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Background: An increased risk for fetal loss caused by
placental thrombosis is probable in carriers of the factor V
Leiden mutation but has not been demonstrated consis-
tently in previous studies.

Objective: To determine the overall risk for fetal loss and
the separate risks for miscarriage and stillbirth in carriers
of the factor V Leiden mutation.

Design: Retrospective cohort study.

Setting: Three university hospitals.

Participants: 228 carriers of the factor V Leiden mutation
(77 propositi, 151 relatives) and 121 noncarrier relatives
(controls). All participants had been pregnant at least
once.

Measurements: Risks for fetal loss, miscarriage (defined
as fetal loss within 20 weeks of gestation), and stillbirth
(defined as fetal loss after .20 weeks of gestation) in
women and in pregnancies were estimated and compared
in carriers and noncarriers. Adjusted odds ratios were cal-
culated by using multiple regression analysis. A random-
effects model was used for comparisons of pregnancies.

Results: Fetal loss occurred in 31.6% of carriers and
22.3% of noncarriers, miscarriage occurred in 29.4% of
carriers and 17.4% of noncarriers, and stillbirth occurred in
5.7% of carriers and 5.0% of noncarriers. Fetal loss re-
curred in 10.1% of carriers and 4.1% of noncarriers (odds
ratio, 2.60 [95% CI, 0.96 to 7.03]). Adjusted odds ratios
were 2.12 (CI, 1.35 to 3.33) for fetal loss, 2.08 (CI, 1.33 to
3.25) for miscarriage, and 1.60 (CI, 0.58 to 4.43) for still-
birth when pregnancies in carriers and noncarriers were
compared. Homozygous carriers had a greater risk for fetal
loss (odds ratio, 2.01 [CI, 0.94 to 4.32]) and stillbirth (odds
ratio, 4.85 [CI, 0.82 to 25.58]) than heterozygous carriers.

Conclusions: Carriers of the factor V Leiden mutation
have a greater risk for fetal loss (particularly miscarriage)
than noncarriers. These data further suggest a greater risk
for recurrence of fetal loss in carriers than in noncarriers
and a greater risk for fetal loss and stillbirth in homozy-
gous carriers than in heterozygous carriers.
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Hereditary resistance to activated protein C, the
most common genetic thrombophilic disorder

(1, 2), is mainly caused by a mutation of the factor
V gene. This mutation, factor V Leiden, is found in
5% of white persons and is associated with a three-
to sevenfold increased risk for venous thromboem-
bolism in heterozygous carriers (3–5). Fetal loss
caused by placental thrombosis may also be related
to this disorder, as are hereditary deficiencies of
antithrombin, protein C, and protein S (6, 7). Al-
though several studies reported a greater prevalence
of resistance to activated protein C in women with
recurrent fetal loss (8–11), other studies did not
demonstrate an association (7, 12, 13). This incon-
sistency may be caused by differences in selection
criteria and small numbers of patients. We per-
formed a retrospective study in a large cohort of
women with the factor V Leiden mutation and a
group of controls to estimate the risk for fetal loss
in carriers of this mutation.

Methods

From the patients who were referred to the throm-
bosis outpatient clinics of the participating hospitals,
consecutive patients with proven venous thromboem-
bolism and the factor V Leiden mutation were re-
cruited. These patients were considered propositi.
Their living first-degree relatives participated in a
previous study (5) to assess the absolute risk for
venous thromboembolism in carriers of the factor V
Leiden mutation. Detailed information about previ-
ous thromboembolism, exposure to thrombotic risk
factors, and obstetric history was collected by using
a standardized medical history form. Relatives were
interviewed before polymerase chain reaction was
performed to detect heterozygous and homozygous
carriers of the factor V Leiden mutation (2). We
analyzed fetal loss by comparing carriers—both pro-
positi and relatives—with noncarriers (controls). Writ-
ten informed consent was obtained from all partic-
ipants. This study was approved by the institutional
review boards of the three participating hospitals.

Women who had been pregnant at least once
were eligible for analysis unless they had had only
terminated or ectopic pregnancies or had their first
pregnancy at study enrollment. Fetal loss that oc-
curred within 20 weeks of gestation was defined as
miscarriage, and fetal loss that occurred after more
than 20 weeks of gestation was defined as stillbirth,
according to the criteria of the World Health Or-
ganization (14).
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The Wilcoxon two-sample test, the Fisher exact
test, and the chi-square test were used when appro-
priate. Variables that predisposed women to fetal
loss were identified by multiple regression analysis.
To account for variation in each mother and between
mothers, pregnancies were analyzed by a random-
effects model for binary data (15). Variation in first-
degree relatives was not considered. The logit link
function was used, and the exchangeable correlation
structure was assumed in the model. We con-
structed a population-average random-effects model
using the generalized estimating equation approach
(15) and robust estimates of standard error. Evalu-
ated variables were carrier compared with noncar-
rier, propositus compared with relative, age at enroll-
ment, age at time of fetal loss, number of pregnancies
per woman, history of venous thromboembolism,
anticoagulant treatment during pregnancy, and par-
ticipating hospital. Only statistically significant (P ,
0.05) variables at backward selection were included
in the final model. Differences between the groups
are expressed as adjusted odds ratios with 95% CIs.
All P values are two-tailed. All statistical analyses
were performed by using SAS software, version 6.12
(SAS Institute, Inc., Cary, North Carolina).

The funding source did not influence collection,
analysis, interpretation, or publication of the data.

Results

Of 522 white women (142 propositi, 212 carrier
relatives, and 168 noncarrier relatives) who were
enrolled in the original study, 173 (65 propositi, 61
carrier relatives, and 47 noncarrier relatives) were

excluded from analysis of fetal loss because they
had never been pregnant (58 propositi, 59 carrier
relatives, and 46 noncarrier relatives); had their first
pregnancy at enrollment (2 propositi); or had ter-
minated all of their pregnancies (5 propositi, 2 car-
rier relatives, and 1 noncarrier relative). We there-
fore studied 349 women (77 propositi, 151 carrier
relatives, and 121 noncarrier relatives). After we
excluded 22 terminated and 8 ectopic pregnancies,
228 carriers (of whom 15 were homozygous) had
had 654 pregnancies (median, 3 [range, 1 to 12])
and 121 noncarriers had had 352 pregnancies (me-
dian, 3 [range, 1 to 10]). Fetal loss per woman
ranged from 0 to 6 (median, 0) in carriers and from
0 to 2 (median, 0) in noncarriers. The Figure shows
the distribution of fetal loss related to gestational
age in both groups. Median age at enrollment was
49 years (range, 22 to 89 years) for carriers and 50
years (range, 29 to 86 years) for noncarriers.

Of carriers, propositi (29.9%) and relatives
(32.5%) had a similar risk for fetal loss (odds ratio,
0.89 [CI, 0.49 to 1.61]; P . 0.2). Fetal loss recurred
in 10.1% of carriers and 4.1% of noncarriers (odds
ratio, 2.60 [CI, 0.96 to 7.03]; P 5 0.06). Risks for
fetal loss are summarized in the Table. Carriers
showed a greater risk for fetal loss (31.6% com-
pared with 22.3%) and miscarriage (29.4% com-
pared with 17.4%) than noncarriers. Stillbirth was
equally distributed among the groups (5.7% of car-
riers and 5.0% of noncarriers).

Multiple regression analysis identified the factor
V Leiden mutation, the number of pregnancies per
woman, and age at enrollment as independent pre-

Figure. Distribution of fetal loss related to gestational age in 228 carriers of the factor V Leiden mutation (white bars) and 121 noncarriers
(striped bars). Percentage of total number of pregnancies in carriers (n 5 654) and noncarriers (n 5 352) is given.
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dictors of fetal loss. Age of the woman at time of
fetal loss (adjusted odds ratio, 1.00 [CI, 0.97 to
1.04]), type of carrier (propositus compared with
relative) (adjusted odds ratio, 1.12 [CI, 0.57 to
2.21]), and hospital of recruitment (adjusted odds
ratio, 1.10 [CI, 0.57 to 1.61]) were not independent
predictors of fetal loss. A history of venous throm-
boembolism did not influence the occurrence of
fetal loss (adjusted odds ratio, 1.21 [CI, 0.70 to
2.09]). Effect of anticoagulant drugs on outcome of
pregnancy could not be assessed because these
drugs were used during only 2.8% of pregnancies.
Exclusion of terminated pregnancies did not influ-
ence the results. Adjusted odds ratios, estimated by
a random-effects model, were 2.12 (CI, 1.35 to 3.33)
for fetal loss, 2.08 (CI, 1.33 to 3.25) for miscarriage,
and 1.60 (CI, 0.58 to 4.43) for stillbirth in compar-
isons of pregnancies in carriers and noncarriers.

A comparison of heterozygous and homozygous
carriers suggested an approximately twofold greater
risk for fetal loss in homozygous carriers (adjusted
odds ratio, 2.01 [CI, 0.94 to 4.32]) (Table). This was
mainly because of an increased risk for stillbirth in
homozygous carriers (adjusted odds ratio, 4.85 [CI,
0.82 to 25.58]).

Discussion

This large retrospective study provides evidence
that carriers of the factor V Leiden mutation have a
greater risk for fetal loss, particularly miscarriage,
than noncarriers. The risk for recurrence of fetal
loss also tended to be greater in carriers. Homozy-
gous carriers had the highest frequency of fetal loss
and were also more prone to stillbirth than het-
erozygous carriers. This observation, which was of
borderline statistical significance, needs to be con-
firmed by a study in more homozygous carriers.

Our findings are similar to those of four case–
control studies (8–11) that showed a high preva-
lence of the factor V Leiden mutation in women
with recurrent fetal loss, especially fetal loss that
occurred in the second or third trimester of preg-
nancy. Two other studies (12, 13) did not demon-
strate such an association in small numbers of cases
of recurrent first- or second-trimester fetal loss. A
similar retrospective cohort study (7) did not show
an increased risk for miscarriage or stillbirth in car-
riers of the factor V Leiden mutation. In both of
these studies, the risk for fetal loss was similar for
the control groups (22.3% compared with 23.5%);
however, we found a greater risk for fetal loss in
carriers than in noncarriers (31.6% compared with
26.9%). This difference may be explained by the
possible inclusion in our study of women who had
the factor V Leiden mutation and another heredi-
tary thrombophilic disorder. However, it is unlikely
that this biased our results, considering the low
prevalence of other disorders compared with that of
the factor V Leiden mutation. Moreover, other dis-
orders would be equally distributed among carriers
and noncarriers, as they were among relatives. Fi-
nally, a random-effects model was used to adjust for
unexplained sources of heterogeneity in outcomes
among mothers. Our estimate of the risk for fetal
loss is probably more accurate because we studied a
large group of carriers.

Recall bias may have been introduced by the
retrospective design of our study—that is, carriers
have tended to report more events that occurred
during previous pregnancies. This seems unlikely
because the medical history was taken in all women,
except propositi, while their factor V Leiden status
was unknown. Furthermore, collection of obstetric
data primarily addressed pregnancy as a concomi-
tant risk factor for venous thromboembolism. Apart
from that, the risk for fetal loss was similar in

Table. Fetal Loss in Women with the Factor V Leiden Mutation and Their Noncarrier Relatives

Variable Carriers Noncarriers Odds Ratio (95% CI)* P Value

Women, n 228 121
Women with fetal loss, n (%) 72 (31.6) 27 (22.3) 2.01 (1.07–3.75) 0.03
Women with miscarriage, n (%) 67 (29.4) 21 (17.4) 2.70 (1.39–5.25) 0.003
Women with stillbirth, n (%) 13 (5.7) 6 (5.0) 1.29 (0.45–3.69) .0.2

Pregnancies, n 654 352
Pregnancies ending in fetal loss, n (%)† 107 (16.4) 32 (9.1) 2.12 (1.35–3.33) ,0.001

In heterozygous carriers 98 (15.0) 32 (9.1) 2.02 (1.34–3.05) ,0.001
In homozygous carriers 9 (23.7) 32 (9.1) 4.07 (1.66–9.95) ,0.001
In homozygous compared with heterozygous carriers 2.01 (0.94–4.32) 0.07

Pregnancies ending in miscarriage, n (%) 88 (13.5) 26 (7.4) 2.08 (1.33–3.25) 0.001
In heterozygous carriers 82 (13.3) 26 (7.4) 2.03 (1.29–3.20) 0.002
In homozygous carriers 6 (15.8) 26 (7.4) 2.93 (1.52–5.77) 0.001
In homozygous compared with heterozygous carriers 1.46 (0.80–2.66) .0.2

Pregnancies ending in stillbirth, n (%) 19 (2.9) 6 (1.7) 1.60 (0.58–4.43) .0.2
In heterozygous carriers 16 (2.6) 6 (1.7) 1.39 (0.49–3.96) .0.2
In homozygous carriers 3 (7.9) 6 (1.7) 6.36 (1.04–38.93) 0.045
In homozygous compared with heterozygous carriers 4.85 (0.82–25.58) 0.08

* Odds ratios, adjusted for age and number of pregnancies, were estimated by random-effects modeling to compare pregnancies.
† Terminated and ectopic pregnancies excluded.
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propositi and their relatives who had the factor V
Leiden mutation.

In previous studies, fetal loss was classified ac-
cording to pregnancy trimesters. We preferred the
definition of the World Health Organization (14),
assuming the viability of a fetus at a body weight of
more than 500 g and a gestation of 20 to 22 weeks.
Our results did not change substantially after we
redefined miscarriage as fetal loss within 28 weeks
of gestation and stillbirth as fetal loss after more
than 28 weeks of gestation (data not shown).

It is plausible that fetal loss in carriers of the
factor V Leiden mutation is caused by placental
thrombosis, as supported by frequently observed
placental infarctions in aborted fetuses of carriers
(9, 10, 16, 17). Thrombosis may occur on either side
of the maternal–fetal interface. The role of fetopla-
cental thrombosis has been emphasized by the ob-
servation that the carrier frequency of the factor V
Leiden mutation in miscarried fetuses was more
than twice that in the general population, and the
carrier frequency of the mothers was in between
(17). The carrier frequency was 10-fold greater in
fetuses with more than 10% placental infarction.
These findings suggest that the carrier status of the
fetus, rather than that of the mother, is the main
determinant of fetal loss. They may also explain why
homozygous carriers in our study were more prone
to fetal loss than heterozygous carriers. For ho-
mozygous carriers, the a priori chance of having a
fetus with the factor V Leiden mutation is 100%;
for heterozygous carriers, this risk is 50%. Accord-
ingly, we found an approximately twofold greater
risk for fetal loss in homozygous carriers than in
heterozygous carriers.

The findings of our study and of others could
have clinical implications in view of the high prev-
alence of the factor V Leiden mutation. A prospec-
tive follow-up study of carriers with fetal loss may
be worthwhile to establish the results of these ret-
rospective studies. If we correctly assume that pla-
cental thrombosis is the causal mechanism for fetal
loss, carriers with recurrent fetal loss could benefit
from anticoagulant treatment. This subgroup, ap-
proximately 10% of the carriers in our study, needs
to be identified. It may contain homozygous carriers
and carriers who have another carrier as a partner.
Considering our finding that 80% of the fetal losses
occurred within the first 16 weeks of pregnancy, anti-
coagulant therapy should be started early in preg-
nancy. Although use of heparin—which does not cross
the placenta—is permissible, it may be less effective
or ineffective when fetal loss is caused by fetal
rather than maternal placental thrombosis. Properly
designed clinical trials are needed to assess the sup-
posed benefit and safety of anticoagulant treatment.
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