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STELLINGEN

behorend bij het proefschrift
"Oral contraceptives, venous thrombosis and the role of coagulation defects"

I

The risk of venous thrombosis with the use of cuffent low-dose brands of oral
contraceptives still caries a risk of venous thrombosis which is not explained by
diagnostic suspicion and referral bias.

This thesis

II

If a woman develops venous thrombosis in the first year of oral conffaceptive use this
may indicate the presence of an inherited coagulation defect.

This thesis

III

Variation in the susceptibility of the individual woman holds the key to provide a

biologrcally plausible explanation of why oral contraceptives cause venous thrombosis.

This thesis

IV

Thrd generation oral contraceptives should not be prescribed as a first choice to women;
as a second choice, it should only be prescribed after p;rlrng firll information about the
venous thrombosis risk.

This thesis

V

The marketing of third generation oral contraceptives for "starters and switchers" is
unacceptable, because there is evidence that these women are especially vulnerable to the
thrombogenic nature of these oral contraceptives.

This thesis

VI

Myocardial infarction in women can be prevented more effectively by advising women to
stop smoking than to stop using the pill.
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iBi.rh .onool is essentially an education for women"

Margaret Sanger, The Pivot of Civilization, 7922.

\TII

The postcoital test should not be urduded in the standard fertility investigation.

Ix

Bettet methods to estimate the risks of a vagrnal breech delivery should be developed
because "very few situations are as anxiety-provoking for the obstetrician or as dangerous
for the fetus as entrapment of the aftercoming head rvith a breech delivery".

After: L.C. Gilsrap III, 1995.

x
If there was a male contraceptive method avallable that carries the same small risks as oral
contraceptives do, these risks would probably not be accepted by the male users.

XI

Don't mind about your make up, you'd better make up your mind now.

After: Sweet d'Buster, Sirashs The Mino, Dutch band, 1979.

XII

It is men rather than vomen who were liberated by the pill and emancipation.

After W. Leith. Can't comit, won't commit. The Observer 12 September 1999.

XIII

In the Nethedands, condoms are not made more teadily available by condom-dispensers
which only accept five-grilder coins.

Leiden, 24 november L999

Kitty W.M. Bloemenkamp



It is not a disaster to be unable to capture your ideal,

but it is a disaster to have no ideal to capture.

It is not a disgrace not to reach the stars,

but it is a disgrace to have Ro stars to reach for,

Not failure, but low aim is sin.

O.ig" unknown

'.....human kind cannot bear very much realrty'

T.S. Elliot. Burnt Norton, 1935

For my parents
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GENERAL INTRODUCTION



Chapter 1

General introduction

Oral contraceptives have been available since the 1960s and are now used by more

than 100 million women throughout the wodd1. In the Netherlands, oral contraceptives

are the most commonly used contraception method. In 1,991 ,43.3o/o of the women who

were aged between 16 and 50 years, and up to J3.Jo/o of the women who were aged

between 20 arrd 25 years used oral conftaceptives2. The effects of oral cofltraceptives

continue to be of immense interest to women, their medical advisors, the media and

increasingly to the legal profession, because oral contraceptives are the most frequendy

used drugs by healthy womelr in the developed world. Besides having beneficial effects,

the hrghly effective protectron applrlst pregrancy, like all medicines, oral contraceptives

also show adverse effects. Ever since oral contraceptives have been marketed, reports

have appeared on links between oral contraceptive use and cardiovascular disease,

including both venous and arterial thrombosis3 5. Oral contraceptives rnfluence the

hemostatic- (see addendum D, carbohydrate-, lipid-, and endothelium systems,

mechanisms regulating blood pressure and probably as yet unknown systems, as a result

of which there is an increased nsk of cardiovascular diseases 12.

Cardiovascular side effects can be distinguished in arteial thrombosis (acute

myocardial infarction, ischaemic stroke and hemorrha6yc stroke) and venous thrombosrs

(deep-vein thrombosis, pulmonary embolism, ischaemic stroke)113. The work m the

present thesis was undertaken to investlga.te the influence of oral conffaceptives on the

hemostatic system, in a renewed attempt to understand why otal contraceptives cause

cardiovascular disease, in particular venous thromboembolism. In this introductory

chapter some backgtound information will be p;rven on oral contraceptives and venous

thrombosis.

History of oral contraceptives

The earliest demonstration that fertility could be influenced by hormonal

manipulation is attributed to Ludwig Habedandt, professor of physiology at the

University of Innsbruck, Austria, who in 1.921 performed ovarian transplants between

pregnant animals and non-pregnant anrmals of the same species. He was able to render

il



Ceneral intmdaction

five out of eight rabbits and three out of erght guinea-pigs infertilelo. In the same year

Fellner reported urfertility in twenty-seven out of thirry rabbits following injection of a

lipid extract of the ovary. As a result Fellner suggested that estrogen could be used for

fertfity controlls. By 1,931,, Habedandt had proposed the administration of ovarian and

placental hormones for birth control, and an extract was produced, named Infecundin.

Haberlandt was convinced that hormonal conftaception was feasible: "das aber die auf

rem biologischen Pinzip aufgebaute zeitweilige hormonale Sterilisierung .... fiir die

praktische Medizin und ihre kiinftigen Aufgaben der Geburtenregelung als die ideale zu

bezeichnen ist, bedarf wohl keinen nfieren Begnindung." Flowever, his eady death in

1932 brought an end to his efforts16'17.

One of the problems was that for the extraction and isolation of a few milligrams

of the sex steroids, litres of urine or thousands of kilos of organs were needed. For

example, in 1935, ovaries ftom 2500 pregnant pigs were required to produce 1 mg

progesterone"'". In 1942, the chemist Russell Marker succeeded in synthesising

progesterone in kilogram quantities from diosgenin (Figure 1), a steroid glycoside from

the root of the wild Mexican yam, cabeqa de negro 
20. Meanwhile n 1937, Makepeace and

co-workers had reported inhibition of onilation in rabbits followurg progesterone

injection2l, and in 1938 Hans Inhoffen produced a potent synthetic estrogen, ethinyl

estradiol, and the progestogen ethisterone by the additron of an acetylene group at the

L7-carbon position of the naturally occurring hormones, estradiol (the major estrogefl

secretd by the ovaries) and testos t erone22, resp ectively.

Figure l. Diosgenin, a natural steroid precursor from Mexican yam roots

12



Cbapter 1

The maior obstacle to the use of naturally occurring sex steroids for contraception

was the inactivity of the compounds when g,iven orally. The addiuon of an ethinyl group

at the 1'7 position made estradiol orally active. Ethinyl estradiol is a very potent oral

estrogen Fgu.. 2) ail was introduced as the estrogen compound in oral contraceptives;

the other esftogen used was the 3-methyl ether of ethinyl estradiol, mestranol (which is

converted to ethrnyl esffadiol in the body)17 1e.

c=cH c=cH

Figure 2. Ethinyl estradiol and mestranol

In 1951 Luis Miranontes (working with Djerassr) removed the 19-methyboup

from Inhoffen's ethisterone, producing 1,9-nor1,7a-ethinyltestestorone or

notethisteronets. Carlr Djerassi worked at the Slntex laboratory ifl 1951 and synthesised

the potent, orally active progestational compound norethindrone24.2s. A year later, Frank

Colton, working with the G.D. Searle company synthesised norethymodrel26. After a visit
ftom Margaret Saxger in 1951, Gregory Pincus in Massachusetts, having spent many years

studying s121111alian fertilisation became interested in contraception. Sanger, president of
the International Planned Parenthood Federation, pointed out that Pincus' animal

experiments suggested a method of oral contraception for women, and she provided a

research gran(t-tz.

Norethidrone and norethpodrel were first tested on animals in 1953-1954 and the

first human trial was performed in Puerto Rico in 1,95630 . The initial progestogen products

were contaminated with abott 7o/o mestranol, adding up to 50-500 micrograms mestranol,

13



Ceneral intrvduction

a sufficient amount of estrogen to inhibit ol,ulation itself. When efforts to lower the

estrogen content yelded breakthrough bleeding, it was decided to retarn the esffogen for

cycle control, thus establishing the principle of the combined estrogen-progestogen oral

contraceptive" t'. In 195J, the U.S Food and Drug Administration approved a

combination of 9.85 mg of norethynodrel and 0.15 mg of mestranol (Enovid; G.C. Searle

and Company, Chicago, Illinois) for use in menstmal disorders and, subsequendy in 1959,

as a contraceptive. A norethisterone-cofltaining preparation (licensed by Syntex to Parke

Davis) was also approved for menstrual regulation fu1951 , and as at oral contraceptive

111 196233.

cH 30

NOR E THYNOORE L MES TRA NOL

ENOVIO

Figure 3. The first progestogen-estrogen combination contraceptive: Enovid

The discovery of ethinyl substitution and oral potency (at the end of the 1930s) led

to the preparation of ethisterone, an orally active derivative of testosterone. The removal

of the 19 carbon ftom ethisterone to form norethindrone did not affect the oral activrty,

and most importandy, it changed the predominant androgenic characteristic to that of a

progestational feature. Accordingly, the progestational derivatives of testosterone were

designated as 19-nortestosterones (denoting the missing 19 carbon). The androgenic

properties of these compounds, however, were not totally elimrnated and minrmal

anabolic and androgenic potential remainedlT1e. Clinically, androgenic and estrogenic

activities of the progesterone component are insrgnificant due to the low dosage in the

currendy used oral cofltraceptives. The norethindrone family contains the followrng

14
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Cbapter 1

19-nortestosterone progestogens: norethindrone, norethlnodrel, norethindrone acetate,

etynodiol diacetate, lynestrenol, norgestrel, levonorgestrel, norgestimate, desogestrel, and

gestodene (see addendum II). Levonorgestrel is the active isomer of norgestrelle.

Unfortunately thete is no recog'nised classification system of oral contraceptives

based on their pharmacologic properties. One system used is that the progestogens are

classified as first, second, thnd and fourth generation. The first generation includes:

ethynodiolacetate, lyroestrenol, norethisterone (acetate) and norethynodrel. The second

generation includes: norgestrel, levonorgesffel and norgestrione. The third generation

includes: desogestrel, gestodene and norgestimate (whether norgestimate should be

included in the second generation progestogens is a point of discussion, because

notgestimate is pardy converted to levonorgestrel). The fourth generation includes:

chlormadione and cyproterone acetate @oth C21 derivatives). A miscellaneous group

includes mainly C21, steroids, such as dydrogesterone, medrogestone,

medroxyprogestetone acetate and the natural progesterone. In currendy available oral

contraceptives ethinyl estradiol in the arnount of 20 pg, 30 pg, 35 pg or 50 prg is combined

in several ways with the diffetent progestogens, either mono-, bi ot triphasic, and in

various dosagesu'''"'".

c=cH C=CH

Desogestrel Cestodene

CH,

lon
CH.

lon

Figure 4. Third generation progestogens

15



General intmduction

Mechanism of action of oral contraceptives

Oral contraceptives prevent pregnancy primarily by suppressrng olru.lation through

the combined actions of an esffogen and a progestogen. Both sex steroids act upon many

different orga.n systems and produce several effects, both contraceptive and other3a'35.

Progestational efects

The most important part of the conffaceptive effect of oral contraceptives is

contributed by the progestogen component which inhibit olrrlation by suppression of

luteinizing hormones. Furthermore the cervical mucus is thickened and the transport of

sperm is reduced (although this is probably not an important contraceptive effect).

Capacitation of sperm may be inhibited and implantation is hampered by production of a

decidualized endometrial bed with exhausted and atrophied 5;lands3o'35.

Estrogenic efect^s

Estrogens inhibit onrlation ln part by the suppression of follicle stimulating

hormone (FSFf afld luteinizing hormone G-fD. This suppression mimics the changes that

occur during pregnancy, so the pituitary gland does not release hormones to stimulate the

ovary. Secretions and the cellular structure of the endometrium within the uterus is

altered, leading to areas of edema altemating with areas of dense cellularity. Luteolysis, the

degeneration of the corpus luteum, may occur when high levels of estrogefl (hrgher than

levels found in current oral contraceptives) alter local prostaglandins. This effect may help

explain how estrogens work as postcoital oral contraceptives3a'3s.

Venous thrombosis

Venous thrombo-embolism is a common disease and the overall annual incidence

of venous thrombosis is estimated 1 ifl 1000 persons'u. Venous thrombosis is unwanted

clot formation in a vein. The most frequent forms are deep-vein thrombosis of the legs

and pulmonary embolism. Less ftequent are thrombosis of the retinal veins, mesenteric

veins, cerebral sinus veins, arm veins and the portal vein (Budd-Chiari-syndrome)37. The

pathogenesis of venous thrombosis is complex and not totally understood. Virchow's

16



Chapter 1

tias is sttll helpfirl for global understanding: changes of the vessel wall, slowing of the

bloodstteam and alterations in composition of blood cells or plasma factors38. As a result

of many investigations durlng the last decades it has become clear that the causes of
venous thrombosis rndude hereditary and acqufued factors (Iable 1), although there is still

a group in which venous thrombosis occuts in the absence of obvious predisposing

factors, the so-called idiopathic cases3'o'. The incidence of venous thromboembolism in

young womell is low and depends on predisposing factor(s) such as pregnancy, oral

contraceptive use, carriership of z coagulation defect etc. or combinations of dsk factors.

Oral contraceptive users are generally healthy women with a low background incidence of
major diseases. When serious adverse events occur in oral contraceptive users, this has

great implications and the modest elevations in risk have the potential to affect a large

number of womens.

Table I. Risk factors for venous thrombosis

Acquired

surgery

malignancies

trauma

immobilisation

pregnancy, puerperium

use of oral contraceptives

Inherited

antithrombin deficiency

protein C deficiency

protein S deficiency

APC resistance/

factor V Leiden (506A19 to Gln) mutation

dysfibrinogenemia

hyperhomocysteinemia

high factor VIII levels

prothrombin (20210 A) mutation

Oral contraceptives and venous thrombosis

The aim of out study is to gain more insight into the associahon between oral

contraceptives, venous thrombosis and inherited coagulation defects. More particularly,

11



Ceneral intrudaction

v/e set out to find answers to the question: "Why do oral contraceptives cause venous

thrombosis?" In chapter 2 at overview is given on the association between oral

contraceptive use and venous thrombosis and their interaction with coagulation defects,

this overview was written in 1996 and an update wrll be given in the discussion. Chapter 3

describes the results of a case-control study in which we investiga.ted how a q?e of

progestogen plays a role in the association with venous thrombosis, especially when

taking factor V l,eiden and family history into account. In chapter 4, we investiga.ted

whethet women with inherited coagulation defects who use oral conftaceptives develop

their venous thrombosis at an eatlier stage compared with women without known

rnhedted coagulation defects. Elevated plasma levels of factor \rIII are a strong risk factot

for venous thrombosis and in chapter 5 we investigated the joint effect of h4;h factot

\rIII levels and oral conffaceptive use in the occurrence of venous thrombosis. The

magnitude of the relative risk of venous thrombosis due to low-dose oral contraceptives

is still debated because previous studies might have been influenced by diagnostic

suspicion and referral bras. In chapter 6 we describe the results of a case-control study in

which the effect of dragnosuc suspicion and referal bias could be excluded. In chapter 7

we describe a randomised experiment in which healthy women taking two oral

contraceptives contaifling 20 pg ethinyl estradiol and either gestodene or desogestrel are

compared in their effect on the hemostatic-, carbohydrate- and lipid systems. Most

studies on the effect of oral contraceptives are conducted 'il/ith volunteers who are

presumed healthy and with a uniform background risk. But what happens when we take

their genetic differences into account? Because the genetic "make-up" of a person

influences the response to coagulation, the effect on hemostatic variables during oral

contraceptive use is studied in chapter 8. Almost invariably studies on the effect of oral

contracqrtives on the hemostatic system are done with healthy young women, but what

happens when we study diseased women? The resuits of a comparison of the effect of
conturued use of oral cootraceptives on hemostatic variables in venous thrombosis

patients (thrombosis while using oral contraceptive$ with the effect in healthy contol

subjects are given in chapter 9. In chapter 10 a case repoft is presented in which identical

twins who are carriers of factor V Leiden started using oral contraceptives.

18
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Chapter 2

EYIDENCE TI{AT CURRENTLY AVAILABLE PILLS ARE

ASSOCIATED WITH VASCUI-AR DISEASE: YENOUS DISEASE
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Pilh and wnotn diteay

Evidence that currently available pills are associated with vascular disease: venous

disease

Kitty WM Bloemenkamp, Frits R Rosendaal, Frans M Helmerhorst, Jan P
Vandenbroucke

Adapted ftom: Hannaford PC, Webb AMC. Evidence-guided Prescribing of the Pill 1996r

61,-76. (Canforth, UK Parthenon Publishing)
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Thirty years of epidemiological research

From the early days of the use of combined oral contraceptives, reports have

emerged associating use of oral contraceptives with the development of venous

thromboembolism. After the report ofJordanl, numerous case control-210 and cohort-11'16

studies followed. In an attempt to assess the thrombogenic potential of new preparations

introduced during the last decade through the assessment of surroga.te end-points, young

healthy volunteers have been tecmited to randomised tials rn which the effect of the new

oral contraceptive on variables in (anti)-coagulation-, fibrinolysis- and lipid metabolism

were investiga.ted, mosdy in comparison with an older preparation. Several authors,

however, have expressed doubts about the clinical relevance of this tlpe of study, or

whether they can reasonably be expected to reflect the risk of thrombosis during actual,

large-scale use of a new gpe of oral contraceptive17,18.

Observational case-control and cohort studies have to be criticised. Not every

study has been able to adjust for the influence of putative confounders or effect

modifiers, such as smoking, family history of venous thrombosis, history of varicose

veins, body mass index, duration of oral contraceptive use, parity, age, blood goup.
Furthermore, some observational studies were not specifically desrgned to look at the side

effects of oral contraceptives. Other problems affecting comparability of data between

studies indude some authors reporting on fatal, and others on non-fatal venous

thromboembolism; and some authors differentiating between rypes of thrombosis, such

as superficial, deep venous thrombosis or pulmonary embolism. In some studies,

objective investigations for the dtagnosis (such as venography, ultrasound, impedance

plethysmography, ventilation-perfusion scans, post-mortem examinations) were missinp5.

Randomised studies with clinical end-points overcome other flaws of observational

studies, such as selection, diagnostic, referral, recall and prescription bias. However, the

low incidence of venous thrombosis during oral contraceptive use, ethical and financial

reasons prevent us from studying this association by a randomised trial. Consequently, we

have to draw our conclusions from observational and laborutory studies.

For some time there has been (near) consensus that there is an assoctatron

between oral contraceptive use and venous thrombosis. Reports ftom various case-

control and cohort studies atffibute this risk to the estrogen content of the oral

contraceptives, an effect which has not consistendy been shown to be related to dose1e,20
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and unrelated to duration of pill uset's'2'. The risk disappears oflce the oral contraceptive is

stopped; there is no elevated risk among past users. Women with bloodgroup non-O

appear to have hrgher risks than women with bloodgroup 022'2'. Smoking does not

appear to be a dsk factor for venous thrombosisa'r'" t'''o; obesitya'15 ar,d varicose veinsll

are at most weak risk factors. Prescribers, therefore, cannot readily identi$u women at risk.

The estimated relative risk of developing thromboembolism dururg oral

contraceptive use has been reported between 2 and 11. Case-control studies have usually

pelded a higher relative risk than cohort studies. The risk estimates have been larger when

associated with idiopathic events than when other risk factors were also involved3't.

Funhermore, the more certaifl the diagnosis4's'13'21'2s or the more severe"'3 the venous

thtomboembolic events, the larger the estimated relative risks. Even though everv study is

likely to be affected by at least one bias, neady all have reported elevated risk estimates,

increasing the plausibilrq of a relationship between current oral contraceptive use and

venous thrombosis. Finatly, it is a characteristic of true association that this shows up

whatever the shortcomings of studies set up to invest+pte it (although an important flaw

commofl to all studies can still produce erroneous conclusions).

In an attempt to lower the cardiovascular side effects of oral contraceptives. newer

generations of pills, containing lower doses of ethinyl estradlol and lower doses, and new

types, of progestogens, were introduced. The decrease in the amount of ethinyl estradiol

from 50 pg to 35 pg, 30 pg and even 20 pg was expected by some to result in a reduced

rrsk of venous thrombosisll'13'25'26. qince most studies were conducted in the 1960s and

1970s, there is little information about clinical end-pourts for these newer preparations.

Two case-control studiese''o and onc cohort studyl6 using clinical end-points were

conducted in the late 1980s or eady 1990s, when the newer preparations were on the oral

conffaceptrve market. These studies compared current users with non-users and reported

relative risks of 2.1 (95'/" confidence interval (CD 0.8-5.2) for fatal venous

thromboembolism and pulmonary embolismlo, 3.8 (95o/o CI 2.4-6.0) for non-fatal deep

vein thrombosis (age-adjusted risk 6.0 (95% CI 3.4-10.6))e ard 2.7 (95u/o Cl 1.8-4.2) for

superficial venous thrombosis, deep vein thrombosis, pulmonary embolism, and venous

thrombosisl6. 'fhese data suggest that oral contraceptives with less than 50 pg ethinyl

estradiol may still have a thromboembolic risk.
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Inherited coagulation defects

One of the studies reported a flew insrght into the relation between oral

contraceptive use and thromboembolisme. An interaction between a newly discovered

inherited coagulation disordelT and oral contraceptive use was described. Factor V

Leiden mutation, which leads to resistance to activated protein C and which is commonly

found among patients with venous thrombosis (tp to 20o/o of patients with deep vein

thrombosis are carriers)28, displays a strong interaction with use of otal contraceptives. In

non-carriers who use otal contraceptives, the risk of venous thrombosis is incteased four-

fold, in cartier non-users the risk is increased erght-fold, but in users of oral

conttaceptives who also carry the factor V Leiden mutation the risk rises 30-50-folde.

Other inherited coagulation defects, protein C, protern S and antithrombin deficiency,

which are themselves risk factors of venous thrombosis, also appeared syrrergrstically to

lead to an excess risk of venous thrombosis among oral contraceptive users2e. The

ptevalence of factor V Leiden in the Caucasian population is estimated between 3-570,

with much lower levels for the othet inherited clotnng abnormalities30'33.

Screening

It is questionable if the routine screening for genetic clotrrng disorders before

starting oral contraceptives is usefi.rl or feasible3a. Part of the problem is the lack of

evidence conceming this issue. In general, however, family history is a strong risk factor

for thromboembolism in healthy young people. It ma1 be usefi:I, therefore, to screen

potential users when there is a famrly history of inherited thrombophilia in a first-degree

relative. On the other hand, it is not yet clear whether it is helpfLl to screen women with a

positive family history, or even personal, history of thrombosis. A major problem is that

venous thrombosis is relatively common when viewed over the history of a life time.

Thus, many people have a positive history without having a genetic defect'5.
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New progestogens

In October 1995 the Committee on Safety of Medicines in the United Kingdom

warned, in a letter to all doctors36, of a differenual risk between oral contraceptrve r,?es.

Based on at the time unpublished data, the Committee advised that several of the so-

called third generation preparations had a greater risk of venous thrombosis than older

preparations. In December 1995 and January 1996, four studies wete published which

showed that women using oral conffaceptives containing desogestrel and gestodene had,

on average, twice the risk of developing venous thrombosis than users of older

levonorgestrel-containing pteparations3T a1. Previous to these unexpected results, only two

epidemiologrcal studies had reported on the effects of the type and dose of progestagens

used in oral contraceptives"'1'. Other studies which examined surroga.te and intermediate

end-points distrngurshed between combined or progestogen-only oral contraceptives,

different preparations, dose of ethinyl estradiol or mesffanol used, and type and dose of
progestogen usedt8. However, as already stated, this tlpe of study has now been

discredited since tesults about surrog'ate end-points have proved irrelevant when

predictmg future risk of venous thrombosis.

The four studies

The different studies by the World Health Orga.nizatron (XYHO), Jick and

colleagues, Bloemenkamp and co-workers and Spitzer and colleagr.res will now be briefly

discussed (Tables 1 ar.d 2).

Vorld Health Oryaniyation Studl

The WHO conducted a case-conffol snrdy in 21 hospitals in 17 countries3'. Some

1143 women aged between 22 and 44 years with a history of idiopathic venous

thromboembolism were recruited as cases. The control lyoup consisted of 2998 age-

matched women. In the European countries, use of the pill was associated with an overall

relative risk of 4.15 (95o/o CI 3.09-5.57); in non-European countries the relative risk was

3.25 (95% CI 2.59-4.08). The risk estimates were generally higher for deep vein

26



ChEnr 2

thrombosis tlan for pulmonary embolism, but no consistent trend was found for

certainty of diagnosis (definite, probable, possible). An increased risk was apparent within

4 months of starting oral contraceptives, was unaffected by duration of current episode of
oral contraceptive use, and had disappeated within 3 months of stopping the pill. The

relative risks were not related to age, history of hypertension (except dunng pregnanry) or

smoking. A body mass index (BND of more than 25 kg/m2 appeared a weak risk factor.

In a subgroup analysis on oral contraceptive type the risk was found to be hrghest among

users of oral contraceptives containing desogestrel and gestodene. This prompted a more

detailed analysis of the WHO data which lncluded all women for which these

preparations had been prescribed during the study period38. A total of 169 cases were

compared with 1979 age-matched hospital controls, and, in ofle centre, wr.h 246

community controls matched on age and general practice. Compared with non-users,

those using oral contraceptives containing levonorgestrel had a three-fold elevated risk of
thrombosis (Odds Ratio (OR) 3.5 (95 0/o CI 2.6-4.7)) and those using desogestrel- or

gestodene-containing pills in a nine-fold risk (OR 9.1 (95o/o Cl 4.9-11.0) and OR 9.1 (95Yo

CI 4.9-16.1), respectively). After adjustment for BMI, the ORs were 3.4,7.3 and 1,0.2,

respectively. Direct comparison of desogestrel- and gestodene-containing oral

contraceptives with levonorgestrel-containing preparations revealed risk estimates of 2.2

and3.3, respectively (adjusted for body mass index).

CPRD (Ceneral Practin Rtsearch Database) Study

Jick and collegues3e presented data from 238130 women derived ftom 365 general

practices in a study on tfre risk on non-fatal thromboembolism. In the non-users group,

3.8 cases of non-fatal thromboembolism per 100000 women-years were observed. In the

oral contraceptive users goup, the rate in users of levonorgestrel-containing pills was 16.1

per 100000 women-years, in the desogestrel grotp 29.3 per 100000 women-years, and in

the gestodene group 28.1 per 100000 women-years. Thus, the relative risk associated with

gestodene and desogestrel pills was approximately twice that of levonorgestrel

preparations. In a nested case-control analysis, the adjusted matched relative risk

estimates werc 2.2 (95Y0 CI 1.1-4.4) and 2.1 (95o/o CI t.0-4.4) for desogestrel and

gestodene users, respectively, compared with users of levonorgestrel. The excess nsk for
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non-fatal venous thromboembolism associated with the oral contraceptives containinp;

desogestrel or gestodene compared with levonorgestrel was estimated to be 16 per 100000

woman-years.

Table l. The characteristics ofthe studies examining the association between oral contraceptive use

and venous thrombosis, which compared newer with older types of progestogen contained in the

preparation

Database First author Type

of

srudy

Source data Period Countries Age

(years)

Farley3E

Jick3e

case-

control

cohort

+

case-

control

hospital 1989-1993 mne

hospital t99l-1994 UK

anticoagulation 1988-1992 NL

clinics

hospilal 1993-1995 UK,GER

DVT, PE

F, NF

case-control:

DVT, PE, NF

DVT,

NF

DVT, PE

F, NF

LETS

TRANS

Bloemenkamp{ case-

control

Spitzern' case-

control

t5-49

16-44

WHO: World Helth Organixtion, GPRD: General Practice Resqrch Database, LETS: Leiden Thrcmbophilia Study, TRANS

Transnatioml Study

UK: United Kingdom, NL: The Netherlands, GER: Gemany

DVT: Deep venous thrombosis, PE: Pulmonary Embotism, SVT: Superficial venous thrombosis

F: Fatal, NF: notr-fatal

LETS (Leiden ThrorzbEhilia Sta@)

Using data from a previously published case-control study (I-eiden Thrombophilia

Study)4, we compared 126 women, aged 15-49 years, with an objective dragtrosis of deep

venous thrombosis wrth 159 control subjects. Compared with non-use, the highest age-

adjusted relative flsk was found among cuffent users of desogestrel pills (OR 8.7 (950/o Cl

3.9-19.3)). The numbers of gestodene, norgestimate-containing oral contraceptives were

too small to arrive at meaningfiil conclusions. The relative risks of levonorgestrel-,
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lynestrenol- afld norethisterone-containing oral conftaceptives ranged between 2.2 and

3.8. In a direct comparison, users of desogestrel-containing oral contraceptives had a 2.5-

fold higher risk (95% CI 1.2-5.2) than users of all other oral contraceptive tlpes

combined. The relative risk for the desogesffel-contaming oral contraceptive was similar

among women with and without a family history. The excess risk could also not be

explained by previous pregnancy, and it was highest in the youngest age categoties, where

we could expect most new users. The age-adjusted relative risk for the desogestrel-

containing oral contraceptive was 9.2 (95o/o Cl 3.9-21..4) among non-carriers of the factor

V Leiden mutation and 6.0 (95%o CI 1.9-19.0) among carriers of the mutation. This latter

risk is superimposed on the erghrfold increased nsk of venous thrombosis for carriers of

the factor V Leiden mutation. The risk of carriers using the desogestrel-containing oral

contraceptive as compared with non-carier non-users may therefore be increased almost

50-fold.

Transnational Studlt

After the publication of results of a pharmacokinetic study in Germany suggesting

that gestodene may increase the nsk of vascular eventsa2'43 (results which were not

subsequently confirmed by other reseatchetso*o', an internatronal study was started: the

Transnational Study of Oral Contraceptives and the Health of Young Womenol. In this

case-conffol study, 471 cases were compared with 1772 control subjects, matched for

hospital and age. The adjusted odds ratio for venous thromboembolism for use of any

oral contraceptive versus no use was 4.0 (95YoCl 3.1-5.3). The authors made a different

subdivision between fust, second and third generation preparations to that used in the

other studies. The adjusted odds ratio for desogesffel- and gestodene-contarning oral

contraceptives versus second- generation oral contraceptives was 1..5 (95Y, Cl 1.1'-2.1) for

both preparations.
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Table 2. Relatrve risks (95% Cf) forvenous thrombosis accordingto type of oral conrraceptive

Database First author OCs vs

non-use

DSG vs LNG GSD vs LNG Remarks

WHO Farley3E

GPRD JiclC'q

LETS Bloemenkamp{

TRANS. Spitzer''

4.1

(3.3-s.1)

6.0

(3.4-r0.6)t

4.0

(3. l-s.3)+

2.6

(1.4-4.8)

2.2

(1.1-4.4)i'

))
(0.e-s.4)t

1.5

(t.t-2.2)+

2.6

(1.4-4.8)

2.1

( I .0-4.4) *

1.5

(1.0-2.2)+

adjusted for BMI

respectively: 4.0 (all),

2.2 (DSG) and 3.0 (GSD)

non-fatal venous

thromboembolism

DSG vs all others:

2.s (t.2-s.2)t

DSG and GSD were

compared to second-

generation products as

defined in their srudy

WHO: World Health Orgmisatron, GPRD: General Pracdce Research Database, LETS: teiden Thromboplulia

Study, TRANS.: Transnational Study

DSG: Desogestrel-containing oral contraceptives, GSD: Gestodene-containing oral contraceptives, LNG:
l,evonoges trel-containing oral con traceptives, BMI : body mass index

" Adjusted for smoking md BMI

f Adjusted for age

f Adjusted for age, smoking alcohol use, study centre, BMI, and duration ofexposure to oral contraceptives used

before curent oral contracepdve

Reactions to the investigations

Authorities, the public, industry and researchers m severa.l countries have reacted

differently to these findingsso s8 and the scientific discussion is still developing. Among the

comments so far are remarks that none of the studies have been able to adjust for all

Possible confounders, that mainly Caucasian population was studied, that no distinction

was made between monophasic, biphasic and triphasic preparations, that different studies

had different critena for definmg fust-, second- and third-generation progestogens, and

that selective prescribing, healthy user effects, and differentral referral bias could have

contributed to the observations. Even so, as Weiss and Mc Pherson point outs6,s7, these

theoretical objections may not matter {+ven that all studies poll1t rn the same direction.
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Conclusions

It can be concluded that there is still an association between oral contraceptive use

and venous thromboembolism, a relationship which also may be dependent on the type

of progestogen. Women using desogestrel- and gestodene-containing oral contraceptives

^ppelr 
to have a hrgher risk of developing venous thrombosis compared to users of the

other types of low-dose pills. These hrgher risks have not been completely explarned (i.e.,

are not limited to subgroups defined) by age, duration of use, family history of

thrombosis, parity, body mass index, varicose veins or factor V Leiden mutation. To our

knowledge, no study has succeeded in overcoming the bras of selective diagnosis afld

rcfera); for many preparations the number of exposed cases have been to small to

provide reliable estimates and an answer to extremely relevant clinical questions of what is

the recurrence rate when continumg to use oral conffaceptives after a first thtombosis is

still lackmgse.

The hrghet relative risks of desogestrel- and gestodene-contamrng oral

contraceptives have to be balanced against possible benefits of these oral contraceptives

compared wrth the older preparations. It has to be emphasised, howevet, that until now

these benefits have been much discussed, but not demonstrated except in intermediate

end-point studies. Othet effects of oral contraceptive use, like the risk of arternl

thrombosis and protection aga.inst endomeftial and ovarian cancer, have still to be

investigated for the newer preparations. The absolute risk of fatal thromboembolism in

women using oral contraceptives is small. Indeed, all serious diseases are rare in the

young. Even so, when they occur they can have a serious impact. The chronic sequel of
r;on-fatal venous thrombosis may place a heavier burden on young and active women

than on the eldedy, and may afflict their lives for many more years. lUhen safety issues

between different types of oral contraceptives are discussed, it is inappropnate to

compare the risks to those experienced in other situations, such as pregnancy or

puelpedum, since these are not the alternatives under discussion (unless fears about safety

lead to flon-use of any contraceptive and subsequendy result in pregnanry). The only

usefirl comparison then is between types of oral contraceptives, and the only logrcal

choice is for the safest compatible with patient acceptance and tolerance.
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The future

The story of the thrd-generatron oral conffaceptives and venous thrombosis

provides an example for studies on side effects of other drugs. Clinical end-points should

be investigated instead of intermediate end-points.

Although many new insghts into the relationship between venous thrombosis and

oral contraceptives have been reported during the past years, much temains unknown and

several problems are still to be solved.
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SUMMARY

Recent concem about the safety of combined oral contraceptives with third-

generation progestagens prompted an examination of data ftom a populauon-based case-

control study (I-eiden Thrombophilia Study). We compated the risk of deep-vein

thrombosis (DV-I) during use of the newest oral contraceptives, containing a third-

generation progestagefl, with the nsk of "older" products. !7e also investigated the

influence of family history of thrombosis, previous pregnancy, age ar'd the thrombogenic

factor V Leiden mutation.

We selected 126 women with DVT and 159 controls aged 15-49 (meat age 34.9

years) and premenopausal and found, as compared with non-users, the htghest age-

adjusted relative risks to be that for an oto) contraceptive containmg desogestrel and 30

pg ethinyl estradiol (relative risk fi.R) 8.7 ,95o/o CI 3.9-1.9.3). We found lowet relative risks

for all other types of oral contraceptives, rangrng fuom 2.2 to 3.8. In a direct comparison,

users of the desogestrel-containing oral contraceptive had a 2.5-fold hrgher risk (95o/o CI

1,.2-5.2) than users of all other oral contraceptive t)?es combined.

The relative risk for the desogestrel-containing oral contraceptive was similar

among women with and without a famtly history -ie, preferential prescription because of
family history cannot explain out findings. Nor could the excess nsk be explarned by

previous pregnancy, and it was hrghest in the youngest age categolies, where we would

expect most new users. The age-adjusted RR fot the desogestrel-containing contracepflve

was 9.2 (95Yo CI 3.9-2'1..4), among non-carriers of the factor V Leiden mutation afld 6.0

(95Y, CI i.9-19.0) among cariers of the mutation. This latter risk is superimposed on the

8-fold increased risk of venous thrombosis for cariers of the factor V Leiden mutation.

The risk of carriers using the desogestrel-containing oral contraceptive as compated with

non-carriet non-users will therefore be increased almost 50-fold.

Use of low-dose oral contraceptives with a third-generation progestagen carnes a

hrgher nsk of DVT than the previous gefleration of oral contraceptives. The absolute risk

of DVT associated with these oral conffaceptives seems to be especially hrgh among

carriers of the factor V Leiden mutation and among womefl with a family history of

thrombosis. However, the hrgher risk associated with oral contraceptives with a third

generation progestagen compared with previous generations was also present in women

without factor V Leiden and with no family history.
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INTRODUCTION

Since the early 1960s it has been known that oral contraceptives increase the risk

of venous 
^rLd 

arteri thrombosis. Efforts to reduce the risk by decreasing the oestrol;en

content have proved successfiil a. Third-generation progestagens were introduced in an

attempt to lower further the risk of cardiovascular side effects. These new progestagens

include desogesffel, gestodene and norgestimatel6. Since these progestagens had less

androgenic metabolic effects and did not adversely affect the lipid profile, it was thought

that they might carry a lower risk of cardiovascular diseases than older progestagens such

as levonorgestrel, lynoestrenol, and norethisterones,T.

There is no evidence yet fiom studies with clinical endpoints that these new

progestagens do reduce the risk of cardiovascular diseases. Most studies of combined oral

contraceptives containing the new progestagens have been small comparative trials on

surrogate endpoints such as coagrlation pattern and fibrinolytic and lipid levels in healthy

young woment''.

Uncertainty about the safety of the newest low-dose oral conftaceptives prompted

us to reanalyse data ftom a case control study. 1i7e focussed on the possibility that oral

contraceptives with a low dose of ethinyloestadiol and a third-generation progestagen

would cMry a. greater risk of venous thrombosis than oral contraceptives contarning

similar doses of ethinyloestradiol but other progestagens. !7e also looked for alternative

explanations, by investigating the effect of a positive family history of venous thrombosis,

a history of pregnanry, and age. A positive family history of deep-vein thrombosis (DVT)

might lead to a preferenual ptescription of a new low-dose oral contraceptive. Women

who have ever been pregnant have been exposed to higher estrogen levels and mght
differ in other aspects from those who were never pregnant. Duration of use may also be

a factor so we did an analysis among the youngest womefl, most of whom will be new

users.

Factor V Leiden mutation, which leads to resistance to activated protein C and is

commonly found among patients with venous thrombosis (20oh cariers), displays a

strong interaction with use of oral contraceptives, all types combined. In non-carriers

who use oral contraceptives the risk of thrombosis is increased 4-fold, but the risk dses to

30-50 fold in users of oral contraceptives who also catry the factor V Leiden mutations.
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PATIENTS AND METHODS

The patients and methods have been described previouslys,'. We nvited 474

consecutive patients @oth sexes) with a first episode of proven DVT, diagnosed

objectively betweenJan 1, 1988 and Dec 31.,1992, who were aged less than 70 and who

were not known to have malignant disorders. Patients had been selected ftom t}re files of
three anticoagulation clinics in the Nethedands, which monitor anticoagulant treatrnent in

all patients within a well-defined geographical area. For each thrombosis patient we

invited one age and sex matched healthy control.

For the present analysis we selected only premenopausal women, aged 1.5-49,

(mean age: 34.9 years), who were at the time of their thrombosis (or similar date in

control) not pregnant, not in the puerperium, had not had a recent miscarriage, and had

not used rnjectable progestagens8.

Information on the tipe of oral contraceptives used at the time of the thrombosis

(or indexdate in the control), was obtained from the interview supplemented with data

ftom the hospital dischatge letter. This led to complete information on oral contraceptive

gpe in 95% of the 174 users.

We limited the analysis to types of oral contraceptives for which sufficient cases

and control were available (ie 5 or more case and control). We left out of the analysis a

total of 20 cases and 10 controls who used the following preparations: monophasic 30 pg

ethinyloestradiol and gestodene, 50 pg mestranol and norethisterone, 35 pg

ethinyloestadtol and clproterone acetate, brphasic ethinyloestradiol and desogestrel, and

ethinyloestradiol and lynoestrenol. We also discarded data ftom 9 women (cases) in

whom the type of oral contraceptives remained unknown. Thus 29 cases and 10 controls

were left out of the analysis.

Because the choice of oral contraceptive might have been influenced by the

perception of an increased nsk known through a famly history of venous thrombosis, we

took family history into account. We called a famly history "positive" when venous

thrombosis was reported in one or more parents or siblings by the patient or control.

Presence of tlle mutant factot V Leiden gene was determinedlo, by technicians

who did not know rf the sample was from a patient or a control or ftom ar or^l

contraceptive user or non-user.

We analysed data from 285 women (126 cases and 159 controls) ofl current use of
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oral contraceptives at their thrombosis- ot indexdate. The oral contraceptive tlT)es v/ere

classed as: (1) monophasic, containing 30 pg ethinyloestradiol and 150 pg desogestrel; (2)

monophasic, containing 30 pg ethinyloestradiol and 150 pg levonorgestrel; (3)

monophasic, containing 50 pg ethinyloestradiol and'1.25 pg or 250 pg levonorgestrel or

1000 pg lynestroenol; (4) triphasic, containing ethinyloestradiol and levonorgestrel or

norethisterone; ot 5) monophasic, containing 35 pg or 37.5 pg ethinyloestradiol and 1000

pg norethisterone or 750 pg llmoestrenol.

To assess the risk of different tlpes of oral contraceptives among factor V Leiden

positive and negative cases, we used the complete control group as a reference for

frequency of oral contraceptive use, because at the time these contraceptives had been

prescribed for the women in our study factor V Leiden was unknown. The complete

control group thus represents the best estimate of the population use of the various tlpes

of oral conftaceptives.

Although the original data were age-matched we did an unmatched analysis.

Because of the indusion criteria and the age cut-offl many pairs u/ere flo longer intact in

the database for this analysis. Since the analysis was restricted to the matching factor sex,

we adiusted for confounding by the other matching factor (age) by controlling for age by

logistic regression. Age was entered as a continuous variable (in yeats), use of a

categorised dummy variable model led only to tnvul diffetences for the estimators of

interest.

RESULTS

Table 1 shows the number of cases and controls using tle various oral

contraceptive types and age adjusted relative tisks @R, all relative to non-users). The

highest RR of 8.7 for tlle desogestrel-containing monophasic oral contraceptive. For all

other q4)es of oral contraceptives the RR was between 2.2 and 3.8. Too few women were

using contraceptives containing gestodene or norgestimate to permit meaningfirl

conclusions. Direct comparison of two oral contraceptives wrth identical oestrogen

content (30 f.g ethinyloestradiol) but wrth a different progestagen (ie, desogestrel vs

levonorgestrel) revealed a2.2-fold increased risk associated with desogestrel (95% CI 0.9-

5.4). When we compared the oral contraceptive containing desogestrel and 30 pg
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ethinyloestradiol with all other types combined the age-adjusted RR was 2.5 (95% CI 1,.2-

s.2).

Table 1. Numbers ofcases and controls and age-adjusted RRs (95% CI) for DVT according to type

of oral contraceptive used at time ofthrombosis

TYPE OF ORAL CONTRACEPTIVE CASES/CONTROLS RR

amount of

ethinyloestradiol

type of progestagen

3o pg

30 pg

5o pg

triphasic

Q0-40 p.e)

35 pg

37,5 pg

no OCs

desogestrel

levonorgestrel

levonorgestrel

or lynestrenol

levonorgestrel

or norethisterone

norethisterone

lynestrenol

37n5

20n8

8t6

T ltt

8/s

46n04

8.7 (3.9-19.3)

3.8 (1.7-8.4)

3.4 (L.r-r0.7)

2.2 (0.8-6.s)

3.8 (t.2-12.s)

29 Cases and 10 controls using types of rarely used oral contraceptives for which no meaningful

analysis was possible, or for whom the type of oral contraceptive used was unknown, were Ieft out

of this analysis.

A family history of thrombosis was present 1n 4't cases and 23 controls $.R=2.9
(95% U 1.6-5.1)), indicating a higher baseline risk in women with a positive family

history. When we restrict the analysis to patients and controls wrth a positive family

historf, the age-adjusted RR (vs non-users) for the desogestrel-contaifling product was 7.2

(95Yo CI 1.2-42.1) and for the levonorgestrel-containing product it was 3.9 (95% CI0.6-
24.6). For women with a negative family history, the RRs were 8.0 (95o/o CI 3.2-20.1) and
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3.3 (95% CI 1.3-8.5) respectively.

Of the cases and controls with a positive family history 17 % (11/64) carried the

factor V Leiden mutation, while the mutation was found in only 8 o/o (1,8/221) of cases

and controls without a famtly history. When we adiusted for all these vadables lointly, by

entedng age, factot V Leiden mutation, and family history in a logistic model, the RRs

associated with the various oral contraceptives remained essentially the same arrd the 2-

fold higher risk for desogestrel persisted when we contrasted the desogestrel-containing

oral contraceptive to the levonorgestrel-containing oral contraceptive.

Further adjustment for history of pregnancy did not change the estimates. Among

women who have never been pregnant RRs of 20.8 (95% CI 4.8-90.2) for the desogestrel

oral contracq>tive and 7.7 (95% CI 1.8-32.9) for the levonorgestrel product (both with

similar amount of ethinyloestradiol) were found. Among ever-pregnant women we found

RRs of 5.1 (95% CI 1.7-1,5.3) and 3.0 (95o/o CI 1.0-9.6), respectively, compared with non-

usets.

When we restricted the alalysis to the youngest women, where most new users

will be found, we found the highest risks for the desogestrel-containing oral

contraceptive, relative to levonorgesftel. Among women aged 15-19 the risk of the

desogestel-containing oral contraceptive was 7-fold higher than that of the

levonorgestrel-contarnmg product; among women aged 20-24 the risk was 4-fold hrgher.

Table2 shows the age-adjusted RRs for factor V Leiden carriers and non-carriers.

We must stress that the risk of the oral contraceptive is superimposed on the baseline

risks: The baseline risk is much higher (8-fold) in carriers of the factor V Leiden mutation

than among non-carriers, so that the RR of 6.0 (95oh CI 1.9-19.0) leads to a much larger

overall effect in factor V positives than in the factor V negatives ER 9.2 (95% Cl 3.9-

21.\). The risk of carriets who use the desogestrel-containing oral conffaceptive,

compared with non-carrier, non-users, will therefore be increased almost 50-fold.

Contrasting the different oral conffaceptive groups, we found that, relative to 30 pg

ethinyloestradiol oral contraceptives with levonorgestrel, the newer progestagen carnes a

3.5 (95% CI 0.8-15.9) higher risk among factor V positives (age adiusted analysis) and

only a 2.1, (95% CI 0.8-5.3) hgher risk among factor V negatives. Table 2 shows that the

combined RR of all other types of progestagen is lower in factor V positives.

!7e found no factor V Leiden positive controls who used oral contraceptives, and

4oh cariers among non-users controls. Among the cases, the factor V Leiden mutation
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was present 1fi 22% of non-users, also in 22oh of users of desogestrel-containing oraJ

contraceptives and n 15% of levonorgestrel (30 pg ethinyloestradiol) containing oral

contraceptives. Even though the absence of mutant gene carriers among the users of ora.l

contraceptives in the controls tender analysis with an interaction term in a regression

model impossible, these data agarn point to a high risk associated with the combination

of factor V Leiden cariership and use of a desogestel-containing oral contraceptive.

Table 2. Numbers of factor V positive and factor V negative cases and age-adjusted relative risks

(95% Cl) for DVT with total control group as reference population, according to tlpe of oral con-

traceptive used at time of thrombosis.

TYPE OF ORAL

CONTRACEPTIVE

CASES CASES RR RR

amount of

ethinyloestradiol

type of

progestagen

factor V

positive

factor V

negative

factor V

positive

factor V

negative

3o pe

3o pg

5o pg

triphasic

(30a0 pg)

35 pg

37,5 p.g

no OCs

desogestrel 8

levonorgestrel 3

levonorgestrel or I
lynestrenol

levonorgestrel or I

norethisterone

norethisterone 2

lynestrenol

t0

29

t7

6.0

(1.9-19.0)

1.9

(0.4-8.5)

1.8

(0.2-16.3)

1.0

(0.1-e.4)

4.1

(0.7-24.0)

1.0

9.2

(3.e-21.4)

4.2

(r.8-9.7)

3.9

(r.2-12.9)

2.6

(0.8-8.0)

3.8

(1. l-13.6)

1.036

29 Cases and 10 controls using types of rarely used oral contraceptives for which no meaningful

analysis was possible, or for whom the type of oral contraceptive used was unknown, were left out

of this analysis.
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DISCUSSION

We found fhat a new-low dose oral contraceptive wrth a third-generation

progestagen has a higher risk of DVT than otal contraceptives with previous generations

of progestagens. This effect is enhanced by factor V Leiden mutation and by a famrly

history of venous thrombosis. However, neither factor V Leiden, nor the family history

explains all of the excess risk of a thtd-generation progestagen, since the risk was also

increased in women without the factor V Leiden mutation and without a famly history of

thrombosis.

In this study almost all of the combined oral contraceptives with thtd-generation

progestagens contained desogestrel. Oral contraceptives containing gestodene.

norgestimate or 20 pg ethinyloestradiol were not or only rarely used in the Netherlands

during the time period of the investigation. Hence, our conclusions focus on desogestrel

but are not necessarily limited to oral contraceptives containing this third-generation

progestagen.

One objection to the firdi"S mrght be that the newest oral contraceptives have

been preferentially prescribed to individuals with the hrghest risk of thrombosis

(confounding by indication). This would mean that the excess risk might be paradoxical

but expected and not a consequence of the tlpe of oral contraceptive. A factor that could

lead to such preferentrai prescription is a positive family history of venous thrombosis.

The excess risk was also present in women with a negative family history, however, and a

logrstic model which was adjusted for family history, factor V Leiden mutation alad age

together showed the same relative risks for the various types of conffaceptive. Besides

family history and dottrng defects, there are no genetally accepted strong risk factors for

DVT in healthy young persons that could lead to preferential prescription patterns;

smoking seems not a risk factor for venous thrombosis, and obesity and varicose veins

are at most a weak dsk13'14. It therefore seems unlikely that preferential prescribing can

explain the hrgher risk of DVT with an oral contraceptive containrng a third-genemtion

progestagen, since prescribers cannot readily idenufy women at high risk.

Because pregnancy is a risk factor for thrombosis that mght affect the same

women who are "sensitive" to oral contraceptives, and silce women who have been

pregnant may use different brands of oral contraceptive, we did an analysis adjusted for

previous pregnancy (evet/never). This did not change the estimates.
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A similar issue is whether part of the observed risk could have been brought about

by differences between women who start oral contraception for the first time and those

who have used them for some time. Among the youngest users (15-19 years), where most

will be recent users, we again found the excess risk for the desogestrel-containing oral

contraceptive.

Our study took place within anticoagulation clinics that serve well-defined

geographical areas in the Nethedands where patients with thrombosis are toutinely

monitored, and consecutive patients with a first objectively diagnosed DVT were

enrolled. Therefote the study itself could not have introduced any change in referral

patterns, diagnostic methods, or treatment.

We prer,'iously reported an interaction between oral contraceptive use and factor V

Leiden carriership which appeared to be sprergrstic8. Our current data show that this

synergy seems to a large part due to a positive interaction between a desogestrel-

containing oral contraceptive and factor V Leiden mutation. The number of carriers of
this mutation, however, was small, especiall;r among control usets of oral contraceptives,

which made an analysis of the interaction in an age-adjusted model impossible and also

led to estimates with a considerable statistical uncertainty. The meaning of the finding is

open to interpretation: on the one hand, it might simply imply that carriers of the

mutation are at a higher risk when using oral contraceptives because of a multiplication of
risks. If so the factor V Leiden mutation would only indicate a subgroup with a hrgher

baseline dsk, such as family history. On the other hand, this finding might grve a clue

about the mechanism of the thrombogenic nature of these contraceptives and should

prompt firrther research- Firstly, to confirm the finding of a synerg,istic effect and

secondly to study the effect of different types of oral conffaceptives on the hemostatic

balance, also in women without apparent genetic abnormalities since their risk too was

increased by oral contraceptives containing a third-generation progestagen.

When we come to look back on the history of oral contraception it is certain that

the decrease in the dose of ethinyloestradiol will be seen to have contributed to a reduced

thrombotic risk, especially for arteiral disease''"''0. However, the use of a third-generation

progestagen does seem to have led to an unexpected and yet unexplained retum of a

hrgher risk of venous thrombosis.
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WOMEN VITH INHERITED CLOTTING DEFECTS HAiVE

HIGHER RISK OF VENOUS THROMBOSIS DURING FIRST

YEAR OF USE OF ORAL CONTRACEPTTVES
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Women with inherited dotting defects have higher risk of venous thrombosis during first

year of use of oral contraceptives.

Kitty !7M Bloemenkamp, Frits R Rosendaal, Frans M Helmerhorst, Jan P
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SUMMARY

Background: Recent studies showed that the risk for venous thrombosis is htghest

during initial oral contraceptive use. This suggests a subgtoup of women who are at

immediate nsk of thrombosis when exposed to oral contraceptives. !7e postulated that

women with inherited clottlng defects who use oral contraceptives develop venous

thrombosis at att eaiier stage compared wrth women without inherited clotting defects.

Methods: Analysis of the data of the Leiden ThrombophrLa Study, a population based

case-control study, with data on duration of oral contraceptive use and recendy detected

genetic coagulation disorders. The patients had a first episode of objectively proven

deep-vein thrombosis. Women were called thrombophilic when they had either protein

C-, protein S-, antithrombin deficiency, factor V Leiden mutation or prothrombti 2021,0

A mutation.

Results: The risk of developing deep-vein thrombosis was greatest in the first six months

and the first year of use. In comparison with prolonged use, the risk to develop deep-vein

thrombosis was 3-foldhigherin the first si-x months of use (95% CI 0.6-14.8) and2-fold

in the first year of use (957o CI 0.6-6.1). Patients who developed venous thrombosis in

the early periods of use were more often thrombophilic. Among women with

thrombophilia, the risk to develop deep-vern thrombosis during the first six months of

oral contraceptive use (as compared to prolonged use) was increased 19-fold (95o/o Cl

1.9-175.1), and in the first year of use it was increased 1l-fold (95o/o CI 2.1-51 .0).

Conclusions: !7omen with rnhented clottmg defects who use oral contraceptives develop

venous thrombosis not only more often, but also sooner. Venous thrombosis in the fust

year of oral contraceptive use may indicate the presence of an inherited clottmg defect.
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INTRODUCTION

Recent studies have shown that the risk for venous thrombosis is highest during

the tritiat period of oral contraceptive usel-4. This confirms a clinical impression that until

now has not beefl studied extensivelys-7. We previously reported that factor V Leiden

mutation, which leads to resistance to activated protein C and was found in about one in

five patients with venous thrombosis, displays a strong interaction with use of oral3'8.

Other inhented clotung defects which are themselves risk factors for venous thrombosis,

such as protein C-, protein S-, antithrombin deficiency and prothrombn 2021,0 A

mutation, may also lead to a hlgh risk of venous thrombosis in combination with ora-l

contracrytive usee.

A higher nsk of venous thrombosis during the first months of oral contraceptive

use might be specific to women with genetic risk factors. To test this hypothesis we

analysed the data of the Leiden ThrombophiLa Study. In the original study, oral

contracqrtive use led to a 4-fold risk of venous thrombosis (6-fold upon age adjustment).

In the present analysis, with new data on duration of use and recendy detected genetic

risk factors, we first looked whether women with venous thrombosis were more often in

their first six months or first year of oral contraceptive use in comparison with conffol

subiects who also used oral contraceptives. Secondly, we investigated whether women

who developed venous thrombosis early on did more often have hereditary clottmg

defects in comparison with women who developed venous thrombosis during prolonged

use.

MATERIAL AND METHODS

Stadl Setting

The patients and methods of our study have been described previously'0. We

invrted 474 consecutive patients (both sexes, aged less than 70 years and without a known

malignant disorder) with a first episode of proven deep-vein thrombosis (diagnosed by

established objective methods) between Jan 1, 1988 and Dec 31,1992. Patients had been

selected from the files of three Anticoagulation Clinics rr the Nethedands, which monitor
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anticoagulant treatment rn all patients within well defined geographical areas. Each

thrombosis patient invited one age- and sex- matched healthy control subject (friend or

acquaintance; if not possible, volunteering partners of patients were age- and sex-matched

to serve as controls), age matching was within 5-year bands. Patients were seen after

anticoagulant treatment was discontinued for at least thtee months for a structured

interview about risk factors for venous thrombosis and blood collection. Controls were

seen around the time of enrolment of the cases, with the same interview and blood

collection.

In the present analysis we selected premenopausal women, aged 1,5-49 years, who

were at the time of their thrombosis (or the corresponding date rn the control women,

their index-date, see below) not pre[pant, nor in the puerpetium, did not have a recent

miscariage, and were not using miectable progestogens. Data about current use of oral

contraceptives at the thrombosis or index date (see below) were available from 155 cases

and 1,69 controls.

Time Vindow Assessment

Information on the duration of oral contraceptive use was newly abstracted from

the irterview data, supplemented with data from the hospital discharge letters and original

investigation records (for cases and contols). !7e analysed all pedods of oral

conffaceptive use (different types), and compared first-ever use with prolonged use of oral

contraceptives. For the present analysis we checked whether the date of venous

thrombosis was in the first six months ot first year of oral contraceptive use for cases.

For the controls, we used their index date, i.e., the date of the venous thrombosis of their

corresponding case in the origrnal study. To the control person thrs amounts to an

arbrtrary date, but it assures that controls also reflect oral contraceptive use of the same

calendar period as the cases. Of this index date we ascertained whether it fell within the

fitst slx months or first year of oral contraceptive use of the control person. In this way,

we could ven$, whether oral contraceptive using cases were more often in their early

periods of pill use in comparison wrth oral contraceptive using controls. !7hen a woman

who had used oral contraceptives at time of thtombosis or index date had temporarily

stopped using them in the year before this date, this renewed use was not counted as first

use, since there had been exposure to oral contraceptives before; such use was categorized
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as "prolonged" since the woman had already had her first exposure to oral contraceptives

more than one year before the thrombosis or index date (this happened in 12 women).

This categorization will, if anything, lower the effect of early use in our data.

Cenetic iskfaAors

Blood was collected from all participants and plasma was stored at -70"C. Hlgh-

molecular-werght DNA was isolated from leucocltes alrd stored at .10C. Presence of the

mutant factor V Leiden gene, protein C-, protein S-, antithrombin deficrency and

prothrombin 20210 A mutationll-14 was determined by technicians who did not know if
the sample was ftom a patient or a conffol subject or from an oral conrraceptlve user or

non-user. The cnteria for diagnosis of clotting deficiencies were used as described before
11 13.

Statistical Anafisis

Because of the age cut-off and other restrictions in this analysis (non-pregrant,

premenopausal etc, see above), we had to break the origural one-to-one matching.

However, we stratified for age in the analysis because of confoundirg by age: new oral

contraceptive users are very often young womefl and long-term users afe mostly older.

Without adiustment for age this will lead to underestimation of the effect of new use,

since older persons have a higher risk of venous thrombosis. Since the age-matching was

in five ye r 
^ge 

bands, an analysis that stratifies for age takes potential confounding as

well as the effect of matching into account.

Firstly, u/e restricted the analysis to cases and controls who had been using oral

contraceptives (at date of thrombosis or index date), to investrpyate the ufluence of
duration of oral contraceptive use. We analysed whether oral contraceptive usurg cases

had their venous thrombosis more often during the first six months or first year of orul.

contraceptive use, ur comparison to the index date of the conttols, by estimating the odds

tatio (95o/o CI) of being in an early time window of use.

Secondly, we resfticted the analysis to cases who used oral contraceptives, to

rnvestigate whether women who had developed venous thrombosis in the eatly periods of
use, mote often had thrombophilra in comparison with womefl who developed venous
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thrombosis during prolonged use, also by calculating the odds ratio. !7omen were called

thrombophilic when they had either protein C-, protein S-, antithrombin deficienry.

factor V Leiden mutation or prothrombfi 2021,0 A mutation.

Multivariate analysis by unconditional logistic regression was used to adjust for

possible confounders, e.g. age, family history of venous thrombosis, history of pregnancy.

Age was entered into the models as a continuous variable (in years), after assessrng that

using a categoiued dummy variable model led only to trivral differences for the estimators

of interest. Family history and history of pregnanry were entered as dichotomous

variables.

RESULTS

Of the 155 premenopausal women wrth deep venous thrombosis, aged 15-49, 109

used oral contraceptives at the time of thrombosis. Of the 169 control women, 65 used

contraceptives at their index date. On average cases who were using oral contraceptives

were slightly older than oral contraceptive using control subjects (32.2 (SD 9.6) vs 29.8

(SD 8.9) years of age,meafl age), long-term users were oldet than short-term users (32.1

(SD 9.1) vs 24.4 (SD 9.6) years of age (at the cut-off point of one year of use). The

sffatification of oral contraceptive use by duration of use is shown in Table I. The date of
venous thrombosis fell more often in the first six months or frst year of use, than the

corresponding rndex date of the controls. The age adjusted odds ratio (95% CD of oral

contraceptive use, compared with longer use, for'q/omen using oral contraceptives up to

six months was 3.0 (95o/o cl 0.6-14.8). when one year was taken as a cut-off point, the

age adjusted odds ratio for use shorter than one year became 1..9 (95o/o CI 0.6-6.1).

Furthet adjustrnent for history of pregnancy, or positive family history did not change the

estimations. Prolonged users (i.e. more than one year of use) had an age-adjusted 5-fold

increase in risk, telative to non-users of oral cofltraceptives (data not shown). In the

onginal study, the age adjusted odds ratio of oral contraceptive use (all time periods

together) was 6-fold8.
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Table 1. Numbers of cases and controls using oral contraceptives at time of thrombosis- or

index-date according to different time windows

control

l6 months

6-12 months

> 12 months

8

4

97

2

3

60

65109total

Of the 109 oral contraceptive using cases, 37 women were thrombophilic; 5

v/omen had a protein C-,3 had a protein S-, 2 had an antithrombin deficienry, 25 women

proved to have factor V Leiden and 4 women had the prothrombin 2021,0 A mutation (2

\r/omen had the combination of factor V Leiden and prothrombn 2021,0 A mutation). Of
the 65 oral contraceptive using control subjects 10 were thrombophilic; 5 women had a

protein S deficiency, 2 women proved to have factor V Leiden and 3 women had the

prothrombin 20270 A mutation. Table 2 shows that among women who developed

venous thrombosis during eady use, thrombophilia was more often present than amomg

women who developed venous thrombosis during prolonged use. The age adjusted odds

ratio for coagulation defects was 18.5 (95% U 1.9-115.7) for use up to six months. For

the cut-off point of one year the odds ratio was 11.0 (95o/o CI 2.1,-51 .3).

Table 2. Numbers of cases with or without inherited clotting defects according to duration of oral

contraceptive use

Duration of episode of use Inherited clotting defect total

l-6 months

6-12 months

> 12 months

8

4

97

I

I

70

7

3

27

total

58
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Four cases who developed deep-vein thrombosis in the first year of use, used

preparations containing monophasic 30 pg ethinyl estadiol and desogestrel, and two used

30 pg ethinyl estradiol and levonorgestrel containing oral contraceptives; among the

control subjects these numbers were one and two respectively. lUhile these nuLrnbers are

too small to arrive at stable conclusions, they are in line wrth the literature about

difference in venous thtombosis risk for different types of contraceptives's ". They also

indicate that the "starter effect" does not explain the difference between different

contraceptiveslT.

DISCUSSION

In this case-control study we fitstly confirm the hrgh nsk of venous tlrombosis
during the eady stages of oral contraceptive use. Secondly, we find that the hgh risk in

the first six months and first year of use can be explained in purt by the presence of
inherited coagulation defects.

Several potential biases that are often believed to exist in case-control studies do

not apply to studies of genetic risk factots. For genetic risk factors it is not rnportant that

they are only assessed after diseases develops, since they do not change. Moreover, the

most important genetic dsk factors for venous thrombosis, factor V Leiden an<l factot II
mutation, were not yet discoveted at the time of data collection of the study. Iiven their

clinical manifestation (venous thrombosis) cannot have influenced any prescription of
oral contraceptives, since we only studied first venous thrombosis. The assessment of the

time windows was performed reftoactively on the existing data. However, it was done

without knowledge of the genetic status of the patients. Finally, cases calne from a routine

care situation wherein all patients ftom a ceftain geographic area are given care; cases were

consecutively included upon meeting the study and analysis requirements. The confidence

intervals in our study remain large, despite the fact that we started wrth ample number of
cases and controls. This is a consequence of looking at flarrow dme windows with

specific genetic risk factors.

Eadier studies on duration of oral contraceptive use described that the association

between oral contraceptive use and venous thrombosis was unrelated to duration of
uses-7'r8'1e. The eadier negative findings might be explarned by the use of different cut-off
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points, with larger time windows. From our study we conclude that the risk of oral

contraceptive use is hrgher during the first year of use, especially during the first six

months of use. However, womefl who use otal contracq>tives longer than one yer ate

still at risk to develop venous thrombosis; their age-adjusted risk was still 5-fold hgher

when compared with flon-users (data not shown). These results are similar to the results

of the WHO studyl and the Transnational Study in which women who had used oral

contraceptives for the first nme were compared with women who had never used them

and a 10-fold increased risk during tlle first year of use was found, which went down to a

2-fold increase in subsequent years'o'". Once an oral contraceptive is stopped, the dsk of
venous thrombosis disappears within about 3 months; there is no elevated risk among

past usersl'7'1e'22'u.

Among patients who developed deep-vein thrombosis within one year after

starting the use of oral contraceptives, most inherited clotting defects were found. The

risk to develop deep-vein thrombosis during the first year of oral contraceptive use was

11-fold for thrombophilic women. An explanation for the higher risk is t}lat these women

have already one inherited risk factor, of which the effect is augmented by otal

contraceptives. The exact nature of the biochemical interaction is at ptesent uflknown,

although there are interesting leads about the role of acquired activated protein C
resistance2*28.

From this study and ftom othersl-a we conclude that duration of oral contraceptive

use influences the association between oral contraceptives and venous thrombosis: the

relative risk is highest in first-ever users. Furtherrnore, we find that this starter effect is

explained in p^rt by the presence of rnherited dotting defects: women with inherited

clotting defects are most likely to develop venous thrombosis during oral contraceptive

use in the first year of use. Together with the overall interaction between oral

contraceptive use and inhedted clotting defectss'e, this implies that women with inherited

clottrng defects who use oral contraceptives develop venous thrombosis not only more

often, but also soonet. The inhented clotting defects only explain part of the "starter

effect", however. When women continue using oral contraceptives, their risk to develop

venous thrombosis does not disappear, and it also is present in women without dotting

defects. Also, the "starter" effect canflot explain differences between different

contraceptives in observational studies17.

It is uncertain whether routine screening for genetic dotting disorders before
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stating oral contracqrtives is usefi.rl or feasible, even when there is a famtly history of
inherited thrombophilia in a first degree relative2x3o. Still, a carefirl family history and

information to patients about signs and symptoms of venous thromboembolisrn may well

be in order. When a woman develops venous thrombosis during the first y:ar of oral

contraceptive use, this could be an indication that she has an inherited dotting <lefect.
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SUMMARY

Recently, it has been described that elevated plasma levels of factor VIII are a

strong risk factor for venous thrombosis. We analysed the data of the Leiden

Thrombophilia Study, a population based case-control study on the causesr of venous

thrombosis, to veri$r whether the risk due to oral contraceptive use was hrgher in women

with hrgher factot \rIII levels. Furthermore we investigated the jornt risk of high factor

VIII levels and oral conffaceptive use.

!7e selected 155 premenopausal women with deep-vein thrombosis and 1.69

control sub jects, aged 15-49, who were at the time of their thrombosis (or sirnilar date in

control) not pregnant, nor in the puelperium, did not have a recent miscariage, and were

not using injectable progestogens. Of the patients, 109 (70n women harJ used oral

contraceptives durlng the month preceding their deep-vein thrombosis, in contrast to 65

(38%) of the control subjects (index date), yielding an odds ratio for oral contraceptive

use of 3.8 (95o/o CI 2.4-6.0). Of the women who suffered a deep-vein thrr:mbosis 56

(360/o) had hrgh factor VIII levels (> 150 IUldl) as compared with 29 (17o/o) of the

control subjects, pelding an odds ratio for hrgh factor \rIII of 4.0 (95% CI 2.0-8.0),

telative to factor VIII levels < 100 IU/dl. The joint effect of oral contraceptive use and

hrgh factor WII resulted in an odds ratio of 10.3 (95o/o CI 3.1-28.9), comparing women

who had both with women who had neither. !7e conclude that there is an increase in risk

due to oral contraceptive use in women with higher factor \|[II levels an<l that both
factors have additive effects.
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INTRODUCTION

Oral contraceptive use increases the risk of venous thrombosis, with estimates of

the relative risk varying from 2-1.'1,1 . Recently, we described an interaction between otal

contraceptive use and carrier-ship of factor V Leiden mutation; this combination leads to

a 3O-fold increase in risk of deep-vein thrombosis2. This interaction is relevant, since both

factor V kiden and oral conffaceptive use are common.

Another common risk factor for venous thrombosis is elevated levels of

pro-coagulant factor VIII3-5. For men and women in the Leiden Thrombophilia Study,

high factor \rIII levels (>150 IU/dl vs <100 IU/dl) had an odds ratio of 6.2 (95o/o CI

3.4-'1.D3. This effect is not explainedby elevated factor VIII levels as a post thrombotic

acute phase reactiona. It is plausible that high levels of factor \rIII have a mixed geneflc

and environmental origm. We investigated 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 previousf's. !7e

invited 474 consecutive patients (both sexes) with a first episode of proven deep-vein

thrombosis (diagnosed by established objective methods) occurring between Jan 1, 1988

and Dec 31, 1992, aged less than 70 years and without a known maligrrant disorder.

Patients had been selected from the files of three Anticoagulation Clinics in the

Nethedands, which monitor anticoagulant treatment in all patients withh a well defined

geogtaphical area. For each thrombosis patient we invited one age- and sex-matched

healthy control subject. For patients we used the date of ther deep-vein thrombosis; for

the control subjects we used the date of their corresponding case in the ongrnal study

(index-date). Patients were seefl only after anticoagulant treatment was discontinued for at

least three months.

For the present analysis we selected only ptemenopausal women, aged 15-49, who

were at the time of their thrombosis (or similar date in control) not pregnant, nor in the

puelperium, did not have a teceflt miscamage, and were not using iniectable

progestogens.
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Blood collection

Blood was collected into Sarstedt Monovette@ tubes, containing 0.106 mmol/L

trisodium citrate, and into a Becton-Dickinson Vacutainer@ tube for bkrod group

determinations. Plasma was prepared by centnfugation for 10 minutes at 2000 g at room

temperatrue and stored at -70'C.

I-aboratory Measnrement

Factor \rIII coagulant activity (FVIII:C) was measured by one stage clotting assays

using factor VIII deficient plasma and automated APTT (Organon Teknica, Durham

USA) on a Electra 1000c (MLA, Pleasantville, USA). Pooled normal plasmaL, standard

calibrated against the WHO standard for factor \rIII was used as a reference. The

technicians did not know if the sample was ftom a patrent or a control or from an oral

contraceptive user or non-user.

Anafisis and .f tatistics

We analysed data from 155 cases and 169 controls about current use of oral

contraceptives at their thrombosis- or index-date. We started with univariate :analysis by

unconditional relyession to estimate the odds ratio for tespectively oral contraceptive use

and hgh factor VIII (in different strata) or combinations. Multivariate a.nalysis by

unconditional logstic regression was used to adjust for possible confouflder:s, e.g. age,

family history of venous thrombosis, history of pregnancy. Oral contraceptive use was

entered dichotomously (0 for non oral contraceptive user (currendy) and 1 lbr current

oral contraceptive use). Clotting factor VIII was entered dichotomously; 1 for l'actor VIII
> 150 IU/dl and 0 for factor VIII < 150 IU/dl and also as categorize6 rr2lixb,les (strata:

factor VIII < 100 Iuldl, 1,00-1.25Iuldl, 125-150IUldl and > 150 Iuldl).
Although the origrnal data were age-matched, we performed unmatched analysis.

Due to the indusion criteria and age cut-off, many pairs were no longer inrract in the

database for this analysis. Since the analysis was restricted to the matching factor sex, we

adjusted for confoundirg by the other matching factor 
^ge 

by controlling lor age by

logistic regression. Age was entered into the models as a continuous variable (in years),
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after assessing that using a categonzed dummy vanable model. led only to tnvial

differences for the estimators of interest.

RESULTS

!7e selected ftom the origrnal study 155 premenopausal women who had had a

deep-vein thtombosis and 169 control subjects.

!7e used two types of analysis when analysing the factor \rIII data, firsdy we

analysed simple dichotomy (factor \rIII levels > 150 IU/dl vs factor VIII levels <150

IU/dl), secondly we strati.fied in four different categories.

HighfacrorWII

Dichotomous analysis showed that of the 155 women who suffeted a deep-vein

thrombosis, 56 Q6n had high factor VIII levels (above 150 Iuldl) as compared wfih 29

(llo/o) of the 169 conftol subjects, pelding an odds ratio of 2.7 (95% CI 1..6-4.6). Table 1

grves the results for the categorized levels of factor VIII. It shows an increasing risk of
venous thrombosis for increasing levels of factor \rIII. The results for VIII are most

prominent if factor VIII levels are > 150 IU/dl. For levels exceeding 150 IU/dl, the risk

was 4-fold inqgased (95Yo CI 2.0-8.0) as compared with women with factor \rIII levels <

100 ruldl.

Table I. Venous thrombosis risk for categories of factor VtrI

FVIII:C strata IU/dI Controls Odds ratio 957o Cl

< 100

100-125

r25-150

> 150

20

40

39

56

41

55

44

29

I

1.5

1.8

4

(0.8-2.e)

(0.e-3.6)

(2.0-8.0)

70

155 169
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Oral contraceptiue use

Of the patients, 109 women Q\o/o) had used oral conftaceptives during the month

preceding their deep-vein thrombosis, in contrast to 65 (38oh) of the control subjects,

nelding an odds ratio for oral contraceptive use of 3.8 (95% Cl 2.4-6.0).

Oral contraceptiue ase andfactor WII

Table 2 shows separate effects and combined effects of factor VIII (ttactor \rIII
levels > 150 IU/dl vs < 150 IU/dl) and oral contracq>tive use. As the table shows, the

separate effects of oral contracq>tive use and high factor VIII levels are about the same:

4.9-, respectively 4.5-fold increased risk compared with those with notmal thctor VIII
levels who did not use oral contraceptives. The risk of the combination of oral

contraceptive use and high factor VIII, compared with women wrth low factor VIII who

did not use oral contraceptives, was 8.8-fold increased.

Table 2. Distribution of women with deep-vein thrombosis and control subjects by oral

contraceptive use (OC) and presence of high factor VIII (factor VIII > 150 IU/dl vs factor VIII (
lso ru/dl)

Patients Controls Odds ratio St5% Cl

OC C)

oc (+)

OC C)

oc (+)

Fvrrr (-) 26 89

51

15

I

4.9

4.5

Fvrrr (-) 73

Fvrrr (+) 20

(2.8-8.6)

(2.r-10.2)

FVIII (+) 36 14 8.8 (4.1-18.8)

169155

This subdivision for oral contraceptive use was also performed for t}re different

strata of factor VIII (100-125 IU / dl, 125-150IUldl and > 150 IU/dl) in comparison with

low levels of factor VIII (< 100 IU/dl). The results of the combined effe,cts of oral

contraceptive use and factor \IIII (two extreme strata of factor VIII; > 150 IU/dl
compared with < 100 IU/dl) are shown in Table 3, showing a slighdy more pronounced

effect ofhrgh factor \rIII levels.
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Table 3. Distribution of women with deep-vein thrombosis and

contraceptive use (OC) and presence of high factor VIII (factor VIII >

100 ru/dr)

control subjects by oral

150 IU/dl vs factor VIII <

Patients Controls Odds ratio 95% Cl

OC C)

oC (+)

OC C)

Fvrrr (-) 7 28

l3

15

I

4.0

5.3

FVIII (-) t3

Fvrrr (+) 20

(t.3-t2.4)

(r.8-rs.5)

oc (+) Fvrrr (+) 36 t4 10.3 (3.7-28.9)

The logtstic model

The age-adjusted odds ratio for oral contraceptive use was 5.5 (95o/o Cl 3.2-9.6).

The age adjusted odds ratio fot factor VIII differed only slightly ftom the crude odds

ratio, with an odds ratio for those with high factor VIII levels (> 150 IU/dl) and oral

contraceptive use of 13.8 compared with those with low levels of VIII (< 100 IU/dl) and

not using oral contraceptives (Iable 3). Adjustment for family history of venous

thrombosis ot history of pregnancy did not change the estimators of intetest.

I n cide nce of popu lation

The combined effects of factor \rIII levels and oral contraceptive use can be seen

best by back-calculation to the population incidence rates, as shown rn Table 4. To show

the absolute effect of the cumulation of risk factors, we estimated the population

incidence of thrombosis in young women with the four possible combinations of high

factor \IIII levels and use of oral contraceptives. !7e estimated the total number of
person-years (py) that had pelded the cases and pard.tioned these person-years according

to the disttibution of oral contraceptive use and high factor VIII levels in the control

gloup. Since we know that in the origtral study 117 female patients aged 15-49 came ftom

the Leiden anticoagulation clinic, which has a geographical source population of 109824

women in that age group (data provided by the municipal administration), firsdy the
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thrombosis incidence among young women without underlying disease in the

Netherlands can be estimated over the 5 years of our study as 2.1 tt 10000 women-years

(117/(5x1.09824)). Division of the numbet of women with venous thrombosis by the

proportional number of person-years in the categories in oral contraceptive use and hgh

factor VIII levels (proportions taken from the contol group) g,ives estimates of the

population incidences. As we know that the populauon incidence in this age bracket is

abott 2.1/70.000 py (2), the 155 cases were generated by 740.000 women-years of
follow-up. These can be partitioned according to the disribution of the control group

which represents this sorrce population (89/51/15/14). Yielding 389704 wc,men-years

for the combination of high factor \IIII (>150 IU/dl) and oral contraceptive use. The

incidence of thrombosis increases ftom 0.7 per 10000 women per year for non-users of
oral contracq>tives without hrgh factor VIII to 5.9 per 10000 for those with high factor

VIII who also use oral conffaceptives. The absolute increase in thrombosis risk due to

oral contraceptive use (i.e., risk difference) is larger in women with high factor \rIII than

in women with low factor VIII (< 150 IU/dl). The joint effect of the two risk factors is

additive, in women with low factor \rIII there are 2.6 addinonal cases per 1001J0 women

per year when women use oral cofltraceptives and in women with hrgh firctor \|[II
(non-users) there are an additional 2.3 cases per 10000 women per year. The combination

of the two risk factors glve an addiuonal of 5.2 cases per 10000 person-years.

Table 4. Current use of oral contraceptives (OC) among patients and control subjects according to

presence ofhigh factor VIII (> 150 IU/dl)

Patients Person-years* Incidence per

l(X)(X) person-years

Low factor VIII

No OC use

Current OC use

High factor VIII

No OC use

Current OC use

26

73

20

36

389'104

2233t3

65680

6130r

0.7

-t--1

3

5.9
*A total of 740000 person-years (yielding 155 patients) was partitioned according to the distribution

ofthe control group: 89/51/15/14
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DISCUSSION

We previously reported that the effect of blood group and von lTillebrand factor,

were both mediated through factor VIII in their effect on venous thrombosis3'6. In the

present study we have investigated the ioint effect of factor VIII and oral contraceptive

use and found that their effects are additive.

In univariate analysis, high factor VIII and oral contraceptive use were associated

with deep-vein thrombosis (Iable l,2and 3). The odds ratio for oral contraceptive use

among low factor \rIII was 4.0. The odds ratio for factor \rIII among non-users was 5.3.

From these odds ratios we can calculate what to expect under different models of
interaction. Under an additive interaction model the total excess risk of oral contraceptive

use and factor \rIII would be 8.3 (4.0 plus 5.3 minus 1). Under a multrplicatrve model,

total dsk of joint presence of factor VIII and oral contraceptive use would be 4.0 x 5.3 =

21.2.The observed dataare very close to the additive expectation, as we found an odds

ratio of 10.3. Apparently, both oral contraceptive use and high factor VIII increase the

risk of venous thrombosis, while the joint ptesence of both risk factors does not lead to

an excess of cases. This can also be seen in the population incidences for the various risk

factors combinations (Iable 4).

This is different from the previously repoted interaction between factor V Leiden

mutation and oral contraceptive use, which interact rt a way that exceeded the additive

expectation2.

When adiusung for factor V Leiden in the multivariate model with oral

contraceptive use, high factor VIII, age, family history of venous thrombosis and parity

(data not shown) the estimators of interest did not change. This means that the nsk of
high factor \TII in combination wrth orai contraceptive use was not affected by factor V

genotype. It can be expected that the more risk factors (geneuc or environmental) are

present, the higher the risk of developing venous thrombosis will be7'8.

Blood group and von lTillebrand factor, are both mediated through factor \rIII in

their effect on venous thrombosis3. As we have shown previously, in univariate analysis

bloodgroup (non-O), von Willebrand factor levels, and factor \rIII levels were all

associated with risk of venous thrombosis. In multivariate analysis, only an effect of
factor VIII levels remained3. Our findings are in accordance with data reported in the

1960s, describing that the risk was hgher in persons wrth blood group A as compared
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with persons with blood group O, or more generally 'non-O' versus Oe 12., especially

during the use of oral contraceptives or during pregnancy or puerperiume,l3 16. In trying to

understand the biochemical mechanism behind these clinical findings, lowe:r levels of
pro-coagulant factor \rIII were found in normal individuals with blood lyoup O as

compared with petsons with blood group non-O17'18. Subsequent research has shown that

individuals with non-O blood group have higher levels of von lTillebrand factor. Von
Willebrand factor serves as the caffier protein of factor VIII, and so there is a sffong

correlation between von Willebrand factor levels and factor VIII levels. This led to our

conclusion that factor \|[II levels were the final effector of risk. It is unclear, however, by

which mechanism this occurs, although in analogy to other clotung abnormalities with a

garn of function, e.g. factor V Leiden, increased thrombin activation seems likely. The

origrn of high factor \rIII levels is not entirely elucidated. Thete exists additional familial

clustery beyond the effects of blood group and von Willebrand factor, suggesting

additional genetic detetminants6. In addition, acquked determinants are likely to play a

tole, too3'4, whether oral contraceptives increase factor VIII levels is conftoversialle-2a.

In the present study we actually did an analyses of hrgh factor \llII levels,

bloodgtoup, oral contraceptive use and venous thrombosis, but especially afl1ong users

tlle data were to scarce to draw conclusions (data not shown). Nevertheless, we found the

expected relationship between hgh factor VIII and bloodgroup non-O tn explaining

venous thtombosis during oral contraceptive use, i.e. the known effect of bloodl group on

venous thrombosis, could in our data almost entirely be explained by hgh firctor \rIII
among non-users. This is in line with the old observation that there is a deficit of patients

with blood goup O in sublyoups of young women who develolt veflous

thromboembolism during the use of oral contracq>tivese.

We can conclude that there is an increase in risk due to oral contracepdve use in

women with higher factor VIII levels and that both factors have additive effects.
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SUMMARY

Background: The magnitude of the relative risk of venous thrombosis caused by low-

dose oral contraceptive use is still debated because previous studies might have been

affected by diagnostic suspicion and referral bias.

Methods: W'e conducted a case-control study rn which the effect of dragnostic suspicion

and referral bias was exduded. The study was performed in 2 diagnostic centers to whrch

patients with clinically suspected deep-vein thrombosis of the leg were referred. Hisrory

of oral cofltraceptive use was obtarned before objective testing fot thrombosis. Young

females with an objective diagnosrs of deep-vein thrombosis were considered case

patients, and those who were referred with the same clinical suspicion but who had no

thrombosis served as control subjects. Participants were seen between September 1,1982,

and October 18, 1995: 185 consecutive patients and 591 controls, aged 15 t,c 49 years,

with a first episode of venous thrombosis and without malignant neoplasms, pregnancy,

or known inherited clotting defects.

Results: The overall odds ratio for oral contraceptive use was 3.2 (95o/o coflfidence

interval (ClS %-a.\; after adjustment for age, family history of venous thrombosis,

calendar time and center, the odds ratio was 3.9 (95Y, CI,2.6-5.7). In the idiopathic group

(120 patients and 4L3 controls, excluding recent surgery, trauma or immobili::ation), the

odds ratio for oral cofltraceptive use was 3.8 (95% Cl 2.5 5.9); after adjustment, the odds

ratio was 5.0 (95% CI,3.1-8.2).

Conclusions: In this study, in which patients and controls were subject to the same

rcferral and diagnostic procedures, we found similar relative risk estimate:s for oral

contraceptive use as in previous studies. We conclude that diagnostic suslticion and

referra-l bias did not play an important role in previous studies and that the risk of venous

thrombosis with use of current brands of oral contraceptives still exists.
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INTRODUCTION

Several developments have generated renewed interest in the risk of venous

thromboembolism associated with the use of oral contraceptivesl. Results of recent large

case-control studies2 5 in different parts of the wodd show that the relative nsk of venous

thromboembolism associated with low-dose oral contraceptives is still elevated 3- to 4-

fold. The risk is reported'u to be even be hrghet for use of preparations contarning newer

progestins. In addition, females who carry the factor V Leiden mutation and use oral

contraceptives have a venous thrombosis risk that might be elevated 3O-fold or more'

compared with non-users without such a mutation.

Although most physicians accept the reality of the association between ora-l

contraceptive use and venous thromboembolism, most also thfrk that the reported risks

may be ovetestimated because of the diagnostic suspicion and referral bias8 13. The

mechanism of these biases is that physicians would more readily suspect venous

thrombosis in oral contraceptive users than in other patients, or, as stated in a

textbooklabl2'u) about hemostasis and thrombosis, "knowledge that the patient wrth leg

pain is taking the oral contracepuve pill could easily sway the examining physician to

make a cLnical diagnosis of deep-vein thrombosis". If physicians preferentially diagnose

or refer females taking oral contraceptives, the risk of thrombosis associated with oral

contraceptive use will be overestimated. This view is echoed in a recent reviewls wherein

the risk of venous thrombosis with oral contraceptrve use is accepted but judged to be

too hrgh.

Calculations about risk-benefit of screening for the factor V Leiden mutation or

other thrombophilic tendencies, and discussions about the risk-benefit of newer "third-

generation contraceptives", become fruitless when one cannot trust the risks denved ftom

epidemiologcal studies.

To overcome these and other biases, the ideal control gtoup in a case-control

study is a so called phenocopy of the disease group: (a group of) persons who origrnally

sought care with similar srpyrs and syrnptoms as a potential case patients. This ensures

that the control group consists of rndrviduals who were subiect to the same referral

process as patients. That situation is reached when the final diagnosis is made at the end

of clinical evaluation by objective means that are completely rndependent from exposure

and ongrnal clinical presentationl6. We found such a situation in the diaglostic procedures
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of 2 refenal centers for patients with clinically suspected deep-vein thrombosis.

Physicians at both centers evaluated patients who were referred by general pra,ctitioners or
specialists. At entry, a nurse completed a questionnaire about the patient's antecedents

and risk factors, including current oral contraceptive use. At the end of the visit, an

objective dragnosis was made, by ultrasound examination, plethysmography, or
venography. We rncluded females with objectively confirmed diagnoses of deep-vein

thrombosis as patients (approximately one third of the referred total) and the remainders

as controls. The diagnostic situation at these facfities removes all possibility of diagnostic

suspicion and referral bias and even rnterviewer or patient recall bias: future patients and

controls are teferred by the same physicians with the same diagnostic suspicion; oral
contraceptive use is established without knowledge of the fina-l diagnosis; and the fural

diagnosis is madc by means that arc independent of the diaglostic suspicion, chnical

Presentation, or use of oral contraceptives. Therefore, a difference in use of oral

contraceptives betweefl patients and controls in this design cannot have resulted from
selective diagnosis or referral. [f it rs tnre that these biases would have resu]ted in too hrgh

estimates in previous studies, we expect lower relative nsks in the present study.

MATERIALS AND METHODS

Stadl Setttng

The 2 centers (the Academic Medical Center of the University of Amsrerdam and

the Amsterdam Thrombosis Service and Laboratory for Genera-l Practitioners have

offered a diagnostic service for patients wrth cltrically suspected deep-vein thrombosis of
the legs for general practitioners and other physicrans srnce 1982 for the larger part of
AmsterdamlT 1e. Females were included rn the study from September 1, 19g2, until
October 18, 1995, at which date the Committee on Safety of Meclicines in the United
Kingdom issued a statement about the differential risk of oral contraceptive trpes2('. 1'his

was covered extensively in the European media and could havc led to a change of
prescription patterns after October 1995.
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Studl Assessment

At presentation, a medical history, trcluding use of oral contraceptives. was

obtained by nurses using an excrsting questionnaire before clinical evaluation and

diagnostic tests were performed. The medical history included questions about recent

surgery, immobilizatioll, tfauma, pfegnancy, puerperium and malgnant neoplasms. A

personal and family history of venous thrombosis was also obtained, and medication

rntake, use of oral contraceptives, use of sex corticosteroids othet than oral

contraceptives, and a previous diagnosis of coagulation abnormalities were recorded

routrnely by the nurses. After completion of the forms, participants wefe seen by a

physician, and the dtaglosUc investgations were performed by technrcians. 'Ihe

diagnostic tests used were serial rmpedance plethysmography or real-time B-mode

ultrasound supplemented, if necessary, by contrast venoffaphy. In most participants,

senal rmpedance plethysmography or real-time B-mode ultrasound exammatiofl was

performed on days 1,,2,'7,and 10 and 3 months after referrall'1e.

Participants

During the study period, 1374 females aged 15 to 49 years were seen ^t 
the 2

centers. We excluded those without clinical symptoms (those who were seen because of a

history crf familral thrombosis or fear of recurrence,t=73), those with venous thrombosis

at sites other than the legs (eg chest symptoms, suggestmg pulmonary embolus without

leg symptoms, n=51), those with a history of previous deep-vein thrombosis or

pulmonary embolism (n=253), and those already known (at their first visit) to have

rnherited clotting defects (eg, antithrombin , protein C-, protein S deficiency or factor V

l,eiden mutation (FV R506Q) (n=14). Females were also excluded if they did not have

complete data on oral contraceptive use at the first visit or did not have an oblectlve

dragnosis after serial impedance plethysmography and real-time B-mode ultrasound

examination or for miscellaneous reasons (n=63). For the present analysis, women were

also excluded if they were pregnant, postpamm or postaborhrm (untrll 30 days after

delivery, (n=137)); were known to have malip;nant neoplasms (n=57); used other sex

corticosteroids (n=34); or had other risk factors, eg, intravenous drug use of nephrotic

syndrome (n=8). The descnbed categones are not murually exclusive.
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In the fina-l analysis we included 776 females (185 cases and 591 cc,ntrols). We

subdivided these females into those with idiopathic thrombosis, and those in whom other

risk factors were present. ie. recent surgery. recent trauma or recent lnrp6filizadon.

Because the choice of oral cofltraceptives might have been affected by the

perception of an increased risk through a famly history of venous thromhosis, which

could lead to prescription bias, we also took the family history into account. We

considered family history to be positive when the referred females reporled venous

thrombosis in one or more relatives.

Statuttcal Analsu

Statistical analysis consisted of calculatlflg odds ratios and their confidence

intervals. Multivariate analysis by unconditional logrstic regyession was used to adjust for

possible confounders, e.g. age, family history of venous thrombosis, time of first visit

(calendar time) and center. Age and calendar time were entered as a continuous variables

(in years); for age and calendar time the use of a categorized dummy variable rnodel led to

only trivul differences for the estimators of interest. Family history and center were

entered as dichotomous variables. Finally, we analysed the thrombotic risks associated

with use of different brands of oral contraceptives.
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RESULTS

The study gtoup consisted of 185 patients with deep-vein thrombosis of the legs

and 591 controls. The median age of the entire gaoup was 38 years. A total of 529

participants (68.2o/q were referred by their general practitioner, the others by various

speciali5ls. Distribution between the 2 diagnostic centers was 2:1, (514 participants

(66.20/0) visited the Academic Medical Center and 262 womelr (T.8n visited the

Amsterdam Thrombosis Service), furthermore, 173 partrciputts Q2.3'/l had a positive

family hrstory of venous thrombosis. !7e subdivrded the participants into those with

idiopathic thrombosis and those with other possible risk factors, ie, tecent surgery, recent

trauma, or recent immobilization (fable 1). About two thirds of all participants had none

of these risk factors.

Table L. Clinical risk factors of participants with and without deep-vein thrombosis

oarticioants. no (7o)

clinical

risk factors

with

deep-vein

thrombosis

without

deepvein

thrombosis

total

surgery

trauma

immobilization

no (idiopathic)

34 (18.4)

22 (11.9)

e (4.e)

104 (17.6)

56 (9.5)

18 (3.0)

r38 (17.8)

78 (r0.1)

27 (3.s)

s33 (68.7)120 (64.9) 413 (6e.9)

Total l8s (100) s91 (r00) 776 (100)

*Percentages do not add to 100 owing to rounding
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Total Group

At referral, 55.1,o/o ('1,02 of 185) of the patients and 27.60/o (163/591) of the

controls used oral contraceptives (Iable 2). The odds ratios for current oral contraceptive

use was 3.2 (95o/o confidence interval (CD 2.3-4.5). After adjustrnent for age, family

history, center, afld calendar time (time of first lesit), the odds mtio was 3.9 (95% CI,2.6-

s7)

Table 2. Current use of oral contraceptives among participants with and without deep-vein

thrombosis and their adjusted and unadjusted odds ratios*

participants, no

with

deep-vein

thrombosis

without

deep-vein

thrombosis

total

oral contraceptive use 102

no oral contraceptive use 83

163

428

,a65

51r

591185Total x76

* Crude odds ratio 3.2 (95% confidence interval, 2.34.5); adjusted odds ratio, 3.9 (95%

confidence interval, 2.6-5.7), in logistic model with age, family history of venous thrombosis,

calendar-time and center

87



Diagnottic rurpicion and ruferral biat

IdiEathic Grutp

When we restricted the analysis to participants without 1 of the major risk factors

for venous thrombosis, the odds ratio became slighdy hrgher: 3.8 (95o/o CI,2.5-5.9) which

increased to 5.0 (95% CI,3.1-8.2) when adjusted (table 3).

Table 3. Current use of oral contraceptives among participants* with and without idiopathic deep-

vein thrombosis and their adjusted and unsdjusted odds ratiost

participants, no

with

deepvein

thrombosis

without

deep-vein

thrombosis

total

oral contraceptive use 76

no oral contraceDtive use 44

128

28s

204

329

Total 533

*after exclusion of participants with possible other clinical risk factors for venous thrombosis, eg,

surgery, trauma or immobilization

tCrude odds ratio, 3.8 (95% confidence interval, 2.5-5.9); adjusted odds ratio, 5.0 (95%

confidence interval, 3.1-8.2), in logistic model with age, family history of venous thrombosis,

calendar time and center

Possible Coufoanders

Given the possible influence of the variables- age, family history of venous

thrombosis, calendar time, center, and referral by general practitionets or other

specialists- on the relation oral contraceptive use and venous thrombosis, we analysed

these variables in more detail.

Age: the odds ratio for current oral contraceptive use was 3.2 (95 oh CI,2.3-4.5) tfl
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the total group and 3.8 (95Y0 C[, 2.5-5.9) ur the rdiopathic group. After adjustment for

age, these odds ratios increased to 3.8 (95% Cl, 2.6-5.6) and 5.2 (95' CI, 3.2-8.3),

respectively.

Famil1 history: Ftfty-two (28J,0/) of the 185 patients and 121 (20.aPh) of 591

controls had a positive family history for venous thrombosis. When analysing the total

group of participants with a positive family history for venous thrombosis, the age-

adiusted odds ratio for oral contraceptive use was 2.5 (95o/o Cl 1.2-5.2); for the group of
participants with no family history of venous thrombosis, this odds tatio for oral

contraceptive use was 4.3 (95% CI,2.7 -6.8). The odds ratros became 3.7 (95o/o CI, 2.5-5.5)

in the total group and 5.0 (95% CI,3.1-8.2) rn the idiopathic goup after adjustment for

age and family history.

Calendar-tirzte: because of possible differences in referral, prescription and

management pattems over time, we adjusted for calendar time. The odds rartios became

3.8 (95o/o C[,2.6-5.6) in the total group and 5.1, (95%" C\.3.2-8.3) in the idiop,athic group

when we adjusted for age and calendar time.

Center: the age-adjusted odds ratios of oral contraceptive use in the total group

were 5.1 (95o/o CL,3.1-8.2) for the Academic Medical Center and 2.4 (95o/o CI, 1.3 4.6) for

the Amsterdam Thrombosis Service. The odds ratios became 4.0 (95oh CI, 2.'/-5.8) in the

total group and 5.2 (95o/o CI,3.2-8.3) in the idiopathic gtoup when we adjur;ted for age

and center.

Refenal b1 General Practitioners: when only those who were rnitially referred by

general practitioners and not by other specialists were analysed, the odds ratio (adjusted

for age, family history, center and calendartime) was 3.9 (95Y" Cl, 2.4-6.3). The odds

ratios became 4.2 (95o/o Cl, 2.9-6.3) in the total group and 5.4 (95o/o CI, 3.3-8.9) in the

idropathic group when we adiusted for age and referral by general practitioners.

TvPe oI O ral Conlrareptiues

Complete information about oral contraceptive type was available for'/0.9o/o of
265 users. Only a few (5-6% of all patiens afld controls) still used preparations with

ethinyl estradiol, 50 pg, which had hgh relative risks ffable 4). All others ust:d low dose
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"subfifty" oral contraceptives. The adjusted odds ratio for monophasic levonorgestrel-

containing oral contraceptives with ethinyl estradiol, 30 pg (3.7), was similar to our overall

estimate (3.9) (Iable 4). The odds ratio for the tnphasic levonorgestrel preparation was

also the same but with a wider CI because of smaller numbers. The odds ratio for all

third-generation monophasic contraceptives were hrgher. In a dilect comparison of
monophasic third-generation (desogesttel- or gestodene-containing) ora.l contaceptives

with monophasic levonorgestrel-containing oral contraceptives, the crude odds ratro was

1.5 (95% CI,0.7-3.2). After adjustment for age, family history, center and calendar time,

the odds ratio was 1.9 (95o/o CI,0.8-4.5). The hghest odds ratio was for the monophasic

third-generation oral contraceptive cofltalflm{l desogestrel, 150 pg and ethinyl estradiol, 20

pg (Table 4) Of the six patients, one had Schonlein disease and one had hypertension

and diabetes. In two patients, the family history of venous thrombosis was positive. This

risk profile was not different from that of the other patients wherein several long-term

ailments that ate not direct risk factors for venous thtombosis were preseflt. In our

analysis, we had already removed all females with known hereditary clottmg defects when

they presented for dragnostic tests (see "Participants and Methods" section); otherwise,

the odds ratio for this contraceptive would have been even higher. This indicates that

preferential prescnbtrg cannot complete\ explain the hrgh odds ratio. A hrgh odds ratio

for this (20 frg) preparation has a.lso been found in 2 other studiess'21. This hgh odds ratio

is similar to the hrgh relative risk for all third-generatiofl contraceptives in new users (first-

time users) in the World Health Organbation studf2 and probably reflects the

combination of a "starter" and a "third-generation" effect23.
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Table 4. Patients and controls taking selected types of oral contraceptives and their adjusted odds

ratios

TYPE OF ORAL CONTRACEPTIVE Patients, Controls, Odds Ratio (95 Vo CI)*

no no

amount of ethinyl

estradiol

type of
progestogen

monophasic, 50 prg

monophasic, 30 pg

triphasic, 30-40 pg

monophasic, 30 pg

monophasic, 30 pg

monophasic, 20 pg

no oral contraceptives

lynestrenol

levonorgestrel

norethisterone

levonorgestrel

levonorgestrel

desogestrel

gestodene

desogestrel

......t

18

8

22

5

6

83

28

t4

29

4

I

428

8.7 (2.9-:ts.8)

3.7 (r.9-7 .2)

3.7 (1.4-e.6)

4.9 (2.s-9.4)

s.2 (1.3-20.6)

24.7 (2.8-r.r3.s)

Reference

DISCUSSION

In this case-control study within alarge data base of referred females, in wich the

referral and diagnostic strategies for patients and controls were the salne, we lbund that

use of currendy available oral contraceptives increases the risk of venous thrombosis 3- to

5-fold. This finding ir fiily consistent with that of eadier observations2 4'7 10'2+34.

Diagnostic suspicion and referal bras is hypottresized to be the result of the

awareness of females and their physicians of the association between oral contraceptive

use and venous thrombosis8 1a'31-34. Females who use oral contraceptives would seek health

care more readily for certain symptoms than non-users. General practitioners wruld more

readily refer women wrth complaints of the leg for dragnostic workup when they are using

oral conffaceptives. Physicians seeing these referred patients would be more likely to

thoroughly investigate them and to apply objective dragnostic methods. As a result,

females who use oral contraceptives mrght be more frequendy and intensely investigated
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than are those who do not use oral contraceptives. Therefore, the association with oral

contraceptive use would seem stronger than it actually is8'14'31-34.

The situation at the diagnostic centers in which we enrolled patients and controls

removes all possibility of diagnostic suspicion and referral bias and even of interviewer or

patient tecall bias. The main difference between our study and previous studies is the

choice of control Soup. In previous studies, only patients with venous thrombosis were

referred because of a dragrrosnc suspicion: conffols were not referred, and this difference

in referral bias might have led to a difference in oral contraceptive use. In principle,

patients in our study were referred similar to those in previous studies, but, unlike in

previous studies, controls wete referred in the same way as patients because of the same

diagnostic suspicion. Any referral selection as to use of oral conffaceptives thus was the

same in future patients and controls. Furthermore, both centers in the present study

formed the basis of several comparative diagnostic investiga.tions, witfr hrgh sensitivity

and specificiq" " of the tests used. The diaglosuc facilities have operated for more than

10 years under the same protocol, emphasizing the necessity of objective diagnosis in

deep-vein thrombosislT-". Given the high sensitivity and specificity that were attained, the

amount of misclassification will be minimal. In the present study, a substantial proportion

of referred females (20-30o/q eventually had an objective diagnosis of deep-veur

thtombosis. If dragrostrc suspicion and referral biases had affected previous studies, we

had expected to find clearly lowet odds ratios in the present study. Howevet, we still

found a 3- to 5-fold increased risk, with reasonably small confidence intervals. Therefore,

we conclude that dragnostrc suspicion and referral bias did not affect previous studies to

the extent that has been suggested.

That diagnostic suspicion and referral bias might have led to an overestimation of
the association between oral contraceptives and venous thrombosis was hypothesized in

the late 1960s8'10. This bras was a theoretical concept that has never actually been shown

to be present in case-control and follow-up studies of oral conffaceptive use and venous

thrombosis. It was hypothesized that this bias would mostly affect the risk estimates

amoflg patieflts with least-evident disease8 because the "clue" of oral contraceptive use

might have been necessary for diagnosis. Therefore, in older studies, patlents were

classified by degree of certainty of the presence of thromboembolism. However, the

association wrth oral conffaceptive use was, f anythng, higher among the definite and

severe cases, which runs counter to the idea of diagnosuc suspicion and referral bias2'4's'8 
10
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but was not totally conclusive. In the literature, we found one recent studf5 of similar

desrgn as ours but with much fewer patients (9 patrents). A relative nsk of 6.4 was found

but with alarge Cl (950/o CI,1.2-34.2).

In our study, the odds ratio for oral cofltraceptive use rfl the total group of

participants was between 3- and 4-fold. Statistical adjustment for age gave h:igher odds

ratios for oral contraceptive use. In the idiopathic group (ie, in whrch partici:pants with

other possible clmical nsk factors, eg, surger], ftauma or immobilization, were excluded),

the odds ratio for oral contraceptive use was slighdy higher, about 5-fo1d, a diffr:rence that

has been documented previouslye'2s. Only 5 to 60/o of our study population still used older

preparations containing ethinyl estradiol, 50 pg. Our results are firtly it ageement with

those of recent studies2 7 on the relatton of low-dose oral contraceptive use and venous

thtombosis, whrch in turn indicates that the findings in those studies were not affected by

diagnostic suspicion and referral bias. Thus, risk estimates ftom sevetal recent studies can

be used for risk-benefit analyses on low-dose oral contraceptive use and should not be

seen as overestimated. Companng thc results of our study with those of older studiesl

that show odds ratios between 2 and 11, it is also clear that the introducuon o[ low-dose

combined oral contraceptives may have led to some decrease in the nsk - because we also

found higher risks for 50 pg preparations rn our study - but that this decrease has been

less than expected.

To address the possibiJity of another bias, the prescription bias, we removed ftom

the present analysis females who were known to have rnherited clotting defects such as

antithrombin , protein C-, or protein S-deficiency or the factor V Lcidcn mutation at their

first visit. Iiurthermore, we adjusted for a posrtive family history, considered to be present

when one or more relatives had an episode of venous thromboembolism in the past. This

adiustment did not alter the estimators, which is consistent with previous findings6 and

supports the conclusion that prescription bias is unlikely to affect the Frndrngs.

Recendy, it has been shown that oral contraceptives contamlng a nerver (third)

generation of progestrns (desogestel and gestodene) have a hrgher relative nsk of venous

thrombosis compared with older progestin preparations (mainly vs levonorgestrel)3 u.

Also, for this finding, the effect of diagnostic suspicion and refetal bias was considered

as an explanation2l'36-3e. Altough the numbers are small and the qpe of cofltraceptive was

not known in all participants, the results of our study are compatible with an incteased

risk of third-generation (desogestrel and gestodene as progestlns) and relative to second-
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generation products (levonorgestrel as progestin) products3-6. The excess in relative risk

could not be explained by a positive family history of venous thrombosis, clotring defects

or ageu.

In ptevious investigations''o'"'" diagnostic suspicion and referral bias were the only

biases that seemed impossible to overcome. In our study, in which patients afld conttols

were subject to the same referral and objective diagnostic procedures, which also ruled

out recall and information bias, we found that these biases do not play 
^ 

rD lor role in

assesment of the veflous thrombosis risk associated with oral contracqrtive use. We

condude that the risk of deep venous thrombosis with use of current low-dose brands of
oral contraceptives still exists.
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A COMPARATIYE CLINICAL INVESTIGATION OF TV/O LOW-
DOSE ORAL CONTRACEPTI\rES CONTAINING EITHER 75 pg

GESTODENE OR 150 pg DESOGESTREL COMBINED WITH
20 pg ETHII{YI- ESTRADIOL: EFFECT ON HEMOSTASIS, LIPID
METABOLISM AND CARBOHYDRATB METABOLISM
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A comparative clinical investigation of two low-dose oral contraceptives containing either

75 pg gestodene or 150 pg desogestrel combined $rth 20 pg ethinyl estradiol: effect on

hemostasis, lipid metabolism and carbohydate metabolism

KWM Bloemenkamp, FM Helmerhorst, MC Dersjant-Roorda, R de Boer, P Meyer, D

Spielmann, C Kluft
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SUMMARY

The effect on hemostatic balance and lipid and carbohydrate metabolistm of a new

21.-day,low-dose monophasic oral contraceptive containmg 75 pg gestodene combined

with 20 pg ethlnyl estradiol was compared with 150 pg desogestrel/20 pg ethinyl estradiol

in a multicenter, comparative clinical trial.

The study involved atot^7 of 98 women between the age of 19 and 34 years who

took the trial pteparations for 12 rycles. A range of hemostatic, lipid and carbohydrate

variables were measured during rycle days 1l-21 at baseline, ar,d agarn at cycles 3,6, and

12. Forty-erght women in the gestodefle group and 46 women in the desogestrel group

completed the study and were available for analysis.

In both groups, statistically significant increases occured in both coagulant and

fibrinolytic variables. Overall, changes in hemostasis wete similar in the two lyoups, but

factor VII levels were increased to a smaller extent in the gestodene group, the difference

being significant at rycle 3 (1r<0.05). With tespect to lipid metabolism, tesults r,',ete similar

for the two groups, and there were no stgnificant changes to either HDL- or LDL-

cholesterol levels. In response to the oral glucose tolerance test, there were no significant

changes to either AUC glucose or AUC insulin in either goup.

It is concluded that both preparations had only minimal impact on lipid and

carbohydrate metabolism, and that, with respect to hemostasis, they both stimulate some

pro-coagulant activity, together with an increase in anti-coagulant and fibrinolyic acuvity.
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INTRODUCTION

It has been known since the eatly 1970s that combined oral contraceptives have

the potential to precipitate cardiovascular eventsl. In order to reducc this risk, the

estrogen dose has been progressively reduced2. Also, new pro€lestogens have been

introduced3. Compared with the eady hrgh-dose preparations, today's pills are associated

with a comparatively low incidence of cardiovascular complications, especially arterial

onesa. Nevertheless. venous thromboembolism remains an important though rare event5

and it is vital that, for all new oral contraceptives, cardiovascular risk is investrgated as

thoroughly as is possible.

The mechanisms involved in the initiation of a cardiovascular event are complex,

and probably not similar for arterial and venous disease. The mechanisms involved are

thought to rnvolve the hemostatic system, lipid metabolism, carbohydrate metabolism as

well as localiz6d vascular factorsu u. It has been advocated to investrgate all these systems

in an integtated approache. In addition, it is now generally accepted that a subpopulation

of women exists who xe at part:rcular at risk for venous thromboembolism, due to

genetic and other factors such as deficiencies in coagulation inhibitorslo'0. Assessing the

safety of oral contraceptives with respect to cardiovascular nsk is, therefore, far from

straightforward and necessitates close examination of those systems thought to be

involved. Notably, the assessment is not complete as indicated by Vandenbrouckels and

new assessment variables may be added to the repertoirel6.

Considerable data have been generated wrth respect to the effect that combined

oral conffaceptives have on lipid and carbohydrate metabolism and on hemostasis. lt is

recognised that certain changes in these systems can be seen in populations known to

have an elevated risk of catdiovascular disease. In particular, high levels of low density

lipoprotein (I-Dl)-cholesterol and low levels of hrgh density lipoprotein (HDL)-
cholestrol are seen to be associated with an incteased risk of cardiovascular disease tr
men", as well as in (postmenopausal) women18. Although the role of these various

rndividual systems on cardiovascular risk is not precisely understood, our current

knowledge allows new preparations to be assessed and a theotetical judgement made as to

their relative safety.

Recendy, a new low-dose oral contraceptive preparation containing 75 pg

gestodene combined with 20 pg ethinyl estradiol has been introduced. Some information

102



Chapter 7

regardrng the effect on metabolic variables has been publishedle'2o. In order to extent our

knowledge about this new gestodene containing low dose oral conftaceptive, :r study was

undertaken to further assess the effect on lipid and carbohydrate metabolism, and on

hemostasis. In view of differences floted between progestogens2l for 30 pg ethinyl

cstradiol-containing oral contraceptives, effects were compared to those with an oraT

contraceptive containing 150 pg desogestrel and 20 pg ethinyl estradiol.

MATERIALS AND METHODS

The effect of 75 pg gestodene/2O pg ethinyl estradiol (I-Iarmonet, !7yeth-Ayerst)

on lipid metabolism, carbohydrate metabolism and hemostasis was evaluated and

compared wrth 150 pg desogestrel/2O p"g ethinyl estradiol (Mercilon@, Orgmon), rn a

randomised, openJabel, multicenter study. The study was conducted over 1-2 cycles, and

was completed within a time period of 18 months. Subjects were instructed to begm

takeing their allocated tablets on the first day of thet menstfl.ral cycle bleeding. Tablets

were taken for 21, days, followed by 7 tablet-free days.

A total of 98 healthy female subjects, who were under 35 years of age rand wished

to use a combined oral contraceptive, were recruited to the study. To be included,

sub jects had to have not used an oral contraceptive for two consecutive rycles

immedrately prior to the pre-study screening. In addition, all subjects had to have normal

pretreatments values for total cholesterol. HDL- and LDL cholesterol, triglycerides,

thyroid hormones and thyroid sumulatrng hormone. Exclusion criteria included the

normal contraindications to oral contraceptive therapy, as well as the use of any

anticoagulaflt within the preceding 90 days. The use of paracetamol dunng thr: study was

permitted, as were other prescriptron treatments at the discretion of the investrgator. The

following were not permitted: any anticoapplant treatment; any non-steroidal anti

flammatory drug during the 14 days preceding blood sampling; sex hormones other than

the trial preparations; antibiotics for more than 10 days; rifampicin; ancl any lipid

influencing treafinent.

A complete medical, gynecologrcal and obstetric history was taken :lt baseline,

together with a Papanicolaou smear and laboratory measuremeflts. Weght and blood

pressure were recorded at baseline and again at cycles 3,6 ar,d 9 ar,d at the post-visit.
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Blood samples were taken between days 1l atd 21, of the baseline.cycle afld treatment

cycles 3, 6 and 12. A range of hemostatic and lipid variables, including those shown in

Tables 3 and 5, were then measured. A 3-hour glucose tolerance test in response to a 75-g

oral glucose load was camied out between days 17 and 21 of the baseline cycle and

treatment rycles 6 and L2. From this test, the areas under the glucose and insulin curves

(AUC) wete calculated . All laboratory measurements were carried out using standard

methodology, and each investigator used one laboratory for all determinations.

Blood collection

Blood was collected in sodium citrate (final concentration 14 rrrrr.ol/L). After

centrifugation (30 min, 2000 g, 40C) the plasma was collected and stored frozen rn
aliquots at -700C.

The following hemostatic variables were measured: Coagulatioa.'Prothrombrn e!,
fibrinogen (FBG), Thrombin-antithrombin complex GAT), Fragynent 1+2 (F12), Soluble

Fibrin (SF), Intact Soluble Fibrin (ISF), factor VII FVID. Anticoagulatioz.' antithrombin

(AT3), protein C eC), ptotein S ("S), Thrombomoduhn (TN.Q Fibrinoljtsis: Plasminogen

GLG), Tissue-type plasminogen activator antigen (t-PA antigen), Tissue,tlpe

plasminogen activator activity (t-PA activity), Plasminogen activator inhibitor-l antlgen

(PAI-I antigen), D-dimer, Fibrin Degadatation Product (FBDP), Plasmur-anti-plasmin

complex PAP), p Thromboglobulin @TG), Fibrinopeptide A (FPA) I-tpids: Total
Cholesterol (IC), Very low density lipoprotern cholesterol (VC), Low density lipoprotein

cholesterol (LC), Hrgh density lipoprotein cholesterol (HC), Hrgh density lipoprotein-3-

cholesterol (H3C), Hrgh densiry lipoprotein-2-cholesterol G12C), Total Triglycerides

[ITG), apolipoprotein A 1 (apoA), Apolipoprotein B (apoB), Lipoprotetr (a) (I-PA)

Assay for Coagulation, Fibinofisu Factors and Lipids

Coagulation: Prothrombin was measured according to Quick22 on a KC 10

(Amelung), the thromboplastrn used was by Neoplastrne Plus (Boehringer Mannheim,

Almere, Nethedands), Fibrinogen was measured in the citrated plasma using a modified

Clauss assal?t''o on a MLA Electra 1000c, used thrombin (Dade, Miami, USA),

Thrombin-antithrombin complexes were measured by using a commercial kit method
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Enzygnost TAT micro from Behrlngwerke AG (n4arburg, Germany), Fragment 1f2 was

measured by Enzyglost F 1+2 micro ftom Behringwerke AG (X,{arburg, Germany),

Soluble Fibrin was measured by Coaset Fibrln Monomer (Chromogenix., Mdlndal,

Sweden), Intact Soluble Fibrin was measured by Fibrinostatika Soluble Fibrin (Organon

Technika, Turnhout, belgium), factor VII was determined in citrated plasma by a

chromogenic assay after complete activation, representing the factor VII mass

concentration and expressed relative to a pooled plasma (10070 (Chromogen;:, Molndal,

Sweden)2s, Anticoagulatioa.' Antithrombin was determined by using Antithr,rmbin III
(Dade, Miami, USA), protein C antigen was measured using Thrombonostika Protein C

(Organon Technika, Tumhout, Belgium), protein S was measwed by Throrlbonostika

Protein S (Organon Technika, Tumhout, Belgium), Thrombomodulin was mr:asured by

Asserachrom Thrombomodulin (Dragnostica Stago, Asnidres, France), Fibinofisis:

Plasminogen was measured by using Coamatic Plasminogen (Chromogeni-r, Molnda,

Sweden), Tissue-type plasminogen acrlvator antigen was measured using Thrombonostika

t-PA (Organon Technika, Tutnhout, belgrum), tissue-qpe plasminogen activator actir,rry

was measured by using Coatest BIA t-PA (Chromogenix, Molndal, Sweden), Plasminogen

activator inhibitor-1 antigen was measured by Innotest PAI-1 (nnogenetics, Antwerp,

Belgrum), D-dimer was measured by using Tint Elize D-Dimer @iopool, Umea, Sweden),

Fibrin Degradation Products was measured by Fibrinostatika FbDP (Organon Technika,

Turnhout, belgum), Plasmin-anti-plasmin complex was measured by Enzygnost PAP

micro Behringwerke AG, Marbutg, Germany), B-thromboglobulin was measured by

Asserachrom P-TG (Stago, Paris, France), Fibrinopeptide A was mea.suted by

Asserachrom FPA (Stago, Paris, France). Lipids: TC, VC, LC, HC, H3C, If2C were

measuted by using a kit CHOD/PAP @oehringer), TTG were measured by CIPO/PAP

(Boehringer), apoA was measured by using apolipoprotein A1 reagent (Beckman), ApoB

was measuted by using apolipoprotein B anubody @eckman), Lpa was measure,J by usrrg

lipoptotein (a) reagent (Beckman).

StatisticalAnalsis

For each of the efficacy variables, percentage change ftom baseline was calculated

and an analysis of covariance pedormed. All tests were two-sided and used 59/o level of
significance. To monitor the precision of the study, 95%o confidence intetvals were

calculated.
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RESULTS

At baseline, both groups v/ere well balanced for demographic factors, as shown il
Table 1. Forry-eight women in the gestodene group and forty-six women in the

desogestrel group completed the study and were available for analysis. Both srudy

preparatiofls were well tolerated, and no serious side effects were reported. A total of four

subjects failed to complete the study, one in the gestodene group due to a protocol

violation, and three in the desogestrel group, two due to minor adverse reactions

(intermenstmal bleeding) and one due to pregnanry diagnosed in the first cycle.

Table 1. Demographic data at baseline

Age (years)
Mean
Standard deviation
Minimum
Maximum
r8-2s (%)
26-30 (%)
3t-3s (%)
Weight (kg)
Mean
Standard deviation
Minimum
Maximum
Previous oral contraceptive use

Never used (%)
Former users* (%)
Recent userst(%)
Cigarette use

Non-smoker (%)
< 10 per day (%)
10-20 per day (%)

Gestodene/ethinyl estradiol
(n: a9)

24.1
4.2
t9
34
76
t2
t2

6s.3
I 1.0
50.0
113.0

12

24
63

65
31

4

Desogestrel/ethinyl estradiol
(n:a9)

23.9
3.0
t9
32
82
t4
4

65.9
9.2
46.0
87.0

10

14

76

67
29
4

*, No oral contraceptive in previous three cycles; t, oral contraceptive use, but not in previous two cycles
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Hemostasis

Results reflecting ptocoagulant, anticoagulant and antifibrinolytic activity at

baseline and dudng treatrnent are given in Table 2. Both preparations had a statistically

signi{icant effect on hemostatic variables. Indicators of pro-coagulant activity (fibrinogen,

factor VII and prothrombin ftagments I + II levels), were increased, a.s r',ras the

anticoagulant factor protein C antigen. In addition, there was an irncrease rn

profibrinolytic activity as measured by plasminogen activity, and fibrinolytrc actiuty

(plasmin-antiplasmin complex). Indicators of fibrino\trc tirnover (fibrin clegradation

products and D-dimer) were also increased, confirming a shift rn the dynamic state of the

hemostatic system towards greater activity. Overall, there was seen to be both an increase

in procoagulant actrvity and an increase in anticoagulant and profibnnolytic activity.
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Table 2. Hemostatic variables at baseline, and after 3,6 and 12 months: mean (standard deviation)

Baseline 3 months 6 rnonths 12 months

uriable GSD/EE DSG/EE GSD/EE DSG/EE GSD/EE DSG/EE GSD/EE DSG/EE

Pmaaguhrt

ilheA

Fibrinogen

G/L)

Factor \TI
(^)

Prothrombin

fragnent

I+II
(mol/L)

Articoagula*

at;uA

Antithrombin

act.ivity f/o)

Proteia C

mtingm ("/o)

Protein S

mtigen

(rulL)

PNfbritobtic

utiti!

Plasmhogen

activity f/o)

Plasmin-

mtiplasmin

complex

0e/L)

t-PA activity

(IUl-l)

Artifibrholltic

iliuA

PAI-1

mtigen

("g/-l)

704.4

(10 4
90.7

(10 2)

1.2

(0.2)

1,t7.4

(167

392.9

(137.5)

0.4

(0 3)

36.0

Q2.6)

2.8

(0 s)

100.7

(le 4)

1.0

(0 3)

2.7

(0 4)

702.7

Q61)

7.7

(0 4)

101.4

(8 6)

92.7

(12\

7.2

(0 3)

120.0

(17.8)

366.5

011.e)

0.3

(0 1)

36.7

(24 e)

3.2+** 3.3***

(o 5) (0 s)

124.9+.** 138.2***

Qe l) (35 0)

1.4+* 1.6**

(0.8) (1.0)

'107.6* + 106.3*.*.*

(11 4) (e s)

95.7*** 96.7**

(1',LT (100)

1.1*+\ 1.0*+'

(0 3) (02)

757.2\'.r. 159.2**r

(ler) Qzs)

538.3*** 567.4***

144.1) (163.0)

0.48 NS 0.45*+*

(02) (02)

15.1*** 14.y.*.*

(12 8) (12.2)

3.2*** 3.24+*

(0 s) (0 6)

128.0*1+ 739.7+44

(322) (323)

7.7*.*.* 1.8**"

(12) (1 0)

107.5* 103.8*

(10 2) (e 6)

95.7*** 94.7 NS

(11 0) (18.3)

7.7r' * 1.0*r*

(02) (0 2)

161.8**1 158.9***

(18 4) Qo 2)

549.3*** 542.1*.*.*

(1,61.2) (1s2.r)

0.5 NS 0.4*+

(02) (02)

16 1*** 14.8+*"

(16 8) (13 4)

3.2*** 3.2***

(0 7) (0 6)

129.3*** L37.7+*'

(33 8) (34.s)

3.t, t.i 5.2'*,
(3.6) (7.e)

104.3 NS 103.6 NS

(10.5) (e 7)

99.8*** 99.8**

01.3) (13.6)

1.2 NS 1.1 NS

(0 3) (02)

133.0*** L34.0**'

(15 e) (182)

451_.6*\ 430.6**

(147.s) (124.2)

0.4 NS 0.4,

(02) (02)

16.6*** 17.3***

(17.s) (16 8)

GSD/EE, gestodene/ethinlestradiol; DSG/EE, desogestrel/ethinyl cstradiol; t-PA, tissue-t)?e plasminogen

activato! PAI-1, plasminogen activator inhibitor 1. Statistically signiEcant difference from baseline: *, p<0.05;*x

p<0.01;*xx,p<0.001 ;NS, not signi6cant
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Levels of the platelet factor, p thromboglobulin, incteased .lfghtly during treatment, ftom

50.8 ng/ml at baseline to 59.5 ng/ml at cycle 12 in the gestodene group, and fuom 49.3

ng/ml at baseline to 82.4 ng/ml at cycle 1.2 in the desogestrel group. These increases v/ere

not statistically srgnificant and there were no srypificant differences betwe,en the two

groups.

A comparison of the two gaoups with respect to hemostatic variables rr:vealed that

changes were similar in both groups, as shown in Table 3, which $ves percentage changes

ftom baseline to cycle 1.2 and between-group comparisons.

Table 3. Hemostatic variables: percentage change from baseline at study end (cycle 12)

% change (cycles baseline-l2)

Variable Gestodene /
ethinyl estradiol

Desogestrel /
ethinyl estradiol

Group

comparison

Procoagulant
Fibrinogen
Factor VII activity
Prothrombin fragment I +II

Anticoagulant
Antithrombin activity
Protein C antingen
Protein S antigen

Profibrinolytic
Plasminogen activity
Tissue-type plasminogen activator activity
Plasmin-antiplasmin complex

Antifibrinolytic
Plasminogen activator inhibitor I
Fibrin rurnover
Fibrin degradation products
D-dimer

+ l5.orc**
+28.6r({.*
+298***

-0.20
+4.9***
0.00

+40.0*x*
-7.35
+ 14.9**

-54.0r<**

+ 31.3
+95.5***

+ 15.5***
+ 34.9***
+362***

+0.21
+4.0**
0.00

+39.3*{,*
+t9.46*
+ 16.3{<r<*

_54. I ***

+46.3**r(
+ 73.5**

NS

NS

NS

NS
NS
NS

NS

NS
NS

NS

NS
NS

Statistically significant difference from baseline: *, p<0.05; **, p<0.005; ***, p<0.001; NS, not

statistically significant
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At cycle 72, there were no statistically srgniflcant differences between the two

groups with respect to any of the variables; however, factor \lll was increased to a gre ter

extent in the desogestrel pgoup throughout the study, as shown in Frgure 1. When

baseline adjusted means were compared, this difference was found to be statishcally

significant at cycle 3 G=0.002) and cycle 6 (p=0.018).

Z Gestodene W Desogestrel

150 -
140 l

Baseline

Statistically significant difference between groups.
*. p<0.051 **. p < 0.005

Figure 1. The effect of treatment on factor VII activity

Lipid:

Lipid levels at baseline and dunng treatment are g'iven m Table 4. Total cholesterol

was unaffected by treatment, and there were only small changes in the levels of HDL-,
}{DL2- and LDl-cholesterol. HDl-cholesterol levels were srgnificandy increased at 6

moflths (gestodene, p < 0.05; desogesffel, p < 0.001), but, at 12 months, levels had

decreased and were not srgnificandy different from baseline. Triglycende levels increased

in both groups during treatment , and, at both 6 and 12 months, levels were srgnificantll
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higher than baseline. The carrierproteins, apolipoprotern A-1 and apolipoprotein B, were

srgaificandy increased in both €foups, and, at the end of the study, levels of both of these

proteins were significantly higher than at baseline.

Table 4. Lipid variables at baseline, and after 3, 6 and 12 months: mean (standard deviation)

Baseline 3 months [2 morrths6 mondrs

aoriabk CSD/EE DSC/EE GSD/EE DSG,/EE GSD/EE DSC/EE CSD,/EE

Triglycerids

(mol/L)

Total cholesterol

(mmol/L)

HDL-cholesterol

(mol/L)

HDI.-cholesterol

(mol/L)

LDL-cholesterol

(mol/L)

Apolipoproteia A-

1(s/L)

Apolipoprotein B

@/L)

1.2+* 1.2+**

(0 4) (0 3)

4.2 NS 4.4 NS

(04 (04

1.5 NS 1.5 NS

(0.3) (0 3)

0.5+ 0.5 NS

(02) (02)

2.4 NS 2.5 NS

(0 6) (0 6)

1.5*, 1.5*+*

(02) (02)

0.9* 1.0*

(02) (02)

1.L*1 7.2*+*

(o 3) (0 s)

4.4 NS 4.5 NS

(o 6) (0 6)

1.6* 1.6***

(0 3) (o 3)

0.5 NS 0.6+

(02) (02)

2.4 NS 2.5 NS

(0 6) (0 5)

1.5+l* I 5*r,

(02) (02)

0.9 NS 1.0r*

(02) (02)

1.1*x 7 2***

(0 4) (o 3)

4.3 NS 4,5 NS

(0.8) (0 6)

1,5 NS 1.5 NS

(0 3) (0 3)

0,5 NS 0.5 NS

(02) (02)

2.5 NS 2.6 NS

(0 6) (0 6)

1.5*" 1.5**a

(02) (02)

0.9* 1.0*+*

(02) (02)

1.0

(0 4)

(0 7)

1.5

(0 3)

0.5

(0 3)

2.5

(0 7)

1.4

(0 2)

0.9

(0 2)

0.9

(0 3)

4.5

(0 6)

1.5

(0 4)

0.5

(0 2)

2.6

(0 5)

t.4

(0 2)

0.9

(0 2)

GSD/EE, gestodene/ethinlestradiol; DSG/EE, desoppstrel/ethinyl estradiol. Statistically significmt difference

from baseline: x, p<0.05; **, p<0.01; ***,p<0.001; NS, not sigm6cant

Table 5 summarizes the effect of the two treatmeflts on lipid variableri, afld €llves

percentage changes from baseline to cycle 12. It can be seen that the effects of both

treatments were similar afld that there were no statistically slgnificant differences between

the groups.
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Table 5. Lipid variables: percentage change from baseline at study end (cycle 12)

Variable
% change (cycles baseline-|2)

Gestodene/ Desogestrel/ Group

ethinylestradiol ethinylestradiol comparison

Triglycerides
Total cholesterol
HDl-cholesterol
HDLr-cholesterol
LDL-cholesterol
Apolipoprotein A-1
Apolipoprotein B

+ 19.0**
-2.3
-0.7
-8.4
-1.0
+8.3r.**
+5.7*

+24.4***
-0.7
+5.4
+2.4
+ 1.0
+12.9***
+ 10.3*{<r(

NS

NS

NS

NS

NS

NS

Statistically significant difference from baseline: *, p<0.05; **, p<0.005; ***, p<0.001; NS,

not statistically significant

Carbohydrans

Changes tn area under the glucose and insulin curve (AUC) in response to 75 g of
glucose given orally, at cycle 6 and cycle 12, arc shown in Table 6. Neither the AUC for

glucose or the AUC for insulin were significandy affected by the treatment in either

group, and there were no statistically significant differences between the two groups. In

addition, the AUC for C-peptide was also measured, and, as for glucose and insulin, there

were no srgnificant changes ftom baseline and no differences between the two groups.

Table 6. Carbohydrate variables: percentage change from baseline at cycles 6 and 12

Variable
% change from baseline

Gestodene/ Desogestrel/ Group

ethinylestradiol ethinylestradiol comparison

Glucose AUC
Cycle 6
Cycle 12

Insulin AUC
cycle 6
cycle 12

+2.5
-0.5

0.0
+3.7

+ 1.4

4.9

-2.5
+2.1

NS
NS

NS
NS

NS, not statistically significant
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DISCUSSION

The findings of this srudy support the conclusions from earlier investigations rnto

the metabolic influence of a combrned low-dosc oral contraceptive containig 75 pg

gestodene and 20 pg ethinyl-estradiolle. 'Ihe preparation was found to increase both pro
coapplant actrvity and anticoapplant/profibrinolytic activity, to have only a minimal effect

on lipid metabolism rvith no statistically s4;nificant alterations to levels of HDI- and

LDl-cholesterol, and to not affect carbohydrate metabolism, as judged by alterations to

5;lucose and insulin levels in the oral glucose tolerance test.

In the study reported here, a wide range of hemostatic variables were analysecl,

wherever possible focusing on molecular markers of activity, as thls €lves a morc accurate

picture of the changes to the dynamic state of the coagulatiofl system and the continuous
formation of thrombin and plasmin (activation of prothrombin and plasminogen)'n. A,
many srudies havc previously shown, oral contraceptives have the potential to influence
the coagulation system and, as a consequcrlce, increases in the level of fibrin ,Jegradation

products and D-dimer are seen normally, as well as an increase in fibrinolytrc and

anticoafplant activitl?6'27. The results of the study reported here, as well as previously
reported findings with 75 pg gestodenc/20 pg ethinyl estradiolle'2o, supporr rhis general

observation. With respect to the comparrson of gestodene and desogerstrel, both
preparations were observed to rnfluence thc hernostatic system to a similar de5yee.

IJowever, as has been previously reported282e, factor VII activity was lcss affected by thc

gesttldene-containrng preparation, wtth levels urcreasing to a significantly Efeater extent in
the desogestrel group. This difference was only statistically srgnificant at 3 ancl 6 months.
The clinical relevance of changes in levels of factor VII is not clear for women, although
it has been reported as a risk factor for coronary artery diseasc in men30, but no sfudies

have so far found any correlation between increases in factor VII and an lncrerrsed nsk of
venous thrombosis3l.

It has previously been shown that 75 pg gestodene /20 pg ethiryl estradiol docs

not adversely affect lipid metabolism, and that reducing the estrogen dose from 30 pLg to
20 pg has had a positive effect, reducing the rmpact on triglyceridest'. vrhereas, with a

preparation contarning 30 pg ethinyl estradiol, triglycerides were increased by 64% attcr
13 cycles, with the 20 pg preparatlofl this increase was reduced to 21o/o. This finding is ur

close agreement with the results of the study reported here. rvhich observed trrglycerides
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to be increas edby 19oh after 12 rycles. There was also no srgnificant.effect on either total

cholesterol, HDl-cholesterol of LDl-cholesterol, in either group, which also supports

earlier findings. With respect to apolipoprotein B, aprevious 1.2-cycle stud)/3 has shown

that there to be no significant difference between formulatrons containing either 75 pg

gestodene or 150 pg desogestrel combined with 30 pg ethinyl estradiol, which increased

levels by 260/o and24o/o,respectively. This is in agreement with the results from the study

teported here, which also found no sq;nificant difference related to the pro€lestoE;efl.

The effect of 15 Vg gestodene/20 pg ethinyl estradiol on carbohydrate

metabolism has also previously been investigated, and a small but chnically trsrgnificant

effect on glucose and insulin tolerance had been teportedle. In the study reported here,

there were no srgnificant changes ftom baseline for either AUC glucose or AUC insulur,

and it is concluded that any effect that the gestodene preparation may have is minrmal.

However, for all these systems, the connection between changes in metabolic variables

and the incidence of cardiovascular disease is complex and long-term epidemiologrca) data

are required to confim the metabolic neutrality of this preparation.

It is concluded that 75 pggestodene/2O pg ethinyl estradiol has a minimal effect

on both procoagulant and anti-coagulant/fibrinolytic activity, as well as on lipid and

carbohydrate metabolism. Differences between thls preparatlon and the low-dose oral

conffaceptive containing 150 pg desogesttel combined with 20 pg ethinyl estradiol were

minimal.
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Chapter 8

SUMMARY

Elevated plasrna concenftations of factor VII and fibnnogen are well known risk

factors for cardiovascular disease, especially anetia) thrombosis. Ora-l contr:lceptive use

increases factor \TI and fibnnogen plasma levels. Recendy it has been described that

DNA polyrnolphisms are associated with the plasma levels of hemostatic variables and

their regulation. The R/Q:S: polymorphism in the factor VII gene and ttre -455G/A

polymorphism in the fibrinogen B-gene are associated with plasma levels of factor VII
and fibnnogen, respectively.

We analysed data of a randomised study (n=95) rn which two types of oral

contraceptives were compared with regard to their effect on hemostasis (factor \rII and

fibrinogen), in which we also determined R/Q353 ard -455G/A polymolphisms.

Women were allocated randomly to either receiving a monophasic oral contraceptive

containing 75 pg gestodene and 20 pg ethinyl estadiol or 150 pg desogestrel and 20 pg

ethinyl estradiol. Blood was taken before treatment and after 3 months and (i months of

ora-l contraceptive use.

Factor VII and fibrinogen trcreased srgnificantly after 3 months and 6 months

oral contraceptive use; the inctease in factor \|[I was hrgher in the desogestrel group than

m the gestodene group. For fibrinogefl there were no intergroup differences.

At baseline an association between genotlpe and plasma factc,r \-[I and

fibnnogen levels was observed. ln multivariate analysis, the R/Q353 polyrnc,rphism and

the type of oral contraceptive were determinants of the effect on the chan,ge in factor

VII, with the highest increase ln women carrying the Q-allele and using the desogestrel

containing oral contracephve, and the lowest increase in women with the RR genotype

who use the gestodene containing oral contraceptive. For fibrinogen no interaction

between tipe of oral contraceptive, -455G/A polymorphism and change in plasma levels

was observed.

We conclude that an individuals genetic variation may contribute to the respons

of plasma factor VII to environmental factors, such as oral contraceptive use.
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INTRODUCTION

Since the fitst case report of a nurse who developed pulmonary embolism after

initiation of oral cofltraceptive as ffeatment for her endometriosisl, several

epidemiologcal studies showed that oral contraceptive use is a risk factor for
cardiovascular disease, i.e. venous and arterial thrombosis2T. Furthermore, studies were

conducted on the effects of oral contraceptives on the hemostatic system

(pro-coagulation, anti-coagulation and fibnnolysis). Oral contraceptives alter different

haemostatic variables into a pro thrombotic state8 11. In most studies on the effects of
oral contraceptives on hemostasis, a new oral contraceptive (wrth a new rype of
ptogestogen or lower dose of estrogen) is compared with an older oral contraceptives 11.

These studies showed, that factor VII and fibrinop;en levels increase during oral

contraceptive uset 11.

Elevated plasma levels of both factor VII and fibrinogen are well established risk

factors for arterial thrombosisl2-" and for fibrinogen a positrve association between the

plasm.a fibrinogen level and the venous thrombotic risk was descdbedrs.

Plasma levels of hemostatic variables are, in addition to oral contraceptive usc.

also influenced by smoking habits, age, body mass index and by €lefletic factors. Recently,

several DNA polprorphismsl6 have been identrfied that arc associated with the plasma

ler.els of the clottrng variablesl'-23. The R/Q353 polymorphism in the factor VII genc2o

and the -455G/A polymorphism m the fibrinogen 3,chain18 are associated wrth thc

plasmalevels of fibrtnogen and factor VII, respectively. Furthermore, associations

between these polymorphisms and clinical outcome, i.e. thrombotic diseasc been

describedll2s''u. The polymorphisms have not only been associated with the plasma levels

of factor VII and fibrinogen, but also with thet regulation by environmental factors. For

example, the relationship between genotlpe and factor VII and fibnnogen plasma levels

is different in men and women2''28 and the postprandial rise in factor VII depends on the

genotype2e. The rise in fibrinogen levels rn smokers and m patients with trauma is more

pronounced in subjects carryrng the -455A allelel8'3o, which is a-lso associated with the

highest levels rn the general population. We hypothes jze that the R/Q353 and -.t55G/A

poly,morphisms are determinants of the rise rn plasma factor VII and fibrinogen levels in

women usrng oral contraceptives.

The aim of our study is to investrgate if there is a gene-environment trteraction
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between oral contraceptive use, DNA polymorphisms and plasma levels of factot VII
and fibrinogen; i.e. is an indMduals genot,?e important for the individual respons to an

environmental factot, such as oral contraceptive use?

MATERIAL EN METHODS

Subjects

Ninety-five healthy women under the age of 35, were enrolled in this study, after

having grven informed consent. E,xclusion criteria were the normal contra-indications to

oral contraceptive therapies, as well as a history or preseflce of: known hypersensitivity to

estrogens ot progestogens, thrombophlebitis or thromboembolic disorders,

cerebrovascular or coronary artery disease or myocardial infarction, metabolic or

endocrinal disease, known or suspected clotring disorders (eg protein C, protein S or

antithrombin deficiencies), pregnaflcy, smoking more than 10 cigatettes per day, use of
anticoagulaflts within 90 days preceding the study or the use of other estrogens,

progestogens or androgens, switching from another oral contracepflve (use ofa prior oral

contraceptive in the preceding rycle) or recendy using an oral contraceptive (within 2

cycles before ptestudy scteening).

Treatment

'fhe women were randomised into two treatment groups. One gtoup received a

75 pg gestodene and 20 pg etrnylestradiol-containing oral contraceptive (GSD/:Z0EE), the

other gtoup received a 150 pg desogestrel and 20 pg etinylestradiol-conta.ining oral

contraceptive (DSG/20EE). After a prestudy screening, consisting of complete medical,

obstetric and gynaecologcal history and physical examination (including tlreast and

pelvic, routine eye and neurologic examination), sittmg blood pressure, weight, herght,

cervical Papanicolaou smear, and serum pHCG test, the volunteers started with one tablet

daily for 2l days followed by 7 days without study medication.
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Blood collection

At baseline and dunng cycle 3 and 6, between cycle day 1,7 and 21 blood was

collected in sodium citrate (final concentration 1.4 mmol/L). After centrifugation (30 min,

2000 g,40C) the plasma was collected and stored frozen m ahquots 
^t 

-100C. The white

blood cells were stored 
^t 

-200C for DNA isolation.

Assajts

Fibrinogen was measured in the citrated plasma using a modified Clauss assaf 1'r2.

Factor VII was determined in citrated plasma by a chromogenic assay after complete

activation, representing the factor VII mass concentration and expressed relative to a

pooled plasma (1000/0) (33). The R/Q353 and the -455G/A genot)?es were determined

as described previouslyls'3a'3s. Briefly, genomic DNA was amplified using polyrrnerase

chain reaction @CR). Ten microliters of each PCR product were digested with the

appropriate restriction enzqe (MspI for the R/Q353 and HaeIII for the -455G/A

polymorphism) under the conditions described by the manufacturer. These digestion

products were separated by electrophoresis through a 2o/o agarose gel containrng ethidium

bromide and visualized under Uv-hght. The alleles with the restnction site and the

non-cleavable alleles were the R353 and Q353 for the R/Q353 polymorphisrrr and -.t55G

and -455A for the -455G / A polyrnorphism, respectively.

S tattstical analsis

Changes in the factor VII and fibrinogen levels were tested by using

paired-samples T-test. To compare the differences between the two treatment groups,

independent samples T-test was used. To examine the genetic contlibution to the total

variance of the factor VII, multivariate linear regression analysis was performecl with the

3-month change in factor VII as the dependent rariable and contraceptive goup and

R/Q353 geflotlpe as rndependent variables. To examine the genetic conffibutioll to the

total variance of plasma levels of fibrinogen, a mu-ltivariate linear regression analysis was

performed with the 3-month change rn fibrinogen as the dependent variable and

contraceptive gtoup arrd -455G/A genotlpe as independent variables. To study whether

oral contraceptive type was an effect modifier, the analyses were repeated wrth the

rnteraction term between genotl?e and oral contraceptive r1pe. Because of the small

gtoup size for the women who were homozygous for the rare allele, the heterozygotes
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and the homozygotes for the tate alleles were combined rn the multivariate analysis, the

type oforal contraceptive was entered as disctete variables.

RESULTS

Change danng oral contraceptiue ase

Plasma factor VII and fibrinogen levels increased during oral contraceprtive use, in

both treatrnent groups these changes were statistically significant after 3 a.nd aftex 6

months oral contraceptive use, when compared with baseline (Iable 1). Comparison of
the oral contraceptive groups show that plasma levels of factor VII increased less in the

gestodene cofltaining oral contraceptive gtoup, after 3 months and after 6 months of oral

contraceptive use. At the time of the first visit @aselme), there were no differences

between the treatment groups. The baseline values and changes ur fibnnogen after 3 and

6 months oral contraceptive use'were not different for the two oral contraceptive groups.

Table 1. Effect of two types of oral contraceptives on the different hemostatic variables. Means and

standard deviations are given

GSD/2OEE

(n:48)

DSG/2OT,E

(n:47)

Factor VII (%) baseline

3 months

6 months

100.7 (19.4)

124.9 (29.r)*#

128.0 (32.2)*#

t02.r (2(i.r)

138.2 (3:i.0)*#

t39.7 (32.3)*#

Fibrinogen (g/L) baseline

3 months

6 months

2.8 (0.5)

3.2 (0.5)*

3.2 (0.5)*

2.7 (O.4)

3.3 (0.5)*

3.2 (0.7)*

GSD/2OEE: oral contraceptive containing 75 pg gestodene and 20 pg ethinyl estradiol in a

monophasic combination; DSG/20EE: oral contraceptive containing 150 pg desogestrel and 20 pg

ethinyl estradiol in a monophasic combination
* p < 0.05, when compared with baseline values

# p<0.05, when comparing both oral contraceptive groups
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Basekne

There were no differences in genotype distributron in the differeflt treatment

groups flable 2). The allele frequency for the Q allele of the R/Q353 factor \TI
polymorphism was 0.11 (95Y"CI 0.07-0.17) (n=21) and the allele-frequenry for the A

allele of -455G/A fibrinogen polyrnorphism was 0.24 (95Yo CI 0.19-0.30) (n=45). The

genot,?e distributions were flot different ftom Hardy-lTeinberg equilibrium.

Plasma factor \lll at baseline was highest in the women with the RR353

genotlpe, lowest in the QQ353 and intermediate in the heterozygotes. The baseline

plasma levels of fibrinogen were highest in the women with the -455AA genot,?e, lowest

in the -455GG and intermediate in the heterozygotes (Table 3).

Table 2. Factor VII R/Q353 and fibrinogen -455GlA polymorphisms in the oral contraceptive

groups

Genotvoe GSD/2OEE DSG/2OEE

Factor VII

Fibrinogen

RR353

RQ3s3

QQ3s3

-455GG

-455GA

-455AA

3't

9

2

29

t6

3

39

8

27

17

J

GSD/20EE: oral contraceptive containinC '15 pg gestodene and 20 pg ethinyl estradiol in a

monophasic combination, DSG/208E: oral contraceptive containing 150 pg desogestrel and 20 pcg

ethinyl estradiol in a monophasic combination
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Cenotlpe - oral contraceptiue use

During oral contraceptive use, factor VII increased mote in the RR35i3 genotlpe

than in the other two gefloq4)es, irrespective of the oral contraceptive t)?e used.

The association between oral contraceptive type, R/Q353 genotype and changes

in hemostatic levels durlng oral contraceptive use was evaluated using a multivariate linear

regression analysis. After 3 months oral coflraceptive use the increase in factor VII is

1,2oh morc in women using desogestrel containing oral cofltraceptive than in women

using the gestodene containing oral contraceptive. The increase in the factor VII was 16%

more in women with the RR genotype when compared with womell who caried the Q

allele. In a complete multivariate model, a significant interaction between R/Q353

genot)rpe and type of oral contraceptive on the effect on the change in factor \rII during

three months of oral conffaceptive use was observed.

Table 3. Effect of R/Q353 genotype on plasma factor VII (%) nd the effect of -455G/A genotype

on plasma fibrinogen levels (g/L)

Factor VII QQ3s3

(n:2)
RQ3s3 RR353

(n : 17) (n:76\

baseline

3 months

6 months

Fibrinogen

68.5 (10.6)

8r.s (14.8)

66.0 (7.r)

80.e (19.2)

98.4 (23.9)*

101.5 (21.1)*

106.9 (20.5)

140.2 (28.7)*

1.42.8 (28.2)*

-455GG -455GA -4ssAA

(n:56) (n=33) (n=6)

baseline

3 months

6 months

2.8 (0.4)

3.3 (0.6)*

3.2 (0.6)*

2.7 (0.4)

3.2 (0.5)*

3.1 (0.5)*

2.s (0.4)

3.0 (0.3)*

3.1 (0.3)*

Means and standard deviations are given

* p < 0.05, when compared with baseline values
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The change in fibrinogen levels during oral contraceptive use was indq)endent of the

genotype (Iable 3). For fibdnogen, the univariate linear regression model shovzed that the

455G / A polymolphism and the oral contraceptive qpe had only a small effect on the

change of fibdnogen during 3 months of oral contracept'ive use.

1

100

s

o
oo
tL

. -r i&l

tr.Fi-- !baseline

ffi3 months OC use

!6 months OC use

N= 2 2 2 17 17 '17 76 76 76

QQ353 RQ353 RR353

factor Vll R/Q353

Figure l. Boxplots of the mean plasma levels of factor VII for the different genotype groups at the

different time intervals
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DISCUSSION

We found in this study that the 353R/Q €lenotlpe is a determrnant for the

increase of factor VII durhg oral contraceptive use.

V/e previously reported that in the current study population a srgnificant

difference in the increase in factor VII between the two oral contraceptive lyoups was

found. After 3 atd after 6 months of oral contraceptive use the levels increas,ed most ur

the desogestrel containing oral contraceptive group36. The only difference between the

two t)?es of monophasic oral contraceptives are the progestogens used. Thi:; difference

in increase of factor VII levels was described before'o'"''8.

As described in literature we found in our study that baseline factor VII and

fibrinogen are associated with the R/Q353 and -455G / A polymorphisms, respectivelyls'17

"'to'3'. Furthefinore, we can conclude that factor \rII levels are also associated wrth the

R/Q353 polymorphism during oral contraceptive use. The different effects of the oral

contraceptives on factor \|II are rot the result of a different genotype-distribution in the

oral contraceptive gtoups, because after adjustment for genotlpe in a multivariate linear

regession analysis, the effect of the oral contraceptive tlpe was still significant.

We consider it the main tesult of our study that the 353R/Q gerLotype is a

determinant of the increase of factor VII during oral contraceptive use. The rnechanism

of thrs gene-environment interaction has flot yet been elucidated, but the R/Q353

polymolphism is higtrly rn lurkage disequilibrium with a 10 basepair insertic,n/deletion

polymolphism at position -323 in the promoter region of the factor VII gene. This

polymorphism has been suggested to be involved in the regulation of the factor \|[I
sy'nthesis3e'{.

When we assume that the promoter polymorphism is the functional

polymorphism and the association rvith the R/Q353 polymolphism is there trecause the

two polymorphisms are sttongly associated, a putative hormone responsive element in

the promoter reglofl may contribute to this gene-environment rrteractron.

The levels of fibrinogen increase during use of oral contraceptives, ttris rncrease

was the same for both oral contraceptive groups. This is in accordance with rnany other

studies on the effect of oral contraceptives on hemostasis3'a. The -455G /A poll'rnorphism

had no effect on the increase of the fibrinogen levels and no interaction war; observed

between oral conftaceptive type, polymorphism and fibrinogen levels.
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!7e also determined -323ns10 polyrnorphism and NS7(37bp)n polymorphism in

the factor VII gene; 6638ins28 (Iaq1) polyrnorphism in the fibrinogen gene; NS8urs311

polymorphism in the t-PA gene; -615(4G/5G) polymorphism in the PAI gene,

respectively and their plasma levels. There was no different effect of oral contraceptive

use on the plasma levels rn the different genotlpes (data not shown).

The present study induded a relatively small number of women and conclusions

should be drawn wtth great care. However, the concept of genotlpe-dependent

differences in response to oral conffaceptive use may have important consequences for

daily clinical practice. Therefore, this gene-envtonment interaction needs further

investiga.non.

It may be hypothesized that genotlpe-environment interaction, such as observed

between factor VII polyrnorphism and oral contraceptive tlpe in this study, is also

present for other drugs or other envfuonment factors. Gene-environment is rmportant in

understanding the mulhfactorial etiology of thrombotic disease and may explain why

some individuals are at a hrgher risk for developing venous thrombosis when using oral

conffaceptives.
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SUMMARY

Objective: Companson of the effect of oral cofltraceptives on hemostatic variables in

venous thrombosis patients (thrombosis while using oral contraceptives) with the effect

in healthy control subjects. Our arm was to assess whether some of these effects were

more pronounced rn women who had suffered thrombosis, i.e., whether these were

"hemostatic hyperresponders ".

Study Design: A populatron-based case-control study, the Leiden Thrombophilia Study.

Materials and Methods: We trvestigated 99 pre-menopausal womell, age [5-49 years,

who had used oral contraceptives at the time of a first, objectively confirmed episode of

deep-vein thrombosis. They were not pregnant, nor in puerperium, nor had ltad a recent

miscarriage, and were not usinp; injectable progestogens, nor suffering ftorn inherited

coagulation defects. The median time betweefl occultence of deep-vern thrombosis and

veflepuncture was 18 months, and 30 of the 99 women were still using oral

contraceptives, while 69 had discontinued oral contraceptive use. In addition. a group of

153 control womefl (54 of them were oral contraceptive users and 99 were non-users)

were studied. The following hemostatic variables were measured: APTT, factor VII,

factor VIII, factor XII, fibnnogen, prothrombin, total antithrombin, normalised activated

protein C sensitivity ratio (n-APC-sr), protein C, protein S and free protein S.

Results: We found marked and srglificant effects of oral contraceptive use c,n the levels

o[ several clotting factors, wlth an lncrease in factor VII, factor XII, protein C and a

decrease in antithrombin, n-APC-sr and protein S. Less marked effects that were non-

srgnificant or only srgnificant in either patients or conffols, were an increase in factor

VIII, fibrinogen and prothrombm and a decrease in the APTT and ftee protein S. In the

former thrombosis patients several of these effects of oral contraceptlves were more

pronounced than in healthy women: specifically on factor \4I, a:rtithrombir, n-APC-sr

and protein C.

Conclusions: Our results of the effects of oral contraceptives generally confi:rm previous

reports in healthy volunteers. Our data also show that in former deep-vein thrombosis

patients these effects are more pronounced. Apparently some women become "high

hemostatic responders" when exposed to oral contraceptives, and they may be thc

women most \ulnerable to its thrombogenic effects.

135



Hemottatic efects after deep-uein thrombotit duing oral contrarcphue ux

INTRODUCTION

Since the report of Jordan in 1.961.1 on the association of oral contraceptive use

and venous thromboembolism, it has become generally acccpted that there is afl estrogen

dose-dependent association between ora-l contraceptive use and venous thrombosrs2 s.

Recently several studies have shown that the type of ptogestogen also plays a role in the

development of venous thrombosis during oral contraceptive use6 10. This resulted in
renewed interest in the biologrcal mechanisms underlying venous thrombosis during oral

contraceptive use.

The natural balance between the pro-coagulant, anti-coagulant and fibrinolytrc
system may be disturbed by environmental factors, such as oral contraceptive use, or b1

hereditary defects in pro-coagulation, anti-coapplation or fibrinolysisll 12.

Previous studies have documented that oral contraceptives may stimulate pro-
coagulation, inhibit anti-coagulation and stimulate fibrinolysisl3 16. Most studies on the

hemostatic and fibrinolyic effects of oral contraceptives have been conducted in healthy

volunteers. A1l these studies showed changes in hemostatlc vadables, mostly withtr
physiologrcal ranEies and not all in the same, i.e. prothromboric or antithrombotic.
directionl3 16. It is still unclear if and how these hemostatic changes woul<l result in an

increased risk of venous thrombosislT ". From the recent clinical studies6 10 it appcars that

these studies on intermediate end-pornts (plasma levels of hemostatic variables) have

been of limited va.lue in predicting chnical thrombosis risk.

Recently we described a gene-environment interaction between the factor V
Leiden mutation2o and oral contraceptive use. The factor V Leiden mutatiofl. whrch leads

to resistance to activated protein C (APC) is commonly found among patients with
venous thrombosis2l. In women who are not using oral contraceptives, this mutation

increases the risk of thrombosis 7-fold22, while the combination of use of oral

contraceptives and carrier-ship of the factor V Leiden mutation increases the risk 30- to
50-fold122. For the other less frequent inhented clotting defects, i.e., proteia C-, protein S

and antithrombin deficiency, otal cofltraceptive use may also act slnerg-lstically on the risk

of development of venous thrombosis23 27, though large data on these rare inhented

clotting defects are lacking.

To explain why some women uslng oral contraceptives develop venous
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thrombosis and others flot, interactions with other coagulation risk factors mzLy also play

a role. We posnrlated that some womefl are more prone to oral contraceptive induced

hemostatic changes and thus to thrombotic disease.

The idea-l desrgn to study this question would be to randomise women with a

previous thrombosis during oral contraceptive use, to either use of oral contraceptives or

placebo. This offers obvious practical problems, and therefore we used a pseudo-

randomised approach: we analysed hemostatic variables in the Leiden Thrombophiha

Study (I-ETS)28: a population-based case-control study on risk factors {br venous

thrombosis. In this study patients were invited for a visit at the outpatient clinic at least

six months after the thrombotic eveflt. At that time, about one third of the women who

had used oral contraceptives at the time of the deep-vein thrombosis were still using oral

contraceptives; two thirds had discontinued. Since the decision to continue or discontinue

oral contraceptrves will depend to a g{eat extent on the opinion of the physi:ian, or on

the feasibrlity of other cofltraception methods, and not on the hemostatic balance, this

may be considered a "random" process, i.e., pseudo-randomised. [n this way v/e assessed

the effect of oral contraceptives in former thrombosis patients who develop,ed venous

thrombosis cluring oral contraceptive use, and contrasted this to the effect on hemostasis

of oral cortraceptives in healthy control women.

MATERIALS AND METHODS

Patienls and ronlro/ sublerts

The patients and methods of our study have been described previouslf'''8. We

invited 474 consecutive patients (272 women) wrth a first episode of objectively

demonstrated deep-vein thrombosis (diagnosed by ultrasound, rmpedance

plethysmography or phlebography) occuring between Jan 1, 1988 and Dec:31,, L992,

aged less than 70 years and without a known maligrant disorder. Patients had been

selected from the files of three anticoagulation clinics in the Netherlands, which monitor

aflticoagulant treatment in all patients within a well defined geographical area.. For each

thrombosis patient we rrvited one age- and sex-matched healthy control indiviclual.

Patients were seefl after antrcoagulant treatment had been discontfrued for at least
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3 months (medran time elapsed since the thrombotic event 18 months (range 6-48)),

unless treatment could flot be discontinued.

For the present analysis we selected from the origrnal studf8, premenopausal

women, aged 15-49 years, who were at the time of their thrombosis (or srmilar date rn the

control women, the index date) not pre€pant, nor in the puerperium, did not have a

recent miscarriage, and were not using progestogen-only methods. Women receiving

anticoagulant treatrnent on the day of blood collection were excluded (n=6). Also women

with a protein C- (n=6, three of them also used anticoagulant treaffnent), protein S-

(n=9), antrthrombrn (n=2) deficienry or the factor V Leiden mutation (n=41) were exclu-

ded when analysing the plasma levels of respectively: protein C activitfe, total protem S

antigen and free protein S antigen2e, antithrombin activitfe and normalised activated

protein C sensitivity ratio (n-APC-sr)28. The criteria for diagnosis of these abnormalrties

have been described before2e.

149 former thrombosis patients and 169 control women were included in our

analysis (mean age: 35 years). We divided this group in subgroups according to their oral

contraceptive use in the month before the date of thrombosis and their ora-l

contraceptive use on day of blood collection. 21 women of whom no data were available

on the use of oral contraceptives on the day of blood collection were excluded. -l'his

resulted rn the following subgroups (see figure 1): women who developed deep-vern

thrombosis during oral contraceptive use and were still using oral contraceptives at blood

collection (g.o*p A, n=30), women who developed deep-vein thrombosis dunng oral

contraceptive use and did not use otal conffaceptives during blood collection (gtoup B,

n=69), healthy control women using oral contraceptives during blood collection (group

C, n=54) and healthy control womefl not using oral cofltraceptives dunng blood

collection (gro*p D, n=99). !7omen who did not use oral conffaceptives at the time of
the thrombosis are not rncluded in this analysis (n=45).

Blood collection

Blood was collected from the antecubital vein into Sarstedt Monovefte@ tubes,

containing 0.106 mmol/l tisodium citrate and centrifuged for 10 min 
^t 

2000 g at room

temperature. The plasma was stored 
^t 

-10 "C. Hrgh-molecular-weight DNA was isolated

from leucocltes and stored at 4oC.
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l-a b ora t ory M e asureru e nts

'Ihe followng hemostatic variables were measured as previous descnbed: of the

pro-coagulatiofl system; achvated partial thromboplastin time (API-l)2e. f,rctor VII
activitfo, factor VIII activitt'', factor XII activitt'2, fibrinogen3o, prothrombirL activitfe

and of the anti-coagulation system; antrthrombin activrqfe, normalised activated protein C

sensitivity ratio (n-APC-sr)28, protein C activit.fe, total protein S antigen and free protein

S antigen2e. Total protein S was measured by polyclonal ELISA and ftee protein S was

measured drecdy in plasma by ELISA using two monoclonal antibodies specific for ftee

protein S (Asserachrom free protein S, Stago Diagnostica, Asnidres-sur-Seine, France).

Results of the Activated Protein C resistance test are expressed as normalirsed APC-

sensitivity ratios (n-APC-sr)33. Detection of the factor V Leiden mutation (guanine-

adenine replacement at nucleotide position 1691) was performed as described pr:eviouslfo

Statistics

!7e performed rwo main comparisons by Mann-Whitney-U-test: firsr: between

women using oral contraceptives and non-users. This analysis was performt:d among

cases and controls. Secondly, to identrfy women particularly sensitive to the effect of ora.l

contraceptives, we investlgated which effects were most striking in patients, as compared

with controls, i.e. a comparison of the mapgritude of the change in the former ttLrombosis

patients, vs the change in the control. Since our study was in part hypothesis generatrng,

we report srgnificant as well as non srgnificant results.

RESULTS

Given the complexity of the analysis a time ftame is given in Frgure 1. 'I'his figure

describes the events which divided the women in different subgoups. Of 149 deep-vein

thrombosis patients, 104 had used oral conffaceptives at the time of the event, rvhich was

discontinued in 69, i.e., 30 still used it at the time of the venepuncture (data on 5 women

missing). Of the 169 control women, 54 used oral contraceptives at the time of the

venepuncture, and 99 did not (16 missing). This trme frame enabled us to venft the effect
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of oral contraceptives m former thrombosis patients whose thrombosis had happened

during oral contraceptive use (gro.rp A (n=30) vs B (n=69)) and in control subjects

(gro,rp C (n=54) vs D (n=99)).

tlrombosis

OC use
month before
tfuombosis
or indexdate

OC use

on day
ofblood-
collection*

Figure 1. Subgroups of women in the Leiden Thrombophilia Study

ExclBion ciitffia: women who ile abov€ thc agc of 50, prcgoot, postpalul\ monopaBal, uhg injechble prcgesugens or
mticoagulmt ftattnent.
OC= oral confaceptive
* utrlnom for 21 women

We made several comparisofls (Table 1). Firstly, we checked the effect of oral

contraceptives on hemostatic variables in healthy women by comparing the values of the

different hemostatic variables in the control subjects who used oral contraceptives at the

time of veflepuncture (n=54) with the values in the subiects of the control group who

v/ere flon-users at the time of blood collection (n=99), ie group C vs group D. Of the

pro-coagulant variables all, except the APTT (lower), were higher in the oral

contraceptive-user group. For the anti-coagulant variables, free protein S was not really

different when we compared oral conffaceptive-users with non-users, protein C was

higher in the oral contraceptive-user group and the other variables were lower in the oral

contraceptive-user 8roup.
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Table 1. Median values (25th and 75th percentiles) of the hemostatic variables in the different riubgroups of

the triden Thrombophilia Study, i.e. among former thrombosis patients (cases) who dereloped their

thrombosis during oral contraceptive (OC) use and healthy control subjects who continued or discontinued

using oral contraceptives

former thrombosis patients who
developed their thrombosis during OC

use

healthy control sub.iects

oral contraceptive
use during-blood
collection '

yes

hlood test group A

n =30

group B

n =69

group C

n =54

group D

n=99

PRO.
COAGULATION

APTT G.)

Factor VII (U/ml)

Factor VIII (U/ml)

Factor XII (U/ml)

Fibrinogen (g/L)

Prothrombin
(U/ml)

27.2
(25.9-29.0)

1.28
(1.0s-i.42)

1.43
(1.1 1-1.56)

1.40
(l .1 2-1 .55)

3.4
(2.8-4.0)

1.06
(r.00-1. l6)

27.7
(26.3-29.r)

1.16
(1 .0o-1.3s)

1.28
(1.00-1.s0)

1.35
(1.03-1.52)

3.3
(3.0-3 7)

1.06
(0.9e-1 .16)

28.1
(26.7-29.3)

1.03
(0.92-1.16)

l.lz B-D*
(0.99-1.3s)

1.00
(0.81-1. l8)

3.1
(2.7-3.6)

1.02
(0.93-1.1 1)

1.00
(0.94-1.07)

l.OZ A-C*
(0.95-1.08) B-D*

ANTI.COAGULATION

Antithombin
(U/mL)"

n-APC-sr t

Prorein s (U/mL)$

Free Protein S
(U/mL)AA

0.91 -*
(0.83-1.06)

0.90 s*
(0.80-0.e6)

27.4
(2s.9-28.7)

1.03
(0.90-1.22)

1.37
(1. 19-1.61)

1.05
(0.85-1.20)

3.2
(2.8-3. s)

1.03
(0.e4-1 .16)

1.00
(0.96-1.06) (0.88-1.03)

0.95

0.94 €r

O.94 €*

Protein C (U/mL)+ 1.14 -*
(0.95-1.36)

0.90 €*
(0.78-0.98)

0.85

(0.89-1.00) (0.90-0.98)

1.00 1.05
(0.86-1.1s) (O.94-t.t7)

t.o2 0.84
(0.90-1.13) (0.75-0.93)

F* 0.96
(0.88-1.08)

ex 0.96
(0.83-1.0e)

B*D*

0.91 0.88 0.86(0.68-0.96) (0.80-1.02) (0.75-0.96) (0.76-1.01)

' 6 to 48 months after their tbrombosisdate for the patients or indexdate for controls

-* significantlydifferent(p<0.05)byMann-Whitney-U{est.-' 
Antitbrombin, n:29, 69, 54,99 respectively

t n-APC-sr,a:22,54,53,93respectively.
t Proteia C, n: 30, 65, 54, 98 respectively
$ Protein S, n: 29, 68, 49, 98 respectively
$$ Free Protein S, n:29, 68, 46, 93 respectively.
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Secondly, we investiga.ted the effect of oral contraceptive use in former

thrombosis patieflts, who developed venous thrombosis during oral contraceptive use. by

comparing the values of the different hemostatic variables in the former thrombosis

patients who still used oral contraceptives at the time of venepuncture (n=30) with the

values rn the group of former thrombosis patients who were flofl-users at the time of
blood collection (n=69), ie goup A vs group B. Again, of the pro-coagulant vaflables all,

except the APTT (ower), were higher in the oral contraceptive-user group. Of the anti-

coagulant variables all medran values, except for protein C (hrgher), were lower m the oral

contraceptive using gtoup.

Thirdly, we compared effects of oral contraceptives between womefl who had

experienced a venous thrombosis during oral contraceptive use and healthy women. For

this comparison we compared the median values of the hemostatic variables among

former tirombosis patients (cases) who developed their thrombosis durinl5 oral

contraceptive use and still used oral contraceptives (n=30) vs healthy control subjects

who also used oral contracephves at the time of blood collection (n=54), ie group A vs

gtoup C. The former thrombosis patients gtoup showed higher median levels of all pro-

coagulant, except the APTT Qower) and prothrombin (no difference), variables. The anti-

coagulant variables antithrombin, n-APC-sr and free protein S had lower levels in the

former thrombosis patients and protein C and S were higher.

Another way to compare these effects is shown in Frgure 2. This figrre shows the

percentage of htgh responders in former thrombosis patieflts who developed their

thrombosis during oral contraceptive use (n=30, goup A) and in healthy control subjects

(n=54, goup C) who continued using oral contraceptives, i.e. women with values above

the 75th percentile or below the 25th percentile (depending how the variable evolves

when oral contraceptives are used). The percentiles v/ere calculated on the group women

who consisted of 149 former thrombosis patierts and 1.69 control subjects. The purpose

of this table is to identr$r possible hrgh responders in this "pseudo randomised re-challen-

ge study". For almost all hemostatic variables there were more hgh responders in the

gtoup of former thrombosis patients.
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tr'igue 2. Percentage ofhigh responders in fomer thrombosis patients who developed their thrombosis during oral
contraceptive (OC) use and continued using OCs (group A) and percentage ofhigh responders in healthy control sub1ects who
were also using OCs at time ofblood collection (group C).

' Signficm0y different (p<0.05) by Chi-Sq@

Fourthly, we compared the changes in hemostatic variables induced by oral

contracepdves among formet thrombosis patients (grorp A-B) with the differences

induced by oral contraceptives among healthy wometr (grorp C-D), to see if women who

developed venous thrombosis during oral contraceptrve use react differendy ruhen using

oral contraceptives in comparison with healthy women who use oral contraceptives. The

changes were greater in the former thrombosis patients goup fot the pr,ccsagulanl

variables factor \rII and fot the anti-coagulant variables antithtombin and protein C. For

the pro-coagulant variables AI'IT, factor VIII and for the anti-coagulant variable n-APC-

sr the changes were greater in the control women.

Fifthly, to make sure that the effect in the former thrombosis patients group and

still using oral contraceptives is really the effect of oral contraceptive use and not a post

thrombotic state, we looked at baseline values of control women who did not use ora^l

contraceptives (n=99) and compared these values with the values of former thrombosis
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patients who discontinued using ora-l contraceptives (n=69), ie gtoup D vs pgoup B. Most

pro-coagulant variables were higher in the former thrombosis patient goup, except for

the APTT and factor VII. For the anti-coagrlant variables, protein C, protein S and free

protein S the median values were higher in the former thrombosis patients, the levels of

anflthrombin were almost the same in both €foups and n-APC-sr levels were lower in the

former thrombosis Soup.
Sixthly, we counted the total number of variables for which a women was a high

responder, for example when she was a hrgh responder for n-APC-sr and for factor VIII
her total number would be 2. The median (SD) were: for the group former thrombosis

patients who developed their thrombosis during oral contraceptive use and who

continued using oral contraceptives (n=30, group A); 5 (2.0), for the pgoup former

thrombosis patients who developed their thrombosis during oral contraceptive use and

who discontrnued using oral contraceptrves (n=69, group C); 3 (1.6), for the group

healthy women who used oral contraceptives at the time of venepuncture (n=54); 3 (1.7)

and for the group healthy control women who were not using oral contraceptives at the

time of venepuncture (n=99); 2 (1.3). !7hen comparing the groups, the differences in

gtoup A vs the group B, group C vs goup D, the goup A vs €foup C and goup B vs

group D were significant.

DISCUSSION

In this pseudo-randomised study on the effect of challeng'rng the hemostatic

system by oral contraceptives rn former thrombosis patients (dururg oral contraceptive

use), we found that the hemostatic system of former thrombosis patients has a more

pronounced reaction to oral contraceptives (especrally for factor \rII, antithrombu,

n-APC-sr and protein C) in comparison to healthy control subjects.

The effects of oral contraceptive use among healthy control subjects (T'able 1) are

generally in agreement with the findings of many randomised studies of different tlpes of
oral contraceptives (containing different t,?es and doses of estrogefl and progestogen)

and their effects on hemostasis in healthy volunteersl3 16. Moreover this general trend of
oral contraceptive effect was the same among former thrombosis patients. Only for free
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protein S levels we did not observe reduced levels associated with use of oral

contraceptives as has been described by others3a 36.

'I'he compansons in our study also show that a women who has experienced a

deep-vein thrombosis, even if she is not cuffently using oral contraceptives., still shows

characteristics of changes in the hemostatic system that are similar as if sex steroids are

involved (such as in pregnant women and in women using oral contraceptives)1s'37, i.e. her

hemostatic system is in a more hyper-coagulant or prothrombotic state.

A problem in our study is that we had no base-line values, so it is possible that

some differences were due to the postthrombotic state. Flowever, the time el.apsed from

the event to the time of blood collection was more than six months in all thrombosis

patients. During these six months the values of the hemostatic variables affe:cted by the

thrombosis eveflt are likely to have returned to the values as present before thr: event.

When we compare the median values of the hemostatic variables among former

thrombosis patients (cases) and healthy control subiects irrespective ol thet oral

contraceptive status, we see some of the established risk factors for venous thrombosis,

such as hrgh levels of factor VIII31, hrgh levels of fibrrnogen3o, low levels of alltithrombm
2e and low levels of n-APC-sr28. Some effects are not related to thrombosis nsk, r.e., hrgh

levels of protein C38, factor VII30 and factor XII32.

Whilc for total proteitr S we found a srgnificant decrease, we did not flmd a

decrease of free protein S with oral contraceptive use that one usually exp(:cts. Several

studies have shown decreases during ora-l contraceptive use, for both total and free

protein S levels3t3u'3"2. There is an important diffetence in desrgn berween the studies,

however: most previously reported studies followed new users for a relatively short

period of time, i.e. 6 to 12 months, while our study was a cross-section of rvomen, i.e.,

mainly long term users. A transient effect would therefore had been appa.rent in the

earlier studies, but less so in our study. Several reports showed a marked effect during the

first months of oral contraceptive use and a decline of that effect with prolonged

use34,35,39,42.

In a next companson it is remarkable that the difference in tht: effect on

hemostasis of oral contraceptives is more marked in women who develope,J deep-veil
thtombosis during oral contraceptlve use than in control subjects. There w;a.s a Seater
difference rn former thrombosis patients for the following hemostatic variables: pro-
coagulation: factor VII and antr-coagulation: antithrombin, protein (,. Apparently the
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hemostatrc system of a former thrombosis patient, still using oral contracePtl\res. reacts

drfferent from a healthy control subject when using oral contraceptives. Our data suggest

that some women who will suffer a thrombotic event show more pronounced effects of

oral contraceptives. This may pomt to some \Momen being more vulnerable to the

thrombogenic effects of oral conffaceptives.

Considerurg the various analyses, most sriking are the differences in the median

values of factor \lll, antithrombin, n-APC-sr. Especially for these hemostatic vanables it

seems likely that women who developed deep-vein thrombosis during oral contraceptlve

use in the past, do respond differendy to oral contraceptive use than thei control

subjects.

As was recently described by othersa3 47, we found an effect on sensitivity to APC

when women use oral contraceptives, also among women who drd flot canl the factor \r
Leiden mutation. This acqured APC-resistance is likely to be relevant in the pathogenesis

of venous thrombosis.

At this moment the types of progestogen used rn oral contraceptives are of

special interest, srnce reports were published on the difference in nsk of venous

thrombosis with the different types of progestogens used in oral contraceptivcs6r".

Although both second and thtd generation oral contraceptives were used by a substantral

number of the women in our study, the numbers in subgoups became too small to make

meanmgful comparisons between hrpes of ora-l contraceptives possible (data not shown).

The differences in hemostatic variables in this study are between rndividua.ls. uot

within individuals, informatron of the base line values is lacking. On the other hand this

study mimics the reality of the randomised rial sufficiently to infer that rn some women

the hemostatic system reacts more pronounced to oral contraceptives than m other

women. The less likely alternative is that individuals who have had a previous

thromboembolic event only become "high hemostatic responders" afterwards, when

exposed to another risk factor for venous thromboembolism, i.e. oral contraceptlves.

In this pseudo-randomised study some women were still ustng oral contraceptives

after a thrombotic eveflt (former thrombosis patients), while others were barred from

using oral cofltraceptives. Mosdy it was the physician who treated the patient, who had

urfluenced this decision. The only influence on this decision could be the extensiveness of

thc deep venous thrombosis and possibly the combination with pulmonary embolus.
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The data derived from the different analysis in our study may help to explain why

women who use oral contraceptives, and have no othet known tisk factors (such as

inherited clottrng defects, malgnancy), develop thrombosis. Apparently some womefl

become "high hemostatic responders" when exposed to oral contraceptiver;, and these

may be the women most !'u.lnerable to its thrombogenic effects.
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Case

Two 17-year-old gtls, monozygotic twurs, living in the Netherla.nds, went

together by arplane to the United Kingdom for a short holiday. In London they climbed

thc stairs of St Paul's Cathedral, as part of a s4;ht-seeing tour. During the next day one of
the g-tls noticed increasing pain in the right calf and swelling of the leg, for which she

consulted a doctor at Hammersmith Hospital. She had no shortness of breath and no

chest pain. She had no relevant past medical history, no history of ffauma, surgery or

immobilisation (except from the short flrght between Amsterdam and London). She had

started using Dianette (a cyproterone acetate- and ethrnyl estradiol-containing oral

contraceptive) three months previously for the treatment of acne, dysmenorrhoea and

pre-menstma.l headache. Her father had had a venous thrombosis at the age rtf 20 years

and her materna.l grandfather had a deep-vein thrombosis after an operation.

On admission her temperature was 31 3aC, pulse was 94/mn., regrrlar.

Cardiorespiratory and abdominal examinations were normal. Her right le5; was swollen

with mild local erythema and local tendemess. An acute right deep-vein thronnbosis was

confirmed by an abnormal compression ultrasound test of the right leg. She rvas started

on intravenous heparin 20,000 units for 24 hours, and analgesia. Her chest X-ray was

normal and her laboratory results were all wrthin normal limits. After 48 hours she started

using warfarin and on the 6th day after admission she was discharged on warfarin 5 mg

daily.

Back in the Nethedands anticoagulation treatment was discontinued after three

months, but two months later she developed a deep-vein thrombosis of her left leg.

Anti-coagulation treatmeflt was restarted. Labotatory assays of the patient (rro
medication) werc: APC resistance: 0.54, factor V Leiden mutation present (hete rozygous),

protein C act.; 102% (normal), protein C ag;960/o (normal), protein S ag.; 989r, (normal),

anti-thrombin; 1,1,4o/o (normal), no anti-fospholipids detectable. She now usr:s lrxlutrin

(twice daily 0.5 mg lynestrenol). The other twin had started the same contraceptive on the

same day as her sister, because of dysmenorrhoea. After her sister developecl venous

thrombosis ir1 the United Kingdom, she also stopped using combinecl oral

contraceptives. Like her sister, she is carrier of factor V Leiden mutation (het,erozygous,

APC-r; 0.58) and has no other clotting defects. Both sisters were advised n,rt to start

using combined oral contraceptives again and were counselled for other m.ethods of
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conffaception e.g., progestin only pills.

Venous thrombosis is a multifactorial disease, the presence of an inherited

clotting defect by itself predisposing towards thrombosis is often not enough to develop

venous thrombosis. Interaction wlth other component causes is required (inherited or

acquired) before onset of the clinical disorder, especially 
^t 

young age. A

gene-environment interaction between oral contraceptive use and carriership of factor V

Leiden mutation has been descnbed; the nsk rises 30-50 fold among womefl with the

combinationl'2. In addition we have found that women with inherited clotting defects

who use oral contraceptives develop venous thrombosis not only more often, but also

soonel.

Most monozygotic twins are phenotypically similar, but there are some

monozygotic rwrn palfs who are neither phenotypically nor genotlpically identical.

Mechanisms for differences in monozygotic twins are complex and not frrlly understood.

A wide range of antenatal genetic and environmental influences can cause phenotypic and

genorypic divergencea's. An explanation why one of the twin developed a deep veur

thrombosis and the other not, could be that the environmental circumstances were not

totally the same: for instance, one having a window seat and the other an aisle seat i1 the

plane. Finally, they mght have exerted themselves differently during their holiday.

The case, in which one half of a monozygotic twin pair developed deep-veur

thrombosis after a monozygotic twin had started using oral contraceptives on the same

day @oth sisters were hetetozygotic carriers of factor V Leiden mutation), shows us that

gene-environment interaction is complex and not fllly understood.
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DISCUSSION AND SUMMARY

Since oral contraceptives have been introduced, it has become clear that, like all

medicines, they have adverse effects. Most important is the effect on the cardiovascular

systeml. After the first case report by Jordan of a nurse who developed pulmonary

embolism after oral contraceptives as a treatment for endometriosis'. many studies were

conducted on the association berween oral contraceptive use and venous thtornbosis, and

on the effects of oral contraceptives on the hemostatic system (procoagulation,

anticoagulation and fibrinolysis). Epidemiological studies (cohort- and c:ase-control

studies) showed that oral contraceptive use was aclear risk factor for venous thrombosis

and studies with healthy volunteers (randomised and cross-sectional studies) showed that

oral contraceptives alter various hemostatic variables, inducing a coagulation system

slightly tilted towards a prothrombotic state (chapter 2). ln order to reduce the

cardiovascular nsk during oral contraceptive use, the estrogen type was changed from

mestranol into ethrnyl estradiol and the estrogen content was lowered from 100 pg to 50

pg ethmyl estradiol and less. The decrease from 100 pg to 50 pg seemed effective in

decreasing the risk of arterial and venous disease. Nevertheless, the lowe:ring of the

estrogen cofltent to less than 50 pg ethmyl estradiol and the efforts to produce newer

rypes of progestogens wrth the idea that they might have less lmpact on the hemostatic-

and lipid-system did not lead to the expected further decrease in incidence of venous

thromboembolisml (chapter 3 and 6).

In 1995 several studies showed that the newer "third generation" oral cotrtraceptives

which contaured desogestrel or gestodene as progestogefls have a hrgher risll of veflous

thromboembolism than the older "second generation" oral contraceptives wh.ich contarn

mainly levonorgestrel3 u. Subsequent studies had variable results' 16. The original studies

were heavily cntrcised, rt was hypothesised that the observed higher risk for ora.l

contraceptives containing desogestrel or gestodene was completely explained by bras and

confounding. Old and new counterarguments were put forward, such rls selective

prescribing (confounding by rrdrcation), referal and diagnostic suspicion bias, healthy

user effect, atritiofl of susceptibles, an artefact of differences in duration of use, the

absence of a biologcal explanation, inadequate statistrcal analysis etc. Dunng a conference

orlp.nised by the World Health Orppnzation, a committee of indepe,ndent and

unrnvolved researchers discussed all pubtished and many unpublished studies rn
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November 1997. This resulted in the conclusion: "Combined oral contraceptives

containing desogestrel or gestodene probably c rry a small risk of venous

thromboembolism beyond that attributable to combined oral contraceptives containing

levonotgestrel" 1. Scientific background papers, among them an excellent review by

l7alker rn Contraceptiln, came to the same conclusionlT 21 (chapter 2).

In the present thesis we describe a study in which we found that low dose oral

contraceptives with a third generation progestogen have a hrgher risk of venous

thrombosis than the previous generation of oral conffaceptives. The higher risk

associated wrth oral contraception with a third generation progestogen compared with

previous generations was also present in women without factor V Leiden and without a
positive family history, i.e. preferential prescription because of family history could not
explain our findings (chapter 3). In a second case-control study, in the present thesis, rn

which we were able to exclude the diagrrostic and referral bias, we also found that third

generation oral contraceptives lead to a hrgher risk than second generation oral

contraceptives. Moreover we confirmed that the risk of venous thromboembolism with

currently available oral contraceptives still exists (chapter 6), and is higher than generally

believed, also for preparations containing a low dose of estrogen.

As regards the arterial thrombosis it has been clarmed that oral contraceptlves which

contain desogestrel and gestodene lead to a lower nsk of myocardial infarction compared

with levonorgestrel containing oral contraceptives. These conclusions were based on

results ftom studies without cLnical endpoints. The few studies wrth cllnical endpoints,

which wete all quite small, led to contradictory results22 2u. We have to wait for the result

of larger ongoing studies before we can make an evidence-based decision on the

indicatron for prescribing thfud generation oral contraceptives. For example, for the over

35-year-old woman who smokes26. Recently, the results of a large case-control study were

published, in which the association between myocardial infarction and the use of different

t,?es of oral contraception in young women was determined: no benefit of third
generation as compared with second generation products was found27.

The largest benefit of the whole debate on third generation oral contraceptives is

that many researchers are (again) interested in investrgating the associatiofl between oral

contraceptive use and venous thrombosis, a field in which during the previous decades

few new insrghts have been reported. Flowever, the pathogenesis of the development of
venous and arterial thrombosis during oral contraceptives remains unclear. At the
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moment epidemiology and biochemistry seem to meet each other: the model of
gene-envtonment interaction is a tremendous step forward in understandinp; when and

why oral cofltraceptives develop vellous thromboembolism28. The interaction between

factor V Leiden and oral contraceptive use is probably the best example of the new

inslghts2e (chapter 3) @igure 1), but the other inherited clotting defects (which are

themselves risk factors of venous thrombosis, protem C-, protern S-, antithrombrn

deficiency and newly detected prothrombin mutation3o,31) also appe :r to lead

synerglstically with oral contraceptive use to an excess nsk of development of venous

thrombosis32'33.

Figure l. Deep-vein thrombosis per year per 10000 women

OC-FVL- OC+FVL- OC-FVL+ OC+FVL+

OC: oral contraceptives
FVL. factor V Leiden

Interaction of oral contraceptive use and factor V Leiden

Along the line of this model we investigated the combined effects of hrgh factor VIII
levels and oral contraceptive use in the occurrence of venous thrombosis (chapter 5).

Furthermore, we found that women with rnherited coagulation defects, whern they are
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exposed to oral contraceptrves, develop venous thrombosis in the early stage of use

(chapter 4), which conf,rms an old clinical impression3a.

When investgatmg the effect of ora-l contraceptive use on hemostatic variables, we

find that procoagulation is stimulated, anticoapplation is inhibited and fibrinolysis is

stimulated. How to interpret these findings remains difficult. The concept that the

increase rn procoagulation is counterbalanced by an increase in fibrinolysis3s seems

illogrcal, since we do not know what the impact is of the changes in the different

hemostatic systems, i.e. what the net result will be. Moreover, to date no effect of

variation tn the fibrinolyic system on the risk of thrombosis has been demonstrated, i.e.,

fibnnolysis appears to play at most a minor role here. To estimate the net effect, we have

to go back to epidemiologcal studies which investlpp.te clinrcal endpornts, instead of

intermediate endpoints (plasma levels of hemostatic variables).

Nevertheless, hemostatic srudies may improve our understanding. In this thesis a

randomised experiment shows that cuffeflt low-dose oral contraceptives stimulate

procoapplation. inhibit anticoagulation and stimulate fibnnolysis (chapter 7). There is

now evidence that even small functional differences in hemostatic variables can be

considered as risk factors for venous thrombosis. such as elevated levels of factor II,

factor VIII and fibrinogent6'8 and decreased levels of normalised activated protein C

sensitrvity ratro's (n-APC-sr)3e. Oral contraceptive use seems to rnfluence all parts of the

hemostatic system towards a prothrombotic state, even the antifibrinolysis m4;ht be

increasedoo. May'be it is the combination of the alterations of these several hemostatic

vanables that leads to an increased risk of venous thrombosis. lt was interesting to find

that genetic polvmorphisms modify the response of factor VII levels to oral contraceptlve

use (chapter 8). This is another example of gene-envuonment interaction and may bc

relevant to the interpretation of the cffects of oral co[traceptives on the hemostatic

system.

Recently, several srudies reported that oral contraceptive use leads to an increase in

APC-resistance't' o'. ()ne problem when comparing these studies is that differeflt assays to

measure APC-resistance were used (trtrinsic vs extrinsic pathway, "in house" vs

"commercia1"). Although all tests show that oral contraceptive use increases resistance to

the anticoagulant action of activated protein C, the tests seem to differ rn their sensitivitl

to sex-steroids. One assay (prothrombin-time based), developed by Rosrng, ls particularly

promising. The assay shows hrgh sensiuviry* for use of oral contraceptives, of all rypes,
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and evefl distingurshes between different "generations" oral conffaceptives in accordance

with the epidemiological findrngs. Women who used third generation containing oral

conttaceptives were less sensitive to activated protern C than women usiing second

generation containing oral contraceptives and had n-APC-sr that did not diffet ftom
heterozygous female carriers of fzctor V Leiden who did not use oral contraceptives'5'o'.

Probably, investrgating the effect of oral contraceptives on the hemostatic system tr
healthl women will not be sufficient for understanding the pathogenesis of venous

thrombosis during oral contraceptive use. We therefore studied women who had suffered

a deep-vein thrombosis during oral contraceptive use and had continued using oral

contraceptives after their anticoagulation treaffnent had been stopped. !7e fc,und that in

former thrombosis patients several of the effects of oral contraceptives were more

pronounced than in the healthy u/omen: speci.fically on factor \lll, antithrombin,

n-APC-sr and ptotein C (chaptet 9). In chapter 10 a case is presented, in whrrch one half

of a motozygotic twin pair developed deep-vein thrombosis after they had started using

oral contraceptives on the same day (both sisters were heterozygotic cariers of factor V
Leiden mutation). This shows us that gene-environment interaction is complex and not
firlly understood.

Recently major progress has been made in our understanding of the pathogenesis of
venous thromboembolism during oral contraceptive use. The greatest promise may lie in

the interaction between inherited tendencies for thrombosis and oral contra,ceptive use.

Virchow's third factor, "composition of the blood", has thus to be split rn zm inherited

and an acquired partas; their effects mrght even reinforce each otler. Varrahon in the

susceptibility of the individual woman holds the key to provide a biolog-rcally plausible

explanation of why oral contraceptives cause venous thrombosis. We are confident that

this knowledge will be helpful when developing new and even safer oral colrtraceptives

and other medically used sex-steroids.
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Orale anticonceptiva -"de pil"- ziin beschikbaar sinds de 60'er jaren en worden

momenteel door meer dan 100 miljoen wouwen in de gehele wereld gpbruiktl. In

Nededand is de pil het meest gebmikte voorbehoedmiddel, in 1997 gebnLikte van de

wouwen tussen de 16 en 50 jaar,43.30/o de pil en in de leeftijdscategoie 20-25 laar zelfs

73.3o./02. De effecten van pilgebruik blijven in de belangstelling staan van vrouwen, de

artsen, de media, in toenemende mate juristen, omdat de pil de meest gebruilte medicatie

is van gezonde wouwen in de ontwikkelde wereld. Sinds de introductie van orale

anticonceptie, blijkt dat de pil behalve gunstige (bij)werkingen, zoals bescherming tegen

het optreden van een zwangerschap, evenals andere medicatie, minder gunstige

bijwerkingen heeft. Het belangriykst datrbrj is het effect op het cardiovasculaire systeem

(het krijgen van hart- en vaatziekten)3 s. Orale anticoncq>tiva bernvloeden r1e stollings-

(zie addendum I), koolhydraten-, lipiden- en endotheliale systemen, mechanismen die de

bloeddruk reguleren en waarschijnlijk tot nu toe onbekende systemen, waardoor er een

verhoogd risico ontstaat op cardiovasculaire ziektens 12. Cardiovasculaire bijwerkingen

kunnen onderverdeeld worden in arteri€le thrombose (hartinfarct, herse:ninfarct en

hersenbloeding) en in veneuze thrombose (diepe veneuze thrombose, longembolie en

herseninfarct)113.

De in drt proefschdft beschreven onderzoekingen hadden tot doel om meer

inzicht te krijgen in het effect van pilgebruik op de stolling. Het is een pogrng om te

begnlpen waarom de pil cardiovasculaire ziekten veroorzaakt, m het bijzon,ier veneuze

thrombose.

Jordan beschreef de eerste casus waarbij een verpleegkundige, in aansluiting op

pilgebruik als behandelng van haar endometriose een longembolie krecgla. Hierna

volgden er vele studies die de associatie tussen pilgebruik en het ko,ge, \'an veneuze

thrombose bestudeerden en het effect van pilgebruik op het stollingssysteem (pro-

coagulatie, anti-coagulatie en fibrurolyse) bekeken. Epidemiologrsche studies (vervolg- of
follow-up en patiEnt-conffoleonderzoeken) lieten zien dat pilgebruik een duidelijke

risicofactor was voor het krilgen vail veneuze thrombose. Tevens l-ieten onderzoekingen

met gezonde wiiwirugsters (gerandomiseerde en cross-sectionele onderzoelingen) zien

dat ptlgebruik effect heeft op verschillende stollingsvariabelen en het stollingssilteem ifl de

richting van een zogenaamde pro-thrombotische situatie la t gaan (hoofdstuk 2). Omdat
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men bijwerkingelr, zoals eefl verhoogde kans op hart- en vaatziektefi, toeschreef 
^aflhet

oestrogeen in de pil, is sinds de introductie het type oestrogeen veranderd van mestranol

in ethinyl estradiol en is getracht de hoeveelheid daarvan terug te brengen van 100 *gflaat
50 pg en naar 30 pg ethinyl estradiol. De vermindering van de hoeveelheid ethinyl

estradiol van 100 Ve t ^r 
50 pg lijkt het risico op arteriile en veneuze thombose te

vedagen. De vedaS'ing van het oestrogeen gehalte naar mindff dan 50 pg had niet het

gewenste tesultaat. En ook de introductie van nieuwe soorten progestagenen met de

gedachte dat deze soorten minder effect zouden hebben op het stollings- en

vetstofirisselingssysteem, leidde niet tot de verwachtte verdere daling in het voorkomen

van veneuze thrombose Ujdens pilgebruiks (hoofdstuk 3 en 6).

In december 1995 en januari 1996 werden vier studies gepubliceerd. Deze

concludeerden allen dat wouwen die desogestrel en gestodeen bevattende pillen (derde

generatie) gebruikten, een gemiddeld twee keer zo hoog relatief risico hadden op het

ktiig.n vafl veneuze thrombose als gebruiksters vafl oudere pillen zoals die met

levonorgestrel (tweede generatie)10-18. Studies die volgden lieten verschillende uitkomsten

zien'e'zg. De oorspronkelijke studies werden hevig bekritiseerd; er werd gesuggereerd dat

het gevonden hogere dsico van de desogestrel of gestodeen bevattende pillen geheel

verklaard kon woiden door verstorende factoren (confounders) en vertekemng (bras).

Oude en nieuwe argunenten werden ia r voren gebracht, zoals selectref

voorschrijfgedrag (confounditg by urdicatron); artsen zouden de dragnose vefleuze

thtombose vaker stellen bij gebruik van detde-generatiepillen (referral en diagnostic

suspicion bias); "healthy user effect"; "attrition of susceptibles"; het niet corrigeren voor

een verschil in duur van pilgebruik; de afivezrgheid van een plausibel biologrsche

verklaring; inadequate statistische analyse etc. Tijdens een conferentie georppniseerd door

de lTeteld Gezondheid Organisatie (VTIO) in november 1997, discussieerden een

commissie van onafhankelijke en niet betrokken onderzoekers over alle gepubliceerde en

vele van op dat moment nog niet gepubliceerde onderzoekingen. Hierbij kwam men tot

de conclusie dat oral anticonceptiva die desogestel of gestodeen bevatten waarschijnlijk

een Hein verhoogd tisico geven ten opzichte van orale anticonceptiva die levonorgestrel

bevattens. lfetenschappelijke achtergrondcommentaren, waaronder een uitstekend

ovezichtsartikel van Walker gepubliceerd tn Contranption, k-xamen tot dezelfde conclusie4
2e 32 (hoofdstuk 2).

In dit proefschrift wordt eeri studie beschreven waain we vinden dat de
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moderne laaggedoseerde pillen die het derde generatie progestageen desogestrel bevatten

een hoger risico op veneuze thrombose geven dan de oudere generatie pillen. Dit hoger

risico geassocieerd met gebruk van eefl derde-generatiepil ten opzichte l'an oudere

generatie pillen, was ook aanwezig bij vrouwen die 5;een draagsters van facto:r V Leiden

mutatie zljr. et wouu/en zonder een positieve familiegeschiedenis voor rvat betrcft

veneuze thrombose. Dit betekent dat selectief voorschrijfgedtag t.a.v. familieg,:schiedenis

de bcvindilgen niet kon verklaren (hoofdstuk 3). In ccn tweed,e patiel]t-

controleoflderzoek, beschreven in dit proefschrift, waarin we de mogelijke invloed van

"diagnostic suspicion en referral" bias konden uitsluiten, vonden we op,nieuw het

verhoogd nsico voor de derde-generatiepillen. Bovendien bevestigden we dat het risico

op veneuze thrombose met de tegenwoordig beschikbare pillen nog steeds bestaat cn dat

dit hoger is dan algemeen werd aangenomen, ook voor de preparaten die lage doseringen

oestrogenefl bevatten (hoofdstuk 6).

Voor wat betreft de arteridle thrombose was er lange trjd het argumr:nt dat het

slikken van pillen die desogestrel of gestodeen bevaften eerr voordeel hadilen op het

optreden van hartinfarct il vergelijking met pillen de levonorgestrel bevatten. Deze

conclusies waren gebaseerd op de resultaten van onderzoekingen zonder klinische

eindpunten. l)c weinige studies met klinische eindpunten waren allemaal tamelijk klein en

gaven aanleiding tot blijvende controverse" tu. We moetcn wachten op de resultaten van

nog lopende studies om een evidence-based uitspraak te doen over wanneer er nog een

indicatic bestaat om een derde-generatiepil voor te schrijven. Bijvoorbeeld, voor vrouwelr

ouder dan 35 laar die roken3t. Recent werden de resultaten vall relr goot patlent

corrtroleonderzoek gepubliceerd. waartr de assocratie tussen harttnfzrct en p;ebruik van

verschillende piltypen bij jonge vrouwen werd besrudeerd. Er werd geen voordeel van

derde generatiepillen ten opzichte van tweede-generatiepillen gevonden3s.

De gehele controverse rondom de derde-generatiepillen heeft ertoe geleid dat

(opnieuw) vele ondcrzoekers geihteresseerd zlin geraakt irr onderzoek naar pilgebruik en

cle associatie met veneuze thrombose, een p;ebied van waaruit gedurendt: dc laatse

decennra wernig nleuws werd gemeld. Desondanks is de pathogerese van hct knjgen van

veneuze en arteriele thrombose tijdens prlgebruik nog niet geheel opgehelderd. Op het

moment lijken de epidemiologre en de biochemie elkaar te ontmoeter: het model van

omgeving-geninteractie is een belangnjke stap voorwaarts in de beg'nps\'orrnmg van

wanneer en waarom pilgebruik veneuze thrombose geeft3e. De interactie tusscn factor V
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Leiden mutatie en pilgebruik is waarschijnliik het beste voorbeeld van de nieuwe inzichten

in deze materieoo (hoofdstuk 3, zie ook blz 161., Frguur 1). Ook de andere erfelijke

stollingdefecten, die op zichzelf risicofactoren ziin voor het knjgen van veneuze

thrombose (proteme C-, proteine S-, antithrombme deficidntie en de pas ofltdekte

prothrombine mutatieal'a) Iijken -synergistisch met pilgebruik- te leiden tot een toename

in het risico op het ko,g", van veneuze thrombosea3,aa.

In aansluiting op dit model hebben we de gecombineerde effecten van hoge

plasmaspiegels van factor VIII en pilgebruik op het krijgen van veneuze thrombose

bestudeetd (roofdstuk 5). Verder ontdekten we dat wouwen die draagster zljrr van

erfelijke stollingsdefecten, wanneer zij de pt gaan gebruiken, vaker veneuze thrombose

krijgen tijdens kortdurend pilgebnrik (hoofdstuk 4). Dit bevestrgt een al langer bestaande

klinische indmkas.

Indien we de effecten van pilgebruik op stollingsvariabelen bekijken, vinden we

dat de pro-coagulatre is gestimuleerd, de anti-coag:latie in verminderd en de fibrinolyse is

gestimuleerd. Hoe we deze bevindingen moeten interpreteren bliift moeilijk. Het pnncrpe

dat de toename in pro-coagulatie wordt tenietgedaan door een toegenomen fibrinolysea6

lijkt onlogrsch, omdat we niet weten wat de impact van de veranderingen op het gehele

stollingssysteem is, met andere woorden wat het netto effect is. Bovendien is tot nu toe

nog geefl effect van variatre in het fibrinolyse systeem op het tromboserisico aangetoond,

fibnnolyse lijkt hierin een ondergeschikte rol te spelen. Om het uiteindelijke effect in te
schatten moeten we terug gtp", op epidemiologische onderzoekingen die klinische

eindpunten bestuderen m plaats van intermediaire eurdpunten (plasma spregels van

s tollingsvariab elen).

Toch kunnen bovengenoemde ondetzoekingen ons helpen. In dit proefschrift laat

een gerandomiseerd experiment zien dat de modeme laagp;edoseerde pillen de pro-

coagulatie strmuleren, de anti-coagulatie remmen, en de fibrinolyse stimuleren (hoofdsruk

7). Er zijn thans aanwijzingen dat zelfs deze kleine functionele verandenngen in

stollingsvariabelen beschouwd kunnen worden als risicofactoren voor veneuze

thrombose, zoa)s daar ziin verhoogde prothrombine, factor vIII en fibrinogeen

spiegels" o' en afgenomen spiegels van genorrnaliseerde geactiveerd proteihe C-

gevoeligheids ratio's (n-APC-sr)s0. Pilgebruik lijkt alle onderdelen van het stollingssysteem

te beihvloeden in de richting van een prothrombotische sinratie, zelfs de anti-fibrinolyse

kan toegenomen zijn12. Misschien is het de combinatie van de veranderingen var, deze
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verschillende stollingsfactoren die leidt tot een toegenomen risico op het krijgen van

veneuze thrombose. Het was interessant te vinden dat genetische polymc,rfismen de

respons van factor VII spiegels op prlgebruik beinr.loeden (hoofdstuk 8). Dit is een ander

voorbeeld van gen omgevin5ynteractie en kan belangnlk zljr' bij de interpretatie van de

effecten van pilgebruik op het stollirgssysteem.

Recent hebben verschillende onderzoekingen beschreven dat pilgebruik meer

verworven APC-resistentie geeftlo's1 56. Bij vergelijking van deze onderzoekingen is het een

probleem dat verschillende testen om APC-resistentie te meten werden gebruikt

(intrinsieke versus extrinsieke stollingssysteem, -in huis testen- versus c,cmmerci€le

testen). Alle testen laten zien dat prlgebruik leidt tot een toename in resistentie van de

anti-coagulatieactiviteit van geactiveerd proteihe C; de testen blijken verschillend rn de

gevoehgheid voor geslachtshormonen. E6n tcst, ontwikkeld door Rosrng, is veelbelovend.

De test laat grote gevoeligheid voor pilgebmik zien en kan zelfs het onderscheid maken

tusser de verschillende generaties van prllen, in overeenstemming met de

epidemiologrsche bevtrdrngen. Vrouwen die derde-gefleratiepillen gebruikten 'yertoonden

minder gevoeligheid voor geactiveerd proteine C dan vrouwen die tweede-generatiepillen

gebruikten en hadden n-APC-sr's die niet verschilden van heterozygote dra:rgsters van

factor V l-eiden mutatie, die geen pil gebruiktenlo'ss su.

Waarschijnliik is het onderzoeken van het effect van pilgebru:k op het

stollmgssysteem bij gezonde vrouwen onvoldoende om inzicht in de patho,qenese vafl

pilgebruik en veneuze thrombose te krijgen. Daarom hebben we vrouwen h,ekeken die

een thrombosebcen tijdens pilgebruik hadden gekregen en ons informeerdert dat zij na

het staken van de anti-stolling dc pil waren blijven gebruiken. We ontdekten dat bri ex

thrombose patidnten de effecten van pilgebruik op het stolltrgssysteem meer

uitgesproken waren dan bij gezonde vrouwen; speciaal gold dit voor de stollingsvariabelen

factor VIl, antithrombrne, n-APC-sr en protetre C (hoofdstuk 9). in hoofdstuk 10 wordt

een casus gepresenteerd waarin een cene45e tweeUn€], beiden draagster van factctr V

Leiden mutatie, tegelijkertiid dezelfde pil gaat gebruiken en 66n van de tuzeeLng een

thrombosebeen kriygt en de ander niet. Hieruit btijkt dat gen-omgevrngrntr:ractie rriet

geheel begrepen en complex is.

Recent is gtote vooruitgang geboekt ur ons inzicht in de pathogenese van veneuze

thombose tiidens pilgebruik. De Efootste vooflritfIar1g is waarschijnlijk de interactie tussen

erfelijke stollingsdefecten en pilgebruik. Virchow's derde factor, "samenstelling van het
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bloed", moet eigenlijk opgesplitst worden in een erfehike en een verworven gedeeltesT;

deze effecten kunnen elkaar zelfs versterken. Variatie in de gevoeligheid van urdividuen is

waarschijnlijk de sleutel naar een biologische plausibele verklaring waatom pilgebruik

veneuze tlrrombose vetootzaakt. We hebben er vertrouwen in dat deze kennis in de

toekomst behulpzaam zal zljr, bii de ont'*dkkeling varr nieuwere en nog veiligere

anticonceptiepillen en andete hormonale prepataten.
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Addtndun II

Addendum II
Sex steroids used in oral contraceptives and in hormone replacement therapy

1) Estrogeos

oatural

synthetic

coojugated

2) Progestogeng
natural

synthetic (lst,2nd,3rd,4thgeneratioa,misc.)

3) onl contraceptivee combinatione

monophasic

biphasic

triphasic

ad 1) estrogens ad 2) pggaeClgSgsC

yuthetb fhtgmratiu
etiyoodiolacetate

mesftmol lynesttenol

ethiryl estradiol (in cuumdy available norethisterone (acetatQ

oral contraceptives) norethynodrel

dimestrol seeotd gmmtiot

norgestrel

mttd levooorgestrel

lorgesttroqe
17 0-oestradiol thiilguration
oestdol desogestrel

oestradiol valeriate gestodme

florgeshEate

orlrgated Jurtb gnmtiot
ch.lomadinone

conjugated estroge cyprote(one

p rogestorone

dydrogesterone

medrogestone

medroryprogesterone acetate

tibolone
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Addendun II
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The common progestogeas. AJthough not synthet.ically accurate, if norethindrone is considered the

parent progestogen, the substihrent alterations in the various ana.logs can be appreciated.
Adapted from Peterson CM. Progestogens, Progesterone Antagonists, Progesterone, and Androgens:
Synthesis, Classification, and Uses. Clin Obstet Gynecol 1995; 38(4): 815.
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Addendan III

Addendum III

Oral contraceptives available in the Netherlands in 1999

Product name type of esuogen and progestogen

20 pg ethinyl estradiol
Monophasic
HarmoneC
Melianex

Mercilon*

30 pg ethinyl estradiol
Monophasic
Stediril 30

Microgynon 30

Marvelon*
Femodeenx

MinuleC

> 30 pg ethinyl estradiol and < 37.5 pg ethinyl estradiol
Monophasic
Ministat
Mini Pregnon

Neocon
Modicon
Diane 35

Cilest

Triphasic
Trinordiol/
Tngynon

Tnnovum

Triodeen/
Tn-minulet*

number of tablets
in one month

ethinyl estradiol 20 pg and gestodene 75 pg 2'l

ethinyl estradiol 20 pg and gestodene 75 prg 21

ethinyl estradiol 20 pg and desogestrel 150 gg 21

ethinyl estradiol 30 pg and levonorgestrel 125 pg

ethrnyl estradiol 30 pg and levonorgestrel 125 pg

ethinyl estradiol 30 pg and desogestrel 150 pg

ethinyl estradiol 30 pg and gestodene 75 prg

ethinyl estradiol 30 pg and gestodene 75 pg

ethinyl estradiol 37.5 pg and lynestrenol 0.75 mg
ethinyl estradiol 37.5 pg and lynestrenol 0.75 mg
ethinyl estradiol 35 pg and norethisterone 1.0 mg
ethinyl estradiol 35 pg and norethisterone 0.5 mg
ethinyl estradiol 35 pg and 2 mg cyproterone acetate

ethinyl estradiol 35 pg and norgestimate 250 pg

ethinyl estradiol 30 pg and levonorgestrel 50 pg

ethinyl estradiol 40 pg and levonorgestrel 75 pg

ethinyl estradiol 30 pg and levonorgestrel 125 pg

ethinyl estradiol 35 pg and norethisterone 0.5 mg
ethinyl estradiol 30 pg and norethisterone 0.75 mg
ethinyl estradiol 30 pg and norethisterone 1.0 mg

ethinyl estradiol 30 pg and gestodene 50 pg

ethinyl estradiol 40 pg and gestodene 70 pg

ethinyl estradiol 30 pg and gestodene 100 pg

21

21

21

21

21

21

21,

21

21

2l
21

6

5

10

1

7

1

6

5

10
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Product name type of estrogen and progestogen

50 pg ethinyl estradiol or mestranol

Monophasic

number of tablets
in one rnonth

Orulen 50

Neogynon 21

Stediril-d

Ortho-Novum 1/50
Ovostat
Pregnon 28

Microgynon 50

Neo-stediril

Biphasic

Ovanon

Binordiol

Fysioquens

Ovidolx

Progestogen only

Exluton
Cerazette*

ethinyl estradiol 50 pg and ethynodiolacetate 1.0 mg

ethinyl estradiol 50 pg and levonorgestrel 250 pg

ethinyl estradiol 50 pg and levonorgestrel 250 prg

ethinyl estradiol 50 pg and norethisterone 1.0 mg

ethinyl estradiol 50 pg and lynestrenol 1.0 mg

ethinyl estradiol 50 pg and lynestrenol 1.0 mg
ethinyl estradiol 50 pg and levonorgestrel 125 pg

ethinyl estradiol 50 pg and levonorgestrel 125 pg

ethinyl estradiol 50 pg

ethinyl estradiol 50 pg and lynestenol 2.5 mg

ethinyl estradiol 50 pg and levonorgestrel 50 pg

ethinyl estradiol 50 pg and levonorgestrel 125 pg

ethinyl estradiol 50 pg

ethinyl estradiol 50 pg and lynestrenol 1.0 mg

ethinyl estradiol 50 pg

ethinyl estradiol 50 pg and desogestrel 125 pg

Iynestrenol 0.5 mg

desogestrel 75 pg

21

21

21

21

22

22

21

2t

1

l5
l1

l0
'7

l5
1

l5

'28

28

Depo-provera medro>,Tprogestorone acetate 150 mg 1 injection/3 months

* containing third generation progestogens, it is discussable if norgestimate should be, included in

this group, because it is partly converted to levonorgestrel (a second generation progestogen)
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