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Abstract

The high rate of obesity among adolescents is a global public health problem that has recently
expanded to affect middle- and low-income countries. Brazil, which is undergoing a relatively
rapid nutrition transition and has inadequate health systems, is currently experiencing the
consequences of increasing rates of overweight and obesity concomitantly with the consequences
of generations of malnourishment. Given this scenario, Brazil is an ideal context for examining
the relationship between family socioeconomic status (SES) and adolescent body mass, as well as
how this relationship varies across very different regions within the same country and across the
body mass index (BMI) continuum. Guided by a framework that integrates nutrition transition and
fundamental cause theories, we use unique nationally representative data with measured height
and weight for all household members to conduct quantile regression models. The results suggest
that family socioeconomic conditions are important theoretical factors associated with adolescent
BMI, but that the way in which family SES impinges on adolescent BMI varies across regions
characterized by different locations in the nutrition transition and varying levels of economic
development. We also find that family socioeconomic disadvantages operate very differently
according to BMI status. The results show that the socioeconomic gradient of adolescent BMI
varies by stages of the nutrition transition and economic development and across BMI percentiles.

Introduction

High obesity prevalence among children and adolescents is a global public health problem
that has recently expanded to affect middle- and low-income countries, such as Brazil,
where obesity among young people is increasing at alarming rates (Ng et al. 2014).
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Although obesity in such countries has increased among most age groups, its growth
among young people has prompted special concern because obesity in childhood and
adolescence is associated with a host of negative health and social consequences that can
persist throughout the life course (The et al. 2010). The global rise in obesity is widely
attributed to the nutrition transition, a shift from a diet composed primarily of grains, fruits,
and vegetables to a diet featuring animal-sourced fats and protein, sugars, and high-calorie
industrially produced foods (Popkin 2001; Popkin, Lu, and Zhai 2002). The transition and
its consequences are also, and increasingly, unevenly distributed. As the nutrition transition
proceeds, obesity prevalence tends to increase at a greater rate among the least educated
members of society (Dinsa et al. 2012; Popkin 1999), making it likely that obesity is
increasingly contributing to growing socioeconomic disparities in health. Given the changes
imposed by the nutrition transition, it is also likely that the way in which socioeconomic
disparities in body mass index (BMI) emerge and progress among adolescents is heavily
dependent on the stage of the nutrition transition and economic development.

Although a growing body of research shows that family SES is associated with offspring
BMI (Balistreri and Van Hook 2009; Gordon-Larsen, Adair, and Popkin 2003; Haas et al.
2003; Martin 2008; Martin et al. 2012; Wang 2001; Zhang and Wang 2007), few studies

in transitioning countries have examined whether this association is uniform across two
important contexts: 1) regions within the same country that are marked by very different
stages of the nutrition transition and levels of economic development and 2) the spectrum
of BMI statuses, from underweight to obese. Many middle- and low-income countries such
as Brazil are marked both by considerable regional variation in the progression of the
nutrition transition, in levels of economic development (Monteiro, Conde, and Popkin 2001),
and by shifting socioeconomic gradients in BMI as a result of the nutrition transition. In
Brazil and other middle- and low-income countries, under-nutrition was relatively common
among lower-income populations while obesity was rare and concentrated among the upper
and middle classes (Monteiro et al. 1995; Popkin, Lu, and Zhai 2002). As these countries
have experienced economic development and the consequent increases in income and the
availability of inexpensive, high-calorie foods, obesity rates have increased and shifted
from disproportionately afflicting the upper and middle classes to becoming widespread
among the poor (Popkin 1993). Such patterns are consistent with fundamental cause theory
(Link and Phelan 1995), which emphasizes the emergence and persistence of SES as a
fundamental cause of health disparities even when the mechanisms linking SES and health
undergo dramatic changes, as in the case of the nutrition transition.

It is therefore important to examine how the association between family SES and adolescent
BMI varies across different contexts and across the spectrum of BMI percentiles. A focus on
the median or average BMI can be misleading when examining differences in the association
between groups in societies in transition, where the BMI distribution is changing rapidly
(Beyerlein, Toschke, and von Kries 2010; Classen 2010; Costa-Font, Fabbri, and Gil 2009;
Krishna et al. 2015; Ljungvall and Zimmerman 2012), because the mechanisms underlying
the association might operate differently across the BMI spectrum. Indeed, even previous
research in high-income countries with less variation in BMI has shown that the effects of
SES are much stronger for the upper deciles of BMI (Classen 2010; Costa-Font and Gil
2013).
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The goal of this paper is to examine how family SES and adolescent BMI intertwine

in Brazil, a country that is highly unequal and has significant regional disparities in

both economic development and the stage and speed of the nutrition transition. Drawing
on nutrition transition and fundamental cause theories, we offer a nuanced theoretical
framework for understanding the association between family SES and adolescent BMI in
a country in transition. We investigate two research questions: 1) Does the association
between family SES and adolescent BMI vary across regions marked by different levels
of economic development and stages in the nutrition transition? and 2) Is the association
uniform across different BMI statuses? To address these questions, we examine multiple
measures of SES and use quantile regression methods and unique nationally representative
data that contain information on adolescents’ measured BMI.

This is the first study to our knowledge to anchor heterogeneity in the association between
family SES and adolescent BMI in the nutrition transition and economic development

in a middle-income country. As such, this work addresses a growing public health

concern outside high-income countries and contributes to the literature on adolescent health
disparities in at least three key ways: by exploring theoretically informed variation in the
effects of family SES on BMI; by analyzing multiple BMI statuses from underweight

to obesity, shedding light on socioeconomic disadvantages across the entire spectrum of
adolescent BMI statuses; and by applying quantile regression models to a large, nationally
representative dataset from Brazil with multiple measures of SES and anthropometric
measures of weight and height of all household members. The results offer a nuanced
portrait of adolescent BMI in Brazil and serve as an important counterpoint to the current
literature, which focuses primarily on the United States and high-income countries.

The Social Patterning of Obesity in Brazil

Since the 1970s, obesity among children and adolescents has increased dramatically in most
countries across the world (Ng et al. 2014). In Brazil, the proportion of adolescents (age
10-18) considered obese or overweight grew from 3.7 percent in 1970 to 21.7 percent

in 2009 (IBGE 2010). This sharp increase in adolescent obesity is particularly striking,
given that malnutrition was widespread in Brazil as recently as the 1970s, when nearly
one-fifth of all Brazilian children and adolescents were malnourished (Monteiro et al. 1992)
and 37.1 percent were stunted (Monteiro, D’Aquino, and Conde 2010). By comparison,

by the mid-2000s, only about 5 percent were malnourished and 7.1 percent were stunted
(Monteiro, D’Aquino, and Conde 2010). This shift from a high prevalence of undernutrition
to a predominance of overweight and obesity occurred as part of Brazil’s nutrition
transition, during which the country experienced large-scale changes in dietary patterns
driven primarily by increased consumption of ultra-processed foods high in saturated fat,
sodium, and sugar (Monteiro et al. 2000, 2010).

As in many middle- and low-income countries, the nutrition transition in Brazil has taken
place during a period of massive socioeconomic development (Monteiro et al. 2002), and
its effects have been unequally distributed across the population. Previous research in many
middle- and low-income countries has shown that as a country’s gross domestic product
increases, the burden of obesity shifts from high-SES to low-SES individuals (Monteiro et
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al. 2004). There is evidence of a similar trend emerging among Brazilian adults: whereas
obesity was once characterized as a disease of the rich, it is now increasingly becoming
a burden of the poor (Monteiro, Conde, and Popkin 2007). It remains unclear whether
this pattern holds for adolescents when accounting for family social origin rather than
individual-level adult SES, as in most prior studies focusing on adults.

Regional Differences: Comparing Northern and Southern Brazil

Throughout the twentieth century, Brazil experienced tremendous but geographically uneven
socioeconomic development. Industrialization, agricultural modernization, and urbanization
were initially concentrated in the southern regions, and did not occur in the northern regions
until much later (Diniz 2002). These large and persistent regional gaps in development and
demographic shifts have translated into high levels of socioeconomic inequality and marked
geographic variation in the trajectory of the nutrition transition in Brazil.

Malnourishment and stunting were disproportionately concentrated among the poor and,
importantly for this paper, were also disproportionately concentrated in the northern regions.
In the mid-1970s, more than a quarter of the children in the Northeast were malnourished,
compared to only 13 percent of children in the Southeast (Monteiro et al. 1992), and

64 percent of children in the Northeast lived in households with incomes below the

poverty line, compared to only 27.7 percent of children in the Southeast (Monteiro et

al. 1992). Although levels of malnourishment have declined in recent decades, regional
disparities persist. In the South and Southeast, for each malnourished child there are nine
children considered overweight or obese. In the North and Northeast,! in contrast, for each
malnourished child there are four children considered overweight or obese (IBGE 2010).
These regional disparities suggest that Northern Brazil is behind Southern Brazil in terms
of socioeconomic development and the nutrition transition, which are intertwined (Monteiro
etal. 1992, 1995, 2010). The nutrition patterns in Southern Brazil resemble those of many
high-income countries, with high obesity prevalence and a food environment featuring
animal-sourced fats and protein, sugars, and high-calorie industrially produced foods (Dinsa
et al. 2012; Popkin 1999). The nutrition patterns in the Northern region, on the other

hand, are consistent with patterns at the tail end of the nutrition transition (Monteiro et al.
2010). Such regional variation in the nutrition transition and in socioeconomic development
may be associated with geographic differences in the association between family SES and
adolescent BMI.

Family SES and Adolescent BMI

We first discuss the overall ways in which family SES is theorized to influence adolescent
BMI, drawing on research from other countries to conceptualize family SES as a social
determinant of adolescent BMI. In line with the tradition of research examining the
association between social position and health, researchers have recently become interested
in whether and how family SES is associated with BMI and obesity among children and
adolescents (Balistreri and Van Hook 2009; Classen 2010; Costa-Font and Gil 2013; Martin
et al. 2012; Pudrovska, Logan, and Richman 2014; Wang 2001; Wang and Zhang 2006).

1-Hereafter, we refer to North and Northeast Brazil as Northern Brazil, and South and Southeast Brazil as Southern Brazil.
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Family SES may directly shape adolescents” BMI because resources such as family income
and parental education likely influence a family’s ability to manage BMI risks among their
children, primarily through providing nutritional foods and healthy lifestyles.

However, family income and parental education might influence adolescent BMI in different
ways. Family income can affect adolescent BMI by increasing access to healthy foods

and exercise habits (Cawley 2004), suggesting a negative association with adolescent BMI.
Growing up in a financially stable familial environment (Carr and Umberson 2013) and
overall higher SES across generations can lead to better health outcomes. However, family
income can also be used to purchase non-healthy goods, leading to a positive association
between family income and adolescent BMI. Further, rapid increases in income may

be linked with changing consumption patterns, such as indulgent child-feeding practices
(Balistreri and Van Hook 2009), where a positive association could reflect rapid upward
mobility. Thus, it is perhaps unsurprising that the empirical evidence on the association
between family income and adolescent BMI is mixed; researchers have found associations
ranging from positive (Haas et al. 2003), to negative (Goodman 1999; Pudrovska, Logan,
and Richman 2014), to no association (Goodman, Slap, and Huang 2003; Martin et al. 2012;
Zhang and Yang 2007).

In contrast to the mixed evidence regarding family income and adolescent BMI, the evidence
regarding parental education and adolescent BMI points to a negative association, at least

in high-income countries (Glass, Haas, and Reither 2010; Martin 2008; Martin et al. 2012;
Pudrovska, Logan, and Richman 2014). Parents with higher levels of education are more
capable of setting and accomplishing health-related goals for their children (Mirowsky and
Ross 2003), have greater access to information, skills, and knowledge, and are better able

to address children’s health-related behaviors, including regulating food and exercise habits
(Ogden et al. 2006).

Most past studies, however, have examined the association between family SES and
adolescent BMI in countries already in advanced stages of the nutrition transition and
obesity epidemics. Given that Brazil, particularly the Northern region, is at an earlier stage
of the nutrition transition than high-income countries, the association between family SES
and adolescent BMI might differ from the patterns observed in studies of high-income
countries. In early nutrition transition contexts where stunting has only recently declined
and obesity is still a relatively new health risk, we might expect positive to negligible
associations between family SES and adolescent BMI. A positive or negligible association
between family income and adolescent BMI is possible because resources were more
commonly used to prevent food insecurity rather than combat obesity. In these settings,
food scarcity and patterns of high-energy expenditure are commonly found among the poor,
whereas elite groups are capable of obtaining an adequate food supply (Monteiro et al.
2004).

Moreover, a positive or negligible association between parental education and adolescent
BMI is possible because individuals might display their status by eating trendy and high-
status foods that might be unhealthy (Naccarato and Lebesco 2012). Higher consumption of
unhealthy foods among those with higher SES might especially be the case in pre- or early
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stage nutrition transition contexts, where industrialized foods are new and seen as “high-
status,” and where information about the unhealthy consequences of industrialized foods

is not yet known. Thus, in the absence of information about unhealthy foods, education in
pre- and early stage nutrition transition contexts might serve as a status marker that guides
individuals’ dietary choices. These factors imply a positive association between parental
education and adolescent BMI. However, because highly educated parents are better able to
avoid shifting risks in their children’s environments, once the nutrition transition progresses
and awareness about the consequences of such unhealthy foods grows, a negative association
between parental education and adolescent BMI emerges, an empirical finding of most
studies in the United States.

Previous studies in high-income countries have also tended to analyze samples with

more limited variance in BMI. Brazil offers an interesting case to examine variation in

the association because it has significant regional variation in both adolescent BMI and
socioeconomic and nutrition environments. Given the transitional nature of and significant
regional variation in BMI in Brazil, it is also important to examine the association between
family SES and adolescent BMI across the whole spectrum of BMI percentiles. When
examining societies in transition where body mass is changing rapidly, it is necessary to
consider that the effects of family SES on adolescent BMI are potentially different at higher
and lower percentiles of the BMI distribution (among the thinnest and heaviest adolescents).
This is the case for at least two reasons.

First, the mechanisms determining the association between family SES and adolescent
BMI (i.e., family resources that promote healthy foods) likely operate differently across
the BMI spectrum. Among underweight adolescents and their families, under-nutrition is
highly dependent on food availability; a higher family income likely means providing any
food on the table and consequently could be associated with increases in BMI. Among
obese adolescents, on the other hand, high family SES might be associated with lower BMI
because the operating mechanism might be the ability to purchase healthy foods, because
high family SES might also translate into the financial resources and time to promote a
healthy lifestyle through diet and exercise (Pudrovska, Logan, and Richman 2014).

The strength of the association between family SES and adolescent BMI may also differ
across BMI percentiles (Beyerlein, Toschke, and von Kries 2010; Costa-Font, Fabri, and
Gil 2009; Krishna et al. 2015; Ljungvall and Zimmerman 2012). Having higher family SES
may be more important for certain groups than for others. For example, obese adolescents
may be more susceptible to the negative effects of low family SES than normal-weight
adolescents because their families are less likely to have the resources needed to counter
the risks of obesogenic food environments. In other words, a higher level of income and
parental education may be needed among obese adolescents than among normal-weight
adolescents to offset the mechanisms leading to BMI increases. Indeed, recent public health
and epidemiological research has found different magnitudes in the associations between
several risk factors and BMI at different BMI levels (Beyerlein, Toschke, and von Kries
2010; Costa-Font, Fabbri, and Gil 2009; Krishna et al. 2015; Ljungvall and Zimmerman
2012), including that the association between parental education and BMI is stronger for
children with higher BMI values (Beyerlein, Toschke, and von Kries 2010). If risk factors of
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overweight and obesity disproportionately affect children with high BMI (making them even
heavier), incremental exposure to those risk factors would primarily result in more extreme
values of BMI in the upper percentiles. The potential for variation in the association between
family SES and adolescent BMI across BMI percentiles is likely amplified in countries with
changing nutritional environments and large regional variation in BMI, such as Brazil.

Conceptual Framework

We integrate research about the nutrition transition and socioeconomic development in
Brazil with research about the association between family SES and adolescent BMI to
understand how family SES shapes adolescent BMI in a transitioning country context using
a framework that incorporates nutrition transition and fundamental cause theories. The
nutrition transition framework guides our thinking about how socioeconomic development
and nutritional environments are intertwined and influence BMI (Popkin 1994). In pre-
transition and less developed areas, under-nutrition is relatively common, and obesity is
relatively rare and concentrated among the upper- and middle-class individuals because they
are less likely to be engaged in physical labor and are wealthy enough to purchase higher-
calorie foods (Popkin 1994). As economic development occurs and the nutrition transition
advances, incomes grow, inexpensive high-caloric foods become more widely available,
occupations become much less physically demanding, energy expenditure declines, and
individuals shift to much higher fat and more energy-dense diets. As a result, poor nutrition
and obesity prevalence increase and obesity shifts from disproportionately afflicting the
upper and middle classes to being a burden of the poor (Popkin 1993; Monteiro et al. 1995).
For adolescents, these circumstances comprise a context of intergenerational transmission
of disadvantage, wherein adolescents from families with low-SES families become the most
likely to suffer detrimental BMI outcomes.

To further understand the social patterning of BMI in Brazil as a function of the nutrition
transition and socioeconomic development, we use fundamental cause theory (FCT) (Link
and Phelan 1995). This perspective views SES as a durable, fundamental cause of health
because SES shapes access to resources, knowledge, and skills that make individuals with
high SES better equipped to adjust to changes brought about by new diseases. Thus, the
emergence of a new health risk may spark or strengthen a negative SES gradient because
individuals with low SES have less resources and information about new health risks (Freese
and Lutfey 2011; Omran 1971; Phelan and Link 2005; Phelan et al. 2004). In the case of
BMI in Brazil, the SES gradient may be flat in regions in the early stages of the nutrition
transition because little is known about the risks of obesity. In regions in the later stages of
the nutrition transition, when awareness of both the risks of obesity and the resources for
preventing it are more widely understood, a negative SES gradient is likely to emerge.

FCT also addresses how the mechanisms linking SES and BMI might change in the face of
dramatic shifts in the nutrition environment. For example, we might expect the two primary
dimensions of family SES—income and parental education—to vary in their association
with adolescent BMI depending on the stage of the nutrition transition. In pre- or early
transition contexts in which malnutrition and shortages of food are more common, family
income would likely be most important for combating malnutrition and achieving a healthy
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BMI. However, as the nutrition transition proceeds, and processed foods become more
widespread and affordable, education may be the socioeconomic resource most relevant to
access information and implement best practices for avoiding behaviors that can lead to
unhealthy BMI.

Current Study

We borrow from the nutrition transition framework and FCT to develop a series of
hypotheses regarding variation in the association between family SES and adolescent BMI
across regions marked by different stages of the nutrition transition and the levels of
socioeconomic development and across the spectrum of BMI statuses (table 1).

Hypothesis 1: Overall Association and Regional Differences—Given that Brazil
is still undergoing the nutrition transition, our first hypothesis is that the overall association
between family SES and adolescent BMI will be positive; that is, higher levels of

parental education and family income will be associated with higher BMI (Hypothesis 1).
However, because of the uneven progression of the nutrition transition and socioeconomic
development across regions in Brazil, we expect that the associations will differ (in
magnitude and possibly in direction) depending on the region examined. We expect that
the association will be positive in Northern Brazil, due to its lower levels of economic
development and earlier stage of the nutrition transition (Hypothesis 1a), but that the
association will be negative or negligible in Southern Brazil (Hypothesis 1b), reflecting
the more advanced transitional stage of the nutrition transition, though not yet aligned with
high-income countries.

Hypothesis 2: Overall Differences across BMI Percentiles—Because the
mechanisms determining the association between family SES and adolescent BMI (i.e.,
family resources that promote healthy foods) likely operate differently across the BMI
spectrum, we hypothesize that the associations between family SES and adolescent BMI
will vary for different BMI percentiles because high or low family SES likely implies
different dis(advantages) for underweight, normal-weight, overweight, or obese adolescents
(Hypothesis 2). We elaborate on the expected direction of these associations in the next set
of hypotheses.

Hypotheses 3 and 4: Differences across Regions and BMI Percentiles—We
build on the previous hypotheses to examine the association between family SES and
adolescent BMI across BMI percentiles separately for Northern and Southern Brazil. We
expect to find both similarities and differences between these regions in the associations we
examine. In contexts where under-nutrition is highly dependent on food availability (as in
Brazil), food scarcity among the families of malnourished adolescents means that low family
SES is likely associated with lower adolescent BMI. We hypothesize that such a relationship
characterizes both Northern and Southern Brazil because the mechanism underlying the
association between family SES and BMI among undernourished adolescents —income to
put food on the table—is likely similar (Hypothesis 3).
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However, we hypothesize that there will be regional differences in the associations among
overweight and obese adolescents (Hypothesis 4). We anticipate a positive association
between family SES and adolescent BMI among overweight and obese adolescents in
Northern Brazil (Hypothesis 4a), a region in earlier stages of the nutrition transition where
processed and out-of-home meals are available primarily to those with higher incomes. In
contrast, in regions such as Southern Brazil that are at a later stage in the nutrition transition,
the burden of overweight and obesity will likely fall more heavily on the poor, and those
with high SES will be less affected. We therefore expect a negligible or negative association
between family SES and adolescent BMI among overweight and obese adolescents in
Southern Brazil (Hypothesis 4b).

Hypothesis 5: Regional Differences in Effects of Family Income and Parental
Education—Finally, while we expect regional differences in the associations between
family SES and adolescent BMI (Hypothesis 1a and 1b), we also hypothesize that these
differences will be less pronounced for parental education than for financial forms of SES,
which highlights the importance of considering multiple forms of family SES (Hypothesis
5). The mechanisms behind the associations between parental education and adolescent
BMI are more susceptible to rapid changes in food environments and diet behaviors
through the diffusion of innovations that characterize the nutrition transition. Well-educated
parents are likely to acquire and use new knowledge about the changing food environments
before non-educated parents. Depending on the stage of the nutrition transition, such new
knowledge might counteract the harmful effects of the changing food environments, yielding
associations that are more similar across regions. The capital available to offspring through
family income, on the other hand, likely translates into more dissimilar (dis)advantages for
adolescents in regions marked by sharp nutritional differences.

Data and Methods

Data

We use data from the nationally representative Pesquisa de Orgcamentos Familiares
(Household Expenditure and Income Survey) (POF) conducted in 2002—2003 and 2008-
2009. The POF is a household survey conducted by the Brazilian Census Bureau (IBGE).
A probability-based, stratified, multistage dataset, the POF has information on 48,470
households and 182,333 individuals in 2002—2003 and 55,970 households and 190,159 in
2008-2009.

The dataset contains demographic and socioeconomic variables as well as indicators of
health status, including anthropometric measures of weight and height of every household
member, including all children and their parents. Having measured (rather than self-
reported) weight and height is a major advantage of the POF data compared to most surveys
used to examine BMI in Brazil and in most other countries.2 Another unique feature of

the data is the inclusion of BMI of all household members, which allows the use of the

2 Trained interviewers used calibrated portable scales to obtain weight measurements of respondents wearing light clothes and no
shoes. During height measurements, respondents did not wear shoes and their heads were held in the Frankfort plane (Monteiro et al.

2000).
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desirable but rarely available measure of parental BMI as a control for the intergenerational
association in BMI (Costa-Font and Gil 2013). The POF also contains detailed inventories of
food availability in households.

Analytic Samples

We used three analytic samples to address the research questions. The first sample included
all adolescents who were ages 12-17 in both waves and who were classified as the child of
the household head3 (NV=27,123). The second and third samples were composed of 15,539
and 7,903 adolescents living in Northern and Southern Brazil, respectively. We included
only one adolescent per household (chosen via random selection using Stata) to eliminate
problems of non-independence of observations. We focused on Northern and Southern
Brazil because these regions have clearly different patterns and stages of the nutrition
transition (Moubarac et al. 2014).4

Measures

The dependent variable was adolescent BMI, calculated as measured weight divided by
measured height. Following the literature, we applied a transformation based on the Box-
Cox transformation-based semiparametric approach® to create a BMI zscore that accounts
for the strong correlation of BMI with age and sex (Cole and Green 1992; Cole 1988).

While we used BMI z-scores in the models, we conducted multiple sensitivity tests

using different calculations of BMI to ensure the robustness of the findings. In models
estimated with the log of BMI (original) as the dependent variable, the results remain
unchanged, except for the covariates of age and sex, as expected. We also estimated models
separately by sex and found that the overall patterns were similar for boys and girls.

For descriptive purposes, we also created a categorical BMI status variable based on the
standards established by the World Health Organization (WHO 2007). Adolescents were
classified into four categories: underweight (z< —2), normal weight (z>=-2 and < =1),
overweight (z> 1), and obese (z> 2).

Our key independent variables included family SES, measured as the log of household
income per capita, and whether at least one of the parents has a high school education
or more.8 We also used several control variables at the adolescent and family levels. We
included controls for age, sex (1 = female), and race (1 = nonwhite). We created an

3-We excluded 401 adolescents with a reported weight lower than 5 kg, because it is implausible. We considered only adolescents
with valid information about father or mother’s education, and information about family income. As usual in studies using data from
household surveys, only those classified as children of the head of the family are included in the sample.

4-The Midwest does not present a clear pattern of socioeconomic development or stages of the nutrition transition since it
encompasses both the nation’s capital—with one of the country’s highest per capita income, Brasilia—and areas that are not as
economically developed, as Southern Brazil. Past research has compared Northern and Southern Brazil in a similar way (Monteiro et
al. 1995; Marteleto and Souza 2012).

S-The authors assume an underlying skewed normal distribution of the measurement, so that a suitable power transformation will
result in a normally distributed variable. In the method proposed, the distribution at each covariate value is summarized by three
parameters—the median, the coefficient of variation, and skewness, the latter expressed as a Box-Cox power. These three parameters
are constrained to change smoothly as the covariate changes. The BMI zscore for an individual of sex sand age #is calculated as

BMI = [BMI/M(st)] 26D _ 1
? L(2)S(t)

6-We also tested other specifications of parental education, such as years of schooling and highest level of schooling between parents;

the overall pattern of results did not change.

, where L is the Box-Cox power, M is the median, and S'is the coefficient of variation.
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index of food availability in the household using principal components factors (PCF).”.
We constructed an index of the availability of food of high nutritional value that includes
vegetables, meat, chicken, fish, milk, yogurt, eggs, cheese, fruits, grains, and fibers
(Previdelli et al. 2011).

We also included a four-category indicator of parental weight status based on parental

BMI, using a BMI of 25-29 and 30 and above as the cutoffs for overweight and obesity,
respectively. The final variable was coded 0 if neither parent is obese or overweight, 1 if
only the mother is obese or overweight, 2 if only the father is obese or overweight, and 3 if
both parents are obese or overweight. Finally, we included urbanicity and, in models for the
entire country, region of residence.

We first examined the association between family SES and adolescent BMI by estimating
OLS regression models, as is standard. We next estimated quantile regression models, which
assume that the associations between covariates (family SES) and the dependent variable
(adolescent BMI) vary according to the percentile of the dependent variable examined
(Classen 2010; Koenker and Bassett 1978). Relative to other regression estimates, quantile
regression estimates are more robust against outliers in the dependent variable. The main
advantage of these models is that they allow us to investigate whether the strength or
direction of the association between covariates (SES) and the dependent variable (BMI)
varies in different percentile groups along the dependent variable distribution (Classen 2010;
Koenker and Bassett 1978; Koenker and Hallock 2001). Quantile regression models account
for effects not only in the conditional mean (such as OLS) but also on the lower and upper
tails of the BMI distribution, therefore satisfactorily accounting for observed heterogeneity
in our dependent variable.

The quantile regression can be written as (Buchinsky 1994)

= Xifo + Ho

Quant,(Y;| X)) = X,p,(i = 1, ..., n),

where Xis the independent variables with 8, coefficients at each quantile a.. Quant, (Y1.X)
denotes the ath conditional quantile of Y; adolescent BMI, given a set of X independent
variables. We estimate simultaneous quantile regression models in which the variance-
covariance matrix is estimated via bootstrapping with 1,000 bootstrap replications to obtain
the standard deviations. We also run separate models for two regions: North/Northeast and
South/Southeast.8

7-In factor analysis, factors are created as hypothetical variables, and they are linear combinations of observed variables that explain
the variability of the data. Specifically, PCF, it is expected that most variables are highly correlated to the first factor. Since the first
component is the most important, we used it to create our index.

“The results support our justification for examining adolescent body mass separately by region: the BMI zscore distributions for the
two regions are so different that they never intersect (available upon request).

Soc Forces. Author manuscript; available in PMC 2023 July 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Marteleto et al.

Results

Page 12

We performed the estimations at the 3th, 50th, 85th, and 97th percentiles of BMI, following
the cutoffs used in literature (Beyerlein, Toschke, and von Kries 2010; Classen 2010; Costa-
Font, Fabbri, and Gil 2009; Krishna et al. 2015; L jungvall and Zimmerman 2012; WHO
2007). These percentiles reflect areas in the BMI distribution that are of greatest interest,
allowing for relationships to vary in magnitude and direction (Stifel and Averett 2009).

The 50th percentile gives the estimation at the median. The 85th percentile is the cutoff

for those considered overweight, and the 97th percentile is the cutoff for those considered
obese. Because the BMI distribution of the Brazilian population is in transition, we also
examined the other extreme of the distribution, that is, in the 3rd percentile, the cutoff for
underweight adolescents. We also estimated the quantile regressions in all percentiles of the
BMI distribution to create figures showing the associations across the entire distribution.

Table 2 shows the means and proportions of all variables included in the models. In the
full sample, parents have completed, on average, 7.19 years of schooling, and the mean per
capita household income is US$501.32. These overall statistics mask Brazil’s large regional
differences. In Southern Brazil, parental education reaches 8.11 years of schooling, while
parents in Northern Brazil have only 5.81 years of schooling. Per capita household income
is $636.97 in Southern Brazil and $299.36 in Northern Brazil. There are also large race
differences across the two regions—61.59 percent of adolescents in Southern Brazil are
white while only 25.03 percent of adolescents are considered white in Northern Brazil. In
all three samples, around 93 percent of the respondents are enrolled in school. In terms of
parental BMI status, for 26.11 percent of adolescents neither their mother nor their father
is considered overweight or obese, while for 28.07 percent of adolescents both parents are
considered overweight or obese.

Table 3 presents summary statistics for each covariate in the multivariate analyses separately
by adolescent BMI categories; as in table 2, results are presented separately for each of

the three analytical samples. For ease of interpretation, we display BMI in four categories:
underweight, normal weight, overweight, and obese. To facilitate comparisons with studies
focusing on mean BMI, we also provide mean BMI for all adolescents by parental education
level and by the highest and lowest household income quintile. The results in table 3
highlight several interesting regional patterns. In the full sample, parents of overweight

and obese adolescents have higher levels of schooling than parents of underweight and
normal-weight adolescents (7.96 and 8.14 versus 6.62 and 7.06); this difference occurs in
both regions but is smaller in Southern Brazil than in Northern Brazil. In contrast, mean per
capita household income is lower for adolescents considered overweight and obese than for
those considered underweight and normal weight, although again the difference is starker in
Northern than in Southern Brazil. Children of obese or overweight parents are more likely
to be considered obese or overweight themselves; this likelihood is even greater when both
parents are obese or overweight.
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Overall Association and Regional Differences

Table 4 shows regression results for OLS models with adolescent BMI as the dependent
variable. These models are comparable to the models implemented in most previous studies
that estimate reduced-form equations for the average child (at the conditional mean levels
of adolescent BMI). Column 1 shows results for the entire country, while columns 2 and

3 show results for the Northern versus Southern regions, respectively. Higher levels of
household per capita income and of parental education are associated with increases in
BMI, providing support for Hypothesis 1. Higher levels of household per capita income

are also associated with increases in BMI for adolescents in both Northern and Southern
Brazil, with coefficients statistically significant at the 0.01 level. The results for household
income align with our hypothesis for Northern Brazil, but diverge from our prediction of a
negative or negligible association for Southern Brazil, suggesting that the Southern region
might be more distant from completing the nutrition transition than we had anticipated.
The coefficient representing parental education is also statistically significant and positive
for Northern Brazil, suggesting that adolescents with parents with at least a high school
education have higher BMI (0.081 significant at the 0.01 level, shown in column 2). The
coefficient representing parental education is not statistically significant in Southern Brazil.
These findings for parental education provide some support for Hypotheses 1a and 1b in
that the associations between parental education and adolescent BMI differ across regions. It
is also noteworthy that adolescents with both parents considered overweight or obese have
higher BMI levels than those with no overweight or obese parents.

Differences across BMI Percentiles: Overall Country and within Regions

Table 5 shows results from quantile regression models for the whole country and separately
by region. We estimated the relationship between family SES and adolescent BMI via
quantile regression, which allows for the magnitude of the effect of family SES to vary
according to the percentile of the adolescent’s BMI, determining whether the strength of this
correlation appears to be largest at lower or higher levels of BMI. Columns 1-4 show results
for the entire country, while columns 5-8 show results for the Northern regions and columns
9-12 show results for the Southern regions. The adolescent BMI z-scores range from —7.07
to 4.00. It is important to note that, following the definition presented by the World Health
Organization, adolescents can be classified into five categories: severe thinness (z< -3),
thinness (z< —2), normal weight (z> = -2 and < = 1), overweight (z> 1), and obese

(z> 2).9 This means that to evaluate the impact of a one-unit change in the independent
variables, we need to take into account the percentile of BMI we are looking at. We discuss
the results in terms of both coefficients and predicted BMI zscores (presented in table 1a in
the appendix).

The results for the entire country in table 5 indicate that among adolescents considered
normal weight, overweight, and obese, higher levels of income are associated with
significantly higher BMI (coefficients of 0.044, 0.049, and 0.065, shown in columns 2—
4). The association is statistically insignificant among underweight adolescents. Further
results from table 5 also indicate that the association between family SES and BMI differs

91n our descriptive analyses, we aggregated adolescents considered severely thin and thin in one category, called underweight.
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depending on the percentile examined: having a high school-educated parent is associated
with higher BMI among normal-weight and overweight adolescents (coefficients of 0.071
and 0.059, shown in columns 2 and 3), but does not seem to matter for underweight or obese
adolescents, as indicated by the lack of statistically significant coefficients for those groups.
The predicted probabilities (shown in table 1 in the appendix) also show that the association
between parental education and adolescent BMI is positive only until the college level—for
adolescents with college-educated parents, the association is negative, suggesting that higher
levels of parental education imply lower BMI. Combined, these findings lend support for
Hypothesis 2 in that the associations between family SES and BMI differ according to the
BMI percentile examined.

A more complex picture emerges when comparing the associations between family SES and
adolescent BMI across regions while at the same time considering variation according to the
BMI percentile. Among underweight adolescents in Northern Brazil (column 5), family SES
(both household income and parental education) is not statistically associated with BMI,
with coefficients approaching zero. In Southern Brazil, on the other hand, higher levels of
household income are associated with higher BMI (coefficient 0.137 statistically significant
at the 0.01 level; column 9) among underweight adolescents, lending partial support to
Hypothesis 3.

The regional differences in the associations between family SES and adolescent body weight
are stark among overweight and obese adolescents, lending support to Hypothesis 4. Higher
levels of income are associated with higher BMI among overweight and obese adolescents
in the North (0.061 and 0.077, statistically significant at the 0.01 level, columns 7 and 8),
providing support for Hypothesis 4a; in line with Hypothesis 4b, the analogous coefficients
for the South are half the magnitude and statistically insignificant (columns 11 and 12).

A similar pattern of regional differences emerges when we consider parental education:
positive, statistically significant coefficients (0.092, shown in column 7) for the North, and
statistically insignificant coefficients approaching for the South (columns 11 and 12). Also
worth noting, having obese parents is associated with higher BMI among all adolescents,
suggesting the importance of controlling for parental body mass status.

Regional Differences in the Associations between Family Income and Parental Education

Figure 110 portrays the distinct regional patterns of the association between family income
and adolescent BMI described above: regional differences are large in percentiles at the
extremes of the distribution of BMI, particularly among underweight, overweight, and obese
adolescents, but are small in the range considered normal weight. Among underweight
adolescents, the association is larger (and statistically significant) in the Southern than in

the Northern regions, with a difference in coefficients statistically significant at the 0.01
level. Among the overweight and obese group of adolescents, income has little impact on
BMI in the more developed Southern regions, with statistically insignificant coefficients, but
is positively and statistically associated with BMI in the less developed Northern regions.
These regional differences are masked in the results of the OLS model (also shown in figure

10-Results presented in figures 1 and 2 come from table 5. The difference is that we include more percentiles in our estimations in the

figures.
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1) and the full-country analysis, both of which obscure important nuances in the association
between family SES and adolescent BMI.

Figure 2 plots the quantile regression coefficients of parental education for all percentiles

of adolescent BMI. While the association between parental education and adolescent BMI
follows the same overall pattern in both regions, in the more developed Southern region, the
negative association between family SES and adolescent BMI fades in the 97th percentile of
the distribution, with the coefficient reaching zero.

The findings described above are in line with Hypothesis 5 in that regional differences in
the curves defining the association between parental education and BMI are less pronounced
than the regional differences in the curves defining the associations between family income
and BMI. The curves representing the associations between family income and BMI in

the North and in the South cross when reaching overweight and obese adolescents. The
analogous curves representing parental education follow a similar pattern across regions,
with differences only in the magnitude of the association. This suggests that it is important
to consider multiple forms of family SES.

Additional findings (table 1a) present the predicted estimates of BMI zscores, and these
results highlight one additional important pattern: while parental education is positively
associated with BMI for almost all groups of adolescents, the association is negative among
adolescents with college-educated parents. In Northern Brazil, with all other controls at

the mean, the estimated BMI z-score is 1.9312 for adolescents with high school-educated
parents and 1.8313 for adolescents with college-educated parents; the corresponding values
for Southern Brazil are 2.0827 and 1.9395.

Discussion and Conclusion

Socioeconomic development and the nutrition transition in Brazil have spawned profound
changes that are reshaping both the overall distribution and the social patterning of BMI

in the country. Once concentrated among the affluent classes, overweight and obesity are
now increasingly becoming a burden of the poor, at least among Brazilian adults (Monteiro,
Conde, and Popkin 2001). Despite evidence of an emerging negative SES gradient in BMI
among adults, little is known about such patterns for adolescents, a group at risk for
enduring the lifelong disadvantages associated with obesity. Regional disparities in this stage
of the nutrition transition and levels of socioeconomic development and a changing BMI
percentile distribution provide a unique opportunity to examine how the association between
family SES and adolescent BMI is unfolding in a developing country still in the midst of its
nutrition transition.

The goal of this paper was to examine how family SES and adolescent BMI intertwine in
Brazil, a highly unequal country with stark regional disparities in the nutrition transition

and socioeconomic development and with shifting SES gradients in BMI. Guided by
expectations derived from nutrition transition and fundamental cause theories, we examined
how the association between family SES and adolescent BMI is conditioned by regions
marked by different levels of economic development and stage of the nutrition transition and
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by BMI percentile. Using nationally representative data with measured height and weight
of all family members in Brazil’s distinct Northern and Southern regions, we conducted
OLS and quantile regression models that revealed four key findings about variation in the
association between family SES and adolescent BMI by region and by BMI percentile.
First, we found that the overall association between family SES and adolescent BMI

is positive in Brazil, as might be expected for a country still undergoing the nutrition
transition. Second, we showed that the positive association between family income and
BMI holds in both Northern and Southern Brazil, but that the association between parental
education and family BMI differs across regions, remaining positive in Northern Brazil but
losing magnitude and significance in Southern Brazil. Third, we found evidence that the
associations between family SES and adolescent BMI vary across the spectrum of BMI
percentiles. Fourth, we found that regional differences in the family SES-BMI association
were less pronounced for parental education than for family income.

As one of the first studies to provide a detailed portrait of heterogeneity in the association
between family SES and adolescent BMI in Brazil, this work makes at least three key
conceptual contributions to the literature on socioeconomic inequality and health outcomes
everywhere. The first contribution is evidence that the association between family SES and
adolescent BMI varies according to contextual environments, that is, by regions marked by
differences in the nutrition transition and levels of socioeconomic development. Although
the overall association between family SES (both parental education and family income) and
adolescent BMI is positive, reflecting Brazil’s status as a country still in the midst of its
nutrition transition, the regional differences in this association suggest that SES gradients
in adolescent BMI are conditioned by the stage of the nutrition transition and level of
socioeconomic development of the regions in which adolescents live.

The second, key contribution is that whereas most prior studies of SES and BMI have
focused on obesity, we focused on percentiles in the entire range of the BMI distribution.
Findings underscore important differences in the associations between family SES and
adolescent body weight related to the BMI percentile examined and emphasize the value of
considering that the way in which family SES influences adolescent BMI varies according
to the BMI status examined. The results suggest that in some cases, estimates of the
determinants of adolescent BMI produced by OLS regression models, which estimate the
associations at the mean, can be misleading. For example, the overall OLS estimates in the
analysis indicate that both family income and parental education are positively associated
with adolescent BMI; however, the quantile regression estimates show that the associations
are not always positive or statistically significant for all BMI percentiles.

Moreover, the magnitude of the impact of family SES on BMI can vary significantly
according to the BMI percentile, suggesting that the SES gap in BMI varies. This is in

line with the idea that the socioeconomic gradients in adolescent BMI vary according to
BMI status (Classen 2010; Costa-Font and Gil 2013), supporting our second hypothesis.
The positive association between family income and BMI among underweight and normal-
weight adolescents in Southern Brazil and the increases in the association at higher BMI
percentile cutoffs in Northern Brazil, for example, suggest that the mechanism underlying
the association is an increasing ability to purchase food but, importantly, not necessarily
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nutritious and healthy food. For underweight adolescents in Northern Brazil, family SES

in the form of either parental education or family income is not a significant determinant

of adolescent BMI, suggesting that income-generating interventions, while important for
many adolescent economic and social outcomes, are unlikely to be effective in raising the
BMI levels of those at greatest risk of undernutrition. In Southern Brazil, in contrast, the
results reveal a significant association between family income and BMI among underweight
adolescents (Hypothesis 3).

Findings also point to important regional differences in the associations between family
SES and adolescent BMI among overweight and obese adolescents (Hypothesis 4). Our
findings show that family SES is associated with higher BMI among overweight and obese
adolescents in Northern Brazil, where the nutrition transition is at earlier stages (Hypothesis
4a), but the associations are statistically insignificant in Southern Brazil, where the nutrition
transition is more advanced (Hypothesis 4b). However, the finding that income is positively
associated with BMI among underweight and normal weight adolescents in Southern Brazil
complicates this picture and suggests that even this more socioeconomically developed
region of the country is still undergoing the nutrition transition. Overall, these results
provide a picture of a society in transition, where family SES is associated with different
BMI statuses depending on the context in which such associations are embedded. For
example, in Northern regions, the gap in BMI between adolescents in families with higher
income and those in families with lower income is more pronounced among overweight and
obese adolescents than among underweight or normal weight adolescents. In this part of the
country, lower SES “protects” overweight and obese adolescents from BMI increases. In the
Southern region, however, there is no socioeconomic gradient (for either family income or
parental education) in BMI among overweight and obese adolescents. This pattern suggests
that the positive association between SES and BMI among overweight and obese adolescents
may fade as regions develop and move along the nutrition transition. With the progression of
the nutrition transition and greater socioeconomic development, families with low incomes
and low levels of education may become disproportionately exposed and vulnerable to
obesogenic environments in which less healthy, low-cost food options are likely the default
choice available.

The third main contribution is evidence that region and BMI status influence the relative
importance of family income and parental education for predicting adolescent BMI. Among
underweight adolescents in Southern Brazil, family income rather than parental education
is the key underlying SES factor affecting adolescent BMI. It is likely that the mechanism
behind the association in these families is simply the ability to purchase food. Prior studies
have found a similar positive association between income and adolescent BMI (Haas et al.
2003). Among overweight and obese adolescents, however, parental education and income
are equally important for BMI in Northern Brazil but not in Southern Brazil. The study
provides additional evidence that the association between family SES and BMI varies
according to whether family SES reflects financial resources or parental education.

Taken together, findings from this study provide an important illustration of the evolution of
social position as a fundamental cause of health in a middle-income country undergoing the
nutrition transition. The evidence that SES gradients in adolescent BMI differ across regions
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marked by different stages of the nutrition transition and socioeconomic development and
across BMI percentiles points to a potential reshaping of the social patterning of adolescent
BMI in Brazil. Our findings do not clearly support FCT, in that we did not find evidence

of a negative SES gradient in adolescent BMI (in which lower parental education level and
lower family income are associated with higher BMI). However, it is possible, and perhaps
even likely, that such a gradient will emerge over time. As the nutrition transition progresses
and the risks of overweight and obesity become more common and well known, the burden
of these health conditions may begin to fall disproportionately on adolescents from families
with low SES who, unlike adolescents from families with high SES, have fewer resources
available to combat such risks.

Given that adolescent obesity can carry a host of lifelong negative health and social
consequences, monitoring trends in this association in Brazil and in other middle- and
low-income countries still undergoing the nutrition transition represents a critical, ongoing
task for future research. For such research, our study highlights the utility of fundamental
cause framework and a methodological approach that anticipates variations in the SES-BMI
association based on macrosocial contexts and BMI percentile, in addition to the dimension
of family SES examined. This type of framework and approach would be useful for
examining not only the association between SES and BMI or obesity, but also the SES
patterning of the uptake of new obesity prevention or reduction interventions, technologies,
and behaviors in Brazil and in other low- and middle-income countries. Such work is needed
to better elucidate how family SES shapes access and utilization of health resources among
adolescents in contexts of high social inequality and undergoing significant nutritional and
epidemiological change.
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Estimated Adolescent BMI Z-Score by Measures of Family Socioeconomic Status, Brazil

and Regions
Parental education Per capita family income
>4 & >8 & >11 & >115& >200& >320&
<4 <8 <11 <=15 >15 <115 <200 <320 < =600 >600
Column Column Column Column Column Column Column Column Column Column
1 2 3 4 5 6 7 8 9 10 Total
Q3 Brazil -1.8701 -1.8146 -1.8066 -1.7413 -1.8680 -1.9430 -1.8654 -1.8249 -1.7796 -1.7425 -1.8296
NNE  -1.8871 -1.8617 -1.8546 -1.8203 -19770 -1.9324 -1.8885 -1.8623 -1.8323 -1.8311 -1.8686
SSE -1.8807 -1.7740 -1.7617 -1.6358 -1.7625 -2.0036 -1.8661 -1.7979 -1.7260 -1.6302 -1.8021
Q50 Brazil -0.1095 -0.0485 0.0446 0.1344 0.0301 -0.1767 -0.0941 -0.0402 0.0205 0.1048 -0.0351
NNE  -0.1570 -0.1118 -0.0084 0.0631 -0.0367 -0.2081 -0.1403 -0.0943 -0.0436 0.0257 -0.0904
SSE -0.0492 0.0158 0.0804 0.1774 0.0451 -0.1248 -0.0383 0.0146 0.0756 0.1557 0.0186
Q85 Brazil 0.8541 0.9494 1.0334 1.1348 1.0354 0.7701 0.8758 0.9441 1.0181 1.1158 0.9473
NNE  0.7867 0.8588 0.9751 1.0671 0.9735 0.7200 0.8091 0.8700 0.9369 1.0315 0.8758
SSE 0.9474 1.0396 1.1141 1.1870 1.0402 0.8853 0.9761 1.0347 1.0963 1.1575 1.0320
Q97 Brazil 1.6940 1.8225 1.9182 2.0282 1.8908 1.5892 1.7288 1.8144 1.9022 2.0058 1.8111
NNE  1.6313 1.7453 1.8378 1.9312 1.8313 1.5412 1.6658 1.7415 1.8156 1.9107 1.7376
SSE 1.8103 1.9242 1.9990 2.0827 1.9395 1.7110 1.8446 1.9179 1.9927 2.0665 1.9091
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Figure 1.
Quantile estimates of per capita family income on adolescent body mass, Brazil’s regions
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Figure 2.
Quantile estimates of parental education on adolescent body mass, Brazil’s regions
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Table 1.

Study Hypotheses

Hypothesis 1

Overall positive association between family SES and adolescent BMI in Brazil but regional differences

Hypothesis 1a

Association between family SES and adolescent BMI positive in Northern Brazil

Hypothesis 1b  Association between family SES and adolescent BMI negligible or negative in Southern Brazil
Hypothesis 2 Variation in association between family SES and adolescent BMI by BMI status; differences between underweight and
overweight and obese adolescents
Hypothesis 3 Among underweight adolescents, positive association between family SES and adolescent BMI; no regional differences
Hypothesis 4 Regional differences among overweight and obese adolescents
Hypothesis 4a  Among overweight and obese adolescents, positive association between family SES and BMI in Northern Brazil
Hypothesis 4b é\mo_r;g overweight and obese adolescents, negligible or negative association between family SES and BMI in Southern
razi
Hypothesis 5 Regional differences less pronounced for parental education than for family income
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Individual and Family Characteristics of Adolescents Ages 12-17: Brazil, 2002—2003 and 2008-2009

Table 2.

Brazil  Northern regions (NNE)  Southern regions (SSE)
Parental education (high school or more) 30.59 22.80 35.82
SD 4.32 4.26 411
Per capita household income 501.32 299.36 636.97
SD 836.34 612.02 913.30
Sex (% of girls) 47.32 46.66 47.58
Age 14.39 14.38 14.41
SD 1.69 1.68 1.70
Healthy food index 0.43 0.43 0.43
SD 0.32 0.32 0.32
Attends school? (% yes) 93.02 92.97 92.95
Race (% of white) 46.01 25.03 61.59
Parental obesity
None is overweight/obese 26.11 30.75 22.78
Only father overweight/obese 23.43 20.34 25.26
Only mother overweight/obese 22.38 24.2 21.57
Both overweight/obese 28.07 24.71 30.39
Region of residence *
North and Northeast 39.04
South and Southeast 54.46
Midwest 6.50
N 27,123 15,539 7,903

Source: 2003 and 2008 POF.

*
The percentage of those in Southern regions is larger than Northern regions due to the use of sample weights.
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Table 4.
Results from OLS Regression Models of Adolescent BMI Percentiles: Brazil, 2003-2008, 12-17 Years Old,

BMI zScore
Brazil Northern regions (NNE)  Southern regions (SSE)
BMI z-score Column 1 Column 2 Column 3
Log of per capita household income 0.045*** 0.042*** 0.058***
(0.0080) (0.0104) (0.0155)
Parental education—high school or more (no omitted) 0.055*** 0.081*** 0.017
(0.0154) (0.0209) (0.0273)
Age in years -0.005 0.008* -0.016**
(0.0035) (0.0046) (0.0065)
Sex (male omitted) -0.009 0.034** —0.048**
(0.0118) (0.0154) (0.0221)
Parental obesity (none is overweight or obese omitted)
Only father overweight or obese 0.211*** 0.197*** 0.252***
(0.0171) (0.0224) (0.0326)
Only mother overweight or obese 0.228*** 0.233*** 0.218***
(0.0167) (0.0210) (0.0328)
Both overweight or obese 0.519%** 0.494*** 0.562***
(0.0162) (0.0211) (0.0310)
Healthy food index -0.023 -0.039 -0.057
(0.0193) (0.0251) (0.0361)
Race (nonwhite omitted) -0.002 -0.023 0.023
(0.0130) (0.0178) (0.0235)
Urban or rural area? (Rural omitted) -0.023* -0.019 -0.029
(0.0135) (0.0172) (0.0265)
Year (2003 omitted) 0.124*** 0.102*** 0.176***
(0.0124) (0.0162) (0.0231)
Region (Southern regions omitted)
North and Northeast —0.127***
(0.0146)
Midwest -0.016
(0.0195)
Constant -0.480***  —0.775*** —0.433***
(0.0725) (0.0895) (0.1387)
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Brazil Northern regions (NNE)  Southern regions (SSE)
BMI z-score Column 1 Column 2 Column 3
N 27,123 15,539 7,903

Source: 2003 and 2008 POF.
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