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Abstract This review summarizes current knowledge
about the role of hereditary hypercoagulation factors
predisposing to thrombophilia-associated recurrent fetal
loss. Thrombophilias are a major cause of adverse
pregnancy outcome, playing a role in the etiology of up
to 40% of cases worldwide. Hereditary thrombophilic
predispositions to recurrent pregnancy wastage include
genetic lesions in blood coagulation factors II and V as
well as natural anticoagulants antithrombin, protein C, and
protein S. Furthermore, methylenetetrahydrofolate reduc-
tase gene variants conferring higher thrombophilia risk in
combination with these mutations and the newly described
annexin A5 gene M2 promoter allele are associated with
repeated fetal loss. The review gives a concise description
of the molecular defects arising from the genetic changes,
of the role these factors play in the timing and definition of
fetal loss, and risk estimates from available studies and
meta-analysis. This knowledge is instrumental for a more
precise assessment of individual risks for repeated fetal loss
and should guide therapeutic strategies, where relevant.
Since the average childbearing age increases in Western
societies, the importance of a timely diagnosis of fetal loss
predisposition is increasing.
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Heritable thrombophilic lesions

Pregnancy loss is a major problem of women’s health.
About one fifth of all women worldwide have suffered at
least one abortion, and 1/20 has had two or more
spontaneous pregnancy losses (Branch et al. 1992). More
than 500,000 women per year experience a recurrent
abortion in the USA (Bick and DRW Metroplex Recurrent
Miscarriage Syndrome Cooperative Group 2000). Mostly,
adverse pregnancy outcome in the first trimester is caused
by chromosomal abnormalities incompatible with life.
Nevertheless, routine gynecological, endocrine, and cyto-
genetic tests cannot unravel the reason for recurrent fetal
losses in 30–40% of cases (Branch et al. 1992).

Hereditary or acquired hypercoagulation disorders pro-
moting thrombosis, collectively termed “thrombophilias,”
form the molecular basis for the majority of otherwise
unexplained fetal loss (Kupferminc et al. 1999). Histolog-
ical studies have demonstrated an increased prevalence of
microthrombi in the placental vessels of women with
recurrent miscarriage (Out et al. 1991; Rai et al. 1996),
although there are some controversies (Alfirevic and Kurjak
1990). Normal pregnancies are characterized by a hyper-
coagulability state that predisposes to thrombosis (Sanson
et al. 1999; Simioni et al. 1999). Hereditary thrombophilic
defects in combination with these physiological changes
may increase the risk of fetal loss (Kupferminc 2003).

Table 1 gives an overview of inherited defects found in
the majority (70%) of thrombophilic patients. For two of
these defects, factor V Leiden (FVL) mutation and the
prothrombin G20210A mutation (PTm), together account-
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ing for more than half of all cases with inherited
thrombophilia, direct DNA analysis is performed when
indicated.

Factor V Leiden

Factor V Leiden mutation is an adenine to guanine
substitution at position 1691 of the coagulation factor V
gene (Bertina et al. 1994; Greengard et al. 1994; Voorberg
et al. 1994). The resulting amino acid replacement, arginine
(R) to glutamine (Q), at position 506 occurs exactly at one
of the three contact residues where activated protein C
(APC) would normally cleave and inactivate procoagulant
factor Va. As a result, activated factor V Leiden becomes
partially resistant to the anticoagulant action of APC and is
inactivated at an approximately tenfold slower rate than
normal, thereby resulting in increased thrombin generation
and a prothrombotic state.

Factor V Leiden is the most common inherited cause of
thrombophilia, being present in heterozygous form in about
12–20% of patients with venous thrombosis and in 40–50%
of those with recurrent venous thrombosis. The mutation is
very common in the white population: About 3% to 7% of
individuals from Northern European extraction are hetero-
zygous FVL carriers. FVL heterozygosity has been shown
to be associated with a three to sevenfold increase of
venous thrombosis risk, while homozygotes have a 50- to
100-fold increased risk (Griffin et al. 1993; Koster et al.
1993; Ridker et al. 1997; Table 1).

An elevated thrombosis risk may be due to a combined
defect of factor V Leiden carriership and yet another
unequivocally diagnosed risk factor such as homozygosity
for MTHFR C677T (Cattaneo et al. 1997; Eldibany and
Caprini 2007; Ridker et al. 1997).

In a meta-analysis published by Rey et al. (2003), factor
V Leiden (Table 2) was found to be associated with early and
late recurrent fetal loss (OR 2.01, 95%CI 1.13–3.58) and with
late non-recurrent fetal loss (OR 7.83, 95%CI 2.83–21.67).
Upon the exclusion of women with other pathologies that

could explain fetal loss, the association between factor V
Leiden and recurrent abortions increased. While protein S
deficiency was related to non-recurrent pregnancy loss
occurring after 22 weeks, activated protein C resistance not
due to factor V Leiden was associated with recurrent early
pregnancy loss. In contrast, no significant association was
found between protein C or antithrombin deficiency and
recurrent or non-recurrent fetal loss, respectively.

APC resistance not related to factor V Leiden

APC resistance not associated with factor V Leiden has
been identified as an additional, independent risk factor for
deep vein thrombosis (de Visser et al. 1999) and may be an
acquired condition resulting from pregnancy (Cumming et
al. 1995) and oral contraceptive use (Olivieri et al. 1995).
Some laboratory phenotypes such as lupus anticoagulant
and high factor VIII levels may be also due to a reduced
sensitivity to APC. Reduced APC sensitivity may also be
due to other genetic causes including, for example, two
mutations affecting the R205 APC cleavage site of factor V
(Chan et al. 1998; Williamson et al. 1998). One mutation
(R306T, factor V Cambridge) was indeed causative of APC
resistance. The other lesion (R306G) was found in a Hong

Table 1 Known hereditary thrombophilia risk factors

Prevalence in the white population (%)

Thrombophilic defect Incident VTE Recurrent VTE Normal population Relative thrombotic risk

Antithrombin deficiency 1–2 2–5 0.02–0.04 5

Protein C deficiency 2–5 5–10 0.2–0.5 6–10

Protein S deficiency 1–3 5–10 0.1–1 2

Factor V Leiden 20 40–50 3–7 3–7 (heterozygotes) 50–100 (homozygotes)

Prothrombin G20210A 3–8 15–20 1–3 2–8 (heterozygotes)

VTE venous thromboembolism

Table 2 Relative risk for relative fetal loss associated with hereditary
thrombophilic defects according to a meta-analysis by Rey et al.
(2003)

Thrombophilic
defect

Recurrent
pregnancy
loss before
13weeks

Non-recurrent
pregnancy loss

Non-recurrent
pregnancy
loss after
19weeks

Antithrombin deficiency 0.88 1.54 Not analyzed

Protein C deficiency 1.57 1.41 Not analyzed

Protein S deficiency 14.72 7.39 Not analyzed

Factor V Leiden 2.01 1.73 3.26

Prothrombin G20210A 2.05 2.32 2.30
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Kong Chinese and was reported not to be associated with
APC resistance.

Factor II PTm

The 20210G>A mutation (PTm) in the 3′ untranslated
region of the factor II gene encoding prothrombin causes a
gain of function due to an enhanced recognition of the 3′
end cleavage signal and increased 3′ end processing. This
results in the accumulation of messenger RNA (prolonged
turnover) and greater protein synthesis of prothrombin
(Gehring et al. 2001).

Both homozygous and heterozygous carriership of factor
V Leiden or PTm mutations increases the risk of venous
thromboembolism (Table 1). The overall prevalence of the
prothrombin mutation (PTm) in Europe is approximately
2%. The highest prevalence has been observed in Southern
Europe (approximately 3%) and the lowest in the northern
parts of the continent (approximately 1.7%). Heterozygous
carriers of the 20210A allele have a two to eightfold
increased risk for venous thrombosis (Poort et al. 1996).
Very few cases of homozygosity for this mutation have
been described (Rosendaal et al. 1998). Although the
severity of the phenotype and the concurrent thrombosis
risk would be expected to be higher in the homozygous
state, a broad clinical spectrum with striking heterogeneity
has emerged in a very small case number (Bosler et al.
2006). From the meta-analysis (Rey et al. 2003), there is a
significant association found between PTm carriership and
recurrent abortion before 13 weeks of pregnancy (OR 2.56,
95%CI 1.04–6.29) as well as with non-recurrent fetal loss
after 20 weeks (Table 2).

Individuals carrying both an FVL and a prothrombin
G20210A mutation have a 20-fold increased risk for
venous thrombosis, which is higher than for heterozygous
carriers of FVL or prothrombin G20210A alone. DNA
analysis of both mutations is therefore highly recommended
in patients with a personal or family history of thrombosis
(McGlennen and Key 2002; Press et al. 2002). The
hereditary deficiencies of anticoagulant proteins antithrom-
bin, protein C, and protein S are heterogeneous in nature
and can be caused by many different genetic lesions
(Seligsohn and Lubetsky 2001). Although they have been
the target of intense clinical research, taken together, they
account for <10% of patients with thrombophilia (Florell
and Rodgers 1996).

Methylenetetrahydrofolate reductase

It has been suggested that elevated total plasma homo-
cysteine levels (hyperhomocysteinemia) could represent

another factor predisposing to thrombosis. Homocysteine
is a non-protein-building sulfhydryl amino acid resulting
from the intracellular demethylation of methionine. In
hepatocytes, homocysteine is remethylated to methionine
by the acquisition of a methyl group from methyltetrahy-
drofolate, derived in a reaction catalyzed by methylenete-
trahydrofolate reductase (MTHFR). A quite common
variant in the MTHFR gene, namely a C to T substitution
at cDNA position 677 leading to a change from alanine to
valine, may cause increased levels of plasma homocysteine.
This variant shows reduced activity at 37°C and increased
thermolability at 46°C. Approximately 12% of the white
population is homozygous for the mutation that would
cause typical manifestation of moderate hyperhomocystei-
nemia when folate levels are at the lower end of the normal
range (Hanson et al. 2001). Although initial data suggested
an association between homozygosity for MTHFR C677T
and venous thrombosis, prospective studies could not
confirm these results (Cattaneo 1999; Tsai et al. 2001).

A second common polymorphism in the MTHFR gene,
A1298C, has been described by van der Put et al. (1998).
The prevalence of homozygotes for this variant in the white
population is approximately 10%, and 23% of people are
compound heterozygotes for C677T and A1298C (Hanson
et al. 2001). It has been shown that compound heterozy-
gosity for C677T and A1298C, but not homozygosity for
A1298C, is associated with increased fasting and post-
methionine load homocysteine plasma levels (Hanson et al.
2001).

Over the last 10 years, a number of studies on the
association between inherited thrombophilia and pregnancy
loss have been published (Brenner et al. 1999; Finan et al.
2002; Foka et al. 2000; Kovalevsky et al. 2004; Pihusch et
al. 2001; Reznikoff-Etiévan et al. 2001; Ridker et al. 1998;
Sarig et al. 2002; Wramsby et al. 2000; Younis et al. 2000).
In view of the somewhat conflicting results of these studies,
and because screening tests for thrombophilia become
increasingly available, a meta-analysis has been performed
on 31 association reports published in the literature (Rey et
al. 2003). In addition to estimating the actual strength of
association between inherited thrombophilia and fetal loss,
this meta-analysis also served to clarify whether the
associations vary by the timing or definition of fetal loss
(Table 2). The initial observation that homozygosity for
MTHFR C677T could be related to pregnancy loss (Nelen
et al. 2000; van der Molen et al. 2000), supported by more
recent studies (Goodman et al. 2006; Subrt et al. 2008),
could not be confirmed, neither in another sample (Foka et
al. 2000) nor by meta-analysis (Rey et al. 2003). However,
when additional thrombophilic factors were considered,
MTHFR C677T seemed to significantly increase the risk of
pregnancy wastage (Coulam et al. 2006; Kupferminc et al.
1999; Tranquilli et al. 2004). The A1298C MTHFR variant
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alone showed no significant association with recurrent
pregnancy loss, but a good correlation was confirmed in
the presence of other prothrombotic mutations (Goodman et
al. 2006; Subrt et al. 2008).

Hyperhomocysteinaemia is a risk factor for placenta-
mediated diseases such as preeclampsia and placenta
abruption as well as for fetal neural tube defects (van der
Molen et al. 2000; van der Put et al. 1998). However, it
does not appear that homozygosity for MTHFR C667T, the
genetic abnormality most commonly associated with hyper-
homocysteinemia, is linked to an increased risk of venous
thromboembolism (VTE) in pregnant women. As clinical
events in homozygotes are likely to reflect the interaction of
the genotype with a relative deficiency of vitamins such as
B12 and folic acid, the absence of an association of this
genotype with gestational VTE may reflect pregnancy-
related physiologic reduction in homocysteine levels and/or
the effects of folic acid supplements that are now taken
widely by women in pregnancy for the prevention of neural
tube defects. According to the guidelines of the Italian
Society for Haemostasis and Thrombosis (SISET), evidence
of association between pregnancy complications and
MTHFR polymorphisms is not sufficient (Lussana et al.
2009). The use of folic acid is suggested for the whole
pregnancy in women with mild hyperhomocysteinemia.

M2 haplotype of ANXA5

Annexin A5 (placental anticoagulant protein) occurs in
normal placental villi and appears to be reduced when
antiphospholipid antibodies are present (Rand et al. 1994).
Reduced annexin A5 expression in the placental trophoblasts
has also been demonstrated immunohistochemically in
patients with preeclampsia (Shu et al. 2000). Based upon
these observations and the reported anticoagulation activity
of the protein (Romisch et al. 1991), it has been suggested
that annexin A5 molecules form an antithrombotic shield on
the apical surface of placental syncytiotrophoblasts that may
in pregnancy be disrupted by antiphospholipid antibodies
(Rand and Wu 1999). This hypothesis has recently received
additional support from in vitro studies employing atomic
force microscopy and functional assays (Rand et al. 2003).

A few years ago, we observed that a sequence variation
in the promoter of the annexin A5 (ANXA5) gene
represents a risk factor for recurrent pregnancy loss
(Bogdanova et al. 2007). Genomic analysis of a German
recurrent pregnancy loss (RPL) patient sample, all known
to carry neither factor V Leiden nor a prothrombin
mutation, revealed an overrepresentation of four consecu-
tive nucleotide substitutions in the ANXA5 promoter,
transmitted as a joint haplotype (M2). Reporter gene assays
showed that M2 reduces the in vitro activity of the ANXA5

promoter to 37–42% of the normal level. The possible
relationship between M2 and RPL was assessed by
comparing RPL patients (n = 70) with two independent
control groups, namely women from the registry of the
Institute of Human Genetics in Münster (n = 500) and from
the PopGen biobank in Kiel (n = 500), respectively. Carriers
of M2 were found to exhibit a more than twofold higher
RPL risk than non-carriers (OR 2.42, 95%CI 1.27–4.58) in
comparison to unselected controls (PopGen) and an almost
fourfold higher risk relative to the Münster “super-controls,”
i.e., women with successful pregnancies and no previous
history of pregnancy loss (OR 3.88, 95%CI 1.98–7.54).

Recently, the expression of ANXA5 in placentas from M2
haplotype carriers has been shown to be reduced by a factor
of two at the mRNA level compared to women lacking M2
(Chinni et al. 2009). The same study demonstrated that the
abundance of placental ANXA5 mRNA in 26 women with
obstetric complications (preeclampsia and fetal growth
restriction) was threefold lower than in a control group of
seven women without pregnancy complications.

An analysis of the role of M2 in Italian women with
repeated fetal loss or pregnancy-related hypertension
recently corroborated our initial findings (Tiscia et al.
2009). The study reported a similar prevalence of M2
carriership (15%) in women from Southern Italy as in the
German population. In addition, the authors also demonstrated
a significant association between M2 carriership and both
RPL (defined as three or more fetal losses at ≤23 weeks; OR
3.1, 95%CI 1.1–9.5) and pregnancy-related hypertensive
disorders (OR 2.1, 95%CI 1.2–3.5). The results of the Italian
study also suggested that the role of M2 could be more
pronounced in early fetal loss (≤15 weeks) than in later events
(15–23 weeks). This is in contrast to the trend noted for the
FVL and PTm thrombophilic mutations for which the risk of
fetal loss increases after the 19th week of pregnancy (Table 2).

In the future, it would appear reasonable to study the role
of M2 and other ANXA5 haplotypes in other populations
and ethnic backgrounds. An additional avenue of further
studies could be to clarify the interaction between M2 and
other known hereditary RPL risk factors. This notwith-
standing, the ANXA5 promoter M2 haplotype undoubtedly
represents an established predisposition to fetal loss and
should thus be included in the analytical panel of inherited
thrombophilic factors. This would not only improve the
available prognostic algorithms for RPL, allowing a more
precise assessment of individual disease risk, but should
also provide a guide to adequate therapies where relevant.

aPL antibodies and M2 haplotype of ANXA5

The presence of circulating maternal antiphosholipid anti-
bodies is yet another established major risk factor for
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recurrent pregnancy loss. A higher incidence of RPL has
been documented for both low-risk and high-risk pregnan-
cies with antiphospholipid antibodies (aPL; (Empson et al.
2002; Subrt et al. 2008). Antiphospholipid antibodies are
thought to lead to fetal loss by causing thrombosis of the
placental vessels, although the observed variability in
placental pathology somehow argues against such a direct
involvement (Nilsson et al. 1975; Salafia and Cowchock
1997). Lowered expression of ANXA5 in placentas of M2
haplotype carriers (Chinni et al. 2009) could be potentially
responsible for reduced coverage of phospholipid tropho-
blast surfaces and hence lead to an increase in the number
of exposed available antigenic determinants for the gener-
ation of aPL. Preliminary results (Cherkelova et al.,
unpublished observations) suggest about a twofold higher
incidence of M2/ANXA5 in SLE and aPL patients with
obstetric complications. The possible predisposition of M2/
ANXA5 carriers to develop aPL warrants further studies in
larger patient groups.

Conclusive remarks

There is an increasing tendency for childbearing to occur
later in women’s lives, particularly in Western Europe,
Australia, New Zealand, Canada, and the USA (RCOG
2009). However, the biologically optimal period for
childbearing is between 20 and 35 years of age. After this
period, it turns increasingly difficult to fall pregnant and the
chances of miscarriage increase with progressing age. This
is why it is becoming even more important to diagnose
common risk factors and hereditary predispositions to fetal
loss in a timely fashion. Although data on the combined
effect of maternal age and genetic risk factors are still
lacking, it is generally expected that the latter would have
even stronger bearing on mothers older than 35. In any
case, mothers at later childbearing age should have their
fetal loss risk minimized not the least because of the impact
of fetal losses on subsequent pregnancies.

Based upon our current knowledge, some forms of
hereditary thrombophilia clearly appear to be associated
with RPL. SISET guidelines recommend testing for FVL
and PTm in pregnancy (Lussana et al. 2009). They do not
recommend testing for polymorphisms of FXII, MTHFR,
and PAI-1 genes and polymorphisms of FV and FII genes,
different from FVL and PTm. It is advisable to perform the
screening before pregnancy, and if performed during
pregnancy, results should be interpreted very carefully and
where applicable completed with family history. Genetic
testing for the FVL mutation and PTm G20210A variant is
indicated for women with RPL or non-recurrent late
miscarriage. Since homocysteine is an established risk
factor for obstetric complications, it seems more indicated

to dose homocysteine plasma levels than testing for
MTHFR polymorphisms. Testing MTHFR A1298C variant
could be optional, but its relevance should be judged with
caution and only in conjunction with C677T. Evaluation of
APC resistance not due to FVL or protein S deficiency,
using plasma-based functional assays, is indicated in
women with early recurrent abortions, whereas women
with late miscarriage should be tested for protein S
deficiency alone.

It is advisable to refer women tested positive for one or
more thrombophilic mutations to specialized centers for
monitoring future pregnancies and for considering low-
molecular-weight heparin (LMWH) prophylaxis during
pregnancy. The American College of Chest Physicians of
USA guidelines recommend for RPL women with throm-
bophilia antepartum administration of prophylactic or
intermediate-dose ultrafractionated heparin or prophylactic
LMWH combined with aspirin (Bates et al. 2008).

Acknowledgments We are grateful to Michael Krawczak for
valuable discussions and for proofreading the manuscript.

References

Alfirevic Z, Kurjak A (1990) Transvaginal colour Doppler ultrasound
in normal and abnormal early pregnancy. J Perinat Med 18:173–
180

Bates SM, Greer IA, Pabinger I, Sofaer S, Hirsh J (2008) Venous
thromboembolism, thrombophilia, antithrombotic therapy, and
pregnancy: American College of Chest Physicians Evidence-
Based Clinical Practice Guidelines (8th edn). Chest 133:844S–
886S

Bertina RM, Koeleman BP, Koster T, Rosendaal FR, Dirven RJ, de
Ronde H, van der Velden PA, Reitsma PH (1994) Mutation in
blood coagulation factor V associated with resistance to activated
protein C. Nature 369:64–67

Bick RL, DRW Metroplex Recurrent Miscarriage Syndrome Cooper-
ative Group (2000) Recurrent miscarriage syndrome due to blood
coagulation protein/platelet defects: prevalence, treatment and
outcome results. Clin Appl Thromb Hemost 6:115–125

Bogdanova N, Horst J, Chlystun M, Croucher PJ, Nebel A, Bohring
A, Todorova A, Schreiber S, Gerke V, Krawczak M, Markoff A
(2007) A common haplotype of the annexin A5 (ANXA5) gene
promoter is associated with recurrent pregnancy loss. Hum Mol
Genet 16:573–578

Bosler D, Mattson J, Crisan D (2006) Phenotypic heterogeneity in
patients with homozygous prothrombin 20210AA genotype. J
Mol Diagn 4:420–425

Branch DW, Silver RM, Blackwell JL, Reading JC, Scott JR (1992)
Outcome of treated pregnancies in women with antiphospholipid
syndrome: an update of the Utah experience. Obstet Gynecol
80:614–620

Brenner B, Sarig G, Weiner Z, Younis J, Blumenfeld Z, Lanir N
(1999) Thrombophilic polymorphisms are common in women
with fetal loss without apparent cause. Thromb Haemost 82:6–9

Cattaneo M (1999) Hyperhomocysteinemia, atherosclerosis and
thrombosis. Thromb Haemost 81:165–176

Cattaneo M, Tsai MY, Bucciarelli P, Taioli E, Zighetti ML, Bignell M,
Mannucci PM (1997) A common mutation in the methylenete-

J Community Genet (2010) 1:47–53 51



trahydrofolate reductase gene (C677T) increases the risk for
deep-vein thrombosis in patients with mutant factor V (factor V:
Q506). Arterioscler Thromb Vasc Biol 17:1662–1666

Chan WP, Lee CK, Kwong YL, Lam CK, Liang R (1998) A novel
mutation of Arg 506 of factor V gene in Hong Kong Chinese.
Blood 91:1135

Chinni E, Tiscia GL, Colaizzo D, Vergura P, Margaglione M,
Grandone E (2009) Annexin V expression in human placenta is
influenced by the carriership of the common haplotype M2. Fertil
Steril 91:940–942

Coulam CB, Jeyendran RS, Fishel LA, Roussev R (2006) Multiple
thrombophilic gene mutations rather than specific gene mutations
are risk factors for recurrent miscarriage. Am J Reprod Immunol
55:360–368

Cumming AM, Tait RC, Fildes S, Yoong A, Keeney S, Hay CR
(1995) Development of resistance to activated protein C during
pregnancy. Br J Haematol 90:725–727

de Visser MC, Rosendaal FR, Bertina RM (1999) A reduced
sensitivity for activated protein C in the absence of factor V
Leiden increases the risk of venous thrombosis. Blood 93:1271–
1276

Eldibany MM, Caprini JA (2007) Hyperhomocysteinemia and
thrombosis: an overview. Arch Pathol Lab Med 131:872–884

Empson M, Lassere M, Craig JC, Scott JR (2002) Recurrent
pregnancy loss with antiphospholipid antibody: a systematic
review of therapeutic trials. Obstet Gynecol 99:135–144

Finan RR, Tamim H, Ameen G, Sharida HE, Rashid M, Almawi WY
(2002) Prevalence of factor V G1691A (factor V-Leiden) and
prothrombin G20210A gene mutations in a recurrent miscarriage
population. Am J Hematol 71:300–305

Florell SR, Rodgers GM 3rd (1996) Utilization of testing for activated
protein C resistance in a reference laboratory. Am J Clin Pathol
106:248–252

Foka ZJ, Lambropoulos AF, Saravelos H, Karas GB, Karavida A,
Agorastos T, Zournatzi V, Makris PE, Bontis J, Kotsis A (2000)
Factor V Leiden and prothrombin G20210A mutations, but not
methylenetetrahydrofolate reductase C677T, are associated with
recurrent miscarriages. Hum Reprod 15:458–462

Gehring NH, Frede U, Neu-Yilik G, Hundsdoerfer P, Vetter B, Hentze
MW, Kulozik AE (2001) Increased efficiency of mRNA 3′ end
formation: a new genetic mechanism contributing to hereditary
thrombophilia. Nat Genet 28:389–392

Goodman CS, Coulam CB, Jeyendran RS, Acosta VA, Roussev R
(2006) Which thrombophilic gene mutations are risk factors for
recurrent pregnancy loss? Am J Reprod Immunol 56:230–236

Greengard JS, Sun X, Xu X, Fernandez JA, Griffin JH, Evatt B (1994)
Activated protein C resistance caused by Arg506Gln mutation in
factor Va. Lancet 343:1361–1362

Griffin JH, Evatt B, Wideman C, Fernández JA (1993) Anticoagulant
protein C pathway defective in majority of thrombophilic
patients. Blood 82:1989–1993

Hanson NQ, Aras O, Yang F, Tsai MY (2001) C677T and A1298C
polymorphisms of the methylenetetrahydrofolate reductase gene:
incidence and effect of combined genotypes on plasma fasting
and post-methionine load homocysteine in vascular disease. Clin
Chem 47:661–666

Koster T, Rosendaal FR, de Ronde H, Briet E, Vandenvroucke JP,
Bertina RM (1993) Venous thrombosis due to poor anticoagulant
response to activated protein C: Leiden Thrombophilia Study.
Lancet 342:1503–1506

Kovalevsky G, Gracia CR, Berlin JA, Sammel MD, Barnhart KT
(2004) Evaluation of the association between hereditary throm-
bophilias and recurrent pregnancy loss: a meta-analysis. Arch
Intern Med 164:558–563

Kupferminc MJ (2003) Thrombophilia and pregnancy. Reprod Biol
Endocrinol 1:111

Kupferminc MJ, Eldor A, Steinman N, Many A, Bar-Am A, Jaffa A,
Fait G, Lessing JB (1999) Increased frequency of genetic
thrombophilia in women with complications of pregnancy. N
Engl J Med 340:50–52

Lussana F, Dentali F, Abbate R, d’Aloja E, D’Angelo A, De Stefano V,
Faioni EM, Grandone E, Legnani C, Martinelli I, Simioni P,
Tormene D (2009) Screening for thrombophilia and antithrombotic
prophylaxis in pregnancy: guidelines of the Italian Society for
Haemostasis and Thrombosis (SISET). Thromb Res 124:e19–e25

McGlennen RC, Key NS (2002) Clinical and laboratory management
of the prothrombin G20210A mutation. Arch Pathol Lab Med
126:1319–1325

Nelen WL, Blom HJ, Steegers EA, den Heijer M, Eskes TK (2000)
Hyperhomocysteinemia and recurrent early pregnancy loss: a
meta-analysis. Fertil Steril 74:1196–1199

Nilsson I, Astedt B, Hedner U, Berezin D (1975) Intrauterine death
and circulating anticoagulant (“antithromboplastin”). Acta Med
Scand 197:153–159

Olivieri O, Friso S, Manzato F, Guella A, Bernardi F, Lunghi B,
Girelli D, Azzini M, Brocco G, Russo C, Corrocher R (1995)
Resistance to activated protein C in healthy women taking oral
contraceptives. Br J Haematol 91:465–470

Out HJ, Kooijman CD, Bruinse HW, Derksen RH (1991) Histopath-
ological findings in placentae from patients with intra-uterine
fetal death and anti-phospholipid antibodies. Eur J Obstet
Gynecol Reprod Biol 41:179–186

Pihusch R, Buchholz T, Lohse P, Rübsamen H, Rogenhofer N,
Hasbargen U, Hiller E, Thaler CJ (2001) Thrombophilic gene
mutations and recurrent spontaneous abortion: prothrombin
mutation increases the risk in the first trimester. Am J Reprod
Immunol 46:124–131

Poort SR, Rosendaal FR, Reitsma PH, Bertina RM (1996) A common
genetic variation in the 3′-untranslated region of the prothrombin
gene is associated with elevated plasma prothrombin levels and
an increase in venous thrombosis. Blood 88:3698–36703

Press RD, Bauer KA, Kujovich JL, Heit JA (2002) Clinical utility of
factor V leiden (R506Q) testing for the diagnosis and manage-
ment of thromboembolic disorders. Arch Pathol Lab Med
126:1304–1318

Rai R, Regan L, Hadley E, Dave M, Cohen H (1996) Second-trimester
pregnancy loss is associated with activated protein C resistance.
Br J Haematol 92:489–490

Rand JH, Wu XX (1999) Antibody-mediated disruption of the
annexin-V antithrombotic shield: a new mechanism for throm-
bosis in the antiphospholipid syndrome. Thromb Haemost
82:649–655

Rand JH, Wu XX, Guller S, Gil J, Guha A, Scher J, Lockwood CJ
(1994) Reduction of annexin-V (placental anticoagulant protein-
I) on placental villi of women with antiphospholipid antibodies
and recurrent spontaneous abortion. Am J Obstet Gynecol
171:1566–1572

Rand JH, Wu XX, Quinn AS, Chen PP, McCrae KR, Bovill EG,
Taatjes DJ (2003) Human monoclonal antiphospholipid anti-
bodies disrupt the annexin A5 anticoagulant crystal shield on
phospholipid bilayers: evidence from atomic force microscopy
and functional assay. Am J Pathol 163:1193–2000

Rey E, Kahn SR, David M, Shrier I (2003) Thrombophilic disorders
and fetal loss: a meta-analysis. Lancet 361:901–908

Reznikoff-Etiévan MF, Cayol V, Carbonne B, Robert A, Coulet F,
Milliez J (2001) Factor V Leiden and G20210A prothrombin
mutations are risk factors for very early recurrent miscarriage. Br
J Obstet Gynecol 108:1251–1254

Ridker PM, Hennekens CH, Selhub J, Miletich JP, Malinow MR,
Stampfer MJ (1997) Interrelation of hyperhomocyst(e)inemia,
factor V Leiden, and risk of future venous thromboembolism.
Circulation 95:1777–1782

52 J Community Genet (2010) 1:47–53



Ridker PM, Miletich JP, Buring JE, Ariyo AA, Price DT, Manson JE,
Hill JA (1998) Factor V Leiden mutation as a risk factor for
recurrent pregnancy loss. Ann Intern Med 128:1000–1003

Romisch J, Seiffge D, Reiner G, Paques EP, Heimburger N (1991) In-
vivo antithrombotic potency of placenta protein 4 (annexin V).
Thromb Res 61:93–104

Rosendaal FR, Doggen CJ, Zivelin A, Arruda VR, Aiach M,
Siscovick DS, Hillarp A, Watzke HH, Bernardi F, Cumming
AM, Preston FE, Reitsma PH (1998) Geographic distribution of
the 20210 G to A prothrombin variant. Thromb Haemost 79:706–
708

Royal College of Obstetricians and Gynecologists RCOG (2009) RCOG
Statement on later maternal age. http://www.rcog.org.uk/what-we-
do/campaigning-and-opinions/statement/rcog-statement-later-ma
ternal-age, accessed 10 Sep 2009

Salafia CM, Cowchock FS (1997) Placental pathology and antiphos-
pholipid antibodies: a descriptive study. Am J Perinat 14:435–
441

Sanson BJ, Simioni P, Tormene D, Moia M, Friederich PW, Huisman
MV, Prandoni P, Bura A, Rejto L, Wells P, Mannucci PM,
Girolami A, Büller HR, Prins MH (1999) The incidence of
venous thromboembolism in asymptomatic carriers of a deficien-
cy of antithrombin, protein C, or protein S: a prospective cohort
study. Blood 94:3702–3706

Sarig G, Younis JS, Hoffman R, Lanir N, Blumenfeld Z, Brenner B
(2002) Thrombophilia is common in women with idiopathic
pregnancy loss and is associated with late pregnancy wastage.
Fertil Steril 77:342–347

Seligsohn U, Lubetsky A (2001) Genetic susceptibility to venous
thrombosis. N Engl J Med 344:1222–1231

Shu F, Sugimura M, Kanayama N, Kobayashi H, Kobayashi T, Terao
T (2000) Immunohistochemical study of annexin V expression in
placentae of preeclampsia. Gynecol Obstet Invest 49:17–23

Simioni P, Sanson BJ, Prandoni P, Tormene D, Friederich PW,
Girolami B, Gavasso S, Huisman MV, Büller HR, Wouter ten
Cate J, Girolami A, Prins MH (1999) Incidence of venous
thromboembolism in families with inherited thrombophilia.
Thromb Haemost 81:198–202

Subrt I, Ulvova-Gallova Z, Bibkova K, Micanova Z, Hejnalova M,
Cerna M, Hradecky L, Novotny Z (2008) Recurrent pregnancy
loss and frequency of eight antiphospholipid antibodies and
genetic thrombophilic factors in Czech women. Am J Reprod
Immunol 59:193–200

Tiscia G, Colaizzo D, Chinni E, Pisanelli D, Sciannamè N, Favuzzi G,
Margaglione M, Grandone E (2009) Haplotype M2 in the
annexin A5 (ANXA5) gene and the occurrence of obstetric
complications. Thromb Haemost 102:309–313

Tranquilli AL, Giannubilo SR, Dell'Uomo B, Grandone E (2004) Adverse
pregnancy outcomes are associated with multiple maternal throm-
bophilic factors. Eur J Obstet Gynecol Reprod Biol 117:144–147

Tsai AW, Cushman M, Tsai MY (2001) Serum homocysteine,
MTHFR C677T genotype and risk of venous thromboembolism:
the LITE Study. Thromb Haemost 85(suppl):324a

van der Put NML, Gabreels F, Stevens EMB, Smetink JA, Trijbels FJ,
Eskes TK, van den Heuvel LP, Blom HJ (1998) A second
common mutation in the methylentetrahydrofolate reductase
gene: an additional risk factor for neural-tube defects? Am J
Hum Genet 62:1044–1051

van der Molen EF, Arends GE, Nelen WL, van der Put NJ, Heil SG,
Eskes TK, Blom HJ (2000) A common mutation in the 5,10-
methylenetetrahydrofolate reductase gene as a new risk factor for
placental vasculopathy. Am J Obstet Gynecol 182:1258–1263

Voorberg J, Roelse J, Koopman R, Büller H, Berends F, ten Cate JW,
Mertens K, van Mourik JA (1994) Association of idiopathic
venous thromboembolism with single point-mutation at Arg506
of factor V. Lancet 343:1535–1536

Williamson D, Brown K, Luddington R, Baglin C, Baglin T, Factor V
Cambridge (1998) A new mutation (Arg506→Thr) associated
with resistance to activated protein C. Blood 91:1140

Wramsby ML, Sten-Linder M, Bremme K (2000) Primary habitual
abortions are associated with high frequency of factor V Leiden
mutation. Fertil Steril 74:987–991

Younis JS, Brenner B, Ohel G, Tal J, Lanir N, Ben-Ami M (2000)
Activated protein C resistance and factor V Leiden mutation can
be associated with first- as well as second-trimester recurrent
pregnancy loss. Am J Reprod Immunol 43:31–35

J Community Genet (2010) 1:47–53 53

http://www.rcog.org.uk/what-we-do/campaigning-and-opinions/statement/rcog-statement-later-maternal-age
http://www.rcog.org.uk/what-we-do/campaigning-and-opinions/statement/rcog-statement-later-maternal-age
http://www.rcog.org.uk/what-we-do/campaigning-and-opinions/statement/rcog-statement-later-maternal-age

	Hereditary thrombophilic risk factors for recurrent pregnancy loss
	Abstract
	Heritable thrombophilic lesions
	Factor V Leiden
	APC resistance not related to factor V Leiden
	Factor II PTm
	Methylenetetrahydrofolate reductase
	M2 haplotype of ANXA5
	aPL antibodies and M2 haplotype of ANXA5
	Conclusive remarks
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


