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 Abstract 
  Objective:  To estimate the prevalence of obesity and overweight and associated factors in 
indigenous people of the Jaguapiru village in Central Brazil.  Methods:  We conducted a pop-
ulation-based cross-sectional study between January 2009 and July 2011 in the adult native 
population of the Jaguapiru village, Central Brazil. Sociodemographic and lifestyle data were 
obtained; anthropometric measures, arterial blood pressure, and blood glucose were mea-
sured. The independent variables were tested by Poisson regression, and the interactions be-
tween them were analyzed.  Results:  1,608 indigenous people (982 females, mean age 37.7 ± 
15.1 years) were included. The prevalence of obesity was 23.2% (95% CI 20.9–25.1%). Obesity 
was more prevalent among 40- to 49-year-old and overweight among 50- to 59-year-old 
persons. Obesity was positively associated with female sex, higher income, and hypertension. 
Among indigenous people, interactions were found with hypertension and sedentary lifestyle 
– hypertension in males and sedentary lifestyle in females.  Conclusions:  The prevalence of 
obesity and overweight in indigenous people of the Jaguapiru village is high. Males as well as 
hypertensive and higher family income individuals have higher rates. Sedentary lifestyle and 
hypertension leverage the rates of obesity. Prevention and adequate public health policies 
can be critical for the control of excess weight and its comorbidities among Brazilian indige-
nous people.  © 2015 S. Karger GmbH, Freiburg 
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 Introduction 

 Obesity and overweight among some previously investigated indigenous populations 
have been reported to be high  [1–4] . Although genetic factors can predispose to the devel-
opment of obesity, its high prevalence among indigenous populations is attributed to envi-
ronmental and behavioral factors, such as lack of physical activity and diet rich in carbohy-
drates and poor in fibers  [5] . In Brazil, however, the data related to excess weight in indig-
enous communities are segmented, scarce, and feature varied prevalence values in different 
communities  [6–8] . Moreover investigation is aggravated by the fact that some indigenous 
communities remain isolated, whereas others have integrated into the surrounding popu-
lation  [9] . Nearly 1 million indigenous people are distributed in 688 communities that occupy 
12% of the Brazilian territory. 

  Obesity is an independent risk factor for the development of non-infectious chronic 
diseases such as systemic arterial hypertension, heart disease, dyslipidemia, immunological 
disorders, certain types of cancer, insulin resistance, and type 2 diabetes mellitus  [10–14] . 
The concentration of fat in the abdominal region is believed to increase the risk of cardiovas-
cular events  [15] , and many consider waist circumference the best indicator of visceral 
obesity  [16, 17] . The stratification of cardiovascular risk can also be evaluated using BMI  [18] . 
A previous study performed in 2009 in Jaguapiru village including 606 indigenous people 
aged 18–69 years found that 36% of the individuals had metabolic syndrome, 40% were 
overweight and 23% were obese, which indicate that this population could be at high risk for 
cardiometabolic diseases  [19] .

  The goal of present study was to assess the prevalence of obesity and overweight among 
the whole population of adult indigenous people from the Jaguapiru village. We aimed to also 
investigate existing associations among the outcomes and socioeconomic and cardiometa-
bolic variables. Our findings could contribute to the introduction of public health policies 
oriented towards the peculiarities of the Brazilian indigenous communities.

  Material and Methods 

 This is a population-based cross-sectional study on the prevalence of obesity and overweight in the 
Jaguapiru village, and was conducted between January 2009 and July 2011. The village is located 5 km from 
the city of Dourados, in the state of Mato Grosso do Sul, Brazil, and its residents belong to three ethnic groups: 
 Kaiowá ,  Guarani,  and  Terena . The territory is densely populated: 6,830 indigenous people occupy an area of 
1,500 hectares  [9] . The original ecosystem has been degraded, with disappearance of native forests and wild 
life, which compromises their traditional subsistence activities. Their sociocultural organization is deterio-
rating, with the abandonment of traditional beliefs and customs  [5] . 

  Participants 
 The eligible population of the Jaguapiru village consisted of 982 females and 979 males aged 18 years 

or more during the study period  [9] . Due to the small number of inhabitants in the village, we planned to 
include all eligible subjects in this age group. Self-reported mixed-race individuals and pregnant women were 
not included.   

  Data Sources 
 At the initial visit to the houses of the natives we explained the objectives of the study and collected 

information on demographic factors, socioeconomic status, physical activity, dietary habits, alcohol and 
tobacco consumption, health condition as well as personal and family history of hypertension and diabetes. 
The National Indian Foundation ( Fundação Nacional do Índio ; FUNAI) registry was used to assign ages to the 
indigenous individuals. A second visit was set, and the participants were instructed to prepare for fast over-
night and blood glucose measurements.
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  During data collection, researchers received assistance from medical students of the University Diabetes 
League, from the Federal University of Grande Dourados. Researchers underwent extensive training for stan-
dardization of blood pressure measurements, anthropometric measures, blood glucose test, and filling out 
all the forms. Anthropometric, blood pressure, and blood glucose measurements were performed by the 
researchers (GFO, ATI, TRRO).

  Anthropometric Measurements 
 Body weight (in kg) was measured with the individual wearing their habitual clothing, barefoot on a 

digital scale for adults. The scale had a 180 kg weight limit, a tubular structure, and a non-slip rubber base, 
and was calibrated monthly. Height was measured in centimeters with the individual standing, barefoot, on 
a portable aluminum stadiometer, capable of measuring a minimum of 0.80 m and a maximum of 2.20 m. The 
BMI was calculated as weight in kilograms divided by height in meters squared. Individuals were considered 
obese with a BMI  ≥  30 kg/m 2  and overweight when BMI was between 25 and 29.9 kg/m 2 , in accordance to 
the World Health Organization criteria  [18] .

  Waist circumference was recorded in centimeters and measured with the subject standing, using a non-
stretching measuring tape positioned in the middle point between the lower edge of the last rib and the upper 
portion of the iliac crest. Waist circumference values of up to 90 cm in males and 80 cm in females were 
considered normal  [20] .

  Arterial Blood Pressure and Blood Glucose Measurements 
 Trained medicine students measured the blood pressure using a quarterly calibrated aneroid sphygmo-

manometer with an adult cuff that was placed on the right arm of the participant while seating and after 
resting for 10 min. The final value of blood pressure was based on the arithmetic average of two consecutive 
measurements performed at an interval of 5 min. When the systolic and diastolic blood pressure showed 
differences greater than 4 mm Hg, a third measurement was taken, and the most discrepant measurement was 
disregarded. The diagnosis of hypertension was based on criteria from the guidelines for the management of 
arterial hypertension of the European Society of Hypertension and of the European Society of Cardiology  [21] .

  Blood glucose was measured after 12 h of fasting using a glucometer with a fast-reading test strip 
(glucose oxidase) that was calibrated weekly. Blood glucose from 70 to 99 mg/dl was considered normal and 
values from 100 to 125 mg/dl as abnormal. Individuals with fasting blood glucose between 100 and 125
mg/dl were given the oral glucose tolerance test. Participants with fasting blood glucose between 126 and 
199 mg/dl were retested on another occasion. Diabetes mellitus and impaired glucose tolerance were diag-
nosed based on the criteria of the American Diabetes Association  [22] .

  Statistical Analysis 
 The qualitative variables are expressed as absolute (n) and relative (%) frequencies; quantitative vari-

ables are expressed as mean and standard deviation. The prevalence of obesity was considered dependent 
variables of the study.

  Univariate Poisson regression analyses with robust variance were conducted for sociodemographic and 
clinical independent variables (age, sex, hypertension, diabetes, physical activity, smoking, alcohol 
consumption, family history of diabetes and hypertension, educational level, and family income). Those with 
a p value < 0.25 were selected for inclusion as covariates in the multivariate analysis, and those with p < 0.05 
remained in the multivariate analysis  [23] . The modified Akaike’s information criterion (quasi-likelihood 
based information criterion; QIC u ) was used to select multivariate models, and the model with the lowest 
QIC u  was selected  [24] . A multiple Poisson regression with robust variance was fitted to the data. The exis-
tence of multicollinearity among the independent variables was assessed using the variance inflation factor. 
Prevalence ratios for each point and interval were obtained for the selected model. A level of significance less 
than 5% (p < 0.05) was used when determining the association between the variables.

  All variables that were significantly associated to obesity in the multivariate model were tested for 
interactions between them.

  Ethical Aspects 
 This research was approved by the Research Ethics Committee of the University Centre of Grande 

Dourados ( Centro Universitário da Grande Dourados ), under number 197/07 and by the Brazilian Research 
Ethics Committee ( Comissão Nacional de Ética em Pesquisa ) under number 14,453. All subjects agreed to 
participate in the study freely and signed an informed consent form. 
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  Results 

 The village population was very young: 54% were under the age of 18 years and were not 
eligible for our study. A total of 1,608 indigenous individuals were included ( fig. 1 ). The main 
characteristics of the study participants stratified by sex were previously described  [25] . 
Diabetes was present in 5.8% of the population, and it was more frequent in individuals with 
obesity (10.5%; 95% CI 7.35–13.56%) than in those with overweight (5.9%; 95% CI 4.0–7.7%) 
and in normal-weight subjects (3.1%; 95% CI 1.7–4.4%).

  Alcohol consumption and tobacco usage were more frequent among males than among 
females. The overall prevalence of excess weight was 61% (66% for females and 56% for 
males). Most of the families had a monthly income of >1 to 2 minimum wages at the time of 
research. Household chores (81%) were the predominant activity among females, while 
working in the sugarcane plantations (35%) was the main activity for males (data not shown). 
Obese individuals were older than those with overweight and normal weight ( table 1 ). The 
highest prevalence of overweight occurred in the age group of 50–59 years and among 
women. The mean waist circumference was 89.9 ± 11.3 cm. The prevalence of women with 
waist circumference above 80 cm was 76.7% (95% CI 73.9–79.5%) which was higher than 
the frequency of men with waist circumference above 90 cm (40.3%; 95% CI 36.8–43.9%).

  In individuals who were overweight, the diabetes mellitus rate was 9% in females and 
5% in males (p < 0.01). Overweight was observed in 41% of male and 35% of female natives 
and was not significantly associated with hypertension or diabetes mellitus.

  The prevalence of obesity was 23.2% (95% CI 20.9–25.1%) and was more common in 
females (30%) than in males (15%; p < 0.01). Arterial hypertension was prevalent among obese 
males (51%) and among females (43%), amounting to an average of 45% (data not shown). 

  The results of the association of obesity with the independent characteristics are given 
in  table 2 . The following variables were not significant to remain in the adjusted model, and 
were removed from the analysis: diabetes, smoking, alcohol consumption, family history of 
diabetes and hypertension, and educational level. The highest frequency of obesity was found 

Village popula on 
n = 5,342   

    
  Did not meet inclusion criteria: 3,381 
    under 18 years of age: 3,078 
    pregnant women: 150 
    mixed-race: 153 
    

Eligible popula on 
n = 1,961   

    
  Excluded: 353  
    absent: 125  
    refused: 180  
    hospitalized: 48  
    

Study par pants 
n = 1,608     Fig. 1.  The process of inclusion of 

participants in the study. 
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in the age group 40–49 years; however, its prevalence was not significantly different from 
that detected in indigenous people aged above 60 years and in the reference group (indig-
enous individuals aged 18 and 29 years; prevalence ratio (PR) = 1.36; 95% CI 0.98–1.88; p = 
0.07). In the age group of 30–39 years, obesity was positively associated with the higher 
stratum of family income.

  The following variables were significant in the multivariate model and were tested for 
interaction: age, sex, hypertension, physical activity, and family income. The interactions 
between sex and hypertension, sex and physical activity and hypertension and physical 
activity were significant (p < 0.001).

  Hypertension in males (PR = 2.34; 95% CI 1.65–3.33) and sedentary lifestyle in females 
(PR = 2.36; 95% CI 1.77–3.16) were positively associated with obesity. We also observed that 
the combination of hypertension and sedentary lifestyle increased the prevalence of obesity 
2.39-fold compared to individuals who were normotensive and physically active (95% CI 
1.76–3.24). Comparing different gender tests for interaction, obesity was found 2.36 times 
more frequently in sedentary women than in physically active men (95% CI 1.77–3.16).

  Discussion 

 Two-thirds of the women of the village and more than half of the males were overweight or 
obese, which is a higher percentage than that found in the Brazilian non-indigenous adult popu-
lation, in which 50% of males and 48% of females are overweight  [26] . These rates were also 

 Table 1.  Participants’ characteristics by subgroups of weight

Variable s Normal weight 
(n = 622)

Overweighta

(n = 613)
Obesityb

(n = 373)
Total
(n = 1,608)

Mean age (± SD), years 34.1 ± 15.2 39.5 ± 14.8 41.0 ± 14.2 37.7 ± 15.1
18–29, n (%) 328 (52.7) 184 (30.0) 90 (24.1) 602 (37.4)
30–49, n (%) 187 (30.1) 274 (44.7) 182 (48.8) 643 (40.0)
≥50, n (%) 107 (17.2) 155 (25.3) 101 (27.1) 363 (22.6)

Females, n (%) 304 (48.9) 311 (50.7) 264 (70.8) 879 (54.7)
Educational level, n (%)

No schooling 427 (68.7) 461 (75.2) 281 (75.3) 1,169 (72.7)
Elementary education 112 (19.6) 90 (14.7) 54 (14.5) 266 (16.5)
Secondary education 60 (9.6) 50 (8.2) 29 (7.8) 139 (8.6)
Higher education 13 (2.1) 12 (1.9) 9 (2.4) 34 (2.2)

Family income in minimum wagesc, n (%)
<1 251 (40.5) 253 (41.3) 155 (41.7) 659 (41.1)
1 to <2 221 (35.7) 195 (31.9) 125 (33.6) 541 (33.7)
2 to <3 115 (18.5) 119 (19.4) 57 (15.3) 291 (18.1)
≥3 33 (5.3) 45 (7.4) 35 (9.4) 113 (7.1)

Smokers, n (%) 143 (23.0) 109 (17.8) 54 (14.5) 306 (19.0)
Alcohol consumption, n (%) 143 (23.0) 110 (17.9) 52 (13.9) 305 (8.1)
Physical activity, n (%) 244 (39.2) 230 (37.5) 97 (26.0) 571 (35.5)
Mean waist circumference cm 80.6 ± 6.6 91.4 ± 6.4 103.2 ± 9.4 89.9 ± 11.3
Mean weight (± SD), kg 58.6 ± 7.8 69.6 ± 8.3 82.6 ± 12.2 68.3 ± 13.0
Mean height (± SD), cm 160.0 ± 8.8 159.6 ± 8.7 156.7 ± 7.9 159.1 ± 8.7
Mean BMI (± SD), kg/m2) 22.7 ± 1.6 27.2 ± 1.4 33.7 ± 3.5 27.0 ± 4.7

 aBMI 25–29.9 kg/ m2. 
bBMI ≥30 kg/m2. 
cMinimum wage at study time: USD 315.00.
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higher than those observed in several Brazilian indigenous populations, which ranged from 20 
to 42%  [6, 8] . Among our male indigenous individuals, the prevalence of overweight was higher 
than that of the Brazilian non-indigenous population, of the  Guarani  people on the coast of Rio 
de Janeiro, and of the  Aruák  in Upper Xingu  [6, 7] . However, the rates of hypertension in the 
present study were similar to those of the non-indigenous population of Brazil  [25] .

  The prevalence of obesity among females (30%) in the present study was higher than 
that found among Brazilian non-indigenous females (17%)  [26]  and within indigenous 
communities and rural communities in Minas Gerais, Brazil  [6, 27, 28] . However, it should be 

 Table 2.  Crude and adjusted prevalence ratio (PR) of obesity by characteristics of the study participants, 
based on Poisson multiple regression analysis

Variables Crude PR 95% CI p value Adjusted PR 95% CI p value

Age, years
18–29 1.00 – – 1.00 – –
30–39 1.88 1.47–2.40 <0.001 1.70 1.33–2.18 <0.001
40–49 1.95 1.47–2.59 <0.001 1.48 1.11–1.97 0.01
50–59 1.91 1.41–2.60 <0.001 1.43 1.03–1.97 0.03
≥60 1.85 1.37–2.49 <0.001 1.36 0.98–1.88 0.07

Sex
Male 1.00 – – 1.00 – –
Female 2.00 1.64–2.45 <0.001 1.90 1.55–2.32 <0.001

Hypertension
No 1 – – 1 –
Yes 1.94 1.63–2.31 <0.001 1.75 1.44–2.12 <0.001

Diabetes NS NS NS
No 1 –
Yes 1.88 1.45–2.43 <0.001

Physical activity
No 1.58 1.28–1.95 <0.001 1.25 1.01–1.54 0.04
Yes 1 – 1 –

Smoking NS NS NS
No 1.39 1.07–1.80 0.014
Yes 1 – –

Alcohol consumption NS NS NS
No 1.44 1.11–1.88 0.065
Yes 1 – –

Family history of diabetes NS NS NS
No 1 – –
Yes 1.51 1.26–1.82 <0.001

Family history of hypertension NS NS NS
No 1 –
Yes 1.33 1.12–1.60 0.001

Educational level NS NS NS
No schooling 1 – –
Elementary education 0.84 0.65–1.09 0.19
Secondary education 0.87 0.62–1.23 0.44
Higher education 1.10 0.62–1.95 0.74

Income (minimum wage)*
<1 1 – – 1.00 – –
1 to <2 0.98 0.80–1.21 0.87 1.14 0.93–1.40 0.19
2 to <3 0.83 0.63–1.09 0.18 0.93 0.72–1.20 0.58
≥3 1.32 0.97–1.79 0.08 1.46 1.08–1.96 0.01

 NS = the variable was non-significant to be included in the adjusted model. *Minimum wage at study time: 
USD 315.00.
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noted that the previous Brazilian population study was conducted in urban and rural areas, 
which have different obesity rates. Still, in the females of the present study, obesity was more 
prevalent in those 50–59 years of age, which is similar to data reported by other authors  [8, 
29] . In males, the obesity rate of was similar to that of the general population  [26]  and higher 
than the frequencies of 1.4–11.6% found in several indigenous and rural communities in 
Brazil  [8, 10, 30] . However, the prevalence of obesity in the males found of our study was 
lower than that found in Chilean  [28]  and North-American Indians  [31] , Australian Aborigines 
 [32] . This marked variation in the prevalence of obesity and overweight in the different popu-
lations studied may be due to genetic and environmental factors characteristic of each 
community. For example, indigenous people of the same ethnicity ( Pima Indians ), living in a 
remote mountainous area in northeastern Mexico, showed a lower prevalence of obesity 
(24.9%) compared to those who had migrated to Arizona, USA (33.4%)  [32] . However, with 
respect to the fact that the males of the Jaguapiru village predominantly are laborers with 
well-developed muscle mass, the prevalence of overweight in this group should be evaluated 
with caution  [33] .

  On the other hand, the prevalence of obesity observed among the Jaguapiru natives was 
below that described for indigenous individuals in Rio Grande do Sul (47%)  [34] . A possible 
explanation for this difference is the scope of the population in terms of age: in the state of 
Rio Grande do Sul, Brazil, the participants were over 39 years of age while in the present study 
individuals were above 18 years.

  Unlike other studies, there was no evidence of association between education and obesity 
 [35, 36] . There was a positive association between obesity and higher family income, contrary 
to a previous report  [6] . Only 18.1% of the families earned more than USD 630.00 per year. 
Most likely, these findings are due to low levels of education and family income of the natives, 
both of which might have been lower than in other studies. Our findings are consistent with 
several epidemiological studies that associate obesity and overweight with hypertension and 
diabetes mellitus  [6, 37] . The prevalence of obesity is 1.7- and 2-fold higher in cases with 
arterial hypertension and diabetes mellitus, respectively. 

  This study has some limitations. First, indigenous people from three ethnic groups were 
included:  Guarani ,  Kaiowá  and  Terena , which have different epidemiological and genetic 
profiles. The prevalence of obesity varies widely in different populations  [8, 27] , but a strat-
ified analysis by ethnicity was not possible in present study. There was a slight predominance 
of females among the participants, possibly as a result of the temporary work performed by 
the males in sugar mills in the vicinity of the village. Lastly, excess weight was stratified 
according to BMI which may be incorrect as most males were laborers with well-developed 
muscle mass in whom higher BMI values may not represent an increase in fat tissue but rather 
in lean mass.

  In conclusion, the prevalences of obesity and overweight in the population above 18 
years of age in the Jaguapiru village are higher than those of the Brazilian population and 
comparable to some Brazilian indigenous communities. Females are at a greater risk for 
obesity than males. The data described herein suggest the need for changes in dietary habits 
and physical activity incentives among natives in the Jaguapiru village as a way to prevent 
overweight and obesity and its consequences. Such lifestyle modifications should be promoted 
by public health policies that take into consideration the socioeconomic and cultural condi-
tions of the indigenous population.
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