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Oral contraceptive use, thrombophilia and their
interaction in young women with ischemic stroke

Oral contraceptive (OC) use and
inherited thrombophilia due to fac-
tor V Leiden or prothrombin

G20210A and to deficiencies of antithrom-
bin, protein C and protein S, are established
risk factors for venous thromboembolism1

including stroke due to cerebral vein throm-
bosis.2,3 The use of OC also doubles the risk
of ischemic stroke,4-6 whereas the role of
inherited thrombophilia is still controver-
sial,7-12 even though an association between
ischemic stroke and prothrombin G20210A
has been reported in the young.10,11 In addi-
tion to conventional risk factors such as
hypertension, hypercholesterolemia and dia-
betes, the metabolic abnormality hyperho-
mocysteinemia is a recognized risk factor for
ischemic stroke,13 also in the young.14 This
risk varies depending on the coexistence of
multiple risk factors; for instance, hyperten-
sion and smoking enhance the risk associat-
ed with OC use.5,15,16 Few data are available
on the interaction between thrombophilia
and OC in patients with ischemic stroke.12

Considering that factor V Leiden, prothrom-
bin G20210A and hyperhomocysteinemia
are common in Caucasian populations,1,13

and that OC are used by approximately 30%
of women in Italy, we focused on the inter-
action of these risk factors on the risk of
ischemic stroke in young women.

Design and methods

Patients
One hundred and nineteen unrelated

Caucasian women of fertile age who were
referred to the Thrombosis Center between
January 1994 and June 2005 for throm-

bophilia screening after a first ischemic
stroke were enrolled in this study. The medi-
an time elapsed between the stroke and
blood sampling was 6 months (range 1
month-10 years); 75% of patients had blood
sampled within 2 years and 64% within 1
year after the event. Clinical records were
reviewed and when the type of stroke was
not specified, neurologists who took care of
the patients during the acute phase were
contacted. Eleven patients were excluded
because of incomplete medical documenta-
tion and three because of previous venous
thrombosis. Therefore, 105 patients with a
first, objectively confirmed ischemic stroke
were included in the study. The clinical diag-
nosis was objectively confirmed by comput-
ed tomography scans in 41 patients, magnet-
ic resonance or magnetic resonance angiog-
raphy in 61, and intra-arterial angiography in
three. All patients underwent a cardiological
assessment and transthoracic echocardiogra-
phy (in 76% of patients completed by trans-
esophageal examination) and Doppler exam-
ination of the neck vessels. 

Two hundred and ninety-three healthy,
unrelated, Caucasian women of fertile age
were chosen from the whole population of
controls made of partners and friends who
accompanied patients to the Center in the
same period as patients and agreed to be
investigated. Previous thrombosis in the
controls was excluded using a validated
structured questionnaire.17

The presence, at the time of stroke for
patients and at the time of blood sampling
for controls, of hypertension, hypercholes-
terolemia, diabetes mellitus, smoking (at
least five cigarettes daily) and obesity was
recorded. Likewise the type and duration of
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To investigate the role of oral contraceptives and their interaction with thrombophilia in
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ischemic stroke in the first 6-18 months of use and hyperhomocysteinemia increased
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to have a statistically significant increased risk. The risk of ischemic stroke in oral con-
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Leiden and 9 times higher in those who also had hyperhomocysteinemia. 
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OC intake was recorded. Women were considered to be
on OC if they had taken them within the 2 weeks
before referral. No women had abnormal liver or renal
function, overt autoimmune or neoplastic diseases, and
none was pregnant. The study was approved by the
Institutional Review Board of the University of Milan
and all women gave their informed consent to the
study. Thrombophilia screening included DNA analysis
for factor V Leiden and prothrombin G20210A, func-
tional and/or antigenic assays for antithrombin, protein
C and protein S, and assays of plasma total homocys-
teine after overnight fasting and 4 hours after an oral
methionine load (3.8 g/m2 body surface area).2

Hyperhomocysteinemia was diagnosed as previously
described.18

The Student's t-test was performed to compare con-
tinuous variables, after testing for normality the
Kolmogorov-Smirnov test. Odds ratios (OR) and 95%
confidence intervals (95% CI) were calculated to esti-
mate the association between stroke, thrombophilia
and OC intake. Using a logistic regression model, OR
were adjusted for the stratification variable (age) and for
possible confounders (educational level, hypertension,
hypercholesterolemia, obesity, smoking), and the inter-
action between thrombophilia and OC use was evaluat-
ed. All statistical tests were two-sided with an α level
of 0.05. The analyses were performed using the S-PLUS
package, version 6.03 (1988-2001 Insightful Corp,
Lucent Technologies, Inc.).

Results and Discussion 

Table 1 shows the general characteristics of the study
population and the subtypes of stroke according to the
TOAST classification.19 As shown in Table 2, OC were
more often used by patients than by controls with an
OR of 2.3 (95% CI 1.4-3.8). OC were of third genera-
tion (desogestrel or gestogene as the progestin) in 58%
of patients and in 76% of controls. All stroke victims on
OC had their stroke within the first 18 months of OC
use, 86% within the first 12 months and 75% within
the first 6 months. Deficiencies of antithrombin, protein
C or protein S, as well as prothrombin G20210A were
not associated with an increased risk of stroke, whereas
factor V Leiden gave a non-statistically significant OR of
2.6. Hyperhomocysteinemia was significantly associat-
ed with a 3.5-fold increased risk of ischemic stroke; this
association remained when only patients referred with-
in one year after the stroke and those who were not tak-
ing barbiturates (which may affect homocysteine levels)
at the time of blood sampling were considered (data not
shown). 

Table 3 shows the interactions between OC use and
factor V Leiden, prothrombin G20210A or hyperhomo-
cysteinemia. After stratification of the study population
according to the use or not of OC and the presence or
absence of thrombophilia, factor V Leiden increased the
risk associated with the use of OC from 2- to 13-fold
and that of hyperhomocysteinemia from 2- to 6-fold;
both these increases were statistically significant. No
increased risk was observed as a consequence of com-

bined presence of OC use and prothrombin G20210A.
When patients were divided into those with stroke of
undetermined etiology (n=55) and stroke of known
cause (n=50), a slightly more pronounced association
with OC use (OR 2.8, 95%CI 1.5-5.5) and hyperhomo-
cysteinemia (OR 3.8, 95%CI 1.8-8.0) was observed in
the former group than in the latter (OR 1.9, 95% CI 0.9-
3.9 and 3.0, 95%CI 1.1-6.7, respectively). Interaction
analyses could be done in the two groups only for OC
use and hyperhomocysteinemia which, in combination,
gave similar OR of 7.8 (95%CI 1.7-36.5) for stroke of
undetermined etiology and 8.0 (95%CI 2.3-27.2) for
stroke of known etiology. In two previous studies with
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Table 1. Characteristics of the study population and presence of
conventional risk factors for ischemic stroke.

Patients Controls p 

Number 105 293
Stroke etiology, n. (%):

large-artery atherosclerosis* 13 (12)
cardioembolism† 24 (23)
small-vessel occlusion 8 (8)
vasculitis 5 (5)
undetermined 55 (52)

Age (SD), y‡ 34.7 (9.1) 34.9 (8.6) >0.05

Body mass index (SD), Kg/m2‡ 23.1 (3.8) 22.5 (4.0) >0.05

Educational level, n. (%):
grade school 8 (8) 6 (2) <0.05
high school 27 (26) 64 (22)
college 54 (51) 129 (44)
university 16 (15) 94 (32)

Conventional risk factors, n. (%):
hypertension 13 (12) 9 (3) < 0.001
hypercholesterolemia 11 (10) 1 (0.3) < 0.001
obesity 5 (5) 13 (4) >0.05
smoking 28 (27) 61 (21) >0.05

*carotid or anterior system (n=10) vertebrobasilar system (n=3);
†patent foramen ovale (n=15), atrial fibrillation (n=5), atrial septal or left
ventricular aneurysm (n=4); ‡age and body mass index are expressed as means
(SD).

Table 2. Association between oral contraceptive use and throm-
bophilia markers in ischemic stroke.

Risk factor, n. (%) Patients Controls Odds ratio Odds ratio 
(95%CI) (95%CI)*

Oral contraceptive use 43 (41) 67 (22) 2.3 (1.5-3.8) 2.3 (1.4-3.8)†

Thrombophilia marker
factor V Leiden‡ 6 (6) 7 (2) 2.5 (0.8-7.5) 2.6 (0.8-8.0)
prothrombin G20210A‡§ 5 (5) 15 (5) 0.9 (0.3-2.6) 0.9 (0.1-11.2)
AT, PC or PS deficiency@ 1 (1) 5 (2) 0.6 (0.06-4.7) 0.5 (0.06-4.6)
hyperhomocysteinemia§@ 25 (24) 26 (8) 3.2 (1.8-5.9) 3.5 (1.9-6.4)

*adjusted for age; †also adjusted for educational level, hypertension,
hypercholesterolemia, obesity and smoking; ‡all individuals with mutations
were heterozygous for the mutation; §one patient had prothrombin G20210A
and hyperhomocysteinemia; @one control had antithrombin deficiency and
hyperhomocysteinemia and another had protein S deficiency and
hyperhomocysteinemia.
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a similar design but different criteria for selecting
patients factor V Leiden was not associated with an
increased risk of ischemic stroke in the young, with the
possible exception of stroke of undetermined etiology,8

and prothrombin G20210A was not a risk factor for
ischemic stroke or transient ischemic attack.9 In this
study carried out in a new cohort of young women, OC
use was associated with a 2-fold increased risk of
ischemic stroke. The risk was increased 3.5-fold in the
presence of hyperhomocysteinemia and 2.6-fold (which
was not statistically significant) in the presence of factor
V Leiden, whereas the prothrombin G20210A mutation
and deficiencies of antithrombin, protein C or protein S
did not increase the risk. OC use and hyperhomocys-
teinemia when present together conferred a 6-fold
increased risk of ischemic stroke, whereas OC use and
factor V Leiden increased the risk from approximately
2-fold for each factor alone to 13-fold. The risk associat-
ed with OC use was slightly higher for stroke of unde-
termined etiology. These findings are in agreement with
a recent observation of an increased risk of ischemic
stroke in women who use OC and who are also carriers

of factor V Leiden or the 677TT polymorphism in the
gene coding for methylentetrahydrofolate reductase
(MTHFR).12 The MTHFR 677TT polymorphism, togeth-
er with low levels of serum folate, is a determinant of
hyperhomocysteinemia.13 The main differences
between this and that study are that we measured the
most appropriate risk factor for thrombosis and athero-
sclerosis, i.e., total plasma homocysteine, and that we
were able to evaluate two groups of ischemic strokes,
those of undetermined etiology and those of known eti-
ology. In accordance with a couple of studies9,12 but at
variance with others,10,11 we observed no increased risk
of ischemic stroke in women with prothrombin
G20210A. This difference is likely to be due to different
sample size or selection criteria of the study population.  

Some limitations of this study need to be addressed.
We investigated a highly selected population of sur-
vivors of ischemic stroke referred to our Center for
thrombophilia screening. As expected, women with the
rare subtype of unexplained ischemic stroke or those
with a positive family history of thrombosis (60% of
our series) were preferentially referred. Patients who
died from the stroke were lost, but due to the low mor-
tality rate in the young20 this is unlikely to have to an
underestimation of the risk. Finally, some interaction
analyses on OC and thrombophilia should be interpret-
ed with caution because of the relatively large confi-
dence intervals after stratification of the study popula-
tion. 

This study may have clinical implications for the
appropriateness of thrombophilia screening in young
women with ischemic stroke, but whether or not
hyperhomocysteinemia should be searched for in
young women on OC in order to prevent ischemic
stroke remains to be established by prospective investi-
gations. Further studies of more women are needed to
elucidate the role of thrombophilia and to assess
whether or not costs of DNA analysis for factor V
Leiden will balance benefits of large-scale screening. 
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Table 3. Interaction between oral contraceptive use and throm-
bophilia due to factor V Leiden, prothrombin G20210A and hyper-
homocysteinemia.

Factor V Leiden Oral contraceptive use Odds Ratio (95%CI)*

No No 1(Ref.)
No Yes 2.1 (1.3-3.6)
Yes No 1.4 (0.3-7.3)
Yes Yes 12.9 (1.3-133.7)

Prothrombin G20210A
No No 1(Ref.)
No Yes 2.2 (1.3-3.7)
Yes No 0.5 (0.1-2.5)
Yes Yes 3.1 (0.4-23.3)

Hyperhomocysteinemia
No No 1(Ref.)
No Yes 2.4 (1.4-4.2)
Yes No 3.4 (1.5-7.6)
Yes Yes 6.2 (1.7-22.0)

*adjusted for age, educational level, hypertension, hypercholesterolemia,
obesity and smoking.
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