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ABSTRACT  The prevalences of the molecular risk fac-
tors FVLeiden, FVHis1299Arg (R2), FII 20210G>A and
MTHFR 677C>T were studied in blood donors from NE
Germany,  India (Punjab),  San José ( Costa Rica), and  from
two tribes (Chorotegas, Bribri) of Indians and Blacks from
Costa Rica. The prevalences of FVL heterozygotes in blood
donors from Germany, Costa Rica and India are 6.5, 2 and
1.2% resp. Heterozygosity of R2 allele of FVHR2 was found
in 15.5 % in Germany, 13.3% in India. None of the Indians
and Blacks of Costa Rica carried FVL, but heterozygotes
R1R2 were extremely frequent found in both Indian tribes
(44,7% and 50,6%,resp.); homozygosity for R2R2 was 11%.
In Blacks the rare R3 polymorphism was found. The FII
20210G>A polymorphism is missing in the Chorotegas
Indians and Blacks of Costa Rica and in the population
from India. Concerning MTHFR the prevalence of the ho-
mozygous mutant genotype is 7.7% in Germany, 5.3%
among the Blacks of Costa Rica  and 2.7% in  India. In the
Indian tribes of Costa Rica  the prevalence of homozygotes
are extremely high: 31.6 % in Chorotegas and 46.7 % in
Bribri Indians. The prevalence of genetic risk factors in
various populations and ethnic groups is discussed.

INTRODUCTION

Several genetic variants are currently identi-
fied as risk factors for venous and arterial throm-
bosis (deep venous thrombosis, myocard infarc-
tion  and stroke). Activated protein C resistance
due to the factor V Leiden mutation (FVL) and
the 20210 G>A mutation in the factor II (FII,
Prothrombin) gene are well established causes
of thrombophilia. Concerning the risk of myo-
cardial infarction and stroke the results are dif-
ferent. The 677C>T mutation in the methylene-

tetrahydrofolate reductase gene (677C>T
MTHFR), which causes a mild hyperhomo-
cysteinemia is considered to be a risk factor for
coronary heart disease (Kluijtmans et al. 1996;
Morita et al. 1997), venous thrombosis and
stroke (Kluijtmans et al. 1998; Margaglione et
al. 1998), but the results are controversial.

Recently new polymorphic markers of FV
gene were described (Bernardi et al.1997;
Lunghi et al.1996; Castoldi et al. 1997). A spe-
cific factor V gene haplotype (HR2) was defined
by five restriction polymorphisms in exon 13 and
a sequence variation located in exon 16. The
exon 13 markers include the Rsa I polymorphic
site, the rare allele of which (R2) has been pre-
viously found to be associated with partial FV
deficiency in the Italian population (Lunghi et
al. 1996). The nucleotide change 4070 G>A
underlying the R2 allele gives rise to an amino
acid change His to Arg at position 1299. Bernardi
et al. (1997) demonstrated, that the FV gene
marked by the HR2 haplotype, which was
invariantly found to underlie the R2 marker, is
both able to contribute by itself to determine a
mild APC resistance phenotype and to interact
synergically with the FV Leiden mutation
Arg506Gln to produce a severe APC resistance
phenotype. Carriers of the R2 allele are more
frequent among patients  of carotid endarterec-
tomy  (Marchetti et al. 1999) and  the carriership
of the R2 allele is associated with an increased
risk  for coronary artery disease (Hoekema et al.
1999) and  venous thromboembolism (Faioni et
al. 1999)

In order to estimate the role of these factors
mentioned above as risk factors in a certain popu-
lation it is necessary to know their prevalences
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as far as they can vary widely in different popu-
lations world wide (Herrmann et al. 1997;
Rosendaal et al. 1998; Sacchi et al. 1997;
Kluijtmans et al. 1998; Song et al. 1999). Only
few studies are known about their frequencies
in different ethnic groups.

In this study we determined the prevalences
of FV Leiden, FV His1299 Arg (R2), FII
20210G>A, as well as MTHFR 677C>T in dif-
ferent populations and ethnic groups  of Costa
Rica (two Indian tribes, Blacks and Costarician
blood donors ) and in blood donors from Ger-
many  and  from India, region Punjab.

SUBJECTS AND METHODS

Blood samples were obtained from blood do-
nors from Germany (n:170), North Eastern Ger-
many; and  from India (n: 150), Region Punjab
(Amritsar). In  Costa Rica  blood samples were
collected from 195 Blood donors (from San Jose)
as well as from different ethnic groups: two tribes
of Indians: Chorotegas (n: 75) from Western
Costa Rica and  Bribri (n: 77) from South-East-
ern Costa Rica  and from Blacks from the area
of Limon (n: 95).

DNA Extraction

Genomic DNA was extracted from blood
samples by standard methods (Miller et al. 1988).
For some  analyses blood samples soaked onto
filter paper cards from the probands were used
for PCR as described previously (Schröder et
al.1996; Herrmann et al. 1997).

Determination of Mutations and Polymor-
phisms

For the DNA analysis of the variants of FV,
FII and MTHFR DNA or blood samples soaked
onto filter paper cards from the probands were
used for PCR. The analysis of the three molecu-
lar markers has been performed by standard
methods by PCR and restriction analysis as de-
scribed elsewhere (Bertina et al. 1994; Poort et
al. 1996; Frosst et al. 1995).

The FV HR2 haplotype was analysed by PCR
amplification of the exon 13 RsaI polymorphic
site and digestion with RsaI, as described by
Bernardi et al. 1997b. Primers were directed
against nt 3579-3600 and nt 4280-4261 of the

factor V gene sequence (Lunghi et al. 1996).

Statistic Analysis

Allele frequencies were calculated by count-
ing genes from the observed genotypes. The
genotypes among different ethnic groups were
determined and allele frequencies and genotypes
were compared by  the chi-square test.

RESULTS

The prevalence of various mutations and
polymorphisms of cardiovascular risk factors
was studied in blood donors from NE Germany,
from India (Punjab) and from blood donors from
San Jose, Costa Rica, as well as  from two tribes
(Chorotegas and Bribri) of Indians and Blacks
from Costa Rica.The prevalences of the geno-
types and the allele frequencies are summarized
in table1.

FV-Leiden

In NE Germans the prevalence of FVLeiden
heterozygotes is 6.5 %, the allele frequency 0.03.
Only four out of 195 Costaricanian blood do-
nors carried the FV Leiden mutation in heterozy-
gous form, which gives a prevalence of 2 % (al-
lele frequency of 0.01). In the population from
India, region Punjab, the prevalence of heterozy-
gotes is 1.3%, the allele frequency 0.007.

In comparison to the study group of NE-Ger-
many the FV Leiden mutation is very rare in
Costa Rica. It is significantly lower in Costa Rica
blood donors than in German controls (χ2 4.401,
P = 0.0359 for allele frequency, χ2 4.489, P =
0.0341 for heterozygous genotype) and much
more lower in the population from Punjab (χ2

5.27, P =  0.0216  for allele frequency, χ2    5.379,
P = 0.020 for heterozygous genotype). None of
the 152 Indians and 95 Blacks studied in Costa
Rica carried this mutation!

FV-His1299 Arg (HR2)

The R2 allele was found in 27 heterozygous
subjects among 170 Germans (15.9%, allele fre-
quency 0.079). In the studied population from
India 20 heterozygotes were identified among
150  subjects ( 13.3%, allele frequency 0.067).
In Costa Rica heterozygous carriers for the R2
allele are extremely frequent in both Indian tribes
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Table 1: Prevalence of mutations/polymorphisms of FV Leiden, FV HR2, FII 20210 and MTHFR in populations
and ethnic groups of Germany, Costa Rica and India

Costa Rica India

NE-Germany Blood donors Indians Indians Blacks (Punjab)
Blood donors Chorotega Bribri (Limon) Blood donors

n % n % n % n % n % n %

FV-Leiden
Genotypes 170 195 75 77 95 150
1691 G/G 159 93,5 191 97.9 75 100 77 100 95 100 148 98.7
1691 G/A 11 6,5 4 2.1 - - - - - - 2 1.3
1691 A/A - - - - - - - - - - - -
Allele frequencies
1691 G 0.967 0.990 1 1 1 0.993
1691 A 0.033 0.010 0 0 0 0.007
FV-HR 2
His 1299 Arg
Genotypes 170 188 76 77 95 150
R1R1 143 84.1 143 76.0 34 44.7 29 37.7 88 92.6 130 86.7
R1R2 27 15.9 43 22.9 34 44.7 39 50.6 4 4.2 20 13.3
R2R2 - - 2 1.1 8 10.6 9 11.7 - - - -
R1R3 - - - - - - - - 3 3.2 - -
Allele frequencies
R1 0.921 0.875 0.671 0.630 0.966 0.933
R2 0.079 0.125 0.329 0.370 0.021 0.067
R3 - - - - 0.016 -
FII-Prothrombin
Genotypes 170 192 76 77 95 148
20210 G/G 168 98.8 189 98.4 76 100 76 98.7 95 100 148 100
20210 G/A 2 1.2 3 1.6 - - 1 1.3 - - - -
20210 A/A - - - - - - - - - -
Allele frequencies
20210G 0.994 0.992 1 0.994 1 1
20210A 0.006 0.008 0 0.006 0 0
MTHFR
Genotypes 170 194 76 77 95 150
677 C/C 84 49.4 85 43.8 9 11.8 5 6.6 69 72.6 104 69.3
677 C/T 73 42.9 64 33.0 43 56.6 36 46.7 21 22.1 42 28.0
677 T/T 13 7.7 45 23.2 24 31.6 36 46.7 5 5.3 4 2.7
Allele frequencies
677 C 0.709 0.603 0.401 0.299 0.837 0.834
677 T 0.291 0.397 0.599 0.701 0.163 0.166

(Chorotegas 44.7% and  Bribri 50.6%). Addi-
tionally 17 homozygotes (R2R2) were detected
in 153 Indians (prevalence 11% ). The R2 allele
frequencies in both tribes are  0.329 and  0.370
respectively; and significantly  higher than in
Germans (χ2 49.446, P< 0.0001; χ2 63.347, P<
0.0001, resp.). The R2 frequency in Blacks from
Limon/ Costa Rica is significantly lower than in
German controls (χ2 7.524, P= 0.0061). In Blacks
the very rare R3 allele could be detected
heterozygously in 3 subject (R3 allele frequency
0.016). This  R3 polymorphism His1254Arg
mimics the R2 polymorphism His1299Arg in
subjects of African origin (Lunghi et al.1998).

In the Costarician blood donors from San Jose
and  in  the Indians the R3 polymorphism is ab-
sent. The recent Costaricians represents an an-
cestral gene combination of 10-15 % African,
30% Amerindian and 50-60% Causasian origin.
The prevalence of HR2 haplotype of the studied
Costaricians is   higher than in German controls
(R2 allele frequency 0.125 versus 0.079, χ2 3.999,
P=0.045), but significant lower than in the Indi-
ans of Costa Rica. 2 homozygotes (R2R2) among
188 blood donors were detected (1,1%).

FII 20210 G>A

The prothrombin mutation 20210G>A was
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found in 2 subjects among 170 Germans (preva-
lence of heterozygotes 1.2%) . In the population
from Amritsar (Punjab, India) this mutation is
missing. In Costa Rica this mutation is also ab-
sent in 76 Chorotegas  Indians as well as in 95
Blacks. Only one heterozygote has been found
among 76 Bribri Indians. Among the blood do-
nors from Costa Rica we found three heterozy-
gotes out of 192 subjects (prevalence  1.6 %).

MTHFR Mutation

The prevalence of the 677C>T MTHFR mu-
tation  in NE-Germany, India and  various eth-
nic groups of Costa Rica is very different. Con-
cerning the homozygous TT  genotype the preva-
lence in NE Germany is 7.7%, 23.2% in the
group of blood donors from Costa Rica and 5.3%
among the Blacks, and 2,7% among the popula-
tion from Punjab (India). In the two Indian tribes
of Costa Rica the prevalence of homozygotes is
extremely high ↑  : 31.6 % in Chorotegas and
46.7 % in Bribri Indians. The frequency of the
mutant allele differs only slightly between both
Indian tribes (0.599 in Chorotega Indians and
0.701 in the Bribri Indians). This allele frequency
is significantly different from the NE-German
population (χ2 41.817, P< 0.0001; χ2 73.084,
P<0.0001, resp.) and from the Costa Rica con-
trol group (χ2 17.907, P< 0.0001; χ2 40.828,
P<0.0001, resp.). In Blacks from Limon/Costa
Rica the lowest frequency was detected (0.163
versus 0.397 in blood donors of Costa Rica,
χ2  31.967, P<0.0001).

DISCUSSION

Cardiovascular diseases and venous throm-
bosis are multifactorial diseases. Risk factors
results from genetics, environment and behav-
ior. The concept  of the multicausal disease has
received much attention in the last years. One of
the reasons is that some of the genetic risk fac-
tors concern single point mutations, that are quite
common in the general populations. The search
for molecular risk factors remains intensive.
There are known molecular factors, which in-
crease the relatively risk for the disease and oth-
ers, who have protective effects. The genetic
background is given by the combination of all
these molecular markers. The prevalences of

these markers can vary widely in  different popu-
lations world wide , as we have summarized for
FVLeiden recently (Herrmann et al.1997). In
order to estimate the role of these factors  as risk
factors in a certain population it is necessary to
know their prevalences.

In Caucasians the FV Leiden mutation and
the 20210A mutation of prothrombin are known
as risk factors for venous thrombosis (thrombo-
philia) and discussed as risk factors for atherial
thrombosis. The 677C>T mutation of MTHFR
causes a mild hyperhomocysteinemia and seems
to be a risk factor for coronary heart disease
(Kluijtmans et al. 1996; Morita et al. 1997),
venous thrombosis and stroke (Kluijtmans et al.
1998; Margaglione et al. 1998). Recently it was
shown, that in Caucasiens the R2 allele of
FVHR2 is associated with an increased risk  for
coronary artery disease (Hoekema et al. 1999)
and venous thromboembolism (Faioni et al.
1999).

The results of our study have shown, that
clear differences exist  in the genetic background
of these molecular risk factors in various  popu-
lations/ subpopulations of Germany, India and
Costa Rica. The role of  FV Leiden mutation
and the G20210A mutation of prothrombin as
risk factors in Europeans are well known, and
the prevalence of these factors is the basis for
genetic diagnosis of thrombophilia. The recently
described R2 allele (1299Arg) of the
His1299Arg polymorphism of the FV gene hap-
lotype HR2 is associated with lower APC resis-
tance (Bernardi et al. 1997; Hoekema et al. 1999)
and interacts with the FV Leiden mutation to
produce a severe APC resistance phenotype
(Hoekema et al. 1999; Faioni et al. 1999; de
Visser et al.1999; Schröder et al. 2001).The R2
allele seems to be  associated with venous and
arterial  thrombosis (Faioni et al. 1999; Mingozzi
et al. 1999; Marchetti et al. 1999; Hoekema et
al. 1999). In our study we have shown that the
prevalence of heterozygotes is 15.9 % in Ger-
mans and double heterozygote carriers (FVL and
FVHR2) comprise 1.76% of all subjects inves-
tigated, 11.11% of all R2 carriers or 27.27% of
all FVL carriers. The genetic background for
thrombosis is influenced by the pattern of these
three molecular factors.

FV Leiden is absent in both Indian tribes
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(Chorotegas and Bibri) and Blacks of Costa Rica.
In contrast to the absence of this polymorphism
the R2 haplotype of  FVHR2 is very frequent:
In  both Indian tribes  of Costa Rica  about 50%
of the individuals are heterozygous for this al-
lele (Chorotegas 44.7% and  Bribri 50.6%) and
17 homozygotes for the R2 allele were deter-
mined (11%). Hoekema et al. (1999) have shown
in an APC resistance test, quantifing the ability
of FV to act as cofactor in APC-catalyzed
FVIII(a) inactivation, that the APC sensitivity
ratios for homozygous carriers are significantly
lower than in  controls. These data indicate that
R2-FV has reduced ability to act as a cofactor
in the APC catalyzed FVIII (a) inactivation.
Because FVL is absent in Indian and Black popu-
lations in Costa Rica no compound-heterozy-
gotes could be detected. Whether  the observed
homozygosity of the R2 allele in Indians of Costa
Rica is associated with a higher risk has to be
estimated  in further clinical studies.

In the studied population from India the
prevalence of FVL is very low (heterozygosity
1.3%, allele frequency 0.007), but the prevalence
of heterozygous R2 (genotype R1R2) is in the
range of to the German population. The absence
or reduced prevalence of FVL is not combined
with a higher prevalence of FV-HR2 polymor-
phism.

Concerning the prothrombin mutation  the
prevalence in Europe is about 2% (Rosendaal et
al. 1998). In Germans we have determined a
prevalence of 1.2% for heterozygotes. The mu-
tant allele as risk factor for thrombophilia is well
known and  the determination  of this mutations
belongs to the diagnostic pattern is of genetic
risk factors in familiar thrombosis. This muta-
tion is absent in the population of  Amritsar (In-
dia), in Chorotegas Indians and Blacks and ex-
tremely rare in the Bribri Indians (1 heterozygot
among 77 subjects). FVL and the G20210A mu-
tation of prothrombin don’t play an important
role as genetic risk factors in this population.

In 3 of 95 Blacks of Costa Rica the very rare
R3 allele was determined. This polymorphism
was firstly described in subjects of Somali (6
out of 40 persons) and in one out of 146 Greek
cypriots. This new R 3 polymorphism mimics
the R2 polymorphism in subjects of African ori-
gin (Lunghi et al. 1998).

The 677C>T MTHFR polymorphism causes
a mild hyperhomocysteinemia. Homozygosity
of this mutation is in discussion as risk factor
for coronary heart disease (Kluijtmans et al.
1996; Morita et al. 1997), venous thrombosis and
stroke (Kluijtmans et al. 1998; Margaglione et
al. 1998).The prevalence of  homozygotes in the
studied different populations of blood donors
from NE-Germany, India and Blacks from Costa
Rica is in the range from 2.7-7.7%. This muta-
tion is very frequent in Indians of Costa Rica.
The reported mutant allele frequency of 0.701
of the 677C>T polymorphism of the MTHFR
gene in the Bribri Indians of Costa Rica and the
prevalence of 46.7% for homozygous mutant
subjects is the highest reported in the literature.
In Yupka Indians from Western Venezuela we
determined a allele frequency of 0.45 (homozy-
gosity 15%) (unpublished). In five Brazilian
Amazonian tribes of Indians  Franco et al. (1998)
found an allele frequency of 0.240 (homozygos-
ity 7.8%). Arruda et al.(1998) described in an
other tribe of the Amazonian Indians (Tupy) the
frequency of 0.114 (homozygosity 1.2%). It
seems that intertribal heterogeneity exists, which
might be caused by isolation of small subpopu-
lations and a high degree of consanguinity, as
well as by genetic drift (Zago et al. 1996). The
extremely high prevalence of homozygotes for
the mutant allele in Costa Rica (Indians and
blood donors) is remarkable, particularly under
the point of view that homozygosity is discussed
as a risk factor for cardiovascular diseases caused
by mild homocysteinemia. Clinical studies are
necessary to clear up the influence of this geno-
type on the prevalence of cardiovascular diseases
in  various ethnic groups and  in relation to their
different life style.

The prevalence data of the studied mutations/
polymorphisms of the blood donors from San
Jose are different from Indians and Blacks of
Costa Rica. These results can be explained by
the fact, that the recent Costaricians represent
an ancestral gene combination of 10-15% Afri-
can, 30% Amerindian and 50.60% Caucasien
(mostly from Spain) origin (Barrantes 1998).

The ethnic differences in the pattern of ge-
netic risk factors of various populations or     eth-
nic group indicate  that the prevalence of these
factors is the precondition of the characterization
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of the role of such factors in an given popula-
tion. These results indicate that we have to
analyse not only one molecular risk factor for
determination of the risk/predisposition for  a
given disease, but we have to study a panel of
these molekular risk factors as  genetic back-
ground for trying to answer the questions for
genetical predisposition. The general risk is than
the result of the interaction of this genetic back-
ground with the common environmental risk
factors (e.g. surgery, use of contraceptiva, preg-
nancy etc.  for thrombosis and dietary habit, mild
hyper-homocysteinemia, age, sex, smoking etc.
for cardiovascular diseases). Additional clinical
studies are necessary to study the influence of
the different genetic background in relation to
the environmental factors for the prevalence of
cardio- and cerebrovascular diseases in the given
population. It is known that the dietary habits
modify the relationship between homocysteine
level and MTHFR mutation as well as triglycer-
ide levels and FVII polymorphism for example.
Under these circumstances the study of the life
style of the subpopulations and ethnic groups
should be very useful for understanding the dif-
ferences in the epidemiology of diseases between
these populations.
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