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Abstract
Objective: In a cohort of government employees in Rio de Janeiro, Brazil, we
investigated prospectively, sex-speciﬁc associations between education and BMI
trajectories and their potential effect modiﬁcation by race.
Design: Of the 4030 participants in Phase 1 (1999), 3253 (81 %) participated in
Phase 2 (2003) and 3058 (76 %) participated in Phase 3 (2006). Education was
categorized as elementary, high school or college graduate. Study participants selfidentiﬁed as White, Black or Pardo. BMI was calculated from measured weight
and height. BMI trajectories were modelled using a generalized additive regression
model with mixed effects (GAMM).
Setting: The Pro-Saúde Study, a longitudinal investigation of social determinants
of health.
Subjects: Women (n 1441) and men (n 1127) who participated in the three phases
of data collection and had complete information for all study variables.
Results: Women and men with less than high school, or only a high school
education, gained approximately 1 kg/m2 more than college graduates (women:
1·06 kg/m2 (P < 0·001) and 1·06 kg/m2 (P < 0·001), respectively; men: 1·04 kg/m2
(P = 0·013) and 1·01 kg/m2 (P = 0·277), respectively). For women only, race was
independently associated with weight gain. Women identifying as Pardo or Black
gained 1·03 kg/m2 (P = 0·01) and 1·02 kg/m2 (P = 0·10), respectively, more than
Whites. No effect modiﬁcation by race was observed for either men or women.
Conclusions: While both lower education and darker race were associated with
greater weight gain, gender similarities and differences were observed in these
associations. The relationship between weight gain and different indicators of
social status are therefore complex and require careful consideration when
addressing the obesity epidemic.

Obesity is a global epidemic, the origin of which lies in the
complexity of human behaviour with well-recognized
social determinants, although the exact mechanisms
involved are not fully understood. These determinants –
contextual, behavioural and biological – have been
studied mostly in isolation, which ignores their inherent
interrelationships. Obesity is a challenge to public health,
which aims to control the condition and reduce inequalities within and across populations(1,2). Studies conducted
in more than forty countries between 1990 and 2010
suggest that two billion people are overweight or obese(3).
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In Brazil, the prevalence of excess weight – overweight
and obesity – increased from 19 % (men) and 29 %
(women) in 1974/75 to 50 % and 48 %, respectively,
in 2008/09. The inverse association consistently found
between socio-economic status and overweight and obesity in other countries, particularly among women, was
also observed in Brazil during the last 20 years(4–7).
Between 1975 and 1989, obesity increased in most regions
of the country among population groups with higher
levels of education. Between 1989 and 1997, however, this
trend was reversed. The largest increase occurred among
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those who did not attend school, and stabilized or even
declined among women with higher levels of education(8).
More recent results (between 2006 and 2009) have
revealed a new trend, in which the increasing prevalence
of obesity is similar in men of different educational levels,
but among women inequality has widened. Obesity
increased from 15·2 % to 18·2 % among those with up to
8 years of education, and only from 7·5 % to 8·4 % in those
with 12 or more years of education(9).
The increasing prevalence of obesity has particularly
serious medical consequences for the poorest populations, including ethnic and racial groups historically suffering discrimination(9). In the USA, there is evidence that
socio-economic inequalities in health are strongly shaped
by race(10). In Brazil, the combined inﬂuence of socioeconomic indicators and race on health has been poorly
studied(11–14). We consider race to be a social construct,
but one that has both real and wide-ranging consequences
for population health and health disparities. This discussion is recent, and controversial, in Brazilian society.
Compared with Whites, Brazilian Blacks and Pardo
(to mean ‘mixed’ race) are known to be systematically
disadvantaged regarding educational attainment and job
market positions. From 1960 through 2000, the latter
groups were threefold more likely to be poor and illiterate
than Whites. More recent data conﬁrm such disadvantage
in education and the job market(15).
Our analyses are framed within an intersectionality
context(16). We postulate that education, race and gender,
all relevant axes of social stratiﬁcation, interact to inﬂuence
weight trajectory through more proximal determinants of
weight change. Education determines in several ways the
possibility of adopting what is deﬁned as healthy behaviours(17). Social adversity, however, manifests itself differently according to race, adding to the chronic stress
caused by discrimination(18). Finally, it is known that men
and women react differently to obesogenic contexts to
which they are exposed(19).
In Brazil, evidence for population trends of excess
weight comes from cross-sectional studies(7–9), which
limits a full understanding of their social determinants.
Considering that relationships between socio-economic
indicators and race are distinct from those found in places
where racial segregation has been legal, we investigated
the association between education and BMI trends, as well
as potential modifying effects of race, in a cohort of civil
servants in Rio de Janeiro.

Materials and methods
Study design and population
The Pro-Saúde Study is a longitudinal investigation of
social determinants of health among non-faculty civil servants at a large university in the state of Rio de Janeiro,
Brazil. All employees except those relocating to another
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institution or who were on non-health leave were eligible
to participate(20). With a participation rate of 90·4 % among
all eligible employees, 4030 participated in Phase 1 of the
study (1999). Follow-up data collections were conducted
in 2001 (Phase 2) and 2006–2007 (Phase 3). Phase 4 data
collection began in 2011. Among the 4030 respondents
who participated in Phase 1, 3253 (81 %) participated in
Phase 2 and 3058 (76 %) in Phase 3.
We analysed data for those who participated in the
three phases of data collection (3058 participants) and
who also had complete information for all study variables.
This totalled 2568 participants: 1441 women and 1127
men. We excluded sixty participants owing to lack of
information about parental education and 120 due to
missing data on race. Among other covariates, the percentage of missing data ranged from 2·6 % for marital
status to 5·9 % for per capita family income, for a total of
490 exclusions due to missing data. The ﬁnal distribution
of study participants was as follows: 1441 women (of
whom 1425, 1411 and 1419 were involved in Phases 1, 2
and 3, respectively) and 1127 men (of whom 1121, 1108
and 1101 were involved in the respective phases).
Statement of ethics
This study was conducted according to the guidelines laid
down in the Declaration of Helsinki and all procedures
involving human subjects/patients were approved by
the Ethics Committee of Rio de Janeiro State University.
Written informed consent was obtained from all subjects/
patients.
Measures
In all study phases, participants’ weight and height were
measured. Self-administered questionnaires were applied,
including questions about sociodemographic characteristics, medical history, health-related behaviours and
reported experiences of discrimination. Pre-tests and pilot
studies with test–retest reliability studies were conducted
in all phases of data collection and deemed adequate(20).
BMI trends were the outcomes of interest. BMI was
estimated by dividing the weight in kilograms by the
square of height in metres. Weight was measured using an
electronic scale with a maximum capacity of 150 kg and an
accuracy of 50 g. Height was measured by following the
techniques proposed by Lohman et al.(21), using a tape
measure afﬁxed to a ﬂat wall and a mobile set-square.
Procedures were the same in all phases of data collection,
following continuous training and with supervision for
quality control.
The main variable of interest in the present study, formal education, was categorized into three levels: elementary, high school, and college or higher. Race was
tested as an effect modiﬁer because it is an additional
indicator of social disadvantage and discrimination. In
Brazil, a person’s ‘race’ is deﬁned on the basis of his/her
physical appearance (e.g. skin colour, hair texture, and
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conformation of nose and lips) rather than ancestral origin.
This is quite different from racial categories used in the
USA. Our study participants were asked to self-identify
with one of the categories used by the Brazilian Census:
White, Pardo, Black, Asian or indigenous. We excluded
employees who self-identiﬁed as Asian and indigenous,
because they represented less than 3 % (ﬁfty-three Asian
and thirty-two indigenous) of the total study population.
Other covariates were year of data collection, age,
gender, marital status, per capita family income, smoking
habits and parental education. The year of data collection
(phase) was analysed as a categorical variable (1999, 2001
and 2006). Age was measured in years and centred on the
average value measured in the ﬁrst phase; marital status
was classiﬁed as single, married and widow(er)/separated;
per capita family income in minimum wages was calculated from the midpoint of the category of reported net
income, divided by the number of people supported by
this income. This value was then divided by the value of
the minimum wage (roughly $US 141·00 in year 2000) at
the time of data collection and grouped into three categories: <3 minimum wages, 3–6 minimum wages and
>6 minimum wages. Three categories of smoking behaviour were created: never smoked, quit smoking (1 year or
more) and currently smoke. The educational level of the
parents was classiﬁed as not having attended school, or
attained primary, high school or college education. When,
for a given individual, parents’ levels of education were
unequal, the highest level was used in the analysis.
All independent variables, except for age, were collected
at baseline.
Statistical analysis
A generalized additive regression model with mixed
effects (GAMM) was applied to model the repeated BMI
measurements on the same participant(22). GAMM, besides
accounting for possible non-linearity of age, also includes
ﬁxed and random effects, which allows the errors to
represent the deviation of observed data in relation to
the expected values in the population. Consequently, the
ﬁxed regression parameters of the model represent
the effect of covariates and are interpreted the same way
as a generalized additive model for cross-sectional data.
The following equation describes the structure of the
GAMM:
gðEðBMIi j bÞÞ ¼ Xi β + Zi b + sðagei Þ;
where BMIi is the vector of BMI measured over time for
participant i; Xi and Zi are known covariate matrices of
participant i including the intercept; β is the vector of ﬁxed
effects; and b is the vector of independent normally
distributed random effects with zero mean. Speciﬁcally, a
two-level model assuming a Gamma response variable
distribution, logarithm link function (g(.)) and thin plate
smoothing spline (s(.)) were ﬁtted.
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Given the gender differences of both the means and the
trajectories of BMI, sex-speciﬁc models were estimated.
Forward selection with the approximate Wald test was
used for the inclusion of covariates. Subsequently, age,
education level, race and year of data collection were kept
in the model. We tested the following potential interactions: education level × race and education level × year
of collection. The Wald test was also used to assess the
signiﬁcance of random effects in the intercept and the year
of data collection and of the age smooth terms. Additionally, we calculated the standardized residuals to
investigate possible deviations of the ﬁnal model from the
GAMM assumptions. Models were estimated by Penalized
Quasi Likelihood implemented in the library mgcv(23) of
the software R, version 3·0·2(24).

Results
Sample characteristics
The main differences between men and women were
found in marital status, education level and per capita
household income (Table 1). Comparing genders, men
were more likely to be married and women were more
likely to be separated or widowed (P < 0·0001). The level
of education was higher for women than men: 48 % and
34 % with college degrees, respectively; as was the per
capita family income (P < 0·0001). The average age at the
ﬁrst phase was 39·5 (SD 7·97) years for women and 38·6
(SD 8·23) years for men.
Observed and age-adjusted BMI trajectories
Figure 1 shows the trajectories over time of the observed
mean BMI (crude), according to the level of education.
Mean BMI increased between 1999 and 2006 for all education levels. Among women, those with the lowest
educational level (elementary) had a mean BMI greater
than the others in all phases of the study. Regardless of
education level, women’s mean BMI trajectories showed
an upward trend, but with no marked differences at the
beginning and end of the assessment period. Among men,
the mean BMI presented a distinct behaviour, with no
differences between baseline values (1999), in contrast to
that for women. In this unadjusted analysis, the effect of
education on BMI varied over time. Between 1999 and
2001, mean BMI values among men with high school
and college education were similar, and lower than those
of men with an elementary education. The trend for BMI
between 2001 and 2006 for groups with higher education
(i.e. high school attainment) changed more markedly than
that of men with elementary education, making the average BMI values similar by 2006.
There was greater variation in mean BMI for women
(24·2 to 28·1 kg/m2 in 1999, 25·4 to 29·2 kg/m2 in 2006)
compared with men (25·8 to 27·1 kg/m2 in 1999, 26·8 to
27·9 kg/m2 in 2006; Fig. 2(a) and (b)). Pardo and Black
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Table 1 Baseline characteristics of the population study according to gender. Pró-Saúde Study, Rio de Janeiro, Brazil, 1999–2006
Men
Characteristic
Age at first phase (years)
20–30
31–40
41–50
51–60
61–70
Race
White
Pardo
Black
Marital status
Married
Separated/widow
Single
Per capita family income (MW)
<3
3–6
>6
Education
Elementary
High school
College
Parents’ education
No education
Primary
High school
College
Smoking habits
Never smoked
Ex-smoker
Smoker

Women

Total

n

%

n

%

n

%

161
479
368
96
17

14·4
42·7
32·8
8·6
1·5

151
595
526
132
11

10·6
41·8
36·9
9·2
1·5

312
1074
894
228
38

12·2
42·2
35·1
9·0
1·5

596
385
146

52·9
34·2
13·0

792
412
237

55·0
28·6
16·4

1388
797
383

54·0
31·0
14·9

793
113
221

70·4
10·0
19·6

788
333
320

54·7
23·1
22·2

1581
446
541

61·6
17·4
21·1

379
398
350

33·6
35·3
31·1

339
556
546

23·5
38·6
37·9

718
954
896

28·0
37·1
34·9

277
464
386

24·6
41·2
34·3

247
496
698

17·1
34·4
48·4

524
960
1084

20·4
37·4
42·2

66
661
238
162

5·9
58·7
21·1
14·4

99
841
299
202

6·9
58·4
20·7
14·0

165
1502
537
364

6·4
58·5
20·9
14·2

650
199
278

57·7
17·7
24·7

878
234
329

60·9
16·2
22·8

1528
433
607

59·5
16·9
23·6

P value†
0·0297

0·0024

<0·0001

<0·0001

<0·0001

0·7726

0·2488

MW, minimum wage.
†P value of χ2 test for independence.

women with less than college education had the largest
mean BMI in all phases of data collection. The lowest
mean BMI values and the most favourable trend were
found in White women with a college degree (Fig. 2(a)).
After adjusting for the non-linear effect of age, the
trends for women separated into four distinct trajectories.
Black and Pardo women with elementary or high school
education had the highest mean BMI in all phases. They
were followed by White women with an elementary and
high school education and these, in turn, were followed
by Black and Pardo women with college education. White
women with the highest education had the lowest mean
BMI and the smallest increases over time (Fig. 2(c)).
Among men there was no clear distinction between
baseline mean BMI values, except among Pardo men. Nor
were there differences in changes in BMI across phases of
the study. Even so, Pardo men with elementary education
had the highest mean baseline BMI (27·05 kg/m2) and
White men with high school education showed a higher
increase (1·27 kg/m2 from 1999 to 2006; Fig. 2(b)). After
controlling for age, men with an elementary school education, independently of race, were distinct from the other
two levels of education. Of note, Black men with college
education presented slightly higher values of mean BMI

over time than their similarly educated White and Pardo
peers (Fig. 2(d)). BMI values of Figs 1 and 2 are provided
in the online supplementary material, Supplemental
Tables 1 and 2.
BMI trajectory (multiple analyses)
Table 2 presents the changes in BMI (exp(β)) estimated by
GAMM. Positive values indicate an increase in BMI in
relation to reference categories. In the modelling process,
education (P < 0·01), race (P = 0·02) and smoking habits
(P < 0·01) contributed to explain the variance in the BMI
trajectories of women. On the other hand, marital status,
parental education and per capita family income were not
statistically signiﬁcant for women. The interaction terms
between education and race (P = 0·54) and between
education and the year of data collection were also not
statistically signiﬁcant (P = 0·96). Therefore, in the ﬁnal
model (M5) the covariates race and smoking habits were
maintained and the estimated mean BMI for White women
with college education, who were non-smokers, with ages
centred on the mean of 1999, was 24·44 kg/m2 (reference).
The estimated mean BMI (model M5) for White men
with college education, average age, non-smoker, married
and with an income greater than six minimum wages, was
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suggested no dependency among key predictors (all
variance inﬂation factors <2)(25,26).

29.0
28.5
28.0
27.5

Discussion

27.0
26.5
26.0
25.5
25.0
24.5
24.0
1999

2001

2006

Phase
(b)

Observed BMI (kg/m2)

29.0
28.5
28.0
27.5
27.0
26.5
26.0
25.5
25.0
24.5
24.0
1999

2001

2006

Phase

Fig. 1 BMI trajectory of women (a) and men (b) by level of
education (▲, elementary; ■, high school; ●, college).
Pró-Saúde study, Rio de Janeiro, Brazil, 1999–2006

25·55 kg/m2. Unlike for females, including race did not
improve the ﬁt of the model (P = 0·78), but it was nevertheless kept in the ﬁnal model (M5). In addition to education, age centred on the mean, along with race, smoking
habits, marital status and per capita family income, were
also included in the ﬁnal model. No interactions of interest
were statistically signiﬁcant.
Compared with college-educated women, those with
elementary or high school education gained more weight
during the study period 1999 to 2006 (1·06 kg/m2 on
average). There was an independent effect of race on
increasing BMI (P = 0·025). Compared with White women,
Black women gained, on average, 1·02 kg/m2 and Pardo
women gained 1·03 kg/m2 (Table 2). Overall, women and
men gained slightly more than 1 kg/m2 from 1999 to 2006
(1·01 kg/m2 and 1·03 kg/m2, respectively).
Additionally, men with elementary and high school
education gained more weight (1·04 kg/m2 and 1·01 kg/m2,
respectively) than those with college education. However,
unlike for women, there was no independent effect of race
on increasing BMI. The smooth effect of age on the models
for both genders was statistically signiﬁcant (P < 0·001; see
Supplemental Figure 1, online supplementary material).
Assessment of collinearity via the variance inﬂation factor

In the current study, men and women with the lowest
level of education had the largest increases in BMI
between 1999 and 2006. Race was independently associated with this trend only among women: Black and
Pardo women with a lower level of education were the
group with the most unfavourable trend. No interaction
between education and race was found.
To the best of our knowledge, the present study is the
ﬁrst Brazilian one to investigate the simultaneous inﬂuence of education, race and gender on BMI trends in a
cohort of working-age adults. The inﬂuence of race on
health, together with indicators of socio-economic position, has rarely been studied in Brazil, where the history of
race relations has its own speciﬁcities(11–14).
Additionally, in the international literature, there are
very few reports of the simultaneous study of socioeconomic position, race and gender(27–29). One of our key
results – the inverse association between education and
BMI – is consistent with those from studies conducted in
Brazil and other countries(5,8,28–30). Between 1986 and
2004, Clarke et al.(28) observed in repeated cross-sectional
analyses of 18–45-year-old US residents that BMI
increased the most among women, racial minorities and
those who had a lower educational level. In the Alameda
County Study, Baltrus et al.(31) conﬁrmed these results
during a 34-year follow-up; and, similar to our ﬁndings,
reported that while Black women gained more weight
than White women this was not the case for men.
Social inequalities in weight gain remain poorly
understood. More favourable economic conditions clearly
enable individuals to achieve and maintain ‘ideal body
weight’. Access to information about healthy behaviour,
access to lower-calorie foods (with regard to both price
and availability), as well as the availability of time and
accessible locations for physical activity directly depend
on socio-economic conditions(32,33).
However, contextual effects, beyond individual socioeconomic resources, also contribute to the obesity epidemic. For example, the recent US recession coincided
with a clear decline in the increase in female obesity in all
income groups(34), a ﬁnding previously reported in longitudinal studies in other countries(35–38). According to
these studies, when economic crises affect the population
as a whole, a general decline in mean BMI or a deceleration in weight gain is observed.
In addition, in Brazil, as in many other countries, body
perception and the desired body type differ by gender and
socio-economic status. Women and individuals of higher
socio-economic position seem more concerned about
being overweight than men and groups with lower
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Fig. 2 BMI trajectory of women (a, c) and men (b, d) by education level (▲, elementary; ■, high school; ●, college) and race: (a, b)
observed mean BMI; (c, d) mean BMI adjusted for age. Pró-Saúde study, Rio de Janeiro, Brazil, 1999–2006

socio-economic position(4,39). In a qualitative study of
residents of Rio de Janeiro, Novaes(40) compared the
perceptions of women of higher education and income
with those of less well educated and lower-income
women. In both groups, beauty was considered an ‘article of prime necessity’. However, perceptions of what
represented ‘beauty’ were not the same. In the case of the
more afﬂuent women, a thin body was the ideal, whereas
‘for [the] group of poor women, beauty is associated with
generous or well delineated curves and not thinness’.
Also, the relationship between perceived exposure to
racial discrimination and obesity has been documented in
the USA and such discrimination has been hypothesized to
be a form of chronic stress that can affect weight gain(18). In
our study, race presented an independent effect on women’s
BMI trajectories. Therefore, the historical association
between race, gender and health-damaging social exclusion
warrants additional attention(41–44), especially since neuroendocrine hormones due to chronic stress may also contribute to social inequalities in weight-gain trajectories(10).
The comparison of results between studies conducted
in different historical periods and geographical areas
demands caution, because countries or population groups
may be at different stages of the nutritional transition.
Swinburn(42) draws attention to the fact that the inﬂuence
of social disparities in the trend of weight gain varies
historically according to the exposure of different birth
cohorts with different constraints and opportunities. In the
last decade, Brazil achieved its lowest recorded level of
income inequality(43). Although the study population
consists of civil servants, a group with relatively small

variations in income, like persons in all social strata in the
country, it was likely inﬂuenced by secular increases in the
level of consumption of highly processed, consumptionready foods, known to contribute to weight gain(7).
In summary, our data point to the existence of complex
mechanisms linking race, gender and socio-economic conditions to adverse BMI changes in a cohort of Brazilian civil
servants. Our ﬁndings are consistent with those from studies
conducted in the USA and UK indicating a higher risk for
obesity among women not racially classiﬁed as White(44–48).
This differential risk for being overweight may be related to
cultural differences in perceived ideal body size, limited
knowledge regarding the role of energy imbalance in obesity
risk, limited income to purchase healthier, more nutritious
foods, and/or chronic psychological stress and its impact on
eating behaviour and physical inactivity. The latter can be
additionally impacted by adverse neighbourhood conditions.
The differential effect of the nutritional transition on segments of the Brazilian population also merits increased
research attention in efforts to understand the social patterning of obesity in the country.
In the present study, only individuals who participated in
all three phases of data collection and who had valid information for all study variables were included in the analysis.
Consequently, we considered how intermittent missing
observations might bias our results (the overall attrition of
participants was 18·7 % and 4·8 % in 2001 and 2006,
respectively). Regarding potential loss to follow-up bias, our
previous work with the Pró-Saúde cohort implicates a
missing completely at random mechanism(49). Speciﬁcally,
we found no statistically signiﬁcant difference between the
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1·04**
1·01, 1·06
1·01
0·99, 1·04
1·01
0·99, 1·04
1·06*
1·03, 1·09
1·07*
1·04, 1·10
1·06*
1·03, 1·09
1·11*
1·08, 1·14

Education
Elementary v. college
Estimate
95% CI
High school v. college
Estimate
95% CI
Race
Pardo v. White
Estimate
95% CI
Black v. White
Estimate
95% CI

M1
M5
M2
M1

0·99
0·97, 1·02

M3
M4
M3

M2

Men‡
Table 2 BMI variation (kg/m2) estimated by GAMM by gender. Pró-Saúde study, Rio de Janeiro, Brazil, 1999–2006
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Women†

M4

M5
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average BMI of drop-outs in 2001 and those who ﬁnished
the study (P = 0·15). A complete case analysis treating the
ignorable missing data produced wholly consistent ﬁndings(50,51). To further corroborate these ﬁndings, an in-depth
qualitative analysis on the causes of attrition revealed that
retirement from the job was the principal reason. Moreover,
attrition associated with a missing completely at random
mechanism provides an unbiased estimation of effect(52).
When comparing the participants of the 1999 census with
the sample included in the study, no statistically signiﬁcant
differences in relation to the distribution of marital status,
education, per capita family income or race were found.
The relatively short follow-up is also a potential study
limitation, although education and race, our key exposures, are not highly subject to changes over time. One
major strength of our study is that BMI values were based
on physical measurements at each stage of data collection,
rather than on self-reported weight and height.
The increasing prevalence of overweight and obesity and
the complexity of factors responsible for their increase
require the abandonment of simplistic explanations in favour
of analyses focusing on factors located at different levels of
the social hierarchy. The fact that an interaction term
between education and race was not statistically signiﬁcant
could be due to sample size limitations. Notwithstanding, our
results point out the importance of simultaneously considering the role of education, race and gender in the obesity
pandemic, since for women, but not men, race showed an
independent association with weight gain. Obesity is
increasingly concentrated in socio-economically disadvantaged populations(5,28). Thus, achieving better living
conditions and reducing the social exclusion of these groups
should be an essential part of anti-obesity efforts.

Acknowledgements
Financial support: D.C. is a research fellow of the National
Research Council (CNPq; grant number 300694/2010-5) and
of Carlos Chagas Research Foundation of Rio de Janeiro
State (grant number E-26/102388/2009). V.A. is supported
by Project PTDC/MAT/118335/2010 and Pest-OE/MAT/
UI0006/2014, ﬁnanced by FCT (Portugal). The funders had
no role in the design, analysis or writing of this article.
Conﬂict of interest: None. Authorship: Study concept and
design: D.C., M.J.M.F. and V.A. Acquisition of data: E.F.,
C.S.L. and D.C. Analysis and interpretation of data: V.A.,
D.C., M.J.M.F., L.O.C., E.F. and S.A.J. All authors contributed
substantively to this manuscript, were involved with critical
revisions to the manuscript and provided approval for its
publication. Ethics of human subject participation: This
study was conducted according to the guidelines laid down
in the Declaration of Helsinki and all procedures involving
human subjects/patients were approved by the Ethics
Committee of Rio de Janeiro State University. Written
informed consent was obtained from all subjects/patients.

Downloaded from https://www.cambridge.org/core. 22 Jan 2021 at 13:30:16, subject to the Cambridge Core terms of use.

3190

Supplementary material
To view supplementary material for this article, please visit
http://dx.doi.org/10.1017/S1368980015001032

References
1. Glass TA & McAtee MJ (2006) Behavioral science at the
crossroads in public health: extending horizons, envisioning
the future. Soc Sci Med 62, 1650–1671.
2. Abdel-Hamid TK (2009) Thinking in Circles about Obesity:
Applying Systems Thinking to Weight Management.
New York: Springer.
3. Popkin BM, Adair LS & Ng SW (2012) Global nutrition
transition and the pandemic of obesity in developing
countries. Nutr Rev 70, 3–21.
4. Paeratakul S, White MA, Williamson DA et al. (2002) Sex, race/
ethnicity, socioeconomic status, and BMI in relation to selfperception of overweight. Obes Res 10, 345–350.
5. Ball K & Crawford D (2005) Socioeconomic status and weight
change in adults: a review. Soc Sci Med 60, 1987–2010.
6. Monteiro CA, Conde WL & Popkin BM (2007) Incomespeciﬁc trends in obesity in Brazil: 1975–2003. Am J Public
Health 97, 1808–1812.
7. Instituto Brasileiro de Geograﬁa e Estatistica (2010)
Pesquisa de Orçamentos Familiares 2008–2009. Antropometria e Estado Nutricional de Crianças, Adolescentes e
Adultos no Brasil. Rio de Janeiro: IBGE.
8. Monteiro CA, Conde WL & Castro IRR de (2003) A tendência
cambiante da relação entre escolaridade e risco de obesidade no Brasil (1975–1997). Cad Saude Publica 19,
Suppl. 1, S67–S75.
9. Schmidt MI, Duncan BB, Silva GA et al. (2011) Chronic
non-communicable diseases in Brazil: burden and current
challenges. Lancet 377, 1949–1961.
10. Williams DR, Mohammed SA, Leavell J et al. (2010) Race,
socioeconomic status, and health: complexities, ongoing
challenges, and research opportunities. Ann N Y Acad Sci
1186, 69–101.
11. Chor D, Faerstein E, Kaplan GA et al. (2004) Association of
weight change with ethnicity and life course socioeconomic
position among Brazilian civil servants. Int J Epidemiol
33, 100–106.
12. Almeida-Filho N, Lessa I, Magalhães L et al. (2004) Social
inequality and depressive disorders in Bahia, Brazil: interactions of gender, ethnicity, and social class. Soc Sci Med
59, 1339–1353.
13. Almeida-Filho N, Lessa I, Magalhães L et al. (2004) Alcohol
drinking patterns by gender, ethnicity, and social class in
Bahia, Brazil. Rev Saude Publica 38, 45–54.
14. Faerstein E, Chor D, Werneck GL et al. (2014) Race and
perceived racism, education, and hypertension among
Brazilian civil servants: The Pró-Saúde Study. Rev Bras
Epidemiol 17, 81–87.
15. Marteleto L (2012) Educational inequality by race in Brazil,
1982–2007: structural changes and shifts in racial classiﬁcation. Demography 49, 337–358.
16. Springer KW, Hankivsky O & Bates LM (2012) Gender and
health: relational, intersectional, and biosocial approaches.
Soc Sci Med 74, 1661–1666.
17. Cutler DM & Lleras-Muney A (2010) Understanding differences
in health behaviors by education. J Health Econ 29, 1–28.
18. Cozier YC, Wise LA, Palmer JR et al. (2009) Perceived racism
in relation to weight change in the Black Women’s
Health Study. Ann Epidemiol 19, 379–387.
19. Mujahid MS, Roux AVD, Shen M et al. (2008) Relation between
neighborhood environments and obesity in the Multi-Ethnic
Study of Atherosclerosis. Am J Epidemiol 167, 1349–1357.

D Chor et al.
20. Faerstein E, Chor D, Lopes C de S et al. (2005) Estudo PróSaúde: características gerais e aspectos metodológicos.
Rev Bras Epidemiol 8, 454–466.
21. Lohman TG, Roche AF & Martorell R (editors) (1988)
Anthropometric Standardization Reference Manual.
Champaign, IL: Human Kinetics Books.
22. Lin X & Zhang D (1999) Inference in generalized additive
mixed models by using smoothing splines. J R Stat Soc Ser B
Stat Methodol 61, 381–400.
23. Wood SN (2006) Generalized Additive Models: An Introduction with R. Boca Raton, FL: Chapman & Hall/CRC.
24. Team RC (2013) R A Language and Environment for Statistical
Computing. Vienna: R Foundation for Statistical Computing.
25. Cheng J, Edwards LJ, Maldonado-Molina MM et al. (2010)
Real longitudinal data analysis for real people: building
a good enough mixed model. Stat Med 29, 504–520.
26. Stinnett SS (1993) Collinearity in Mixed Models. Chapel Hill,
NC: University of North Carolina.
27. Baltrus PT, Lynch JW, Everson-Rose S et al. (2005) Race/
ethnicity, life-course socioeconomic position, and body
weight trajectories over 34 years: the Alameda
County Study. Am J Public Health 95, 1595–1601.
28. Clarke P, O’Malley PM, Johnston LD et al. (2009) Social
disparities in BMI trajectories across adulthood by gender,
race/ethnicity and lifetime socio-economic position:
1986–2004. Int J Epidemiol 38, 499–509.
29. Boykin S, Diez-Roux AV, Carnethon M et al. (2011) Racial/
ethnic heterogeneity in the socioeconomic patterning of CVD
risk factors: in the United States: the Multi-Ethnic Study of
Atherosclerosis. J Health Care Poor Underserved 22, 111–127.
30. Sánchez-Vaznaugh EV, Kawachi I, Subramanian SV et al.
(2009) Do socioeconomic gradients in body mass index
vary by race/ethnicity, gender, and birthplace? Am J
Epidemiol 169, 1102–1112.
31. Baltrus PT, Everson-Rose SA, Lynch JW et al. (2007)
Socioeconomic position in childhood and adulthood and
weight gain over 34 years: the Alameda County Study. Ann
Epidemiol 17, 608–614.
32. Giskes K, van Lenthe FJ, Turrell G et al. (2008) Socioeconomic position at different stages of the life course and
its inﬂuence on body weight and weight gain in adulthood:
a longitudinal study with 13-year follow-up. Obesity (Silver
Spring) 16, 1377–1381.
33. Diez Roux AV, Evenson KR, McGinn AP et al. (2007)
Availability of recreational resources and physical activity
in adults. Am J Public Health 97, 493–499.
34. Hruschka DJ (2012) Do economic constraints on food choice
make people fat? A critical review of two hypotheses for
the poverty–obesity paradox. Am J Hum Biol 24, 277–285.
35. Ruhm CJ (2000) Are recessions good for your health? Q J
Econ 115, 617–650.
36. Ruhm CJ (2005) Healthy living in hard times. J Health Econ
24, 341–363.
37. Franco M, Orduñez P, Caballero B et al. (2007) Impact of
energy intake, physical activity, and population-wide
weight loss on cardiovascular disease and diabetes mortality in Cuba, 1980–2005. Am J Epidemiol 166, 1374–1380.
38. Denisova DV, Nikitin YP, Zavjalova LG et al. (2007) Trends
in cardiovascular risk factors of Siberian adolescents during
socioeconomic reforms in Russia (1989–2003). Alaska Med
49, 110–116.
39. Santos Silva DA, Nahas MV, de Sousa TF et al. (2011)
Prevalence and associated factors with body image
dissatisfaction among adults in southern Brazil: a
population-based study. Body Image 8, 427–431.
40. Novaes J de V (2010) Com Que Corpo eu vou?: Sociabilidade e Usos do Corpo nas Mulheres das Camadas Altas e
Populares. Rio de Janeiro, RJ: Editora PUC-RJ : Pallas.
41. Bastos JL, Celeste RK, Faerstein E et al. (2010) Racial discrimination and health: a systematic review of scales with a

Downloaded from https://www.cambridge.org/core. 22 Jan 2021 at 13:30:16, subject to the Cambridge Core terms of use.

Inequalities in BMI trajectories in Brazil

42.
43.
44.

45.
46.

focus on their psychometric properties. Soc Sci Med 70,
1091–1099.
Swinburn BA (2008) Obesity prevention: the role of policies,
laws and regulations. Aust N Z Health Policy 5, 12.
Instituto de Pesquisa Econômica Aplicada (2012) A Década
Inclusiva (2001–2011): Desigualdade, Pobreza e Políticas de
Renda. Comunicados do Ipea no. 155. Brasília: IPEA.
Lewis CE, Jacobs DR Jr, McCreath H et al. (2000) Weight gain
continues in the 1990s: 10-year trends in weight and overweight
from the CARDIA study. Coronary Artery Risk Development in
Young Adults. Am J Epidemiol 151, 1172–1181.
McTigue KM, Garrett JM & Popkin BM (2002) The natural
history of the development of obesity in a cohort of young US
adults between 1981 and 1998. Ann Intern Med 136, 857–864.
Wardle J, Waller J & Jarvis MJ (2002) Sex differences in the
association of socioeconomic status with obesity. Am J
Public Health 92, 1299–1304.

3191
47. Williams DR (2001) Racial variation in adult health status:
patterns, paradoxes, and prospects. In America Becoming:
Racial Trends Their Consequences Volume II, pp. 371–410
[N Smelser, WJ Wilson and F Mitchell, editors]. Washington,
DC: The National Academies Press.
48. Kumanyika S (1987) Obesity in black women. Epidemiol
Rev 9, 31–50.
49. Little RJA (2002) Statistical Analysis with Missing Data,
2nd ed. Hoboken, NJ: Wiley.
50. Twisk JWR (2003) Applied Longitudinal Data Analysis for
Epidemiology: A Practical Guide. Cambridge/New York:
Cambridge University Press.
51. Verbeke G & Molenberghs G (2000) Linear Mixed Models
for Longitudinal Data. New York: Springer.
52. Kristman V, Manno M & Côté P (2004) Loss to follow-up in
cohort studies: how much is too much? Eur J Epidemiol 19,
751–760.

Downloaded from https://www.cambridge.org/core. 22 Jan 2021 at 13:30:16, subject to the Cambridge Core terms of use.

