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Genetic Thrombophilia
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Background and Objectives. Inherited throm-
bophilia has been associated with fetal and mater-
nal complications of pregnancy. It is reasonable
to suppose that an imbalance of maternal hemo-
stasis could lead to decreased fetal growth.

Design and Methods. We retrospectively investi-
gated the birth-weight of neonates in relation to
the presence of factor V G1691A and factor II
A20210 mutations in the mothers. Overall, 755
women (194 with a history of unexplained recur-
rent pregnancy loss, 202 with gestational hyper-
tension with or without proteinuria, 359 with at
least one uneventful pregnancy) and 1100 alive
neonates were considered.

Results. Among 980 neonates from mothers with-
out mutations, 136 (13.9%) weighed <2500
grams, whereas 34 out 123 (27.6%) neonates
from mothers carrying the factor V G1691A or fac-
tor II A20210 mutation were under this birth-weight
(OR: 2.4, 95%CI: 1.5- 3.7). Adjusting for diagno-
sis, parity, and age, the risk of having a baby
<2500 grams was 2.0 (95%CI: 1.1-3.6) in women
carrying factor V G1691A or factor II A20210 muta-
tion. When we analyzed all the neonates accord-
ing to growth centiles and the presence of a throm-
bophilic mutation in the mothers, we found 142
(14.5%) and 28 (22.8%) neonates under the 10th

centile from mothers without and with throm-
bophilic mutations, respectively (OR: 1.7, 95%-CI:
1.1-2.7). Adjusting for confounding variables
(diagnosis, parity and age), the association
between thrombophilic mutations and <10th

growth centile did not change (OR: 1.7, 95% CI:
1.0-3.0).

Current knowledge indicates that there is an
association between obstetric complications
and heritable causes of thrombophilia.1

Broadly categorised, causes of growth deficiency
common to any obstetric practice include mater-
nal vascular disease. A large body of evidence has
been accumulated on a high incidence of muta-
tions predisposing to thrombosis in women with
obstetric complications.2-4 The factor V G1691A (FV
Leiden) mutation, responsible for most cases of
activated protein C resistance (APCR), has been
recognized as the most frequent genetic predispo-
sition to thrombosis.5 It has been associated with
pre-eclampsia, unexplained repeated or recurrent
pregnancy loss, abruptio placentae, unexplained
fetal growth restriction and unexplained still-
births.6,7 More recently, it has been reported that an
acquired APCR is associated with restricted fetal
growth.8

Like factor V G1691A, the G20210A substitution in
the factor II (FII) gene has been associated with the
occurrence of venous thrombosis and obstetric
complications.1,2,4,9

Moreover, several studies showed the presence
of extensive necrotic areas in the placentae from
pregnancies complicated by obstetric pathologies

Interpretation and Conclusions. Mothers carrying
the factor V G1691A or factor II A20210 mutation
have a significantly higher risk of delivering
neonates with a lower birth-weight.
©2002, Ferrata Storti Foundation

Key words: factor V G1691A,
prothrombin A20210 mutation, birth-weight,
growth centiles. 



(e.g. fetal losses or gestational hypertension), sug-
gesting that an imbalance in maternal hemostasis
could lead to abnormalities in placental perfusion
and in turn to decreased intrauterine fetal
growth.10,11

We reasoned that an imbalance of maternal
hemostasis, due to factor V G1691A and FII A20210

mutations, could be associated with a low birth-
weight. To address this issue we investigated the
birth-weight of neonates in relation to the pres-
ence of factor V G1691A and FII A20210 mutations in
a cohort of Italian women with a known obstetric
history.

Design and Methods 
From August 1994-December 1998, 586 women

with a history of recurrent pregnancy losses or ges-
tational hypertension with or without significant
proteinuria were referred to the Atherosclerosis
and Thrombosis Unit of the I.R.C.C.S. Casa Sollievo
della Sofferenza from the Obstetrics and Gynecol-
ogy Departments of the I.R.C.C.S. Casa Sollievo del-
la Sofferenza and Federico II University of Naples.
Recurrent pregnancy loss was defined as the occur-
rence of three or more fetal losses during the first
or second trimester 2 (i.e., up to and including 24
weeks’ gestation). Gestational hypertension4 was
defined as a systolic blood pressure >140 mmHg
and a diastolic blood pressure > 90 mmHg occur-
ring on two occasions > 4 hrs apart. Significant
proteinuria was defined as urine protein excretion
> 300 mg/24h.4 All the women were studied for the
presence of antiphospholipid antibodies. Anticar-
diolipin antibodies and lupus anticoagulant were
investigated at least 6 weeks after a pregnancy,
and when one or both tests were positive, they
were confirmed after 6/8 weeks, as recommended
by the SSC criteria.12 Women with persistent anti-
cardiolipin antibodies and/or lupus anticoagulant,
uterine malformations, diabetes mellitus, autoim-
mune disease, abnormal karyotype (also for part-
ners), infectious disease, pulmonary or renal chron-
ic disease, or thyroid disease were excluded. Thus,
396 women with a history of recurrent pregnancy
losses (n=194) or gestational hypertension
with/without proteinuria (n=202) were included in
the study.

In the same period we randomly selected 359
women with one or more uneventful pregnancies,
from the same ethnic background, in order to form
a comparison group. Relatives of patients and
women with a history of repeated fetal loss or ges-
tational hypertension were not included in this
group. None had persistent anticardiolipin anti-

bodies and/or lupus anticoagulant, diabetes melli-
tus, autoimmune disease, abnormal parental kary-
otype, infectious disease, pulmonary or renal
chronic disease or thyroid disease. Thus, 755
women were analyzed. All the outcomes of these
pregnant women were collected during a personal
interview or from medical records. In each case the
birth-weight was registered. Information on demo-
graphic characteristics, a detailed obstetric and
reproductive history (previous full-term pregnan-
cies, voluntary and spontaneous abortions, the
occurrence of gestational hypertension with or
without proteinuria in previous pregnancies) and a
history of thrombotic events, were obtained from
each woman. All individuals signed informed con-
sent and, after approval of the local Ethics Com-
mittees, the study was carried out according to the
Principles of the Declaration of Helsinki. 

Blood collection and laboratory analysis
Blood was collected in a 1:10 ratio in sodium cit-

rate 0.1 M and the samples were stored at -80°C
until DNA extraction. Leukocyte DNA was obtained
from frozen blood by standard techniques.4 To
screen the G20210A polymorphism of the FII gene,
a 345-bp fragment was obtained and digested
using the Hind lll endonuclease, according to Poort
et al.9 A 220-bp DNA fragment of the FV gene that
includes the nucleotide 1691 was amplified by a
polymerase chain reaction (PCR), as previously
described,5 with some modifications.4

Statistical analysis
All the analyses were performed using the Sta-

tistical Package for Social Science (SPSS 6.1 for
Macintosh). The significance of differences in
means was evaluated by non-parametric tests,
whereas the significance of any difference in pro-
portions was tested by the χ2 statistic. The signif-
icance of the difference of alleles and genotypes
observed between the groups was tested using χ2

analysis, after grouping homozygous and het-
erozygous carriers of the factor V G1691A muta-
tion. Odds ratios (OR) and 95% confidence inter-
vals (CI) were calculated. A general factorial ANO-
VA model, adjusted for maternal diagnosis of preg-
nancy losses or gestational hypertension, sex and
twin births, was used to investigate the birth-
weight of infants in relation to the presence of fac-
tor V G1691A or FII A20210 mutation in the mothers.
A logistic regression analysis with forward step-
wise variable selection was used to evaluate the
impact of each variable on the association with a
history of low birth-weight or growth under the
10th centile. Variables entered into the model were:

178

haematologica vol. 87(2):february 2002

E. Grandone et al.



179

haematologica vol. 87(2):february 2002

maternal age, parity, factor V G1691A or FII A20210

mutation carrier status, the presence of gestation-
al hypertension or fetal loss, body mass index, twin
births and smoking habits. Adjusted OR and 95%
CI were calculated by logistic-regression models. A
two-sided 5% level was considered significant for
all statistical tests.

Results
Study Group. The clinical features of the entire

group are reported in Table 1. The mean age (±SD)
was 32.0±6.5 years. Overall, 1,790 pregnancies
were registered and all were analyzed. Of them,
665  (37.1%) finished with a pregnancy loss; 9
(0.5%) were ectopic pregnancies; 16 (0.9%) were
excluded because of fetal dysmorphology (n=9) or
hydatiform mole (n=4) or gestational trophoblas-
tic disease (n=3). Mean gravidity (±SD) was
2.4±4.4, while the mean parity (±SD) was 1.5±1.2.
In the whole group (n=755), 41 (5.4%) women car-

ried the factor V G1691A mutation (one was
homozygous for the mutation) and 44 (5.8%)
women were heterozygous for the FIIA20210 allele.
Two women showed both mutations. The frequen-
cies observed were not significantly different from
those found in a general population from the same
ethnic background.13 In 1100 (61.4%) pregnancies
there was delivery of one live neonate. Among the
three groups, the rate of pregnancies ending in
delivery of a live neonate was similar (Table 1). No
woman reported a history of myocardial infarction,
stroke, or cancer. As far as venous thromboem-
bolism is concerned, 8 women showed superficial
venous thrombosis (one with the factor V G1691A
mutation) and 3 suffered from deep venous throm-
bosis (one woman had the factor V G1691A muta-
tion).

Thrombophilic mutations and birth-weight.
Birth-weights were divided into three groups (Table
2). Neonates delivered by mothers with throm-
bophilic mutations formed 30% (n=6) of babies
weighing < 1,000 g, 18.7% (n=28) of those rang-
ing from 1,001-2,499 g, and 9.5% (n=89) among
babies weighing ≥ 2,500 g. Overall, 136 out of 980
(13.9%) neonates from mothers without mutations
had a birth-weight < 2,500 g. In mothers carrying
either the factor V G1691A or the FII A20210 muta-
tion, 34/123 neonates (27.6%) weighed <2,500 g
(OR: 2.4, 95% CI: 1.5-3.7).

The estimated risk of delivering a neonate weigh-
ing <2,500 g in the presence of one of the muta-
tions described was 3.9 (95% CI: 1.0-15.4) among
the 359 women with one or more uneventful preg-
nancies and 2.0 (95% CI: 1.0-4.0) in the 396
women with a previous obstetric pathology.

A logistic regression model with stepwise selec-
tion of variables was used to evaluate the impact
of potential confounding variables (different diag-
nosis, parity, twin birth). This showed that carrier-
ship of prothrombotic mutations was significantly
associated with a birth-weight < 2,500 g, (OR: 2.0,
95% CI: 1.1-3.6). 

The possibility that factor V G1691A and FII A20210

mutations could influence birth-weight was fur-
ther investigated by means of an analysis of vari-
ance (factorial ANOVA) that considered the birth-
weight of each newborn, in addition to sex, to twin
birth and to different clinical subgroups (i.e. per-
sonal history of fetal loss, gestational hypertension
with or without proteinuria). The adjusted mean
birth-weight was 3,145 g in the neonates from
mothers without prothrombotic genetic risk fac-
tors, and 2,934 g (p= 0.013) in women carrying
prothrombotic mutations.

Lower birth-weight in neonates of mothers carrying F VG1691A and FIIA20210

Table 1. Clinical features of the whole sample.

Total No mutation FV G1691A FII A20210

carriers carriers*

Women ever pregnant 755 672 41* 41*
n (%) (89.0%) (5.4) (5.8)

Age (mean±SD) 32.0±6.5 32.0±6.6 32.0±6.8 31.9±6.0

Pregnancies n (%) 1790 1598 101 94
(89.3%) (5.7%) (5.3%)

Pregnancies ending in 1100 980  63 * 60 *
a live neonate (%) (61.5%) (61.3%) (62.4%) (63.8%)

Gravidity (mean ± SD) 2.4±1.4 2.4±1.4 2.5±1.4 2.1±1.2

Parity (mean ± SD) 1.5 ±1.2 1.5±1.2 1.5±1.2 1.4±1.0

BMI (kg/m2) 24.1±4.2 24.0±4.2 25.2±3.9 24.3±4.5

Smoke 48^ 41^ 3 4

*Factor V G1691A and FII A20210 mutations coexisted in two women, who
delivered three live neonates; ^six women smoked >10 cigarettes/day.

Table 2. Birth-weight of neonates delivered by women
carrying factor V G1691A or factor II A20210 mutations.

Total No mutation Factor V G1691A FII A20210

Birth-weight <1,000 g 20 14 3  3  
(70%) (15%) (15%)

Birth-weight >1,000<2,499 g 150 122 16 12 
(81.3%) (10.7%) (8.0%)

Birth-weight > 2,500* g 933 844 44 45
(90.5%) (4.7%) (4.8%)

*Factor V G1691A and FII A20210 mutations coexisted in two women, who
delivered three live neonates.



180

haematologica vol. 87(2):february 2002

E. Grandone et al.

Growth centiles and thrombophilic mutations.
We then performed the same analyses considering
the birth-weight corrected for gestational age (i.e.
growth centiles) and evaluated the association
between thrombophilic mutations and different
growth centiles, using Italian neonatal standard
curves (Table 3).14

Among neonates under the 10th centile in the
group of uneventful pregnancies, 7.7 % (n=53)
were born to mothers without prothrombotic
mutations and 9.7% (n=7) to mothers with factor
V G1691A or FII A20210 mutation (p = ns). Among
neonates under the <10th centile born to women
with gestational hypertension 38.0% (n=70) were
from mothers without mutations and 45.3%
(n=19) from women with these risk factors (p =
ns). Finally, in the group of women with a history
of unexplained fetal losses, 18.9% (n=14) of babies
<10th centile were born to mothers without and
20% (n=2) to women with factor V G1691A or fac-
tor II A20210 mutation (p = ns). Overall, 142 (14.5%)
and 28 (22.8%) neonates under the 10th centile
were, respectively, from mothers without and with
thrombophilic mutations (OR 1.7, 95% CI: 1.1-2.7).

A logistic regression model with stepwise selec-
tion of variables used to evaluate the impact of
potential confounding variables (i.e. age, parity, the
presence of pregnancy losses, of gestational hyper-
tension, BMI, smoking habit) showed that throm-
bophilia carrier status was significantly associated
with a birth-weight under the 10th centile (OR: 1.7
95%-CI: 1.0-3.0).

Discussion
A successful outcome of a pregnancy depends

on satisfactory placental development and sus-
tained placental function. These processes require
an adequate feto-maternal circulatory system. The
association between heritable thrombophilia and
increased fetal losses2 confirms and extends this

concept. The factor V G1691A and the FII A20210

mutations have been associated with pregnancy
complications,1,3,4,15 in which a low birth-weight is
known to occur. The main goal of this study was to
analyze the birth-weight of neonates born to
mothers with common causes of inherited throm-
bophilia, such as factor V G1691A and FII A20210

mutations. In most cases of intrauterine fetal
growth restriction the time of delivery depends on
medical advice. We reasoned that this aspect could
have influenced the data analysis: for this reason
we decided to use two different models, one using
birth-weight regardless of gestational age, and the
other one using centiles.

Clark et al.8 recently showed that during preg-
nancy, an acquired APCR is associated with a low
birth-weight. Moreover, prothrombotic mutations
have been recognized as a risk factor for preterm
birth.16

Our data extend the relevance of these findings.
In this study, we found that neonates from mothers
carrying inherited prothrombotic factors (i.e. factor
V G1691A and the FII A20210 mutations) had a lower
birth-weight than that of neonates from women
without such mutations. Overall, neonates from
women carrying the factor V G1691A mutation or
the FII A20210 allele formed 30% of those weighing
<1,000 g, 18.7% of those weighing 1,000-2,499 g
and 9.5% of those weighing ≥2,500 g.

Our data demonstrated that mothers carrying the
factor V G1691A or the FII A20210 allele had a sig-
nificantly higher associated risk of delivering a
neonate with a lower birth-weight. This associa-
tion was independent of potential confounding fac-
tors, such as maternal age, parity, body mass index
and the presence of obstetric complications such as
pregnancy loss or gestational hypertension. When
the growth centiles (that are a measure of the fetal
growth corrected for gestational age) were consid-
ered, both the univariate and the multivariate
analyses showed an association  between the low-
est growth centiles and the presence  of prothrom-
botic mutations. Similarly to findings from a previ-
ous model of multivariate analysis, this association
was not influenced by potential confounding vari-
ables such as maternal diagnosis of pregnancy loss
or gestational hypertension, or age and parity.

Twins have lower birth weights than singleton
deliveries. In multivariate analyses, adjusting for
twin births, the significance obtained in univariate
analyses did not change. In addition, exclusion of
twins from analyses did not materially change the
results obtained (data not shown). It could be
hypothesized that the inheritance of one of these

Table 3. Growth centiles of neonates of mothers with or
without prothrombotic mutations in relationship to maternal
carriership of the factor V G1691A or the FIIA20210 allele.

Centile <3 Centile 4-10 Centile 11-25 Centile 26-50 Centile> 51

No mutation 61 83.6% 81 83.5% 149 88.2% 250 89.3% 439 90.7%

FVG1691A 3 4.1% 7 7.2% 11 6.5% 19 6.8% 23 4.8%

FII A20210 9 12.3% 9 9.3% 9 5.3% 11 3.9% 22 4.5%

In this table growth centiles of newborn as related to the material carriership of
the factor V G1691A or the FIIA20210 allele are showed.



molecular variants at the feto-placental interface
may have a role in determining a lower birth-
weight.

It is possible that carriers of inherited throm-
bophilia may more often have a placental disorder
than non-carriers, perhaps caused by deficient tro-
phoblast invasion of the maternal spiral arteries,
leading to underperfusion of the uteroplacental
circulation and placental ischemia.
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