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Vascular disease is a serious public health
problem in the industrialized world, and is a
frequent cause of death among the adult
population of Brazil. Mild hyperhomocys-
teinemia has been identified as a risk factor
for arterial disease, venous thrombosis, and
neural tube defects. Individuals homozy-
gous for the thermolabile variant of methy-
lenetetrahydrofolate reductase (MTHFR-T)
are found in 5–15% of the general population
and have significantly elevated plasma ho-
mocysteine levels which represent one of
the genetic risk factors for vascular dis-
eases. We have analyzed the prevalence of
individuals homozygous for the MTHFR-T
in 327 subjects representing the three dis-
tinct ethnic groups in Brazil. The preva-
lence of homozygotes for the mutated allele
MTHFR-T was high among persons of Cau-
casian descent (10%) and considerably
lower among Black (1.45%) and Indians per-
sons populations (1.2%). These data suggest
that screening for the MTHFR-T allele
should help in identifying individuals with
a high risk of vascular disease among popu-
lations with a heterogeneous background.
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INTRODUCTION

A World Health Organization (WHO) report [1990]
has suggested that cardiovascular diseases, the princi-
pal cause of death in developed countries, are also
emerging as a prominent public health problem in de-
veloping countries. Duncan et al. [1992], when analyz-
ing mortality data among adults from southeastern
Brazil, showed that cardiovascular and cerebrovascu-
lar diseases are the most common cause of death. The
primary prevention of these diseases is an important
measure, even in developing countries.

According to a WHO Scientific Group [1994], the new
areas for research in cardiovascular disease risk fac-
tors include further knowledge of the role of hemostatic
factors levels, nutritional aspects, and the control of
high levels of plasma homocysteine. Mild hyperhomo-
cysteinemia is an independent risk factor for periph-
eral and coronary arterial disease [McCully, 1969;
Clarke et al., 1991; Boushey et al., 1991], and also for
venous thrombosis [Falcon et al., 1994; den Heijer et
al., 1996]. Abnormal homocysteine levels may result
from interaction between genetic and nutritional fac-
tors, and offer a potentially interesting area for re-
search on the prevention of these diseases [Motulsky,
1996; McCully, 1996; Verhoef et al., 1996].

Of inherited hyperhomocysteinemias, the thermola-
bile variant of the methylenetetrahydrofolate reduc-
tase (MTHFR-T) described by Kang et al. [1988] is the
most prevalent in the general population [Kang et al.,
1991; Engbersen et al., 1995]. The MTHFR gene has
recently been cloned by Froost et al. [1995] and the
molecular basis for the thermolability has been shown
to be C → T substitution at nucleotide 677, which con-
verts an alanine to residue valine. The reduced specific
activity of the enzyme in persons homozygous for the
valine allele is associated with elevated plasma homo-
cysteine levels as well as lower levels of an activated
form of folic acid. These data suggest that the mutation
C677 → T in the MTHFR gene may represent an im-
portant genetic risk factor for vascular disease [Kluijt-
mans et al., 1996; Gallagher et al., 1996] and also for
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neural tube defects [van der Put et al., 1995; Ou et al.,
1996]. The frequency of individuals homozygous for the
mutation varies widely from 5% to 12% among Cauca-
sians and it is also common among the Japanese and
Middle Eastern populations [Motulsky, 1996]. The low-
est incidence of the mutation (1.4%) has been described
among African-Americans (1.4%), which agrees with
previous data referring to the genetic resistance of this
group to hyperhomocysteinemia and the lower inci-
dence for both coronary arterial disease and neural
tube defects in this population [Ubbink et al., 1995;
McCully, 1996; Motulsky, 1996; Stevenson et al., 1997].
These data raise a question as to the importance of
screening for this MTHFR mutation among distinct
populations in order to identify with high risk of vas-
cular disease.

The ethnic origin of the Brazilian population is
highly heterogenous and is composed of immigrants
from Europe, Africa, Asia, as well as Indian groups,
which results in a complex race admixture. We have
previously described that in the Brazilian population,
homozygotes for the mutated allele MTHFR-T have a
fivefold greater risk of arterial disease and a threefold
greater risk of venous thrombosis [Arruda et al., 1997].
In the present study, we have determined the preva-
lence of the mutation C677 → T among individuals
from three distinct racial groups in Brazil.

METHODS
Diagnosis of Mutation C677 → T in the

MTHFR Gene

Genomic DNA was obtained from peripheral blood
samples from all groups using a standard method [Mil-
lar et al., 1988]. A fragment of the MTHFR gene was
amplified by the polymerase chain reaction (PCR)
[Saiki et al., 1988], in a mixture of 54 mM Tris-HCl, pH
8.8, 5.4 mM MgCl2, 5.4 mM EDTA, 13.3 mM (NH4)2SO4,
8% DMSO, 8 mM b-mercaptoethanol, 0.4 mg of BSA/
ml, 0.8 mM of each nucleoside triphosphate, 400 ng of
each of the primers described by Froost et al. [1995]:
sense (58-TGAAGGAGAAGGTGTCTGCGGGA-38) and
antisense (58-AGGACGGTGCGGTGAGAGTG-38), ge-
nomic DNA and 2 U of Taq polymerase. The reaction
involved 30 cycles of incubation at 94°C (1 minute),
55°C (1 minute) and 72°C (2 minutes) and yielded a
fragment of 198 bp. Subsequently, 10–15 ml of this PCR
product was digested with 2.5 U of Hinf I. After diges-
tion of the mutated MTHFR gene 677T, two fragments
of 175 and 23 bp were observed following electrophore-
sis in a 2% agarose gel. When the normal allele 677C
was present, there was no cleavage site for Hinf I and
the fragment remained 198 bp (Fig. 1).

Selection of Groups

The populations studied were from three distinct re-
gions of Brazil and represented samples from the three
major ethnic groups which make up this country’s
population. These ethnic groups were selected as part
of a research program for the evaluation of the inher-
ited risk factors for vascular disease carried out at the
State University of Campinas [Arruda et al., 1996].

The first group comprised 83 Amazonian Indians (40

males and 43 females) from the Tupi tribe known as
Parakanã. These subjects had a median age of 32.9
years (ages ranging from 14 to 70 years), and were from
two different villages in the Oriental Amazonian. Their
samples were collected by two of the authors (M.C.P.S.
and R.M.) during a campaign to control viral hepatitis.

The second group consisted of 137 (67 males and 80
females) Brazilian Blacks ranging in age from 12 to 60
years (median age, 33 years). This group contained the
students and staff of laboratories in the Federal Uni-
versity of Bahia, State of Bahia, northeastern Brazil,
where the majority of the population is of African de-
scent derived from the slave trade [Curtin, 1969]. The
samples in this group were collected by M.S.G.

The third group comprised 107 individuals of Cauca-
sian descent (55 males and 52 females), recruited by
L.H.S. from the laboratory staff, students, and physi-
cians of the State University of Campinas, State of São
Paulo, southeastern Brazil. These subjects ranged in
age from 19 to 62 years (median age, 33.8 years). This
latter group contained no individuals with a known
admixture of races in the last three generations. Their
ancestors were usually from Italy, Spain, Portugal,
Austria, and Germany.

Statistical Analysis

The statistical significance of differences between
groups as calculated by the chi-square or by Fischer’s
exact tests. The 95% confidence intervals were calcu-
lated using Epi Info [Dean et al., 1994].

RESULTS

The distribution of the MTHFR genotypes is shown
in Table I. The prevalence of homozygotes for the mu-
tated allele MTHFR-T was higher among Caucasians
(10%) than among Blacks (1.45%) or the local Indian
population (1.2%). There was no significant difference
in the frequency of homozygotes for the mutated allele
between Blacks and Indians (P 4 0.68). As shown in
Table II, there was a significant difference in the dis-
tribution of the alleles of (677T) between Caucasian
and Black subjects (37% vs. 20%; x2

(1) 17.99; P < 0.001)
as well as between Caucasians and Indians (37% vs.
11.4%; x2

(1) 32.64; P < 0.001). Similarly, the distribu-
tion of this 677T was significantly higher among Blacks
than among Indians (x2

(1) 5.50 P 4 0.019). No related
gender differences were observed.

TABLE I. MTHFR Genotype Distribution Among Distinct
Ethnic Groups from Brazil

Genotypea
Caucasians
(h 4 107)

Blacks
(h 4 137)

Indians
(h 4 83)

+/+ 10.3% (h 4 11) 1.45% (h 4 2) 1.2% (h 4 1)
+/− 54.2% (h 4 58) 37.2% (h 4 51) 20% (h 4 17)
−/− 35.5% (h 4 38) 61.3% (h 4 84) 78.5% (h 4 65)

aThe genotypes are represented by homozygous for normal allele (−/−) or
mutated allele (+/+), and heterozygous (+/−). The number of homozygous
(+/+) differs significantly when the Caucasians were compared to the Black
population (x2

(1) 9.27; P 4 0.002) or to the Indians (x2
(1) 6.51; P 4 0.01). No

difference was found between Black and Indian populations (P 4 0.68).
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DISCUSSION

The MTHFR-T allele is one of the most common ge-
netic factors underlying vascular disease and neural
tube defects in the general population, particularly
since the presence of this mutation may lead to hyper-
homocysteinemia [Kang et al., 1988, 1991; Franken et
al., 1994; Kluijtmans et al., 1996]. In this study, we
examined the incidence of the C677 → T in the MTHFR
gene among normal subjects from three distinct ethnic
groups in Brazil in order to identify those in which
genetic screening would be useful as an indicator of
vascular disease. Among Brazilians in general, the in-
cidence of homozygousity for the mutation based on a
nonselected group of consecutive newborns was found
to be 4%, which is similar to the 5% described among
normal Dutch, Finnish, and Irish controls [Kluijtmans
et al., 1995; Motulsky, 1996; Gallagher et al., 1996]. By
determining the distribution of homozygotes for the
MTHFR-T allele in each ethnic group, we have shown
here that the highest prevalence was among those in-
dividuals of Caucasian descent (10%). Among Brazilian
Blacks, the incidence was 1.45%, a level similar to that
previously described for African-Americans (1.4%). The
Brazilian Blacks in the northeastern region originated
principally from Angola, Congo, Mozambique, Nigeria,
and Ghana and therefore differ from the African-
derived group previously studied [Curtin, 1969]. To-
gether, these data suggest a uniform low incidence of

homozygote MTHFR-T among Black populations. It is
interesting to note that the most common inherited de-
fect for venous thrombosis, a mutation in factor V of
blood coagulation, known as factor V Leiden, is also
uncommon among the Black population [Rees et al.,
1995; Arruda et al., 1996]. Homozygotes for the
MTHFR-T allele were found in 1.2% of Amazonian In-
dians. The low frequency (11.4%) of the mutated allele
(677T) observed in this group contrasts with the 20%
and 37% found among Blacks and Caucasians, respec-
tively. South American Indians are probably related to
Oriental populations and are descendants of a migra-
tion which originated in northeastern Asia and entered
America through the Bering Strait [Cavalli-Sforza et
al., 1988]. The Parakanã Indians represent a popula-
tion almost unaffected by civilized society with which
they have only recently established regular contact. No
European or African blood groups were found in mem-
bers of this tribe born before 1974 [Black et al., 1980].
It is possible that, in this group, marriage between
closely related partners contributed to the lower inci-
dence of the MTHFR-T allele. As already described for
the Black population of Brazil, factor V Leiden was not
detected in any of the Amazonian Indians [Arruda et
al., 1996]. It has recently been estimated that factor V
Leiden arose 21,000 to 34,000 years ago, i.e., after the
evolutionary divergence of African from non-African
populations [Zivelin et al., 1997]. A similar process may
also have occurred with the MTHFR gene.

We have shown that MTHFR-T is a common risk
factor for vascular disease among Brazilians (Arruda et
al., 1997) and, based on the results of the present
study, this risk is especially high among those of Cau-
casian descent. These data suggest that an increase in
the food intake of folic acid and vitamin B-6, in order to
counteract hyperhomocysteinemia and to decrease vas-
cular disease and neural tube defects [U.S. Public
Health Service, 1992], should be encouraged as a pre-
ventive health care measure. This suggestion is sup-
ported by the data of Duncan et al. [1992] who pointed
out the high incidence of death due to vascular disease
among Brazilian adults.
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Anthr 52:119–132.

Boushey CJ, Beresford SAA, Omenn GS, Motulsky AG (1995): A quanti-
tative assessment of plasma homocysteine as a risk factor for vascular
disease. JAMA 274:1049–1057.

Cavalli-Sforza LL, Piazza A, Menozzi P, Montain J (1988): Reconstruction
of human evolution: Bringing together genetic, archaelogical and lin-
guistic data. Proc Natl Acad Sci USA 85:6002–6006.

Clarke R, Daly L, Robinson K (1991): Hyperhomocysteinemia: An indepen-
dent risk factor for vascular disease. N Engl J Med 324:1149–1155.

Fig. 1. Ethidium bromide-stained 2% agarose gel showing PCR prod-
ucts corresponding to a fragment of MTHFR gene after digestion with
HinfI. When the nucleotide 677 substitution C → T was present, it created
a restriction site to HinfI, resulting in fragments of 175 and 23bp, allele (+)
or remained 198bp when the normal allele (−) was present. Heterozygous
(+/−), homozygous for normal allele (−/−) or mutated allele (+/+) are shown
in the figure.

TABLE II. Distribution of the Mutated Alleles of MTHFR
Among Distinct Ethnic Groups

Caucasians Blacks Indians

Total alleles h 4 214 h 4 274 h 4 166
Allele 677Ta 37.3% (h 4 80) 20% (h 4 55) 11.4% (h 4 19)
95% C.I.b 30.9–44.2 15.5–25.4 7.2–17.5

aThe frequency of the allele 677T differs among Caucasians when com-
pared to the Black population (x2

(1) 17.9; P < 0.001) or to Indians (x2
(1) 32.6;

P < 0.001), and also between Black and Indian populations (x2
(1) 5.50; P 4

0.019).
b95% C.I. denotes 95% confidence intervals.

334 Arruda et al.



Curtin PD (1969): ‘‘The Slave Atlantic Trade: A Census.’’ Milwaukee: Uni-
versity of Wisconsin Press.

Dean AG, Dean JA, Coulombier D, Brendel KA, Smith DC, Burton AH,
Dicker RC, Sullivan KM, Fagan RF, Arner TG (1994): Epi Info, version
6: A word processing, database, and statistics program for epidemiol-
ogy on microcomputers. Atlanta: Center for Disease Control and Pre-
vention.

den Heijer M, Koster T, Blom HJ, Bos GMJ, Briët E, Reitsma PH, Van-
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