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Risk of deep vein thrombosis: interaction
between oral contraceptives and high factor VIII
levels

Oral contraceptive use is associated
with a 2- to 4-fold increase in the risk
of VTE.1 It has been previously report-

ed that some thrombophilic alterations such
as factor V Leiden and G20210A prothrombin
mutations display a synergistic interaction
with oral contraceptive use. Therefore, het-
erozygous carriers of these mutations who
use oral contraceptives have a 20- to 40-fold
higher risk of thrombosis than non-users who
have a normal genotype.2-7

High levels of factor VIII are another com-
mon risk factor for VTE. In the Leiden Throm-
bophilia Study Factor VIII procoagulant activ-
ity levels in the upper quartile were associ-
ated with a 5-fold increase in the risk of
venous thrombosis when compared to the
risk in subjects with lower levels.8 Similar
findings have been reported in several inde-
pendent studies.9-11 More recently, it was
shown that high factor VIII levels increase

the risk of venous thrombosis in women
using oral contraceptives; however, unlike
factor V Leiden and G20210A prothrombin
mutations, elevated factor VIII levels seem to
have only an additive effect with oral con-
traceptives.12 

In this study we evaluated the possible
interaction between the presence of high
Factor VIII levels and oral contraceptive use.
Whereas factor VIII levels were measured by
the commonly used one-stage clotting
method we used a chromogenic assay in this
study.

Design and Methods

Subjects
Among the 596 unrelated consecutive

women referred to our Unit for investigation
of possible thrombophilic states after expe-

Background and Objectives. High levels of factor VIII are a common risk factor for
venous thromboembolism (VTE). The aim of this study was to evaluate the possible inter-
action between the presence of high factor VIII levels and oral contraceptive (OC) use. 

Design and Methods. Factor VIII levels were measured by a chromogenic assay in 174
women who suffered from VTE in reproductive age and in 484 healthy women. Subjects
carrying thrombophilic alterations were excluded. 

Results. Factor VIII levels were stratified into quartiles. The adjusted odds ratio (OR) of
VTE in subjects with factor VIII levels in the upper quartile (>1.95 IU/mL) was 7.45 (95%CI:
3.80-14.6). Among the 174 patients, 85 had experienced VTE during OC use. The 179
healthy women who had used OC for at least 6 months in the two years before presen-
tation but had stopped OC at least 3 months before the blood sampling were considered
as OC users. The risk of VTE among OC users with factor VIII levels in the upper quartile
was increased about 13-fold (OR: 13.0, 95% CI: 4.92-34.3).

Interpretation and Conclusions. Our results showed that there is an increased risk of
VTE due to oral contraceptive use in women with elevated factor VIII and, as has been
previously described for factor V Leiden and G20210A prothrombin mutations, the raised
level of the coagulation factor and oral contraceptive use seem to have a synergistic
effect.
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riencing at least one objectively confirmed venous
thromboembolic event (by Doppler ultrasonography,
venography, ventilation-perfusion lung and/or CT scan-
ning) between January 1998 and January 2003, only
those who had experienced a single episode of deep
venous thrombosis (DVT) of a lower limb (with/without
pulmonary embolism) during reproductive age were con-
sidered for the present analysis (n=326). All subjects
(n=131) who proved to be carriers of antithrombin, pro-
tein C or protein S deficiency, factor V Leiden or G20210A
prothrombin mutation, lupus anticoagulant (LAC), with
abnormal liver function, overt evidence of autoimmune
or neoplastic disease at presentation were excluded.
Blood was sampled at least 3 months after the throm-
botic episode and 3 weeks after withdrawal of any
antithrombotic treatment. None of the patients includ-
ed in the present analysis was on oral contraceptives or
hormonal replacement therapy at the time of the exam-
ination.

During the same period 794 apparently healthy
women from the general population were given a throm-
bophilia work-up. They were referred to our Unit by Fam-
ily Planning Clinics of the city of Bologna or family Doc-
tors, usually for screening before prescription of oral
contraception or hormone replacement treatment. As
controls we considered those who were in reproductive
age, not on oral contraceptives, not pregnant and not
within 36 days post-partum at the time of thrombophilic
screening (n=527). Women who resulted carriers of
antithrombin, protein C or protein S deficiency, factor V
Leiden or G20210A prothrombin mutation, or LAC were
also excluded (n=39). The controls were from the same
geographical area as the patients and had no genetic
relationship with them. The study was approved by the
local Ethics Committee and informed consent was
obtained from all subjects.

Blood sampling, thrombophilia investigations
and factor VIII measurements

Blood was collected from the antecubital vein into
0.109 mmol/L trisodium citrate; plasma was prepared by
centrifugation for 20 min at 2000 g at room tempera-
ture; aliquots of plasma and blood for DNA extraction
were snap frozen and stored at -70°C. The following tests
were used to identify a thrombophilic condition: pro-
thrombin time; activated partial thromboplastin time;
fibrinogen plasma levels, antithrombin, protein C and
protein S concentrations; APC resistance, test for diag-
nosing LAC. DNA analysis for factor V Leiden mutation
was performed in all cases with an APC resistance nor-
malized ratio < 0.80; the presence of G20210A mutation
of the prothrombin gene was also tested. All tests includ-
ed in the thrombophilic screening were performed using
standard methods, as previously described.7 Factor VIII
was measured by a chromogenic method using a com-

mercial assay (Coamate Factor VIII, Chromogenix by
Instrumentation Laboratory, Milan, Italy), as described
elsewhere.13 Calibration curves were created using pooled
normal plasma locally calibrated against the World
Health Organization standard 91/666 for factor VIII and
the results were expressed as IU/mL. The normal plasma
pool was prepared locally mixing plasma samples from
60 apparently healthy subjects. The test was performed
on an ACL instrument (Instrumentation Laboratory).
Since the calibration curve obtained with this method is
linear from 0.125 to 1.50 IU/mL but the expected values
in the patients were higher than 1.50 IU/mL, test sam-
ples were pre-diluted 1:2 with the buffer provided by
the manufacturer.

Statistical analysis
Continuous variables are presented as medians and

ranges. The Mann-Whitney U-test and the χ2 test were
used for group comparisons. All p values less than 0.05
were considered to indicate statistical significance. Fac-
tor VIII levels were stratified into quartiles. Crude odds
ratios (OR) and 95 percent confidence intervals (CI) were
calculated with Woolf’s approximation as estimates of
the relative risk for VTE. Multivariate analysis by uncon-
ditional logistic regression was used to adjust for age and
activated protein C resistance values. Since oral contra-
ceptive use is incompatible with pregnancy or a post-
partum state, the proportion of women taking oral con-
traceptives was calculated after excluding pregnant or
post-partum subjects, while the proportion of pregnant
women was calculated after excluding oral contracep-
tive users. For statistical analysis the SPSS software
package (SPSS, Chicago, Ill, USA) was used. 

Results

In 21 of the 195 patients and in 4 of the 488 controls
who met all the inclusion criteria, it was not possible to
measure factor VIII levels. The remaining 174 patients
and 484 controls were considered for the present analy-
sis. Their detailed characteristics are reported in Table 1.

The median age at the time of blood sampling was
significantly higher in patients (37, 19-58 years) than in
controls (34, 15-50 years) (p<0.001). No significant dif-
ference, however, was found when the age at VTE
episode of patients (33 years, 17-50 years) was com-
pared with the age of controls at presentation. A fami-
ly history for VTE (including DVT, pulmonary embolism
and superficial thrombophlebitis) was more frequent in
patients (24.7%) than in controls (17.6%), but the dif-
ference did not reach statistical significance (p=0.057).
Oral contraceptive use was the most frequent circum-
stantial risk factor for the VTE episode. In fact, among the
174 patients, 85 (56.7%, after exclusion of the 24
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women who had had thrombosis during pregnancy or
puerperium) had experienced VTE while using oral con-
traceptives. In the control group, the 179 (37.0%)
women who had used oral contraceptives for at least 6
months in the two years before presentation but had
stopped such a treatment at least 3 months before the
time of blood sampling were considered as oral contra-

ceptive users. The risk of VTE conferred by oral contra-
ceptive use was 2.23 (95% CI: 1.54-3.23). Given the high
prevalence of the 3rd generation pills (containing gesto-
dene or desogestrel as progestins) both in patients
(91.8%) and controls (79.1%), it was impossible to eval-
uate the association of VTE with different types of oral
contraceptive. 

The median factor VIII levels were 1.89 (range: 0.45-
4.18 IU/mL) for the patients and 1.41 (range: 0.38-4.57
IU/mL) for the controls, and the difference was statisti-
cally significant (p<0.0001). Table 2 shows the risks (OR)
for VTE after stratification of factor VIII levels into quar-
tiles. Women with altered activated APC resistance (≤
0.90 normalized ratio) in the absence of the factor V
Leiden mutation were included in the analysis [67/174
(38.5%) patients and 98/484 (20.2%) controls). Since
we previously reported that altered APC resistance in
women not carrying the factor V Leiden mutation sig-
nificantly increased the risk for VTE and that oral con-
traceptive use in those women further increased the
risk,14 OR were adjusted for APC resistance values in the
multivariate analysis. The OR are relative to the reference
category (factor VIII levels below 1.20 IU/mL, OR=1). Of
the 174 patients, 76 (43.7%) had a factor VIII level above
1.95 IU/mL, compared with 87/484 (18.0%) in the con-
trol group (p<0.0001). The crude and adjusted OR of VTE
for subjects with a factor VIII level above 1.95 IU/mL as
compared to those in the reference category (factor VIII
levels below 1.20 IU/mL) were 9.17 (95%CI: 4.89-17.2)
and 7.45 (95%CI: 3.80-14.6), respectively. 

As shown in Figure 1, the association between factor
VIII levels and risk of VTE is dose-related. After stratifi-
cation of patients and controls into deciles according to
factor VIII levels, the OR for venous thrombosis steadily
increased as the factor VIII levels increased. A total of 38
out of 174 (21.8%) patients had a factor VIII level above
the 90th percentile (2.47 IU/mL) whereas only 25/484
(5.2%) of the controls did so. In contrast, 8 patients
(4.6%) and 57 controls (11.8%) had a factor VIII level
below the 10th percentile (< 0.93 IU/mL). The crude and
adjusted OR for VTE for subjects with a factor VIII level
above the 90th percentile were 10.8 (95%CI: 4.42-26.5)
and 8.23 (95%CI: 3.14-21.5), respectively. Table 3 shows
the separate and combined effects of factor VIII and oral

Table 1. Characteristics of the 174 women with a previ-
ous venous thromboembolic event (VTE) and the 484
healthy women.

Women with Healthy 
VTE women P

(n=174) (n=484)

Age at presentation, y 37 34 <0.001
[median (range)] (19-58) (15-50)

Age at first VTE, y 33 n.s.
[median (range)] (17-50)

Time elapsed since last 11
episode, mo (4-97)
[median (range)

Type of episode
DVT, n (%) 151 (86.8%)
DVT + PE, n (%) 23 (13.2%)

Family history of venous thrombosis 
Yes, n (%) 43 (24.7%) 85 (17.6%) 0.057
No, n (%) 131 (75.3%) 399 (82.4%)

Circumstantial risk factors at first episode 
None, n (%) 33 (19.0%)
Recent surgery, n (%) 13 (7.5%)
Trauma/immobilization 19 (10.9%)
fracture, n (%)
Pregnancy/puerperium, 24 
n (%)# (27.0%)#

Oral contraceptives, 85 179 <0.001
n (%)§ (56.7%)§ (37.0%)$

DVT: deep vein thrombosis; PE: pulmonary embolism; #Prevalence was calculated
after exclusion of those women who had VTE during oral contraceptive use:
§Prevalence was calculated after exclusion of those women who had VTE during
pregnancy or puerperium: $Women who had used oral contraceptive for at least 6
months in the two years before presentation but had stopped the treatment at
least 3 months before the time of blood sampling.

Table 2. Risk of venous thromboembolism (VTE) in women stratified according to quartiles of factor VIII levels.

Factor VIII Percentile Women Healthy Unadjusted OR Adjusted OR #
(IU/mL) with VTE women (95% CI) (95% CI)

(n=174) (n=484)

< 1.20 Below 25th 14 (8.0%) 147 (30.4%) 1 (Reference) 1 (Reference)
1.20-1.54 26th-50th 35 (20.1%) 135 (27.9%) 2.72 (1.40-5.28) 2.55 (1.30-5.00)
1.55-1.95 51st-75th 49 (28.2%) 115 (23.7%) 4.47 (2.35-8.50) 3.96 (2.03-7.73)
> 1.95 >75tth 76 (43.7%) 87 (18.0%) 9.17 (4.89-17.2) 7.45 (3.80-14.6)

#Adjusted for age and activated protein C resistance values.
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contraceptive use. In this analysis, only the two extreme
strata of factor VIII levels were considered: > 1.95 IU/mL
vs < 1.20 IU/mL. Crude and adjusted OR were calculat-
ed using the women with low factor VIII (below 1.20
IU/mL) who did not use oral contraceptives as the refer-
ence category (OR=1). As shown in the table, the risk of
VTE in women who did not use oral contraceptives was
increased 5-fold if their factor VIII level was in the upper
quartile. In the women with low factor VIII levels, the risk
of VTE was not significantly increased by the use of oral
contraception. The risk of VTE in women who used oral
contraception and had elevated factor VIII was about
13-fold higher than that in the reference category (crude
OR: 15.0, 95%CI: 6.34-35.6; adjusted OR: 13.0, 95%CI:
4.92-34.3).

Discussion

Elevated plasma factor VIII levels are an established
risk factor for VTE.8-11 In the Leiden Thrombophilia Study,
plasma factor VIII levels equal to or greater than 150
IU/dL were shown to be independently associated with
a 4.7-fold increased risk of venous thrombosis, after
exclusion of possible confounders.8

In line with the studies previously published,8-11 we con-
firm that elevated factor VIII levels are a strong risk fac-
tor for VTE. In fact, women with a factor VIII level in the
upper quartile (> 1.95 UI/mL) had a 7.4-fold higher risk
than did subjects with factor VIII levels in the lower
quartile (< 1.20 IU/mL). Furthermore, our data show that
the association between factor VIII levels and risk of VTE
has a dose-dependent relationship and that the risk of
venous thrombosis steadily increases as the levels of fac-
tor VIII increase. 

The specific aim of this study was to evaluate the effect
of oral contraceptive use on the risk of VTE in women
with elevated factor VIII levels. Since factor VIII may be

increased during oral contraceptive treatment,15 control
women who were investigated for thrombophilia during
oral contraceptive use were excluded. In the control
group we considered as oral contraceptive users only
those women who had used the pill for at least 6 months
in the two years before presentation but had stopped
this treatment at least 3 months before the time of blood
sampling to exclude an acute effect of the oral contra-
ceptive. Unlike Bloemenkamp et al.,12 who found that the
combination of oral contraceptive use and high factor
VIII levels had an additive effect on the risk of VTE, our
data show that the joint presence of both risk factors has
a synergistic effect. In fact, the observed OR of VTE in
women with elevated factor VIII levels using oral con-
traceptives (OR=13.0) greatly exceeds the sum of the
separate effects of the two risk factors and appears to be
more than a multiplication of the two effects. 

Figure 1. Adjusted (age
and activated protein C
resistance values) ORs
for venous thrombosis
according to factor VIII
levels (reference cate-
gory factor VIII < 0.93
IU/ml). The 95% CI are
represented by error
bars.

Table 3. Distribution of cases and controls according to
the use of oral contraceptives (OC) and presence of low
or high factor VIII levels (< 1.20 IU/mL vs > 1.95 IU/mL).

Women Healthy Unadjusted Adjusted
with VTE women OR OR#

(95% CI) (95% CI)

Factor VIII 8 88 1 1 
< 1.20 IU/mL (Reference) (Reference)
No OC

Factor VIII 6 59 1.12 1.14
< 1.20 IU/mL (0.37-3.39) (0.37-3.50)
OC

Factor VIII 35 57 6.75 5.22
> 1.95 IU/mL (2.92-15.6) (2.09-13.1)
No OC

Factor VIII 41 30 15.0 13.0
> 1.95 IU/mL (6.34-35.6) (4.92-34.3)
OC

#Adjusted for age and activated protein C resistance values.
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In the previous studies evaluating the relationship
between factor VIII levels and VTE,8-11,16 factor VIII was
measured by modifications of the activated partial
thromboplastin time (one-stage clotting assay). It has
been reported that activation of the coagulation system
during blood collection and/or storage conditions and
the possible presence of components other than factor
VIII, which could contribute to or partially oppose the
measured activity, may affect the results of factor VIII
measurements.17-19 Furthermore, the reproducibility of
clotting assays has been reported to be poor, especially
at high factor VIII concentrations.20-23 In the present study
factor VIII was measured by a chromogenic assay, which
can be more specific than the clotting assay. However,
in a recent paper on the effects of high factor VIII levels
on the risk of VTE recurrence we measured factor VIII by
both methods and could not confirm that the chro-
mogenic method gives more reproducible results than
the clotting one, as previously reported;20-23 furthermore,
we did not find any clinically significant difference in
results obtained with the two different assays.13 

Some potential limitations of our study should be tak-
en into account. Our controls were selected from healthy
women who were referred to our Unit by Family Plan-
ning Clinics or general practitioner, usually for screen-
ing before starting to use oral contraceptives. Although

there is no explicit recommendation, several gynecolo-
gists and general practitioners in our region routinely
request thrombophilia screening for those women who
intend to start the pill or hormone replacement treat-
ment, especially if first-time users. However, screening
was not performed in all women before oral contracep-
tive use but was limited or mainly applied to those
women at increased risk of thrombotic complications
during hormonal treatment because of factors such as a
positive family history of VTE, being overweight, of an
older age, being a current smoker or having diabetes.
Furthermore, since Italian women are mainly prescribed
3rd generation oral contraceptives our results can not be
extrapolated to other populations in whom the use of 2nd

generation oral contraceptives seems to be prevalent.
We can conclude that there is further increase in the

risk of VTE due to oral contraceptive use in women with
elevated factor VIII levels and, as has been previously
described for factor V Leiden and G20210A prothrombin
mutations, the risk factors seem to have a synergistic
effect.
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Manuscript received May 25, 2004. Accepted August 18, 2004.

References
1. Helmerhorst FM, Bloemenkamp KWM, Rosen-

daal FR, Vandenbroucke JP. Oral contraceptives
and thrombotic disease: risk of venous throm-
boembolism. Thromb Haemost 1997;78:327-
33.

2. Vandenbroucke JP, Koster T, Briet E, Reitsma
PH, Bertina RM, Rosendaal FR. Increased risk of
venous thrombosis in oral-contraceptive users
who are carriers of factor V Leiden mutation.
Lancet 1994; 344:1453-7.

3. Bloemenkamp KWM, Rosendaal FR, Helmer-
horst FM, Buller HR, Vandenbroucke JP. En-
hancement by factor V Leiden mutation of risk
of deep-vein thrombosis associated with oral
contraceptives containing third-generation
progestagen. Lancet 1995;346:1593-6.

4. Martinelli I, Taioli E, Bucciarelli P, Akhavan S,
Mannucci PM. Interaction between the
G20210A mutation of the prothrombin gene
and oral contraceptive use in deep vein throm-
bosis. Arterioscler Thromb Vasc Biol 1999;
19:700-3.

5. Aznar J, Vaya A, Estelles A, Mira Y, Segui R, Vil-
la P. Risk of venous thrombosis in carriers of the
prothrombin G20210A variant and factor V Lei-
den and their interaction with oral contracep-
tives. Haematologica 2000;85:1271-6.

6. Santamaria A, Mateo J, Oliver A, Menendez B,
Souto JC, Borrell M, et al. Risk of thrombosis
associated with oral contraceptives of women
from 97 families with inherited thrombophilia:
high risk of thrombosis in carriers of the
G20210A mutation of the prothrombin gene.
Haematologica 2001;86:965-71.

7. Legnani C, Palareti G, Guazzaloca G, Cosmi B,
Lunghi B, Bernardi F, et al. Venous throm-
boembolism in young women; role of throm-
bophilic mutations and oral contraceptive use.

Eur Heart J 2002;23:984-90.
8. Koster T, Blann AD, Briet E, Vandenbroucke JP,

Rosendaal FR. Role of clotting factor VIII in
effect of von Willebrand factor on occurrence
of deep-vein thrombosis. Lancet 1995; 345:
152-5.

9. Kamphuisen PW, Eikenboom JCJ, Vos HL, Pablo
R, Sturk A, Bertina RM, et al. Increased levels of
factor VIII and fibrinogen in patients with
venous thrombosis are not caused by acute
phase reactions. Thromb Haemost 1999; 81:
680-3.

10. O’Donnell J, Tuddenham EGD, Manning R, Kem-
ballcook G, Johnson D, Laffan M. High preva-
lence of elevated factor VIII levels in patients
referred for thrombophilia screening: role of
increased synthesis and relationship to the
acute phase reaction. Thromb Haemost 1997;
77:825-8.

11. Kraaijenhagen RA, Anker PSI, Koopman MMW,
Reitsma PH, Prins MH, van den Ende A et al.
High plasma concentration of factor VIIIc is a
major risk factor for venous thromboembolism.
Thromb Haemost 2000;83:5-9.

12. Bloemenkamp KWM, Helmerhorst FM, Rosen-
daal FR, Vandenbroucke JP. Venous thrombosis,
oral contraceptives and high factor VIII levels.
Thromb Haemost 1999; 82:1024-7.

13. Legnani C, Cosmi B, Cini M, Frascaro M, Guaz-
zaloca G, Palareti G. High plasma levels of fac-
tor VIII and risk of recurrence of venous
thromboembolism. Br J Haematol 2004;124:
504-10.

14. Legnani C, Cini M, Cosmi B, Mattarozzi S, Lo
Manto G, Palareti G. Oral contraceptive use in
women with poor anticoagulant response to
activated protein C but not carrying the factor
V Leiden mutation increases the risk of venous
thrombosis. Thromb Haemost 2004;91:712-8.

15. Kluft C, Lansink M. Effect of oral contracep-
tives on haemostasis variables. Thromb Hae-
most 1997;78:315-26.

16. Kyrle PA, Minar E, Hirschl M, Bialonczyk C,
Stain M, Schneider B, et al. High plasma levels
of factor VIII and the risk of recurrent venous
thromboembolism. N Engl J Med 2000;343:
457-62.

17. de Maistre E, Wahl D, Perret-Guillaume C, Reg-
nault V, Clarac S, Briquel ME, et al. A chro-
mogenic assay allows reliable measurement of
factor VIII levels in the presence of strong lupus
anticoagulants. Thromb Haemost 1998;79:
237-8.

18. Kazmi MA, Pickering W, Smith MP, Holland LJ,
Savidge GF. Acquired haemophilia A: errors in
the diagnosis. Blood Coagul Fibrinol 1998;9:
623-8.

19. Blanco AN, Peirano AA, Grosso SH, Gennari LC,
Bianco RN, Lazzari MA. A chromogenic sub-
strate method for detecting and titrating anti-
factor VIII antibodies in the presence of lupus
anticoagulant. Haematologica 2002;87:271-8.

20. Rosen S, Andersson M, Blombäck M, Hägglund
U, Larrieu MJ, Wolf M, et al. Clinical application
of a chromogenic substrate method for deter-
mination of factor VIII activity. Thromb
Haemost 1985;54:818-23.

21. Tripodi A, Mannucci PM. Factor VIII activity as
measured by an amidolytic assay compared
with one-stage clotting assay. Am J Clin Pathol
1986;86:341-4.

22. van Dieijen G, van Dieijen-Visser MP, Franssen
J, Hemker HC. Spectrophotometric method for
the assay of human blood coagulation factor
VIII. Haemostasis 1987;17:14-24.

23. Thompson SG, Duckert F, Haverkate F, Thomson
JM. The measurement of haemostatic factors in
16 European laboratories: quality assessment
for the Multicentre ECAT Angina Pectoris Study.
Report from the European Concerted Action on
Thrombosis and Disabilities (ECAT). Thromb
Haemost 1989;61:301-6.




