in LBW and PTB in Brazil is needed to
draw inferences that can help to inform poli-
cymaking and interventions to reduce these
disparities in that country.

METHODS

We employed a unique sample of 8949
singleton live births between 1995 and 2009
in 7 provinces, 15 cities, and 25 hospitals in
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Brazil. The sample was identified by the Latin
American Collaborative Study of Congenital
Malformations (ECLAMC) epidemiological re-
search and surveillance program for birth de-
fects in South America.35,36 The ECLAMC
study involves a voluntary collaboration with
a network of hospitals and health professionals
(mostly pediatricians). The health professionals
enroll into ECLAMC infants born in their
hospitals with and without birth defects before
discharge after birth. For each infant with
a birth defect, ECLAMC professionals match an
unaffected infant by birth date, sex, and hos-
pital of birth. All infants are recruited with the
same criteria and data are systematically col-
lected by using the same questionnaires across
all affiliated hospitals.

The ECLAMC professionals obtain data on
infant health, prenatal history, and several
demographic and socioeconomic characteris-
tics by interviewing mothers before discharge
and through abstraction of hospital records as
needed. The ECLAMC professionals receive
the same standard training before initiating
data collection and attend annual group
meetings organized by ECLAMC, which
is expected to enhance the quality and
consistency of data collection. The data
from ECLAMC have been used in several
previous studies of infant health.36–39 A
detailed description of ECLAMC is available
elsewhere.35

We only included infants without birth de-
fects who represented the majority of the infant
population as birth defects increase LBW and
PTB risks37,40 and may modify the underlying
etiology of racial disparities. Even though our
study sample was not randomly selected from
the total birth population, there are several
factors that suggest that it is representative of
a large proportion of the population. Because
there are no inclusion criteria into ECLAMC for
unaffected infants that are related to infant
health (LBW and PTB) and the study explana-
tory variables, the sample is unlikely to be
biased. Even though infants without birth de-
fects enrolled in ECLAMC were matched to the
affected infants by sex and birth date, birth
defects are not related to birth date and only few
of them vary slightly by sex. Indeed, the male-
to-female ratio in our study sample is close to that
of the Brazilian birth population (1.2 vs 1.05).31

Also, ECLAMC has a high infant-participation

rate, with about 95% of infants without birth
defects identified to participate enrolling in the
program (e-mail communication, E. Castilla,
ECLAMC Coordinator, Iowa City, IA, December
4, 2009). Furthermore, there are no barriers
or inclusion or exclusion criteria for hospitals
and pediatricians to join ECLAMC, which is
built on a voluntary participation model. Also,
ECLAMC hospitals serve geographically and
socioeconomically diverse communities
as reflected in the sample’s variation of these
characteristics, which further enhances the
sample’s representativeness and generaliz-
ability of results.

We limited the sample to infants with birth
weights between 500 grams and 6000 grams
and gestational ages between 19.5 weeks
and 46.5 weeks. These restrictions are stan-
dard in this literature to avoid data-recording
errors (most babies below the minimum
thresholds are stillbirths). This resulted in
10 777 infants out of 10 928 initial observa-
tions. The 8949 infants included in our anal-
ysis are those with no missing values for any of
the variables used.

Study Measures and Empirical Model

Similar to in the United States, race is a social
construct in Brazil. However, measuring race is
complicated particularly in Brazil because of
the large admixture of multiple ancestries.30

The fact that race is perceived in Brazil on
a color continuum instead of on the White---
Black line such as in the United States and the
lack of clearly defined racial color lines makes
racial identification flexible and varying.29,41

As a result, race in Brazil is arguably more
accurately measured on the basis of self-report
because such a measure will reflect the per-
ceived social identity of the individual.29,42,43

Race or color is reported in the Brazilian
Census under one of the following categories:
Black, White, Brown, Yellow, or Indigenous.32

Because we focused on disparities between
Black and White infants, the 3 categories of
a skin-color---based measure of race that were
most related to our analysis were White,
Brown, and Black.

The ECLAMC study does not ask about skin
color, but obtains a related measure, which is
ethnic ancestry. Mothers were asked to report
all the ethnic ancestries of the child including
mainly African, European, Native, and other

minority groups. Therefore, multiple ancestries
were reported for children who had admixed
race/ethnicity. This measure allows for creat-
ing an ethnic ancestry continuum to represent
different racial/ethnic groups.

We studied 3 groups of African ancestries—
African-only (AO), African---European (AE),
and African---non-European (ANE)—and
a group of European-only (EO) ancestry. The
AO group indicated that the mother reported
that the child has African ancestry without any
other ancestry. Although we did not observe
a skin-color---based measure of race, we
expected the AO group to mostly include
individuals who would self-identify as Black.
The AE group indicated that both African and
European ancestries were reported, but no
other ancestries. The ANE group indicated that
both African and other non-European ances-
tries were reported, but no European ancestry.
We expected both the AE and ANE groups to
mostly include individuals who would self-
identify as Brown based on the skin-color race
measure used in the Brazilian Census. The
EO group included children for whom only
European ancestry was reported and we
expected it to mostly include individuals who
would self-identify as White. Therefore, our
measure of ethnic ancestry was consistent with
perceptions of race in Brazil and accommo-
dates the flexibility of its racial identity contin-
uum. This measure has been used in several
previous studies of infant and maternal health
in Brazil including studies of racial dispar-
ities.33,40,44,45 We separately compared each
of the 3 African-ancestry groups to the EO
group because the contributions of the evalu-
ated explanatory variables to racial disparities
may vary among these groups.

We employed a multivariate model for infant
health that included several theoretically rele-
vant demographic, socioeconomic, health care,
and geographic effects. The underlying path-
ways for disparities are complex and multilevel
including both individual- and geographic-level
effects.16,46–48 Recognizing this complexity is
essential for explaining disparities. Given that
our goal was to simultaneously quantify the
extent to which several variables explained the
observed racial disparities and to explain as
much of these disparities as possible, we did not
limit our conceptual framework to a single
theory for health determinants or disparities.
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Relying on a single existing theory to specify
our model would have significantly hindered
our study goal.

Instead, our selection of explanatory variables
was motivated by several theories for determi-
nants of health and racial disparities and by
results from previous studies that have high-
lighted an important role for these variables. We
appealed to general microeconomic and psy-
chosocial theories that highlight the impor-
tance of education, prenatal care, geographic
location, and residential segregation, and
other factors for children’s health and racial
disparities16,22,46,47,49–53 and to previous
studies22,36,37,40,54–60 when possible for
selecting conceptually relevant explanatory
variables. We chose the following model:

ð1Þ H i;y¼1;2 ¼ a0y þ byAncestryi
þ byPNCi þ byDemi

þ byHealthi þ byFertilityi
þ bySESi þ þbyAreai þ uyi ;

where for child i, H is health measured by
either LBW (y = 1) or PTB (y= 2) and is
a function of child ancestry (Ancestry), prenatal
care (PNC), demographic characteristics (Dem),
maternal health (Health), maternal fertility
(Fertility), socioeconomic status (SES), and
geographic effects (Area); u is the error term.

We measured prenatal care by the number
of prenatal visits. Several studies have high-
lighted the importance of prenatal care for
LBW and PTB.36,40,55,56,61 Notable disparities
in the number and quality of prenatal care
visits exist between White and Black or
mixed-race women in Brazil.5,6,62,63 Demo-
graphic characteristics include a binary indica-
tor for infant sex, continuous maternal and
paternal age variables, and age squared. In
addition to their direct effects on infant health
(especially in the case of infant’s sex and
maternal age), these characteristics also influ-
ence parental health preferences and behav-
iors.12,64 Because we did not have a direct
measure of marital status, which is relevant for
LBW and PTB,65 we included length of par-
ents’ cohabitation before child’s birth as
a proxy similar to previous studies.66 A number
of studies have found that cohabitation sta-
tus58,60 and cohabitation length59 are associ-
ated with a decrease in LBW and fetal death in
Brazil. Maternal health and fertility history are

relevant for LBW and PTB and affect maternal
health behaviors as shown in several previous
studies.34,38,40,45,67 These were measured
by indicators for acute and chronic illnesses
during pregnancy, history of conception diffi-
culty, and numbers of previous live births and
miscarriages or stillbirths.

We also included family SES measured by
mother’s and father’s education and employ-
ment or occupational status. Parental education
and SES may affect infant health in several
ways including by increasing the health benefit
that the mother obtains from prenatal care
through enhanced information processing and
greater compliance with treatment plans, im-
proving psychosocial status and social net-
working, improving maternal health and health
behavior, and increasing access to health
care.12,53 Many studies reported a positive
association between maternal education and
infant health in Brazil.40,49,68,69 Maternal oc-
cupation may also influence infant health
through several indirect pathways such as by
affecting income and maternal time for health
investments, but also through occupational or
environmental exposures.70–73

We also included geographic location rep-
resented by binary indicators for the city of
child’s birth to evaluate the contribution of
geographic effects to racial disparities in infant
health, which may result from differences in
residential distribution by race and geographic
variation in health care availability and quality,
economic growth, and social infrastructure.
Residential segregation may affect health by
reducing access to social, economic, health
care, and environmental resources needed for
maternal and infant health.74,75 Several studies
have highlighted adverse consequences for
infant health from reductions in the quality of
the physical and socioeconomic environments
in Brazil including from pollution,76 poverty
concentration,77 and residence in the North-
east region.78–80

We estimated equation 1 by using logistic
regression separately for each of the 3 African
ancestry groups compared with EO infants. We
adjusted the standard errors for nonindepen-
dence across the city of birth by using a Huber-
type robust variance estimator.81We also esti-
mated a nested-specification of equation 1 that
only included the ancestry indicator to evaluate
the total racial disparity in LBW and PTB.

Disparity Decomposition

Although comparing the ancestry effects on
infant health between the full and nested
specifications for equation 1 allows for evalu-
ating the extent to which all model variables as
a group explain the racial disparities, this
comparison does not quantify the individual
variable contributions. Such decomposition is
needed to identify the factors that are most
relevant for explaining these disparities. We
employed the Fairlie decomposition model82

to quantify the contributions of the model
explanatory variables to the racial disparities in
LBW and PTB. This model is an extension of
the Oaxaca---Blinder decomposition model to
nonlinear models for binary outcomes and has
been successfully applied in previous stud-
ies.33,54,83,84 The model identifies the extent to
which differences in a particular characteristic
between 2 groups explains the difference in
their outcomes, and has been previously used
to explain racial health disparities in other
contexts.33,54

For each racial comparison (e.g., AO vs EO),
the model first estimated equation 1. Because
the sample sizes for the 2 ancestry groups were
different, the model randomly selected a sub-
sample from the majority group equal in size to
the minority group. From equation 1, we
predicted outcome (e.g., LBW) probabilities for
each observation in the minority sample and
majority subsample. Within each group, the
observations were ranked by their probability,
and the observations were then matched 1-to-1
between the 2 groups by their rank. One at
a time for each explanatory variable in equa-
tion 1, the model substituted the variable value
of each observation in the minority group by
that of the matched observation from the
majority subsample. By using equation 2, the
model then estimated the contribution (C) of
variable k to the outcome difference between
the 2 groups as follows:

ð2Þ Ck ¼
1

NM

XNM

i¼1

F a0 þ
Xk�1

j¼1
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where M and O indicate minority and
majority groups, respectively, j indicates the
variable order (1 to K), NM is the number of

RESEARCH AND PRACTICE

September 2013, Vol 103, No. 9 | American Journal of Public Health Nyarko et al. | Peer Reviewed | Research and Practice | 1677



individuals in the minority group, and F is the
cumulative density function. The model was
repeated for all variables in the model (last
evaluated variable was of order K).

We first decomposed the LBW and PTB
disparities over categories of conceptually related
variables as defined in equation 1 by using the
same steps listed previously. We ordered the
categories of variables (instead of individual
variables) and switched the values of all variables
within the same category simultaneously be-
tween the majority and minority observations.
Then, we repeated the decomposition over each
variable (instead of over variable categories) to
identify variables within categories that were
most relevant for these disparities.

Because results may change with the partic-
ular selected majority subsample, we per-
formed 2000 random subsample selections
and averaged the results across these replica-
tions.82 Also, because the variable (or category)
order j in the model could affect results, we
randomly selected this order at the time of
majority subsample selection, which provided
an approximation of all possible orders.

RESULTS

Table 1 shows the variable distributions in
the study sample. About 9%, 51%, and 17%
were AO, AE, and ANE, respectively. The
LBW and PTB rates were 12.4% and 18.9%,
respectively, for infants of any African ances-
try compared with 8.1% and 15% for EO
infants. The LBW and PTB rates were overall
comparable among the 3 African ancestry
groups. There were several differences in the
explanatory variables among the ancestry
groups. The average number of prenatal visits
was 5.9, 6.5, 7.0, and 6.8 among AO, AE,
ANE, and EO ancestries, respectively. Con-
ception difficulty and number of previous live
births were highest among AO ancestry, and
the rate of chronic illness was highest among
ANE ancestry. Educational attainment was
highest among EO ancestry.

Table 2 reports the unadjusted and ad-
justed odds ratios (ORs) for ancestry effects
on LBW and PTB from equation 1. When
unadjusted, African ancestry (alone or mixed)
significantly increased LBW and PTB risks by
about 1.6 to 1.7 and 1.3 to 1.4 times, re-
spectively. When adjusted for all explanatory

variables in Table 1, the effects of African
ancestry became small and insignificant (OR =
1.0---1.3).

Tables 3 and 4 show the results from decom-
posing the LBW and PTB disparities, respec-
tively, in relation to the explanatory variable
categories. The difference in LBW or PTB rate
by ancestry and the difference jointly explained
by all model variables are shown, as well as
the difference in LBW or PTB rate by ancestry
that is independently explained by each cat-
egory of the study variables. Figures A and B
(available as a supplement to the online version
of this article at http://www.ajph.org) show the
percentages of the LBW and PTB disparities
that were significantly explained by the study
variable categories. Variable categories that did
not explain these disparities are not shown in
these figures.

The study variables explain a large percent-
age of the LBW and PTB disparities between
African and EO ancestries, ranging from
44.6% of the LBW gap for AO to 93.9% of the
PTB gap for AE ancestry. Geographic effects
were most relevant for explaining disparities
for the mixed African ancestries, explaining
70% to 80% of the gaps. Prenatal care was the
only relevant variable for explaining disparities
for AO ancestry, explaining 37% to 63% of
the gaps, and second-most relevant for AE
ancestry. We further describe these results in
the next paragraphs and highlight the most
relevant variables within each category (de-
tailed results for individual variable contribu-
tions available from the authors).

As shown in Tables 3 and 4, the model
variables explained 44.6% and 64.2% of the
LBW and PTB gaps, respectively, between AO
and EO ancestries. Most of the explained gaps
(about 37.1% of the LBW gaps and 63.1%
of the PTB gaps) were accounted for by the
lower number of prenatal visits for AO ances-
try. None of the other variable categories had
significant effects on these disparities.

The model variables explained 93.6% and
72.6% of the LBW gap for AE and ANE versus
EO ancestry, respectively (Tables 3 and 4).
Differences in geographic location explained
about 84.0% and 70.1% of these disparities,
respectively. Differences in the number of
prenatal visits explained 13.2% of the LBW
gap for AE ancestry. Differences in SES
explained 6.8% and 9.2% of the LBW

disparities for AE and ANE ancestries, respec-
tively, with parental occupation accounting
for most of these effects. Differences in house-
hold demographics, mainly parental age,
explained 8.5% of the LBW disparity for ANE
ancestry. In the ANE group, the average num-
ber of visits was larger than in the EO group,
suggesting that the LBW disparity would have
been larger if prenatal visits were lower. Sim-
ilarly, the significantly lower rates of acute
illnesses during pregnancy in the AE group
compared with the EO group reduced the LBW
disparity in the AE group, which otherwise
would have been larger.

The model variables also explained most of
the PTB gaps—93.9% and 74.8% for AE and
ANE ancestries, respectively. Geographic ef-
fects were also the most relevant, explaining
79.5% and 76.1% of these disparities for AE
and ANE ancestries, respectively. Differences
in prenatal visits explained 27.4% of the PTB
gap for the AE ancestry. Differences in
household demographics (mainly maternal
age) explained 4.9% of the PTB gap for ANE
ancestry. Similar to the LBW disparities,
the ANE and AE disparities in PTB would
have been larger if the ANE group had had
a similar or lower average of prenatal visits
and the AE group had had similar or higher
rates of acute illnesses compared with the EO
group.

DISCUSSION

In Brazil, LBW and PTB rates were signifi-
cantly higher among infants of African ancestry
alone or mixed with other ancestries than those
of EO ancestry. The disparities we found are
consistent with those from other studies in
Brazil.34,63 For example, Barros et al. reported
a 14% to 24% increased likelihood of LBW
and PTB among non-White infants compared
with White infants in Southern Brazil.34 How-
ever, our study was the first to formally de-
compose these disparities in Brazil and quan-
tify how they related to demographic,
socioeconomic, health care, and geographic
differences. We found that the model variables
explained a significant portion of LBW (about
45%) and PTB (64%) disparities for infants
with AO and most of the disparities for infants
with mixed African ancestries. These findings
suggest that racial disparities in infant health in
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TABLE 1—Descriptive Statistics for Study Variables by Ancestry: Brazil, 1995–2009

African-Only Ancestry

(n = 827)

African–Non-European Mixed

Ancestry (n = 1514)

African–European Mixed

Ancestry (n = 4583)
European-Only

Ancestry (n = 2025),

Mean (SD) or %Variable Mean (SD) or % P Mean (SD) or % P Mean (SD) or % P

Prenatal care visits, no. 5.9 (2.6) < .001 7.0 (2.6) .008 6.5 (2.4) < .001 6.8 (2.2)

Infant characteristics

Low birth weight (< 2500 g) 12.1 .001 12.2 < .001 12.8 < .001 8.10

Preterm birth (< 37 wk of gestation) 18.6 .016 19.6 .001 18.4 .001 15.0

Female infants 46.1 .239 48.0 .011 44.3 .653 43.7

Maternal demographics

Acute illnesses 45.7 .001 48.8 .005 43.9 < .001 53.5

Chronic illnesses 14.9 .756 18.0 .004 15.6 .227 14.4

Conception difficulty 15.2 .007 10.6 .389 7.64 < .001 11.6

Number of live births 1.67 (2.11) < .001 1.33 (1.92) .028 1.30 (2.04) .047 1.20 (1.78)

Number of spontaneous stillbirths 0.296 (0.819) .966 0.302 (0.803) .796 0.298 (0.855) .877 0.295 (0.798)

Age 13–49 y 25.40 (6.68) .169 26.19 (6.90) .072 25.28 (6.64) .006 25.77 (6.58)

Age 13–49 y squared 689.69 (366.51) .232 733.32 (384.62) .043 683.34 (362.66) .012 707.67 (363.95)

Cohabitation length 1.85 (3.69) .002 1.74 (3.65) .006 1.61 (3.41) .034 1.42 (3.37)

Maternal educationa

No schooling and cannot read 1.69 .001 1.39 .003 1.11 .008 0.44

Primary school complete 12.8 .004 13.5 .003 14.7 .008 17.2

Secondary school incomplete 16.2 .444 16.1 .391 15.7 .531 15.1

Secondary school complete 18.7 .001 20.9 .009 21.6 .006 24.7

University incomplete 0.85 .001 1.98 .007 1.99 .001 3.51

University complete 0.73 < .001 2.97 .006 3.08 .001 4.79

Maternal occupationb

Unemployed 5.80 < .001 7.0 < .001 4.06 .005 2.67

Unskilled blue collar 13.1 .081 15.8 < .001 16.3 < .001 10.8

Skilled blue collar 4.84 .001 8.78 .609 5.26 < .001 9.28

Independent 1.45 < .001 1.85 < .001 3.14 .001 4.79

Clerk 12.9 .915 10.4 .032 12.7 .88 12.8

Executive 0.85 .001 1.25 .001 1.94 .001 3.26

Paternal demographics

Age 13–69 y 28.72 (8.18) .045 29.09 (7.77) .288 28.64 (7.69) .001 29.37 (7.73)

Age 13–69 y squared 891.55 (536.26) .155 906.43 (506.56) .366 879.37 (502.76) .002 922.13 (513.82)

Paternal educationa

No schooling and cannot read 1.33 .046 2.05 .001 1.55 .001 0.59

Primary school complete 17.3 .688 16.5 .272 18.7 .468 17.9

Secondary school incomplete 14.9 .234 14.7 .208 13.0 .822 13.2

Secondary school complete 17.9 < .001 19.5 < .001 19.8 < .001 25.3

University incomplete 1.09 .001 2.11 .002 1.78 < .001 4.00

University complete 0.73 < .001 2.05 < .001 2.20 < .001 5.33

Paternal occupationc

Unskilled blue collar 38.2 < .001 38.4 < .001 42.5 < .001 27.2

Skilled blue collar 19.1 .054 24.5 <.137 17.5 < .001 22.4

Independent 4.96 < .001 7.13 < .001 7.16 < .001 11.2

Clerk 26.7 < .001 17.9 < .001 19.4 < .001 24.4

Executive 2.17 < .001 2.97 < .001 4.62 < .001 9.43

Note. The table reports the descriptive statistics including frequencies for categorical variables and means with standard deviations in parentheses for continuous variables based on observations
with complete data on all study variables.
aReference category is incomplete primary education and literate without formal schooling.
bReference category is stay-home mothers.
cReference category is unemployed or stay-home fathers.
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Brazil are mainly socially and economically
driven and are amenable to policy interven-
tions that address these pathways. Our model
notably explains more of these gaps than
a recent study of LBW and PTB disparities
between Black and White infants in the
United States using a similar approach, which
only explained close to one third of the
LBW (27.2%) and PTB (27.5%) gaps.22 This
highlights the importance of population-
specific studies and that US-based studies of

racial disparities may not generalize to the
Brazilian population.

Geographic, prenatal care, and socioeco-
nomic differences were the most relevant
factors for explaining these disparities. Im-
proving access to prenatal care especially for
AO mothers may significantly reduce racial
disparities in infant health in Brazil. In our
sample, mothers of AO ancestry used 1 fewer
prenatal visit on average than those of EO
ancestry. One reason why SES differences did

not significantly explain racial disparities be-
tween AO and EO ancestries is that they were
strongly predictive of prenatal care use differ-
ences between these groups and may be
influencing disparities through prenatal care.

In an additional model, we decomposed the
disparities between AO and EO ancestries
excluding prenatal visits from the model and
found SES to significantly explain 53%
and 26% of the disparities in LBW and PTB,
respectively. This suggests that the disparities
explained by prenatal care differences are
in part driven by SES differences. In the recent
US-based study mentioned previously, SES
explained 21.4% and 19% of the LBW and
PTB gaps, respectively, between Black and
White infants, and prenatal care explained
13.4% and 12.4% of the LBW and PTB
disparities, respectively. By contrast, prenatal
care explained a much larger part of the gaps
in our study, especially for infants of AO
ancestry (37.1% and 63.1% of the LBW and
PTB gaps, respectively), and SES explained
a smaller part of the gap than that study.
Again, these results highlight the need for
population-specific studies of racial disparities.

The university graduation rate was low in
the study sample, but this rate was significantly
lower among individuals of African ancestry,
especially AO (< 1%). Furthermore, unem-
ployment and low-skill occupations were sig-
nificantly more common among mothers of
African ancestry (about 20% compared with
13% among EO ancestry). These sample-based
differences are consistent with population-level
differences.32 Therefore, economic and edu-
cational policies that improve the human

TABLE 2—Overall Effects of African Ancestry Indicators on Low Birth Weight and Preterm Birth: Brazil, 1995–2009

Unadjusted Adjusted

Total Model Sample LBW, OR (95% CI) PTB, OR (95% CI) LBW, OR (95% CI) PTB, OR (95% CI)

African-only ancestrya (n = 2852) 1.56** (1.20, 2.03) 1.30* (1.05, 1.61) 1.28 (0.99, 1.65) 1.10 (0.97, 1.58)

African–non-European mixed ancestrya (n = 3539) 1.66** (1.39, 2.00) 1.39** (1.16, 1.65) 1.10 (0.76, 1.42) 1.09 (0.92, 1.32)

African–European mixed ancestrya (n = 6608) 1.58** (1.27, 1.97) 1.28** (1.11, 1.48) 1.02 (0.75, 1.22) 1.01 (0.89, 1.30)

Note. CI = confidence interval; LBW = low birth weight; OR = odds ratio; PTB = preterm birth. The table shows ORs for the effects of ethnic ancestry on low birth weight and preterm birth with 95%
CIs. We estimated a separate model for each African ancestry group relative to European-only ancestry. The model sample size is the sum of each African ancestry group sample and that of the
European-only ancestry group and is the same for all adjusted and unadjusted models for LBW and PTB for a certain ancestry comparison. The adjusted model included as covariates all the
explanatory variables listed in Table 1.
aReference is European-only ancestry.
*P < .05; **P < .01.

TABLE 3—Decomposition of Racial Disparities in Low Birth Weight: Brazil, 1995–2009

AO vs EO (n = 2852),

Difference, %, or

Difference (SE)

ANE vs EO (n = 3539),

Difference, %, or

Difference (SE)

AE vs EO (n = 6608),

Difference, %, or

Difference (SE)

Total difference in LBW rate and difference jointly explained by variables

Difference in LBW rate (0–1) 0.0399 0.0412 0.0469

Explained difference 0.0178 0.0299 0.0439

% explained 44.6 72.6 93.6

% unexplained 55.4 27.4 6.4

Difference in LBW rate independently explained by variable categories

Prenatal visits 0.0148** (0.0034) –0.0049* (0.0023) 0.0062** (0.0015)

Maternal fertility history –0.0019 (0.0011) –0.0009 (0.0007) –0.0004 (0.0008)

Maternal health –0.0009 (0.0013) –0.0006 (0.0013) –0.0046** (0.0012)

Household demographics 0.0011 (0.0013) 0.0035* (0.0015) 0.0002 (0.0011)

Socioeconomic status 0.0030 (0.0040) 0.0038 (0.0023) 0.0032* (0.0013)

Geographic location 0.0017 (0.0041) 0.0289** (0.0067) 0.0394** (0.0049)

Note. AE = African–European mixed ancestry; ANE = African–non-European mixed ancestry; AO = African-only ancestry; EO =
European-only ancestry; LBW = low birth weight. The table reports the differences in LBW rate (on a scale between 0 and 1) by
ancestry and the contributions of the model variables to these differences. For example, the number of prenatal care visits
explains 0.0148 points of the 0.0399-point difference (or 1.48 percentage points of the 3.99 percentage-point difference) in
LBW rate between infants of AO and EO ancestries. The model sample size is the sum of each African ancestry group sample
and that of the EO group.
*P < .05; **P < .01.
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capital and SES for the whole Brazilian pop-
ulation may reduce the observed LBW and
PTB disparities.

The observed geographic effects suggest (1)
significant racial differences in geographic lo-
cation and (2) large geographic differences in
LBW and PTB prevalence. Differences in geo-
graphic location by race can be clearly seen by
the sample’s ancestry distributions across the
study provinces as shown in Figure C (available
as a supplement to the online version of this
article at http://www.ajph.org) and are sup-
ported by previous studies documenting large
racial residential segregation in Brazil.31 Also,
Figure D (available as a supplement to the
online version of this article at http://www.
ajph.org) shows significant variation in the
sample LBW and PTB rates across the study
provinces. Racial residential segregation corre-
lates with poverty concentration in certain
geographic locations in Brazil.85,86 Geographic
differences in LBW and PTB may arise from
differences in access to health care and social
and economic resources (social support, safety,
healthy food outlets) that are important for
maternal and infant health.74,75 There are
many ways through which racial differences in

residential location can lead to racial disparities
in infant health including by restricting access
to such important resources as previously
shown in several studies in the United
States.15,87–89 We cannot identify the specific
factors that contribute to geographic differ-
ences in LBW and PTB in this study. However,
the results suggest that policies that aim at
eliminating the underlying causes for racial
residential segregation may reduce racial dis-
parities in infant health in Brazil.

The model explains less of the disparity for
AO than for mixed African ancestries. This
suggests potential differences in the underlying
pathways for disparities among these groups.
Because geographic location is more similar
between AO and EO ancestries than between
mixed African ancestry and EO as shown in
Figure C (available as a supplement to the
online version of this article at http://www.
ajph.org), geographic effects were important for
explaining the disparities for mixed African
ancestries but not for AO ancestry. Also, the
lower SES for AO compared with mixed Afri-
can ancestry may increase the relative influ-
ence of individual- versus geographic-level
factors on AO disparities. The results highlight

the importance of further research to evaluate
the role of other factors not included in our
model that may be contributing to the dispar-
ities for AO infants. Furthermore, our model
explained a larger portion of the disparities for
AE than ANE ancestries. This may suggest
greater similarity in unmeasured relevant
characteristics for infants’ health between AE
and EO ancestries such as cultural factors,
which increases the explanatory power of the
model variables.

Our study highlights the importance of
studying racial disparities in health by using
population-specific data. As mentioned pre-
viously, there are important social, economic,
and health care system differences between
Brazil and the United States. Among these is
the difference in perception of racial identity
between the 2 countries as discussed pre-
viously. The perception of race along a color
continuum in Brazil is a social phenomenon
that has historically existed for more than
500 years during the colonial period and
before the abolishment of slavery and is
widely recognized by all Brazilians.30,31,41,90

Furthermore, Brazil has one of the most
racially admixed populations worldwide,31

and the percentage of the population mixed
between White and Black has increased from
21.2% in 1940 to 38.5% in 2000.32 Also,
there are distinct historical and political dif-
ferences between Brazil and the United States
related to race. For example, after the aboli-
tion of slavery in Brazil, there were no laws
that instituted racial segregation as in the
United States.30

In addition, there are major economic dif-
ferences between the 2 countries. Average
income per capita in Brazil in 2010 was only
22.7% of that in the United States ($10 710 vs
$47 153).34 Furthermore, income disparity
by race is larger in Brazil than the United
States. For example, average family income of
the Black and Brown population in Brazil in
2006 was 44% that of Whites.32 By contrast,
average household income of Blacks in the
United States in 2006 was 63% that of
Whites.91 Also, large racial disparities exist in
private health insurance in Brazil,33 which,
unlike the United States, does not have a public
health insurance system aimed at covering
less-affluent mothers and children. In addition,
the capacity of the health care system in Brazil

TABLE 4—Decomposition of Racial Disparities in Preterm Birth, Brazil, 1995–2009

AO vs EO (n = 2852),

Difference, %, or

Difference (SE)

ANE vs EO (n = 3539),

Difference, %, or

Difference (SE)

AE vs EO (n = 6608),

Difference, %, or

Difference (SE)

Total difference in PTB rate and difference jointly explained by variables

Difference in PTB rate (0–1) 0.0366 0.0465 0.0347

Explained difference 0.0235 0.0348 0.0326

% Explained 64.2 74.8 93.9

% Unexplained 35.8 25.2 6.1

Difference in PTB rate independently explained by variable categories

Prenatal visits 0.0231** (0.0041) –0.0060** (0.0016) 0.0095** (0.0024)

Maternal fertility history 0.0022 (0.0018) –0.0004 (0.0007) 0.0007 (0.0004)

Maternal health –0.0018 (0.0015) –0.0011 (0.0012) –0.0028* (0.0014)

Household demographics 0.0009 (0.0014) 0.0023 (0.0013) 0.0004 (0.0006)

Socioeconomic status 0.0001 (0.0065) 0.0046 (0.0041) –0.0027 (0.0025)

Geographic location –0.0009 (0.0069) 0.0354** (0.0072) 0.0276** (0.0070)

Note. AE = African–European mixed ancestry; ANE = African–non-European mixed ancestry; AO = African-only ancestry; EO =
European-only ancestry; PTB = preterm birth. The table reports the differences in PTB rate (on a scale between 0 and 1) by
ancestry and the contributions of the model variables to these differences. For example, the number of prenatal care visits
explains 0.0231 points of the 0.0366-point difference (or 2.31 percentage points of the 3.66 percentage-point difference) in
PTB rate between infants of AO and EO ancestries. The model sample size is the sum of each African ancestry group sample
and that of the EO group.
*P < .05; **P < .01.
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is markedly lower than that of the United States.92

All these differences suggest that there may
be major limitations to generalizing findings from
studies on racial disparities across countries.

Limitations and Strengths

There are some limitations to this study. We
were unable to evaluate the effects of other
conceptually relevant variables for LBW and
PTB such as insurance status, diet, exercise,
stress, smoking, substance use, maternal weight
gain, quality of prenatal care, and cultural
factors.64,93–97 This is especially important for
further explaining the disparities between AO
and EO ancestries and for understanding the
socioeconomic and behavioral pathways lead-
ing to disparities. In a separate model, we
evaluated the effect of medication use but
found overall that it does little in explaining any
of the disparities (detailed results available
from the authors). A related limitation is that
we did not have intergenerational data that
enabled exploration of the root causes of some
of the maternal and prenatal factors relevant
to infant health disparities such as the impor-
tance of the mother’s own growing environ-
ment for her educational attainment and health
behavior later in life. Also, we were unable to
explain the pathways through which geo-
graphic location explained the LBW disparities
for mixed African ancestries because of the lack
of data on geographic-level characteristics.

As in any self-reported measure, our measure
of ethnic ancestry may involve some errors
such as in cases when the mother or father does
not know his or her complete family ancestry.
However, we expect such errors to be minimal,
especially because race in Brazil is strongly
linked to skin color, which in turn is related to
ethnic ancestry. Also, the number of prenatal
visits was capped at 9 (for visits greater than 9)
during data entry in certain years. This was not
expected to bias the contribution of prenatal
visits to explaining the LBW or PTB gap but to
inflate its variance, which is of minimal conse-
quence because the contribution is significant.
Finally, even though our sample was socioeco-
nomically and geographically diverse, it was not
randomly selected and may not be fully repre-
sentative of the entire birth population.

Yet our study had several strengths includ-
ing a large, diverse sample, a measure of ethnic
ancestry that reflected the perception of race

along a continuum in Brazil and accommo-
dated the large ancestry admixture, detailed
and consistently collected data across multiple
sites in Brazil, and an approach that quantified
the contribution of multiple variables both
as a group and individually while controlling
for the other variables to racial disparities.

Conclusions

Our study offers insights for several future
studies. First, studies using intergenerational data
are needed to identify earlier causes of infant
health disparities and to explain the effects of
proximal factors such as maternal education,
health behavior, and geographic location. Simi-
larly, studies that evaluate the contributions of
additional maternal health care and behavioral
characteristics not measured in our study, such as
insurance status, smoking, alcohol use, and diet,
and specific area-level characteristics such as
number of health care providers, quality of
prenatal care, and neighborhood wealth and
safety indicators, are needed to evaluate their
contributions to infant health disparities.
Also, examining more detailed measures of
race and ethnic ancestry is important to more
fully capture the subtleties of racial percep-
tions in Brazil. Finally, it is important to
replicate our study by using a population-
based nationally representative sample from
Brazil. j
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