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Metabolic Profile and Cardiovascular Risk Patterns of an Indian
Tribe Living in the Amazon Region of Brazil

EDELWEISS F. TAVARES,1 JOÃO P. B. VIEIRA-FILHO,1 ADAGMAR ANDRIOLO,2

ADRIANA SAÑUDO,3 SUELY G. A. GIMENO,3 AND LAÉRCIO J. FRANCO3

Abstract The Parkatêjê Indians, belonging to the Jê group and inhabiting
the Mãe Maria Reservation in the southeast of the state of Pará in the Amazon
Region of Brazil, have suffered rapid and intensive cultural changes in recent
years. This survey was designed to characterize the metabolic profile and the
frequency of cardiovascular risk factors in this community. Ninety subjects
(90.0% of the adult population without admixture) were investigated. An-
thropometric measurements were performed and the following clinical char-
acteristics measured: glycemia, serum insulin and proinsulin (fasting and 
2-hr post 75 g of glucose load), β-cell function (%B) and insulin sensitivity
(%S) estimated by HOMA, HbA1c, GAD65 antibody, serum lipids, uric
acid, creatinine, leptin, and blood pressure. Information about alcohol use,
smoking, and medical history was obtained through individual interviews.
The prevalences were: overweight, 67.8%; obesity, 14.4%; central obesity,
72.2%; hypertension, 4.4%; dyslipidemia, 44.4%; hyperuricemia, 5.6%;
GAD65 antibody positivity, 4.4%; smoking, 25.6%; chronic alcohol use,
0.0%. One case of impaired glucose tolerance (1.1%) and one case of im-
paired fasting glycemia (1.1%) were diagnosed during this study and one
case of diabetes (1.1%) was diagnosed previously. The diabetic woman was
excluded from the analyses involving HbA1c, glycemia, insulin, proinsulin,
%B, and %S. All creatinine values were normal. Blood pressure did not cor-
relate with age, anthropometric measurements, insulin, proinsulin, and natu-
ral logarithm (ln) transformed %S. After adjustment for age and sex, there
were positive correlations between total cholesterol and body mass index
(BMI; r = 0.24), triglycerides and BMI (r = 0.44), triglycerides and waist-to-
hip ratio (WHR; r = 0.52), ln leptin and BMI (r = 0.41), ln leptin and WHR (r
= 0.29), uric acid and systolic blood pressure (r = 0.34), uric acid and triglyc-
erides (r = 0.22). Systolic (r = 0.04; r = 0.70) and diastolic (r = 0.14; p =
0.18) blood pressure did not correlate with BMI. Ln leptin had a weak posi-
tive correlation with 2-hr insulin (r = 0.14) adjusted for age, sex, and BMI.
The multiple linear regression model containing the variables sex, BMI, and
2-hr insulin concentrations explained 77.2% of the variation of ln leptin. In
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conclusion, the high rates of cardiovascular risk factors found among these
Indians point to there being a high-risk group to develop diabetes and cardio-
vascular diseases. To reduce this risk they need to receive preventive inter-
ventions.

High frequencies of glucose tolerance abnormalities, obesity, and other cardio-
vascular risk factors have been found among several Indian groups, mainly in
North American Indians (Ghodes 1995). A significant increase of cardiovascular
disease has been observed, and it is now the main cause of death among American
Indians (Howard et al. 1999). The increase in prevalence and incidence of chron-
ic diseases in Indian groups seems to be related to changes in their traditional
lifestyle, which predispose them to reduced physical activity and to obesity
(Ghodes 1995).

For Brazilian Indians, there are few published data at a population level
about the frequency of cardiovascular risk factors. Cases of glucose abnormalities
have been reported among Caripuna and Palikur Indians (Vieira Filho 1977) in
the state of Amapá, among Bororo Indians (Vieira Filho et al. 1984) in the state of
Mato Grosso, and among Yanomami in Roraima (Bloch et al. 1993). Some cases
of hypertension and obesity were identified in Tembé Indians in the northeast of
the state of Pará (Nascimento et al. 1998). 

This cross-sectional study focuses on the Parkatêjê Indians from the Ama-
zon Region of Brazil, a group that has suffered rapid and intensive cultural
changes. Travelers report on the high frequency of obesity and the existence of
several cases of diabetes among these Indians. The objective of this study was to
determine the metabolic profile and the prevalence of cardiovascular risk factors
in these Indians in order to plan future health interventions in this group.

Materials and Methods

The Ethics Committee of the Federal University of São Paulo and the Trib-
al Council of the Parkatêjê Indians approved this study.

The Parkatêjê Indians belong to the Jê group and inhabit the Mãe Maria
Reservation in the southeast of the state of Pará, part of the Amazon Region of
Brazil. This tribe is formed by the remainders of three settlements contacted be-
tween 1956 and 1968. In the last 20 years, this group has received money from the
government, deriving from indemnities received for the crossing of their territory
by electric wires (Eletronorte), roads (BR PA-332), and a railroad (Carajás). They
have undergone a rapid and intensive change in lifestyle (Ricardo 1985). The In-
dians have changed their nutritional patterns, forsaking a traditional diet rich in
protein (hunt meat, mainly), staples, and vegetable fibers in favor of one depen-
dent on processed foods bought in a nearby city, Marabá, 40 km from their vil-
lage. They have decreased their traditional hunting and agricultural activities and
have begun to use motorized vehicles for traveling, becoming themselves more
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sedentary and more obese (Ricardo 1985). In this tribe there is an excess of men
and some cases of polyandry.

The tribe consisted of 313 individuals. For this survey, participants were se-
lected among those aged ≥20 years old (n = 122). Their ages were obtained from
records in the village, and for the elderly age was estimated. The admixture status
was determined through information about the status of their parents and grand-
parents. Individuals were excluded when these ancestors were not from the
Parkatêjê group. Excluded were 22 admixed individuals, 5 pregnant ones, 1 with
acute alcohol abuse, 2 who were traveling, and 2 who refused to participate in the
survey. A total of 90 Parkatêjê Indians were examined, that is, 90% of the target
adult population. 

An interview obtained information about alcohol use, smoking, and med-
ical history. The participants did not take any medication that could interfere with
the laboratory analyses. Only one woman was diabetic and taking insulin. Alco-
hol consumption is considered disreputable in this tribe and no participant was a
chronic alcohol user. Only one man was a former user, about 10 years previously.
Blood pressure and anthropometric measurements were taken twice. Blood pres-
sure was measured in the sitting position, using a calibrated aneroid sphygmo-
manometer. Hypertension was defined as systolic blood pressure (SBP) ≥140
mmHg and/or diastolic blood pressure (DBP) ≥90 mmHg, and/or using anti-hy-
pertensive drugs (WHO 1999). Body mass index (BMI) was calculated as weight
(kg) divided by height (meters) squared. Overweight was defined as BMI ≥25
kg/m2 and obesity as BMI ≥30 kg/m2 (WHO 1997). Waist-to-hip ratio (WHR)
was calculated as the ratio of waist (measured at the level of the umbilicus) to the
hip (measured at the level of the greater trochanter) circumferences. After the par-
ticipants had fasted overnight, they were submitted to the collection of blood once
during a fasting state and then 120 minutes after an oral overload of 75 g of anhy-
drous glucose. One participant did not receive the oral overload of glucose be-
cause she presented with a fasting capillary glucose equal to 257 mg/dL, and al-
ready was being treated for diabetes mellitus with insulin. Fasting and 2-hr
glucose levels were determined locally with the Hemocue® B-Glucose Analyser
(Ängelholm, Sweden). HbA1c was also determined locally using DCA 2000
Analyser (Bayer). The expected 95% confidence interval for %HbA1c in this as-
say is 4.3% to 5.7%. Whole blood was collected into plain serum separator tubes
that underwent centrifugation. Serum was separated, stored at –20°C, and trans-
ported by airplane to São Paulo, where the other analyses were performed. Serum
levels of total cholesterol, high-density lipoprotein (HDL) cholesterol, triglyc-
erides (TG), leptin, insulin, proinsulin, uric acid, creatinine, and GAD65 antibody
were determined in the Laboratory of Endocrinology and in the Central Labora-
tory of the Federal University of São Paulo. Low-density lipoprotein (LDL) cho-
lesterol was estimated by the Friedewald formula (Friedewald et al. 1972). Total
cholesterol, HDL cholesterol, and triglycerides were determined by enzymatic
methods (Siedel et al. 1983; Siedel et al. 1993; Sugiuchi et al. 1995) utilizing a
commercial kit for use in the equipment BM/Hitachi 917 (Boehringer Mannhein,
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Germany). Dyslipidemia was defined as total cholesterol or triglycerides levels
≥200 mg/dL, or HDL cholesterol <35 mg/dL, or LDL cholesterol ≥130 mg/dL,
according to the Brazilian Consensus on Dyslipidemias (Sociedade Brasileira de
Cardiologia 1996). Serum uric acid level was measured by a direct colorimetric
method with uricase-catalase system (Kageyama 1971). The reference values are
2.0 to 6.5 mg/dL and 3.2 to 7.0 mg/dL for women and men, respectively. Serum
creatinine was determined by modified Jaffé reaction (Bartels et al. 1972). The
upper limit of normality for the method is 1.4 mg/dL. GAD65 antibody was de-
termined by radioimmunoassay using kit GAD65 antibody Kronus® (San
Clemente, CA, USA). The upper limit of normality for the anti-GAD65 test
established in our laboratory is 0.79 Kronus U/mL (França et al. 2000). Leptin,
insulin, and proinsulin were determined by radioimmunoassay utilizing commer-
cial kits Linco® Research, Inc. (St. Louis, MO, USA). For these assays, the nor-
mal fasting range of leptin concentration is 3.8 ± 1.8 ng/mL for lean men and 
7.4 ± 3.7 ng/mL for lean women and for fasting insulin and proinsulin concentra-
tion are 5 to 15 mU/L and 7.9 ± 1.5 pmol/L, respectively. Pancreatic beta-cell
function (%B) and insulin sensitivity (%S) were estimated by Homeostasis Mod-
el Assessment Method (HOMA) (Matthews et al. 1985) with computer-aided
modeling of fasting glucose and insulin concentrations (Levy et al. 1998). The di-
abetic woman using insulin was excluded from the analyses involving glucose,
HbA1c, insulin, proinsulin, %B, and %S.

Statistical analyses were conducted using SigmaStat Statistical Software
1.03 for Windows. Results are expressed as means and standard deviations (SD).
A p value less than 0.05 was considered statistically significant. Statistical analy-
sis included the Student t test, Pearson’s correlation coefficients, and multiple lin-
ear regression models. Correlation coefficients adjusted for age and sex are pre-
sented with a 95% confidence interval (95% CI) (Berquó et al. 1986). The skewed
distributions of serum leptin concentrations %B and %S were corrected by natu-
ral logarithmic (ln) transformation. 

Results

Table 1 shows the distribution of Parkatêjê Indians by sex and age group,
and Table 2 shows anthropometric and clinical characteristics of the population.
Of participants, 61 (67.8%; 27 women and 34 men) were found to be overweight.
Thirteen (14.4%; 10 women and 3 men) were found to be obese, and 65 (72.2%;
31 women and 34 men) were found to have a WHR ≥0.9. Mild hypertension (SBP
≥140 and <160 mmHg, or DBP ≥90 and <100 mmHg, according to WHO 1999
criteria) was seen in 4 (4.4%; 2 women and 2 men).

Table 3 shows the metabolic characteristics of the studied population. As
defined by WHO criteria (WHO 1999), there was one case of diabetes mellitus
(1.1%), previously diagnosed and using insulin, and this survey found one case of
impaired glucose tolerance (1.1%) and one case of impaired fasting glycemia
(1.1%).
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Table 1. Distribution of Brazilian Parkatêjê Indians by Sex and Age Group

Women Men Total

Age Group (Years) n % n % n %

20–29 8 23.5 15 26.8 23 25.6
30–39 7 20.6 15 26.8 22 24.4
40–49 12 35.3 12 21.4 24 26.7
50–59 3 8.8 6 10.7 9 10.0
60–69 2 5.9 5 8.9 7 7.8
70–79 2 5.9 3 5.4 5 5.5
Total 34 100 56 100 90 100

Table 2. Anthropometric and Clinical Characteristics of Brazilian Parkatêjê Indians by
Sex

Women Men

Variable Mean SD Range Mean SD Range p a

Age (years) 41.7 13.9 23.0–78.0 40.9 15.3 21.0–78.0 0.808
Weight (kg) 66.0 10.0 42.1–83.6 70.6 7.6 59.3–90.7 0.016 b

Height (m) 1.54 0.05 1.42–1.62 1.65 0.05 1.55–1.77 <0.001b

BMI (kg/m2) 27.9 3.8 19.0–35.6 25.8 2.6 21.2–34.1 0.003b

WHR 0.98 0.06 0.89–1.10 0.92 0.05 0.85–1.08 <0.001b

SBP (mmHg) 107.0 14.0 90.0–148.0 111.0 12.0 90.0–152.0 0.140
DBP (mmHg) 70.0 8.0 60.0–90.0 73.0 7.0 60.0–90.0 0.031b

Note: BMI: body mass index; WHR: waist-to-hip ratio; SBP: systolic blood pressure; DBP: diastolic
blood pressure.
a. p value of Student t test.
b. Statistically significant.

Thirteen individuals (14.4%) had HbA1c values above normal range, in-
cluding one participant with diabetes. The participants with impaired glucose tol-
erance and impaired fasting glycemia had normal HbA1c values. Uric acid con-
centrations were higher in men than in women. Five men (5.6%) had uric acid
levels compatible with hyperuricemia. All subjects had normal serum creatinine
values. When we compared individuals with BMI ≥ 25 kg/m2 and < 25 kg/m2, no
difference was detected in relation to ln %S and ln %B, fasting and 2-hr insulin,
and fasting and 2-hr proinsulin. The same occurred when we compared the top
and bottom quartile of weight. Positive GAD65 antibodies were present in four
(4.4%) participants (3 men and 1 woman) with normal glucose tolerance. 

Table 4 shows lipid levels to be similar in both sexes in Parkatêjê Indians.
Total cholesterol or LDL cholesterol or triglycerides above the desirable values or
HDL cholesterol below these values were found in 40 participants (44.4%), of
whom 14 were women (41.2%) and 26 were men (46.4%).
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Table 3. Metabolic Characteristics of Brazilian Parkatêjê Indians by Sex

Women Men

Variable Mean SD Range Mean SD Range pa

Fasting glucose (mg/dL)d 86.6 7.8 68.0–103.0 81.1 7.1 66.0–98.0 0.001c

2-hr glucose (mg/dL)d 102.0 22.2 53.0–163.0 80.6 15.7 51.0–124.0 <0.001c

HbA1c (%)d 5.4 0.4 4.6–6.2 5.3 0.4 4.4–6.4 0.077
Fasting I (mU/L)d 12.0 4.7 5.6–25.7 12.0 6.1 4.3–33.6 0.984
2-hr I (mU/L)d 38.3 30.2 7.7–166.8 25.7 17.2 8.1–86.2 0.014c

Fasting PI (pmol/L)d 9.0 8.3 1.6–35.7 6.2 3.7 1.1–23.2 0.032c

2-hr PI (pmol/L)d 13.1 10.1 2.7–43.1 13.7 10.0 1.3–59.8 0.757
β-cell function (%)d 138.1 41.3 81.2–236.8 156.1 58.9 61.7–336.2 0.176 b

Insulin sensitivity (%)d 73.7 26.7 30.0–136.9 80.2 34.4 23.7–183.6 0.533b

Leptin (ng/mL) 10.0 5.5 2.0–24.9 2.1 1.8 0.4–9.2 <0.001b, c

Uric acid (mg/dL) 4.1 0.9 2.3–6.1 5.8 0.9 4.1–8.4 <0.001c

Note: I: insulin; PI: proinsulin.
a. p value of Student t test.
b. Student t test performed with natural logarithm transformation.
c. Statistically significant.
d. Excluded the woman with diabetes.

Among the participants 23 (25.6%) were current smokers (5 women and 18
men), 4 men were exsmokers, and 63 (29 women and 34 men) were nonsmokers. 

The following variables were not correlated with age: systolic and diastolic
blood pressure, BMI, fasting and 2-hr insulin, fasting and 2-hr proinsulin, ln %B
and ln %S, serum lipids, uric acid, and leptin.

WHR (r = 0.42; 95% CI, 0.37-0.47), fasting (r = 0.31; 95% CI, 0.12-0.50)
and 2-hr glucose (r = 0.25; 95% CI, 0.08-0.43), and HbA1c (r = 0.35, 95% CI,
0.19-0.51) were positively correlated with age adjusted by sex.

Pearson’s correlation coefficients values in the presence of age and sex vari-
ables (i.e., adjusted for age and sex) in the multiple linear regression models
(Berquó et al. 1986) were calculated between clinical and laboratory variables
with anthropometric measurements. The significant results were positive correla-
tions between total cholesterol and BMI (r = 0.24; 95% CI, 0.03-0.45), triglyc-
erides and BMI (r = 0.44; 95% CI, 0.24-0.64), triglycerides and WHR (r = 0.52;
95% CI, 0.28-0.77), ln leptin and BMI (r = 0.41; 95% CI, 0.29-0.52), ln leptin and
WHR (r = 0.29; 95% CI, 0.13-0.45). 

Systolic and diastolic blood pressures did not correlate with anthropometric
measurements, fasting and 2-hr insulin, fasting and 2-hr-proinsulin, and ln %S.
Both were positively correlated with uric acid, but only systolic blood pressure re-
mained significantly correlated after controlling by age and sex (r = 0.34; 95%
CI, 0.06-0.62).

Uric acid was not correlated with anthropometric measurements; total,
LDL, and HDL cholesterol; fasting and 2-hr insulin; fasting and 2-hr proinsulin;
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Table 5. Multiple Linear Regression Model (R2: 77.2%) for ln Leptin as a Dependent
Variable in Women (Except One Participant with Diabetes) and Men Combined (n = 89)

Independent Variables β SE (β) p Value

Constant –2.122 0.596 0.001a

Sex (coded as 0-women, 1-men) –1.257 0.130 <0.001a

Age (years) 0.001 0.004 0.949
Body mass index (kg/m2) 0.144 0.019 <0.001a

Fasting insulin (mU/L) –0.019 0.012 0.101
2-hr insulin (mU/L) 0.008 0.003 0.005a

Fasting proinsulin (pmol/L) 0.006 0.011 0.607
2-hr proinsulin (pmol/L) 0.006 0.006 0.336

a. Statistically significant.

and ln %S, but did present a positive correlation with triglycerides that remained
significant after controlling by age and sex (r = 0.22; 95% CI, 0.09-0.35). Uric
acid showed a negative correlation with fasting (r = –0.22, p = 0.042) and 2-hr (r
= –0.34, r = 0.001) glucose, but without significance after adjustment for age and
sex.

Ln leptin did not correlate with ln %S, fasting insulin and 2-hr proinsulin. It
was positively correlated with 2-hr insulin and fasting proinsulin (r = 0.26, p =
0.013 and r = 0.26, p = 0.013, respectively), but only 2-hr insulin remained sig-
nificant after adjustment for age, sex, and BMI (r = 0.14; 95% CI, 0.01-0.28).

Associations of leptin (ln transformed) with sex, age, BMI, fasting and 2-hr
insulin, fasting and 2-hr proinsulin were tested by multiple linear regression
analysis. The multiple linear regression model containing the variables sex, BMI,
and 2-hr insulin concentrations explained a large proportion (77.2%) of the varia-
tion of ln leptin (Table 5).

Discussion

This study describes the frequency of some cardiovascular risk factors
among this Indian group. Weight gain among the Parkatêjê has been reported pre-
viously (Vieira-Filho et al. 1987). In the present evaluation, overweight and obe-
sity were observed in 67.8% and 14.4% of the participants, respectively. These
figures are higher than those found for the rural and urban adult Brazilian popula-
tion as a whole, that is, 32.9% for overweight and 8.3% for obesity. They are also
higher than the 34% of some degree of excessive weight observed in the urban
adult population of the North Region of Brazil, where this tribe is located (Coiti-
nho et al. 1991). When these rates are compared with those from other Brazilian
Indian groups, the difference is alarming. In Amondava Brazilian Indians, one of
the world’s most isolated populations, mean BMI was 20.9 ± 1.7 kg/m2, with no
cases of obesity (Pavan et al. 1999). Obesity was not found either in Yanomami
Indians (Mancilha-Carvalho et al. 1989; Bloch et al. 1993) or in Xingu Indians
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(Mancilha-Carvalho et al. 1989), two relatively isolated groups. In contrast, obe-
sity was found in Xavante Indians in central Brazil (Vieira-Filho 1996), and in a
group of Tembé Indians in the northeast of Pará State (Nascimento et al. 1998);
these two groups have suffered an intensive process of cultural change, similar to
that of the Parkatêjê.

Among the Parkatêjê, WHR was positively correlated with age, but BMI
did not increase with age, similar to Yanomami (Bloch et al. 1993), Suruí, Zoró
(Fleming-Moran et al. 1991), and the Amondava Indians (Pavan et al. 1999). This
high prevalence of overweight and obesity found in Parkatêjê Indians may be ex-
plained, in large part, by the rapid and intensive changes in their nutritional pat-
tern and by their reduced physical activity. A possible genetic predisposition was
not examined in this study. The high average WHR and its age-related increases
suggest a pattern of obesity with abdominal distribution, similar to that observed
in American and Canadian Indians (Ghodes 1995; Welty et al. 1995). 

The prevalence of hypertension found in Parkatêjê Indians, 4.4%, was low.
This finding is below the 10% to 20% or more reported in different populations
(WHO 1996) and the rates reported from adult American Indians (Howard et al.
1996). It is also below the 17.4% found in an Indian group with intensive cultural
changes—the Tembé (Nascimento et al. 1998)—but higher than that observed in
other Brazilian Indians groups such as Amondava (Pavan et al. 1999), Yanomami
and Xingu (INTERSALT 1988), Xavante (Carneiro and Jardim 1993), Parakanã
(Nascimento et al. 1997), and Suruí (Fleming-Moran et al. 1991). 

The age-related rise of blood pressure is a feature of the Western popula-
tions (WHO 1996) and this rise is observed among American Indians (Howard et
al. 1996). Among the Parkatêjê, blood pressure levels did not correlate with age,
similar to findings observed in the Parakanã and Amondava (Nascimento et al.
1997; Pavan et al. 1999) and close to those observed in the Yanomami and Xingu,
who showed a decrease or only a small increase of systolic blood pressure with
age (INTERSALT 1988). The last three groups had a diet characterized by low
salt intake, different from the diet of the Parkatêjê (INTERSALT 1988; Pavan et
al. 1999). Among men of the Suruí and Zoró tribes, there was an inverse relation
between blood pressure and age (Fleming-Moran et al. 1991). Conversely, the
Tembé Indians showed an age-related rise of blood pressure (Nascimento et al.
1998). 

Cross-sectional and prospective observational studies point to evidence for
a consistent and strong relation between weight and blood pressure. In most stud-
ies, overweight is associated with an increase in the risk of developing hyperten-
sion (WHO 1996). Among the Parkatêjê, blood pressure did not correlate with an-
thropometric measurements, a finding similar to that among the Amondava
(Pavan et al. 1999) and different from those of other Brazilian Indian groups
(Fleming-Moran et al. 1991; Mancilha-Carvalho et al. 1991; Nascimento et al.
1997; Nascimento et al. 1998). In American Indians, obesity appears to have only
a modest effect on blood pressure (Howard et al. 1996). 

In this study, men presented higher diastolic blood pressure levels than wo-
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men. In most populations studied, higher blood pressure levels are observed
among men (WHO 1996). This finding is similar to findings among Parakanã and
Yanomami Indians (Mancilha-Carvalho et al. 1991; Nascimento et al. 1997). 

In contrast to reports from other populations (Denker and Pollock 1992;
Ferrannini et al. 1997; Ferreira et al. 1997), blood pressure had no relation to
serum insulin, proinsulin, or insulin sensitivity in Parkatêjê Indians. This finding
is similar to those in American Indians, which showed no correlation between
blood pressure and insulin levels (Howard et al. 1996). 

Among the Parkatêjê, the prevalences of diabetes mellitus (1.1%), impaired
glucose tolerance (1.1%), and impaired fasting glycemia (1.1%) were lower than
the rates reported for the urban adult Brazilian population, that is, 7.6% for dia-
betes and 7.8% for impaired glucose tolerance (Malerbi et al. 1992), and very dis-
tinct from the high rates reported for American and Canadian Indians (Ghodes
1995). Among the isolated Amondava, the mean value of fasting glucose was low
(55.1 ± 14.9 mg/dL) without cases of hyperglycemia (Pavan et al. 1999). No case
of diabetes was found in Xingu Indians, using other diagnostic criteria (Baruzzi
and Franco 1981). Among 55 Yanomami there were 3 cases of capillary glycemia
>140mg/dL 2h after a meal, and among 13 participants there was 1 case of gly-
cemia >200mg/dL 1 hour after a meal (Bloch et al. 1993). 

This study found some HbA1c values above the normal range in individuals
with normal oral glucose tolerance test and normal HbA1c values in participants
with impaired glucose tolerance and impaired fasting glycemia. This finding is in
agreement with the low sensitivity of HbA1c for diagnosis of glucose abnormali-
ties (WHO 1999). 

The Parkatêjê Indians showed a prevalence of GAD65 antibody positivity
of 4.4%. The four healthy participants who were GAD65-antibody-positive had
no diabetic first-degree relatives, and they were without clinical evidence of au-
toimmune diseases. It would be necessary to follow these individuals to know the
consequences of this positivity to GAD65 antibodies. 

Lipid disorders were found in 44.4% of the participants. There are no pub-
lished data on the background prevalence of lipid disorders in the Parkatêjê Indi-
ans. The prevalence of lipid disorders found in this group is greater than that ob-
served in other isolated or relatively isolated Brazilian Indian groups. Among the
Amondava, the concentration of total cholesterol was always <200 mg/dL at fast-
ing (Pavan 1999). Upper Xingu Indians also had normal total cholesterol and
triglycerides levels collected without previous fasting (Baruzzi and Franco 1981),
such as Yanomami with total cholesterol, LDL cholesterol, and triglycerides lev-
els normal but with some cases of HDL cholesterol <35mg/dL, collected also
without previous fasting (Mancilha-Carvalho and Crews 1990). In the present
study, when the prevalences of dyslipidemia are analyzed separately for men and
women, the rates of HDL cholesterol <35 mg/dL and triglycerides ≥200 mg/dL
are similar and the rates of total cholesterol ≥200 mg/dL and LDL cholesterol
≥130 mg/dL are lower than those reported for American Indians (Welty et al.
1995). The Parkatêjê presented a lower prevalence of hypercholesterolemia com-
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pared to the prevalence rate of 32.4% reported in a survey that analyzed the total
cholesterol levels in nonfasting samples from urban adult populations from dif-
ferent areas of Brazil (Guimarães et al. 1998).

Serum lipid concentrations are commonly significantly correlated with
BMI and age in urban societies. However, this association was seen only with an-
thropometric measurements in the Parkatêjê Indians. After controlling for age and
sex, there were positive correlations between total cholesterol and BMI, triglyc-
erides and BMI, and triglycerides and WHR, similar to those reported for Mexi-
can Americans, who have a high degree of American Indian admixture (Haffner et
al. 1988). Among the Amondava population there was no increase in serum total
cholesterol with age or BMI (Pavan et al. 1999). In the Yanomami group, total
cholesterol values had a modest age-related increase and did not correlate with
BMI. In contrast, there was a significant relation between LDL cholesterol levels
and BMI (Mancilha-Carvalho and Crews 1990). Among urban adult Brazilians,
there was an age-related rise of total cholesterol (Guimarães et al. 1998).

The findings about weight, blood pressure, glucose tolerance, and lipid lev-
els among Parkatêjê Indians seem to present an intermediate profile between the
most isolated and the most “Westernized” Indian tribes. Lipid levels and body
weight can show a dramatic increase after even a short time of consuming an af-
fluent diet (McMurry et al. 1991), but the development of other cardiovascular
risk factors such as hypertension and diabetes needs more time of sustained ex-
posure to the modernization process. The Parkatêjê Indians have undergone a
modernization process in the last 20 years resulting in important changes in their
social, economic, and cultural structures. These changes have affected their nutri-
tional patterns and physical activities. We believe that these progressive changes
have resulted in the high rates of overweight and lipid disorders found among this
group. In the future, if the modernization process continues, hypertension and di-
abetes rates can be expected to rise due to the greater time of exposure to diet
changes, overweight, and inactivity. These findings are in agreement with the ex-
istence of a different time lag between social and economic changes and the sub-
sequent development of specific biologic changes. The various cardiovascular
risk factors, particularly diabetes and hypertension, have different latency periods
from exposure to overweight, inactivity, and specific diet changes. This popula-
tion offers a particular opportunity for the development of longitudinal studies to
see if the low prevalence of hypertension and diabetes will continue or will rise,
as it does in many populations after protracted exposure, two to three decades, to
modernization.

Hyperuricemia, a common metabolic disorder, has been related to the meta-
bolic syndrome (Vuorinen-Markkola and Yki-Jarvinen 1994; Lee et al. 1995) and
cardiovascular risk factors (Freedman et al. 1995; Bonora 1996). It was found in
only 5.6% of Parkatêjê Indians. Uric acid concentrations were higher in men than
in women as observed in other ethnic groups (Freedman et al. 1995). Similar to
some reports, uric acid levels were positively correlated with triglycerides (Vuori-
nen-Markkola and Yki-Jarvinen 1994; Bonora et al. 1996) and blood pressure
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(Bonora et al. 1996). Different from other studies, there was no correlation be-
tween uric acid levels and the variables BMI and WHR (Lee et al. 1995; Bonora
et al. 1996), age (Freedman et al. 1995; Lee et al. 1995), total and LDL choles-
terol (Bonora et al. 1996), insulin sensitivity (Vuorinen-Markkola and Yki-Jarvi-
nen 1994), and insulin levels (Lee et al. 1995; Bonora et al. 1996). The lack of
correlation between uric acid levels with the variables age, BMI, HDL choles-
terol, and glucose concentration is similar to that found in other reports (Vuori-
nen-Markkola and Yki-Jarvinen 1994; Bonora et al. 1996).

Leptin, the product of the OB gene, is increased in obese individuals, sug-
gesting resistance to its effect (Considine et al. 1996). Some authors found that
serum leptin concentrations were not influenced by ethnicity (Hassink et al. 1996;
Nagy et al. 1997), but others found an important effect of the racial differences in
leptin concentrations (Nicklas et al. 1997; Pérez-Bravo et al. 1998). There is a
lack of information about leptin levels among Brazilian Indian groups, and this
investigation tried to determine the leptin profile in the Parkatêjê Indians, who
have high rates of overweight and obesity. 

Among the Parkatêjê, serum leptin concentrations were significantly higher
in women than in men, similar to findings of other studies in Caucasians (Couil-
lard et al. 1997; Pérez-Bravo et al. 1998; Ruige et al. 1998) and other ethnic
groups such as Mexican-Americans (Haffner et al. 1996), Western Samoans
(Zimmet et al. 1996), Asian Indians (Saad et al. 1997), Aymaras natives from
Chile (Santos et al. 2000), and the Canadian Aboriginal population (Hanley et al.
1997). Among the Mapuche natives from Chile, this sex difference was not ob-
served (Pérez-Bravo et al. 1998).

Also, ln leptin did not correlate with age, in agreement with other published
data (Saad et al. 1997). The opposite was found among Aymara natives from
Chile, who showed lower average leptin concentrations in older subjects (Santos
et al. 2000) and among a Canadian Aboriginal population that presented a signif-
icant positive correlation between serum leptin and age (Hanley et al. 1997).

Some previous studies in several ethnic groups have demonstrated that lep-
tin levels correlate with measurements of obesity and with insulin levels, inde-
pendently of sex or BMI (Zimmet et al. 1996; Hanley et al. 1997; Ruige et al.
1999; Santos et al. 2000). The results of this investigation confirm previously
published data (Haffner et al. 1996), demonstrating a positive correlation between
ln leptin and BMI and WHR.

Ln leptin showed no correlation either with fasting insulin or ln %S or
proinsulin concentrations, similar to findings among South Asian Indians (Sneha-
latha et al. 1998). Among Parkatêjê Indians, there was a weak association be-
tween serum leptin and 2-hr insulin, but leptin had no relation with insulin sensi-
tivity. 

This study found the presence of smokers in this tribe, a presence found in
other Indian communities (Welty et al. 1995). 

This study examined the metabolic profile and the cardiovascular risk fac-
tors of the Parkatêjê community and tried to establish comparisons with other
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tribal populations (mainly Brazilian Indians with different levels of “Westerniza-
tion”) and with other ethnic groups. However, there are few published data at a
population level about Brazilian Indians. Some studies evaluated a small number
of subjects that may not be representative of the total population.

The findings of failure of blood pressure to correlate with some usual vari-
ables such as age, WHR, BMI, insulin, proinsulin, and %S may suggest some pe-
culiarities of this population. The importance of the genetic background, the
speed of changes in lifestyle, and their interaction need future investigation.

The high prevalence of overweight, obesity, and lipid disorders; the pres-
ence of smokers in spite of lower rates of hypertension; and the disturbance of
glucose tolerance among the Parkatêjê Indians makes them an interesting model
for longitudinal studies, focusing on the pace and amount of social and economic
changes and the biological and health responses, as well as responses to health in-
terventions. This population should be considered a high-risk group for the devel-
opment of cardiovascular diseases, and probably diabetes. Some preventive inter-
ventions are required to reduce these risk factors, with special attention to weight
gain.
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