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Lipid Profiles of Yanomamo Indians of Brazil’ 

J.J. MANCILHA-CARVALHO, M.D. ,PH.D., AND DOUGLAS E. CRBWS,PH.D.~ 

Department of Community Health and Preventive Medicine, Northwestern University Medical 
School, 680 North Lake Shore Drive, Suite 1102, Chicago, Illinois 60611 

To determine serum lipid levels and their correlates in one of the world’s most isolated 
populations, 62 adult Yanomamo Indians from the Amazonian rain forest were examined. 
After measurement of body weight and height, and estimation of age, casual blood samples 
were obtained. Estimated age ranged from 20 to 68 years, with men averaging 37 and women 
35 years. Mean serum total cholesterol was very low among both men (123 mg/dl) and 
women (142 mg/dl) compared with western samples, whereas triglycerides-112 and 110 
mg/dl, respectively-were lower among men and slightly higher among women than for U.S. 
men and women. Yanomamo women had significantly higher total cholesterol (P = 0.02) 
and body mass index (BMI) (P = 0.05) than men. HDL-cholesterol (P = 0.08) and LDL- 
cholesterol (P = 0.21) were also somewhat higher among women. Multivariate regression 
analysis indicated that estimated age was independently related to cholesterol in both sexes, 
while BMI was of borderline significance. The very low serum lipid levels in this isolated 
population are apparently attributable mainly to their largely vegetarian diet, low in fats and 
cholesterol and high in fiber, with concomitant high physical activity associated with low 
BMI. 8 199s Academic Press, Inc. 

INTRODUCTION 

Elevated serum cholesterol, cigarette smoking, and hypertension are firmly 
established as major risk factors for cardiovascular diseases, (CVD) particularly 
coronary heart disease (CHD) (1, 2). Extensive research demonstrates that di- 
etary factors, particularly saturated fats and cholesterol, are associated with se- 
rum cholesterol levels (3). In addition, studies in isolated populations subsisting 
on diets naturally low in fat and cholesterol have reported low blood lipid values 
(4-10). 

In this study serum lipid levels among a sample of Yanomamo Indians (the most 
isolated tribe in South America and probably the world) were examined. Previous 
studies have shown that Yanomamo Indians have low blood pressure levels and 
show no increase in blood pressure with age (11-14). To date there have been no 
studies on blood lipid levels. The hypothesis was that serum total cholesterol (TC) 
among the Yanomamo would be significantly lower than among populations of the 
United States and other cosmopolitan societies. On the basis of results from other 
isolated populations we expected to see some differences between men and 
women, but minimal age differences in mean TC and its components. 

i Supported in part by Grant 20.0161187 MP from the Brazilian Research Council (CNPq). 
’ To whom reprint requests should be addressed. 
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POPULATION AND METHODS 

Study Population 

The Yanomamo live in an area of about 100,000 square miles located along the 
border between Brazil and Venezuela. The total population consists of approxi- 
mately 18,000 individuals scattered throughout the Amazonian rainforest in ap- 
proximately 200 villages, each containing from 40 to 250 people. In the almost 
inaccessible Surucucu Plateau region of northwest Brazil reside the most isolated 
members of the Yanomamo, some of whom have never seen a non-Indian. 

The Yanomamo are generally seminomadic “slash-and-burn” agriculturalists 
(12,15). They subsist on a diet of locally produced crops and game, supplemented 
by wild fruits and insects. Dietary staples are cooked bananas and maniac. Other 
traditional crops, mainly roots, and introduced plants, such as sugar cane, sweet 
potato, and tobacco, are also grown. The Yanomamo practice no animal hus- 
bandry; thus domestic swine, cattle, and chicken are not eaten. What meat does 
enter the diet comes from the hunt and is thus relatively lean. Furthermore, the 
method of preparation assures that the major part of available fat is lost during 
cooking over an open fire. On the Surucucu plateau there is little, if any, access 
to processed sugar, salt, alcohol, milk and other dairy products, or eggs from 
domesticated fowl. 

Data Collection and Analysis 

In July 1987, J.J.M.C. arrived at the Brazilian government post (FUNAI) in the 
Surucucu area. From there he and an interpreter/guide visited two Yanomamo 
villages, numbering about 130 persons each, approximately a 7-hr walk from the 
FUNAI post. At that time every adult member of both villages, approximately 90 
individuals, was invited to come to the FUNAI post for a medical examination 
and to receive a gift such as a machete, a highly valued tool in this population. 
About two-thirds of the adults (41 men and 21 women) made the 14 hr round trip 
and were measured and interviewed. 

Before blood was drawn, weight and height were measured using a balance- 
beam scale with an extension stadiometer (Brazilian Filizola). All measurements 
were made by a single observer (J.J.M.C.) who also drew the blood samples. 
Since none of the Surucucu Indians spoke Portuguese, all interviews were con- 
ducted by the interpreter. Age was estimated by physical appearance of the par- 
ticipant and from additional information about the number and ages of the par- 
ticipant’s children. The personal knowledge of the interpreter, who knew these 
two villages well, was also used. There was no method available to independently 
validate estimated ages and therefore they should be interpreted as approxima- 
tions. All procedures were conducted in accordance with ethical standards for 
human experiments outlined by the Brazilian government. 

Blood samples were collected without knowledge of the time of the individual’s 
last meal. Aproximately 10 ml of venous blood was drawn into plain tubes via 
venipuncture. Within 1 hr of collection, sera were separated by centrifugation and 
frozen for later transport to the Public Base Hospital of Brasilia. Blood samples 
collected from three women and eight men, Brazilian employees of FUNAI and 
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army personnel who were in Surucucu at the time of this fieldwork, were sub- 
mitted to the Base Hospital’s laboratory along with the Yanomamo samples. This 
was done without the knowledge of the laboratory personnel. Results for these 11 
people were within the range commonly reported for Brazilian citizens of the 
same age group: mean values for women of 200 mg/dl serum TC and 113 mg/dl for 
triglycerides (TG), and for men, 196 mg/dl and 138 mg/dl, respectively. Although 
not the ideal method to evaluate laboratory techniques, it was the only option 
available at the time of the study. The laboratory maintained its own internal 
quality control standards. 

The blood samples were thawed at room temperature for laboratory analysis. 
Serum TC and TG were determined by enzymatic methods (16, 17). HDL- 
cholesterol (HDL-C) was determined after VLDL-cholesterol (VLDL-C) and 
LDL-cholesterol (LDL-C) were precipitated from the specimen using phospho- 
tungstate and magnesium (18). LDL-C and VLDL-C were then calculated: LDL- 
C = TC - HDL-C - (Triglycerides/S), and VLDL-C = Triglycerides/S. Data on 
HDL-C, LDL-C, and VLDL-C were available only for a reduced sample: 34 men 
and 14 women. The body mass index (BMI) [Weight (kg) / Height (m2)] was also 
calculated. 

Sex differences in lipid profiles were examined. Average values for each lipid 
fraction were determined and differences between the sexes were assessed for 
statistical significance using Student’s t test. Lipid values among the Yanomamo 
were also compared by sex to those from two U.S. samples (19,20). Correlations 
among the lipid values and with age and BMI were examined. Stepwise linear 
regression, with forced entry of all independent variables, was used to estimate 
the independent effects of age, sex, and BMI in explaining variance in serum TC, 
HDL-C, LDL-C, and TG. Sex was entered as an indicator variable (women = 0, 
men = 1) to allow direct estimation of sex differentials and inclusion of the entire 
sample for estimation of the effects of age and BMI. 

RESULTS 

Among the Yanomamo Indians who participated in this study the median esti- 
mated age of the men was 32 years (mean 36.8; range 21 to 68), and for the women 
the median estimated age was 28 years (mean 35.0; range 20 to 64). These Indians 
exhibited low mean levels of serum TC, HDL-C, LDL-C, and BMI (Table 1). 
Mean serum TC among Yanomamo men was about half that among U.S. men 
aged 20-74 years studied in the National Health and Nutrition Examination Sur- 
vey (NHANES-II), 211 mg/dl(19). TC was also below the fifth percentile of U.S. 
men aged 220 years who participated in the Lipid Research Clinics Population 
Study (LRC) (20). Among Yanomamo women mean serum TC was about two- 
thirds that of women aged 20-74 years studied in the NHANES-II, 215 mg/dl(19). 
Yanomamo women were below the 10th percentile of U.S. women aged 335 years 
and almost equal to the 10th percentile of women aged 30-34 years who partici- 
pated in the LRC study (20). 

Among Yanomamo men, mean LDL-C was below the 5th percentile of men 
aged 225 years, and HDL-C was below the 25th percentile, of U.S. men aged 320 
years who participated in the LRC study (20). Similarly among Yanomamo 



BLOOD LIPIDS IN YANOMAMO INDIANS 

TABLE 1 
PHYSICAL CHARCTERISTICS AND SERUM LIPIDS OF YANOMAMO INDIANS 
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Variables 

Men Women 

n Mean SD n Mean SD P 

Age (ye@ 41 36.8 12.5 21 35.0 14.2 0.604 
Weight (kg) 41 46.9 4.4 21 43.0 5.2 0.003 
Height (cm) 41 151.5 3.3 21 142.0 5.2 0.001 
BMI (kg/m*) 41 20.4 1.4 21 21.3 1.9 0.051 
Cholesterol (mg/dl) 41 121.9 31.5 21 142.5 29.5 0.015 
Triglycerides (mg/dl) 41 111.7 36.8 21 109.8 35.1 0.848 
HDL-C (mgkll) 34 33.9 7.0 14 39.6 10.5 0.077 
LDL-C (mg/dl) 34 68.1 24.5 14 78.2 20.4 0.206 
VLDL-C (mg/dl) 34 22.3 7.4 14 22.0 7.0 0.848 

women mean LDL-C was below the 10th percentile of U.S. women aged 235 
years, but only below the 25th percentile of women 20-34 years old, while mean 
HDL-C in Yanomamo women was about equal to the 10th percentile of women 
aged 225 years who participated in the LRC study (20). Serum TC/HDL-C and 
LDL-C/HDL-C ratios among both Yanomamo men and women were 3.6 and 2.0. 

Yanomamo women had significantly higher serum TC and BMI than men, who 
were taller and heavier. HDL-C was higher for women than for men, a difference 
of borderline significance, as was LDL-C, a difference not statistically significant. 
Both sexes of Yanomamo were of lower height and weight, and had much lower 
BMI than comparable U.S. samples of men and women, 25.3 and 25.0 kg/m*, 
respectively (21). The range of BMI in Yanomamo was 16.9 to 23.6 for men, and 
17.4 to 24.1 for women. 

Between estimated ages 20 and 44 years, cross-sectional mean serum TC levels 
appeared to be age related in Yanomamo women, after which they were appar- 
ently stable (Fig. 1); however, there were no women estimated to be between 30 
and 39 years of age. In Fig. 1, the first three age groups are represented by 6, 5, 
and 6 women and the last two by only 1 and 3 women. Men, numbering 6, 17,6, 
8, and 4, are slightly better represented in the second and fourth age groups. These 
are all small numbers and ages are estimated; however, the data still show appar- 
ent age solidus class differences. The difference in mean serum TC among 
younger and older women was largely due to a 37 mg/dl difference between the 25 
to 34 and 35 to 44 year-old age groups. Among Yanomamo men, cross-sectional 
mean serum TC levels also appeared to be age-related. Older men had higher 
serum TC than younger men (Fig. 1). At every estimated age, mean serum TC was 
lower among Yanomamo men and women than among U.S. men and women (19). 
Serum TC was correlated significantly with estimated age and triglycerides, but 
only weakly correlated with BMI (Table 2) among Yanomamo men. Among 
Yanomamo women serum TC correlated significantly only with estimated age. 

Linear regression, using a stepwise model with forced entry of estimated age, 
sex, and BMI, indicated that serum TC was significantly and independently re- 
lated to estimated age and sex. Together, estimated age and sex explained 33% of 
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FIG. 1. Mean serum cholesterol levels in Yanomamo Indians compared to U.S. men and women by 
age. U.S. data are from the National Health and Nutrition Examination Survey (NHANES-II), 1976- 
1980 (19). 

the variation in serum TC (Table 3). Inclusion of BMI explained an additional 
3.7% of the total variation (P = 0.07). The regression method further indicated 
that HDL-C exhibited a significant sex-related difference, being 5.88 mg/dl higher 
among Yanomamo women. However, neither estimated age nor relative weight as 

TABLE 2 
SIMPLECORRELAT~ONS AMONG PHYSICAL CHARACTERISTICSAND SERUM LIPIDS OF 

YANOMAMO~NDIANS 

Men 

Age BMI Tc TG HCL-C LDL-C 

Women 
Age 
BMI 
Tc 
TG 
HCL-C 
LDL-C 

0.06 0.51** 0.18 0.29 0.49** 
-0.51* 0.27 0.06 0.08 0.36; 

0.51* -0.15 0.60*** n * 

0.36 -0.15 0.39 0.12 0.52*** 
-0.16 -0.06 0 -0.19 0.40* 

0.44 0.03 0 0.37 0.09 

LI Not reported-inappropriate to correlate a part with the whole from which it was derived. 
*P < .05. 
**p < .Ol. 
P < .OOl. 
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measured by BMI was significantly related to HDL-C; their inclusion in the re- 
gression model did not significantly increase the amount of explained variance 
(Table 3). LDL-C was statistically significantly related to both estimated age and 
BMI, but showed only a borderline dependence on sex, although a sex difference 
of 9.4 mg/dl may be physiologically significant (Table 3). Although there was a 
tendency for a borderline association with estimated age, serum TG were not 
significantly related to estimated age, BMI, or sex (Table 3). Inclusion of BMI and 
sex did not increase the total explained variance in serum TG. 

DISCUSSION 

Yanomamo Indians have mean serum TC, LDL-C, and HDL-C levels below 
those of samples from Western industrialized populations such as the United 
States. They are also lower than those observed in North and South China sam- 
ples (22). This is true even though serum lipids in the Yanomamo were measured 
without knowledge of time since the participant’s last meal. Serum TC levels in 
Yanomamo are similar to those of some Solomon Islands samples (4). However, 
unlike Solomon Islanders, Kalahari Bushmen (lo), and some tribal people in 
communities in New Guinea (8), who show no age-associated differences in TC 
levels, among the Yanomamo and some other traditional living populations (5, 6) 
age differences in cholesterol levels are observed. This suggests that higher cho- 
lesterol levels at older ages observed in cross-sectional data may not necessarily 
be solely a concomitant of Westernization or acculturation, since they also occur 
in low-cholesterol settings. However, the data on higher mean levels of serum TC 
with age in this cross-sectional study of the Yanomamo must be interpreted with 
caution given the small numbers in the estimated age groups. 

LDL-C and HDL-C are also low in this sample compared with both Western 
and non-Western samples. However, both men and women Yanomamo have TC/ 
HDL-C and LDL-C/HDL-C ratios that are not very different from those of U.S. 
women (20), and which are also similar to those observed in China (22). The serum 
TC/HDL-C ratio in Yanomamo men is well below that of the 50th percentile of 
U.S. men, while the LDL-C/HDL-C ratio is almost identical. The TC/HDL-C 
ratio in Yanomamo men and women approximates the value, 3.5, among Boston 
Marathon runners (23) and is approximately the same as the 50th percentile of 
U.S. women (19, 20). This finding suggests that a low-fat, low-cholesterol, high- 
complex carbohydrate and fiber diet in tropical forest agriculturalists may lead to 
low levels of both HDL-C and LDL-C. Mean triglyceride levels in Yanomamo 
men are much lower than the age-weighted mean among men aged 2%59 years in 
the LRC study sample (139 mg/dl). Conversely, in Yanomamo women TG levels 
exceed somewhat the age-weighted mean of non-sex hormone using women aged 
20-59 years in the LRC sample (94 mg/dl) (20). This may be partly related to the 
measurements having been made in fasting blood samples in the LRC and random 
(casual) blood samples in the Yanomamo. 

Cholesterol and TG levels are commonly significantly correlated with BMI in 
cosmopolitan societies (24); however, this association was not seen in the 
Yanomamo sample. Tarahumara Indians of Mexico also show no significant cor- 
relation between body weight and serum cholesterol levels (5). One possible ex- 
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planation may be the low amount of variation in Yanomamo BMI, another may be 
the small sample size. However, a significant relationship between LDL-C and 
BMI among the Yanomamo is shown in Table 3, suggesting that the lack of a 
significant relationship between BMI and serum TC may not be due to low vari- 
ability in BMI. The differences and patterns of association of HDL-C and LDL-C 
with the independent variables examined by multiple regression suggest that these 
two components of cholesterol are responding to different aspects of Yanomamo 
physiology. 

Yanomamo women had higher BMI and lipid levels than men. This has been 
found in at least one other isolated population (5). Such differences may be as- 
sociated with a higher frequency of lactating and pregnant women in these sam- 
ples. In this sample about half of the women were breastfeeding. Unfortunately, 
there are no data comparing women not lactating or pregnant to those who were. 
However, in the Tarahumara Indian sample the same levels of cholesterol were 
found in men and nonpregnant nonlactating women (139 mg/dl), while the levels 
for pregnant and lactating women were 195 mg/dl and 178 mgldl, respectively (5). 
This suggests that pregnancy and lactation may lead to elevations in cholesterol 
levels in non-Western as well as in Western settings (25). 

Several factors may be related to the low lipid levels found in the Yanomamo, 
including a diet low in lipids and cholesterol and high in fiber, the rarity of obesity, 
high levels of physical activity, and perhaps intestinal parasitism. Quantitative 
data to test these relationships are not presently available. The close agreement 
between cholesterol in the Brazilian blood samples submitted to the same labo- 
ratory and previously published values for Brazilian populations (26) suggests that 
the laboratory and field collection techniques were not likely to be responsible for 
the low lipid values in the Yanomamo sample. 

In conclusion, this unacculturated Brazilian Indian tribe shows serum TC levels 
significantly below that of virtually all nonisolated populations in both industrial- 
ized and developing countries. In this sample, both sexes had moderately higher 
cholesterol levels at older ages. This suggests that modest age-related increases in 
cholesterol may not be exclusively related to Westernization and acculturation 
but may also occur in more isolated settings. 
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