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Thrombophilia was implicated in the development of pregnancy complications, including
recurrent idiopathic pregnancy loss, and is aggravated in women who are carriers of factor
V G1691A (FV Leiden) and prothrombin (PRT) G20210A single-nucleotide polymorphisms
(SNPs). Previous studies examined the role of FV-Leiden and PRT G20210A in recurrent
pregnancy loss with conflicting results. Here we examined the prevalence of FV Leiden
and PRT G20210A SNPs, in 200 women with 3 or more consecutive early (n = 87), late
(n = 41), or early-late (n = 72) recurrent pregnancy losses, and 200 age-matched fertile
parous control women. APC resistance (APCR) was detected functionally (measuring the
activated clotting time triggered by activated factor X in presence of a fixed amount of
purified APC), and FV-Leiden and PRT G20210A genotypes were assessed by PCR. The
frequency of the mutant FV (0.1400 vs. 0.0276; P < 0.001) but not PRT 20210 (0.0100 vs.
0.0225; P = 0.159) allele was higher in patients than controls, respectively. APC resis-
tance with factor V Leiden was seen in 27% of patients compared to 11.5% of controls,
while APC resistance without factor V Leiden was seen in 12.5% of patients compared to
9.5% of controls. Regression analysis demonstrated that the significant predictors for
early abortion was FV Leiden; those for late abortion were oral contraceptive, APCR, and
FV Leiden; and predictors for early—late abortions were oral contraceptives, obesity, FV
Leiden, and smoking. APC resistance and FV Leiden, as well as combination of both, are
common thrombotic defects seen in women with idiopathic recurrent pregnancy loss,
thus testing for these is recommended in women who have experienced recurrent mis-
carriages. Am. J. Hematol. 80:12-19, 2005.  © 2005 Wiley-Liss, Inc.
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INTRODUCTION

Pregnancy is associated with altered blood coagu-
lation, manifested as increases in clotting factors (I,
I1, VII, VIII, IX, and XII), coupled with a decrease in
protein S levels and a significant reduction in the
activity of activated protein C (APC) [1,2]. While
these changes may be beneficial in minimizing intra-
partum blood loss, they reportedly confer an added
risk of thromboembolism during pregnancy and post-
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partum [1]. Hypercoagulation represents a major risk
factor of severe pregnancy complications [3], which
include pre-eclampsia and idiopathic recurrent
abortions [4].

Venous thromboembolism (VTE) is the leading cause
of morbidity and mortality in pregnancy and the post-
partum period in developed countries, which, if left
untreated, may progress to pulmonary embolism with
a high mortality rate [5]. VTE in pregnancy is multi-
factorial, and both acquired (smoking, oral contracep-
tives use, obesity, advanced age, hyperemesis, infection,
or systemic disease) [6,7] and inherited (mutations in
blood coagulation factors) risk factors reportedly coop-
erate in precipitating idiopathic recurrent fetal loss [4,8].
Among the inherited risk factors are single-nucleotide
polymorphisms (SNPs): factor V G1691A/R506Q muta-
tion (FV Leiden) [4,9], prothrombin (PRT) G20210A
[4,9], and the C677T and A1298C in methylene tetrahy-
drofolate reductase (MTHFR) gene [10,11].

FV Leiden is the most common cause of primary
and recurrent VTE [12], accounting for 95% of cases
of APC resistance (APCR) [13]. Caused by a point
mutation in factor V gene by which arginine is sub-
stituted for glutamine at position 506 (APC cleavage
site of factor Va), FV Leiden renders factor Va resis-
tant to degradation by APC, hence precipitating a
thromboembolic state [14]. The PRT G20210A SNP,
a G—A substitution at position 20210 in the 3'-
untranslated region of the PRT gene [15], induces
high plasma PRT levels [15]. Both FV Leiden and
PRT G20210A are the most significant causes of
inherited thrombophilia, because altered factor V
action and/or enhanced PRT accumulation, by

TABLE I. Characteristics of Study Participants

enhancing thrombin generation, promote blood coa-
gulation, and precipitate a thromboembolic state [13].

An association between FV Leiden and PRT
G20210A SNPs and recurrent idiopathic miscarriages
was proposed [4,9]. Women with a history of VTE
during pregnancy or the puerperium had a higher
prevalence of FV Leiden [16], and increased preva-
lence of FV Leiden was reported in women who had
severe complications of pregnancy, including placen-
tal abruption [17,18], fetal death, severe pre-eclampsia
[18,19], or intrauterine growth restriction [20]. Further-
more, 20-50% of women who had late pregnancy losses
were carriers of FV Leiden compared with less than 5%
of control parous women. Others failed to demonstrate
any association between FV Leiden or PRT G20210A
SNPs with recurrent idiopathic miscarriage [21-23], as
similar carrier frequencies for either SNP were seen in
patients and controls. Herein we investigate the relation-
ship between recurrent miscarriages and FV Leiden and
prothrombin G20210A mutations in 200 women with 3
or consecutive miscarriages of unknown etiology, com-
pared to 200 parous women with uncomplicated preg-
nancies and deliveries.

MATERIALS AND METHODS
Study Subjects

This was a retrospective case-control study conducted
in the maternity service of Hopital Farhat Hached in
Sousse, central Tunisia, in 2002-2004. The cases were
200 women of age 18-43 years (mean 28.68 + 5.61
years) with 3 or more unexplained consecutive preg-
nancy losses from 5 to 30 weeks’ gestation (Table I).

Patients® Controls® P OR 95% CI

Age (years) 28.68 £+ 5.61 28.24 + 5.51 0.434°
Regional (Sahel: North: South: Center) 49:50:41:60 42:43:43:72 0.531°¢
Smokers 9/191 9/191 1.000¢ 1.000 0.389-2.574
Education <0.001°

Intermediate 41 69

Secondary 81 92

University 78 39
Alcohol 5 5 1.000° 1.000 0.285-3.509
BMI¢ 25.78 £ 4.01 24.62 + 3.75 0.360° 1.159 0.395-1.923
Oral contraceptives 51 46 0.641°¢ 1.146 0.725-1.811
APCR 54 23 <0.001° 2.846 1.667-4.860
Pregnancy outcomes

Live 0.51 £ 0.72 3.81 £ 1.40 <0.001° 3.300 3.081-3.519

Early loss 2.29 £+ 1.30 0.02 £ 0.14 <0.001° 2.270 2.088-2.452

Late loss 1.34 £ 1.30 0.04 + 0.184 <0.001° 1.305 1.122-1.488

“Study subjects comprised 200 patients and 200 controls.
®Fisher’s exact test.
“Pearson’s chi-square test.

9BMI, body mass index, calculated according to BMI = weight (kg) <+ height (m)>.
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Pregnancy losses were classified as early (5-12 weeks)
and late (13-30 weeks). Exclusion criteria included
induced abortions, infections, systemic disease, uterine
structural abnormalities, and personal or family his-
tory of thrombosis. Age-matched controls comprised
200 healthy women, 19-39 years of age (mean 28.24 +
5.51), with uncomplicated pregnancies (Table I). Par-
ticipants were interviewed regarding risk factors for
VTE, including smoking and oral contraceptive use,
and other demographic data (age, educational status,
area of residence, number and outcome of pregnancies,
and risk factors) were collected from all participants.
Cases and controls were then asked to sign an
informed consent form, and the study was conducted
after all institutional ethics requirements were met.
Blood samples were obtained from participants for
plasma and DNA preparation 812 weeks after the
last pregnancy.

Genomic DNA Extraction

Total genomic DNA was isolated from the leuko-
cyte-rich interphase layer of EDTA anti-coagulated
blood by the standard phenol-chloroform method
and was dissolved in nuclease-free water and stored
at 4°C pending assay.

Genotype Analysis

FV Leiden and PRT G20210A mutations were
detected by PCR-restriction fragment length poly-
morphism (PCR-RFLP). A typical PCR mixture
comprised genomic DNA (50-200 ng), MgCl, (1.5
mM), sense and anti-sense oligonucleotide primers
(10 pmol), dNTP mixture (10 mM concentration per
each dNTP; Promega, Madison, WI), and Tag DNA
polymerase (2.5 U/reaction; Promega). PCR products
were digested by Mnll for FV Leiden [14] and HindIII
for PRT G20210A [15] genotype analysis, respectively
(both enzymes were obtained from New England
Biolabs, Beverly, MA). DNA bands were separated
by ethidium bromide-stained agarose (2% w/v) gel
electrophoresis. In addition, both FV Leiden and
PRT G20210A mutations were simultaneously ana-
lyzed by multiplex allele-specific amplification (ASA-
PCR multiplex) as previously described [24]. Both
assays gave 100% concordance rates.

APC Resistance Assay

The plasma anticoagulant response to APC was
determined based on measuring the activated clotting
time (ACT) triggered by activated factor X in pre-
sence of a fixed amount of purified APC, and was
performed on a 1:1 mixture of sample diluted to 1:5 in
factor V-deficient plasma (Accelirimat®, BioMerieux,

Paris, France). Normalized APC-sensitive ratio
(nAPC-SR) was calculated as sample/control APC-
SR ratio, and nAPC-SR values below 0.9 were con-
sidered to be APC-resistant (APCR).

Statistical Analysis

Allelic frequencies were calculated by gene-
counting method. Linkage analysis, the nonrandom
association between FV Leiden and PRT G20210A as
defined by the delta (A’) coefficient, was calculated
using the HLAStat 2000 software, and the frequencies
of the most frequent haplotypes were determined by
the maximum likelihood method. The Mann-
Whitney non-parametric U-test and the Pearson chi-
square test were used to assess inter-group signifi-
cance, using SPSS v. 12.0.1 statistics software which
also calculated the odds ratios (OR) and 95% con-
fidence intervals (CI). Statistical significance was set
at P < 0.05.

RESULTS
Patients and Controls

Characteristics of the patients and controls are
given in Table 1. Both patients and control subjects
had similar ages, body mass index, and regional dis-
tribution, with comparable numbers of smokers, alco-
hol consumers, and oral contraceptive (OC) users in
both groups. While the pregnancy rate was similar
between patients and controls, the mean number of
live births per woman was significantly higher among
controls, patients reporting 726 pregnancy losses in
the first and second trimesters compared with 11
single-case pregnancy losses among controls (4 in
early pregnancy and 7 in late pregnancy).

FV Leiden and PRT G20210A Genotype Analysis

The frequency of the FV Leiden mutant (“A”) allele
was significantly higher among patients than controls
(P =10.001, OR = 5.426; Table II). Higher frequencies
of the G/A (20.0% vs. 5.5%) and the A/A (4.0% vs.
0.0%) genotypes of FV Leiden were seen in patients
versus controls, respectively (Table II). In contrast, the
frequency of the PRT mutant (“A”) allele was compar-
able between patients and controls (P = 0.4616, OR =
0.433); all PRT G20210A carriers were in the hetero-
zygous state (G/A) (Table II). The most frequent FV
Leiden—PRT G20210A haplotype seen in patients was
1691A-20210G (P < 0.001, OR = 5.638), while a
higher prevalence of the 1691G-20210G haplotype
was seen among controls than patients (P < 0.001;
OR = 0.298; Table III). The double mutant (1691A—
20210A) haplotype was absent from both patients and
controls.
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TABLE Il. Factor V Leiden and Prothrombin G20210A Genotype and Allele Distribution

Genotype Allele
G/G G/A AJA G A

Factor V Leiden

Controls® 189 (94.5) 11 (5.5) 0 (0.0) 0.9725 + 0.0082 0.0275 + 0.0082

Patients® 152 (76.0) 40 (20.0) 8 (4.0) 0.8600 + 0.0173 0.1400 + 0.0173

P value <0.001° <0.001¢

OR (95% CI) 5.426 (2.724-10.808)
PRT G20210A

Controls 191 (95.5) 9 (4.5) 0 (0.0) 0.9775 + 0.0074 0.0225 + 0.0074

Patients 196 (98.0) 4 (2.0) 0 (0.0) 0.9900 = 0.0050 0.0100 £+ 0.0050

P value 0.129° 0.4616°

OR (95% CI)

0.433 (0.131-1.430)

4A total of 200 patients and 200 control subjects were analyzed. Allele frequency was determined as follows: frequency = number of an allele =

total number of alleles per every group.
®Pearson’s chi-square test.
“Determined by Fisher’s exact test.

TABLE lll. Factor V Leiden and Prothrombin G20210A Haplotype Distribution*

FV Leiden/PRT G20210A Patients” Controls® P® r OR 95% CI1
1691G/20210G 0.8525 0.951 <0.001 21.125 0.298 0.18-0.51
1691G/20210A 0.0100 0.0219 0.263 1.251 0.439 0.15-1.45
1691A/20210G 0.1375 0.0269 <0.001 30.534 5.638 2.84-10.44
1691A/20210A 0.0000 0.000 N/A N/A N/A N/A

*Determined by the maximum-likelihood method.
“A total of 200 patients and 200 controls were included.
®Yates’ chi-square test.

APC Resistance

Insofar as APCR secondary to FV Leiden was asso-
ciated with pregnancy failure and pre-eclampsia, and as
the degree of APCR among nonpregnant women is
predictive of venous thrombosis risk, we examined the
distribution of FV Leiden genotypes among APC-sen-

TABLE IV. APC Resistance Among Factor V Genotype Carriers

sitive and APCR patients and controls. Patients were
subdivided into those with early, late, or combined
early-late pregnancy losses. A significantly higher pro-
portion of APCR-positive cases was seen in women
experiencing late (P = 0.01) and early-late (P < 0.001),
but not early (P = 0.21) recurrent abortions (Table IV).

Controls® Patients®
APCR? FV-Leiden None Early Late Early-Late Total®
G/G 170 (96.0)° 66 (90.4) 25 (83.3) 36 (83.7) 297 (92.0)
Negative G/A 7 (4.0) 6(8.2) 5(16.7) 5(11.6) 23 (7.1)
A/A 0 (0.0) 1(1.4) 0 (0.0) 2 (4.7) 3(0.9)
Total 177 (100.0) 73 (100.0) 30 (100.0) 43 (100.0) 323 (100.0)
G/G 19 (82.6) 10 (71.4) 8 (72.7) 7 (24.1) 44 (57.1)
Positive G/A 4 (17.4) 4 (28.6) 3(27.3) 17 (58.6) 28 (36.4)
A/A 0 (0.0) 0 (0.0) 0 (0.0) 5(17.2) 5(6.5)
Total 23 (100.0) 14 (100.0) 11 (100.0) 29 (100.0) 77 (100.0)

“APC resistance was determined according to sample/control normalized APC-sensitive ratio (nAPC-SR); nAPC-SR < 0.9 were considered

APC-resistant.
A total of 200 patients and 200 controls were included.

‘Numbers in parentheses indicate percent of patients within each category.

9Total number of subjects within each category.
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TABLE V. Associated Risk Factors Among Factor V Leiden Carriers*

Controls Patients

Risk factor Status None* Early® Late® Early-Late® P°
Age (years) <20 2/14 0/15 1/3 1/6 0.568

21-25 0/61 4/24 3/13 6/16

26-30 2/47 3/21 1/11 8/20

31-35 5/55 4/29 3/12 11/19

36-40 2/23 0/7 0/2 2/8

>40 0/0 0/1 0/0 1/3
Smoking Yes 0/9 0/2 0/1 1/6 0.789
Oral contraceptives Yes 2/46 2/13 4/16 3/22 0.089

No 9/154 9/74 4/25 26/50 0.002
Obesity® Normal 7/109 4/45 6/23 12/29 0.361

Overweight 4/74 4/29 1/14 12/28

Obese 0/17 3/13 1/3 5/15

*Includes both heterozygous (G/A) and homozygous (A/A) carriers.

“Indicate number of FV Leiden carriers/number of subjects in specific group.

"Determined by Pearson’s chi-square test.

“Body weight determined according to body mass index (BMI): normal, <25; overweight, 25-30; obese, >30.

While APCR due to FV Leiden was significantly higher
among patients (14.5% vs. 2.0%), APCR without FV
Leiden was seen in 12.5% of patients compared with
9.5% of controls (Table IV).

Associated Risk Factors Among FV Leiden
Carriers

FV Leiden carriers were subdivided according to age
categories, smokers, OC users, and obesity. A high
prevalence of FV Leiden was seen in all stages of
pregnancy losses and was most pronounced in the
21-35 years of age categories (Table V). Similarly, a
higher prevalence of FV Leiden was seen in overweight
and obese patients in late and combined early-late
pregnancy losses (Table V). Use of oral contraceptives
was an added risk factor to FV Leiden in late preg-
nancy (25.0%), moreso than with early-late (13.63%)
or with early pregnancy loss (15.38%), as compared to
controls (4.35%) (Table V).

Risk Factors for Pregnancy Losses in FV Leiden
Carriers

Predictors of early, late, and early—late abortions
were determined by performing three stepwise logis-
tic regression models with the independent variables
considered being age, smoking, obesity, OC, FV
Leiden, and PRT G20210A (Table VI). Factor V
Leiden was the only selected variable associated
with having an early abortion, where the odds of
having early abortion was 2 times greater among
those who have FV Leiden as compared to those
who do not (OR = 2.2, 95% CI 1.0-5.5). Oral con-

TABLE VI. Regression Analysis

Stage of pregnancy loss

Variable Early Late Early + late
Smoking — — 3.4 (1.0-10.8)
Oral contraceptives — 2.1 (1.04.5*  2.5(1.2-5.0)
Obesity —

Normal — — 1

Over-weight — — 1.4 (0.7-2.9)

Obese — — 4.5 (1.8-11.3)
Factor V Leiden —2.5(1.0-59) 3.4 (1.2-94) 16.5(7.2-38.0)
APCR — 2.4 (1.0-5.7) —

“OR (95% CI).

traceptive (OC) use and FV Leiden were signifi-
cantly associated with increased odds of having a
late abortion; adjusting for OC use, the odds of
having a late abortion was 4 times higher for those
with factor V as compared to those without factor V.
The variables selected for the third model (the
dependent variable being combined abortions as
compared to no abortions) were smoking, OC, obe-
sity, and factor V. The odds of having combined
abortions was higher for smokers and OC users
and increased with increase in BMI. Adjusting for
smoking, obesity, and OC, the odds of having com-
bined abortion was 12 times higher for those with
factor V as compared to those with no factor V.

DISCUSSION

Insofar as thrombosis was implicated with recur-
rent idiopathic miscarriages and later pregnancy com-



Acquired and Inherited Risk Factors of Recurrent Miscarriage 17

plications [25-29], we investigated the association of
FV Leiden and PRT G20210A mutations, together
with APC resistance, in women with pregnancy loss
where routine investigations could not pinpoint an
exact cause. Patients and controls were matched for
a number of factors, including age, smoking, and use
of oral contraceptives, and it was clear that patients
with recurrent idiopathic miscarriages had a higher
prevalence of hereditary thrombophilia (FV Leiden
but not PRT G20210A) than did control parous
women. Of significance was the finding that the fre-
quency of congenital (due to FV Leiden) and
acquired APCR was significantly higher among
women with late miscarriage compared to controls.

Pregnancy losses were divided into early (5-12
weeks), late (13-30 weeks), and combined early—late.
A progressive increase in risk of pregnancy failure
was seen in FV Leiden carriers (compared with
5.5% carrier rate for controls) in early (12.64%),
late (19.51%), and combined early—late (40.28%)
pregnancy losses. This was in accordance with earlier
studies [4,26,28,30], which reported on the association
of FV Leiden with recurrent pregnancy loss moreso
with late than for first trimester abortions. Others
failed to demonstrate any link between FV Leiden
and recurrent miscarriages [21,31-33], possibly due
to limited numbers of subjects [21,33], to bias in
patient selection [32], or to ethnic heterogeneity
among the patients [31,33].

APC resistance develops during normal pregnancy
[34,35] and is enhanced in women who are APC
resistant prior to pregnancy. Results from the current
study demonstrated that APC resistance due to FV
Leiden, and also independent of FV Leiden (25/74 for
patients and 19/23 for controls), was significantly
higher among patients with early or late pregnancy
loss (54/200; 27%) compared to parous controls (23/
200; 11.5%). The majority of APC resistance cases
were seen in combined early—late pregnancy loss (29/
72; 40.3%) as compared to early pregnancy loss (14/
87; 16.09%). This was reminiscent of an earlier study
in which APCR was similar among women with early
miscarriage compared with controls [26] and necessi-
tates re-evaluation of the role of APCR in pregnancy
loss in terms of stage of abortion.

Both FV Leiden and APCR were major risk factors for
late more than early pregnancy losses, in agreement with
previous reports that showed no difference in the preva-
lence of APCR between early aborters and controls
[25,26,28,36]. Whereas late pregnancy loss due to
APCR was reported here and elsewhere [37,38], others
failed to establish a link with abortion [39]. Previous
studies on the involvement of a particular SNP or pro-
thrombotic anomaly with obstetric complication (pre-
eclampsia, recurrent idiopathic pregnancy loss, or intrau-

terine growth restriction) were based largely on compar-
ing the prevalence of a single SNP between women with
normal pregnancies and those with recurrent pregnancy
failures. Insofar as the presence of these SNPs is found
among otherwise healthy parous women, not all women
who carry a prothrombotic SNP will suffer a pregnancy
loss. This prompts the conclusion that it is the concerted
participation of multiple prothrombotic defects that
places women at greatest risk.

The cause of the APCR without FV Leiden remains
speculative at this stage and may potentially result from
inherited and acquired factors. While it may be possi-
ble, at least in principle, that this was due to other
factor V mutations including R306Q/Cambridge [40]
and the HR2 haplotype [41], their very low prevalences
argue against a significant role (if any) for these factor
V polymorphisms in the patient population studied
here. Other candidates for APCR independent of FV
Leiden may include pregnancy [34], high concentra-
tions of other coagulation factors [42,43], OC use [44],
and anti-phospholipid antibodies (aPL) [45]. In our
study, OC use and aPL do not appear to play a major
role in APCR, because there was no difference in the
prevalence of women taking the contraceptive pill in the
patient (54/200) and control (46/200) groups (P =
0.641); in a previous communication, we found no
association between aPL and APCR among this mis-
carriage population [46].

The frequency of the FV Leiden allele among control
subjects was higher than that reported for neighboring
Algeria [47] or Morocco [48] where FV Leiden is vir-
tually absent, which may be explained by the admixture
of Berbers (native Tunisians) with ancient [49] and
modern ethnicities. APC resistance caused by the FV
Leiden mutation is a strong risk factor for venous
thrombosis. Our study shows that a reduced sensitivity
for APC in the absence of the FV Leiden mutation is
also associated with an increased risk of venous throm-
bosis Because APCR is associated not only with recur-
rent pregnancy loss but also with maternal thrombotic
events [50], we recommend screening of women who
plan pregnancy for the existence of APC resistance, as
suggested also elsewhere [51].
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