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The antithrombin A384S mutation has a
relatively high frequency in the British
population but has not been identified in
other populations. This variant has been
associated with cases of thrombotic dis-
ease, but its clinical relevance in venous
thrombosis remained unclear. We have
conducted a secondary analysis of the
prevalence of the mutation in a large
case-control study, including 1018 con-
secutive Spanish patients with venous
thromboembolism. In addition, we evalu-
ated its functional consequences in 20

carriers (4 homozygous). This mutation,
even in the homozygous state, did not
affect anti-Xa activity or antigen levels,
and it only slightly impaired anti-lla activ-
ity. Thus, routine clinical methods cannot
detect this anomaly, and, accordingly,
this alteration could have been underesti-
mated. We identified this mutation in 0.2%
of Spanish controls. Among patients, this
variant represented the first cause of anti-
thrombin anomalies. Indeed, 1.7% pa-
tients carried the A384S mutation, but
0.6% had any other antithrombin defi-

ciency. The mutated allele was associ-
ated with an increased risk of venous
thrombosis with an adjusted OR of 9.75
(95% Cl, 2.2-42.5). This is the first study
supporting that antithrombin A384S muta-
tion is a prevalent genetic risk factor for
venous thrombosis and is the most fre-
quent cause of antithrombin deficiency in
white populations. (Blood. 2007;109:
4258-4263)
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Introduction

Thrombosis is the leading cause of death in western societies, with
an annual incidence of 1:1000 persons in the United States and
Western Europe.! Because of the high incidence of mortality and
morbidity, thrombotic disorders consume a significant portion of
the national health care expenditure.>> The negative impact of
thrombosis could be significantly reduced if at-risk persons were
identified and managed prior to clinical manifestation.®
Considerable progress has been made in determining the
molecular bases of inherited thrombophilia in the past 40 years.
Since Egeberg’s description of antithrombin deficiency in 1965, a
number of monogenic autosomal dominant disorders have been
well established as risk factors for venous thromboembolic disease.
At the beginning of the 1980s, deficiencies of other anticoagulant
proteins, such as protein C and protein S, were also linked to
venous thrombosis. All these disorders are rare, but they strongly
increase the risk of venous thrombosis (10- to 20-fold). They
follow a dominant inherited pattern with variable penetrance,
suggesting that venous thrombosis might be a monogenic disease.
However, all these deficiencies together accounted only for 4% to
8% of consecutive patients with venous thrombosis and 16% to
20% of families with thrombophilia. In 1994, the discovery of the
factor V (FV) Leiden and, 2 years later, the identification of the
genetic variation affecting the prothrombin gene (G20210A),
dramatically changed the molecular view of venous thrombosis.
These polymorphisms are relatively frequent in the normal popula-
tion (2%-10%), but they mildly increase the risk of venous
thrombosis (3- to 5-fold). Moreover, many symptomatic patients

simultaneously carry more than one genetic risk factor, supporting
that thrombophilia represents a polygenic rather than a monogenic
clinical phenotype. In addition, genetic factors interact with
environmental risk factors, clearly reflecting that thrombophilia is a
complex and multifactorial trait.” However, there are still up to
60% of consecutive cases with venous thrombosis and 25% of
families with thrombophilia with no recognized genetic risk
factors. Unfortunately, despite considerable efforts during 2 de-
cades evaluating hundreds of polymorphisms affecting hemostatic-
related proteins, no further genetic risk factors for venous thrombo-
sis have been clearly identified.®

The first mutation in the antithrombin gene was characterized in
1984.% Since then, more than 127 different mutations have been
identified, which mostly occur in the heterozygous state.'? All these
data, together with animal models, support the key role of
antithrombin in hemostasis, as the most important endogenous
anticoagulant, and the pathologic consequences of its deficiency.
The heterozygous state is a rare defect with an estimated preva-
lence in the healthy general populations between 1/1400 and
16/9669 (0.07%-0.16%)." Deficiency of this potent anticoagulant
in thrombophilic patients is estimated between 1% and 8% and
lower in consecutive patients with venous thrombosis.'? As for any
rare mutation, most of the identified mutations affecting the
antithrombin gene appear as a single entry in the database.!”
Surprisingly, an antithrombin variant, A384S (antithrombin Cam-
bridge II), had a high frequency in a study of blood donors in
western Scotland (1/630),3 but it had not been studied in other
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populations. This variant has been associated with cases of
thrombotic diseases, but its clinical relevance in venous thrombosis
remains unclear. The aim of this study was to evaluate the
prevalence of this mutation, which determines a mild deficiency of
the most important physiologic anticoagulant, in a Spanish popula-
tion and its role in venous thrombosis in a large cohort of patients
and controls.

Materials and methods
Patients and controls

Our study included 1018 unrelated white patients with venous thromboem-
bolism. The control group of our study included 1018 unrelated people
without a history of vascular or thromboembolic disease. The features of
these groups were previously described.'* Briefly, patients with a first
objectively confirmed episode of venous thromboembolism before the age
of 75 years who consecutively entered into the anticoagulation clinics from
4 Spanish hospitals in a time window between 2 and 4 years were enrolled.
Objective diagnoses were done by clinical probability, D-dimer levels,
compression ultrasonography, ventilation perfusion lung scan, and, when
necessary, phlebography or pulmonary angiography. Patients with known
malignant disorders were excluded. Controls were randomly and prospec-
tively selected to match with the 1018 cases by age, sex, race, and
geographic distribution.

Demographic parameters (age and sex) were recorded for all subjects.
Relevant clinical data (family history of venous thrombosis, recurrence,
type of thrombotic event, location of the thrombosis, and other thrombotic
risk factors such as oral contraceptives, hormone replacement therapy) were
recorded in patients. Functional protein S was assayed in automated
coagulometers. Total and free protein S were assayed using enzyme-linked
immunoabsorbent assay (ELISA) methods. Antithrombin (anti-Xa activity)
and protein C were measured in automated coagulometers using chromo-
genic methods. Lupus anticoagulant was investigated by using the Exner
method, and antiphospholipid antibodies were screened by ELISA methods
that used cardiolipin or phosphatidylserine as antigen. The analysis of
antibodies to 32-glycoprotein I was performed using ELISA methods.

All included subjects gave their informed consent to enter the study,
which was approved by the ethics committees for each participating
institution and performed in accordance with the Declaration of Helsinki, as
amended in Edinburgh in 2000.

Genetic analysis

Blood samples were obtained by venipuncture collection into 1:10 volume
of trisodium citrate (Vacutainer; Becton Dickinson, Meylon, France).
Platelet-poor plasma fractions were obtained by centrifugation at 4°C for 20
minutes at 2200g (within 5 minutes after blood collection). Genomic DNA
was purified by standard procedures. The exon 6 of the antithrombin gene
was amplified by polymerase chain reaction (PCR) using the primers
AT6F2, 5'-TGAGGAATTGCTGTGTCTGTG-3', and AT6B, 5'-AGAGGT-
GCAAAGAATAAGAA-3'. The A384S mutation (antithrombin Cambridge
II) was genotyped by PCR-allele-specific restriction assay (PCR-ASRA)
using Pvull (New England Biolabs, Hitchin, England). Confirmation of
genotypes was performed by sequencing. PCR products were purified from
1.5% agarose gels using Ultraclean Gel Spin (MoBio, Solana Beach, CA).
The sequence reaction was performed with the ABI Prism Big Dye
Terminator Cycle sequencing kit on an automated sequencer type 377
(Perkin-Elmer Applied Biosystems, Washington Chesire, United King-
dom), with forward and reverse primers used for amplification. FV
Leiden, prothrombin G20210A, and protein Z-dependent protease
inhibitor (ZPI) R67X polymorphisms were determined in patients and
controls, as described.!4!5

Measurement of plasma antithrombin activity and levels

Antithrombin activity was determined by chromogenic methods in citrated
plasma from 20 carriers of the antithrombin Cambridge II mutation,
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including 4 in homozygous state, and 17 controls without this mutation.
Anti-Xa assays were performed with heparin, bovine FXa, and S-2765
chromogenic substrate (Instrumentation Laboratory, Milan, Italy). Anti-Ila
assays were performed with heparin, bovine thrombin, and chromogenic
substrate (ethyl-malonyl-S-Pro-Arg-pNA.AcOH-CBS 61.50-; STA Anti-
thrombin; Diagnostica Stago, Asnieres, France). Both assays were per-
formed with unfractionated heparin and low molecular weight heparin
(Bemiparin) (both from Laboratorios Rovi S.A., Madrid, Spain).

Antigen levels were measured by immunodiffusion (Laurell Technolo-
gies, New Wales, PA).

Results are expressed as a percentage of a pool generated with plasma
from 100 healthy controls.

Statistical analysis

Continuous variables were expressed as mean = SD and as percentages for
categorical variables. Comparison between groups was done using an
unpaired, Student 7 test or a chi-square test, as appropriate. Univariate
statistical analysis was performed by the chi-square test. The strength of the
association of major risk factors and the polymorphism with the occurrence
of disease was estimated using 2 X 2 tables and calculating the odds ratio
(OR) with the Epilnfo software (Centre for Disease Control, Atlanta, GA)
and the Cornfield method for the calculation of 95% confidence intervals
(CIs). Multivariate analysis was performed using multiple logistic regres-
sion and included all the significant covariates and age in a single step
(Enter method), with the SPSS statistical package for Windows 8.0 software
(Chicago, IL). Differences with a 2-tailed P value less than .05 were
considered as being statistically significant.

Results
Genetic identification

The G1246T mutation in the antithrombin gene (A384S; antithrom-
bin Cambridge II) is clearly identified by PCR-ASRA (Figure 1A).
Because antithrombin Cambridge 1 (G1246C; A384P)!° also gives
the same restriction pattern, it is necessary to confirm the mutation
by sequence analysis (Figure 1B). No subject was a carrier of the
antithrombin Cambridge I.

Case-control study

Demographic, clinical, and genetic data of cases and controls are
presented in Table 1. These features did not significantly differ in
the samples from the 4 hospitals (data not shown).

The median age of patients at the time of the first thrombotic
event was 45 years (interquartile range, 33-58 years), and the ratio
of men to women was 1:1. Approximately two thirds of the patients
had a single thrombotic episode (280 of 1018 had recurrent
episodes of venous thrombosis), 218 patients reported risk factors
such as oral contraceptive use, the presence of antiphospholipid
antibodies, hormone replacement therapy, deficiency of antithrom-
bin, protein C or protein S, and 177 patients (17.4%) reported a
familial history of thrombosis. Antithrombin deficiency was diag-
nosed in 6 patients (0.6%). This diagnosis was performed by
functional evaluation of anti-Xa activity. This method is routinely
used in clinical practice, because it is the most reliable test to
identify congenital antithrombin deficiency.!” The prevalence of
the classic prothrombotic polymorphisms was similar to that
described in other series. Thus, the FV Leiden was present in 145
patients (3 in homozygous state) (14.2%), and the prothrombin
20210A allele was identified in 101 patients (7 in homozygous
state) (9.9%) (Table 1).

Controls had a significant lower prevalence of these prothrom-
botic polymorphisms: 31 (3.0%) were heterozygous for the FV
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Figure 1. Identification of antithrombin Cambridge Il (A384S). (A) PCR-ASRA pattern. (B) Sequence analysis. (C) Pedigree of the family with 5 antithrombin Cambridge II
homozygous subjects, with proband identified with an arrow. Type of thrombotic event, age, and recurrence are indicated (NA indicates not available). Filled symbols represent
the genetic anomalies identified in this family. (D) Localization of the residue affected by the mutation in the reactive loop (A384S; P10).

Leiden and 26 (2.6%) for the prothrombin 20210A allele (Table 1).
Accordingly, these polymorphisms increased 5.29-fold (FV Lei-
den) and 4.20-fold (prothrombin 20210A) the risk of venous
thrombosis (P < .001; 95% CI, 3.5-8.0 and P < .001; 95% ClI,
2.7-6.7, respectively). In this case-control study, we recently
identified a new prothrombotic nonsense polymorphism affecting
the ZPI gene (ZP1 R67X).!1* Carriers of the ZPI 67X allele had a
3.40-fold risk of developing venous thrombosis (Table 1). The
clinical features associated with these prothrombotic polymor-
phisms were described elsewhere.!*

The antithrombin Cambridge II mutation was only identified in
2 controls (0.2%). Both controls were young women aged 31 and
42 years from distant regions of Spain (Barcelona and Murcia). In

contrast, this mutation was present in 17 patients with venous
thrombosis (1.7%). Thus, this mutation increased 8.63-fold the risk
of venous thrombosis (P < .001; 95% CI, 1.9-54.2) (Table 1). In all
cases, the mutation was identified in a heterozygous state.

The presence of this mutation did not significantly modify the
age at the first thrombotic event (49 years in carriers and 45 years in
noncarriers). Moreover, the antithrombin Cambridge II mutation
did not increase the rate of recurrence (23.5% in carriers and 27.6%
in noncarriers, P = .718) and was not associated with an increased
familial history of venous thrombosis (11.8% in carriers and 17.5%
in noncarriers, P = .544). Finally, the percentage of patients who
displayed an additional risk factor was similar in carriers and noncarriers
of this mutation (17.6% versus 21.5%, respectively, P = .703).

Table 1. Characteristics of patients with venous thrombosis and control subjects

Univariate analysis Multivariate analysis

Characteristic Patients Controls P OR (95% Cl) P OR (95% Cl)

Median age, y (interquartile range) 49 (36-62) 47 (35-63) .618 — — —
Male sex, no. 509 509 > .999 — — —
FV Leiden, no.

== 873 987 — — — —

+/—and +/+ 142,3 31,0 <.001 5.29 (3.5-8.0) <.001 5.34 (3.6-8.0)
PT 20210, no.

G/G* 917 992 — — — —

G/A and A/A 94,7 26,0 <.001 4.20 (2.7-6.7) <.001 4.31 (2.8-6.7)
ZP1728 (R67X), no.

C/C 988 1009 — — — —

C/Tand T/T 29,1 9,0 <.001 3.40 (1.5-7.8) .002 3.37 (1.6-7.3)
AT 1246 (A384S), no.

G/G 1001 1016 — — — —

G/T 17 2 <.001 8.63 (1.9-54.2) .002 9.75 (2.2-42.5)

N = 1018 for both the patient and the control group.
— indicates not applicable.
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No patient carrying the antithrombin Cambridge II mutation
had the prothrombin 20210A variant or the ZPI nonsense allele.
However, 2 patients simultaneously displayed the FV Leiden and
antithrombin Cambridge Il mutation. Both were male patients who
had their first episode of deep venous thrombosis at 46 and 59 years
without additional risk factors, and they reported neither recurrence
nor familial history of thrombosis. No control had such a combination.

Multivariate analysis, including age, prothrombotic polymor-
phisms (FV Leiden, PT G20210A, and ZPI R67X), and the
antithrombin A384S mutation, confirmed that the antithrombin
Cambridge II is an independent and strong risk factor for venous
thrombosis (P = .002; OR = 9.75; 95% CI, 2.2-42.5) (Table 1).

In addition, we have analyzed the role of the antithrombin
Cambridge II limited to persons with idiopathic first thrombosis,
without additional genetic or acquired risk factors. Four hundred
thirty-four cases fulfilled these features (median age, 52 years;
56.2% men). The subgroup of 952 controls selected for the analysis
of cases with idiopathic venous thrombosis were chosen by
excluding controls carrying the genetic risk factors (FV Leiden, PT
20210, and ZPI R67X) (median age, 47 years; 50.3% men). The
antithrombin Cambridge II mutation was identified in 9 patients
but 2 controls, supporting that this mutation is a genetic risk
factor for idiopathic venous thrombosis (P < .001; OR, 10.06;
95% CI, 2.03-67.63).

Finally, we identified a family with 5 members carrying the
antithrombin Cambridge II in homozygous state. A 7-year-old
woman reported recurrent deep venous thrombosis, with the first
episode at the age of 45 years. Moreover, one of her sisters also had
ischemic cerebrovascular disease. However, 3 other homozygotes
relatives did not report thrombotic episodes (Figure 1C).

Antithrombin values

We have evaluated the functional consequences of this mutation in
37 subjects, 17 controls, and 20 carriers of the antithrombin A384S
mutation (16 heterozygous and 4 homozygous). Both antigen and
anti-Xa activity (in the presence of unfractionated heparin and low
molecular weight heparin) of carriers and noncarriers are within the
normal range. We did not observe significant differences in these
parameters between carriers and noncarriers or between heterozy-
gous and homozygous states (Table 2). Statistical differences were
only achieved when comparing the anti-Xa activity in the presence
of unfractionated heparin from noncarriers and homozygous
(100.2% = 4.3% versus 91.7% = 10.5%, respectively; P = .016).
However, the anti-Ila activity in the presence of unfractionated
heparin was mild but significantly impaired by the Cambridge II
mutation (100.0% = 7.9%; range, 87.5%-118.0% for control ver-
sus 79.3% = 7.8%; range, 66.9%-90.8% for carriers; P < .001)
(Table 2). In addition, we observed a significant gene-dosage effect
on this parameter. Thus, the anti-Ila activity of heterozygous
carriers in the presence of unfractionated heparin was 81.8% = 6.6%
(range, 70.6%-90.8%), whereas homozygous subjects displayed
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69.5% * 2.4% (range, 66.9%-72.6%); P = .002 (Table 2). The
functional consequences of the antithrombin Cambridge II muta-
tion on anti-Ila activity were reduced when using low molecular
weight heparin, but differences between carriers and noncarriers
and between heterozygous and homozygous state still reached
statistical significance (Table 2).

Discussion

A major challenge for biomedicine in the genomic era is to identify
DNA modifications responsible for variation in complex diseases
(eg, physiologic risk factors related to thrombotic disease). Identi-
fying the loci that affect susceptibility of those complex phenotypes
among the overall polymorphisms that exist in the human genome
should bring about improved understanding of such diseases and
provide new targets for clinical intervention. To date, most
candidate gene studies have directly analyzed the association
between disease status and a number of candidate SNPs that have
known or predicted functional consequences.'® This design can
easily determine whether a given variant confers significant risk of
disease. For venous thrombosis, genetic risk factors have been
identified in different candidate genes (antithrombin, protein C,
protein S, FV, PT).

Herein, we present the results of a classic case-control associa-
tion study in unrelated Spanish subjects designed to estimate the
contribution of genetic and environmental factors to the risk of
thrombotic disease. The results of this study show an adjusted OR
of 9.75 of developing venous thromboembolism associated with
the G1246T mutation in the antithrombin gene (A384S, antithrom-
bin Cambridge II). The statistical power of our study is high
because of the large sample size (92.5% and 79.5% with a
confidence level of 95% and 99%, respectively). These results
suggest that antithrombin Cambridge II itself is an independent risk
factor for venous thromboembolism. These results, the wide CIs for
the ORs in the case-control study and the identification of a family
with 5 carriers of this mutation in homozygous state with moderate
thrombotic clinic support that this variant lies between a mild
prothrombotic polymorphism (such as FV Leiden) and a rare but
severe mutation (such as an antithrombin type I deficiency).

Congenital antithrombin deficiency is an autosomal hereditary
disorder with variable penetrance. Type I deficiencies usually
associate with a severe risk for venous thrombosis. In contrast,
overall type II deficiencies usually have milder thrombotic risk.!”
Thus, type II deficiencies account for approximately 40% of
patients with venous thrombosis and antithrombin deficiency, but
88% of identified antithrombin-deficient persons.!* Our study has
important implications because it reveals another possible kind of
antithrombin deficiency that is featured by no functional or
antigenic deficiency, at least by using classic screening methods for
antithrombin deficiency, which however have impaired functional

Table 2. Functional studies in carriers and noncarriers of the antithrombin Cambridge Il (A384S) variant

Noncarriers All carriers P Heterozygous Homozygous P
No. of controls 17 20 16 4
AT antigen levels (range) 97.9 = 14.2 (83.6-136.0) 96.1 = 12.6 (64.2-131.2) .693 96.3 = 13.8 (64.2-131.2) 95.4 + 7.2 (88.3-105.2) .895
Anti-Xa + UFH (range) 100.2 + 4.3 (92.3-106.1) 98.5 * 10.7 (75.7-108.5) .555 100.2 + 10.3 (75.7-108.5) 91.7 = 10.5 (82.3-106.8) 159
Anti-Xa + LMWH (range)  100.1 = 8.0 (85.0-1116.9) 97.6 = 11.8 (70.3-111.3) .463 98.8 = 11.2 (70.3-111.3) 92.6 = 14.5 (75.3-108.9) .355
Anti-lla + UFH (range) 100.0 + 7.9 (87.5-118.0) 79.3 = 7.8 (66.9-90.8) < .001 81.8 = 6.6 (70.6-90.8) 69.5 + 2.4 (66.9-72.6) .002
Anti-lla + LMWH (range)  100.6 + 7.5 (84.9-113.2) 90.1 * 9.5 (73.4-107.6) <.001 92.4 + 9.1 (73.4-107.6) 81.0 = 3.6 (76.5-85.1) .027

Values (mean + SD) represent percentages of the result obtained in a pool of 100 healthy controls, except where otherwise indicated.
AT indicates antithrombin; UFH, unfractionated heparin; LMWH, low-molecular-weight heparin.
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activity under thrombotic situations. The missense substitution of
A384S, discovered in 1991 and called antithrombin Cambridge II,
is the result of a G1246T point mutation in exon 6 of the
antithrombin gene.?® This mutation has been classically included in
the group of type II deficiencies, affecting the P10 proximal hinge
region of the reactive center loop of antithrombin (Figure 1D).!°
However, the replacement of this residue by serine does not cause a
complete loss of activity. Certainly, all available data from 41
carriers (from the study of Perry et al>! and this study) support that
this mutation, even in the homozygous state, does not affect the
anti-Xa activity (98.6% = 15.4%). Moreover, 62 carriers, includ-
ing 4 homozygous subjects (from the studies of Tait et al,'3 Perry et
al,?! and this study) have normal plasma levels of antithrombin
antigen (99.5% = 13.1%). Because these are the methods com-
monly used to identify antithrombin deficiency,!”??> we can under-
stand why this mutation has not been identified in other popula-
tions, and, probably, its prevalence had been underestimated.
Moreover, this variant only slightly impaired the anti-Ila activity
(74.3% = 8.5%) of 60 carriers (from the studies of Tait et al,!3
Perry et al,?! and this study). Accordingly, plasma methods for
detection of antithrombin deficiency might be complemented with
the genetic test for G1246T point mutation in the antithrombin gene
to avoid the underestimation and misdiagnosing antithrombin-
deficient persons. This is particularly important, because antithrom-
bin Cambridge II is the most frequent cause of deficiency of this
serpin. Indeed, it is present in 0.2% of the normal population of at
least 2 different white populations. Note that this percentage is
similar to the antithrombin deficiency caused by the rest of the
mutations identified so far. Moreover, this mutation was found in
1.7% of patients with venous thrombosis, more than twice the
prevalence of all other antithrombin deficiencies in our study
(0.6%). The relevance of this finding is not only restricted to
patients with thrombosis but also to asymptomatic relatives and
offspring that may carry the same genetic factor. At present, the
most reasonable course of action is to carry out thromboprophy-
laxis under risk situations.?32* Although the thrombotic risk
associated with this mutation is milder than that associated with
other antithrombin deficiencies, asymptomatic relatives carrying
the G1246T mutation in the antithrombin gene could benefit from
antithrombotic prophylaxis in risk situations.

Finally, an accurate diagnosis of antithrombin Cambridge 1I
could have potential therapeutic relevance. The conservative
A384S mutation at the proximal hinge (P10 position) of the
reactive center loop of antithrombin slows the initial step of loop
insertion because of steric effects and to the buckling of the strand
that tip the balance from inhibitory to substrate in the presence of
heparin.?> Thus, in the presence of full-length heparin the Cam-
bridge II mutation displays a 3- and 7-fold increase in the
stoichimetry of inhibition of FXa and thrombin, respectively.?> Our
functional studies in blood samples from carriers confirm that the
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deleterious effect of this mutation is particularly evident with
unfractionated heparin. Accordingly, further studies must be per-
formed to clarify whether anticoagulant therapy of carriers with this
mutation should avoid unfractionated heparin, as suggested elsewhere.”

Potential limitations might have influenced our findings. First,
the relatively low prevalence of this mutation explains the very
wide confidence intervals of our study. Moreover, although the size
of our sample is large, the selection of patients and controls from
different hospitals is a methodologic weakness of our study. In
addition, there are slight variations in the anti-Ila activity observed
in our study compared with that from previous studies which may
be attributable to different factors, such as the concentration and
type of unfractionated heparin, the chromogenic substrate, the
source of FlIla, or slight methodologic variations. Therefore,
confirmatory studies from other large case-control studies are
critical to define relative risks, likelihood of recurrence, and
prevalence of this mutation in other populations to encourage the
inclusion of this mutation in routine thrombophilic studies to
improve diagnosis and prevention strategies. In addition, it should
be profitable to investigate the possible joint effects of the
G1246T variant with other risk factors, such as FV Leiden,
prothrombin G20210A, or ZPI R67X polymorphisms, and the
effectiveness of anticoagulant treatment with heparins in carriers of
this common mutation.
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