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Summary. Hundreds of millions of women worldwide use
either oral contraceptives or postmenopausal hormone replace-
ment. The use of oral contraceptives leads to an increased risk of
venous thrombosis, of myocardial infarction, of stroke and of
peripheral artery disease, the risks of which are highest during
the first year of use. Women with coagulation abnormalities
have a higher risk of venous thrombosis when they use oral
contraceptives (or postmenopausal hormones) than women
without these abnormalities. The risk of venous thrombosis is
also higher for preparations containing desogestrel or gestodene
(third-generation progestogens) than for those containing
levonorgestrel (second-generation progestogens). A previous
thrombosis as well as obesity also increase the risk of oral
contraceptive-related thrombosis. Hormone replacement therapy
increases the risk of venous thrombosis, and has no beneficial,
and possibly even a detrimental, effect on the risk of arterial
disease. The risk of arterial disease in oral contraceptive users
and users of hormone replacement therapy is at most weakly
affected by the presence of prothrombotic abnormalities.

Keywords: venous thrombosis, myocardial infarction, stroke,
estrogens, progestogens, oral contraceptives, hormone replace-
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Introduction

Widespread use of female hormones began in the 1960s with the
availability of oral contraceptives. It is estimated that world-
wide 100 million women use an oral contraceptive [1]. Hor-
mone replacement therapy gained popularity from the 1970s
onward, and recent estimates show that 30—40% of postme-
nopausal women in the USA, and 33% of women in the UK, are
users of postmenopausal hormone substitution [2—4]. With such
a large number of people taking a drug, even the smallest
increase in risk of side-effects will affect the lives of many.
Therefore, knowledge of these risks and efforts to reduce them
are of crucial importance. Female hormones have a variety of
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side-effects, of which thrombosis is the most frequent and most
important. Side-effects include venous thrombosis, myocardial
infarction, peripheral artery disease and ischemic stroke.

The first thrombotic side-effect of oral contraceptives was
reported in 1961, when a nurse developed pulmonary embolism
shortly after starting an oral contraceptive containing 100 pg
estrogen (mestranol) and norethynodrel as progestogen for com-
plaints of endometriosis [5]. Ischemic stroke in an oral contra-
ceptive user was first reported in 1962 [6], and the first case of
myocardial infarction (MI) in 1963 [7]. For a long time it was
believed that estrogens in postmenopausal hormone replace-
ment had no effect on thrombosis, or would even lower the risk.
Early studies in men, when estrogens were tried for the treatment
of coronary disease, showed an increased risk of thrombosis [8],
as was observed in the administration of estrogens to transsex-
uals [9]. Recently, it has been shown that estrogens in hormone
replacement therapy also increase the risk of venous thrombosis
[10-12], as well as of MI [13].

Although venous and arterial thrombosis both have occlusive
clot formation as the final event leading to disease, risk factors
for both disorders only partially overlap. As Virchow first
pointed out in the mid-nineteenth century, causes of thrombosis
can be divided into those that affect blood flow (i.e. stasis), those
that affect blood composition (i.e. hypercoagulability) and those
that affect the vessel wall (e.g. atherosclerosis) [14]. The two
latter categories nowadays are often also classified as either of
genetic or environmental origin. In the low pressure venous
vascular bed, stasis plays a major role as a risk factor for venous
thrombosis, as does hypercoagulability. Previous venous throm-
bosis is the strongest predictor of a subsequent venous throm-
bosis, due to damage to the venous valves, which leads to stasis.
The occurrence of arterial thrombosis is mainly determined by
the development of atherosclerotic changes in the arterial vessel
wall, while stasis plays no role. The relevance of a hypercoa-
gulable state in the etiology of arterial disease is controversial.
For some determinants it is not obvious how to classify them, i.e.
age is related to both venous and arterial thrombosis, and older
age may be accompanied by more stasis, vessel wall changes as
well as an increased prothrombotic state. Pregnancy increases
venous thrombotic risk due both to the effect of an altered
hormonal state, and to stasis because of vein compression.
Hyperhomocysteinemia increases the risk of venous and arterial
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Table 1 Risk factors for thrombosis

Stasis Vessel wall changes ~ Hypercoagulability

Venous thrombosis

age age antithrombin deficiency
previous thrombosis previous thrombosis  protein C deficiency
surgery protein S deficiency
pregnancy FV Leiden

puerperium prothrombin 20210A

plaster casts
prolonged travel
immobilization

antiphospholipid syndrome
dysfibrinogenemia

high levels of prothrombin
high levels of FVIII

high levels of FIX

high levels of FXI

high levels of TAFI

pregnancy
malignant disease
estrogens
Arterial thrombosis
- age estrogens
smoking antiphospholipid syndrome
hypertension hyperhomocysteinemia

hypercholesterolemia FV Leiden (?)

diabetes mellitus prothrombin 20210A (?)

lack of exercise high levels of FVIII (?)
high levels of FIX (?)

disease, but the mechanism remains obscure. Table 1 lists the
major determinants of arterial and venous thrombosis.

The large number of determinants of thrombosis known
today has led to the concept of thrombosis as a multigenic
and multicausal disease, i.e. disease will only develop in the
presence of several interacting determinants [15,16]. Therefore,
in reviewing female hormones as risk factors of thrombotic
disease, we will also review their effect in the presence of other
risk factors.

Oral contraceptives

Composition and mechanism of contraception

Most oral contraceptives contain an estrogen and a progestogen
(indicated as ‘combination preparation’) and the same combi-
nation is taken every day for at least 21days each cycle
(indicated as ‘monophasic preparation’). In biphasic and tri-
phasic preparations the dose of both compounds varies over the
cycle of administration. There are single preparations that only
contain a progestogen, which can also be used for parenteral
depot, subcutaneous, intrauterine and intravaginal administra-
tion. In addition to this, transdermal combined contraceptives
have recently become available.

The contraceptive action is brought about by the progestogen,
which acts by suppressing luteinizing hormone (LH). Nowa-
days the estrogen is added to prevent blood loss during the cycle
(‘breakthrough bleeding’), which often occurs in progestogen-
only preparations or combination preparations with a very low
estrogen content. The failure rate with good compliance is
very low.

Combination preparations are by far the most used. Since oral
contraceptives first became licensed in 1959, the estrogen dose
has been reduced. Early preparations contained 150 pLg mestra-
nol or ethinylestradiol, the latter of which is the estrogen in
virtually all combination preparations currently used. Ethinyl-
estradiol is a synthetic, slightly altered version of the naturally
occurring estradiol, which is inactive when taken orally. The
dose of ethinylestradiol has been stepwise reduced over the
years, and nowadays most preparations contain either 50 pg or
30 pg ethinylestradiol, while some recently introduced brands
contain even less, i.e. 20 ug or 15 pg ethinylestradiol.

The progestogen content has also changed over time, but in
this case the concern was over the chemical composition of the
progestogen rather than the dose [17]. Early preparations con-
tained lynestrenol or norethynodrel, derivatives of norethin-
drone or nethisterone that are also known as first-generation
progestogens or estranes, and are not used much in oral contra-
ceptives anymore. The estrane steroids, derivatives of testoster-
one, are constructed out of the basic steroid skeleton of 17
carbons (three 6-carbon rings and one 5-carbon ring, also called
the gonane structure) and an extra carbon on the 13-position.
Second-generation progestogens are gonanes, and include nor-
gestrel and levonorgestrel, of which levonorgestrel is widely
used. Third-generation progestogens, which have the same
basic steroid molecule as the gonanes, are desogestrel and
gestodene. These are both also widely used, despite their
increased thrombogenicity. Finally, some progestogens are
difficult to classify: norgestimate is categorized as a third-
generation gonane, but because after uptake it is in part rapidly
converted to levonorgestrel, it may metabolically belong more
among the second-generation progestogens.

Two substances used in oral contraceptives in combination
with an estrogen need to be treated separately. First, the anti-
androgen cyproteronacetate (a pregnane progestogen derived
from progesterone), which is used for treatment of acne vul-
garis, seborrhea or mild hirsutism, and which has a similar anti-
ovulatory action as a progestogen [18-20]. Secondly, drospir-
enone, which is an antimineralocorticoid, with anti-aldosterone
and anti-androgenic effects, which also inhibits ovulation
[21,22].

Oral contraceptives and venous thrombosis

The first controlled study showing that oral contraceptives
increase the risk of venous thrombosis was performed by the
Royal College of General Practitioners in the UK [23]. From
this case-control study, a 3-fold increased risk was reported for
oral contraceptive users vs. non-users. Subsequent case-control
studies confirmed the elevated risk, with estimates for the
relative risk of users vs. non-users between four and 11 [24—
27], as did large prospective follow-up studies in the 1970s [28—
30]. Overall, all studies performed until 1990 showed a 3-fold
increased risk [31]. An important finding from these studies was
that the risk was not cumulative with longer use, i.e. the risk
brought about by oral contraceptives was immediate and only
lasted as long as oral contraceptives were taken.
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The most recent studies, including a large multinational study
by the World Health Organization, still show similar risks of
venous thrombosis caused by oral contraceptives [32-35]. Even
though the risk is clearly increased, at 2- to 6-fold, it is the
absolute risk that is most relevant to women using oral contra-
ceptives. Since oral contraceptives, in contrast to postmeno-
pausal hormonal replacement therapy, are used by young
women, the baseline risk (among non-users) is low, and the
risk in oral contraceptive users, although increased, remains
small in absolute terms. The absolute risk of venous thrombosis
in women of reproductive age is less than one per 10000 per
year [32]. In oral contraceptive users, it becomes two to three
per 10000 per year [32,36]. For most women, these risks are so
low that they accept them, and consider them less important
than the benefits of oral contraceptives, i.e. a highly reliable
method of contraception. Still, because of the very large number
of women who use oral contraceptives thrombotic events do
occur, often followed by a post-thrombotic syndrome [37], and
are sometimes fatal. Therefore, the search for the safest oral
contraceptive remains highly relevant.

The risk of venous thrombosis is highest during the first year
of use, reaching an absolute risk of 12 per 10000 women per
year (for second-generation progestogen containing oral contra-
ceptives) [38,39]. However, there is no ‘duration of use’ effect,
in the sense that risk accumulates with prolonged use. On the
contrary, the effect is immediate and reversible, i.e. it returns to
baseline shortly after discontinuation.

Nowadays, the most commonly used brands contain 30 pg
ethinylestradiol or less. The use of very low doses of ethinyl-
estradiol of 20 or even 15 pg is accompanied by poor cycle
control in some women, i.e. spotting and breakthrough bleeding
[40]. There is not much evidence supporting a reduced risk of
venous thrombosis with these ultra-low dose formulations, and
there are no clear time-trends of the risk going down: there was
a 4- to 6-fold increased risk in the earliest, and in the newest
reports. Head-to-head comparison showed lower risk for 30 pug
vs. 50 pg ethinylestradiol containing oral contraceptives in one
study [41], but not in another study [42]. In the most recent
comparison, in our ongoing Multiple Environmental and Ge-
netic Assessment of risk factors for venous thrombosis (MEGA)
study, including 612 women with a venous thrombosis before
age 50, 75% of whom were taking oral contraceptives at the
time of the event, we observed a clearly, about 2-fold, lower risk
for oral contraceptives containing 30 g ethinylestradiol than
for those with 50 pug ethinylestradiol.

Following the first three reports in 1995 which showed a
higher risk of venous thrombosis in oral contraceptives contain-
ing the third-generation progestogens desogestrel or gestodene
[42—44], a series of studies have confirmed a 2-fold higher risk
for these progestogens compared with oral contraceptives con-
taining the second-generation progestogen levonorgestrel
[1,45]. The risk appeared especially high in starters, who had
a risk of over 30 per 10000 per year when using an oral
contraceptive with a third-generation progestogen [39].

Recently, it has been shown that oral contraceptives that
contain cyproteronacetate confer a substantially increased risk
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of venous thrombosis, with an even higher risk than for third-
generation oral contraceptives. In a small group of women with
idiopathic venous thrombosis, oral contraceptives containing
cyproteronacetate conferred a 4-fold higher risk than those
containing levonorgestrel [46]. In the MEGA study, the risk
was increased 18-fold compared with non-users.

As yet, no data are available on oral contraceptives contain-
ing drospirenone. However, a series of reported cases of venous
thrombosis after the introduction of an oral contraceptive
containing this anti-ovulatory antimineralocorticoid has led
Dutch general practitioners to caution against its use in the
absence of sufficiently proven safety [47].

Whilst there are differences between brands of oral contra-
ceptives with regard to thrombotic risk, there are also differences
between women. While obesity increases the risk of thrombosis
about 2-fold for body mass index (BMI) > 30kg m~2 [48,49],
overweight (BMI > 25kg m~2) and obese (BMI > 30 kg m?)
women have a 10-fold increased risk of thrombosis when they
use oral contraceptives [49]. In familial thrombophilia caused by
deficiencies of protein C, protein S or antithrombin, oral contra-
ceptives greatly enhance the risk of thrombosis in carriers of one
of these defects [50,51]. While these deficiencies are rare in the
general population (0.02—0.2%), factor V (FV) Leiden and
prothrombin 20210A are common (2—6%), although they are
slightly weaker risk factors (relative risk 3-8). Heterozygous FV
Leiden carriers have a 20-30-fold increased risk of thrombosis
when they use oral contraceptives [32], and in homozygous
carriers oral contraceptives confer an even higher risk [52,53]
(Table 2). Prothrombin 20210A carriers who use oral contra-
ceptives were reported to have a 16-fold increased risk com-
pared with non-users with the wild-type genotype [54]. High
levels of several procoagulant factors (FII, FVIIL, FIX, FXI, FX)
confer a 2- to 3-fold increased risk when levels exceed the 90th
percentile of the distribution in the population [55-59]. When
data of women of reproductive age were re-analyzed in the
Leiden Thrombophilia Study, the combination of oral contra-
ceptive use and high levels (compared with non-users with
normal levels of the clotting factor), showed a 10-fold increased
risk for high levels of FII and FXI, while for the other procoa-
gulant factors the combined risk did not appear to exceed the
separate risk of oral contraceptives and high levels [60].

Oral contraceptives and the risk of arterial disease

Many studies have confirmed the initial case reports on an asso-
ciation between oral contraceptive use and the occurrence of MI
[7,61-68]. The most recent data are from the World Health
Organization, reporting a 5-fold increased risk of MI, as well as
a 3-fold increased risk of ischemic stroke [69,70]. In the recent
RATIO (Risk of Arterial Thrombosis In relation to Oral contra-
ceptives) study, it was shown that oral contraceptive users have
a 4-fold increased risk of peripheral artery disease (PAD) [71].

There is little evidence that the lowering of the dose of the
estrogen in oral contraceptives has led to a lower risk of arterial
thrombosis. In a large population-based study on arterial disease
in young women (including 248 women with MI, 203 women
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with ischemic stroke, 152 women with PAD and 925 controls,
all aged less than 50), little or no difference was observed for
oral contraceptives containing 50 pg or 30 pg ethinylestradiol
[71-73]. Third-generation progestogens (desogestrel and ges-
todene) have a favorable effect on the lipid profile [74]. It was
therefore hoped that they would confer a lower risk of arterial
thrombosis than oral contraceptives containing a second-gen-
eration progestogen, e.g. levonorgestrel. Some initial small
studies showed a reduced risk, while others did not [69,75,
76]. Two recent large studies, the MICA study from the UK [77]
and the RATIO study from the Netherlands [73], also yielded
different results, with one showing a 2-fold increased risk for
oral contraceptives containing a third-generation progestogen
relative to second-generation progestogens [77], and the other
showing the opposite [73]. Although both studies were large,
neither could exclude the absence of a difference. Since there
were no obvious biases in either study that could explain this
difference, it is most likely that the difference in risk of myo-
cardial infarction between oral contraceptives with a third- or a
second-generation progestogen, if any, is small. In the RATIO
study, there was no difference between oral contraceptives with
a second- or a third-generation progestogen with regard to the
risk of ischemic stroke, or the risk of peripheral artery disease
[71,72].

The risk of myocardial infarction is much higher in oral
contraceptive users who smoke or have hypertension than in
those without such conventional risk factors [1,63]. In the World
Health Organization study, no increased risk was found in
women who had had a blood pressure screening before pre-
scription [69], which corroborates a pooled analysis of two
studies on the west coast of the USA that reported no increased
risk [78]. In the RATIO study, the overall risk of MI for oral
contraceptive users was increased 2-fold. However, it was much
higher for women who also smoked (14-fold), had hypertension
(6-fold), had hypercholesterolemia (25-fold), had diabetes (17-
fold) or were obese (5-fold) [73]. For ischemic stroke, with an
overall 2-fold increased risk, these interactive effects with
conventional risk factors were also seen, although they were
less striking: women who also had hypertension had an 8-fold
increased risk, those who also smoked a 4-fold increased risk,
and those with hypercholesterolemia a 11-fold increased risk
[72]. Almost all young women with PAD are smokers [71], and
the combination of smoking and oral contraceptive use led to a
36-fold increased risk in the RATIO study [71]. Similarly, very
high relative risks were found for the combination of oral
contraceptive use with hypercholesterolemia (50-fold increased
risk) and with diabetes (40-fold increased risk).

Contrary to the case of venous thrombosis, coagulation
abnormalities play a minor role in arterial disease [79-82].
Women with FV Leiden or prothrombin 20210A do not have an
increased risk of myocardial infarction when they start using
oral contraceptives, beyond the risk in women without these
mutations [73]. While in the RATIO study an increased risk of
MI was observed for women with elevated levels of FVIII or
FIX (2- to 3-fold increased risk for levels exceeding the 90th
percentile of the distribution in the population), this risk was not

enhanced more than expected by oral contraceptive use (B.C.
Tanis, unpublished data).

Hormone replacement therapy

Content and routes of administration

Hormonal replacement therapy has been prescribed to post-
menopausal women for three reasons: relief from menopausal
complaints, reduction of the progression of osteoporosis, and
lowering of the risk of cardiovascular disease. Unopposed
estrogens increase the risk of endometrial cancer, and therefore,
except in women who have had a hysterectomy, most prepara-
tions contain an estrogen and a progestogen. The estrogens in
oral preparations are usually conjugated estrogens retrieved
from pregnant mare urine, or micronized estradiol. The pro-
gestogen mostly used in combination preparations is medroxy-
progesterone acetate, a pregnane progestogen. Besides oral
administration, the hormones can also be administered trans-
dermally (by patches) and subcutaneously.

There is no doubt that estrogens relieve symptoms of the
menopause, predominantly by reducing hot flushes, which,
however, are also reduced by 50% with placebo [83]. It also
is established that prolonged use of estrogens reduces the
progression of osteoporosis and may increase bone density
[84-86]. It is less clear whether this leads to a reduced incidence
of fractures, although observational studies showed clear effects
[87,88]. Two recent randomized trials, however, yielded con-
flicting results. In the Women’s Health Initiative (WHI), over
16 000 women received either estrogens and progestogens or
placebo for over 5 years, and the risk of hip fractures was
reduced by one-third [13]. In over 2000 women followed for
more than 8§ years, half of whom received placebo, in the Heart
and Estrogen/progestin Replacement Study (HERS), no effect
on fractures was observed [89]. The main reason to prescribe
postmenopausal hormone replacement therapy has been to
reduce risk of cardiovascular disease, after several observa-
tional studies showed a strong favorable effect [87,88,90-94].
These studies have been criticized because women who chose to
use hormones had a better cardiovascular risk profile than those
who did not, e.g. they smoked less and exercised more [95-97].
Therefore, randomized placebo-controlled trials were initiated.

Hormone replacement therapy and risk of venous
thrombosis

Because of an almost mythical belief in estrogens as a panacea
for the postmenopausal woman, it took until 1996 before
serious studies into thrombotic evidence were undertaken.
Then, several studies in rapid succession established a clearly
increased risk of venous thrombosis for users of hormonal
replacement therapy, with a 2- to 4-fold increased risk com-
pared with non-users [10-12,98-103] (Fig. 1).

It has been postulated that the absence of a first-pass effect
through the liver with transdermal administration might lead to
less risk, but an increased risk has been shown for patches
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HRT and venous thrombosis
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Fig. 1. Risk of venous thrombosis in studies of 6 +
hormonal replacement therapy. The figure shows
the relative risk of a first venous thrombosis in 10 ST
studies [10-13,98-101,103,109] of users of 4 4
hormonal replacement therapy compared with q 1
non-users. When events and risks were reported 3+
separately for deep-vein thrombosis and
pulmonary embolism, a composite relative risk 2T
and confidence interval was recalculated from 1+
the data in the paper. The pooled confidence
interval was calculated with the ‘odd-man-out’ 0 +=—
graphical method [131]. 1

[99,100], and also for the various types of estrogens, i.e.
conjugated estrogens and estradiol [99,103]. As is the case
for oral contraceptives, the risk of venous thrombosis is higher
shortly after therapy has started [10,11,99,100,103]. This is
likely to be caused by the presence of prothrombotic abnorm-
alities in these women, as has been shown for oral contraceptive
users who developed thrombosis early after they had started
taking them [38]. In the Oxford study, a high risk was observed
for users of hormone replacement therapy who had coagulation
abnormalities, such as APC-resistance, increased levels of D-
Dimer or high FIX levels [104]. In this study, women who
carried the FV Leiden mutation had a 15-fold increased risk of
venous thrombosis, a synergistic effect analogous to what
has been observed for oral contraceptives and FV Leiden
[32] (Table?2). No such synergy was present for carriers of

T T T T T T T T T T T T T 1

2 3 4 5 6 7 8 9 10

prothrombin 20210A who used hormone replacement therapy.
Very similar results for FV Leiden and hormonal replacement
therapy were reported from the HERS study [105] (Table 2).
In women with a previous venous thrombosis, the risk of a
recurrence becomes very high during use of postmenopausal
hormones, as was shown in a randomized trial [106].

Hormone replacement therapy and arterial thrombosis

Three randomized placebo-controlled trials have not confirmed
the beneficial effect with regard to arterial disease. In the HERS
study, in women with prior coronary disease, no effect of
hormones was found during 4 years of follow-up [107]. While
the initial analysis suggested an increased risk during the first 2
years of the trial, and a lower risk among hormone users in

Table2 FV Leiden, exogenous hormones

and the risk of venous thrombosis . Relative ?5% confidence

FV Leiden risk interval
Vandenbrouke et al. [32]

Oral contraceptives
- - 1
- + 3.7 2.2-6.3
+ - 6.9 1.8-28.3
+ + 34.7 7.4-224
Rosendaal et al. [130]

Hormone replacement
- - 1
- + 3.2 1.7-6.0
+ - 3.9 1.3-11.2
+ + 15.5 3.1-76.7
Herrington et al. [105]

Hormone replacement
- - 1
- + 3.7 14-94
+ - 33 1.1-9.8
+ + 14.1 2.7-72.4

Synergistic effects on the risk of venous thrombosis for carriers of FV Leiden who use either oral
contraceptives or postmenopausal hormones, shown as the risk of each factor (hormones,
FV Leiden) and combined, relative to non-carrier non-users [32,105,130].
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subsequent years, an extension of the follow-up in unblinded
fashion for 2.7 years did not substantiate protection with pro-
longed use; the relative risk (RR) was 1.0, with a narrow 95%
confidence interval of 0.8—1.2 [108]. In the WHI, a primary
prevention trial of hormones vs. placebo, an increased risk of
coronary heart disease (RR=1.29, 95% CI 1.0-1.6) was
observed after 5 years of follow-up [13]. In both HERS and
WHI conjugated estrogens were combined with progestogens,
which formulation has been put forward as an explanation for
the absence of a positive effect. However, in the Estrogen in the
Prevention of Reinfarction Trial (ESPRIT), a randomized pla-
cebo-controlled trial among survivors of a first myocardial
infarction, unopposed estradiol was administered for 2 years,
and no effect was observed (RR =1.0, 95% CI 0.7-1.4) [109].

Both the WHI and ESPRIT trials, with relative risks of 1.4
and 1.6, confirmed previous observations of an increased risk of
ischemic stroke with the use of postmenopausal hormones,
whereas no difference was observed in the HERS trial
[2,13,109,110]. In one study, this increased risk appeared
confined to the first 6 months of use [2]. In analogy to what
is known for venous thrombosis, several studies have been
aimed at assessing genetic risk factors that would identify high-
risk women, in whom one would expect events to occur early
after initiation. For FV Leiden and prothrombin 20210A, no
excess risk of myocardial infarction was observed for FV
Leiden carriers who used hormone replacement therapy, while
hypertensive women who carried prothrombin 20210A and
used hormones had an 11-fold increased risk compared with
wild-type hypertensive non-users [110]. For ischemic stroke,
risk appeared higher (2-fold increase) for hormone users who
carried either FV Leiden or prothrombin 20210A [111]. Finally,
women with polymorphisms in the FXIII gene (val34leu and
his95arg) appeared to have substantially lower (70% reduction)
risks of myocardial infarction when they used hormones than
women without these variants [112]. Although these analyses
may point to important gene—environment interactions by
which high- or low-risk women may at some time be identified,
they were all too small to yield definitive answers and need to be
confirmed.

Although it is still not entirely clear why observational
studies and randomized trials gave the same findings for the
side-effect of venous thrombosis, but conflicting results on the
intended effect of reduction of arterial disease, the results of a
large series of studies including randomized trials leave no
room for doubt that postmenopausal hormones do harm.

Biological mechanisms

Use of estrogens in oral contraceptives and hormone replace-
ment therapy leads to many changes in the coagulation system,
as well as on inflammatory markers and lipids [113-120]. The
most important effects are an increased level of procoagulant
FVII, FIX, FX, FXII and FXIII, and a reduced level of the
anticoagulant factors protein S and antithrombin. Together,
these changes lead to a tilted ‘hemostatic balance’ [121]
towards a prothrombotic state. Such a prothrombotic state

has become evident from studies that showed changes in global
tests of hemostasis, i.e. APC-resistance and thrombin generation
tests [117,122—125]. Many of these effects are more pronounced
for oral contraceptives containing desogestrel or gestodene
(third-generation progestogens) than for those containing levo-
norgestrel (second-generation progestogens), leading to a more
pronounced prothrombotic state as evidenced by global assays
[123-127]. In a crossover study in which women were exposed
to a combination oral contraceptive with either levonorgestrel or
desogestrel, and subsequently to only levonorgestrel or deso-
gestrel, it appeared that the progestogens themselves did not
affect the coagulation factor levels, but that the estrogenic
effects were less compensated by desogestrel than by levonor-
gestrel in the combination preparation, leading to the prothrom-
botic changes of third-generation contraceptives [128].

Clinical implications

The major issue in coming to clinical guidelines is to translate
the relative risk from the researcher to the absolute risk for the
patient. A risk factor with a high relative risk, which acts on a
very low baseline risk, may be less relevant to the patient than a
factor with a moderate relative risk acting on a high baseline
risk: the likelihood of an event, and the increase in the like-
lihood of an event, may be larger for the latter factor. This is the
case when we contrast oral contraceptive use and hormone
replacement therapy: the latter is used by an age-group that has
an at least 10-fold higher baseline risk of thrombotic disease
than among the younger users of oral contraceptives. A second
major consideration is whether equally effective safer drugs are
available. However low the absolute risk, there is never an
excuse for not choosing the safest drug. A third important
guideline should be that drugs should only be used when their
efficacy has been clearly proven. In general, these considera-
tions will lead us to sooner take additional risk factors that may
modulate risk into account in older than in younger women, and
to avoid the use of hormones in women with a personal, and
possibly also in those with a family history of thrombosis, as
well as in women with gross obesity or hypertension. Oral
contraceptives that contain the third-generation progestogens
desogestrel and gestodene should be avoided. Hormone repla-
cement therapy has not been shown to be effective for a
reduction of cardiovascular disease, and therefore prolonged
use will not offer cardiovascular benefits [129].

References

1 World Health Organization. Cardiovascular Disease and Steroid
Hormone Contraception. Report of a WHO Scientific group. WHO
Technical Report Series 877. Geneva: World Health Organization,
1998.

2 Lemaitre RN, Heckbert SR, Psaty BM, Smith NL, Kaplan RC,
Longstreth WT Jr. Hormone replacement therapy and associated risk
of stroke in postmenopausal women. Arch Intern Med 2002; 162:
1954-60.

3 Pradhan AD, Manson JE, Rossouw JE, Siscovick DS, Mouton CP,
Rifai N, Wallace RB, Jackson RD, Pettinger MB, Ridker PM. In-
flammatory biomarkers, hormone replacement therapy, and incident

© 2003 International Society on Thrombosis and Haemostasis



~N N W

oo

=]

10

1

—_

12

13

14

18

19

20

2

—

22

coronary heart disease: prospective analysis from the Women’s Health
Initiative observational study. JAMA 2002; 288: 980-7.

Million Women Study Collaborators. Patterns of use of hormone
replacement therapy in one million women in Britain, 1996-2000.
BJOG 2002; 109: 1319-30.

Jordan WM. Pulmonary embolism. Lancet 1961; ii: 1146-7.
Lorentz 1. Parietal lesions and Enavid. BMJ 1962; ii: 1191.

Boyce J, Fawcett JW, Noall EWP. Coronary thrombosis and Conovid.
Lancet 1963; i: 111.

The Coronary Drug Project Research Group. The Coronary Drug
Project. Findings leading to discontinuation of the 2.5-mg day estrogen
group. JAMA 1973; 226: 652-17.

van Kesteren PJ, Asscheman H, Megens JA, Gooren LJ. Mortality and
morbidity in transsexual subjects treated with cross-sex hormones.
Clin Endocrinol (Oxf) 1997; 47: 337-42.

Daly E, Vessey MP, Hawkins MM, Carson JL, Gough P, Marsh S. Risk
of venous thromboembolism in users of hormone replacement therapy.
Lancet 1996; 348: 977-80.

Jick H, Derby LE, Wald Myers M, Vasilakis C, Newton KM.
Risk of hospital admission for idiopathic venous thromboembo-
lism among users of postmenopausal oestrogens. Lancet 1996; 348:
981-3.

Grodstein F, Stampfer MJ, Goldhaber SZ, Manson JE, Colditz GA,
Speizer FE, Willett WC, Hennekens CH. Prospective study of exo-
genous hormones and risk of pulmonary embolism in women. Lancet
1996; 348: 983-7.

Rossouw JE, Anderson GL, Prentice RL, Lacroix AZ, Kooperberg C,
Stefanick ML, Jackson RD, Beresford SA, Howard BV, Johnson KC,
Kotchen JM, Ockene J; Writing Group for the Women’s Health
Initiative Investigators. Risks and benefits of estrogen plus progestin
in healthy postmenopausal women: principal results from the Wo-
men’s Health Initiative randomized controlled trial. JAMA 2002; 288:
321-33.

Virchow R. Phlogose und Thrombose im Gefifisystem. Gesammelte
Abhandlungen zur Wissenschaftlichen Medizin. Frankfurt: Staats-
druckerei, 1856.

Seligsohn U, Zivelin A. Thrombophilia as a multigenic disorder.
Thromb Haemost 1997; 78: 297-301.

Rosendaal FR. Venous thrombosis: a multicausal disease. Lancet 1999;
353: 1167-73.

Henzl MR, Edwards JA. Pharmacology of progestins. 17-alpha-hydro-
xyprogesterone derivatives and progestins of the first and second
generation. In: Sitruk-Ware R, Mishell DR, eds. Progestins and
Antiprogestins in Clinical Practice. New York: Marcel Dekker,
2000: 101-32.

van Vloten WA, van Haselen CW, van Zuuren EJ, Gerlinger C,
Heithecker R. The effect of 2 combined oral Contraceptives containing
either drospirenone or cyproterone acetate on acne and seborrhea.
Cutis 2002; 69 (Suppl. 4): 2-15.

Kuhnz W, Staks T, Jutting G. Pharmacokinetics of cyproterone acetate
and ethinylestradiol in 15 women who received a combination oral
contraceptive during three treatment cycles. Contraception 1993; 48:
557-75.

Lachnit-Fixson U. The development and evaluation of an ovulation
inhibitor (DIAne) containing an antiandrogen. Acta Obstet Gynecol
Scand Suppl 1979; 88: 33-42.

Muhn P, Fuhrmann U, Fritzemeier KH, Krattenmacher R, Schillinger
E. Drospirenone: a novel progestogen with antimineralocorticoid and
antiandrogenic activity. Ann NY Acad Sci 1995; 761: 311-35.
Oelkers W, Foidart JM, Dombrovicz N, Welter A, Heithecker R.
Effects of a new oral contraceptive containing an antimineralocorticoid
progestogen, drospirenone, on the renin-aldosterone system, body
weight, blood pressure, glucose tolerance, and lipid metabolism.
J Clin Endocrinol Metab 1995; 80: 1816-21.

Records Unit and Research Advisory Service of the Royal College of
General Practitioners. Oral contraception and thromboembolic dis-
ease. J R Coll General Pract 1967; 13: 267-79.

© 2003 International Society on Thrombosis and Haemostasis

24

25

26

27

28

29

30

3

—_

32

33

34

35

36

37

38

39

40

4

—_

42

Hormones and thrombosis 1377

Vessey MP, Doll R. Investigation of relation between use of
oral contraceptives and thromboembolic disease. BMJ 1968; i:
199-205.

Vessey MP, Doll R. Investigation of relation between use of oral
contraceptives and thromboembolic disease: a further report. BMJ
1969; ii: 651-7.

Sartwell PE, Masi AT, Arthes FG, Greene GR, Smith HE. Throm-
boembolism and oral contraceptives: an epidemiological case-control
study. Am J Epidemiol 1969; 90: 365-80.

Anonymous. Boston Collaborative Drug Surveillance Program. Oral
contraceptives and venous thromboembolic disease, surgically con-
firmed gall bladder disease and breast tumours. Lancet 1973; i:
1399-404.

Porter JB. Oral contraceptives and nonfatal vascular disease — recent
experience. Obstet Gynecol 1982; 59: 299-302.

Royal College of General Practioners’ Oral Contraception Study. Oral
contraceptives, venous thrombosis, and varicose veins. J R Coll
General Pract 1978; 28: 393-9.

Vessey M, Mant D, Smith A, Yeates D. Oral contraceptives and venous
thromboembolism: findings in a large prospective study. BMJ 1986;
292: 526.

Koster T, Small RA, Rosendaal FR, Helmerhorst FM. Oral contra-
ceptives and venous thromboembolism: a quantitative discussion of
the uncertainties. J Intern Med 1995; 238: 31-7.

Vandenbroucke JP, Koster T, Briét E, Reitsma PH, Bertina RM,
Rosendaal FR. Increased risk of venous thrombosis in oral-contra-
ceptive users who are carriers of factor V Leiden mutation. Lancet
1994; 344: 1453-17.

Thorogood M, Mann J, Murphy M, Vessey M. Risk factors for fatal
venous thromboembolism in young women: a case-control study.
Int J Epidemiol 1992; 21: 48-52.

World Health Organization. Venous thromboembolic disease and
combined oral contraceptives: results of international multicentre
case-control study. World Health Organization Collaborative Study
of Cardiovascular Disease and Steroid Hormone Contraception.
Lancet 1995; 346: 1575-82.

Farmer RDT, Preston TD. The risk of venous thromboembolism
associated with low-oestrogen oral contraceptives. J Obst Gynecol
1995; 15: 195-200.

Jick H, Kaye JA, Vasilakis-Scaramozza C, Jick SS. Risk of venous
thromboembolism among users of third generation oral contraceptives
compared with users of oral contraceptives with levonorgestrel before
and after 1995: cohort and case-control analysis. BMJ 2000; 321:
1190-5.

Brandjes DP, Biiller HR, Heijboer H, Huisman MV, de Rijk M, Jagt H,
ten Cate JW. Randomised trial of effect of compression stockings in
patients with symptomatic proximal-vein thrombosis. Lancet 1997,
349: 759-62.

Bloemenkamp KWM, Rosendaal FR, Helmerhorst FM, Vanden-
broucke JP. Higher risk of venous thrombosis during early use of oral
contraceptives in women with inherited clotting defects. Arch Intern
Med 2000; 160: 49-52.

Herings RMC, Urquhart J, Leufkens HGM. Venous thromboembolism
among new users of different oral contraceptives. Lancet 1999; 354:
127-8.

Saleh WA, Burkman RT, Zacur HA, Kimball AW, Kwiterovich P, Bell
WK. A randomized trial of three oral contraceptives: comparison of
bleeding patterns by contraceptive types and steroid levels. Am J
Obstet Gynecol 1993; 168: 1740-5.

Gerstman BB, Piper JM, Tomita DK, Ferguson WJ, Stadel BV, Lundin
FE. Oral contraceptive estrogen dose and the risk of deep venous
thromboembolic disease. Am J Epidemiol 1991; 133: 32-7.
Bloemenkamp KWM, Rosendaal FR, Helmerhorst FM, Biiller HR,
Vandenbroucke JP. Enhancement by factor V Leiden mutation
of risk of deep-vein thrombosis associated with oral contracep-
tives containing a third-generation progestagen. Lancet 1995; 346:
1593-6.



1378 F. R. Rosendaal et al

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

World Health Organization. Effect of different progestagens in low
oestrogen oral contraceptives on venous thromboembolic disease.
World Health Organization Collaborative Study of Cardiovascular
Disease and Steroid Hormone Contraception. Lancet 1995; 346:
1582-8.

Jick H, Jick SS, Gurewich V, Myers MW, Vasilakis C. Risk of
idiopathic cardiovascular death and nonfatal venous thromboembo-
lism in women using oral contraceptives with differing progestagen
components. Lancet 1995; 346: 1589-93.

Kemmeren JM, Algra A, Grobbee DE. Third generation oral contra-
ceptives and risk of venous thrombosis: meta-analysis. BMJ 2001; 323:
131-4.

Vasilakis-Scaramozza C, Jick H. Risk of venous thromboembolism
with cyproterone or levonorgestrel contraceptives. Lancet 2001; 358:
1427-9.

Sheldon T. Dutch GPs warned against new contraceptive pill. BMJ
2002; 324: 869.

Tsai AW, Cushman M, Rosamond WD, Heckbert SR, Polak JF, Folsom
AR. Cardiovascular risk factors and venous thromboembolism inci-
dence: the longitudinal investigation of thromboembolism etiology.
Arch Intern Med 2002; 162: 1182-9.

Abdollahi M, Cushman M, Rosendaal FR. Obesity: risk of venous
thrombosis and the interaction with coagulation factors and oral
contraceptive use. Thromb Haemost 2003; 89: 493-8.

Simioni P, Sanson BJ, Prandoni P, Tormene D, Friederich PW,
Girolami B, Gavasso S, Huisman MYV, Biiller HR, ten Cate JW,
Girolami A, Prins MH. Incidence of venous thromboembolism in
families with inherited thrombophilia. Thromb Haemost 1999; 81:
198-202.

Martinelli I, De Mannucci PMSV, Taioli E, Rossi V, Crosti F, Paciaroni
K, Leone G, Faioni EM. Different risks of thrombosis in four coagula-
tion defects associated with inherited thrombophilia: a study of 150
families. Blood 1998; 92: 2353-8.

Rosendaal FR, Koster T, Vandenbroucke JP, Reitsma PH. High risk of
thrombosis in patients homozygous for factor V Leiden (activated
protein C resistance). Blood 1995; 85: 1504-8.

Rintelen C, Mannhalter C, Ireland H, Lane DA, Knobl P, Lechner K,
Pabinger I. Oral contraceptives enhance the risk of clinical manifesta-
tion of venous thrombosis at a young age in females homozygous for
factor V Leiden. Br J Haematol 1996; 93: 487-90.

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

Poort SR, Rosendaal FR, Reitsma PH, Bertina RM. A common genetic
variation in the 3’-untranslated region of the prothrombin gene is
associated with elevated plasma prothrombin levels and an increase in
venous thrombosis. Blood 1996; 88: 3698-703.

Koster T, Blann AD, Briét E, Vandenbroucke JP, Rosendaal FR. Role
of clotting factor VIII in effect of von Willebrand factor on occurrence
of deep-vein thrombosis. Lancet 1995; 345: 152-5.

van Hylckama Vlieg A, Van der Linden IK, Bertina RM, Rosendaal
FR. High levels of factor IX increase the risk of venous thrombosis.
Blood 2000; 95: 3678-82.

Meijers JC, Tekelenburg WL, Bouma BN, Bertina RM, Rosendaal FR.
High levels of coagulation factor XI as a risk factor for venous
thrombosis. N Engl J Med 2000; 342: 696-701.

de Visser MCH, Poort SR, Vos HL, Rosendaal FR, Bertina RM.
Factor X levels, polymorphisms in the promoter region of factor X
and the risk of venous thrombosis. Thromb Haemost 2001; 85:
1011-7.

Van Hylckma Vlieg A, Rosendaal FR. Interaction between oral contra-
ceptive use and coagulation factor levels in deep venous thrombosis.
J Thromb Haemost 2003; 1: in press.

Mann JI, Vessey MP, Thorogood M, Doll R. Myocardial infarction in
young women with special reference to oral contraceptive practice.
BMJ 1975; 2: 241-5.

62

63

64

65

66

67

68

69

70

7

—_

72

73

74

75

76

77

78

79

80

81

Rosenberg L, Hennekens CH, Rosner B, Belanger C, Rothman KIJ,
Speizer FE. Oral contraceptive use in relation to nonfatal myocardial
infarction. Am J Epidemiol 1980; 111: 59-66.

Shapiro S, Slone D, Rosenberg L, Kaufman DW, Stolley PD, Miettinen
OS. Oral-contraceptive use in relation to myocardial infarction. Lancet
1979; i: 743-17.

Jick H, Dinan B, Herman R, Rothman KJ. Myocardial infarction and
other vascular diseases in young women. Role of estrogens and other
factors. JAMA 1978; 240: 2548-52.

Jick H, Porter J, Rothman KIJ. Oral contraceptives and nonfatal stroke
in healthy young women. Ann Intern Med 1978; 89: 58-60.

Jick H, Dinan B, Rothman KJ. Oral contraceptives and nonfatal
myocardial infarction. JAMA 1978; 239: 1403-6.

Stadel BV. Oral contraceptives and cardiovascular disease (first of two
parts). N Engl J Med 1981; 305: 612-8.

Stadel BV. Oral contraceptives and cardiovascular disease (second of
two parts). N Engl J Med 1981; 305: 672-7.

World Health Organization. Acute myocardial infarction and com-
bined oral contraceptives: results of an international multicentre case-
control study. WHO Collaborative Study of Cardiovascular Disease
and Steroid Hormone Contraception. Lancet 1997; 349: 1202-9.
World Health Organization. Ischaemic stroke and combined oral
contraceptives: results of an international, multicentre, case-control
study. WHO Collaborative Study of Cardiovascular Disease and
Steroid Hormone Contraception. Lancet 1996; 348: 498-505.

van den Bosch MAAJ, Kemmeren JM, Tanis BC, Mali WPTM,
Helmerhorst FM, Rosendaal FR, Algra A, van der Graaf Y. The
RATIO study: oral contraceptives and the risk of peripheral arterial
disease in young women. J Thromb Haemost 2003; 1: 43944,
Kemmeren JM, Tanis BC, van den Bosch MA, Bollen EL, van der
Helmerhorst FM, van der Graaf Y, Rosendaal FR, Algra A. Risk of
Arterial Thrombosis in Relation to Oral Contraceptives (RATIO)
study: oral contraceptives and the risk of ischemic stroke. Stroke
2002; 33: 1202-8.

Tanis BC, van den Bosch MA, Kemmeren JM, Cats VM, Helmerhorst
FM, Algra A, van der Graaf Y, Rosendaal FR. Oral contraceptives and
the risk of myocardial infarction. N Engl J Med 2001; 345: 1787-93.
Godsland IF, Crook D, Simpson R, Proudler T, Felton C, Lees B,
Anyaoku V, Devenport M, Wynn V. The effects of different formula-
tions of oral contraceptive agents on lipid and carbohydrate metabo-
lism. N Engl J Med 1990; 323: 1375-81.

Jick H, Jick S, Myers MW, Vasilakis C. Risk of acute myocardial
infarction and low-dose combined oral contraceptives. Lancet 1996;
347: 627-8.

Lewis MA, Heinemann LA, Spitzer WO, MacRae KD, Bruppacher R.
The use of oral contraceptives and the occurrence of acute myocardial
infarction in young women. Results from the Transnational Study on
Oral Contraceptives and the Health of Young Women. Contraception
1997; 56: 129-40.

Dunn N, Thorogood M, Faragher B, de Caestecker L, MacDonald TM,
McCollum C, Thomas S, Mann R. Oral contraceptives and myocardial
infarction: results of the MICA case-control study. Br Med J 1999;
318: 1579-84.

Sidney S, Siscovick DS, Petitti DB, Schwartz SM, Quesenberry CP,
Psaty BM, Raghunathan TE, Kelaghan J, Koepsell TD. Myocardial
infarction and use of low-dose oral contraceptives: a pooled analysis of
2 US studies. Circulation 1998; 98: 1058-63.

Rosendaal FR, Siscovick DS, Schwartz SM, Beverly RK, Psaty BM,
Longstreth WT Jr, Raghunathan TE, Koepsell TD, Reitsma PH. Factor
V Leiden (resistance to activated protein C) increases the risk of
myocardial infarction in young women. Blood 1997; 89: 2817-21.
Rosendaal FR, Siscovick DS, Schwartz SM, Psaty BM, Raghunathan
TE, Vos HL. A common prothrombin variant (20210 G to A) increases
the risk of myocardial infarction in young women. Blood 1997; 90:
1747-50.

Doggen CJM, Manger Cats V, Bertina RM, Rosendaal FR. Interaction
of coagulation defects and cardiovascular risk factors: increased risk of

© 2003 International Society on Thrombosis and Haemostasis



82

83

84

85

86

87

88

89

90

9

—_

92

93

94

95

96

97

98

99

100

10

—_

myocardial infarction associated with factor V Leiden or prothrombin
20210A. Circulation 1998; 97: 1037-41.

The Atherosclerosis, Thrombosis and Vascular Biology Italian Study
Group. No evidence of association between prothrombotic gene
polymorphisms and the development of acute myocardial infarction
at a young age. Circulation 2003; 107: 1117-22.

MacLennan A, Lester S, Moore V. Oral oestrogen replacement therapy
versus placebo for hot flushes. Cochrane Database Syst Rev
2001:CD002978.

Watts NB. Therapies to improve bone mineral density and reduce the
risk of fracture: clinical trial results. J Reprod Med 2002; 47 (Suppl. 1):
82-92.

Villareal DT, Binder EF, Williams DB, Schechtman KB, Yarasheski
KE, Kohrt WM. Bone mineral density response to estrogen replace-
ment in frail elderly women: a randomized controlled trial. JAMA
2001; 286: 815-20.

Doren M, Samsioe G. Prevention of postmenopausal osteoporosis with
oestrogen replacement therapy and associated compounds: update on
clinical trials since 1995. Hum Reprod Update 2000; 6: 419-26.
Hutchinson TA, Polansky SM, Feinstein AR. Post-menopausal oestro-
gens protect against fractures of hip and distal radius. A case-control
study. Lancet 1979; 2: 705-9.

Weiss NS, Ure CL, Ballard JH, Williams AR, Daling JR. Decreased
risk of fractures of the hip and lower forearm with postmenopausal use
of estrogen. N Engl J Med 1980; 303: 1195-8.

Hulley S, Furberg C, Barrett-Connor E, Cauley J, Grady D, Haskell W,
Knopp R, Lowery M, Satterfield S, Schrott H, Vittinghoff E, Hunnin-
ghake D; HERS Research Group. Noncardiovascular disease outcomes
during 6.8 years of hormone therapy: Heart and Estrogen/progestin
Replacement Study follow-up (HERS II). JAMA 2002; 288: 58—66.
Stampfer MJ, Willett WC, Colditz GA, Rosner B, Speizer FE, Hen-
nekens CH. A prospective study of postmenopausal estrogen therapy
and coronary heart disease. N Engl J Med 1985; 313: 1044-9.
Psaty BM, Heckbert SR, Atkins D, Siscovick DS, Koepsell TD, Wahl
PW, Longstreth WT Jr, Weiss NS, Wagner EH, Prentice R. A review of
the association of estrogens and progestins with cardiovascular disease
in postmenopausal women. Arch Intern Med 1993; 153: 1421-7.
Bush TL, Cowan LD, Barrett-Connor E, Criqui MH, Karon JM,
Wallace RB, Tyroler HA, Rifkind BM. Estrogen use and all-cause
mortality. Preliminary results from the Lipid Research Clinics Pro-
gram Follow-Up Study. JAMA 1983; 249: 903-6.

Ross RK, Paganini-Hill A, Mack TM, Arthur M, Henderson BE.
Menopausal oestrogen therapy and protection from death from ischae-
mic heart disease. Lancet 1981; i: 858-60.

Nachtigall LE, Nachtigall RH, Nachtigall RD, Beckman EM. Estrogen
replacement therapy I: a 10-year prospective study in the relationship
to osteoporosis. Obstet Gynecol 1979; 53: 277-81.

Hemminki E, Sihvo S. A review of postmenopausal hormone therapy
recommendations: potential for selection bias. Obstet Gynecol 1993;
82: 1021-8.

Hemminki E, Malin M, Topo P. Selection to postmenopausal therapy
by women’s characteristics. J Clin Epidemiol 1993; 46: 211-9.
Posthuma WF, Westendorp RG, Vandenbroucke JP. Cardioprotective
effect of hormone replacement therapy in postmenopausal women: is
the evidence biased? BMJ 1994; 308: 1268-9.

Daly E, Vessey MP, Painter R, Hawkins MM. Case-control study of
venous thromboembolism risk in users of hormone replacement
therapy. Lancet 1996; 348: 1027.

Varas Lorenzo C, Garcia Rodriguez LA, Cattaruzzi C, Troncon MG,
Agostinis L, Perez Gutthann S. Hormone replacement therapy and the
risk of hospitalization for venous thromboembolism: a population-
based study in southern Europe. Am J Epidemiol 1998; 147: 387-90.
Perez Gutthann S, Garcia Rodriguez LA, Castellsague J, Duque Oliart
A. Hormone replacement therapy and risk of venous thromboembo-
lism: population based case-control study. BMJ 1997; 314: 796-800.
Grady D, Furberg C. Venous thromboembolic events associated with
hormone replacement therapy. JAMA 1997; 278: 477.

© 2003 International Society on Thrombosis and Haemostasis

102

103

104

105

106

107

108

109

110

11

—_

112

113

114

115

116

117

Hormones and thrombosis 1379

Grady D, Wenger NK, Herrington D, Khan S, Furberg C, Hunninghoke
D, Vittinghoff E, Hulley S. Postmenopausal hormone therapy in-
creases risk for venous thromboembolic disease. Ann Intern Med
2000; 132: 689-96.

Hgibraaten E, Abdelnoor M, Sandset PM. Hormone replacement
therapy with estradiol and risk of venous thromboembolism — a
population-based case-control study. Thromb Haemost 1999; 82:
1218-21.

Lowe G, Woodward M, Vessey M, Rumley A, Gough P, Daly E.
Thrombotic variables and risk of idiopathic venous thromboembolism
in women aged 45-64 years: relationships to hormone replacement
therapy. Thromb Haemost 2000; 83: 530-5.

Herrington DM, Vittinghoff E, Howard TD, Major DA, Owen J,
Reboussin DM, Bowden D, Bittner V, Simon JA, Grady D, Hulley
SB. Factor V Leiden, hormone replacement therapy, and risk of venous
thromboembolic events in women with coronary disease. Arterioscler
Thromb Vasc Biol 2002; 22: 1012-7.

Hgibraaten E, Qvigstad E, Arnesen H, Larsen S, Wickstrgm E, Sandset
PM. Increased risk of recurrent venous thromboembolism during
hormone replacement therapy — results of the randomized, double-
blind, placebo-controlled estrogen in venous thromboembolism trial
(EVTET). Thromb Haemost 2000; 84: 961-7.

Hulley S, Grady D, Bush T, Furberg C, Herrington D, Riggs B,
Vittingoff E. Randomized trial of estrogen plus progestin for secondary
prevention of coronary heart disease in postmenopausal women. JAMA
1998; 280: 605-13.

Grady D, Herrington D, Bittner V, Blumenthal R, Davidson M, Hlatky
M, Hsia J, Hulley S, Herd A, Khan S, Newby LK, Waters D, Vittingh-
off E, Wenger N; HERS Research Group. Cardiovascular disease
outcomes during 6.8 years of hormone therapy: Heart and Estro-
gen/progestin  Replacement Study follow-up (HERS II). JAMA
2002; 288: 49-57.

The ESPRIT Team. Oestrogen therapy for prevention of reinfarction in
postmenopausal women: a randomised placebo-controlled trial. Lan-
cet 2002; 360: 2001-8.

Psaty BM, Smith NL, Lemaitre RN, Vos HL, Heckbert SR, Lacroix
AZ, Rosendaal FR. Hormone replacement therapy, prothrombotic
mutations, and the risk of incident non-fatal myocardial infarction.
JAMA 2001; 285: 906-13.

Lemaitre RN, Psaty BM, Heckbert SR, Smith NL, Longstreth WT Jr,
Rosendaal FR. Hormone replacement therapy, prothrombotic muta-
tions, and the risk of incident nonfatal ischemic stroke in postmeno-
pausal women. Arterioscler Thromb Vasc Biol 2002; 22: 1051-2.
Reiner AP, Heckbert SH, Vos HL, Ariens RA, Lemaitre RN, Smith NL,
Lumley T, Rea TD, Hindorff LA, Schellenbaum GD, Rosendaal FR,
Siscovick DS, Psaty BM. Genetic variants of coagulation factor XIII,
post-menopausal estrogen therapy, and risk of non-fatal myocardial
infarction. Blood 2002; 27 Nov (epub ahead of print).

Scarabin PY, Plu-Bureau G, Zitoun D, Bara L, Guize L, Samama MM.
Changes in haemostatic variables induced by oral contraceptives
containing 50 micrograms or 30 micrograms oestrogen: absence of
dose-dependent effect on PAI-1 activity. Thromb Haemost 1995; 74:
928-32.

Quehenberger P, Loner U, Kapiotis S, Handler S, Schneider B, Huber J,
Speiser W. Increased levels of activated factor VII and decreased
plasma protein S activity and circulating thrombomodulin during use
of oral contraceptives. Thromb Haemost 1996; 76: 729-34.

World Heath Organization. Task force on oral contraceptives: A
multicentre study of coagulation and haemostatic variables during
oral contraception: variations with four formulations. Br J Obstet
Gynaecol 1991; 98: 1117-28.

Meade TW, Haines AP, North WR, Chakrabarti R, Howarth DJ,
Stirling Y. Haemostatic, lipid, and blood-pressure profiles of women
on oral contraceptives containing 50 microgram or 30 microgram
oestrogen. Lancet 1977; ii: 948-51.

Olivieri O, Friso S, Manzato F, Guella A, Bernardi F, Lunghi B, Girelli
D, Azzini M, Brocco G, Russo C et al. Resistance to activated protein



1380 F. R. Rosendaal et al

118

119

120

12

—_

122

123

124

125

C in healthy women taking oral contraceptives. Br J Haematol 1995;
91: 465-70.

Teede HJ, McGrath BP, Smolich JJ, Malan E, Kotsopoulos D, Liang
YL, Peverill RE. Postmenopausal hormone replacement therapy in-
creases coagulation activity and fibrinolysis. Arterioscler Thromb Vasc
Biol 2000; 20: 1404-9.

Koh KK, Horne MK III, Cannon RO III Effects of hormone replace-
ment therapy on coagulation, fibrinolysis, and thrombosis risk in
postmenopausal women. Thromb Haemost 1999; 82: 626-33.
Cushman M, Legault C, Barrett-Connor E, Stefanick ML, Kessler C,
Judd HL, Sakkinen PA, Tracy RP. Effect of postmenopausal hormones
on inflammation-sensitive proteins: the Postmenopausal Estrogen/
Progestin Interventions (PEPI) Study. Circulation 1999; 100: 717-22.
Astrup T. The haemostatic balance. Thromb Diath Haemorrh (Stutt)
1958; 2: 347-57.

Henkens CM, Bom VJ, Seinen AJ, van der Meer J. Sensitivity to
activated protein C; influence of oral contraceptives and sex. Thromb
Haemost 1995; 73: 402—4.

Rosing J, Middeldorp S, Curvers J, Christella M, Thomassen LG,
Nicolaes GA, Meijers JC, Bouma BN, Buller HR, Prins MH, Tans G.
Low-dose oral contraceptives and acquired resistance to activated
protein C: a randomised cross-over study. Lancet 1999; 354: 2036—40.
Middeldorp S, Meijers JCM, van den Ende AE, van Enk A, Bouma BN,
Tans G, Rosing J, Prins MH, Buller HR. Effects on coagulation of
levonorgestrel- and desogestrel-containing low dose oral contracep-
tives: a cross-over study. Thromb Haemost 2000; 84: 4-8.

Tans G, Curvers J, Middeldorp S, Thomassen MCLGD, Meijers JCM,
Prins MH, Bouma BN, Buller HR, Rosing J. A randomized cross-over
study on the effects of levonorgestrel- and desogestrel-containing oral

126

127

128

129

130

13

—_

contraceptives on the anticoagulant pathways. Thromb Haemost 2000;
84: 15-21.

Meijers JCM, Middeldorp S, Tekelenburg W, van den Ende AE, Tans
G, Prins MH, Rosing J, Buller HR, Bouma BN. Increased fibrinolytic
activity during use of oral contraceptives is counteracted by an
enhanced factor XI-independent down regulation of fibrinolysis: a
randomized cross-over study of two low-dose oral contraceptives.
Thromb Haemost 2000; 84: 9—-14.

Rosing J, Tans G, Nicolaes GA, Thomassen MC, Van Oerle R, Van der
Ploeg PM, Heijnen P, Hamulyak K, Hemker HC. Oral contraceptives
and venous thrombosis: different sensitivities to activated protein C in
women using second- and third-generation oral contraceptives. Br J
Haematol 1997; 97: 233-8.

Kemmeren JM, Algra A, Meijers JC, Bouma BN, Grobbee DE. Effects
of second and third generation oral contraceptives and their respective
progestagens on the coagulation system in the absence or presence of
the factor V Leiden mutation. Thromb Haemost 2002; 87: 199-205.
Mosca L, Collins P, Herrington DM, Mendelsohn ME, Pasternak RC,
Robertson RM, Schenck-Gustafsson K, Smith SC Jr, Taubert KA,
Wenger NK; American Heart Association. Hormone replacement
therapy and cardiovascular disease: a statement for healthcare profes-
sionals from the American Heart Association. Circulation 2001; 104:
499-503.

Rosendaal FR, Vessey M, Rumley A, Daly E, Woodward M, Helmer-
horst FM, Lowe GD. Hormonal replacement therapy, prothrombotic
mutations and the risk of venous thrombosis. Br J Haematol 2002; 116:
851-4.

Walker AM, Martin-Moreno JM, Artalejo FR. Odd man out: a gra-
phical approach to meta-analysis. Am J Public Health 1988;78: 961-6.

© 2003 International Society on Thrombosis and Haemostasis



