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The development of venous thromboembolism is influenced by a variety of genetic and envi-
ronmental risk factors. A few studies have ascertained whether thrombophilic defects are
risk factors for venous thromboembolism in Latin American populations with a variable
degree of admixture, such as the Colombian population. To address this issue, we con-
ducted a case—control study involving 100 consecutive patients with deep vein thrombosis
and 114 healthy controls from the Hospital Universitario San Vicente de Paul, Medellin,
Colombia. Activated protein C resistance (APC resistance) was detected in 25/99 patients
vs. 6/114 controls (OR = 6.08, 95% CI = 2.23-17.47). Ten of 100 patients carried the factor V
Leiden mutation vs. 1/114 controls (OR = 12.56, 95% Cl = 1.61-267). APC resistance was
associated with the factor V Leiden mutation in only 10/25 patients. The prothrombin
G20210A mutation was found in 4/100 patients, but none of the controls (P < 0.05). There
was no significant difference in the proportion of homozygous carriers of methylenetetrahy-
drofolate reductase C677T variant among patients and controls. In conclusion, in our
studied population, factor V Leiden, APC resistance, and prothrombin G20210A were associ-
ated with an increased risk of deep vein thrombosis. However, the frequencies of these
thrombophilic defects and of APC resistance associated with factor V Leiden was lower than
the corresponding frequencies previously reported for Caucasian populations. Further study
is required to assess the influence of ethnicity on thrombophilia. Am. J. Hematol. 81:933-
937, 2006. © 2006 Wiley-Liss, Inc.
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INTRODUCTION

Venous thromboembolism (VTE) is the third
most prevalent cardiovascular disorder after ische-
mic heart disease and stroke, and it can lead to pul-
monary embolism, a life-threatening event. More-
over, acute thrombotic events may be followed by
significant morbidity, including post-thrombotic syn-
drome and recurrent VTE. One in 1,000 individuals
is afflicted by VTE annually [1]. VTE is a multifac-
torial disorder that results from the interaction of
genetic and acquired factors. In the last decade,
there has been a significant advance in the under-
standing of inherited thrombotic disorders. In the
past, up to 70% of VTE patients without identifi-
able risk factors (i.e., malignancy, surgery, trauma,
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and immobilization) but with clinical features that
suggested inherited thrombosis were termed ‘“idio-
pathic.” Now, molecular diagnosis and current labo-
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TABLE I. Frequency of Distribution of the Studied Polymorphisms in the Group of Patients With DVT Versus Control Group

Polymorphism Genotype Patients (n = 100) Controls (n = 114) OR
Factor V 1691 GG 90 (90)* 113 (99.1) 0.08 [0-0.62]°
GA 10 (10) 1(0.9) 12.56 [1.61-267]
AA 0 0 N/A
Prothrombin 20210 GG 96 (96) 114 (100) 0 [0-1.33]
GA 303) 0 N/A
AA 1(1) 0 N/A
MTHFR 677 CC 27 (27) 36 (31.6) 0.8 [0.42—1.51]
CT 49 (49) 56 (49.1) 1 [0.56-1.76]
TT 24 (24) 22 (19.3) 1.3 [0.65-2.67]

N/A = not applicable.
“Values in parentheses indicate percentages.
Values in parentheses indicate 95% confidence intervals.

ratory techniques allow accurate determination of
the genetic basis of inherited thrombophilia in at
least half of the Caucasian patients [2].

The prevalence of inherited thrombophilic disor-
ders varies in different human populations. The
genetic predisposition to VTE is influenced by the
ethnicity of the population, which varies from coun-
try to country in the American continents, and is
related to social and political characteristics of the
settlement. The Colombian population can be de-
fined as a “‘tri-ethnic population,” whose genetic
background is roughly 70% Caucasian (mainly Span-
ish), 15% Amerindian, and 15% African [3,4]. This
is a different distribution from that reported for
Mexico, Argentina, and the United States [2,5,6]. In
this study, we evaluated Colombian patients with
deep vein thrombosis (DVT) and healthy blood
donors, in order to assess the frequency of primary
thrombophilic defects, including activated protein C
resistance (APC resistance), the factor V Leiden mu-
tation (factor V G1691A), the prothrombin G20210A
mutation, and the methylenetetrahydrofolate reduc-
tase thermolabile variant (MTHFR C677T), as risk
factors for thrombosis in this population.

PATIENTS AND METHODS
Study Population

This project was approved by the Hospital Uni-
versitario San Vicente de Paul Ethics Committee.
The patient group consisted of 100 consecutive pa-
tients who were diagnosed with lower-extremity
DVT by duplex ultrasonography in the vascular
department of the Hospital Universitario San Vice-
nte de Paul, Medellin, Colombia, according to pre-
viously established criteria [7]. The patient group
consisted of 74 females and 26 males, with a median
age of 42.9 years (11-80 years). The control group
was composed of 114 healthy blood donors with no
history of DVT and no hormonal treatment, who
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presented to the blood bank of the Hospital Univer-
sitario between September 2001 and September
2002. The control group consisted of 61 males and
53 females, with a median age of 30.6 years (17—
58 years). All individuals were required to sign an
informed consent.

Methods

Factor V Leiden was assessed using the method
described by Ridker et al. [8]. The G20210A mutation
in the prothrombin gene was identified using the
method described by Poort et al. [9]. The polymor-
phism MTHFR C677T was genotyped using the
method described by Mandel et al. [10]. APC resist-
ance was measured using a second-generation func-
tional assay, based on activated partial thromboplastin
time (APTT) with factor V deficient plasma [l1]
(Test™ APC™ RESISTANCE V, Instrumentation
Laboratory, Lexington, MA). APTT was performed in
the presence and absence of an APC standard quan-
tity, and calcium chloride was used to induce clotting.
APC resistance was determined by the ratio between
the clotting time, in the presence and absence of APC,
and the test was considered positive when the ratio
obtained was lower than 2.0 [12].

Data Analysis

Allele and genotype frequencies were compared in
the two studied populations, and odds ratios (OR)
were calculated with 95% confidence interval (Corn-
field’s confidence limits for the OR). Additionally, P
values were calculated with the Mantel-Haenszel y°
test (Epi Info™ 6 software).

RESULTS

The factor V Leiden mutation was present in hetero-
zygous form in 10/100 (10%) patients with DVT and
in 1/114 (0.9%) controls (OR = 12.56, 95% CI =
1.61-267) (Table I). APC resistance was present in 25/



99 (25.2%) cases (one patient who presented antiphos-
pholipid syndrome was excluded; this patient blood
sample did not coagulate during the APC resistance
test), and in 6/114 (5.3%) controls (OR = 6.08, 95%
CI = 2.23-17.4, P < 0.001). Ten of 25 (40%) patients
and 1/6 (17%) controls with APC resistance also car-
ried the factor V Leiden mutation. Of the remaining
15 patients with APC resistance that did not carry the
factor V Leiden mutation, one had antiphospholipid
syndrome and another had gastric cancer. In the five
controls with APC resistance but without Factor V
Leiden, possible explanations for the APC resistance
were not identified; however, these patients were not
systematically tested for the presence of a lupus antico-
agulant.

The prothrombin G20210A mutation was found
in 4/100 (4%) patients; three were heterozygous and
one was homozygous. None of the individuals in
the control group carried this mutation (Table I). In
regard to the MTHFR C677T polymorphism, 24/
100 (24%) patients and 22/114 (19.3%) controls
were homozygous for the variant (OR = 1.3, 95%
CI = 0.65-2.67). Forty-nine of 100 (49%) patients
and 56/114 (49.1%) controls were found to be heter-
ozygous carriers of C677T (OR = 1, 95% CI =
0.56-1.76) (Table I). The frequency of a family his-
tory of thrombosis was significantly different
between patients and controls, being positive in 18/
100 (18%) patients, but only 6/114 (5.3%) healthy
controls (O.R = 3.95, 95% CI = 1.4-12.64).

DISCUSSION

The most frequent thrombophilic defects, found
in our group of patients diagnosed with DVT, were
the APC resistance phenotype and factor V Leiden,
conferring a sixfold and 12-fold increased risk for
thrombosis, respectively. This is in concordance with
what has been reported previously in Caucasian
populations [2,13—15]. Intriguingly, the APC resist-
ance phenotype could be explained by the factor V
Leiden mutation, only in 40% of the cases. Thus,
the frequency of factor V Leiden among individuals
with APC resistance in our population differs sub-
stantially from what has been observed in Caucasian
populations, in which about 90% of the cases with
APC resistance are associated with the factor V Lei-
den mutation. Similar results have been reported in
the Mexican population, in which the factor V Lei-
den mutation underlied only 10% of APC resistance
cases [5,16].

Several mutations, in addition to factor V Leiden,
are known to be associated with the APC resistance
phenotype, including the HR2 haplotype [17], the
factor V Cambridge mutation [18], the factor V
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Hong Kong mutation [19], and mutations in the gene
encoding factor VIII [20]. We have not yet tested for
the presence of these mutations in our study popula-
tion. However, based upon our results, we postulate
that mutations in the factor V or factor VIIII genes
may underlie cases of APC resistance in the Colom-
bian population, some of which may be novel and
limited to the Amerindian population.

Also, in some cases, the APC resistance not
related to factor V Leiden could be acquired and
can trigger DVT events, such as during pregnancy
[21], hormonal treatment [22], autoimmune diseases
(i.e., antiphospholipid syndrome) [23], inflammation
[24], malignancy, and high levels of factor VIII [25].
Other causes of the APC resistance phenotype, such
as oral contraceptives or hormonal replacement
therapy, were excluded, given that none of the sub-
jects in this study were under these treatments.
Moreover, antiphospholipid antibodies and elevated
factor VIII were not investigated systematically in
all patients. At the time of sample collection, indi-
viduals appeared and reported to be healthy; there-
fore, inflammatory, autoimmune disorders and/or
malignancies were not suspected, with the exception
of the five patients in whom malignancy was also
present, only one presented with APC resistance.

In our study, the factor V Leiden had a frequency
of 10% among the patients, in contrast to the 20%
frequency of factor V Leiden in nonselected Cauca-
sian patients with DVT reported in the literature
[13], which could be explained by the tri-ethnic com-
position of the Colombian population.

The prothrombin G20210A mutation was origi-
nally described in a Dutch population, where the
prevalence found was 2.3% in healthy controls,
6.2% in nonselected patients with DVT, and 18% in
selected patients with family history of DVT [9]. On
the contrary, the prothrombin mutation prevalence
is higher in southern Europe (prevalence of 2.6—
6.5% in the Spanish healthy population) than the
prevalence reported in Caucasian populations
located in northern European countries [26-28]. We
found four patients with the prothrombin G20210A
mutation, three heterozygous and one homozygous,
while none of the healthy controls had this mutation
(4% of patients vs. 0% of controls, P < 0.05). Our
results indicate that prothrombin G20210A, while of
low prevalence in the general population, is associ-
ated with DVT. As a matter of fact, the prevalence
of the prothrombin G20210A mutation is extremely
low in the Amerindian and African populations [27—
29], and its presence in the Colombian population
most likely reflects Spanish admixture.

Currently, it is generally accepted that the MTHFR
C677T polymorphism alone is not a risk factor for
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thrombosis [30]. In the homozygous state, however,
this variant can be considered a risk factor when
associated with other thrombophilic conditions [31].
As we found no significant difference in the frequency
of homozygotes between the patient group and
healthy individuals, our results provide further sup-
port that this variant is not by itself associated with
DVT.

In conclusion, we found that the presence of APC
resistance, factor V Leiden, and prothrombin
G20210A are associated with DVT in our popula-
tion, while the MTHFR C677T polymorphism was
not. Therefore, we recommend the screening for these
thrombophilic alterations in Colombian patients,
who are diagnosed with DVT without known ac-
quired causes. Further investigation is required to
elucidate the mechanisms of APC resistance in the
absence of factor V Leiden in the Colombian (tri-eth-
nic) population.
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