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Venous Thrombosis, Oral Contraceptives

and High Factor VIl Levels
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Summary

Recently, 1t has been described that elevated plasma levels of factor
VIII are a strong risk factor for venous thiombosis We analysed the
data of the Leiden Thrombophilia Study, a population based case-
control study on the causes of venous thrombosts, to verify whether the
risk due to oral contiaceptive use was higher mn women with higher
factor VIII levels Furthermore we mvestigated the jomnt risk of high
factor VIII levels and orai contraceptive use

We selected 155 premenopausal women with deep-vein thrombosis
and 169 control subjects, aged 15-49, who were at the time of then
thrombosts (or similar date in contiol) not pregnant, nor 1n the puerpe-
rium, did not have a 1ecent miscarriage, and were not using injectable
progestogens Of the patients, 109 (70%) women had used oral contta-
ceptives during the month preceding their deep-vein thiombosis, in
contiast to 65 (38%) of the control subjects (index date), yielding an
odds ratio for oral contiaceptive use of 38 (95% CI 24-60) Of the
women who suffered a deep-vein thrombosis 56 (36%) had high factor
VI levels (=150 TU/dL) as compated with 29 (17%) of the control sub-
jects, yielding an odds ratio for high factor VIII of 4 0 (95% CI12 0-8 0),
relative to factor V1II fevels <100 TU/dI The joint effect of oral contia-
ceptive use and high factor VIII resulted in an odds ratio of 103
(95% C1 3 7-28 9), comparing women who had both with women who
had neither We conclude that there 1s an ncrease m sk due to otal
conflaceptive use in women with hughet factor VIII levels and that both
factors have additive effects

Introduction

Oral contraceptive use 1ncreases the risk of venous thrombosts, with
estimates of the relative nisk varying from 2 {1 (1) Recently, we
described an interaction between o1al contraceptive use and carrier-ship
of factor V Leiden mutation, this combination leads to a 30-fold in-
crease 1n risk of deep-vein thiombosis (2) This interaction 1s relevant,
since both factor V Leiden and oral conttaceptive use are common

Another common risk factor for venous thiombosis 1s elevated levels
of procoagulant factor VIII (3-5) For men and women 1n the Leiden
Thrombophtlia Study, high factor VIII levels (=150 1U/dl vs <100 TU/
dl) had an odds ratio of 62 (95% C1 3 4-11) (3) This effect 1s not ex-
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plained by elevated factor VIII levels as a post thrombotic acute phase
reaction (4) It 1s plausible that high levels of factor VIIT have a mixed
genetic and environmental o1gin

We mvestigated whether the risk due to oral contraceptive use was
affected by factor VIII levels

Patients and Methods

The patients and methods of our study have been described previously
(2,5) We mvited 474 consecutive patients (both sexes) with a furst episode of
proven deep vem thiombosis (diagnosed by established objective methods)
occutting between Jan 1 1988 and Dec 31, 1992 aged less than 70 years and
without a known malignant disorder Patients had been selected from the files
of thiee Anticoagulation Clinics 1n the Netheilands, which monitor anticoagu-
lant treatment 1n all patients wathin a well defined geographical atea For each
thrombosis patient we mmvited one age and sex matched healthy control sub-
Ject For patients we uscd the date of their deep-vein thrombosis, for the control
subjects we used the date of thewr corresponding case 1n the origmal study
(index datc) Patients weie scen only after anticoagulant tieatment was discon
ttnued for at least three months

For the picsent analysis we selected only premenopausal women, aged
15-49, who weie at the time of theu thiombosis (o1 stmilar date in control) not
pregnant, not 1n the puerperium, did not have a recent miscarriage, and were not
using injectable progestogens

Blood collection Blood was collected mto Sarstedt Monovette® tubes,
containing 0 106 mmol/l tuisodium citrate, and nto a Becton Dickinson
Vacutamer® tube tor blood gioup determinations Plasma was prepaied by cen
trifugation for 10 mn at 2000 g at room temperature and stored at 70° C

Laboratory measurement Factor VIIT coagulant activity (FVIIl C) was
measuied by one stage clotting assays using factor VIII deficient plasma and
automated APTT (Organon Teknica, Durham, USA) on a Electia 1000c (MLA,
Pleasantvitle, USA) Pooled normal plasma, standaird calibiated against the
WHO standaid for factor VII was used as a reference The techmcians did
not know 1f the sample was irom a patient o1 a contiol o1 f1om an oial contra
ceplive user o1 non user

Analysis and statistics We analysed data from 155 cases and 169 controls
about current use of oral contraceptives at theu thrombosis- or index date
We staited with univarate analysis by unconditional 1egression to estimate
the odds ratto for respectively oral contiaceptive use and high factor VIII
(in different strata) or combmations Multivaniate analysis by unconditional
logistic 1egiession was used to adjust for possible contounders, ¢ g age, family
history ol venous thrombosts, htstory of pregnancy Oral contiaceptive use was
entered dichotomously (0 for non o1al contraceptive user (curiently) and 1
for current oral contraceptive use) Clotting factor VIII was entered dichoto-
mously, 1 tor tactor VIII =150 1U/dl and 0 for tactor VIII <150 TU/d] and also
as categorized variables (strata {actor VI <100 IU/I, 100125 TU/I, 125 150
TU/dl and =150 FU/dI)
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Tablc I Venous thrombosts 1isk for categoties of {actor VII

EVIll C strata TU/dI Paucnts Controls Odds ratio 95% (1
<100 20 4% 1
100 125 40 55 15 08 29
125 150 39 44 18 09 36
>150 56 29 4 20 80
155 169

Although the origmal data were age matched we performed unmatched
analysts Due to the nclusion criteria and age cut off many pairs were no
longer ntact in the database for this analysis Since the analysis was restricted
to the matching factor sex we adjusted for confounding by the other mitching
tactor age by controlling for age by logistic 1egiession Age was enteied nto
the models as a continuous variable (in years) atter assessing that using a cate
gorized durmmy variable model led only to ttivial differences for the cstimators
of mterest

Results

We selected from the oniginal study 155 premenopausal women who
had had a deep vein thrombosis and 169 control subjects

We used two types of analysis when analysing the factor VIII data,
firstly we analysed simple dichotomy (factor VIII levels =150 IU/dl vs

Table 2 Distubution of women with deep vein thrombosis and control
subjects by oral contraceptive use (OC) and presence of high {actor VIII (factor
VIII =150 [U/d1 vs factor VIIT <150 TU/d1

Paticnts Controls Odds ratio 95% CI
oC () FVIHI () 26 89 1
OC (+) FVII () 73 51 49 (2886)
ocC () FVIII (+) 20 t5 45 Q1102
QC (+) FVII (+) 36 14 88 41188)
155 169

Table 3 Distribution ol women with decp vern thrombosis and control
subjects by oral contraceptive use (OC) and presence of high tactor VIII (factor
VIII =150 TU/dI vs factor VI <100 TU/dI)

Patients Controls Odds ratio 95% CI
ocC () FVII () 7 28 1
OC (+) FVIH () i3 13 40 (13124)
ac Oy FVI (+) 20 15 53 (18155)
OC {+) FVII ( +) 36 14 103 (37289
155 169

factor VIII levels <150 IU/dI, secondly we stratfied m four different
categories

High Factor VIII

Dichotomous analysis showed that of the 155 women who suffered
a deep-vein thrombosis, 56 (36%) had high factor VIIT levels (above
150 TU/d]) as compared with 29 (17%) of the 169 control subjects,
yielding an odds ratio of 2 7 (95% CI 1 6 4 6) Table 1 gives the results
for the categorized levels of tactor VIII It shows an increasing risk of
venous thrombosis for ncreasing levels of factor VIII The tesults for
VIII are most prominent 1f factor VIII levels are =150 1U/d] For levels
exceeding 150 [U/dI, the risk was 4-fold mcreased (95% CI120 8 0) as
compated with women with factor VIII fevels <100 [U/d]

Oral Contraccptive Use

Of the patients 109 women (70%) had used oral contraceptives
during the month preceding their deep vern thrombosis 1n contrast to
65 (38%) of the control subjects yielding an odds 1atio for oral contra-
ceptive use of 38 (95% C124 60)

Oral Contraceptive Use and Factor VIII

Table 2 shows separate effects and combined effects of factor VIII
(factor VIII levels =150 IU/dI vs <150 IU/dl) and oral contiaceptive
use As the table shows the separate effects of oral contraceptive use
and high factor VIII levels ate about the same 49 respectively 4 5
fold wcreased risk compared with those with normal factor VIII levels
who did not use oral contraceptives The risk of the combination of oral
contraceptive use and high factor VIII, compared with women with low
factor VIII who did not use oral contraceptives was 8 8 fold incieased

This subdivision for oral contraceptive use was also performed for
the different strata of factor VIII (100-125 IU/d], 125-150 TU/d] and
=150 1U/dl) in comparison with low levels of factor V111 (<100 TU/d})
The results of the combined effects of oral contiaceptive use and factor
VIIT (two extreme strata of factor VIII, =150 IU/dI compaied with
<100 IU/dl) are shown in Table 3, showing a slightly more pronounced
effect of high factor VIII levels

The Logistic Model

The age-adjusted odds ratio for oral contraceptive use was 5 5 (95%
CI32-96) The age adjusted odds ratio for factor VIII differed only
slightly from the crude odds ratio, with an odds ratio for those with high
factor VIl fevels (=150 TU/d]) and oral contraceptive use of 13 8 com-
pared with those with low levels of VIII (<100 IU/dl) and not using oral
contraceptives {Table 3) Adjustment for family history of venous
thrombosis or history of pregnancy did not change the estimators of
interest

Incidence of Population

The combined effects of factor VIII levels and oral contraceptive use
can be seen best by back-calculation to the population incidence rates,
as shown m Table 4 To show the absolute ettect of the cumulation of
nisk tactors, we estimated the population wcidence of thrombosis n
young women with the four possible combinations of high factor VIII
levels and use of oral contiaceptives We estimated the total number of
person yeais that had yielded the cases and partitioned these person-

1025



Thromb Haemost 1999, 82 10247

Table 4 Cuirent usc of otal conttaceptives (OC) among patients and control
subjects according to presence of high factor VIII (= 150 IU/d)

Patients Person years* Incidence per 10000
person-years

Low factor VIII

No OC use 26 389704 07

Current OC use 73 223313 33

High factor VIII

No OC use 20 65680 3

Current OC use 36 61301 59

years according to the distribution of oral contraceptive use and high
factor VIII levels 1n the control group Since we know that 1n the origi-
nal study 117 female patients aged 15-49 came from the Leiden anti-
coagulation clinic, which has a geographical source population of
109824 women 1n that age group (data provided by the municipal ad-
munistration), firstly the thrombosis incidence among young women
without underlying disease in the Netherlands can be estimated over the
5 years of our study as 2 1 in 10000 women-years (117/[5 X 109824])
Division of the number of women with venous thrombosis by the pro-
portional number of person years 1 the categories 1n oral contraceptive
use and high factor VIII levels (proportions taken from the control
group) gives estimates of the population incidences As we know that
the population incidence 1n this age bracket 1s about 2 1/10 000 py (2),
the 155 cases were generated by 740 000 women years of follow-up
These can be partitioned according to the distribution of the control
group which represents this source population (89/51/15/14) Yielding
389704 women-years for the combination of high factor VIII (=150 TU/
dl) and oral contraceptive use The incidence of thrombosis ncreases
from 0 7 per 10000 women per year for non-usets of oral contiacep-
tives without hugh factor VIIL to 5 9 per 10000 for those with high factor
VIII who also use oral contraceptives The absolute mcrease m throm-
bosis risk due to oral contraceptive use (1 e, usk difference) 15 laiger
in women with hugh factor VIII than 1n women with low factor VIII
(<150 [U/dl) The joint effect of the two risk factors 1s additive, 1n
women with low factor VIII there are 2 6 additional cases per 10000
women per year when women use oral contiaceptives and in women
with high factor VIII (non-users) theie are an additional 2 3 cases pet
10000 women per year The combination of the two risk factors give an
additional of 5 2 cases per 10000 person-years

Discussion

We previously reported that the effect of biood group and von Wille
brand factor, were both mediated through factor VIII in their effect on
venous thrombosis (3, 6) In the present study we have investigated the
jont effect of factor VIII and oral contraceptive use and found that their
effects are additive

In univariate analysts, high factor VIII and oral contraceptive use
weie associated with deep-vein thrombosis (Table 1, 2 and 3) The odds
ratio for oral contraceptive use among low tactor VIII was 40 The
odds ratio for factor VIII among non-users was 53 From these odds
ratios we can calculate what to expect under different models of mter-
action Under an additive interaction model the total excess risk of oial
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contraceptive use and factor VIII would be 8 3 (4 0 plus 5 3 nunus 1)
Under a multiplicative model, total nisk of joint presence of factor VIII
and otal contraceptive use would be 40 X 53 = 21 2 The observed
data are vety close to the additive expectation, as we found an odds
ratio of 103 Apparently, both oral contraceptive use and high factor
VI increase the rnisk of venous thrombosis, while the joint presence of
both sk factors does not lead to an excess of cases This can also be
seen in the population incidences for the various risk factors combima-
tions (Table 4)

This 15 different from the previously reported interaction between
factor V Leiden mutation and oral contraceptive use, which interact 1n
a way that exceeded the additive expectation (2)

When adjusting for factor V Leiden in the multivanate model with
oral contraceptive use, high factor VIII, age, fanuly history of venous
thrombosis and parity (data not shown) the estimators of interest did not
change This means that the risk of high factor VIII in combination with
oral contraceptive use was not affected by factor V genotype It can be
expected that the more risk factors (genetic or environmental) are pre-
sent, the higher the risk of developing venous thrombosis will be (7, 8)

Blood group and von Willebrand factor, are both mediated through
factor VIII 1n their effect on venous thrombosis (3) As we have shown
previously, 1n univariate analysis bloodgroup (non-O), von Willebrand
factor levels, and factor VIII levels were all associated with risk of
venous thrombosis In multivariate analysis, only an effect of factor
VIII levels remamed (3) Our findings are 1n accordance with data
reported 1n the 1960's, describing that the risk was higher 1n persons
with blood group A as compared with persons with blood group O, or
more generally “non-O” versus O (9-12), especially during the use of
oral contraceptives or during pregnancy or pueiperium (9, 13-16) In
trying to understand the biochemical mechanism behind these chmceal
findings, lower levels of pro-coagulant factor VIII were found 1n nor
mal individuals with blood group O as compared with persons with
blood group non-O (17, 18) Subsequent research has shown that indi
viduals with non-O blood group have higher levels of von Willebrand
factor Von Willebrand factor setves as the carrier proton of factor VIII,
and so there 15 a strong correlation between von Willebrand facton
levels and factor VIII levels This led to our conclusion that factor VIII
levels were the final effector of risk It 1s unclear, however, by which
mechanism this occurs, although in analogy to other clotting abnorma
litses with a gam of function, e g factor V Leiden, icreased thrombin
activation seems likely The ouigin of tugh factor VIII levels 1s not
entirely elucidated There exists additional familial clustery beyond the
effects of blood group and von Willebiand factor, suggesting additional
genetic determnants (6) In addition, acquired deterninants are likely
to play a role, too (3, 4), whether oral contraceptives increase factor
VI levels 1s contioversial (19-24)

In the present study we actually did an analyses of tugh factor VIII
levels, bloodgroup, oral contraceptive use and venous thrombosts, but
especially among useis the data were to scarce to draw conclusions
(data not shown) Nevertheless, we found the expected relationship
between high tactor VIII and bloodgroup non-O 1n explaing venous
thrombosis during o1al contraceptive use, 1 ¢ the known effect of blood
gtoup on venous thrombosis, could in our data almost entirely be
explarned by high factor VIII among non users This s in lie with the
old observation that there 1s a deficit of patients with blood group O 1
subgroups of young women who develop venous thromboembolism
during the use of oral contraceptives (9)

We can conclude that there 15 an increase 1n risk due to oral contra-
ceptive use m women with higher factor VI levels and that both
factors have additive effects
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