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Abstract High prevalence rates of overweight and obesity
are increasingly common among indigenous Amazonian
societies experiencing greater involvement in market
economies. An important factor in such nutritional transi-
tion is internal socioeconomic differentiation, which par-
tially accounts for fatness frequencies. We report the results
of a diachronic anthropometric comparison and cross-
sectional anthropometric and socioeconomic survey of
Xavante adults from a single, large community. Our data
show an accelerated nutrition transition, with significant
weight and BMI increases for males and females between
1962 and 2006. We also found income and wealth to be
significantly associated with fatness measures for both
sexes combined and for females separately. We interpret the
observed gender differences as reflecting differences be-

tween male and female social dietary practices. Comparison
with other studies in the Amazon region suggests that the
relationships between internal socioeconomic differentia-
tion and dietary health vary between cultural and economic
settings. We also argue that parallels between Xavante
health perspectives and epidemiological interpretations
demonstrate the potential for proactive interchange between
native and scientific health discourses.
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Introduction

Overweight and obesity are major health concerns through-
out the world, both in industrialized countries and in
developing regions undergoing rapid urbanization (Popkin
1993, 2001; WHO 1995, 1998). Some authors refer to
obesity as a worldwide epidemic and emphasize its greater
prevalence in low socioeconomic status populations in
developing countries (Caballero 2007; Popkin and Doak
1993). High-fat and low-fiber diets, combined with low
levels of physical activity, play an important role in the
increase of overweight and obesity. Obesity may have a
number of different impacts on health: it is associated with
diabetes, cardiovascular disease, cancer, hypertension,
gallbladder disease, and dyslipidemia (NIH 1985; Popkin
2006; WHO 1995, 1998).

Recent case studies carried out among indigenous
peoples in Brazil show an emerging pattern of high preva-
lence rates of overweight and obesity in adults (Cardoso et
al. 2001; Lourenço et al. 2008; Santos and Coimbra 1996;
Tavares et al. 2003). Several of those studies were carried
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out in the Amazon region. Comorbidities associated with
obesity (e.g., hypertension and non-insulin dependent
diabetes mellitus) also emerged recently as important health
challenges to indigenous peoples in the region. These
changes are related to swift and profound shifts in the
nutritional profile of native Amazonians, associated with
modifications in their dietary intake and nutrient expendi-
ture patterns, indicative of an ongoing “nutrition transition”
(Batista Filho and Rissin 2003; Coimbra and Santos 2004;
Popkin et al. 1996; Santos and Coimbra 2003).

The adoption of “western” diets (i.e., high in saturated
fats, salt, and sugar), reduced levels of physical activity, and
increased use of alcohol are considered important aspects of
the nutrition transition in developing regions (Kain et al.
2003; Popkin 2001). In Amazonia, such transition takes
place in contexts of rapid sociocultural and environmental
transformation accompanying increased involvement in the
market economy. Recent studies show that this process can
be internally heterogeneous, with intra-community varia-
tion in socioeconomic status correlating with fatness
measures. One study carried out among the Suruí Indians
from the southwestern Brazilian Amazon showed that both
adult males and females in “wealthier” households, as
reflected in household infrastructure and presence of
consumer durable goods, had significantly higher mean
values of weight, body mass index (BMI), and skinfold
thickness (Coimbra and Santos 1991; Santos and Coimbra
1996). More recently, Dangour (2003) demonstrated that
greater BMI among the Wapishana from Guyana was
strongly associated with differential wealth among house-
holds, approximated by the value of household consumer
durables. Lourenço et al. (2008) restudied the Suruí Indians
previously investigated by Santos and Coimbra (1996) and
characterized the nutritional transition taking place in the
population in relation to socioeconomic and gender issues.
Additionally, several studies of inter-village socioeconomic
and anthropometric variation among the Tsimane from
lowland Bolivia found stronger correlations between
nutritional status and wealth, defined in terms of physical
assets, than between nutritional status and income (Godoy
et al. 2005a, c).1 Together, these studies demonstrate that
nutrition transition among indigenous Amazonian popula-
tions varies within societies and point to household wealth
measured in terms of durable goods as a useful proxy for
internal socioeconomic differentiation as it relates to health
discrepancies.

The Xavante Indians from Central Brazil have been
intensively studied from various human ecological and
human biological perspectives since the 1960s (see review
in Coimbra et al. 2002). The anthropometry of the Xavante
of Pimentel Barbosa Indigenous Reserve in Central Brazil
has been studied since the early 1960s, when James Neel
and coworkers carried out a pioneering study of genetics,
human biology, and health (1964). Over the next decades,
several studies focusing on bioanthropology and health
were conducted in the same community (see review in
Coimbra et al. 2002). Among the important findings of
more recent studies conducted among the Xavante of
Pimentel Barbosa and other indigenous reservations is high
adiposity as indicated by various anthropometric measure-
ments (Gugelmin and Santos 2001; Leite et al. 2006).
Although socioeconomic variation is now apparent at
Pimentel Barbosa in terms of monetary income and wealth,
such changes have not yet been quantified or related
statistically to health status.

The aim of this study is to report the results of a cross-
sectional anthropometric survey of Xavante adults from a
single, large community in the Pimentel Barbosa Indige-
nous Reserve, as it relates to income and wealth. Our first
goal is to compare contemporary data with historical
information collected in 1962 and 1990 in the same
community, permitting a diachronic perspective of anthro-
pometric changes associated with ecological and socioeco-
nomic transformations. With a time depth of 45 years, this
diachronic view has no parallel in human ecological and
bioanthropological studies in the Brazilian Amazon. Our
second objective is to compare two sets of original field
data collected in 2006, one that assessed household
socioeconomic status and a second that recorded anthropo-
metric measurements of individual participants. Those two
data sets were compared statistically to ascertain how
internal socioeconomic differentiation may be associated
with differences in body morphology. Third, we draw on
ethnographic information derived from extended participant-
observation fieldwork in the community in order to interpret
our findings and thereby address the complex processes of
nutritional and socioeconomic transition and their interrela-
tionships. Our findings have implications for the develop-
ment of public health methodologies and of potential
community-based solutions to health challenges in contem-
porary indigenous Amazonian societies.

Population and Methods

The Xavante

The Xavante people constitute one of the largest Gê-
speaking ethnic groups in Central Brazil, totaling some ten

1 Whereas these studies address inter-community variation, our study
addresses intra-community variation. Although both approaches
engage related topics, they call for different analytical approaches
and their results may have different implications. For a review of
studies addressing inter-community variation in market integration,
see Lu (2007).
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thousand people who live on seven reservations in Mato
Grosso State, including the Pimentel Barbosa Indigenous
Reserve where the present study was carried out. Permanent
contact between the Xavante now residing at Pimentel
Barbosa and Brazilian national society was established in
the 1940s, closely tied to the expansion of economic and
demographic frontiers into Central Brazil (Coimbra et al.
2002; Garfield 2001; Silva 1999). Shortly after contact, the
Xavante experienced drastic depopulation by infectious
disease epidemics and social disruption, followed by a
gradual recovery in the following decades (Flowers 1994;
Leite et al. 2003). Pimentel Barbosa Indigenous Reserve,
the largest of the Xavante reservations, with an area of
328,966 ha, was demarcated by the Brazilian government
in the 1970s.

In the recent precontact era (pre-1950s) the Xavante
were highly mobile and occupied vast territories in eastern
and central Mato Grosso (Silva 1999). Relatively large
villages numbering hundreds of individuals were built near
gallery forests along rivers, where a handful of crops
(including maize, beans, and pumpkins) were cultivated in
modest quantities with slash-and-burn horticulture (Coimbra
et al. 2002; Maybury-Lewis 1967). These villages dis-
persed periodically into smaller trekking groups that
subsisted for months by hunting and gathering (Coimbra
et al. 2002; Santos et al. 1997). Foraging provided a
significantly greater portion of dietary resources than
horticulture at all times of the year, including periods of
residence in permanent villages (Maybury-Lewis 1967).

After establishing sustained contact with Brazilian
national society and being settled within confined territo-
ries, particularly after the 1960s, the Xavante tended to
become increasingly sedentary. They also became more
dependent on agriculture (especially rice, which was
introduced in the 1970s), although foraging remained im-
portant for subsistence and ceremonial activities (Coimbra
et al. 2002; Gugelmin and Santos 2001). With that
transition the Xavante also became partially reliant on
market resources to meet their dietary needs. At present,
according to our ethnographic research, salaries earned
through remunerated positions in the public sector (e.g.,
National Indian Foundation—FUNAI—employee, munici-
pal school teacher, National Health Foundation—FUNASA—
health assistant), coupled with government retirement
pensions and freelance work constitute major sources of
income that are largely used by Xavante families to buy
industrial consumer goods, including food, at shops in
neighboring towns outside the reservation. Today, rice
accounts for most of the caloric bulk of the diet. Sugar,
coffee, salt, pasta, soda drinks, crackers, and cooking oil
are now regular items in the Xavante diet (Coimbra et al.
2002; Gugelmin and Santos 2001). According to our
observations, these and other foods circulate within and

between households according to a strong morality of
sharing and complex norms of kinship-based reciprocity,
such that the nutritional impacts of food shortages and
excesses may potentially be buffered.

Fieldwork and Setting

Fieldwork was carried out in July 2006 in two villages that
were undergoing political separation but still occupied the
same physical space and remained economically integrated
(herein referred to as Pimentel Barbosa/Etênhiritipá),
located within the Pimentel Barbosa Indigenous Reserve,
Mato Grosso State, Central Brazil (approximately 13°20′ S
51°40′ W) (Fig. 1).

The landscape at Pimentel Barbosa is dominated by a
distinctive type of savanna vegetation known as cerrado.
This highly diversified vegetation ranges from closed
canopy (gallery) forest to open grasslands with scattered
trees and shrubs (Coimbra et al. 2002; Eiten 1972). The
average annual temperature in the region is 20–22°C, with
relatively short dry seasons. From the mid 1970s, extensive
deforestation took place in this portion of Mato Grosso in
conjunction with large-scale agribusiness (cattle ranching,
rice, and soy), with important negative impacts on the
native flora and fauna, directly affecting Xavante subsis-
tence (Coimbra et al. 2002; Klink and Moreira 2002).

The population at Pimentel Barbosa/Etênhiritipá totaled
561 individuals (30.5%≥20 years old) at the time of
fieldwork. Ages were obtained from birth and health
records available at the local health post maintained by
FUNASA and population lists provided by anthropologist
Nancy M. Flowers, who worked in the same community
from the 1970s through the 1990s.

No specific sampling technique was used; we attempted
to include in the study all willing adults of both sexes
≥20 years old (data from pregnant females were not
included in the analyses).

Anthropometry

With few exceptions, all measurements were performed at
the village schoolhouse following standard procedures
(Lohman et al. 1988). Stature and weight measurements
were obtained from subjects wearing light apparel and
barefoot. Standing height was measured with a free-
standing anthropometer (GPM Anthropological Instru-
ments, Zurich, Switzerland) and recorded to the nearest
0.1 cm. Body weight was measured with a portable
electronic scale with maximum capacity of 150 kg and
accurate to 100 g increments (SECA 770, Hamburg,
Germany).

Arm circumference (AC) was measured to the nearest
millimeter on the extended right arm at the midpoint
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between the acromium and the olecranon. Waist circumfer-
ence (WC) was measured at the narrowest perimeter
between the lowest rib margin and the iliac crest. Measures
of circumference were recorded by using a flexible inelastic
tape to the nearest 0.1 cm. Triceps (TST) and subscapular
(SST) skinfold thicknesses were measured to the nearest
0.1 mm using a Lange caliper (Cambridge Scientific
Industries, Cambridge, MA, USA) following Lohman et
al. (1988). All measurements were collected by a single
trained observer.

Data provided by Frisancho (1981) were used as
reference for the analyses of AC, SST, TST, and WC.
Body Mass Index (BMI) was calculated {weight (kg)/
[height (m)]2} and classified in accordance with the
following cutoff points recommended by WHO (1998):
underweight (<18.5 kg/m2), normal weight (18.5–24.9),
overweight (25–29.9), and obesity (over 30).

Diachronic Comparison

Historical comparison of our 2006 anthropometric data was
based on data collected in 1962 by Neel et al. (1964) and in
1990 by Coimbra et al. (2002) in the same community.2 In
the case of the 1962 study, our analyses were based on our
own tabulations from the original field records made
available by the researchers. Mean height, weight, and
BMI were calculated for males and females for each time
period (1962, 1990, and 2006).

2 In 1962 the community we refer to here as Pimentel Barbosa/
Etênhiritipá was located at São Domingos village. Since that time, it
has undergone several divisions that resulted in the establishment of
separate villages, including Caçula, Tanguro, and Wederã, which also
subsequently subdivided. The present study did not entail these other
now independent communities.

Obs.: Pimentel Barbosa Indigenous Reserve is indicated with shading.
Source: Coimbra et al. (2002:18).  

Fig. 1 Pimentel Barbosa
Indigenous Reserve, Mato
Grosso, Brazil. Obs.: Pimentel
Barbosa Indigenous Reserve is
indicated with shading. Source:
Coimbra et al. (2002:18)
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Socioeconomic Indexes

In order to assess within-community socioeconomic varia-
tion, we identified two apparent and measurable socioeco-
nomic variables (monetary income and industrial durable
consumer goods) to serve as proxies for household
socioeconomic status. We opted to work with household
monetary income and industrial goods for two principle
reasons. First, because we sought to assess aspects of
socioeconomic differentiation related to recent nutritional
change, we emphasized types of income and wealth that
reflect market integration. This strategy differs from studies
that include subsistence production in income calculations
and locally produced goods in wealth calculations (e.g.,
Godoy et al. 2005c). Second, the particulars of the Xavante
situation facilitated our assessment of both monetary
income and wealth, two commonly used indices of socio-
economic differentiation. Some other studies of socioeco-
nomic differentiation and anthropometric variation in
Amazonian societies assessed wealth but not monetary
income due to income unpredictability or participants’
reluctance to disclose incomes (e.g., Dangour 2003;
Lourenço et al. 2008). One study sought to overcome such
obstacles by utilizing 2-week recall intervals (Godoy et al.
2005a). In contrast, at Pimentel Barbosa/Etênhiritipá we
found monetary income to be relatively predictable and
income sources to be willingly disclosed.

We also chose not to use other proxies for intra-
community socioeconomic differentiation that have been
successfully employed in other studies of Amazonian com-
munities. For example, area of cultivated or harvested land
(Godoy et al. 2005a, c; Godoy and Cárdenas 2000) was an
inadequate measure of market integration because, at the
time of our study, household agricultural products were not
sold for money and were rarely used for barter. Radio own-
ership (Godoy and Cárdenas 2000) was relatively uniform
among households and did not capture the range of inter-
household wealth variation. Animal ownership (Dangour
2003) was also not applicable for our purposes because
chickens were used for subsistence only and cattle were
owned collectively by the entire community and therefore
could not capture intra-community variation in wealth. Other
studies have used the physical characteristics of houses
(material utilized to build the floors and the walls, kind of
roof, etc) to generate effective indices of household socio-
economic status (see Lourenço et al. 2008; Santos and
Coimbra 1996). However, a lack of such differentiation
between houses at Pimentel Barbosa/Etênhiritipá made this
strategy unfeasible.3 At the time of fieldwork, Pimentel

Barbosa/Etênhiritipá had 34 residential dwellings arranged in
a semicircular arc that opened towards the nearest river, a
configuration similar to that of other Central Gê groups and
emblematic of traditionalism from the Xavante point of view
(Costa and Malhano 1986; Silva 1983). As viewed from the
exterior, there are few observable physical differences that
might be used to distinguish houses from a socioeconomic
standpoint (Fig. 2). Although some houses were moderately
larger than others, in general house sizes did not vary
conspicuously.4

For the purposes of assessing socioeconomic status,
households were defined operationally as domestic groups
sharing a single kitchen annex. In most cases, residents of a
single dwelling structure shared one kitchen, but in four
cases members of two distinct dwellings shared a single
kitchen. Although the Xavante usually consider each
dwelling to be a separate residential unit, we found multiple
dwellings that share a kitchen annex to be comprised of
extended families with similar genealogical compositions
and internal social relationships to dwellings that did not
share kitchens. In both cases, food was prepared collec-
tively and other scarce resources, including monetary
income and industrial durable consumer goods, were
largely shared among residents.

3 The lack of differentiation in house structure we observed at Pimentel
Barbosa/Etênhiritipá may not occur on other Xavante Indigenous
Reserves located closer to cities and having greater degrees of integration
with local economies.

4 We also considered using a socioeconomic indicator related to
education. However, we observed that education was closely associated
with age and sex (younger and male individuals having more
education). There was the additional complication that while some
adults studied in the local school located in the village, others studied
outside the reservation. The comparison of number of years of
schooling should be carried out carefully in this case, since the quality
of education varies considerably. Because of these difficulties, we opted
not to include it in this article.

Fig. 2 Xavante household with kitchen annex. Pimentel Barbosa/
Etênhiritipá villages, Pimentel Barbosa Indigenous Reserve, Mato
Grosso, Brazil (Photo: J. R. Welch, 2005)
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Income was assessed by tabulating the quantity and type
of routine personal income sources for all members of each
household. In most cases, monetary income values were not
sought or disclosed by interviewees, but were later
estimated using local remuneration rates according to the
individual’s employer, position, and/or type of income.
There were a total of six types of personal employment or
income in the community. Of those, five were governmen-
tal and therefore conformed to public record remuneration
tables. The other income source was freelance cultural
work, which included such activities as language translation
and film production. Only two individuals regularly
received freelance income. Their values, while unstable,
were readily estimated through interviews. It was deter-
mined through participant-observation research and inter-
views that other irregular sources of income, such as gifts,
artwork sales, and distributions from collective enterprises,
such as cultural presentations, were relatively infrequent
and did not contribute substantially to household income
levels. No individuals received personal income from
agricultural or extractive production activities.

Quantification of consumer goods owned by members of
each household was based on a near comprehensive list of
privately owned durable industrial consumer goods present
in the community at the time of the study. The items were
motorcycles, satellite dishes, televisions, VCR players,
DVD players, audio recorders, portable stereos, cellular
telephones, film cameras and digital cameras, gas stoves,
sewing machines, 0.22 rifles, 0.38 rifles, handguns, bicycles,
and fishing nets. Items known to have been on loan or to
have been irreparably damaged were excluded (the latter
were not important status items among the Xavante as they
are reported to be among some other Amazonian indigenous
peoples, e.g., Santos and Coimbra 1996). Local market
value of each consumer item included in the sample was
later estimated by informal survey of local sources and
consumers.

Field collection of socioeconomic data was performed
by a single observer and took place at the conclusion of a
14-month ethnographic field study at Pimentel Barbosa/
Etênhiritipá. Data presented in the present article were
collected using direct observation and interviews with
one or more individuals belonging to or with close
familial ties to each household. All interviews took
place at the pertinent household. Interview responses
were modified when known to be mistaken in the
observer’s personal experience or from other reliable
sources.

Socioeconomic data were used to calculate two house-
hold socioeconomic indices. Income status (IS) was
calculated by first totalling the monthly incomes of all of
household members and then dividing by the largest IS
value encountered in the sample. That produced household

IS values on a scale from 0 to 1, which were then attributed
to all of their members. Wealth status (WS) was similarly
calculated by first totalling the local market values of all
durable industrial consumer goods owned individually or
collectively by any members of each household, and then
dividing by the largest WS value encountered in the
sample. Household WS values (ranging from 0 to 1) were
attributed to all household members.

Statistical Analysis

Pearson’s correlation coefficients were conducted to verify
the correlation between the two socioeconomic indices (IS
and WS). Associations between anthropometric measure-
ments (dependent variables) and socioeconomic indices
were evaluated using multiple linear regression analyses.
Analyses were restricted to individuals between 20 and
49.9 years of age. Analyses were conducted separately for
sexes combined, adjusting for sex and age, and for each sex
separately, adjusting for age. The initial regression analyses
tested for interactions between sexes and socioeconomic
indices. However, because the sample sizes were too small
to test for interactions, we opted to run separate regression
analyses for males and females. For wealth and income
statuses, categories were socioeconomic indices equal to or
below the population median and higher than the popula-
tion median. All parametric assumptions were fulfilled.
Data were analyzed using SPSS for Windows version 9.0
(SPSS Inc., Chicago, IL, USA). Results were considered
significant at the 5% level.

Ethics

Guidelines for research in humans determined by the
National Committee on Research Ethics (CONEP) of the
Ministry of Health were followed. A research permit was
issued by the National Indian Foundation (FUNAI).
Following Xavante protocol, the aims and scope of the
project were presented to community leaders and then at
the warã, a meeting of mature adult males held daily at
dawn and dusk in the center of the village. In Xavante
villages, it is through careful deliberation and consensus-
building at warã meetings that most decisions of public
interest are made. Although consent was granted at the
warã by the mature men on behalf of the community it
was not assumed that all individuals in the community had
given their personal consent. All measurements were
taken in the company of at least one Xavante health
assistant, who helped explain the objectives of the
research plan and acted as interpreter when necessary.
Individuals were allowed to decline to participate in the
project in whole or in part for any reason and without
prejudice.
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Results

The Xavante adult population ≥20 years of age numbered
171 individuals. The eligible population was 163 individ-
uals, since there were eight pregnant women. The final
study sample consisted of 153 individuals, which was
93.9% of the eligible population. Losses were due to
absence from the village at the time of the survey (n=5) and
individuals declining to be weighed and measured (n=5).
Ages ranged from 20 to 88 years, with means of 37.9 years
for males and of 39.8 years for females. Descriptive
statistics for Xavante anthropometrics are presented in
Table 1 for males and females, according to age groups.

Table 2 shows the distribution of BMI categories
according to sex and age groups. Only one subject, in the
age group ≥50 years, was classified as underweight. In the
age group 20–49.9 years, less than a quarter (24.4%) of
individuals had BMI values classified as adequate. More
females than males presented BMI values classified as
adequate (28.6% vs. 20.0%, respectively). Over 20% of the

subjects in this age group were classified as obese, with
higher frequencies in males (25.0% vs. 22.2%, respective-
ly). Individuals over 50 years of age presented much
lower frequencies of overweight and obesity when
compared to the younger age group, although 40% of
the subjects had BMI values above 25 kg/m2. No
individuals in this age group were classified as obese.
Males (58.3%) presented a frequency of overweight twice
that of females (27.8%).

Table 3 compares anthropometric variables from the
present study (2006) with two previous studies (1962 and
1990) conducted in the same community. Between 1962
and 2006, mean stature decreased slightly for males and
females but differences were not statistically significant
(unpaired t-test p-values=0.077 and 0.870, respectively).
On average, mean weight increased 8.9 kg for males (p-
value=0.001) and 13.8 kg for females (p-value=0.000) for
the same years. Mean BMI also increased significantly
during those years for both males (4.0 kg/m2, p-value=
0.000) and females (5.9 kg/m2, p-value=0.000).

Table 2 Classification of the
nutritional status of Xavante
adults 20–49.9 and ≥50 years
of age according to body mass
index (BMI), by sex, Pimentel
Barbosa/Etênhiritipá villages,
Pimentel Barbosa Indigenous
Reserve, Mato Grosso, Brazil,
2006

Age groups BMI categories Sex

Males (%) Females (%) Total (%)

20–49.9 years Underweight – – –
Adequate 12 (20.0) 18 (28.6) 30 (24.4)
Overweight 33 (55.0) 31 (49.2) 64 (52.0)
Obesity 15 (25.0) 14 (22.2) 29 (23.6)
Total (100 %) 60 63 123

≥50 years Underweight – 1 (5.5) 1 (3.3)
Adequate 5 (41.7) 12 (66.7) 17 (56.7)
Overweight 7 (58.3) 5 (27.8) 12 (40.0)
Obesity – – –
Total (100 %) 12 18 30

Table 1 Descriptive statistics (mean values and standard deviations) for age and anthropometric variables for Xavante adults 20–49.9 and
≥50 years of age, by sex, Pimentel Barbosa/Etênhiritipá villages, Pimentel Barbosa Indigenous Reserve, Mato Grosso, Brazil, 2006

Variables 20–49.9 years ≥50 years

Males (n=60) Females (n=63) Males (n=12) Females (n=18)

Mean sd Mean sd Mean sd Mean sd

Age (years) 33.0 8.36 32.7 8.23 61.2 8.63 64.5 9.99
Stature (cm) 166.5 5.03 155.1 3.61 166.1 5.24 150.9 3.93
Weight (kg) 77.1 8.76 67.1 10.41 71.9 6.50 52.2 6.84
BMI (kg/m2) 27.8 3.07 27.9 4.03 26.1 2.88 22.9 2.43
AC (cm) 32.1 1.98 31.3 3.21 31.1 1.63 27.5 2.71
WC (cm)a 94.0 7.68 94.8 8.85 96.0 8.95 86.8 6.61
SST (mm) 19.1 5.99 28.0 7.72 18.1 6.70 16.7 7.99
TST (mm) 10.6 3.58 20.6 6.04 10.5 3.20 14.4 5.04

BMI body mass index, AC arm circumference, WC waist circumference, SST subscapular skinfold thickness, TST triceps skinfold thickness
a For WC the number of women 20–49.9 years was 59
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Seventy-six individuals had routine personal income
sources. Of those, 57 received retirement pensions, nine
received school teacher salaries, seven received other public
service salaries, and three received freelance income. The
mean household monthly income value (“income”) was
R$1,103 (or US$2,758 as of November 2008), with 63.3%
of households below the mean. Themedian household income
was R$760 (or US$1,900 as of October 2008). The mean

aggregate market values of household consumer goods
(“wealth”) was R$2,213 (or US$5,533 as of October 2008),
with 66.7% of households below the mean. The median
household wealth was R$1,600 (or US$4,000 as of October
2008).

For individuals between 20.0 and 49.9 years of age, the
two socioeconomic indices are highly correlated (Pearson’s
correlation coefficient=0.826, p<0.001, n=123). The

Table 4 Results of multiple regression analyses testing for associations between anthropometric measures (dependent variables) and socioeconomic
indices for Xavante adults 20–49.9 years of age, Pimentel Barbosa/Etênhiritipá villages, Pimentel Barbosa Indigenous Reserve,Mato Grosso, Brazil, 2006

Independent variables Dependent variables

Stature (cm) Weight (kg) BMI (kg/m2) AC (cm) WC (cm) TST (mm) SST(mm)

Both sexes (N=123) Income status (IS)
Coefficient −1.064 4.637 2.188 1.692 5.008 2.260 3.591
p-value 0.183 0.008* 0.001* 0.000* 0.000* 0.012* 0.004*
Wealth status (WS)
Coefficient −0.407 3.393 1.513 1.147 3.420 0.555 1.846
p-value 0.609 0.051 0.019* 0.016* 0.017* 0.538 0.140

Males (n=60) Income status (IS)
Coefficient −2.053 2.859 1.711 0.896 3.092 1.087 2.846
p-value 0.128 0.222 0.036* 0.078 0.102 0.255 0.065
Wealth status (WS)
Coefficient −0.062 1.483 0.557 0.502 0.844 −0.504 0.443
p-value 0.963 0.517 0.489 0.315 0.650 0.589 0.772

Females (n=63) Income status (IS)
Coefficient −0.210 6.323 2.676 2.438 6.655 3.442 4.101
p-value 0.822 0.016* 0.008* 0.002* 0.002* 0.023* 0.036*
Wealth status (WS)
Coefficient −0.731 5.236 2.429 1.771 5.952 1.552 3.238
p-value 0.431 0.047* 0.017* 0.028* 0.006* 0.313 0.101

Analyses were conducted separately for sexes combined (adjusting for sex and age) and for each sex separately (adjusting for age)
BMI body mass index, AC arm circumference, WC waist circumference, SST subscapular skinfold thickness, TST triceps skinfold thickness
*p<0.05

Table 3 Sample size, mean values, and standard deviations of anthropometric variables of Xavante 20–49.9 years of age in 1962, 1990 and 2006,
by sex, Pimentel Barbosa/Etênhiritipá villages, Pimentel Barbosa Indigenous Reserve, Mato Grosso, Brazil, 2006

Males Females

n Mean sd n Mean sd

Stature (cm)
1962 13 169.3 5.44 12 155.3 5.14
1990 25 168.1 4.35 26 154.0 4.37
2006 60 166.5 5.03 63 155.1 3.61
Weight (kg)
1962 13 68.3 5.94 12 53.3 5.65
1990 25 72.9 7.89 26 60.0 8.03
2006 60 77.2 8.76 63 67.1 10.41
BMI (kg/m2)
1962 13 23.8 1.52 12 22.0 1.14
1990 25 25.8 2.69 26 25.2 2.92
2006 60 27.8 3.07 63 27.9 4.03

Obs.: Data for 1962 and 1990 from Coimbra et al. (2001:238)
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correlations are equally high for males (Pearson’s corre-
lation=0.836, p<0.001, n=60) and females (Pearson’s
correlation=0.819, p<0.001, n=63).

Table 4 presents the results of multiple linear regression
analyses evaluating the relationships between anthropomet-
ric measurements and socioeconomic index values for sexes
combined and for each sex separately. For income status
(IS), significant associations were recorded for weight,
BMI, AC, WC, TST, and SST for sexes combined; for BMI
for males; and weight, BMI, AC, WC, TST, and SST for
females. No significant associations were recorded for
stature. For wealth status (WS), significant associations
were recorded for BMI, AC, and WC for sexes combined;
and weight, BMI, AC, and WC for females. No significant
associations were recorded for males or for stature, TST,
and SST.

Discussion

In the Amazonian context, the Xavante of Pimentel
Barbosa/Etênhiritipá offer a singular opportunity to trace
the impacts of human ecological change and its influences
on nutritional conditions. The study by Neel et al. (1964), a
landmark in bioanthropological research in Lowland South
America, was undertaken in the same community at the
beginning of the 1960s and remains an important source of
information. Subsequently, other studies were conducted in
the same community regarding human ecology, bioanthro-
pology, nutrition, and health, all of which facilitate
diachronic interpretations (Coimbra et al. 2002).

In relation to anthropometry, upon comparing data from
studies undertaken in the Pimentel Barbosa/Etênhiritipá
population at different points in time, it is observed that the
adult Xavante population has experienced rapid and
substantial increase in fatness, as indicated by significant
differences in mean values for weight and BMI between
1962 and 2006,5 while, at the same time, stature remained
stable. A dramatic finding is that, on average, adult Xavante
males and females are 8.9 and 13.8 kg heavier, respectively,
than in 1962 when Neel and his collaborators conducted
their original study. Although data collection methods were
not identical for all three studies and sample sizes in the
1962 data are rather small, such substantial weight
increases cannot be attributed to methods alone.

As is the case among other recently studied indigenous
Amazonian peoples (Lourenço et al. 2008), the substantial
weight gains observed through time among Xavante adults,
which reached a frequency of overweight or obese of
68.6% for individuals ≥20 years of age, result from a
combination of changes in diet and physical activity. As
mentioned earlier, in 1962 the Xavante were still largely
seminomadic and a much larger proportion of their diet was
nondomestic or noncommercial. Subsequently, during the
1970s and 1980s, they underwent a process of sedentariza-
tion accompanied by an increasingly monotonous diet,
greater reliance on market products, and less frequent and
shorter hunting, fishing, and collecting expeditions (Coimbra
et al. 2002; Santos et al. 1997).

Recent research conducted in other indigenous commu-
nities in Brazil has also found a very high prevalence of
overweight or obese in adults, surpassing 70% in many
cases (Capelli and Koifman 2001; Cardoso et al. 2001;
Leite et al. 2006; Lima et al. 2001; Ribas et al. 2001;
Tavares et al. 2003). The few studies that have also
analyzed the anthropometric profile of the same indigenous
population at different times have confirmed the rapid pace
and pervasiveness of the ongoing nutrition transition (see,
for instance, the studies carried out by Santos and Coimbra
(1996) and Lourenço et al. (2008) among the Suruí from
Rondônia and Sampei et al. (2007) among the Kamayurá of
Mato Grosso State). As in the Xavante case, those case
studies emphasize the association between the emergence
of overweight and obesity with the commoditization of
indigenous economies, bringing about the westernization of
indigenous diets and the reduction of physical activity
levels. Not surprisingly, chronic metabolic disorders and
cardiovascular disease are also rapidly becoming part of the
health-disease profile of indigenous peoples in Brazil
(Coimbra and Santos 2004).

In comparative terms, although elevated, the levels of
overweight and obesity for the Xavante of Pimentel
Barbosa/Etênhiritipá are lower than those observed in other
Xavante communities. In a comparative study among
Xavante adults over 20 years of age at Sangradouro-Volta
Grande and Pimentel Barbosa Indigenous Reserves in
1998–1999, Gugelmin and Santos (2001) reported that
24.6% of males and 41.3% of females at Sangradouro-Volta
Grande showed BMI values over 30 (32.8% for sexes
combined). That compares with 20.8% and 17.3% in the
present study (19.0% for sexes combined). The interpreta-
tion given for those differences, which were even more
dramatic at the time of that study, is that the process of
economic and dietary change was less severe at Pimentel
Barbosa than other Xavante reservations because population
densities were lower, so that deforestation is reduced and
hunting, fishing, and gathering activities remained more
feasible (Coimbra et al. 2002; Gugelmin and Santos 2001).

5 Although BMI may overestimate adiposity of individuals with
increased muscularity, it was employed in this study as a convenient
estimate of population weight-to-height appropriateness. Gugelmin
and Santos (2006) evaluated the relationship between body mass
index (BMI) and anthropometric measurements in Xavante adults
aiming at analyzing the use of BMI as an indicator of nutritional status
in this specific population. Their findings show that high BMI values
are highly correlated with excess fat.
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At present, prevalence rates of obesity in the Xavante are
well above those recorded for non-Indians in Brazil
(Table 2). Among Xavante females age 20 to 49.9 years,
the prevalence of obesity (22.2%) is 1.7 times higher
than the prevalence observed among non-indigenous
Brazilian females (13.1%), according to a nationally rep-
resentative survey conducted in 2002 and 2003 (IBGE
2004). Among Xavante males, the prevalence of obesity
(25.0%) is even higher, reaching 2.8 times that observed
among non-indigenous adult Brazilian males (8.9%)
(IBGE 2004).

In recent years, there has been an increase in the number
of studies pointing to associations between anthropometric
characteristics and socioeconomic conditions in indigenous
peoples in Lowland South America (Dangour 2003; Godoy
et al. 2005a, b; Lourenço et al. 2008; Santos and Coimbra
1996). Common to those studies is the finding that the
processes of socioeconomic change, including increased
market involvement, create internal differences within
communities that come to be expressed in health differen-
tiation. Our findings show that socioeconomic differentia-
tion was associated with fatness in the study population.
Although our cross-sectional data preclude direct assess-
ment of the historical relationship between socioeconomic
change and changes in the nutritional profile, they suggest
that socioeconomic status is a factor in the internal contours
of the nutrition transition. The results also suggest that the
process of differentiation and its relation to anthropometric
variables is a recent one, as we did not observe differences
in stature, which reflect long term linear growth.

Our statistical analyses found that both socioeconomic
indices, income status (IS) and wealth status (WS), were
associated with multiple measures of adiposity (WS)
(Table 4). IS was positively associated with all adiposity
measures for sexes combined and for females separately,
while WS was associated with BMI, AC, and WC for both
sexes and for weight, BMI, AC, and WC for females.
Although that finding might be anticipated among non-
indigenous societies in developed countries, it is not
necessarily so among indigenous Amazonian societies.
Some studies among those societies have suggested that
wealth but not income is associated with anthropometric
measures of fatness because social norms lessen the health
effects of income inequality (Godoy et al. 2005a, c). Our
findings demonstrate that in some Amazonian societies,
both household monetary income and wealth are signifi-
cantly associated with fatness measures. Also, in societies
experiencing rapid nutrition transition, such as the Xavante,
income and wealth may be hypothesized to be related to
health factors differently because they capture distinct
temporal aspects. At Pimentel Barbosa/Etênhiritipá, current
monthly monetary income is a rather direct measure of
monthly cash flow, but wealth is cumulative. However, our

findings show that both are similarly associated with
fatness measures.

It is important to recall that in the Xavante case we are
dealing with a society that, in the recent past, did not show
significant internal economic differentiation, given that the
mode of production was largely identical for all households.
Furthermore, even today the Xavante maintain a strong
morality of equality and sharing. Pervasive social leveling
mechanisms, such as kinship-based reciprocity, multiple
intersecting social affiliations that direct sharing, and the
social expectation that those with greater wealth give more
freely to those with less, may serve to minimize the dietary
effects of household income and wealth disparities among
male and female individuals. Accordingly, sharing behav-
iors may mitigate the health effects of socioeconomic
differentiation among members of higher-income house-
holds and perhaps transfer and dilute them as those benefits
are passed to others. Yet our data corroborate the findings
of other studies which show that despite reciprocity and
other sharing practices, there remains a clear relationship
between socioeconomic status and adiposity (for example
Godoy et al. 2005a).

Among the most striking findings of the present study is
the very clear role of gender in internal adiposity
differentiation. IS and WS were strongly associated with
adiposity measures for females, considered separately, but
not for males. That pattern has been documented elsewhere
in the Amazon region, such as the case reported by
Lourenço et al. (2008). As in that case, our ethnographic
data suggest that the gender discrepancy observed in the
relationships between fatness and income and wealth
measures may be explained by gender roles and food
sharing. Among the Xavante, females and males may have
different access to food resources, such that female diets
reflect more closely the income and wealth characteristics
of their households. At Pimentel Barbosa/Etênhiritipá,
males tend to eat away from home and share food resources
more frequently and according to more diverse social
configurations than females. This occurs for several
reasons. Males tend to go to town more often than females,
and during those trips eat in groups in restaurants and
purchase food in supermarkets. In those settings, commu-
nity leaders and wealthier individuals frequently pay for the
meals of men from other households who lack spending
money. Males also eat from their yields during hunting and
fishing excursions before taking them back to their house-
holds. Participation in those excursions was not limited by
income-related factors, since 75% of incomes were retire-
ment pensions and only 11 men had employment obliga-
tions that partially reduced their availability to hunt.
According to our observations, men with high personal
and household incomes were among the most avid hunters
in the community. Furthermore, males often share food
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resources according to male-only sharing principles based
upon extended kinship ties, relative age, and ceremonial
group affiliations (other sharing principles apply to women
and to both sexes). For example, male members of younger
age sets often furnish food to male members of older
allied age sets. Also, sons-in-law are generally permitted
to eat freely at their natal households throughout life,
whereas females frequently have no such alternative
dining venue within the village. Taken together, these
male food consumption and sharing practices may
mitigate against residence-based income and wealth
disparities manifesting in fatness differentials among
men.

The Xavante case has implications for the methods used
for characterizing socioeconomic differentiation in relation
to health among indigenous societies in Amazonia. Our
finding that income status (IS) and wealth status (WS)
showed similar patterns of significant associations with
anthropometric measure of body weight and composition
contrasts with other studies that emphasize the greater
relevance of wealth measures than income measures for
adult adiposity (Dangour 2003; Godoy et al. 2005a, c;
Lourenço et al. 2008; Santos and Coimbra, 1996). Those
divergent findings highlight that there are important social
and economic differences among many indigenous societies
that must be taken into account when constructing measures
of socioeconomic status. For example, we were able to
measure monetary income rather directly because in the
study community personal income tends to be predictable,
employment and salary information tends to be public or
common knowledge, and incidental or supplementary
income is very limited. Those circumstances derive from
the particular manner in which this community participates
in the market economy, in which government employment
and pensions predominate over other personal income
sources. Furthermore, revenues from collective enterprises,
such as cultural presentations and publications, were
preferentially directed to community expenses (e.g.,
truck maintenance and fuel purchase). Private distribu-
tions from those sources occurred infrequently and in
modest portions. That scenario contrasts with other
Amazonian communities, in which private income is
largely derived from unpredictable and difficult to doc-
ument sources, such as timber or agricultural sales, or
individuals are reluctant to divulge income information
(Dangour 2003; Godoy et al. 2005a; Lourenço et al.
2008; Santos and Coimbra 1996). Thus, our findings
confirm that socioeconomic indices measured in locally
appropriate ways are methodologically most effective
for assessing nutritional disparities in settings of emer-
gent internal socioeconomic differentiation (Lu 2007,
makes a similar argument about measuring community
integration into the market economy).

Final Comments: Cultural Contexts
and Health Implications

Our finding that nutritional transition accompanying market
involvement by indigenous societies in Amazonia is an
internally differentiated process suggests the possibility that
it is also not a foregone conclusion. In other words, if not
everyone experiences the same health consequences of
socioeconomic change, might those differences indicate
ways for individuals and communities undergoing such
transformations to maximize health? In the previous
section, we proposed that among the Xavante, adiposity is
positively associated with household socioeconomic status,
especially as measured by monetary income. Importantly,
Xavante perspectives regarding health and weight are
highly compatible with that conclusion and provide solid
basis for interchange between Xavante and scientific
discourses regarding health, nutrition, and lifestyle change.

An important feature of Xavante notions of health is a
distinction between “strengthening” foods and behaviors
(danhiptedezé), which promote health, and “weakening”
ones (danhip’uwazé), which diminish it. Strong foods
include wild yams, traditional Xavante maize, wild game
meat, and other collected, gathered, and traditional horti-
cultural foods. Weak foods include rice, pasta, sweets,
alcoholic beverages, and other introduced and industrial
foods. Some people consider commercial and introduced
meats, such as chicken and beef, strengthening because
they are perceived to be analogous to wild species.
However, the modes of acquisition of wild, as opposed to
commercial, foods tend to be viewed as superior because
they promote physical stamina. Other lifestyle and behav-
ioral habits are similarly believed to promote strength and
health. For example, traveling in the forest by foot rather
than by vehicle is considered to strengthen the body. The
historic Xavante practice of trekking for extended periods is
perceived to have promoted physical vigor. Participating in
spiritual rituals and other demanding ceremonial rites is
also thought to be a vital source of strength. A theme
common to each of these distinctions is an association
between foods and activities perceived to be traditional and
healthiness. Importantly, according to the Xavante point of
view, nontraditional diets and lifestyles are said to increase
fatness (dahöi’pi—“fat skin”).

Xavante traditionalism is a strong motivator of cultural
conservatism, having mitigated against dietary change in
several specific cases. An illustrative example is wild yams,
which were the most common starchy staple in the Xavante
diet during the precontact era (Maybury-Lewis 1967). Due
to the introduction and naturalization of rice in the Xavante
diet, by the 1970s yams were virtually absent from daily
meals (Flowers 1983). Nevertheless, as many as 30 years
later, we found wild yam species to be grown in most
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household gardens and to be visibly present at many ritual
events in which foods are ceremoniously given by younger
to older males. According to our Xavante sources, wild
yams are among the most valued of traditional ceremonial
foods because they are considered extraordinarily healthful,
with the capacity to invigorate and promote wellness in the
body. The fact that wild yams remain a valued food at
Pimentel Barbosa/Etênhiritipá despite other starchy staples
being more readily available attests to the potential for
traditionalist values to affect health-related behavior.

In the specific case of fatness, there is further evidence
that Xavante traditionalism has the potential to motivate
behavioral change. Our interviews with Xavante adults
revealed unanimous agreement that contemporary life at
Pimentel Barbosa/Etênhiritipá is characterized by poorer
diets and greatly reduced levels of physical activity as
compared to the past, and that those changes are important
factors (among others) in what they perceive to be an
overall deterioration in health and nutritional status
throughout the population. Those Xavante interpretations
of nutritional transition and adiposity are compatible with
epidemiological explanations even if they are not in
technical agreement regarding causation. Specifically,
Xavante individuals tend to attribute excessive weight gain
not only to specific foods (“weakening” foods) and types of
behaviors (avoidance of resistance-building activities), but
also more generally to a lack of traditionalist values.
Furthermore, many Xavante see money as a potentially
corrupting influence that can diminish cultural continuity
and compromise traditionalist values. Although we do not
make such value judgments, our finding that adiposity is
positively associated with income is compatible with the
Xavante perspective.

Native peoples in other parts of the world have
developed promising measures to address such problems,
including obesity and diabetes, by promoting traditional
diets as healthful (Broussard et al. 1995; Conti 2006;
Kuhnlein and Receveur 1996; Teufel-Shone 2006). Al-
though a diversity of factors may constrain such efforts to
act on traditional values for the sake of health improve-
ment, several circumstances unique to Pimentel Barbosa/
Etênhiritipá suggest the potential benefit of better under-
standing the relationship between their notions of tradition-
alism and scientific characterizations of health and
nutrition. Our recent conversations with leaders and
community members at Pimentel Barbosa/Etênhiritipá
indicate an emergent awareness of the broad deleterious
health effects of weight gain, many of which are not
accounted for by Xavante ethnomedicine, and a strong
disposition towards reducing its prevalence through active
advocacy of traditional dietary practices. They also attest to
keen awareness of the practical difficulties in motivating
and sustaining behavioral changes to the extent that

community leaders explicitly seek solutions that are
congruent with contemporary lifestyles and values.

Those priorities are evident in a recent initiative
undertaken by community leaders in response to our
research findings that seeks to promote intergenerational
transmission of traditional dietary culture by documenting
subsistence techniques and knowledge. According to elder
males who participated in formulating that initiative, a
primary obstacle to its success will be stimulating interest
among younger individuals, who often do not perceive
advantages to continuing traditional subsistence activities.
In many other respects, the initiative’s success will benefit
from favorable circumstances. Although the Pimentel
Barbosa Indigenous Reserve is a small fraction of the
group’s historical territory, it is a relatively ample and intact
forested landscape with what many community members
characterize as sufficient extractive resources for the
community’s current population. Furthermore, despite what
Xavante adults often describe as a wide generational gap in
traditional subsistence knowledge, there remains a signifi-
cant population of older individuals who are, by their own
standards, competent in that knowledge and active in
employing it on a daily basis. It is their hope, and ours,
that these new efforts may improve youth appreciation of
traditional Xavante dietary culture and thereby better equip
young people to make lifestyle choices that implicate
improved health.
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