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Summary. Aim of the study: To evaluate the influ-
ence of three common thrombophilic polymorphisms, fac-
tor V Leiden (FV), prothrombin G20210A (PT), and meth-
ylenetetrahydrofolate reductase (MTHFR) C677T muta-
tions, on preterm birth of unknown cause.

Patients and methods: A single-centre case-control
study of women with preterm infants ≤ 35 weeks of gesta-
tion, in whom obvious maternal, uterine, and fetal causes
responsible for preterm birth were excluded (n = 35). The
controls were 54 women with term infants hospitalised in
the same ward.

Results: There were no significant differences be-
tween the groups of mothers in history of fetal loss,
venous or familial thrombosis, or previous preterm birth.
FV was found in 8.6% of the cases, PT in 5.7%, and
MTHFR mutation (homozygous) in 4.8% compared with
5.4% (p = 0.292, OR 1.594, CI95% 0.303–8.384), 7.4%
(p = 0.379, OR 0.758, CI95% 0.131–4.374), and 4.5%
(p = 0.485, OR 1.050, CI95% 0.090–12.276), respectively,
in the controls. Differences in the three thrombophilic
polymorphisms in the two groups of infants were also not
significant.

Conclusion: We could not demonstrate a distinct as-
sociation between these thrombophilic polymorphisms
and preterm birth.

Key words: Factor V Leiden, methylenetetrahydro-
folate reductase C677T mutation, preterm birth, pro-
thrombin G20210A variant.

Introduction

Inherited resistance to activated protein C is an auto-
somal dominant trait, mostly caused by a mutation con-
sisting of a substitution of a G with an A at nucleotide
position 1691 within the factor V (FV) gene. This muta-
tion results in a replacement of arginine 506 with
glutamine at the FV cleavage site for activated protein C
[1]. The risk of thrombosis in carriers of this mutation,
named FV Leiden, is 50 to 100 times higher in homozy-
gotes and 5 to 10 times higher in heterozygotes than in

non-carriers [2]. The genetic variant of prothrombin (fac-
tor II) is a polymorphism in the 3�-untranslated region of
the prothrombin (PT) gene with a G to A transition at
nucleotide 20210 and is associated with elevated levels of
PT and an almost threefold increase in risk of venous
thromboembolisms in adults [3]. The main genetic defect
related to moderate hyperhomocysteinemia associated
with arterial and venous thrombosis is a C to T substitu-
tion at nucleotide 677 of the 5,10-methylenetetrahydro-
folate reductase (MTHFR) gene [4].

Pregnancy is a physiological condition with an in-
creased risk for thrombosis that is further increased in
carriers of thrombophilic polymorphisms [5, 6]. Recent
studies have demonstrated significant correlation between
thrombophilic polymorphisms and fetal losses [7–9]. As
an association with late abortions has been found, a corre-
lation of thrombophilia with premature deliveries might
possibly exist.

We therefore investigated the presence of these
thrombophilic polymorphisms in women with preterm
birth of unknown cause or caused by placental dysfunc-
tion and compared the prevalences with those in women
with term infants. Thrombophilic polymorphisms were
also investigated in the preterm and term infants.

Patients and methods
The study population consisted of all women with preterm

infants of 35 weeks of gestational age or less consecutively
admitted to the neonatal intensive care unit in the Department
of Pediatrics Graz, a tertiary-care centre, between January 1998
and May 2000, in whom obvious maternal (chronic medical
illness, infection, drug abuse), uterine (bicornate uterus, incom-
petent cervix), fetal (multiple gestation, erythroblastosis, non-
immune hydrops) or other (premature rupture of membranes,
polyhydramnios, iatrogenic) causes responsible for preterm
birth were excluded [9]. Placental dysfunction, abruptio placen-
tae, pre-eclampsia, and fetal distress – all clinical signs sugges-
tive of possible placental thrombosis – were included. The
controls were mothers of term infants (> 37 weeks of gestation-
al age) in the same neonatal ward. Blood samples were taken
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from both the mother and the baby at the time of discharge and
were stored at –70 °C. Genomic DNA was prepared from the
samples according to standard methods and subsequently anal-
ysed for the following three thrombophilic polymorphisms: FV
Leiden mutation, PT G20210A mutation, and MTHFR C677T
mutation. Because of a change in the study design, fewer
patients were tested for MTHFR mutation: initially only analy-
ses for FV and PT variants were performed, but after 10 months
MTHFR analysis became available and was introduced into the
study. Information on gestational age, birth weight, Apgar
scores at 1 and 5 minutes, intra/periventricular haemorrhage,
cystic periventricular leucomalacia, and age of the mother were
collected, together with histories of thrombosis, abortion, fa-
milial thromboses and previous preterm birth. All mothers gave
informed consent and the study, after approval by the local
ethics committee, was carried out according to the Principles of
the Declaration of Helsinki.

Factor V Leiden mutation

A 267-bp fragment of the FV gene containing base-pair
1691 was amplified using polymerase chain reaction (PCR) as
described by Bertina et al. [1] with minor modifications. 0.25–
0.50 µg of genomic DNA was amplified in 50 µg reaction mix-
ture (10 mM Tris-HCl, pH 8.3, 50 mM KCl, 3 mM MgCl2,
0.8 mM each deoxynucleotide triphosphate (dNTP), 1 µM each
primer) using 2.5 U of Ampli Taq (Perkin Elmer Cetus, Nor-
walk, CT) for 36 cycles (94 °C, 40 s; 72 °C 120 s) followed by
10 min at 72 °C. Digestion with the restriction endonuclease
MnII of PCR products containing the 1691G allele results in
37-bp, 67-bp, and 163-bp fragments. The fragments were sep-
arated on 2% agarose gels and stained with ethidium bromide.

Prothrombin G20210A mutation

Genomic aliquots of approximately 200 µg DNA were
amplified in 50 µl reaction volumes containing 0.2 mmol/l each
dNTP, 10 mmol/l Tris-HCl (pH 8.3 at 25 °C), 50 mmol/l KCl,
0.3 µmol/l each primer, 1.5 mmol/l MgCl2, and 1 unit Ampli
Taq Gold polymerase (Perkin Elmer Cetus, Norwalk, CT).
Primer sequences were chosen according to Poort et al. [3]. An
initial denaturation step of 10 min at 95 °C was followed by 40
cycles of 1 min at 45 °C and 1 min at 72 °C. A final extension
step of 10 min at 72 °C completed the reaction. Aliquots of 7 µl

of each PCR product were digested with 10 units Hind III in
1xHind III buffer (Boehringer Mannheim, Mannheim, Germa-
ny) in a reaction volume of 30 µl. The digests were separated by
electrophoresis on 6% polyacrylamide gels and stained with
ethidium bromide. The presence of the rare A allele led to the
generation of a Hind III cleavage site yielding a 322-bp prod-
uct, whereas the 345-bp PCR product of the common G allele
remained uncleaved by Hind III.

Methylenetetrahydrofolate reductase (MTHFR) C677T
mutation

The PCR primers for amplification of MTHFR were cho-
sen according to Frosst et al. [4] and generated a 198-bp
fragment. The MTHFR polymorphism, a C to T substitution at
bp 677, creates a Hinfl recognition sequence. If the mutation is
present, Hinfl digests the 198-bp fragment into 175 bp and
23 bp fragments. Fragments were analyzed using polyacryla-
mide gel electrophoresis.

Statistical analyses

Yates’ corrected χ2 test and Fisher’s exact test were used as
appropriate for categorical data and the t-test for numerical
data.

Results

The study group consisted of 35 mothers and the
control group of 54 mothers. The perinatal characteristics
of the infants are shown in Table 1. The perinatal charac-
teristics of the mothers, including macroscopic description
of the placentas, are shown in Table 2. Intra/periventricu-
lar haemorrhage was diagnosed in 5/35 (14.3%) of the
preterm infants, and cystic periventricular leucomalacia in
3/35 (8.6%). There were no significant differences in his-
tories of abortion, venous thrombosis, or familial throm-
boses between the groups of mothers, or in findings of
placental dysfunction. None of the women had a history of
tobacco smoking, and none had been given low-dose hep-
arin during pregnancy.

Results for the thrombophilic polymorphisms are
shown in Table 3. The differences in presence of FV
Leiden, PT G20210A, and MTHFR mutations between

Table 1. Perinatal characteristics of the 35 cases (preterm infants ≤ 35 weeks gestational age) and 54 controls
(term infants > 37 weeks gestational age)

Cases Controls p-value

Gestational age in weeks* 31.2 (25–35) 39.6 (38–42) < 0,001
Birth weight in grams* 1610 (610–2680) 3309 (2400–4225) < 0,001
Small for gestational age 4 (11%) 0 (0%) 0,005
Apgar score at 1 minute* 6.6 (5–10) 7.6 (1–9) < 0,001
Apgar score at 5 minutes* 8.4 (5–10) 8.9 (6–10) 0,084
Caesarean section 20 (57%) 12 (22%) < 0,001
Breech presentation 2 (6%) 0 (0%) 0,039
Fetal distress 16 (46%) 14 (26%) 0,027
Asphyxia 2 (6%) 4 (7%) 0,379
Respiratory distress 18 (51%) 12 (22%) < 0,001
Mechanical ventilation 27 (77%) 16 (30%) < 0,001
Early-onset infection 5 (14%) 18 (33%) 0,023

* Mean; range.
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cases and controls were not significant. The FV Leiden
and PT G20210A mutations identified in the study and
control patients were all heterozygous. MTHFR mutations
were homozygous in one case mother and two controls
(Table 3) and heterozygous in eight case mothers and 16
controls (38 and 36%, respectively). One control mother
was heterozygous for PT G20210A and MTHFR muta-
tions; one control infant was heterozygous for FV Leiden
and MTHFR mutations. None of the cases showed more
than one thrombophilic polymorphism.

Discussion

Prematurity is a condition with various maternal, uter-
ine, placental, and fetal causes, and with many associated
risk factors including low socioeconomic status, single-
parent families, teenage pregnancies, and close spacing of
pregnancies [10]. We evaluated whether thrombophilic
polymorphisms had an additional influence on its patho-

genesis, but our results did not support an association
between inherited thrombophilia and preterm birth.

In the history of venous thrombosis, thrombophilic
polymorphisms have been found to be strongly associated
with the complex nature of the multigenic pathogenesis of
thrombophilia, but findings have not always indicated a
single polymorphism as a thrombophilic risk factor.
However, these observations suggest that screening pa-
tients for thrombophilic polymorphisms might be helpful
in identifying patients at increased risk for thromboem-
bolic events, and perhaps prophylactic therapy could be
considered for selected groups [11]. Serious obstetrical
complications such as severe pre-eclampsia, abruptio pla-
centae, fetal growth retardation, and stillbirth are associat-
ed with intervillous or spiral-artery thrombosis. Recently
women with such complications have been demonstrated
as showing increased frequency of FV Leiden, PT
G20210A, and MTHFR (homozygosis) mutations, and
more frequent deficiencies of protein S and protein C, or
antithrombin III or anticardiolipin antibodies [12]. Bren-
ner et al. [13], reporting on an association of hereditary or
acquired activated protein C resistance with recurrent fetal
loss, found that only 34 of 184 gestations (18%) with this
condition resulted in a live birth, with 11 of 34 (32%)
being premature deliveries. Another recent study [14] ex-
amined whether hypofibrinolytic and thrombophilic gene
mutations were associated with adverse pregnancy out-
comes such as prematurity, miscarriage, stillbirth, intra-
uterine growth restriction, eclampsia, and abruptio placen-
tae. Analysis of FV Leiden, MTHFR, PT gene mutations,
and 4G/5G polymorphism of the plasminogen activator
inhibitor type 1 found significantly more prematurity
(10% v 4%), intrauterine growth restriction (3% v 0%),
and total complications of pregnancy (37% v 21%) in 68
women with gene mutations. Both studies [13, 14] sug-
gested some influence of thrombophilic polymorphisms
on adverse pregnancy outcomes, and thus stimulated our
search for an association between thrombophilia and pre-
maturity. A German group investigated prothrombotic risk
factors in cases of foetal growth restriction [15], and their
retrospective analysis demonstrated that inherited risk fac-
tors, mainly FV Leiden, increase the risk for low birth

Table 3. Thrombophilic polymorphisms in 35 cases (mothers and preterm infants ≤ 35 weeks of gestation) and 54 controls
(mothers and term infants > 37 weeks of gestation). Data are presented as number of patients (percentage)

Cases (M) n = 35 Controls (M) n = 54 Cases (I)  n = 35 Controls (I) n = 54

Factor V Leiden 3 (8.6%) 3 (5.6%) 2 (5.7%) 5 (9.2%)
p-value 0.292 0.275
Odds ratio (CI 95%) 1.595 (0.303–8.384) 0.594 (0.109–3.245)

Prothrombin G20210A 2 (5.7%) 4 (7.4%) 3 (8.6%) 2 (3.7%)
p-value 0.379 0.168
Odds ratio (CI 95%) 0.758 (0.131–4.374) 2.438 (0.386–15.388)

MTHFR* 1 (4.8%) 2 (4.5%) 0 (0%) 4 (9.1%)
p-value 0.485 0.079
Odds ratio (CI 95%) 1.050 (0.090–12.276) 0

MTHFR methylenetetrahydrofolate reductase (homozygous); M mother, I infant; * analyses performed in 21 cases and 44 controls.

Table 2. Maternal perinatal characteristics of 35 cases and
54 controls

Cases Controls

Maternal age (years)* 27 (19–39) 28 (18–37)
First pregnancy and
first child 21 (60%) 36 (67%)
History of abortion 5 (14%) 8 (15%)
History of venous
thrombosis 4 (11%) 2 (4%)
Familial thrombosis 4 (11%) 6 (11%)
History of previous
preterm birth 1 (3%) 0 (0%)
Supplemental vitamins 27 (77%) 42 (78%)
Pre-eclampsia 2 (6%) 0 (0%)
Placental weight* 298 (180–450) 528 (420–600)
Abruptio placentae 3 (9%) 4 (7%)
Placental infarction 1 (3%) 2 (4%)

* Mean; range.
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weight. The effect was more pronounced in children with
either homozygous defects or multiple combined pro-
thrombotic defects. A very large study by Infante-Rivard
et al. [16] appears to refute the idea that inherited throm-
bophilia is a clinically significant cause of fetal growth
restriction; the study certainly has adequate statistical
power to support such a negative conclusion as it com-
pared 493 newborns with birth weight below the 10th

percentile with 472 controls [17].
Our study design did not include histological exami-

nation of the placenta, and therefore it is difficult to
argue to what extent we studied preterm birth of un-
known cause or preterm birth caused by placental dys-
function. One might reasonably expect to find thrombotic
lesions of the placenta if a woman with a thrombophilic
state had an obstetrical complication, but some studies
have reported on such lesions and others not, and all the
studies have involved relatively small numbers of cases
[18–20]. The study by Mousa et al. [20] examined the
relationship between placental histology (thrombotic le-
sions including thrombosis of fetal stem vessels, fetal
thrombotic vasculopathy, placental infarction, perivillous
fibrin deposition, intervillous thrombosis and placental
floor infarction) and thrombophilia status (including the
three gene mutations analysed in our study) in women
admitted with severe pre-eclampsia/eclampsia, placental
abruption, intrauterine growth restriction or unexplained
stillbirth. The authors could not identify any specific his-
tologic pattern when groups that were thrombophilia pos-
itive and negative were compared, and therefore proposed
a poor correlation between thrombophilia status and
pathological changes in the placenta in these women. If
placental pathology plays a major role in the pathogene-
sis of unexplained preterm birth, these results would fur-
ther support our findings of a poor association with
thrombophilic polymorphisms.

As there are many known causes and risk factors
associated with preterm delivery [21], it was necessary to
apply strict selection criteria in our study. This was best
achieved through the prospective design, reporting on a
consecutive cohort of infants fulfilling the criteria of pre-
term birth without obvious cause. The results for thrombo-
philic polymorphisms in such infants therefore more pre-
cisely reflect their influence on preterm birth. However,
these strict selection criteria resulted in a small number of
cases, and thus only strong risk factors can be expected to
be associated with a statistically significant difference.

The 5.6% heterozygosity rate for FV Leiden mutation
diagnosed in the controls is comparable to the expected
prevalence of 4.6% in the Austrian population [22]. Göpel
et al. [23] reported data on FV Leiden and the PT variant
in a cohort of 205 infants < 1500 g birth weight and found
a significant association between both polymorphisms and
prematurity (16.6% compared with 7.3% in term con-
trols). An additional analysis of 102 preterm infants of
multiple pregnancies in their study could not confirm this
association (9.8% vs 7.3%). In our opinion their results
are limited by various factors – as reported above – that
influence preterm birth and which have not been taken
into account by simply screening a cohort of preterm
infants. Thus, thrombophilic polymorphisms still play an
uncertain role in this field.

In conclusion our study does not demonstrate a dis-
tinct association of FV Leiden, PT G20210A, or homozy-
gous MTHFR C677T gene mutations with preterm birth
of unknown cause or placental dysfunction.
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