
Abstract Five low-density lipoprotein receptor gene
(LDLR) restriction fragment length polymorphisms
(RFLPs: TaqI, intron 4; HincII, exon 12; AvaII, exon 13;
MspI and NcoI, exon 18) were investigated in 131 indi-
viduals from five Brazilian Indian tribes. All markers
were polymorphic in this ethnic group. In the whole sam-
ple of Amerindians, 13 (41%) of the 32 expected haplo-
types were identified, but only three were shared by all
tribes. The Xavante, Suruí, Zoró, and Gavião tribes, who
had been studied for anthropometry, were grouped ac-
cording to their genotypes, and the corresponding mean
values were examined. Significant associations were ob-
served between HincII *H–, AvaII *A+, MspI *M–, and
NcoI *N+ and the body mass index (BMI), triceps and
subscapular skinfolds, and the arm fat index (AFI). Hap-
lotypes were derived for these four RFLPs, and
(*H–/*A+/*M–/*N+) haplotype carriers were compared
with noncarriers of this haplotype with equally significant
results for the three parameters (BMI, P=0.021; skinfold
thickness, P<0.001; AFI, P=0.005). These results suggest
that the LDLR gene has some influence over adipose tis-
sue deposition.

Introduction

Recently, multifactorial diseases, such as obesity, have ac-
quired increasing public health importance all over the
world. Genetic epidemiology studies have shown that the
level of total body fat and adipose tissue distribution in
humans have a significant genetic component, estimated
as being at least 25% (Després et al. 1992). The genes rel-
evant to lipoprotein metabolism are among the many po-
tential “candidate genes” thought to be responsible for
this genetic variation.

Plasma cholesterol levels in humans are largely con-
trolled by the interaction between low-density lipoprotein
(LDL) and LDL receptors (Yamakawa et al. 1991). The
LDL receptor gene (LDLR) is a well-known human gene
and has been the target of many studies over the last two
decades, most of these investigations being concerned
with the dominant disorder familial hypercholesterolemia.

Considerable numbers of studies have attempted to re-
late normal variability of LDLR and lipid traits, by using
one or a few restriction fragment length polymorphisms
(RFLPs; e.g., Taylor at al. 1988; Schuster et al. 1990;
Humphries et al. 1991; Ahn et al. 1994; Wu et al. 1995;
Haviland et al. 1997; Boright et al. 1998). It is widely rec-
ognized that the informativeness of RFLP analyses can be
markedly improved by constructing haplotypes that con-
sist of a defined pattern of RFLPs linked together in a
chromosome. In addition to its use in family studies, hap-
lotype analysis has been applied to population investiga-
tions and can be useful in determining the origin and mi-
gration of particular alleles (Leitersdorf et al. 1989).

The Brazilian Indians constitute an excellent set of
populations for investigating the interrelationship be-
tween obesity and genetics, because they have a relatively
homogeneous genetic background with no or low levels
of admixture with non-Indians, and their traditional di-
etary habits and lifestyle also differ from those of Western
societies. Epidemiological data, although poor, show a
low frequency of cardiovascular diseases and few subjects
with abnormal plasma lipid levels (for a review, see
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Salzano and Callegari-Jacques 1988). This situation seems
to be changing in several populations, in particular in
those groups that have engaged in intensive interaction
with non-Indians and that have experienced a marked
transformation in nutrition and lifestyle (Santos and
Coimbra 1996).

An association between LDLR polymorphisms and
obesity has been reported in Australian essential hyper-
tensives of British descent (Morris et al. 1994; Zee et al.
1995). Furthermore, an LDLR microsatellite variant has
been associated with obesity in the normotensive popula-
tion of Australia, but only in women (Rutherford et al.
1997). No other studies have tried to expand these results
to populations of other regions and ethnic groups. The
major goals of this study have been to determine the dis-
tribution of the haplotypes derived from five RFLPs
(TaqI, intron 4; HincII, exon 12; AvaII exon 13; MspI and
NcoI, exon 18) located in LDLR in Brazilian Indians, and
to evaluate the effect of these polymorphisms on anthro-
pometric parameters related to body mass and composi-
tion in these Amerindian subjects.

Materials and methods

Samples

The Brazilian Indian samples were collected between 1988 and
1990 and consisted of 131 individuals from the Xavante (28), Wai
Wai (24), Zoró (28), Gavião (30), and Suruí (21) tribes. These pop-
ulations can be characterized as given below.

The Xavante Indians live in six different areas; the village from
which our sample was collected is Rio das Mortes (51°40’W;
13°20’S) and is situated near the western boundary of the Indian
Reservation Pimentel Barbosa, State of Mato Grosso, Brazil. Their
language can be assigned to the Ge-Pano-Carib group (Rodrigues
1986; Greenberg 1987). The Xavante have presently an estimated
number of 6233 individuals (Ricardo 1991; Flowers 1994). The
population of the Rio das Mortes village numbered 461 individu-
als in 1990.

The Wai Wai sample was collected in the Mapuera village, lo-
cated on the east bank of the Mapuera River, State of Pará, Brazil
(57°55’ W; 0°40’ S). The Wai Wai Indians speak a language clas-
sified in the Karib stock, Parukoto-Charumâ family (Rodrigues
1986). The Mapuera population was estimated as having about 
700 individuals in 1980 (Almeida 1981).

The Zoró language is classified in the Tupi stock of the Mondé
family (Rodrigues 1986). The Zoró live in a single village located
20 km from the Rio Branco River (60°20’ W; 10°20’ S), Aripuanã
Park, State of Mato Grosso, Brazil. In 1990, it was estimated that
they numbered 215 individuals. Santos (1991) reported the nutri-
tion of the Zoró and noted that horticultural products, meat, and
fish were commonly found in Zoró households.

The Gavião are also a Tupi-Mondé group. The studied popula-
tion lives further west from the Zoró, in the Indian Area Igarapé
Lourdes, in the state of Rondônia, Brazil. Santos (1991) estimated
the Gavião total population in 1990 as having 288 persons. Their
diet includes soybean oil, pasta, rice, beans, and canned foods
(Santos 1991).

The Suruí belong to the same language group as the Zoró and
Gavião. They live in the Indian Area Sete de Setembro (61°10’ W;
10°50’ S), located in the states of Mato Grosso and Rondônia,
Brazil, and currently have a population of approximately 500 indi-
viduals distributed among 10 villages. This tribe lives in an area
contiguous with that occupied by the Zoró, east of the region in
which the Gavião live. According to Coimbra (1989), the present
trend of dietary changes observed among the Suruí is in the direc-

tion of an overall increase in the consumption of starch products
and refined carbohydrates, and a decrease in the intake of game,
fish, and other major sources of protein.

Laboratory methods

High molecular weight DNA was extracted from whole blood by
using the salting-out procedure described by Miller et al. (1988) or
the technique described by Lahiri and Nurnberger (1991).

DNA segments containing the five sites (TaqI, intron 4; HincII,
exon 12; AvaII, exon 13; MspI and NcoI, exon 18) were amplified
by the polymerase chain reaction with the primers and under the
conditions described by Miserez et al. (1993), Leitersdorf and
Hobbs (1988), Ahn et al. (1994), and Chae et al. (1996), respec-
tively. The amplified DNAs were subsequently digested with the
appropriate restriction enzymes and subjected to electrophoresis in
agarose gels containing ethidium bromide; 50-bp and 100-bp lad-
ders were used to determine band sizes.

Statistical analyses

Anthropometric data, including stature, weight, and skinfold thick-
ness (triceps and subscapular), were gathered from 60 individuals
of the adult population (21–74 years old) of the Zoró, Gavião, Su-
ruí and Xavante tribes. The body mass index (BMI) was computed
as (weight in kilograms)/(stature in meters)2. Triceps and sub-
scapular skinfold thickness was measured by means of a Lange
caliper on the left side of the body. The values presented are the
sum of the two skinfolds. The arm fat index (AFI, percentage fat
area) was calculated as described by Frisancho (1990), by using
triceps skinfold thickness and upper arm circumference.

Allele frequencies were estimated by gene counting. Agreement
of genotype frequencies with Hardy-Weinberg expectations was
tested with the chi-square test. Maximum likelihood estimates of
haplotypes and linkage disequilibrium (D) were determined as pro-
posed by Benlian et al. (1991), by using the Arlequin computer pro-
gram (version 1.1; Schneider et al. 1997). Dmax (Dtheoretical maximum)
and D’ (the relative magnitude of D as compared with its theoreti-
cal maximum, calculated as D/Dmax) values were calculated as de-
scribed by Lewontin (1988). Heterogeneity among tribes was
tested by means of the Roff and Bentzen (1989) chi-square test.
The observed haplotype frequencies were compared with those ex-
pected under equilibrium by one of two tests: (1) a chi-square test
when the expected and observed number of chromosomes bearing
a given haplotype was greater than 5, and (2) a bilateral test with
the binomial distribution (Zar 1996) when fewer chromosomes
were involved. Because many pairwise comparisons were per-
formed to test for linkage disequilibrium and for the goodness of
fit between the observed and expected haplotypes, the Bonferroni
test was used to correct all α values, as described by Brown and
Russel (1997). DST distances and heterozygosities were calculated
by using DISPAN (Ota 1993) and NJBAFD (Takezaki 1999) soft-
wares. The phylogenetic tree was constructed by the neighbor-
joining method (Saitou and Nei 1987) and was visualized by the
TreeView program (Page 1998). In the statistical analyses, stan-
dardization of the anthropometric data to account for sex differ-
ences was performed as described in Santos and Coimbra (1996).
Differences between means for BMI, skinfold thickness, and AFI
were evaluated by using the nonparametric Mann-Whitney test.
These analyses were performed with SPSS/PC software.

Results

Allele frequencies for the five restriction sites are pre-
sented in Table 1. Genotype frequencies were in agree-
ment with those expected under Hardy-Weinberg equilib-
rium (data not shown). Allele frequencies differed among
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the Indian groups, except for the TaqI site, which was ho-
mogeneous in all populations.

The pairwise linkage disequilibrium values in all pop-
ulations are presented in Table 2. Under the very stringent
criterion adopted (α=0.001), the sites MspI and NcoI were
significantly linked in all the populations studied. In the
Gavião, there was also significant disequilibrium between
AvaII and MspI, and AvaII and NcoI.

Haplotypes derived from the five RFLPs, compared
with those expected under the hypothesis of random asso-
ciation between loci, are shown in Table 3. Thirteen of the
32 expected haplotypes (41%) were found. Haplotypes
numbered 1, 4, and 6 were shared by all tribes, whereas
haplotype 2 was absent only among the Suruí. Four hap-
lotypes (7, 8, 9, and 12) were observed in just one popu-
lation. The haplotype distribution was highly heteroge-
neous among populations (χ2=156.2, P<0.0001), the
numbers observed ranging from 10 in the Wai Wai to 5 in
the Gavião.

To evaluate the intertribal differences in haplotype fre-
quencies further, genetic distances were estimated (Table
4) and a dendrogram was constructed based upon them
(Fig.1). No specific cluster was observed. The Xavante
branch was the longest. Heterozygosities ranged from
71% in the Wai Wai to 84% in the Zoró. Total heterozy-
gosity was estimated as 82%, but only 7% of this was at-
tributable to the interpopulation variation.

The means of the three anthropometric parameters of
body composition studied are shown in Table 5. These
variables were somewhat higher in the Xavante than in
the Tupi-Mondé tribes. A BMI of over 25 kg/m2, which
could be classified as an indication of obesity, was ob-
served in 30.5% of the Indians investigated. The interpre-
tation of the intertribal differences (restricted to the Xa-
vante vs the three other tribes, in accordance with the
RFLP data, where the average genetic distance among the
Tupi-Mondé groups, viz., 178, is three times less than that
of those between them and the Xavante, viz., 556) is dif-
ficult because of the small sample sizes. The same applies
to comparisons between the anthropometric variables and
the RFLP data. A similar general pattern, however, was
observed, and therefore the results from the four tribes
were pooled and analyzed together. For these analyses,
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Table 1 Observed frequencies (%) of LDLR polymorphisms (al-
lele +) in five Brazilian tribes

Population (no. of Polymorphic sites
chromosomes)

TaqIa HincIIb AvaIIc MspId NcoIe

Gavião (60) 15 65 47 42 58
Suruí (42) 17 90 36 60 40
Zoró (56) 16 77 41 36 64
Wai Wai (48) 15 75 58 60 40
Xavante (56) 25 54 73 11 88

Differences among tribes: aχ2=2.816, P=0.5891; bχ2=18.329,
P=0.001; cχ2=20.045, P=0.0005; dχ2=35.494, P0.0001; eχ2=
33.005, P0.0001

Table 2 Pairwise linkage disequilibrium in the LDLR polymor-
phisms (n number of chromosomes examined)

Polymorphic sites D χ2 Dmax D’

Wai-Wai (n=48)
TaqI/HincII –0.0365 1.640 0.0365 –1.00
TaqI/AvaII –0.0547 1.738 0.0547 –1.00
TaqI/MspI –0.0577 0.894 0.0578 –1.00
TaqI/NcoI –0.0577 0.894 0.0578 –1.00
HincII/AvaII 0.1033 5.777 0.1562 0.66
HincII/MspI 0.0956 4.541 0.1510 0.63
HincII/NcoI 0.0956 4.541 0.1510 0.63
AvaII/MspI 0.2045 24.116 0.2265 0.90
AvaII/NcoI 0.2045 24.116 0.2265 0.90
MspI/NcoI 0.2391 43.649* 0.2392 1.00

Xavante (n=56)
TaqI/HincII –0.1160 10.436 0.1160 –1.00
TaqI/AvaII 0.1232 10.889 0.1830 0.67
TaqI/MspI 0.0001 0.001 0.0803 0.01
TaqI/NcoI 0.0075 0.089 0.0937 0.08
HincII/AvaII –0.1244 12.406 0.1244 –1.00
HincII/MspI –0.0496 3.953 0.0496 –1.00
HincII/NcoI –0.0580 4.057 0.0580 –1.00
AvaII/MspI 0.0783 12.400 0.0783 1.00
AvaII/NcoI 0.0915 14.539 0.0915 1.00
MspI/NcoI 0.0936 26.849* 0.0936 1.00

Gavião (n=60)
TaqI/HincII –0.0525 1.658 0.0525 –1.00
TaqI/AvaII –0.0700 5.769 0.0700 –1.00
TaqI/MspI 0.0875 11.123 0.0875 1.00
TaqI/NcoI 0.0875 11.123 0.0875 1.00
HincII/AvaII 0.1865 26.795 0.1865 1.00
HincII/MspI –0.1458 16.720 0.1459 –1.00
HincII/NcoI –0.1458 16.720 0.1459 –1.00
AvaII/MspI –0.1944 31.247* 0.1947 –1.00
AvaII/NcoI –0.1944 31.247* 0.1947 –1.00
MspI/NcoI 0.2431 63.481* 0.2431 1.00

Suruí (n=42)
TaqI/HincII –0.0159 1.541 0.0159 1.00
TaqI/AvaII –0.0595 6.944 0.0596 –1.00
TaqI/MspI –0.0675 5.427 0.0676 –1.00
TaqI/NcoI –0.0675 5.427 0.0676 –1.00
HincII/AvaII 0.0611 6.247 0.0611 1.00
HincII/MspI –0.0385 1.661 0.0385 –1.00
HincII/NcoI –0.0385 1.661 0.0385 –1.00
AvaII/MspI 0.0854 4.615 0.2124 0.40
AvaII/NcoI 0.0854 4.615 0.2124 0.40
MspI/NcoI 0.2409 44.215* 0.2410 1.00

Zoró (n=56)
TaqI/HincII –0.0373 2.482 0.0373 –1.00
TaqI/AvaII –0.660 3.771 0.0662 –1.00
TaqI/MspI 0.1033 14.918 0.1035 1.00
TaqI/NcoI 0.1033 14.918 0.1035 1.00
HincII/AvaII 0.0570 1.668 0.1366 0.42
HincII/MspI –0.0576 3.485 0.0828 –0.70
HincII/NcoI –0.0576 3.485 0.0828 –0.70
AvaII/MspI –0.0934 4.406 0.1467 –0.64
AvaII/NcoI –0.0934 4.406 0.1467 –0.64
MspI/NcoI 0.2296 56.361* 0.2296 1.00

*Significant (P0.001) after Bonferroni’s correction



the less common homozygotes were also pooled with the
heterozygotes for each RFLP, to avoid comparisons in-
volving too few individuals.

When each RFLP was compared with the mean BMI,
skinfold thickness, and AFI values, two markers (HincII
and AvaII) were associated with BMI, four RFLPs
(HincII, AvaII, MspI, and NcoI) with skinfold thickness,
and three with AFI (Table 6). An additional analysis was
performed considering only the haplotypes derived from
the four RFLPs that showed association with the anthro-
pometric variables. Since the HincII *H–, AvaII *A+,
MspI *M–, and NcoI *N+ alleles were associated with
higher values for these parameters, homozygote and het-
erozygote carriers of haplotype (*H–/*A+/*M–/*N+)
were compared with carriers of all other haplotypes. 
A highly significant association was observed considering
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Table 3 Haplotype frequencies (%) of five LDLR polymorphisms in the five Brazilian Indian populations investigated

Haplotypea Xavante (n=56) Wai Wai (n=48) Gavião (n=60) Suruí (n=42) Zoró (n=56)

Frequencyb Frequencyb Frequencyb Frequencyb Frequencyb

Observed Expected Observed Expected Observed Expected Observed Expected Observed Expected

1 (– + – + –) 7.1 0.14 50* 14.60 26.7* 5.12 30.9 17.16 14.3 4.84
2 (– – + – +) 46.4* 19.90 20.8* 1.26 35.0* 4.72 0 0.46 17.9 3.31
3 (– + – – +) 0* 8.42 2.1 6.28 11.7 10.01 16.7 7.95 23.2 15.69
4 (– + + – +) 21.4 22.99 8.3 3.77 11.7 8.77 23.8 4.41 19.6 10.95
5 (+ + – – +) 14.3 2.81 2.1 1.07 0* 1.77 0* 1.59 0* 3.01
6 (+ + – + –) 3.6 0.05 4.2 2.50 15.0* 0.90 16.7 3.44 16.1* 0.93
7 (+ + – – –) 1.8 0.40 0* 1.64 0* 1.26 0* 2.34 0* 1.67
8 (– – + + –) 0* 0.34 0* 2.92 0* 2.42 9.5 1.00 0 1.02
9 (– – – – +) 0* 7.29 0* 2.09 0* 5.39 0 0.83 3.6 4.74

10 (– + + + –) 0* 0.39 2.1 8.76 0* 4.49 2.4 9.53 3.6 3.38
11 (– – – + –) 0* 0.12 2.1 4.87 0* 2.76 0* 1.80 1.8 1.46
12 (+ – – + –) 0 0.04 2.1 0.83 0 0.49 0 0.36 0 0.28
13 (+ + + – +) 5.4 7.66 6.3 0.64 0* 1.55 0 0.89 0* 2.10

aThe arrangement of the sites is according to their relative location
in the chromosome (5’→ 3’)

bExpected frequencies were calculated by using the product of the
observed frequencies for each polymorphic site under the assump-
tion that there is equilibrium
*Significant (P0.001) after Bonferroni’s correction

Table 4 Heterozygosity (×100; diagonal) and genetic distances
(×1000) based on the LDLR locus in five Brazilian Indian tribes

Gavião Suruí Zoró Wai Wai Xavante

Gavião 76.9 – – – –
Suruí 324 80.2 – – –
Zoró 89 120 84.1 – –
Wai Wai 146 263 449 70.7 –
Xavante 179 1090 398 593 72.2

Fig.1 Unrooted tree obtained
by the neighbor-joining
method for the five Brazilian
Indian tribes, considering the
LDLR locus



the three anthropometric parameters used; this was espe-
cially marked for skinfold thickness and AFI (Fig.2).

Discussion

Many complex traits, such as obesity, depend on the in-
teraction of several genes and external factors. When
several loci contribute to a phenotype, it is likely that the
alleles at the loci responsible for such interactions have
high frequencies in populations. Thus, as pointed out by
Cavalli-Sforza (1998), the identification of polymor-

phisms is of greater importance for medical genetics than
has hitherto been generally believed. Several Caucasian
populations have been screened for the polymorphic
sites at the LDLR locus studied herein (Leitersdorf et al.
1989; Daga et al. 1990; Miserez et al. 1993, 1994; Ahn et
al. 1994; Chaves et al. 1996; Haviland et al. 1997). How-
ever, much less information is available for other ethnic
groups.

A strict comparison of the present results with those
obtained in Europeans or Asians is difficult, because the
set of RFLPs used to derive haplotypes is not the same in
all investigations. Nevertheless, the heterozygosity in
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Table 5 Untransformed an-
thropometric variables related
to body mass and fat composi-
tion (BMI body mass index,
AFI arm fat index, SD standard
deviation)

Tribe BMI (kg/m2) Skinfold thickness (mm) AFI (%)

Mean SD Range Mean SD Range Mean SD Range

Xavante (n=17) 25.9 3.0 21–31 38.4 15.5 25–65 36.1 14.3 4–56
Zoró (n=18) 22.5 2.5 18–28 26.2 11.3 11–50 33.7 11.7 19–56
Gavião (n=16) 22.3 2.3 19–28 30.5 11.9 18–61 27.5 11.6 14–46
Suruí (n=9) 23.1 2.5 20–27 27.9 16.3 11–48 26.8 12.8 13–45

Table 6 Variation in anthro-
pometric variables according to
LDLR genotypes in four Brazil-
ian tribes (Gavião, Suruí, Zoró
and Xavante)

Genotype BMI (kg/m2) Skinfold thickness (mm) AFI (%)

Mean±SD P Mean±SD P Mean±SD P

TaqI
*T–*T– 23.76±3.59

>0.70
32.61±16.56

>0.80
30.65±13.07

>0.60
*T+*T–/*T+*T+ 23.50±2.01 36.69±15.44 34.35±12.23

HincII
*H–*H–/*H+*H– 24.54±3.28

0.022
38.13±17.27

0.002
34.04±13.40

0.010
*H+*H+ 22.68±2.83 28.89±13.68 29.01±11.84

AvaII
*A–*A–/*A+*A– 22.88±2.57

0.008
29.51±12.76

0.005
30.43±12.06

>0.20
*A+*A+ 25.69±3.76 44.63±19.30 35.18±14.63

MspI
*M–*M– 24.11±3.88

>0.50
39.19±17.65

0.034
35.43±13.10

0.008
*M+*M–/*M+*M+ 23.33±2.49 29.19±13.58 28.70±12.00

NcoI
*N–*N–/*N+*N– 23.33±2.49

>0.50
29.19±13.58

0.034
28.70±12.00

0.008
*N+*N+ 24.11±3.88 39.19±17.65 35.43±13.10

Fig.2 Variation in anthropo-
metric variables according to
LDLR haplotypes in Brazilian
Indians



South American Indians is as high as those observed in
Europeans (Miserez et al. 1993; Chaves et al. 1996).

Compared with other nuclear DNA polymorphisms in-
vestigated in these Amerindians (Hutz et al. 1999), the
LDLR locus shows a high degree of polymorphism, com-
parable only to the APOB gene. However, whereas the
number of haplotypes was almost the same in both sys-
tems (14 vs 13), the number of rare haplotypes (frequency
less than 2%) is higher (9) in the APOB system than in the
LDLR locus (5; Table 3).

There is an inverse relationship between physical dis-
tance and linkage disequilibrium (D) values. As expected,
therefore, the two sites (MspI and NcoI) mapped in exon
18 show linkage disequilibrium in all the Amerindian
groups tested here. As presented in Table 2, the D values
attain their maximum possible (D’=±1.00) in most cases,
but the results are not significant after Bonferroni’s cor-
rection. As pointed out by Thompson et al. (1988), when
haplotypes are estimated from genotypic instead of famil-
ial data, two to three times more individuals have to be
studied to reach the statistical power required for detect-
ing disequilibrium. Since the number of observed haplo-
types is much smaller than expected, there is probably
linkage disequilibrium along the region considered, as de-
scribed in other ethnic groups, but our sample is simply
not large enough to detect it.

To the best of our knowledge, only three investigations
performed in Australians of British descent have looked
for an association between LDLR and obesity and ob-
tained positive results (Morris et al. 1994; Zee et al. 1995;
Rutherford et al. 1997). Among the RFLPs examined by
these groups, one (HincII) has also been investigated in
the present study. Our results replicate their findings at
this restriction site but also extend this association to three
other RFLPs in a distinct ethnic group with a very differ-
ent lifestyle and diet from the studied Australians.

Although BMI is positively correlated with body 
fat content, it provides a relatively inaccurate estimate of
this parameter in subjects with average BMI values (De-
sprés et al. 1992). In these cases, the AFI and the sum of
the subcutaneous skinfolds are better parameters for evalu-
ating body fat content. The stronger association observed
between these two parameters and the LDLR haplotypes 
is an additional argument in favor of the view that the in-
fluence of the LDLR gene is over body adipose tissue de-
position.

Several studies have demonstrated that sex steroid and
glucocorticoid levels are associated with regional fat dis-
tribution and plasma lipoprotein levels (for reviews, see
Després et al. 1992; Tchernof et al. 1997). However, there
is no general consensus regarding the mechanisms under-
lying these associations. Tchernof et al. (1996) have
raised the possibility of reciprocal effects between steroid
levels and adipose tissue. The LDL receptor is the protein
that regulates the intracellular metabolism of cholesterol,
which in turn is the basic component for the biosynthesis
of steroid hormones. Our findings suggest that the LDLR
gene has an important role in the interpretation of these
metabolic observations.

Although these polymorphic sites are mapped in ex-
ons, none of them changes the amino acid sequence of the
protein. Therefore, the association observed is probably
attributable to linkage disequilibrium with some mutation
in the LDLR gene itself or with another gene on chromo-
some 19. A search in the Genome Database (1999) did not
reveal other possible candidate genes in this chromosome
region. The DNA sequence of (*H–/*A+/*M–/*N+) hap-
lotype carriers could provide some insight into the role of
this important gene in obesity.

Contemporary Brazilian Amerindian societies are ex-
periencing drastic changes in their ways of living and diet.
Santos and Coimbra (1996) have verified, among the Su-
ruí, that those individuals who have experienced the most
intensive changes in diet and lifestyle are those with
higher body mass and fat composition. It is important to
understand the environmental changes responsible for this
association and to relate them to a background of genetic
predisposition, since individuals from these populations
may develop an increased prevalence of metabolic dis-
eases as their lifestyle becomes more westernized.
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