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Abstract 

Combined oral contraceptives (COCs) are one of the most common contraceptive methods in 
the world. Already a few years after their introduction, in the early 1960s, case reports were 
published showing associations between use of COCs and venous and arterial thromboembolism. 
Epidemiological studies have confirmed increased risk for these unwanted side effects, but the 
mechanisms behind the increase are still not fully evaluated. 

The overarching aim of this thesis was to identify alterations in hemostasis as well as in established 
and novel risk markers for venous thromboembolism and atherothrombotic disease during 
treatment with COCs containing different types and doses of progestogen and estrogen. 

In a prospective randomized cross-over study (papers I-III), two different monophasic low-dose 
COCs (one second-generation COC and one third-generation COC) were used for two two-month 
periods with a two-month wash-out period in between. Changes in hemostatic factors, lipoproteins 
and other risk indicators for atherothrombosis were examined before and during treatments. 
Changes in hemostatic factors occurred during both treatments towards a more hypercoagulable 
state, and were more pronounced with the third-generation COC than with the second. The observed 
alterations in serum cholesterol were more advantageous in women using third-generation COCs, 
but conversely the C-reactive protein (CRP) levels were enhanced more than during use of the 
second-generation COC. Other inflammatory markers investigated did not indicate occurrence of 
a general inflammatory response during use of COCs. A positive correlation between circulating 
levels of coagulation factor VII and triglycerides in COC users was also observed, with higher 
concentrations of both during use of third-generation COCs. In addition, users of COCs showed 
a significantly reduced sensitivity to the anticoagulant effect of activated protein C (APC), a well 
established risk factor for venous thrombosis, and this effect strongly correlated with changes 
in the circulating levels of sex-hormone binding globulin (SHBG). In study two (paper IV), 11 
women used two kinds of emergency contraceptives (EC), one containing progestogen alone 
and one containing both progestogen and estrogen. Biochemical risk indicators were examined 
before and at frequent intervals after treatment. Already two hours after treatment, the plasma 
concentrations of some coagulation parameters differ from baseline concentrations, regardless of 
treatment. Increases in plasma concentrations of fibrinogen and prothrombin fragment 1+2 and 
decrease in antithrombin were observed. In the last study (paper V), APC resistance, measured by 
two methods with different sensitivities towards sex hormones, was evaluated in the luteal and 
follicular phases of the menstrual cycle. No differences in APC resistance between follicular and 
luteal phase were observed, even though the serum estrogen levels increased 200%.

In conclusion, although third generation COCs were developed to reduce the negative effects 
on lipoproteins and the associated risk of atherothrombosis with older COC preparations, their 
use may affect other risk indicators in a less advantageous direction. The raised serum CRPThe raised serum CRP raised serum CRP 
concentration during treatment with COCs appears to be related to a direct effect on hepatocyte 
CRP synthesis. SHBG is a potential surrogate marker for the prothrombotic risk state induced 
by different OC preparations. Even a very short exposure to rather high levels of exogenous sex 
hormones causes a prompt effect on hepatic protein synthesis and induces a rapid activation of 
hemostasis. However, the physiological increase in estradiol during the normal menstrual cycle is 
not large enough to affect the individual’s sensitivity to APC.  

Key words: Combined oral contraceptives, emergency contraception, menstrual cycle, 
ethinylestradiol, levonorgestrel, desogestrel, lipoproteins, hemostasis, risk indicators, APC 
resistance, SHBG
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Introduction

It is now 50 years since the first clinical trial of combined oral contraceptives (COCs) 
took place in Puerto Rico (Pincus et al 1959). Since then, at least half a billion 
women have used “the pill” to protect themselves from unwanted pregnancies 
(Odlind et al 2002). In Sweden nearly 90% of all women will at some time during 
their fertile period have used a COC (Oddens & Milsom 1996, Larsson et al 1997). 

COCs constitute a combination of two steroid hormones, estrogen and progestogen, 
given daily for three of four weeks. The mechanism of action is related to both 
hormones. Progestogen acts by suppressing luteinizing hormone (LH) and estrogen 
by suppressing follicle stimulating hormone (FSH), and in both cases the end 
effect is to inhibit ovulation. In addition, progestogen makes the endometrium 
thin, atrophic and non-receptive to ovum implantation, reduces the motility of the 
fallopian tubes, and makes the cervical mucus thick and impermeable to sperms. 
The estrogen component provides stability to the endometrium so that irregular 
bleeding is minimized, and the presence of estrogen potentiates the action of the 
progestogen.

Numerous studies over the years have improved our knowledge about advantages 
as well as risks for users of “the pill”. Beneficial effects of course include the good 
contraceptive effect but also reduced risk of endometrial and ovarian cancers, less 
anemia and dysmenorrhea. Serious but rare side effects of COC include venous 
thromboembolism (VTE), myocardial infarction (MI) and stroke (Sherif 1999).

Case reports on VTE have been published since the early 1960s (Jordan 1961, 
Boyce et al 1963) and since the late 1960s studies showing an association between 
the dose of estrogen (i.e. ethinyl estradiol, EE) and the risk of VTE have appeared 
in the literature (Böttiger et al 1980, Rosendaal et al 2003). The estrogen dose of 
the COCs has subsequently been decreased to reduce the risk of thromboembolic 
events, but treatment with modern, so-called, low-dose COCs (containing less than 
50 µg EE/day) still increases the risk of VTE approximately two to four times (Jick 
et al 1995, Middeldorp 2005). In parallel with the reduction of the EE content, 
new progestins were developed. In the mid 1980s, the so-called third-generation 
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progestogens (desogestrel or gestodene) were introduced. They were developed to 
reduce some of the negative metabolic effects of the more androgen-like so-called 
second-generation progestogen (i.e. levonorgestrel).

In 1995, three independent epidemiological studies reported differences in the risk 
of VTE among users of COCs with the same amount of EE but different types of 
progestogen (WHO 1995, Jick et al 1995, Spitzer el al 1996). The risk for users of 
second-generation COCs was estimated to 2/10 000 and the risk for users of third-
generation COCs to 3-4/10 000 compared with 1/10 000 for non-users. 

In the late 1990s, the debate focused on possible differences in the risk of VTE 
between different types of preparations. The earlier suggestion that estrogen alone 
is responsible for the increased risk of VTE among pill users was questioned (WHO 
1995, Jick et al 1995, Spitzer el al 1996, Herings et al 1999). 

It is not only the differences in the risk of venous thromboembolic disease that have 
been under debate. The risk of arterial occlusive disease has also been discussed. A 
recent meta-analysis suggests that low-dose COCs increase the risk of both cardiac 
and vascular events (Baillargeon et al 2005). Some studies have made direct 
comparisons between third- and second-generation COCs regarding their effects on 
risk of MI (Tanis et al 2001, WHO 1997) or stroke (Kemmeren et al 2002, Lidegaard 
& Kreiner 2002). However, the results of these studies are not conclusive.

In the past decade much research effort has focused on the mechanisms behind the 
risk of VTE and arterial cardiovascular disease in relation to use of COCs. Since 
most users of COCs are healthy young women taking the compounds not to cure a 
life-threatening disease but to prevent pregnancies, it is of great importance to make 
the pills as safe as possible. 

 
Sex hormones in fertile women 

Menstrual cycle 
The menstrual cycle is divided into three different phases – the follicular phase, 
ovulation and the luteal phase. Hormones in the hypothalamus, the pituitary gland 
and the ovaries are all involved in the delicate regulation of this cyclic pattern. Their 
interactions are regulated by positive and negative feed-back systems, which are 
not discussed here. LH and FSH show cyclic variations during the menstrual cycle 
(figure 1).
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During the follicular phase, sequential hormonal changes take place to make the 
follicle(s) ready for ovulation. In the early follicular phase, FSH is secreted in 
relatively large amounts, whereafter secretion slowly decreases until approximately 
48 hours before ovulation. Plasma concentrations of FSH are highest 36 to 48 
hours before ovulation. The plasma levels of LH are relatively constant during the 
menstrual cycle, except for the “LH peak” occurring 8-40 hours prior to ovulation.

The levels of estrogen and progesterone during the menstrual cycle are shown in 
figure 1. They are low during menstruation and early follicular phase, and increase 
prior to ovulation to a “pre-ovulatory peak”. After the ovulation the plasma estrogen 
concentration decreases transiently before it reaches a plateau during the follicular 
phase. In contrast, progestogen reacts with a slight increase at the LH peak, and 
thereafter reaches its highest levels during the luteal phase (figure 1).

Figure 1. The menstrual cycle.

Introduction

2	 4	 6	 8	 10	 12	 14	 16	 18	 20	 22	 24	 26	 28

65

60

55

50

45

40

35

30

25

20

15

10

5

0

2400

2000

1600

1200

800

400

0

52

48

44

40

36

32

28

24

20

16

12

8

4

0

FSH
LH
IU/I

Estradiol
pmol/l

Progesterone
nmo/l

  Ovulation

Progesterone

Estradiol

FSH

LH



Marianne van Rooijen 

��

Estrogen 
During the fertile period of a woman’s life, almost all biologically active estrogen,
the 17β-estradiol (E2), is secreted from the granulosa cells in the ovary. After the 
follicle ruptures at ovulation, the corpus luteum secrets progesterone, but significant 
amounts of estrogen are released as well. The plasma levels of E2 vary during 
the menstrual cycle, with the lowest levels occurring in the early follicular phase 
and the highest levels at the time of ovulation. During the luteal phase, plasma 
concentrations are significantly higher than during the follicular phase (see figure 1). 
Ethinyl estradiol (EE) is a synthetic estrogen commonly used in COCs in doses of 
20 to 50 µg.The ethinyl group on carbon 17 renders this estrogen a higher receptor 
affinity, longer duration and implies a change in biological transport. Thus, EE is to 
be regarded as a clearly more potent estrogen than E2.

In blood, the majority of estrogen is bound to a carrier protein, sex hormone-binding 
globulin (SHBG), produced in the liver. Another 10-30% is bound to albumin, 
and only about 1% remains free. Estrogen induces synthesis of SHBG, whereas 
progestins decrease the plasma SHBG concentration. The biological effects of 
estrogen and steroid hormones in general are largely exerted by the free fraction of 
the hormone.

Progesterone

Progesterone is produced and secreted by the corpus luteum in the ovaries of 
menstrual women. Small amounts of progesterone are also secreted by the adrenals. 
The synthesis and plasma level of progestogen also fluctuates during the normal 
menstrual cycle, with low levels before ovulation and the highest levels attained 
in the luteal phase. The main transport protein for progestogen is corticosteroid-
binding globulin (CBG), and the free circulating fraction of progestogen only 
amounts to 2-4%. A rapid metabolism and a poor resorbtion have hampered the 
use of natural progesterone in COCs and instead numerous synthetic progestogens 
(gestagens, progestogens, progestins) have been developed. There are two major 
classes of progestogens, derived either from 19-nortestosterone or from 17-α- 
hydroxyprogesterone. In COCs, most frequently derivates from 19-nortestosterone 
are used, for example levonorgestrel (LNG) and desogestrel (DSG).
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Combined oral contraceptives 

COCs contain a combination of estrogen and progestogen. The combination pills 
prevent ovulation by inhibiting gonadotropin secretion via effects on both pituitary 
and hypothalamic centers. The progestogen component primarily suppresses LH 
secretion and thus prevents ovulation, and the estrogen component suppresses FSH 
and thus prevents the selection and emergence of the dominant follicle. Therefore, 
the estrogen component significantly contributes to the contraceptive efficacy. 

The estrogen component in all COCs is EE while the progestogen component 
varies between different preparations. In the 1970s the so-called second-generation 
progestogens were introduced in contraceptives. These progestogens have slightly 
androgenic properties and counteract in many ways the biological effects of EE. 
LNG is the most frequently used second-generation progestogen. COCs with a 
combination of EE and LNG are analogously named second-generation COCs.

Following the introduction of COCs an evolution has taken place regarding 
doses and progestogen types. Since many of the unwanted side effects are dose-
dependent, dosages have been decreased. Initially the daily EE dose was 100-
150 µg or more, and the treatment regimen was one tablet daily for three weeks 
followed by a “pill-free” week. In the 70s the low-dose COCs were introduced, 
with a daily dose of 30 µg. Currently the daily EE dose is 30 to 35 µg in the 
commonly used preparations, although in newer preparations doses as low as 20 µg 
EE daily are used. Concerns about unwanted, androgenic, side-effects on e.g. the 
lipoprotein pattern and the association to atherothrombosis during use of second-
generation COCs stimulated development of alternative dosage regimens and new 
progestogenic substances. The phasic preparations, where the progestogen doses 
vary during the cycle, reduce the total hormone dose during the treatment period. 
In the 1980s a new type of progestogens was developed for use in COCs; the so-
called third-generation progestogen, i.e. desogestrel (DSG) and gestodene. These 
progestogens have a reduced androgenicity and less anti-estrogenic effects on liver 
metabolism. The third- as well as the second-generation progestogens are derived 
from 19-nortestosterone.

During recent years, new forms of administration have been developed including 
combined hormonal contraception such as vaginal rings and patches, and there is 
a trend toward extended use (i.e. use of the contraceptives for three or sex months 
without “pill-free” intervals in between). Still, the monophasic “low-dose” COCs 
are the most frequently used combined contraceptive method in Sweden.

Introduction
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Hormonal emergency contraception 

Hormonal emergency contraception (EC) with a combination of estrogen and 
progestogen was first introduced in the 1970s. In the original method, known as 
Yuzpe´s method, a combination of 100 µg EE and 1 mg LNG was administered 
twice with an interval of twelve hours (Yuzpe & Lancee 1977). During the 1990s 
LNG alone was shown to be more effective and have fewer side effects than the 
Yuzpe regimen (Task Force 1998). Therefore, the recommended regimen today is 
750 µg LNG given twice with an interval of twelve hours or 1.5 mg administered 
as a single dose. Irrespective of method, treatment has to be started within 72 hours 
after unprotected intercourse. 

EC is freely available in many countries and given to all women who request it, 
without any medical investigation. There are no restrictions for women with risk 
of deep vein thrombosis, even though the effects of EC on the coagulation system 
remain to be fully evaluated. There is, as far as we know, only one published report 
on VTE in relation to EC –  a case report on retinal vein thrombosis occurring the 
day after use of 1000 µg norgestrel and 100 µg EE twice within 12 hours (Lake & 
Vernon 1999). Conversely in a large American cohort study including 73,302 EC 
users without cardiovascular risk factors no case of VTE was reported (Vasilakis et 
al 1999a).

Progestogen-only contraception

Progestogen-only pills (POPs), sometimes called ”minipills”, were first licensed in 
1973. They contain no estrogen and usually have a lower dose of progestogen than 
that in combined pills. In the last decades other progestogen-only contraceptives, 
e.g. intrauterine devices and implants, have been developed. Treatment with 
progestogen-only contraceptives causes only minor effects on coagulation and 
fibrinolysis (Kuhl 1996), and is not associated with thrombotic complications 
(Vasilakis et al 1999b). They seem to be a good contraceptive method for women 
with increased risk of VTE (Conard et al 2004). Data on CVD with the use of 
progestogen-only contraception are limited but to date, no increased risk has been 
demonstrated (ESHRE 2006).
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Hemostasis 

The hemostatic system counteracts loss of blood and disturbances of blood flow 
and participates in the repair of injured vessels. Hemostasis is also involved in 
revascularization and formation of new connective tissue. There are many important 
participants in hemostasis such as the vessel wall, platelets and leukocytes, 
coagulation factors and their inhibitors, fibrinolytic factors and their inhibitors, 
calcium ions (Ca ++) and phospholipids as well as the blood flow itself (Butenas & 
Mann 2002, Norris 2003). Most of the hemostatic interactions occur on surfaces, 
i.e. on activated platelets, on endothelial cells or on exposed collagen in the vessel 
wall (Mann 1999).

Blood contains of a number of proteins, among them the coagulation factors and 
their inhibitors. The coagulation factors are either vitamin K-dependent (Factors 
II, VII, IX and X) or thrombin-dependent (fibrinogen, Factors V, VIII, XIII and 
XI). All of them are synthesized in the liver, except factor V (FV) (platelets) and 
factor VIII (FVIII) (endothelium). The coagulation proteins are involved in tightly 
controlled sequences of interactions resulting in the formation of thrombin and 
subsequently fibrin. Coagulation factors circulate in blood in an inactive form, as 
precursors (Butenas & Mann 2002). Coagulation begins with a series of events 
ultimately leading to clot formation; the activation process comprises a sequence of 
proteolytic cleavages at very specific sites on the precursor proteins. The activation 
causes conformal changes of the protein, and thus exposes the enzymatically active 
sites. The surface of the protein contain binding sites for phospholipids and other 
specific receptors or cofactors located on various cell surfaces (Norris 2003). In some 
situations, the precursor proteins can be activated not only by coagulation factors 
but also by other proteases, for example enzymes from tumor cells, microorganisms 
and leukocytes or proteins released from surfaces that have become exposed due to 
vessel damage.

Blood coagulation has traditionally been described as a cascade of distinct enzymatic 
reactions where proteolytic activation of one proenzyme leads to activation of the 
next proenzyme in the cascade (Mann 1999). The cascade model involves two 
somewhat independent pathways that converge to a final common pathway with 
thrombin generation as the endpoint (figure 3). This model is based on studies in 
vitro and can most accurately be described as a laboratory model. In the past few 
years, another model mirroring in vivo coagulation has evolved. This modern, cell-
based model of coagulation is an improvement over the old model in that it includes 
the interactions between cellular and plasma factors. 

Introduction
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The coagulation process

In the cell-based model the coagulation process can be divided into three distinct 
but overlapping steps, the initiation, the amplification and the propagation phases 
(Monroe & Hoffman 2006) (figure 2).

The initiation of blood coagulation

When hemostasis is initiated, by vascular damage, an immediate vaso-constriction 
occurs. This rapid process is effective enough to arrest bleeding from small vessels 
but cannot stop bleeding from larger blood vessels. During the initiation phase of 
hemostasis, the damage in the vessel wall brings plasma into contact with cells 
bearing tissue factor (TF). TF is a protein mainly found in subendothelial tissue, 
but it has been detected in almost all tissues in the body (Østerud & Björklid 
2006). Monocytes/macrophages in an atherosclerotic plaque can express TF after 
stimulation. After an injury or after stimulation by inflammatory mediators, such 
as interleukins, TF can be released or synthesized. Circulating coagulation factor 
VII (FVII) binds to TF and is rapidly activated by coagulation proteases or non-
coagulation proteases, depending on the cellular source of TF. A small amount of 
activated FVII (FVIIa) also circulates in normal plasma and is considered to have a 
priming function for initiating the coagulation process (Morrissey et al 1993). The 
FVIIa/TF complex, together with the co-factors Ca++ and phospholipids, cleaves 
inactive FX into the proteolytically active FXa (FXa) and cleaves FIX into FIXa. 
The activated forms of these two proteins play distinct roles in the subsequent 
coagulation reactions. FXa activates FV on the TF-bearing cells, and together the two 
activated proteins produce small amounts of thrombin. Depending on the strength 
of the stimuli, the initiating process will either proceed or be stopped through the 
action of the tissue factor pathway inhibitor (TFPI). 

Figure 2. Cell-based model of coagulation. 
Reproduced with permission from the authours [Monroe et al 2002]. In this scheme 
coagulation occurs in three phases: initiation, amplification and propagation. In the 
initiation (A) FVIIa bound to TF activates FIX and FX. Factor Xa then activates FV 
on the TF-bearing cell, complexes with FVa and converts a small amount of FII to 
FIIa. In the amplification phase (B), the small amount of initial FIIa activates platelets, 
causing release of α-granulae contents including FV, activates FV, activates FXI and 
activates FVIII by cleaving it from vWf. Cofactors bind to the platelet surface before 
their respective enzymes. The FVIIa/TF complex is shut down through the action of the 
TFPI in complex with FXa. In the propagation phase (C), FXIa generated by FVIIa/ 
TF binds to the activated platelets and subsequently activates FX. This factor IXa is 
supplemented by FIXa generated on the platelet surface by factor XIa. FXa then moves 
directly into a protected complex with FVa resulting in a burst of thrombin generation.
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The amplification of blood coagulation

The small amounts of thrombin initially generated on the surface of the TF-bearing 
cells can activate circulating platelets and platelets adhering to the site of injury. 
Platelet adhesion to the extracellular matrix of the subendtothelial surface on the 
endothelium is mediated by von Willebrand factor (vWf) which acts like a glue be-
tween platelets and collagen. Activated platelets express procoagulant-specific plate-
let receptors that localize both enzymes and cofactors (mainly negatively charged 
phospholipids) responsible for the amplification of the coagulation on the surface 
of the platelet. The main focus of coagulation now moves from TF-bearing cells to 
the platelets. Thrombin activation of the platelets also results in degranulation and 
release of FV from the platelets. Thrombin activates FVIII, releasing it from vWf. In 
addition, thrombin activates FV and also FXI bound to platelet surfaces.

The propagation of blood coagulation

In this last phase of the coagulation process highly effective enzyme complexes are 
formed on the platelet surface. The so-called tenase (Xase) complex (FIXa/FVIIIa) 
activates FX and the prothrombinase (FXa/FVa) complex activates prothrombin 
(FII) to thrombin. The cleavage of prothrombin into thrombin occurs via a number 
of steps; one of them results in the active enzyme α-thrombin and prothrombin frag-
ment 1+2 (F1+2). As circulating thrombin is difficult to measure, the more stable 
F1+2 is frequently used as a marker of prothrombin�� thrombin conversion. �ith– thrombin conversion. With thrombin conversion. With 
thrombin generated, fibrinogen is converted to fibrin monomer by splitting two 
small fibrinopeptides from the N-terminal end of the fibrinogen molecule (fibri-
nopeptides A and B). Fibrin monomers then form fibrin oligomers and subsequently 
polymers which make up an instable fibrin clot. The active form of FXIII acts as 
a transglutaminase and crosslinks the fibrin to an insoluble fibrin polymer, the fi-
brin network, which seals the site of injury and protects the damaged tissue during 
wound healing. FXIIIa also crosslinks other proteins to the formed clot. Among 
these are the two fibrinolysis inhibitors thrombin activatable fibrinolysis inhibitor 
(TAFI) and antiplasmin, which protect the clot from resolving too soon.

The regulation of the coagulation process is essential to avoid a generalized activation 
of the system resulting in massive fibrin deposition. The system must only be active 
at a local site of injury and must remain active only for a period of time sufficient 
for enough fibrin production to seal the wound. This regulation is very complex, 
with strong negative and positive feedback systems. Positive feedback is provided 
by activation of a proenzyme by the reaction product. For example in the presence 
of TF, Ca++ and phospholipids, FVIIa triggers the process of cleaving FVII to its 
active form FVIIa. The most important positive feedback is the activation of FV by 
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thrombin. The activated FVa acts together with cofactors Ca++ and phospholipids 
and amplifies the transformation of prothrombin to thrombin, which subsequently 
induces activation of FV to FVa. The most important regulatory pathways, however, 
contain a series of anticoagulant proteins and cofactors which bind to activated 
coagulation factors and limit their period of activity. 

Natural inhibition of blood coagulation

A complex system of coagulation inhibitors exists to protect the body from uncon-
trolled coagulation and restrict the coagulation to specific areas. There are three 
major systems of natural coagulation inhibitors: TFPI, the heparin–antithrombin–antithrombinantithrombin 
pathway and the protein C system.
 
TFPI inactivates the initial trigger of the initiation of the coagulation, namely FVIIa 
bound to TF. TFPI can only inactivate TF/FVIIa after a previous interaction with 
FXa. As soon as some FXa has been formed and bound to TFPI, a negative feedback 
loop starts. The effect is rapid inhibition of the TF-FVIIa complex activation of the 
cascade (Esmon 2005).

Antithrombin (AT) is the most important circulating inhibitor of the activated 
coagulation factors. Its most important target is thrombin, but it also binds 
and inhibits coagulation factors IXa, Xa, XIa, XIIa and the TF-FVIIa complex 
(Kobayashi 2005). The ability of antithrombin to inhibit these factors is greatly 
accelerated by heparan sulphate, lining the endothelial layer, and heparin released 
from the granules of mast cells associated with the endothelium (Gomez et al 2005). 
Thrombin bound to AT forms the stable thrombin–antithrombin (TAT) complex. 
The plasma TAT complex concentration reflects thrombin production or functional 
state of the coagulation system.

The protein C anticoagulant pathway is thought to be the major mechanism by which 
thrombosis in the microcirculation is prevented (Figure 3). Protein C circulates in 
an inactive form in blood, and its activation is triggered when thrombin binds to 
thrombomodulin (TM) on the endothelial surface (Esmon 2005).The thrombin–TM–TMTM 
complex activates protein C alone or protein C bound to the endothelial protein 
C receptor (EPRC). Activated protein C (APC) is inactive as an inhibitor while it 
remains bound to the EPCR. To be activated it binds to protein S and is released 
from the EPCR. Protein S exhibits both this APC cofactor activity and some direct 
anticoagulant activity, of which the APC cofactor activity probably is the most 
important. The protein S–APC complex proteolytically inactivates FVa and FVIIIa,–APC complex proteolytically inactivates FVa and FVIIIa,APC complex proteolytically inactivates FVa and FVIIIa, 
which down-regulates formation of the prothrombinase and tenase complexes  - the 
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enzymes responsible for activation of thrombin and FX respectively (Dahlbäck & 
Villoutreix 2005). The thrombin-TM complex also accelerates the inactivation of 
thrombin by antithrombin (Rezaie et al 1995). 

Figure 3. Schematic representation of blood coagulation and the protein C 
anticoagulant system. (Reproduced with permission from K Strandberg). The figure 
demonstrates a scheme of blood coagulation reactions together with the balancing
anticoagulant reactions of the protein C pathway. 

Together with antithrombin and TFPI, the protein C system is an important defence 
system against thrombosis. Deficiencies in the protein C system are associated with 
increased risk of VTE, as are inherited AT deficiency (Simioni et al 2006). Resistance 
to APC, usually caused by a mutation in the FV gene, is one of the most common 
inherited trombophilias. The impact of deficiencies of the TFPI is still unclear, even 
though it has been postulated that TFPI resistance may constitute a novel hemostatic 
genetic risk factor for VTE (Lwaleed & Bass 2006),

Fibrinolysis  

The fibrinolytic system is involved in the removal of the clot from the vascular 
system and may also participate in thrombogenesis, restenosis and atherosclerosis. 
The central protein in fibrinolysis is plasminogen, which after enzymatic activation 
forms plasmin, dissolving the fibrin network into fibrin degradation products (FDP). 
FDPs exist in many different sizes – the smallest ones are fragment D and fragment 
E. Crosslinked D’s, D-dimers, are well established as a markers of fibrinolysis activ-
ity (Siragusa 2006).
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There are two major activators of plasmin formation; tissue plasminogen activator 
(t-PA) and urokinase-type plasminogen activator (u-PA). Both circulate in blood as 
inactive precursors, and require proteolytic cleavage to be activated. t-PA is syn-
thesized by endothelial cells and released into the blood stream. Fibrin formation 
enhances t-PA secretion, and there is strong affinity between t-PA and fibrin. Also, 
plasminogen is tightly bound to fibrin via specific binding sites. Fibrin acts as a 
cofactor for the t-PA-mediated enzymatic cleavage of plasminogen to active plas-
min. Plasmin is a strong but unspecific enzyme, which also cleaves fibrinogen into 
smaller fragments. Some of these fibrinogen degradation products impair platelet 
aggregation and fibrin polymerization and function as anticoagulants (Cesarman-
Maus & Hajjar 2005) (figure 4).

u-PA is activated by factor XIIa, kallikrein and plasmin (positive feedback). The 
role of u-PA in clot dissolution is not clear. However, it seems to be of greatest 
importance in other fibrinolysis-associated processes in the body, such as tissue 
remodelling and cell migration (Mazzieri & Blasi 2005). 

Figure 4. The fibrinolytic system (Reproduced with permission from K Strandberg). 
Soluble fibrinogen is converted to insoluble fibrin in the final step of the coagulation 
process. The fibrin clot is stabilized by FXIIIa that covalently cross-links fibrin monomers. 
Plasmin can degrade the fibrin clot to soluble products. The most important activator of 
plasminogen is tPA, which is in turn inactivated by PAI-1. Thrombin not only activates 
FXIII to FXIIIa, but also activates TAFI that inhibits fibrinolysis.
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Inhibitors of fibrinolysis

The primary inhibitor of active plasmin is antiplasmin. Antiplasmin binds 
irreversibly to circulating plasmin or plasmin on the surface of the clot. A stable 
complex, the plasmin–antiplasmin complex (PAP) is formed. This complex can be 
measured in plasma, and is used as a marker of plasmin production. Antiplasmin is 
bound to fibrin by FXIIIa during clot formation. It is clot bound antiplasmin which 
modulates fibrinolysis and interaction of free plasmin and antiplasmin is probably 
more important in preventing systemic lytic state (Coughlin 2005).

Plasminogen activator inhibitor type 1 (PAI-1) is found in plasma and in platelets, 
and functions as a specific inhibitor of t-PA and u-PA. The synthesis by endothelial 
cells is enhanced by proinflammatory cytokines such as interleukin 1 (IL-1) and  
tumor necrosis factor (TNF), by endotoxins (lipopolysaccharides) released during 
sepsis, and by thrombin (Huber 2001). PAI-1 acts as an acute-phase reactant; its 
concentrations rises during inflammation and thrombosis, and it has been proposed 
to be a strong risk factor for cardiovascular disease (CVD) (Feinbloom & Bauer 
2005). 

Thrombin activated fibrinolysis inhibitor (TAFI) is activated by thrombin and 
probably also by plasmin. Binding to thrombin and thrombomodulin strongly 
enhances the activation of TAFI. The antifibrinolytic mechanism of TAFI involves 
removal of the binding site for plasminogen on fibrin. Since this binding is necessary 
for the activation by t-PA, TAFI prevents fibrinolysis from occurring (Bouma & 
Meijers 2003).

There are also other inhibitors of fibrinolysis. Examples include α2–macroglobulin, 
which is strongly anti-fibrinolytic, PAI-2 which increases significantly during 
pregnancy (from the placenta), and PAI-3, a weak fibrinolysis inhibitor which also 
gradually inhibits APC and therefore is called protein C inhibitor (PCI)
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Risk indicators for venous thromboembolism

In contrast to atherothrombosis the discussion on factors for VTE has historicallyatherothrombosis the discussion on factors for VTE has historically the discussion on factors for VTE has historically 
not focused on biochemical risk indicators, but more on the triad of Virchow (i.e., 
alterations in blood flow, injury to the vascular endothelium and alterations in the 
constitution of blood), although the phenomenon of biochemical risk indicator has 
been discussed since the 1960s. Individual  risk factors for VTE include age, obesity, 
history of VTE and thrombophilia.  Originally, thrombophilia was associated 
with a predisposition to thrombosis in carriers of AT deficiency (Egeberg 1965). 
Subsequently, the term thrombophilia was associated with clinical conditions 
characterized by increased tendency toward thrombosis in young patients in the 
absence of known diseases commonly related to thrombosis (e.g. cancer). At present 
the term thrombophilia includes any hereditary or acquired condition associated 
with an increase tendency to VTE (Simioni et al 2006). The thrombophilias are 
characterized by a deficiency of an anticoagulant protein or by an increased level 
or function of a coagulation factor. Deficiencies in AT, protein C and protein S are 
rare but results in a high thrombogenic potential, whereas some more common 
thrombophilias (e.g., increased levels of FVIII and homocysteine) increase the VTE 
risk to a lesser extent (Simioni et al 2006). Even dysfunction in certain factors or 
steps in the hemostatic process can result in thrombophilia, e.g., dysfibrinogenemia 
or APC resistance (Bick 2006).    

During recent years, “new” thrombophilias which are potential risk indicators for VTE 
have been uncovered, such as increased levels of F IX or FXI (Meijers et al 2000b), or 
TAFI (Willemse & Hendriks 2007) and alterations in TFPI (Dahm et al 2003). 

A variety of laboratory tests have been proposed for the detection of abnormal 
coagulation activity in VTE. These include measurement of  TAT, F 1+2, 
fibrinopeptide A, fibrin degradation products, PAI-1 activity and D-dimer, among 
others.  D-dimer, a fibrin degradation product that contains part of cross-linked fibrin 
strands, has gained attention because of its possible negative predictive value for 
exclusion of VTE, when it is under a certain cut-off level (Siragusa 2006). However, 
venous thrombogenesis may be regarded as the product of an unstable dynamic 
balance between coagulation and fibrinolysis and to get a picture of this haemostatic 
balance in a certain moment, global methods like APC resistance assays, thrombin 
generation assays and thrombelastographic methods are more adequate. 

Besides intrinsic or disease related, the risk factors for VTE also include use of oral 
contraceptives. Therefore, in the present studies the effects of use of COCs on some 
of the laboratory tests associated with VTE were investigated.
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Risk indicators for atherothrombosis 

CVD and atherosclerosis have traditionally been viewed to simply reflect the 
deposition of lipids within the vessel wall of medium-sized and large arteries. This 
concept has changed in the past two decades. It is now assumed that the conditions 
involve a complex endothelial dysfunction induced by elevated and modified low-
density lipoproteins (LDL), free radicals, infectious micro-organisms, shear stress, 
hypertension, toxins related to smoking or combinations of these and other factors, 
leading to a compensatory chronic inflammatory response (Ross 1999). Accordingly, 
during recent years, new biochemical risk markers have been identified in addition 
to the classical ones. Some of them will be addressed in the present thesis.

Lipoproteins

There is a firm association between high LDL cholesterol concentration in plasma 
and increased risk for CVD (Meagher 2004). Numerous studies have also identified 
high triglyceride (TG) (Austin et al 1998) and low high density lipoprotein (HDL) 
cholesterol (Meagher 2004) levels as risk factors for CVD. In the circulation, TG 
and cholesterol are transported as parts of circulating lipoproteins. These lipoprotein 
particles consist of a surface layer made up of apolipoproteins and a core containing 
hydrophobic lipid constituents. Depending on the size and density, lipoproteins are 
divided into subfractions designated chylomicrons, very low density lipoproteins 
(VLDL), intermediate density lipoprotein (IDL), LDL and HDL. VLDL, IDL and 
LDL contain apolipoprotein B (apo-B) whereas HDL mainly contains apolipoprotein 
A1 (apo-A1). 

Modification of LDL, and to a lesser extent of other lipoproteins, is essential for 
the initiation of the atherosclerotic process. Oxidation of LDL is believed to be 
most important. As a response to oxidation, LDL changes its configuration and 
new antigens are exposed on the surface of the oxidated LDL (oxLDL). OxLDL 
serves an antigen for the human immune system, and antibodies against oxLDL are 
present in atherosclerotic lesions and in the circulation of healthy individuals early 
in the atherosclerotic process (Tsimikas 2006). Levels of anti–oxLDL are raised in 
individuals with more advanced atherosclerosis, and they seem to correlate with the 
degree of atherosclerosis in such persons (Bergmark et al 1995, Wu et al 1997) 

Lipoproteins promoting endothelial damage include for example LDL, VLDL and 
lipoprotein(a). OxLDL can damage the arterial endothelium, and there is much 
evidence to suggest an association between LDL oxidation and development 
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of atherosclerosis. HDL, on the other hand, is suggested to prevent or alleviate 
endothelial damage. In recent years, the ratio between apo B and apo A1 has been 
established as one of the best predictors for CVD (Walldius & Jungner 2006). 

The effect of lipoproteins can also be mediated through coagulation factors. 
Lipoproteins have been suggested to increase FVII synthesis and activation. FVII 
levels are influenced by environmental and genetic factors and are associated with 
increased levels of TG, and therefore discussed as a risk factor for CVD. However, 
as FVII is associated also with other established risk factors such as obesity and 
postmenopausal state, its role as an independent risk factor is not confirmed.

Inflammation 
As mentioned earlier, atherosclerosis has many features of an inflammatory process. 
Accordingly, markers of an inflammatory response such as C-reactive protein (CRP) 
and fibrinogen have proved to be useful in assessing the risk of CVD. The �omen’s 
Health Study has shown that CRP is a strong independent risk factor for CVD in 
females (Ridker et al 1998, Ridker et al 2000). 

High-sensitivity assays have shown CRP levels <1, 1 to 3, and >3 mg/L to correspond 
to low, moderate, and high risk of future cardiovascular events, respectively 
(Ridker 2003). Even a modest elevation of CRP is associated with an increased Even a modest elevation of CRP is associated with an increasedEven a modest elevation of CRP is associated with an increased 
risk of atherothrombotic events up to 20 years after blood samples were obtained 
(Sakkinen et al 2002). A recently published study indicates that an elevated serum 
CRP concentration is independently associated with aortic as well as coronary 
atherosclerosis even in young adults; aged 15-34 (Zieske et al 2005). Recent data 
also show that CRP can be produced inside the arterial plaque, supporting the 
concept that CRP might play an active pathophysiological role in atheromatous 
lesions (Yasojima et al 2001). In addition, CRP mediates the uptake of native LDL 
particles by macrophages via the CD32 receptor (Zwaka et al 2001).

Fibrinogen is also a well-known risk factor for atherothrombosis (Danesh et 
al 2005). Fibrinogen mediates its proatherogenic effects by increasing plasma 
viscosity, promoting platelet aggregability and by stimulating smooth muscle cell 
(SMC) proliferation (Ernst 1993). Fibrinogen affects platelet aggregation through 
its reaction with platelet receptors (glycoprotein complex IIb/IIIa), which is a 
key reaction in thrombus formation. In addition fibrinogen forms fibrin, the main 
component of the clot.
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PAI-1 is classified as an acute-phase reactant, and a number of cytokines have been 
found to stimulate endothelial PAI-1 production. Studies demonstrate enhanced 
expression of PAI-1 in diseased vessels, and that the expression is proportional 
to the degree of atherosclerotic burden.  In addition PAI-1 may impair normal 
vascular remodelling through its effects on integrin expression and cellular 
migration.  However, even though levels of PAI-1 appear to positively correlate with 
atherothrombotic disease, it is not epidemiologically verified as an independent risk 
factor for atherothrombosis (Feinbloom & Bauer 2005).

Glucose metabolism 

It is well established that diabetes is associated with a proatherosclerotic state. 
Results from many different studies indicate that insulin resistance is an important 
factor in the development of atherosclerosis in patients with type 2 diabetes, 
obesity, and/or metabolic syndrome (Cersosimo & DeFronzo 2006). Insulin causes 
proliferation of vascular smooth muscle cells, which is a hallmark lesion of the 
atherosclerotic process. Insulin also switches on the genes that are involved in 
connective tissue formation, an important part of the atherogenesis. Furthermore, 
insulin upregulates LDL-receptor activity and stimulates the production of growth 
factors (Defronzo 2006). While insulin resistance, by promoting dyslipidemia and 
other metabolic abnormalities, is part of the proatherogenic milieu, it is possible that 
insulin resistance in the vascular wall itself does not promote atherosclerosis. 

In the past few years, insulin-like growth factor-I (IGF-I) and two of its binding 
proteins, IGFBP-1 and IGFBP-3, have been identified as putative mediators in CVD. 
Low serum IGF-I has been associated with coronary artery disease in both cross-
sectional and prospective studies (Juul et al 2002, Spallarossa et al 1996), and a low 
circulating IGFBP-1 concentration has consistently been related to a less favorable 
cardiovascular risk profile (Heald et al 2001, Gibson et al 1996, Janssen et al 1998). 
High IGFBP-3 concentrations, on the other hand, could reduce the bioavailability of 
IGF-I, and therefore contribute to the negative effects of low IGF-I levels.

Endothelial activation

Structural and functional changes in the vascular endothelium, which could be 
interpreted as a response to cellular injury, may be involved in the development of 
vascular disease (Ross 1999). Hence, a method for assessing endothelial damage/
dysfunction would be valuable. One approach is to quantify the plasma concentrations 
of various endothelial products, such as vWf or soluble E-selectin (sE-sel). Indeed, 
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vWf has been proposed as a marker of endothelial damage/dysfunction, as increased 
plasma levels have been found in inflammatory and atherosclerotic vascular diseases 
where the endothelium is likely to be affected (Blann & Taberner 1995). In contrast, 
it remains unclear whether elevation of sE-sel reflects activation, damage, or merely 
a physiological response (Roldán et al 2003).

Influence of COCs on hemostatic parameters and 
risk indicators for venous thromboembolism and 
atherothrombosis

Hemostasis 

It has been known for many years that oral contraceptives influence hemostasis 
(Kluft & Lansink 1997). Following the epidemiological studies reported in the mid 
1990s, suggesting a difference in risk of VTE according to progestogen content 
of the COCs, studies focused on differential effects on hemostasis with different 
COCs.  

So-called low-dose COCs were shown to increase the plasma concentrations 
of FVII, FVIII, FX, F1+2 (Middeldorp et al 2000, Kluft & Lansink 1997). In a 
randomized study, more pronounced effects were found on prothrombin, FV and 
FVII with a third-generation COC than with a second-generation COC (Middeldorp 
et al 2000). Of note, moderately increased levels of prothrombin and FVIII have 
been associated with increased risk of VTE (Kraaijenhagen et al 2000, Bank et al 
2005). Fibrinogen, a link between CVD and VTE, which is synthesized in the liver 
and − like CRP  − behaves as an acute phase reactant, shows the same pattern of 
increase during COC treatment, and higher plasma concentrations during use of 
third generation COCs (Middeldorp et al 2000, Döhring et al 2004, Kluft & Lansink 
1997).

COCs also influence the natural anticoagulant system, particularly the protein C 
pathway. Plasma from women using COCs is less sensitive to APC than plasma 
from non-users (Rosing et al 1997). Furthermore, women using third-generation 
COCs have a more pronounced APC resistance than women using second-generation 
COCs (Rosing et al 1999, Tans et al 2000). In some cases, APC resistance during 
COC use is of the same magnitude as that observed in carriers of the factor VLeiden 
mutation (Rosing et al 1997). Thrombelastography has been evaluated in women 
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using COCs. However, the estrogen component in those reports range in the majority 
of studies between 50 and 100 µg EE. In one study on low-dose COCs no trend 
towards hypercoagulability was found (Zahn et al 2003).

Studies on fibrinolytic parameters during COC use suggest an increased fibrinolytic 
activity (Kluft & Lansink 1997, Meijers 2000a) . PAI-1, important in the regulation 
of the fibrinolytic activity and also a marker of endothelial activity, is highly 
sensitive to COC treatment; the plasma concentrations decrease significantly during 
use of second- as well as third-generation COCs. Conversely, COCs induce elevated 
plasma levels of TAFI, an effect that is more pronounced with third-generation 
COCs than with second-generation COCs (Meijers 2000a). Elevated plasma levels 
of TAFI are known to be a risk factor for VTE (van Tilburg et al 2000). 

Liver function

Next after the reproductive organs, the liver is the organ most affected by sex steroids. 
The estrogen component in COCs increases the synthesis of serum enzymes formed 
in the liver and also some of the plasma proteins (Laurell et al 1968, von Schoultz 
et al 1989). Some of these plasma proteins are coagulation factors in their inactive 
form. The plasma protein most strongly affected by estrogen is SHBG. 

Oral intake of EE alone results in a profound dose-dependent increase in SHBG 
(Mashchak et al 1982, Stege et al 1988). Conversely, progestogen intake results 
in varying degrees of decrease, depending on dose and type of progestogen. 
The differences might be due to the differences in anti-estrogenic effects of the 
progestogens (Mainwaring et al 1995). SHBG has been proposed as a marker of 
the total estrogenicity of a defined COC in the sense that the effect on SHBG is an 
expression of the net effect of the estrogenic influence of EE and the anti-estrogenic 
effect of progestogen (Odlind et al 2002)

CRP, another liver-synthesized protein, is also affected by steroid hormone treatment. 
Women using COCs present higher levels of CRP in plasma than non-users (Dreon 
et al 2003, Kluft et al 2002), and women treated with third-generation COCs display 
higher levels than those on second-generation COCs (Döhring el al 2004). In studies 
on women using hormone replacement therapy (HRT), results indicate a difference 
between oral and transdermal administration; transdermal formulations do not affect 
CRP whereas perorally given HRT increases the plasma concentration (Vehkavaara 
et al 2001, Lacut et al 2003). Therefore, the route of estrogen administration may beTherefore, the route of estrogen administration may be 
an important determinant of the serum CRP concentrations..
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Lipoproteins

The many effects that the estrogens and progestogens used in oral contraceptives and 
postmenopausal HRT exert on lipoprotein metabolism are of importance because of 
the involvement of lipoproteins in endothelial dysfunction and atherogenesis.

The estrogenic component of COCs introduces a favorable lipoprotein pattern in the 
blood with increased HDL cholesterol and decreased LDL and VLDL (Kloosterboer 
& Rekers 1990). COCs containing the more androgenic progestins (i.e. second-
generation progestogen) counteract the beneficial effects of estrogen on lipoproteins, 
i.e., they decrease serum levels of HDL and increase LDL and triglycerides 
(Kemmeren et al 2001). Third-generation COCs may either cause adverse but 
minor changes in lipoprotein or even induce an elevation in HDL, which is often 
accompanied by a reduction in LDL (Godsland et al 1990) and an increase in serum 
TGs (Kemmeren et al 2001). In combination with estrogens, the third-generation 
progestogen (i.e. DSG) seems to counteract the effects of estrogen to a lesser extent 
than levonorgestrel (Kemmeren et al 2001).  

Studies on apolipoproteins during COC use report diverging results; some describe 
an increase in apo A1 levels (Knopp  et al 2001), some a decrease (Tuppurainen 
et al 2004) and some could not detect any changes at all (Scharnagl et al 2004). 
Regarding apo B, most studies demonstrate increased serum levels (Knopp et 
al 2001, Tuppurainen et al 2004). However, one study could not determine any 
differences in the two apolipoproteins when two COC with different estrogen (20 vs 
30µg) and LNG (100 vs 150µg) content were compared (Scharnagl et al 2004). 

Glucose metabolism

Use of older high-dose COCs apparently led to impaired glucose tolerance in many 
women. Wynn and Doar (1966) described cases of “steroid diabetes” in women 
using OC containing >50 µg of EE. Such marked hyperglycemia is not seen with 
modern preparations. In fact, the observed changes in carbohydrate metabolism 
during use of modern low-dose COCs are so minimal that they are believed to have 
no clinical significance in relation to diabetes (Speroff & Frits 2005). 
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Endothelial activation

There are only a few studies on the effect of COCs on E-selectin (Seeger et al 2002, 
Ponthieux et al 2004). E-selectin levels appear to decrease during COC treatment 
in a manner resembling what had earlier been observed during HRT treatment 
(Vehkavaara et al 2001), without any difference between two preparations, one 
containing 20 µg EE and 100 µg levonorgestrel and the other containing 30 µg EE 
and 150 µg levonorgestrel (Seeger et al 2002). No comparative studies on different No comparative studies on different 
COCs effects on vWf are available. Different studies report either increased levels 
(Kluft & Lansink 1997, Kluft et al 2002) or no changes in the plasma concentrations 
of vWf (Prasad et al 1999) during COC use.

Risk of venous thromboembolism and cardiovascular 
disease in fertile women

The risk that a healthy fertile woman will suffer VTE is low. In a population-based 
study, Nordström et al (1992) observed an incidence of venous thrombosis of 0.11, 
0.26 and 0.97 per 1000 women for the age categories 20 to 29, 30 to 39 and 40 
to 49 years, respectively. In the age group <20 years the incidence was 0.05 per 
1000 women. It is notable in this context that this population-based study did not 
discriminate between first and recurrent thrombosis, and might therefore give an 
overestimation of the risk of first-time thrombosis.

Since the introduction of COCs in the early 1960s, the risk of VTE has been studied. 
There is a relation between the dosage of estrogen and the risk of VTE with a trend 
towards decreasing incidence of VTE with decreasing estrogen component in the 
oral contraceptive (Inman et al 1970, Rosendaal et al 2003). Accordingly, the 
estrogen content of COCs has been gradually reduced during the last several decades. 
Simultaneously, the progestogen component of the pills has been developed to be 
more favorable in terms of metabolic side-effects. Today, the risk of developing 
VTE during use of COCs is estimated to 2-4 per 10 000 women annually, with the 
higher rates attained among users of third generation COCs (Jick et al 1995, Farmer 
et al 1997). However, the absolute risk of VTE associated with OC use is low (one 
in 3000 to 5000) and smaller than the risk of pregnancy-associated VTE (Godsland 
et al 2000) (figure 5). The risk of VTE is influenced by duration of use; it is highest 
the first year, goes down by more than 50% in subsequent years (Bloemenkamp et al 
2000, Lidegaard et al 2002), and returns to the same level as that among non-users 
after discontinuation of the drug (Hannaford 2000).
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During use of progestogen only contraceptives no increase in VTE is observed 
(Collins & Crosignani 2003) but some studies indicate that during use of progestogen 
for gynecological disorders, it might be an association to VTE (Poulter et al 1999, 
Vasilakis et al 1999b)

Figure 5. Incidence of venous thromboembolism in young women during pregnancy 
and according to type of oral contraceptives. [Reproduced with permission from author 
(Godsland et al 2000)]

In women of fertile age the risk of venous thrombosis is low and the risk of arterial 
cardiovascular disease is even lower. According to WHO statistics for industrialized 
countries from the period 1992 to 1996, the estimated rate of MI among women 
who were non-smokers and not taking oral contraceptives in the age ranges 20 to 
24, 30 to 34 and 40 to 44 years was 0.14, 1.70 and 21.28 per million and year, and 
the estimated rate of ischemic stroke (IS) among the same groups of women was 
6.0, 9.8 and 16.1 per million per year, respectively (Hannaford 2000).

Since the basal incidence of arterial occlusive disease is so low, it is hard to get 
reliable epidemiological data about whether the risk increases during use of COCs. 
A recent meta analysis found a summary odds ratio (OR) for MI of 1.84 and a 
summary OR for IS of 2.12 (Baillargeon et al 2005).  Subgroup analysis based on 
type of progestogen showed that second-generation OCs increased the risk of MI 
events 1.9-fold and the risk of IS events 2.5-fold. Third-generation OCs doubled the 
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risk of IS outcome and increased (nonsignificantly) the risk of MI by 28%. Some 
studies have made direct comparisons between third- and second-generation COCs 
regarding their effects on risk of MI (WHO 1997, Dunn et al 1999, Tanis et al 2001) 
or stroke (Kemmeren et al 2002, Lidegaard & Kreiner 2002). However, the results 
of these studies are not conclusive with respect to demonstrating a reduced risk 
among users of third-generation COCs. Also, the risk of peripheral arterial disease 
appears to be equally elevated in users of second- and third-generation COCs (van 
den Bosch et al 2003). Thus, although the third-generation OCs were developed 
to reduce the risk of arterial thrombosis, no such effect has been unequivocally 
demonstrated. 

Smoking and hypertension both substantially increase the risk of MI among 
COC users, and some data suggest an increased risk among women with 
diabetes, hypercholesterolemia or a history of pregnancy-induced hypertension or 
preeclampsia. There is no epidemiological evidence for increased risk for MI with 
past use of COCs (Stamfer et al 1990, Beral et al 1999, Colditz 1994). One large 
follow-up study on mortality related to past COC use describes a trend towards 
increased risk of cerebrovascular events (Colditz 1994).
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Aims of the study

The overarching aim of this thesis was to identify alterations in hemostasis as well as 
in established and novel risk markers for atherothrombotic disease during treatment 
with COCs and to compare different types and doses of progestogen and estrogen.
  
Specifically, the aims of the individual studies were:

o	 To compare the change in the plasma lipoprotein pattern and the association 
to FVII during use of two different COCs.

o	 To identify a plausible biological mechanism to explain why SHBG could 
act as a “surrogate marker” for the risk for VTE during use of COCs. 

o	 To investigate the alterations in CRP during use of COCs and to find a 
biological explanation for the expected increase.

o	 To elucidate the effects on hemostasis and atherosclerotic risk markers 
during the short term exposition to sex hormones provided by EC pills. 

 

o	 To clarify whether there is any change in APCresistance during the normal 
menstrual cycle. 

Aims of the study
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Subjects and methods

Subjects

The present thesis is based on three different groups of women. A total of 160 women 
between 18-51 years of age volunteered for the studies. All subjects were healthy 
and without any kind of medication; they had normal menstrual periods and had 
not been pregnant, breast-feeding or used any hormonal contraceptives within two 
months prior to study start. Use of non-steroidal anti-inflammatory drugs (NSAID) 
was not allowed for two weeks prior to blood sampling in any of the studies.

In study I (papers I-III, van Rooijen et al 2006) the subjects were nulliparous non-
smokers. Their age ranged from 18 to 33 years (median 24.6). Nine women out of 
44 included withdrew their consent to participate, eight for personal reasons and onewithdrew their consent to participate, eight for personal reasons and one, eight for personal reasons and one 
due to severe migraine during use of one of the study preparations. 

In study II (paper IV) 11 of the 12 included volunteers completed the trial. One 
woman discontinued the trial as she became pregnant in the wash-out period. The 
remaining participants had normal body mass index (BMI) and their age ranged 
from 21 to 34 years (median 27.2.

In the last study (paper V) 104 women with regular menstrual cycles (cycle length 
21 to 35 days) and without any hormonal treatment were included. There were no 
restrictions regarding body mass index (BMI), smoking or parity, but the participants 
were not allowed to take any medication at all. Of 104 women two were excluded; 
one for to personal reasons and one due to severe problems with the blood sampling. 
The remaining 102 had a median age of 31.8 years (range 18 to 51), median BMI 
22.7 (range 17.4 to 37.2). Nine of them were smokers.

The separate studies were approved by the local ethics committee and all patients 
gave their informed consent to their participation. 

Subjects and methods
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Treatments

In study I (papers I-III), two different kinds of monophasic COCs were used: one 
so-called second generation COC with a daily dosage of 30 µg EE/150 µg LNG 
(Follimin®) and one so-called third-generation COC with a daily dosage of 30 µg 
EE /150 µg DSG (Desolett®).

In study II (paper IV), two different methods of hormonal EC were used; one method 
in which two pills containing 50 µg EE and 250 µg LNG each (Follinett®) were 
given twice with an interval of twelve hours, and one method in which 750 µg LNG 
(Postinor®) was given in the same manner. As general indisposition and vomitingindisposition and vomiting 
are common side effects of the combined EC method, participants were assigned to 
take an antiemetic drug (6.5 mg Torecan®; Tietylperazine) at the same time as they Tietylperazine) at the same time as they at the same time as they 
took the second treatment dosage. 

Study designs

The first study was a randomized, prospective cross-over study, in which the women 
were randomly assigned to start with one of the two study medications, and use it 
for two months. After the first treatment period, there was a wash-out period of 
two months before participants switched to the alternative study medication for 
two (more) months. In the menstrual cycle prior to the first treatment period blood 
samples were drawn twice; once in the follicular phase (cycle day (cd) 5-8) and 
once in the luteal phase (cd 22-25). During the last week of each treatment period, 
blood samples were drawn once again. See figure 6.

Figure 6. Flow chart for treatments and blood samplings in study I. A: second-generation 
COC, B: third-generation COC.
 

Sample 1 Sample 2

Sample 3 Sample 4

A

B
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In the second study, we also used a randomized, prospective cross-over study 
design, in which the women were assigned to use one of the two EC methods at 
ovulation time. An ovulation test was performed to determine ovulation time. Since 
EC might cause menstrual bleeding disturbances, participants were required to have 
one normal menstrual cycle in between the two treatment cycles. In the second 
treatment cycle, they used the alternative EC method. Three weeks after each 
treatment, a pregnancy test was performed to exclude pregnancy. Blood sampling 
took place before administration of the medication and 2, 4, 8, 12, 24 and 48 hours 
after the second dose. The first dosage was given at 8 pm on day one, the second 
dosage at 8 am in the next morning (i.e. day two). Remaining blood samples were 
collected at 10 am, noon and 8 pm day 2, at 8 am day 3 and at 8 am study day 4. 
See figure 7.

Figure 7. Flow chart for treatment and blood sampling in study II

The third study is a descriptive study on changes in resistance to APC during the 
normal menstrual cycle. Blood samples were drawn twice in a normal menstrual 
cycle: once in early follicular phase (cd 3-5) and once in the luteal phase (cd 22-
25).

Blood sampling

Venous blood samples were drawn from an antecubital vein after 15 minutes rest 
in the sitting or supine position. In studies I and III all samples were drawn in the 
morning after an overnight fast. In study II, the samples taken in the morning, i.e., 
before the second dosage and after 24 and 48 hours, were fasting samples.

Blood samples for analysis of coagulation and fibrinolytic factors were collected 
in vacutainer tubes (Becton Dickinson) containing citrate (0.13 mmol/L) and 
immediately centrifuged. In the COC study (papers I-III), the tubes were centrifuged 
twice at 3000 rpm (1500 g) for 20 minutes, in the study on emergency contraceptives 
(paper IV) twice at 2000g for 20 minutes and in the last study (paper V) the two 
centrifugations were at 2000 g for 15 minutes . Samples for determination of PAI-1 

Subjects and methods
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activity were drawn into acidified citrate tubes (Stabilyte, Biopool, Sweden) and 
treated in the same manner as described above. 

Blood for serum preparation was collected in plain vacutainer tubes without 
anticoagulants and kept at room temperature for one hour before centrifugation 
at 3000 rpm (1500 g) for 20 minutes in Study I and for 10 minutes at 2000 g in 
studies II and III. Cell-free plasma and serum samples were stored at -70°C until 
analyzed. 

Blood samples for lipid and lipoprotein determinations were drawn into precooled 
sterile tubes (Vacutainer Becton Dickinson) containing Na2EDTA (final concentration 
4 mmol/L), which were instantly put into ice water. Plasma was then removed by 
low-speed centrifugation (1750 g, 20 minutes, 4°C).

Laboratory methods 

Hemostatic factors

FVII mass concentration was determined as factor VII antigen (FVIIag) with 
the Factor VII EIA kit (Dako A/S, Glostrup, Denmark). Activated factor VII 
(FVIIa) was determined according to Morrissey (Morrissey et al 1993). F1+2 andF1+2 and 
plasmin−antiplasmin (PAP) complexes were determined by enzyme immunoassays 
(Dade Behring, Marburg GmbH, Marburg, Germany). Fibrinogen was determined 
using the IL Test Fibrinogen C kit from Instrumentation Laboratory Spa, Milan, Italy. 
TAFI activity was measured with the Actichrome kit from American Diagnostica 
Inc., Greenwich, CT, USA. PAI-1 activity and tPA antigen were measured by 
immunoassays (Chromolize PAI-1 and TintElize tPA, Biopool International) 
Protein S was determined with the Coaliza Free Protein S kit from Chromogenix 
Instrumentation Laboratory Spa Milan, Italy.  The heparin cofactor activity of 
antithrombin was quantified with the Coamatic antithrombin kit from Chromogenix. 
Factor VIII was analyzed by a chromogenic assay with the Coamatic FVIII kit from 
Chromogenix-Instrumentation Laboratories Spa. vWFag was measured by an in-
house enzyme immunoassay with antibodies from Dako A/S.

APC sensitivity ratios (APCsr) were determined with the APTT-based Coatest APC 
Resistance C from Chromogenix Laboratory Spa. Normalized APCsr (nAPCsr) wasNormalized APCsr (nAPCsr) was 
determined with the ETP-based APC-resistance test, in which the effect of APC on 
the time integral of thrombin generation (the endogenous thrombin potential, ETP) 
was quantified via measurement of end-point levels of α2-macroglobulin-thrombin 
complex (Nicolaes et al 1997).. 
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Genotyping FV

For genotyping of the FVLeiden
 mutation we used the pyrosequencing  assay described 

by Holmberg et al (2005). 

Lipoproteins

The major plasma lipoproteins, VLDL, LDL and HDL, were determined by a 
combination of preparative ultracentrifugation and precipitation of apolipoprotein 
B-containing lipoproteins followed by lipid analyses (Carlsson 1973). Cholesterol 
and triglycerides were determined by enzymatic methods with reagents from Merck, 
Darmstadt, Germany, and Wako Chemicals GmBH, Neuss, Germany. Apo A1 and 
apo B were analyzed in serum using particle-enhanced immunonephelometry 
(Behring Nephelometer Analyzer Dade Behring GmBH, Marburg, Germany).

Immunoglobulin G (IgG) and immunoglobulin M (IgM) antibodies against oxLDL 
were determined by an ELISA method, essentially as described (Wu et al 1999).

Inflammatory parameters

CRP and serum amyloid A (SAA) were analyzed using particle-enhanced 
immunonephelometry (Behring Nephelometer Analyzer). IL-6 and TNF-α were 
analyzed in serum using commercially available high sensitivity ELISA kits (R&D 
Systems, Minneapolis, MN, USA).

Markers of glucose metabolism

Insulin, IGFBP-3 and C-peptide in serum were measured using chemiluminiscent 
immunometric assays (Immulite 1000, Diagnostic Products Corporation, Los 
Angeles, CA, USA) and free IGF-1 and IGFBP-1 were determined by an ELISA 
(Diagnostic Systems Laboratories Inc, Webster, TX, USA). Glucose levels in serum 
were determined after enzymatic oxidation in the presence of glucose oxidase with 
reagents from Randox Laboratories Ltd, Antrim, UK. 

SHBG

SHBG was measured using the Immulite 1000 assay (Diagnostic Product 
Corporation).

E-selectin

E-selectin in plasma was analyzed with an ELISA kit (R&D Systems).

Subjects and methods
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Statistical methods

Normally distributed data are presented as arithmetic means and standard 
deviations (SD) or 95% confidence intervals (CIs), or as median and range. Some 
of the variables were log-transformed or reciprocally transformed before the formal 
analyses because of their positively skewed distribution.
In the first study (papers I-III) measurements were first analyzed by two-way 
analysis of variance (ANOVA), and as no significant period- or carry-over effect 
was found, they were thereafter analyzed by one-way repeated measures ANOVA. 
Associations were expressed using Pearson correlation coefficients (papers I and 
II). In the first paper Bonferroni corrections were performed to handle multiple 
comparisons between groups.
In paper III, differences from baseline on COC treatment and differences between 
COC treatments were presented by median values together with 95% CIs. The p-
values were based on the results from the variance analyses and from the post-hoc 
pairwise comparisons between treatments based on the estimates from the ANOVA. 
Thus, the interpretation of the 95% CIs for the median can, in some instances, be 
different from these results.
In paper IV the data were analyzed using the Mixed procedure in SAS®. A two-
way repeated measure ANOVA with treatment and time as within-subjects variable 
was used. The treatment interaction refers to the statistical test of whether the 
mean change over time is the same for the two treatments. In case of a significant 
interaction, simple effects were examined, i.e., effects of one factor while the other 
factor is held fixed.
In the final paper V comparisons between the two menstrual phases were performed 
with the Mixed procedure in SAS® , as the variables contain missing values. A 
one-way repeated measures ANOVA was performed with menstrual phase (follicle, 
luteal) as the within-subjects variable.

P-values of <0.05 were considered statistically significant.
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Results 

Different effects of oral contraceptives containing 
levonorgestrel or desogestrel on plasma lipoproteins 
and coagulation factor VII (paper I)

VLDL and LDL cholesterol fractions did not differ from to baseline during 
treatments, but there was a significant increase in the serum concentration of HDL 
cholesterol during use of the third-generation COC (p<0.01), and conversely a 
slight (nonsignificant) decrease during use of second-generation COC. There was 
also a significant difference in effect on total plasma cholesterol between the two 
treatment regimens (p<0.01) (table I).
 
Both treatments increased LDL and HDL triglycerides, and the third-generation 
COC also resulted in an increase in VLDL TG. The increases in HDL triglycerides 
and total concentration of triglycerides were significantly more pronounced with the 
third-generation COC (p<0.005).

Use of second-generation COC did not significantly affect the plasma levels of 
FVIIag or FVIIa, but use of third-generation COC increased both FVIIa (42%) and 
FVIIag levels (44%). The changes in FVIIag and FVIIa showed positive associations 
with both treatments regimens. In addition, we found a positive correlation between 
plasma TG and FVIIag levels before and during the two treatments (rp = 0.411-
0.587).

Results
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Cholesterol
(mmol/L) Baseline Second-generation 

COC (LNG/EE)
Third-generation 

COC (DG/EE)
LNG/EE 
vs DG/EE

Plasma 3.91 
(2.9-5.4)

3.82 
(2.62-5.27) 

4.27 
(2.51-5.63) **

VLDL 0.15 
(0.04-0.68)

0.18 
(0.40-0.54) 

0.22 
(0.03-0.49) n.s.

LDL 2.15 
(1.49-3.66)

2.32 
(1.32-3.74)

2.20
 (1.10-3.71) n.s.

HDL 1.34 
(0.71-2.07)

1.20 
(0.86-2.48)

1.47** 
(0.91-2.30) ***

Triglycerides
(mmol/L) Baseline Second-generation 

COC (LNG/EE)
Third-generation 

COC (DG/EE)
LNG/EE 
vs DG/EE

Plasma 0.83 
(0.38-1.88)

1.09**  
(0.62-2.27) 

1.23***  
(0.54-2.39) ** 

VLDL 0.43 
(0.21-1.35)

0.64 
(0.20-1.52) 

0.73**
(0.15-1.82) n.s.

LDL 0.19 
(0.09-0.34)

0.30***  
(0.16-0.57) 

0.31 
(0.19-0.48)*** n.s.

HDL 0.14 
(0.07-0.30)

0.20***  
(0.11-0.30) 

0.28*** 
(0.11-0.48) ***

Table I. Concentrations (median value (range)) of cholesterol and triglycerides in 
plasma and major lipoprotein fractions before and during COC use. P-values denote 
differences between treatment and baseline and between the two treatments (*=p<0.05, 
**=p<0.01, ***=p<0.001).

Sex hormone binding globulin – A surrogate marker 
for the prothrombotic effects of combined oral 
contraceptives (paper II)

In this study, we evaluated the effects of the two COCs on coagulation and 
fibrinolytic markers as well as on serum SHBG concentration. The changes in 
coagulation factors were all in a more procoagulant direction, except for the free 
fraction of protein S and the fibrinogen concentration during second-generation 
COC use. During treatment with the third-generation COC, the level of the free 
fraction of protein S decreased in contrast to the increase observed during use of 
the second-generation COC. The plasma fibrinogen concentration decreased during 
use of third-generation COC, but did not change during use of second-generation 
COC. The plasma concentration of F1+2 − regarded as a marker of coagulation 
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Figure 8.  Correlations between changes in plasma concentrations of steroid hormone 
binding globulin (SHBG) and changes in APC ratio during use of a combined oral 
contraceptive containing levonorgestrel (A) or desogestrel (B). There were significant 
negative linear correlations between the changes in SHBG and APC ratio during use of 
both levonorgestrel (rp= –0.400, p=0.021) and desogestrel (rp= –0.431, p=0.012).

activity − increased and the activity of AT −  the important inhibitor of coagulation 
− decreased during both treatments with no differences between them. 

The APC ratio, which is sometimes regarded as a global indicator of coagulation 
status, demonstrated a more unfavorable level during the use of third-generation 
COC. The baseline level of 3.40 (1.80-4.10) decreased down to 3.20 (1.90-4.10) 
with the second-generation pills and even lower, to 3.0 (1.70-3.80), during use of 
the third-generation pills.  

The direction of the changes in the fibrinolytic markers PAI-1, tPA and PAP indicated 
an increased endogenous fibrinolytic activity with highly increased plasma PAP 
concentrations and decreased PAI-1 levels. All changes were of the same order of 
magnitude regardless of treatment regimen. Increase in TAFI was demonstrated 
with the third-generation COC only. 

The serum levels of SHBG increased by 56% during use of the second-generation 
preparation and by 278% during use of the third-generation compound. The median 
baseline serum SHBG concentration was 46.3 nmol/L. It increased during treatment 
to 72.4 and 175 nmol/L respectively. An association was present between the changes 
in SHBG and in APCratio during both treatments (figure 8). 
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Treatment with combined oral contraceptives induces 
a rise in serum C-reactive protein in the absence of a 
general inflammatory response (paper III)

With both treatment regimens, the serum concentrations of CRP increased from a 
baseline level of 0.45 mg/L. During use of the second-generation COC the median 
level was 1.48 mg/L and during use of the third-generation COC the increase was 
even larger: 2.02 mg/L. In percent these increases are considerable. Seven women 
(20%) reached a serum CRP level above 3 mg/L during use of the second-generation 
pill and 12 (34%) women during use of the third-generation pill. SAA increased 
during both treatment regimens but statistical significance was only attained during 
treatment with third-generation COCs. No treatment effect was noted on IL-6 or 
TNF-α levels (table II). 

Analyses of glucose metabolism did not reveal any signs of decreased insulin 
sensitivity since serum levels of insulin, glucose and C-peptide did not change 
during treatments. However, there was a decrease in serum IGF-I and an increase in 
the two binding proteins IGFBP-1 and IGFBP-3. The changes in IGF-I and IGFBP-
3 were significantly more pronounced with the third-generation COC. 

The serum level of E-selectin decreased from median baseline level of 36.4 µg/mL 
to 24.7 µg/mL during treatment with the third-generation COC and to 22.6 µg/mL 
during use of the second-generation COC. The difference in treatment effect was 
significant. Other markers of endothelial activity measured, i.e.  v�f,  F VIII and 
antibodies against oxLDL, were not affected by treatment.
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Table II. Effects of COC treatment on inflammatory markers.
Values are median (range). P-values refer to differences from baseline on COC treat-
ment or to differences between COC treatments. Post-hoc comparisons were performed 
when the F-test for treatment was significant. Before statistical analyses were conclud-
ed, marked variables were transformed according to †reciprocal transformation -1/x or 
#log transformation (*=p<0.05, **=p<0.01, ***=p<0.001).. 

Rapid activation of hemostasis after hormonal 
emergency contraception (paper IV) 

In this study, the effects on hemostatic markers, SHBG, CRP and the apoB/apo A1 
ratio after intake of a high dose of steroid hormone for emergency contraception 
were evaluated. Treatment consisted of two doses of estrogen and progestogen, or 
of progestogen only administered with a 12 hour interval.

A rapid hemostatic activation was induced with combined (estrogen and progestogen) 
emergency contraception (EE-EC) as well as with the preparation containing only 
levonorgestrel (LNG-EC) (table III). However, the effect was more pronounced 
with EE-EC. Already two hours after completed EC treatment (i.e., two doses), the 
plasma concentrations of AT, free protein S and F 1+2 differed significantly from 
baseline concentrations, regardless of treatment regimen (table III). All coagulation 
parameters changed in a more procoagulant direction except for free protein S, 
which increased slightly during both treatments. The plasma levels of PAI-1 were 
decreased at eight hours after treatment, from a baseline median level of 1.47 IU/mL 
down to a minimum plasma concentration of 1.13 IU/mL.

Baseline Third-gen.
COC (DG/EE)

Third-gen.
COC (DG/EE)

DG/EE vs 
LNG/EE

Treatment effect 
ANOVA

CRP 
(mg/L)

0.45
(0.09-19.0)

2.02***
(0.20-40.1)

1.48***8***
(0.14-14.5) ** ***

SAA† 
(mg/L)

1.57
(0.57-137)

2.77*
(0.77-74.8)

2.200
(0.63-22.1)      n.s. *

IL-6# 
(ng/L)

1.97
(0.47-8.71)

1.63
(0.36-8.45)

1.44
(0.42-4.63)      n.s.             n.s.

TNF-α# 
(ng/L)

4.20
(1.19-31.4)

4.85
(0.96-20.2)

4.18
(0.96-20.2)      n.s.             n.s.

Results

Second-gen. 
COC (LNG/EE)
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Two different methods to evaluate the sensitivity to APC were used in the study; 
one aPTT (activated partial thromboplastin time)-based and one ETP (endogenous 
thrombin potential) based. APC resistance increased at twelve hours after completed 
treatment with both tests after intake of EE-EC, as reflected by decreased APCsr 
values with the aPTT-based test and increased nAPCsr values with the ETP-based 
test. The aPTT-based assay revealed no difference in response between the different 
EC regimens. The median ratios reached their lowest values after 12 hours of 2.89 
for LNG-EC and of 2.77 for EE-EC, and were normalized again at 24 hours. 

In contrast, a difference between treatment regimens was evident with the ETP-
based test. The nAPCsr had decreased at 12 hours after the second dose of LNG-
EC and was normalized at 24 hours. At twelve hours after the EE-EC the median 
nAPCsr had increased to 2.38, and peaked at 2.59 at 24 hours. The nAPCsr remained 
different from baseline throughout the study period (figure 9).

Table III. Changes in some haemostatic parameters after use of  EC.

Time point for first 
detected change from 

baseline

Max change from 
baseline.

 [Time point]

Difference between 
treatment regimens

APCsr
aPTT based assay 12 h -7%  [12 h] No

nAPCsr
ETP based assay 12 h EE  +31%  [48 h]

LNG  -13%  [12 h] Yes

Antithrombin
(%) 2 h EE -14%  [2]

LNG  -11%  [2 h] Yes

Fibrinogen
(g/L)

EE   24 h
LNG  2 h

EE  +44%  [48 h]
LNG +10%  [48 h] Yes

F 1+2a

(nmol/mL) 2 h + 56% [4 h] No

Free protein S  (IU/
mL) 2 h -+12%  [48 h] No

FVIIa a

(ng/mL) 12 h +31%  [12 h] No

a) reciprocal transformation before statistical analyses.
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Figure 9. nAPCsr (ETP based assay) as function of time. Dots denote median values

SHBG reflected the different hormone treatments as expected, with decreased 
plasma concentration after progestogen-only treatment and increased plasma 
concentrations after treatment with the estrogen-containing preparation. The effect 
on SHBG was rapid with LNG-EC, a decrease being present already at two hours 
after treatment. The increase related to estrogen intake was slower, with the increase 
not occurring until after 24 hours.

The apoB/apo A1 ratio was affected in a favorable direction with EE-EC (a significant 
decrease in the ratio observed after eight hours), whereas there was no change in 
the ratio after use of the progestogen-only preparation. CRP increased regardless of 
treatment, from a median pre-treatment level of about 0.5 g/L to a peak median level 
at 24 hours after treatment; 1.40 g/L for LNG-EE and 0.91 g/L for EE (no significant 
difference between treatments).
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APC resistance during the normal menstrual cycle 
(paper V) 

In this descriptive study blood samples were collected twice during a normal 
menstrual cycle to evaluate whether there are any differences between the follicular  
the luteal phases in terms of the sensitivity to APC. Two different APCsr assay were 
used, i.e. one aPTT based assay and one ETB based assay.

Serum concentrations of estradiol and progesterone were analyzed to assess whether 
ovulation took place in the studied menstrual cycles. For 72 women, changes in 
estradiol and progestogen indicated ovulation. Dividing the participants into two 
groups − all women or only those in whom ovulation occurred − did not change 
the results. Estrogen and progesterone increased as expected during the menstrual 
cycle, with higher levels being attained in the luteal phase. The sensitivity to APC 
did not change between the two menstrual phases regardless of assay used despite 
the fact that estrogen levels increased from 113±80 pmol/l to 347±203 pmol/L 
(200%). Twelve out of the 102 women included proved to be heterozygous carriers 
of the FVLeiden

 mutation. The change in APC resistance between the two time points 
did not differ between women with or without the mutation. However, there were 
differences (p<0.001) in APC resistance between carriers and non-carriers with both 
assays.

Table IV. APC resistance during follicular and luteal phases of healthy fertile 
women (n= 102). Values are mean ± SD  FVL ; FVLeiden mutation.

There were no detectable correlations between serum estradiol concentrations and 
APC resistance levels, nor were there any correlations between changes in the two 
parameters. Similarly, there were no correlations with progesterone levels. 

Table IV. APCR resistance during follicular and luteal phases of healthy fertile women (n= 102). Values 
are mean   SD  FVL ; FVLeiden mutation. 

Follicular phase Luteal phase p-value

APCsr , no FVL 
(aPPT based) 3.7±0.4 3.7±0.5 n.s.

APCsr , FVL
 (aPPT based) 2.5±0.29 2.6±0.39 n.s.

nAPCr , no FVL 
( ETP based) 2.1±0.7 2.2±0.9 n.s.

nAPCr, FVL 
( ETP based) 4.5±1.2 4.5±1.0 n.s
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General discussion 

The epidemiology of vascular disease in oral contraceptive users has been reviewed 
frequently, but there have been few attempts to place the epidemiological data in the 
context of pathology and pathogenesis. Epidemiological investigation of occlusive 
vascular disease in oral contraceptive users has been hampered by the low incidence 
of vascular disease among women of child-bearing age. The most common 
condition is VTE, the incidence of which is less than 11 per 100 000 women per 
year (Nordström et al 1992) among young non-pregnant women, who are not using 
oral contraceptives. MI and stroke are even rarer (Hannaford 2000).

The aim of this thesis was to evaluate effects of COCs on a range of identified 
risk indicators for VTE and atherothrombotic disease. This was achieved by letting 
healthy volunteers use COCs in the same way as COCs would be used for ordinary 
or for emergency contraception, the latter involving short-time exposition to 
steroid sex hormones. Both treatments were studied using a randomized cross-over 
design. 

Effects on hemostasis and thromboembolic risk 
indicators

Earlier studies have shown increased coagulation activity during use of COCs, with 
increased plasma concentrations of fibrinogen, FV, FVII, FIX, FX and F XIII as well 
as of vWf (Godsland et al 2000) and decreased levels of the important coagulation 
inhibitors AT and protein S (Kluft & Lansink 1997). Fibrinolysis is also affected 
during use of COC, as reflected by increased plasma concentration of plasminogen 
and decreased PAI-1 activity (Kluft & Lansink 1997). 

Until the beginning of this millennium, there had only been few direct comparisonsntil the beginning of this millennium, there had only been few direct comparisons 
between second- and third-generation COCs, containing the same amount of 
estrogen and different progestogens, regarding their effect on hemostasis. In 
addition, differences between laboratories and assays, heterogeneous patient groups 
and use of a complex mixture of monophasic and triphasic preparations have 
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complicated the interpretation of results from previous studies (Kluft & Lansink 
1997, Winkler 1998). Significant differences between the effects of levonorgestrel-. Significant differences between the effects of levonorgestrel- 
and desogestrel-containing COCs on some coagulation and fibrinolytic factors were 
first reported from a randomized cross-over study (Middeldorp et al 2000, Tans 
et al 2000, Meijers et al 2000). Our results, reported in papers I and II, provide 
overall confirmation of these previous results, showing activation of the coagulation 
and a slightly increased fibrinolysis. Apparently, third-generation COCs have a 
stronger effect on the vitamin K-dependent coagulation factors (II, VII, IX and X) 
all synthesized in the liver. 

SHBG is a steroid sensitive plasma protein synthesized in the liver. It is an important 
regulator of the amounts of bioavailable sex steroids in that it binds estrogen and 
testosterone with high affinity. Most of the circulating sex steroids are bound to 
albumin or SHBG and therefore biologically inactive. Oral administration of 
estrogen is known to increase SHBG levels in a dose dependent manner (Stege et 
al 1988, Mashchak et al 1982). The synthesis of SHBG in hepatocytes is strongly 
related to estrogen concentrations in blood (Mashchak et al 1982). Treatment with 
progestogens results in a decrease that is related to both the dose and the type of 
progestogen (Mainwaring et al 1995). The serum concentration of SHBG can be 
regarded as a marker for a woman’s estrogen/androgen status (Anderson 1974, 
Kahn et al 2002). Recently the possibility to use SHBG as a marker for the risk 
for VTE during COC treatment has been suggested (Odlind et al 2002). In paper II 
we present, for the first time, a biological plausible explanation for the suggested 
correlation between SHBG and VTE. There is a significant correlation between 
changes in APC resistance, the well accepted risk marker for VTE, and changes in 
plasma SHBG levels during use of the second as well as the third generation COC. 
SHBG is a stable and easily measured plasma protein for which there are reliable 
and cheap assays, and therefore a possible “surrogate marker” for the VTE risk 
during estrogen treatments.  

In addition, in our study, the level of the free fraction of protein S increased during 
treatment with the second-generation COC in contrast to the decrease observed 
during use of the third-generation COC. The mechanism(s) underlying the opposing 
patterns remains unclear. Protein S circulates in plasma both as free protein S and 
also bound to C4b-binding (C4BP) protein. One comparative study on second- and 
third-generation COCs describes a decrease in C4BP during use of both COCs, more 
pronounced with the second-generation COC, and a decrease in the total protein S 
fraction with third-generation COC, whereas the total protein S concentration hardly 
changes at all with second-generation COC. These changes result in a decreased 
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free protein S concentration during use of third-generation COCs as opposed to an 
increased concentration during use of second-generation COCs (Kemmeren et al 
2004)

EC is generally considered as harmless, and in many countries available without any 
medical examination or investigation of medical history. We found that use of EC also 
had significant effects on some coagulation parameters. Studies on contraceptives 
containing only progestogen, and given either as pills (Kemmeren et al 2004, Kuhl 
1996) or as implants or injectables (Egberg et al 1998) mainly show no effects 
on hemostasis or effects opposite to the those observed during use COCs, Thus,Thus, 
for example contraceptives based on progestogen alone caused decreased nAPCsr,contraceptives based on progestogen alone caused decreased nAPCsr,, 
decreased FVII activity and increased AT activity. Surprisingly, we found signs of 
increased coagulation activity during use of progestogen alone as EC; plasma FVII 
and fibrinogen concentrations rose and AT concentration fell. In addition, we found 
increased levels of F 1+2 after both EC treatments, without any difference between 
the regimens. This has not been described previously. In fact, Egberg et al (1998)This has not been described previously. In fact, Egberg et al (1998) 
demonstrated decreased prothrombin activity during use of a progestogen-only 
implant. The reason for the activation of hemostasis after LNG-EC might be of the 
relatively high dose of LNG administered. However, in studies where progestogen is 
used in very high doses, e.g., in cancer therapy, the effects on hemostatic parameters 
are not conclusive. In some studies plasma AT, plasminogen and FX concentrations 
increase and fibrinogen, tPA and D-dimer concentrations decrease (Abe et al 1995, 
Kaibara et al 2001), in others no changes in these analytes have been observed 
(Oberhoff et al 2001).  This discrepancy between different studies clearly indicates 
the need for further evaluation of EC use effects on hemostasis to prevent negative 
effects of the high availability of the treatment.

Since the phenomenon of APC resistance, acquired as well as inherited, has been of 
great interest in the field of obstetrics and gynecology during recent years, this was 
also addressed in the present thesis. Associations between increased levels of sex 
steroid hormones and acquired APC resistance are now well established. Pregnancy 
(Kjellberg et al 1999), hyperstimulation during in vitro fertilization (IVF) treatment 
(Curvers et al 2001) and COC (Curvers et al 2002) use all decrease the sensitivity 
to APC. Of note, APC resistance in the presenceOf note, APC resistance in the presence (Koster et al 1993) and absence (de 
Visser et al 1999, Rodeghiero et al 1999) of factor VLeiden mutation as well as acquired 
APC resistance during OC use (Tans et al 2003) increases the risk of DVT. 

In the comparative study on COCs (paper II), we identified resistance to APC as 
one factor responding to the more estrogenic profile of the third-generation COC. 
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Here, we assessed APC resistance with an aPTT-based assay known as the original 
method for detecting APC resistance. With this method, the median APC ratio for 
non-treated women was 3.40, and it decreased to 3.20 with the second-generation3.40, and it decreased to 3.20 with the second-generation 
COC and to 3.00 with the third-generation COC. The levels attained during COC 
use are well within the range seen in normal women without FVLeiden ..

Although it is fairly clear that APC resistance is related to estrogen levels in plasma,estrogen levels in plasma, 
the various assay methods that have been used differ in their sensitivity to steroid 
hormone concentrations and thus the reported changes in APC resistance related to 
hormone levels also vary ((Curvers et al 1999, Curvers et al 2002). An ETP-based 
assay (Nicolaes et al 1997) has turned out to be more sensitive than the original 
aPTT-based assay. Studies using the ETP-based assay have demonstrated that 
plasma from women using more estrogenic COCs (third-generation COCs) is lesslasma from women using more estrogenic COCs (third-generation COCs) is less 
sensitive to the anticoagulant effect of APC i.e. is more APC-resistant than that of 
women using less estrogenic COCs (second-generation COCs) (Rosing et al 1999, 
Tans et al 2000). 

In the EC study (paper IV), we used both assays and found an increase in APC 
resistance with both methods, although the aPTT-based kit could not discriminate 
between the estrogen-containing and the estrogen-free preparations, which the ETP-
base assay could. With the EPT-based assay, one woman had a nAPCsr value of the 
same magnitude as women who are heterozygous for the factor VLeiden mutation,, 
but this was only seen at a single time point and consequently is probably without 
significance. Similarly, two participants, at two different time-points, had APCr 
below 2.20 with the aPTT-based assay. 

In the study on APC resistance in women with a normal menstrual cycle, 12 women 
proved to be heterozygous carriers of the FVFVLeiden mutation, three of whom had, three of whom had 
APCsr rates (aPTT-based assay) above the laboratory cut-off for abnormal APC 
resistance (2.50). One of them also had a nAPCsr (ETP-based) considerably lower 
than other carriers. These somewhat diverging results on APC resistance in relation 
to the presence of the FV-mutation raise concerns about which parameter most 
accurately identifies women at risk for VTE. 

It is obvious from previous studies on associations between hemostatic risk 
indicators and risk of vascular disease that it is not yet possible to ascribe absolute 
levels of risk to a given level of a specific risk marker (Godsland et al 2000), not 
least since the interpretation of the hemostatic effects of COCs has frequently been 
based on relative changes from baseline rather than absolute levels. In our studies as 
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well in those of others (Middeldorp et al 2000, Meijers et al 2000a), essentially all 
participants had changes in coagulation and fibrinolytic markers that were confined 
to the normal reference intervals. This highlights the need for better risk indicators, 
or surrogate markers, for risk of cardiovascular events. During recent years, the 
need for a method describing the global hemostatic balance has become obvious; 
the old ones including aPTT and PK/INR, are not informative enough. Such new 
methods are now emerging, for example thrombin generation assays (Hemker et 
al 2003) and thrombelastographic methods (Sorensen et al 2003).  Methods for 
quantifying APC resistance are sometimes regarded as global hemostatic methods, 
and as mentioned above different methods for measuring APC resistance are now 
available. APC in complex with the protein C inhibitor (PCI), i.e. the APC-PCI 
complex, serves as a marker of thrombin generation, so increased plasma levels 
of the complex were indicated to be a marker of hypercoagulability (Strandberg 
et al 2005). We have recently analyzed the APC-PCI complex in plasma samples 
from the COC study together (van Rooijen et al, unpublished data) (figure 10). An 
increased plasma concentration of the APC-PCI complex was seen during treatment 
with both COC regimens (p<0.001), as well as a significant difference between the 
two treatments (p<0.01). However, this method, as the other global methods, has no 
absolute cut-off for the risk for VTE.

Figure 10. Plasma levels of the ACP-PCI complex during luteal phases and COC 
use.  Box-plots representing the median value with 50% of all data falling within the 
box, whiskers represent 10th, 25th, 50 th , 75 th and 90 th percentile. Circles denote 
“outliers”
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Effects on risk indicators for atherothrombosis

Atherosclerosis with superimposed thrombosis represents a complex process, 
involving many genetic and environmental factors. Use of COCs affects many of 
the established biochemical risk indicators detected in the past decades. One reason 
for introducing third-generation COCs was their superior effects on LDL and HDL, 
which at that point in time were believed to be the main pathogenetic risk factors 
involved in atherogenesis. 

Changes in plasma lipoproteins induced by OC use have been investigated 
extensively (Crook & Godsland 1998). In agreement with earlier studies, we found 
that use of a third-generation COC induces a more favorable lipoprotein pattern 
regarding the HDL and LDL cholesterol concentrations. Simultaneously, we also 
describe a potentially harmful increase in total plasma triglyceride levels, which 
was more pronounced with the third-generation preparation. Estrogen in HRT 
reduces the development of early atherosclerotic lesions, in part through effects on 
lipid metabolism with accompanying beneficial consequences for the endothelium 
(Appt et al 2006, Topcuoclou et al 2005), and oxLDL seems to be less abundant in 
postmenopausal women using peroral estrogen replacement therapy (Ahotupa et al 
2004). The reason is not clear, but it seems that estrogen itself has some advantageous 
effects on the oxidation process of LDL. The presence or generation of antibodies to 
oxLDL during use of COCs has not been studied earlier. In our study no changes in 
the levels of oxLDL antibodies where detected. The treatment period was probably 
too short to allow influences on oxidation, and the women studied may be too young 
to have oxLDL antibody levels amenable to reduction during such a short treatment 
period. The effect on the apolipoproteins of EC is an expected consequence of the 
prompt effect of steroid hormones on the liver protein syntesis. The clinical relevance 
of the changes in the perspective of atherosclerosis is probably negligible, but they 
highlight that steroid-induced changes in liver protein syntesis occur rapidly even 
after a very brief exposure.
 
The concept of atherosclerosis as a process related mostly to lipid metabolism, 
has now changed to a view of atherosclerosis as a chronic inflammatory response, 
induced mainly by LDL deposition in the arterial wall, but also through free 
radicals, micro-organisms, shear stress and environmental factors such as obesity 
and cigarette smoking. CRP has proved to be an important predictive factor for 
future CVD in women (Ridker et al 2000) and is therefore in focus in many studies 
of steroid therapy. During use of HRT as well as COCs, a slight but significant 
increase in CRP occurs (Silvestri et al 2003, Dreon et al 2003, Döring et al 2004). 
Although the magnitude of the increase is low, some women reach a level of 3 mg/L.
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This level has been suggested as a cut-off for high risk of future CVD (Ridker 
2003). Some studies indicate that estrogens may directly stimulate hepatic synthesis 
of CRP, rather than eliciting a systemic proinflammatory response (Silvestri et al 
2003), which may be differentially modulated by different progestogens. Our study 
confirms this theory as no signs of activation of IL-6 or TNF-α were detected. 
The increase in SAA might also reflect an increased hepatic protein synthesis. �eWe 
conclude that the rise in serum CRP concentration during treatment with COCs 
appears to result from a direct effect on hepatocyte synthesis of CRP, whereas it 
does not reflect IL-6 mediated inflammation, endothelial activation or induction of 
insulin resistance. 

The time course of the CRP increase, in the study of EC treatment, is similar to the 
one seen in experimental endotoxin-induced CRP synthesis (Engelhardt et al 1990), 
or after initiation of an inflammatory process (MacIntyre et al 1982).This strongly 
indicates that the increase in serum CRP is secondary to de novo synthesis of CRP.

�hether an increase in CRP concentration, independent of inflammation, contributes 
to the atherosclerotic process is not fully clear. However, some data suggest that 
CRP is not merely a risk marker for arterial occlusive disease, but also a causative 
factor. The CRP molecule can be taken up into an existing plaque, or be synthesized 
in the plaque, and mediate the uptake of both native LDL particles and oxLDL into 
the plaque (Zwaka et al 2001). The uptake of LDL induces a transformation of 
macrophages into “foam cells”, which are characteristic of evolving atherosclerotic 
plaques. Thus, CRP itself may contribute to plaque formation. Epidemiological data 
also provide evidence that inflammatory diseases increase the risk of CVD (Ross 
1999, Chung et al 2007).

The effects of COCs on lipoprotein metabolism are of importance because of 
the involvement of lipoproteins in endothelial dysfunction, atherogenesis and 
development of CVD. Two of the markers for endothelial activity chosen for this 
study, vWf and FVIII, did not show any changes during treatments, nor were any 
differences observed between the two studied COC preparations. However, other 
studies have demonstrated increased levels of  vWf and FVIII during COC treatment 
(Kluft & Lansink 1997, Middeldorp et al 2000). There was a decrease in E-selectin 
during use of COCs, slightly more pronounced with the third-generation COC. 
However, healthy young women without any risk factors for atherosclerosis have a 
low E-selectin concentration, the further lowering of which probably lacks clinical 
significance. Estrogen is known to have beneficial effects on the body’s response to 
inflammatory stimuli. Maybe the decreased plasma E-selectin concentrations in the 
study population mirror this effect rather than a direct effect on the endothelium. 
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COCs in the perspective of venous and arterial 
occlusive disease

Vascular diseases in COC users have usually been interpreted in relation to the general 
features of the most common occlusive disorders, i.e. VTE and atherosclerosis. 
However, these manifestations are end stages after what is sometimes a long period 
of dysfunctional interactions between the vascular endothelium and the hemostatic 
system.

The increase in risk of VTE during use of COCs is unquestionable. Simultaneously, 
it is clear that the ways currently used for identifying individuals at risk (i.e. a 
detailed case history including family history of VTE and atherothrombosis and 
a clinical examination) are inadequate predictors of which women will develop 
VTE. A potential relationship between incidence of VTE and increase in SHBGA potential relationship between incidence of VTE and increase in SHBG 
based on reports to the Swedish Medical Products Agency was demonstrated in a 
study by Odlind et al (2002). Our findings of the correlation between SHBG and 
APCresistance, as confirmed in a later study (van Vliet et al 2005), might be a 
biological plausible explanation for the link between SHBG and VTE. Measurementexplanation for the link between SHBG and VTE. Measurement Measurement 
of changes in SHBG or global methods after a trial period might be helpful tools tohanges in SHBG or global methods after a trial period might be helpful tools to 
indicate which hormonal contraceptive methods might be associated with increase 
in risk of VTE for users of the specific preparation.

The risk markers for arterial occlusive disease evaluated in this thesis point towards 
an unfavorable pattern during use of COCs (i.e., prothrombotic effects on the 
hemostasis, increased TG levels accompanied by increase in FVII, decrease in 
IGF-I along with increase in its binding proteins IGFBP-1 and IGFBP-3 and raised 
plasma CRP concentration) and the effects appear more pronounced in womenand the effects appear more pronounced in women 
using third-generation COCs. However, experimental studies suggest that estrogen. However, experimental studies suggest that estrogen 
increases serum concentrations of nitric oxide and flow mediated vasodilatation 
during treatment of menopausal women. Also, a favourable reduction of  carotid 
artery intima−media thickness and coronary arterial calcifications are described in 
studies on  estrogen treated menopausal women (Miller et al 2006). 

The facts that coagulation abnormalities subsides when women stop taking them 
and that past users of oral contraceptives have no increased risk of VTE (Hannaford 
2000), MI or stroke (Stamfer et al 1990, Colditz 1994) support the view that COCs 
influence the risk of CVD through prothrombotic rather than proatherogenic 
mechanisms. It has been shown that arterial thrombosis during COC use is closely 
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related to changes in lipoprotein metabolism (Kemmeren et al 2001), whereas VTE 
is associated with changes in the hemostatic balance. Previous studies suggested 
an association between coagulation factors and serum lipids. Hypertriglyceridemia 
is frequently accompanied by high levels of fibrinogen and FX, as well as by low 
fibrinolytic activity (Simpson et al 1983). The correlation between TG and FVIIa 
is demonstrated in paper I. As the presence of FVIIa increase the readiness for 
activation of the coagulation and the thrombus formation, FVII and FVIIa might 
be one of the links between arterial and venous occlusive disease. In the process 
of acute arterial occlusion, a plaque rupture occurs and TF is expressed on the 
surface of the damaged vessel wall (Hansson 2005). During COC use the level of 
TG related FVIIa is increased and hemostasis is tilted toward a more procoagulant 
state that might favor formation of a thrombus at the ruptured plaque, even though 
the situation in a non-COC user would stay silent and subclinical. The liver-
related changes in lipids and plasma proteins synthesized in the liver, along with 
the possibility that CRP is merely a marker of enhanced protein synthesis support 
this theory that procoagulant mechanisms underlie the transiently increased risk of 
arteriothrombotic disease during COC use. 

Judging from the contradictory results of individual studies, the risk of developingrisk of developing 
arterial occlusive disease during COC remains unclear. However, meta-analysis 
showed an enhanced risk of MI and stroke during use of COCs (Baillargeon et al 
2005). Nonetheless, in direct comparisons between second- and third-generation 
COCs no significant differences were detected for risk of MI (WHO 1997, Dunn et 
al 1999, Tanis et al 2001) or stroke (Kemmmeren et al 2002, Lidegaard & Kreiner 
2002). Thus, although the third-generation oral contraceptives were developed 
to reduce the risk of arterial thrombosis, no such effect has been unequivocally 
demonstrated. 

The rapid activation of hemostasis and liver-synthesized plasma proteins such as 
fibrinogen, CRP and SHBG, after use of EC reminds us of the importance of being 
aware of the risk for VTE whenever exogenous steroid hormones are administered, 
even in situations involving short treatment times. It is probably particularly important 
to monitor individuals or patients with a genetic predisposition or a transiently 
disturbed hemostatic balance in whom even small changes like the ones seen in the 
present study might pose a threat. Still, the finding of activation of hemostasis after 
progestogen alone EC treatment needs further evaluation. In view of the fact that 
the large epidemiological study on VTE in conjunction with EC could not detect 
any increased risk and that there is only one published case report on thrombosis 
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in relation to the treatment, one must regard it as safe. In most countries, today, the 
recommended EC is the regimen that uses progestogen alone. It is regarded as more 
efficient and has less unwanted side effects, i.e., nausea and vomiting.

Even though there are negative effects during use of COCs, one has to take into 
consideration both the very low absolute risk for occlusive vascular disease; which 
in the case of VTE is lower than that observed during pregnancy. Additionally, 
COCs have many beneficial effects, which are not present during use of estrogen��
free/progestogen-only methods, i.e., reduced risk of endometrial and ovarian 
cancer, reduced incidence of benign breast neoplasms and an improved menstrual 
regularity.

Different administration forms for COCs, such as patches, injectables or vaginal rings, 
new types of progestins, and in a near future also other types of estrogens, might alter 
the risks of VTE and CVD in COC-users. So far, however, epidemiological studies 
have not yet proven that the latest preparations offer any significant improvement 
in benefit. 

For women at high risk of venous or arterial occlusive disease the alternative of 
an estrogen-free contraceptive method must obviously be available. To determine 
whether or not a woman is at risk one must take into account all the common/
additative genetic risk factors (known thrombophilias or heredity) as well as the 
well-known environmental risk factors that have  not been mentioned here, for 
example obesity, smoking and hypertension.
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Methodological considerations 
and future perspectives

Some limitations of the studies in this thesis should be addressed.
In the two treatment studies the number of participants was low and certainly the 
results must be interpreted with caution. Also in study I (papers 1-3) the drop out 
rate was 9 out of 44 women originally included. However, using a cross-over design 
all women served as  their own control. All samples from each individual woman 
were run simultaneously. The lack of baseline blood samples after wash out could 
be regarded as a weakness, but no significant carry-over effect were detected at 
statistical analysis.

The EC study (IV) lacked a ”placebo” or  control group in which the participants 
were sampled without medication to control for the circadian variations of the 
factors analysed. When the study protocol was prepared the use of progestogen-only 
EC was not registred for use in Sweden, and we were not aware that the use of the 
EE containing preparation was going to decline only few years later. Therefore we 
attributed great importance to the comparison of the two different regimens.

Some coagulation factors and lipids display a circadian variation, and may also 
be interfered by food intake and physical activity. In study I (papers 1-3) and III 
(paper V) all samples were obtained in the morning after an overnights fasting. In 
the EC study (paper IV) according to the design samples were drawn at different 
hours and a complete fasting was not feasible. A larger patient material and the 
inclusion of a control group would have corroborated the results from this first pilot 
study. Five out of eleven women in this study were smokers, but there were no 
indications of a change in this respect during the study period. Still, all individual 
women were there own controls and all samples were obtained after 20 minutes rest 
in the supine position. There were distinct differences between the two treatment 
regimens indicating only a limited effect of circadian variations and food intake. 
However, the activation of hemostasis after EC with progestogen alone needs 
further confirmation.

Methodological considerations and future perspectives
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The fact that there were no restrictions about age or weight in the study examining 
the menstrual cycle (paper V) meant that some women were “old” and some obese. 
Narrowing the inclusion criteria might have given a study population containing 
fewer non-ovulating women. However, the ones without ovulation were dispersed 
regarding age and BMI, and the results did not significantly change when they were 
excluded 

 
Future perspectives

Improved insight into the mechanisms of steroid hormone-induced venous and 
arterial thromboembolism will enhance the possibility to prevent these serious, and 
sometimes fatal, side-effects of treatment with estrogen and progestogen in different 
therapeutic situations.  

One way to increase knowledge about the hemostatic balance in a specific situation 
is the development of different global methods. For example, APC resistance and 
the APC-PCI complex are demonstrated to reflect the increased risk for VTE during 
use of third- versus second-generation COCs as well as the increased risk compared 
to that in non-users of COC in study populations. However, even though some 
hemostatic risk indicators seem to be well correlated to the risk of developing VTE, 
there are other contributing factors making the risk estimation more complex. Many 
women with inherited or acquired risk factors use COCs for years without developing 
VTE. Therefore, other methods for identifying specific women with high risk for 
VTE, not only during COC use, but in all situations of increased estrogen levels, are 
needed. The individual sensitivity to estrogen, and the associated changes in plasma 
proteins and hemostatic factors probably vary. To study women with previous or 
present VTE during estrogen treatment is therefore a valuable way to learn more 
about the individual differences.

As previous discussed, the risk of atherothrombosis seems to be related more 
to a procoagulant state than to a proatherogenic state, but classic environmental 
risk factors for atherosclerosis, i.e., hypertension, smoking and diabetes, strongly 
increase the risk of MI and stroke in women using COCs. This indicates the need 
for studies of the endothelial function during COC use.  

Furthermore, hemostatic factors as well as the individual response to inflammatory 
stimuli and other risk factors for atherothrombosis are genetically determined. 
In the future when we know more about the polymorphisms, or combinations of 
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polymorphisms, involved in the atherothrombotic and venous thromboembolic 
process, the genetic background should be taken into account when COCs (or 
other medications) are prescribed. It is also of importance to investigate the 
extent to which environmental and inherited risk factors interact in the process of 
atherothrombogenesis and venous thromboembolism. 

As many hemostatic and metabolic effects of COCs are mediated through a direct 
effect on the liver and the hepatic protein synthesis, new parenteral administration 
of combined contraceptive preparations have been introduced on the market with 
the purpose to avoid this first passage. However, the few reports on hemostatic 
effects during use of patches and vaginal rings do not yet prove the superiority of 
these alternative means of administrations. 

Modern medicine is obliged to base its recommendations on scientific evidence 
concerning the benefits and risks involved in different treatments. In the EC study we 
observed rapid hemostatic activation not only after use of estrogen-containing EC, but 
also after progestogen alone. Large studies on the risk of VTE and atherothrombotic 
disease during the use of “high dose” progestogen-only contraceptive methods 
and new “combined contraceptives”  (i.e., new combinations, doses and ways of 
administration) are therefore necessary. In addition, it is important to compare the 
effects of extended use of combined preparations versus the usual treatment regimen 
designed to allow monthly wash-out periods, to see if the two treatment patterns 
have different effects on risk indicators for CVD and VTE.

The last study on normal healthy non-treated women was performed in attempt 
to detect alterations in hemostasis related to physiological increase in endogenous 
estrogen levels. The same situation, although more pronounced, is present in 
pregnancy and hyperstimulation during IVF. Further studies on the difference 
between high endogenous estradiol levels and high levels of exogenous administered 
estrogens on endothelial function and other risk indicators for CVD would be of 
interest. The menstrual cycle study will expand and proceed into studies on pregnant 
women with and without preeclampsia.

Methodological considerations and future perspectives
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Conclusions 

o	 	Combined oral contraceptives with the same amount of estrogen but either 
levonorgestrel or desogestrel as progestogen display clear differences in their 
effects on hemostasis and lipoproteins. The increases in APC resistance, 
fibrinogen and TGs are more pronounced during use of the third-generation 
COC.

o	 	There is a positive correlation between the amounts of circulating FVII and 
TG in plasma of COC users. Furthermore, both these risk factors show higher 
concentrations during use of the third-generation as compared to the second-
generation COC. On the other hand, estrogen in combination with desogestrel 
exerts a beneficial effect increasing the levels of HDL cholesterol.

o	 	For the first time we demonstrated an association between the well-established 
risk factor acquired APC resistance and plasma SHBG concentrations. During 
use of COCs the change in APC resistance occurs in parallel to changes in 
SHBG. These results support the notion that SHBG may serve as surrogate 
marker for an the prothrombotic risk state induced by different COC 
preparations.

o	 	The increased serum CRP concentration during treatment with COCs increased serum CRP concentration during treatment with COCs 
appears to reflect a direct effect on hepatocyte CRP synthesis rather than an 
IL-6 mediated inflammation, endothelial activation or induction of insulin 
resistance.

o	 	Even after a very short exposure to high levels of exogenous sex hormones 
there is a prompt effect on hepatic protein synthesis. Already two hours after 
administration of EC there is a marked change in AT, fibrinogen and F1+2 as 
well as SHBG. Activation of protein synthesis also involves an increase in 
the concentration of some important procoagulant factors, which trigger the 
coagulation cascade and initiate an activation of coagulation and fibrinolysis. 
This rapid effect on the hemostasis might be of importance for individuals 
with a genetic predisposition or transiently disturbed hemostatic balance or in 
various clinical situations. 

o	 	The physiological fluctuations in endogenous sex steroid hormones during 
menstrual cycle do not significantly affect the APC resistance. 

Conclusions



Marianne van Rooijen 

��



��

Acknowledgements

A great number of people have, in different ways, contributed to this thesis. I would 
like to express my sincere gratitude to all persons without whom this work would 
never have been completed. On this occasion I wish to especially thank:

All the women who participated in the studies and showed interest in my research.

Associate professor Katarina Bremme, my tutor in research and clinics, for introducing 
me to the fascinating field of hemostasis and for guiding and encouraging me through 
all parts of my work – in science and in the daily meetings with pregnant women. 

Professor Anders Hamsten, my co-tutor, for sharing his knowledge in the field of 
cardiovascular disease and for his extensive linguistic work with my manuscripts. 

Associate professor Angela Silveira, my co-author and informal co-tutor, for teaching 
me about hemostatic laboratory methods, for thorough work with my manuscripts 
and most of all for spending so much time talking about hemostasis with a clinically 
oriented gynecologist.

Professor Bo von Schoultz, co-author, for support and interest in my projects and my 
thesis.

Associate professor Lars-Olof Hansson, co-author and supervisor in the field of 
clinical chemistry in general and plasma proteins in particular and for support and 
friendship whenever I have needed it.

Co-authors professor Jan Rosing and Stella Thomassen, associate professor Jacob 
Odeberg and professor Jan Frostegård for running my samples and taking great 
interest in my work. I am looking forward to further collaboration.

Viveca Odlind, Oddvar Bakos and Lennart Nordström, former and present Heads of 
the Department of Obstetrics and Gynecology at Karolinska University Hospital Solna 
for showing interest and providing pleasant working conditions.

Isis Amer Wåhlin, Head of the Obstetrics Unit at Karolinska University Hospital 
Solna, for generously supporting me by allowing me to finish this book in a period of 
constant shortage of doctors, for friendly encouragement and for never doubting my 
ability to do many things at the same time. 

Acknowledgements



Marianne van Rooijen 

�0

Birgitta Byström and Yvonne Pierre, in the FRH lab, and Anita Larsson at GV lab for 
assisting me with the laboratory work and for always being kind and helpful.

Berit Legerstam, Lotta Blomberg, Lena Elffors, Siw Rödin Andersson and former staff 
at Kvinnohälsan for taking good care of the volunteers and for counting tubes many 
many times without complaining. 

Professor Kjell Carlström, for interesting discussions and supervision in the field of 
hormones. 

Associate professor Elisabeth Persson, for introducing me to research and arousing my 
curiosity for contraceptives. 

Professor Meta Blombäck, for being an excellent role model for a female researcher, 
and for her ever-present kindness and thoughtfulness. 

Associate professor Nils Egberg and staff at Specialenheten, Department of Clinical 
Chemistry, Karolinska University Hospital Solna for always being kind to and patient 
with an unskilled clinician.

Elisabeth Berg and Bo Nilsson, for excellent statistical evaluation. 

Astrid Häggblad, for guiding me through the life as PhD student.

Lena Marions, my close friend and colleague, for always being so amusing and 
supportive and for our still constantly ongoing conversation through all these years, by 
word of mouth, phone, e-mail and sms.

Annette Aronsson, Eva Eneroth and other colleagues in the obstetric part of the clinic, 
for listening and consoling in sad moments and for laughs in happy moments. 

Måns Edlund och Angelique Flöter for standing by my side as we developed from 
“blåbär” to PhDs and associate professors. 

Sabine Naessen for friendly support and much good advise during the last months.
.
All other colleagues and friends at the Department of Obstetrics and Gynecology for 
showing interest in my research field, and for making the daily work so enjoyable. 
Thank you!

All my friends outside Karolinska University Hospital, for still being there.

Carina Waimon, Solna Ridskola, for her kind and never fading enthusiasm in sharing 
the love of horses and horseback riding with me, and for encouraging me to jump 
fences with open eyes.



��

My parents, Corry and Kurt, and my brother Gunnar for constant support and love 
during my life.

Finally, my deepest thanks to my family. Sonny, my best friend, for love and joy 
during the last twenty-eight years. You are the most caring and supportive person 
I know, and I am still surprised that I’m the lucky one who gets to share your life. 
Mimmi, my brave and beautiful daughter, thank you for your support in my horseback 
riding. Linus, my kind and clever son, for all hugs and kisses and for the joy of 
listening to your quietly hilarious comments. You make me focus on the important 
things of life!

This work was supported by grants from
•	 Karolinska Institutet
•	 The Swedish Medical Research Council
•	 The Swedish Heart-Lung Foundation
•	 Margret and Axel Ax:son Johnsons Stiftelse
•	 The Karolinska University Hospital

Acknowledgements



Marianne van Rooijen 

��



��

Abe O, Asaishi K, Izuo M, Enomoto K, Koyama H, Tominaga T, Nomura Y, Ohshima A, 
Aoki N, Tsukada T. Effects of medroxyprogesterone acetate therapy on advanced or recurrentEffects of medroxyprogesterone acetate therapy on advanced or recurrent 
breast cancer and its influences on blood coagulation and the fibrinolytic system. Surg Today 
1995;25:701-10.

Ahotupa M, Rauramo I, Vasankari TJ, Skouby SO, Hakonen T. Estrogen replacement therapy 
in combination with continuous intrauterine progestin administration reduces the amount of 
circulating oxidized LDL in postmenopausal women: dependence on the dose of progestin. Ann 
Med 2004;36:278-84.

Anderson DC. Sex-hormone-binding globulin. Clin Endocrinol 1974;3:69-96.

Appt SE, Clarkson TB, Lees CJ, Anthony MS. Low dose estrogens inhibit coronary artery 
atherosclerosis in postmenopausal monkeys. Maturitas 2006;55:187-94.

Austin MA, Hokanson JE, Edwards KL. Hypertriglyceridemia as a cardiovascular risk factor.Hypertriglyceridemia as a cardiovascular risk factor. 
Am J Cardiol 1998;81:7B-12B.

Baillargeon JP, McClish DK, Essah PA, Nestler JE., Association between the current use 
of low-dose oral contraceptives and cardiovascular arterial disease: a meta-analysis. J Clin 
Endocrinol Metab 2005;90:3863-70.

Bank I, Libourel EJ, Middeldorp S, Hamulyak K, van Pampus EC, Koopman MM, Prins MH, 
van der Meer J, Buller HR. Elevated levels of FVIII:C within families are associated with an 
increased risk for venous and arterial thrombosis. J Thromb Haemost 2005;3:79-84.

Beral V, Hermon C, Kay C, Hannaford P, Darby S, Reeves G. Mortality associated with oral 
contraceptive use: 25 year follow up of cohort of 46 000 women from Royal College of General 
Practitioners‘ oral contraception study. BMJ 1999;318;96-100.

Bick RL. Hereditary and acquired thrombophilic disorders. Clin Appl Thromb Hemost 
2006;12:125-35. 

Bergmark C, Wu R, de Faire U, Lefvert AK, Swedenborg J. Patients with early-onset peripheral 
vascular disease have increased levels of autoantibodies against oxidized LDL. Arterioscler 
Thromb Vasc Biol 1995;15:441-5.

Blann AD, Taberner DA. A reliable marker of endothelial cell dysfunction: does it exist? Br J 
Haematol 1995;90:244-8.

References

References



Marianne van Rooijen 

��

Bloemenkamp KW, Rosendaal FR, Helmerhorst FM, Vandenbroucke JP. Higher risk of venous 
thrombosis during early use of oral contraceptives in women with inherited clotting defects. 
Arch Intern Med 2000;60:49-52.

van den Bosch MA, Kemmeren JM, Tanis BC, Mali WP, 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;1:439-44. 

Bottiger LE, Boman G, Eklund G, Westerholm B. Oral contraceptives and thromboembolic 
disease: effects of lowering oestrogen content. Lancet 1980;315:1097-101.Lancet 1980;315:1097-101.

Butenas S, Mann KG. Blood coagulation. Biochemistry (Mosc). 2002;67:3-12.

Bouma BN, Meijers JC. Thrombin-activatable fibrinolysis inhibitor (TAFI, plasma 
procarboxypeptidase B, procarboxypeptidase R, procarboxypeptidase U). J Thromb Haemost 
2003;1:1566-74. 

Boyce J, Fawcett JW, Noall EWP. Coronary thrombosis and Conivid. Lancet 1963;281;111.

Carlson K. Lipoprotein fractionation. J Clin Pathol 1973;5:32-37.

Cersosimo E, DeFronzo RA. Insulin resistance and endothelial dysfunction: the road map to 
cardiovascular diseases. Diabetes Metab Res Rev 2006;22:423-36

Cesarman-Maus G, Hajjar KA. Molecular mechanisms of fibrinolysis. Br J HaematolMolecular mechanisms of fibrinolysis. Br J Haematol 
2005;129:307-21.

Chung CP, Avalos I, Raggi P, Stein CM. Atherosclerosis and inflammation: insights from 
rheumatoid arthritis. Clin Rheumatol 2007;2; [Epub ahead of print].Clin Rheumatol 2007;2; [Epub ahead of print].

Colditz GA. Oral contraceptive use and mortality during 12 years of follow-up: the Nurses’ 
Health Study. Ann Intern Med 1994;120:821-6.

Collins J, Crosignani PG; The ESHRE Capri Workshop Group. Hormonal contraception 
without estrogens. Hum Reprod Update 2003;9:373-86.

Conard J, Plu-Bureau G, Bahi N, et al. Progestogen-only contraception in women at high risk of 
venous thromboembolism. Contraception 2004;70:437-41.Contraception 2004;70:437-41.

Coughlin PB. Antiplasmin: the forgotten serpin? FEBS J 2005;272:4852-7.

Crook D, Godsland I. Safety evaluation of modern oral contraceptives. Effects on lipoprotein 
and carbohydrate metabolism. Contraception 1998;57:189-201.

Curvers J, Thomassen MC, Nicolaes GA, Van Oerle R, Hamulyak K, Hemker HC, Tans G, 
Rosing J. Acquired APC resistance and oral contraceptives: differences between two functionalAcquired APC resistance and oral contraceptives: differences between two functional 
tests. Br J Haematol 1999;105:88-94.

Curvers J, Nap AW, Thomassen MC, Nienhuis SJ, Hamulyak K, Evers JL, Tans G, Rosing J. 
Effect of in vitro fertilization treatment and subsequent pregnancy on the protein C pathway. Br 
J Haematol 2001;115:400-7. 



��

Curvers J, Thomassen MC, Rimmer J, Hamulyak K, van der Meer J, Tans G, Preston FE, 
Rosing J. Effects of hereditary and acquired risk factors of venous thrombosis on a thrombinEffects of hereditary and acquired risk factors of venous thrombosis on a thrombin 
generation-based APC resistance test. Thromb Haemost 2002;88:5-11

Dahlback B, Villoutreix BO. The anticoagulant protein C pathway. FEBS Lett 2005;579:3310-6. 

Dahm A, Van Hylckama Vlieg A, Bendz B, Rosendaal F, Bertina RM, Sandset PM. Low 
levels of tissue factor pathway inhibitor (TFPI) increase the risk of venous thrombosis. Blood 
2003;101:4387-92.

Danesh J et al; Fibrinogen Studies Collaboration. Plasma fibrinogen level and the risk of major 
cardiovascular diseases and nonvascular mortality: an individual participant meta-analysis. 
JAMA 2005;294:1799-809. 

Defronzo RA. Is insulin resistance atherogenic? Possible mechanisms. Atherosclerosis 
2006;7:11-5.

Dreon DM, Slavin JL, Phinney SD. Oral contraceptive use and increased plasma concentration 
of C-reactive protein. Life Sci 2003;73:1245-52.

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. BMJ 1999;318:1579-83.

Döring A, Fröhlich M, Lowel H, Koenig W. Third generation oral contraceptive use and 
cardiovascular risk factors. Atherosclerosis 2004;172:281-6.

Egberg N, van Beek A, Gunnervik C, Hulkko S, Hirvonen E, Larsson-Cohn U, Bennink HC. 
Effects on the hemostatic system and liver function in relation to Implanon and Norplant. A 
prospective randomized clinical trial. Contraception 1998;58:93-8. 

Egeberg O. Inherited antithrombin deficiency causing thrombophilia. Thromb Diath Haemorrh 
1965;13:516-30.

Engelhardt R, Mackensen A, Galanos C, Andreesen R. Biological response to intravenously 
administered endotoxin in patients with advanced cancer. J Biol Response Mod 1990;9:480-91

Ernst E. The role of fibrinogen as a cardiovascular risk factor. Atherosclerosis 1993;100:1-12.

ESHRE (European Society of Human Reproduction and Embryology) Capri Workshop Group. 
Hormones and cardiovascular health in women. Hum Reprod Update 2006;12:483-97.

Esmon CT. The interactions between inflammation and coagulation. Br J HaematolBr J Haematol 
2005;131:417-30.

Farmer RD, Lawrenson RA, Thompson CR, Kennedy JG, Hambleton IR. Population-based 
study of risk of venous thromboembolism associated with various oral contraceptives. Lancet 
1997;349:83-8.
 
Feinbloom D, Bauer KA. Assements of hemostatic factors in predicting arterial thromboembolic 
events. Arterioscler Thromb Vasc Biol 2005;25:2043-53.

References



Marianne van Rooijen 

��

Ferrannini E, Iozzo P. Is insulin resistance atherogenic? A review of the evidence.. Atheroscler 
Suppl 2006;7:5-10.

Gibson JM, Westwood M, Young RJ, White A. Reduced insulin-like growth factor binding 
protein-1 (IGFBP-1) levels correlate with increased cardiovascular risk in non-insulin 
dependent diabetes mellitus (NIDDM). J Clin Endocrinol Metab 1996;81:860-3.

Godsland IF, Crook D, Simpson R, Proudler T, Felton C, Lees B, Anyaoku V, Devenport 
M, Wynn V. The effects of different formulations of oral contraceptive agents on lipid and 
carbohydrate metabolism. N Engl J Med 1990;323:1375-81.

Godsland I, Winkler U, Lidegaard Ö, Crook D. Occlusive diaese in oral contraceptive users. 
Epidemiology, pathology and mechanisms. Drugs 2000;60:721-869.

Gomez K, McVey JH, Tuddenham E. Inhibition of coagulation by macromolecular complexes. 
Haematologica 2005;90:1570-6.

Hannaford P. Cardiovascular events associated with different combined oral contraceptives. A 
review of  current data. Drug safety 2000;22:361-71.

Hansson G. Inflammation, atherosclerosis, and coronary artery disease. 
N Engl J Med 2005;352:1685-95.

Heald AH, Cruickshank JK, Riste LK, Cade JE, Anderson S, Greenhalgh A, Sampayo J, 
Taylor W, Fraser W, White A, Gibson JM. Close relation of fasting insulin-like growth factor 
binding protein-1 (IGFBP-1) with glucose tolerance and cardiovascular risk in two populations. 
Diabetologia 2001; 44: 333-9.

Hemker HC, Giesen P, Al Dieri R, Regnault V, de Smedt E, Wagenvoord R, Lecompte 
T, Beguin S. Calibrated automated thrombin generation measurement in clotting plasma. 
Pathophysiol Haemost Thromb 2003;33:4-15.

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

Holmberg K, Persson ML, Uhlen M, Odeberg J. Pyrosequencing analysis of thrombosis-
associated risk markers. Clin Chem 2005;51:1549-52.

Huber K. Plasminogen activator inhibitor type-1 (part one): basic mechanisms, regulation, and 
role for thromboembolic disease. J Thromb Thrombolysis 2001;11:183-93.

Inman WH, Vessey MP, Westerholm B, Engelund A. Thromboembolic disease and the steroidal 
content of oral contraceptives. A report to the Committee on Safety of Drugs. Br Med J 
1970;2:203-9.

Janssen JA, Stolk RP, Pols HA, Grobbee DE, Lamberts SW. Serum total IGF-1, free IGF-1 andSerum total IGF-1, free IGF-1 and 
IGFBP-1 levels in an elderly population: relation to cardiovascular risk factors and disease. 
Aterioscler Thromb Vasc Biol 1998;18:277-82.

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



��

Jordan WH. Pulmonary embolism. Lancet 1961;278;1146-47.

Juul A, Scheike T, Davidsen M, Gyllenborg J, Jorgensen T. Low serum insulin like growth 
factor I is associated with increased risk of ischemic heart disease: a population-based case-
control study. Circulation 2002;106: 939-44.

Kahn SM, Hryb DJ, Nakhla AM, Romas NA, Rosner W. Sex hormone-binding globulin is 
synthesized in target cells. J Endocrinol 2002;175:113-20. 

Kaibara M, Watanabe T, Ooka F, Liang SG, Aisaka K, Okinaga S. Effect of high-doseEffect of high-dose 
progestogen on hemostatic properties of blood in patients with endometrial cancer. Clin 
Hemorheol Microcirc 2001;24:93-9.

Kemmeren JM, Algra A, Meijers JC, Tans G, Bouma BN, Curvers J, Rosing J, Grobbee DE. 
Effect of second-and third-generation oral contraceptives on the protein C system in the absence 
or presence of the factor VLeiden mutation: a randomized trial. Blood 2004;103:927-33.Blood 2004;103:927-33.

Kemmeren JM, Algra A, Grobbee DE. Effect of second and third generation oral contraceptivesEffect of second and third generation oral contraceptives 
on lipid metabolism in the absence or presence of the factor V Leiden mutation. J Intern MedJ Intern Med 
2001;250:441-8.

Kemmeren JM, Tanis BC, van den Bosch  MA, Bollen EL, Helmerhorst FM, van der Graaf 
Y, Rosendaal FR, Algra A. Risk of Arterial Thrombosis in Relation to Oral contraceptives 
(RATIO) Study. Stroke 2002;33:1202-8.

Kjellberg U, Andersson NE, Rosen S, Tengborn L, Hellgren M. APC resistance and other 
haemostatic variables during pregnancy and puerperium. Thromb Haemost 1999;81:527-31.

Kloosterboer HJ, Rekers H. Effects of three combined oral contraceptive preparations 
containing desogestrel plus ethinyl estradiol on lipid metabolism in comparison with two 
levonorgestrel preparations. Am J Obstet Gynecol 1990;163:370-3.

Kluft C, Lansink M. Effect of oral contraceptives on haemostasis variables.Thromb Haemost 
1997;78:315-26.

Kluft C, Leuven JA, Helmerhorst FM, Krans HM. Pro-inflammatory effects of oestrogensPro-inflammatory effects of oestrogens 
during use of oral contraceptives and hormone replacement treatment. Vascul PharmacolVascul Pharmacol 
2002;39:149-54.

Knopp RH, Broyles FE, Cheung M, Moore K, Marcovina S, Chandler WL. Comparison of 
the lipoprotein, carbohydrate, and hemostatic effects of phasic oral contraceptives containing 
desogestrel or levonorgestrel. Contraception 2001;63:1-11.

Kobayashi T. Antithrombin abnormalities and perinatal management. 
Curr Drug Targets 2005;6:559-66.

Koster T, Rosendaal FR, de Ronde H, et al. Venous thrombosis due to poor anticoagulantVenous thrombosis due to poor anticoagulant 
response to activated protein C: Leiden Thrombophilia Study. Lancet 1993;342:1503-6.Lancet 1993;342:1503-6.

Kraaijenhagen RA, in’t Anker PS, Koopman MM, Reitsma PH, Prins MH, van den Ende 
A, Buller HR. High plasma concentration of factor VIIIc is a major risk factor for venous 
thromboembolism.  Thromb Haemost 2000;83:5-9.

 

References



Marianne van Rooijen 

��

Kuhl H. Effects of progestogens on haemostasis. Maturitas 1996;24:1-19.

Lacut K, Oger E, Le Gal G, Blouch MT, Abgrall JF, Kerlan V, Scarabin PY, Mottier D; SARAH 
Investigators. Differential effects of oral and transdermal postmenopausal estrogen replacementDifferential effects of oral and transdermal postmenopausal estrogen replacement 
therapies on C-reactive protein. Thromb Haemost 2003;90:124-31.

Lake SR, Vernon SA. Emergency contraception and retinal vein thrombosis. Br J OphthalmolBr J Ophthalmol 
1999;83:628.

Larsson G, Blohm F, Sundell G, Andersch B, Milsom I. A longitudinal study of birth control 
and pregnancy outcome among women in a Swedish population. Contraception 1997;56:9-16.

Laurell CB, Kullander S. Thorell J. Effect of administration of a combined estrogen – progestin 
contraceptive on the level of individual plasma proteins. Scand J Clin Invest 1968;21:337-43.

Lidegaard O, Edstrom B, Kreiner S. Oral contraceptives and venous thromboembolism: a five-
year national case-control study. Contraception 2002;65:187-96.

Lidegaard O, Kreiner S. Contraceptives and cerebral thrombosis: a five-year national case-
control study. Contraception 2002;65:197-205.

Lwaleed BA, Bass PS. Tissue factor pathway inhibitor: structure, biology and involvement in 
disease. J Pathol 2006;208:327-39.

Macintyre SS, Schultz D, Kushner I. Biosynthesis of C-reactive protein. Ann N Y Acad SciAnn N Y Acad Sci 
1982;389:76-87.

Mainwaring R, Hales HA, Stevensson K, Hatasaka HH, Poulsson AM, Jones KP et al. 
Metabolic parameter, bleeding and weight changes in U.S. women using progestin only 
contraceptives. Contraception 1995;51:149-53. 

Mann KG. Biochemistry and physiology of blood coagulation. Thromb Haemost 1999;82:165-74.

Mashchak CA, Lobo RA, Dozono Takano R, Eggena P, Nakmura RM, Brenner PF et al. 
Comparision of Pharmacodynamic properties of various estrogen formulations. Am J Obstet 
Gynecol 1982;144:511-8.

Mazzieri R, Blasi F. The urokinase receptor and the regulation of cell proliferation. 
Thromb Haemost. 2005;93:641-6.

Meagher EA. Addressing cardiovascular risk beyond low-density lipoprotein cholesterol: the 
high-density lipoprotein cholesterol story. Curr Cardiol Rep 2004;6:457-63.

Meijers JC, 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. ThrombThromb 
Haemost 2000a;84:9-14.

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 2000b;342:696-701.N Engl J Med 2000b;342:696-701.

 



��

Middeldorp S. Oral contraceptives and the risk of venous thromboembolism. Gend Med 2005;2 
Suppl A:S3-9.

Middeldorp S, Meijers JC, 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 doseEffects on coagulation of levonorgestrel- and desogestrel-containing low dose 
oral contraceptives: a cross-over study.Thromb Haemost 2000;84:4-8.

Miller VM, Jayachandran M, Heit JA, Owen WG. Estrogen therapy and thrombotic risk. 
Pharmacol Ther 2006;111:792-807.

Monroe DM, Hoffman M. What does it take to make the perfect clot? Arterioscler Thromb Vasc 
Biol 2006;26:41-8. 

Monroe DM, Hoffman M, Roberts HR. Platelets and thrombin generation. Arterioscler ThrombPlatelets and thrombin generation. Arterioscler Thromb 
Vasc Biol 2002;2:1381-9.

Morrissey JH, Macik BG, Neuenschwander PF, Comp PC. �uantitation of activated factor�uantitation of activated factor 
VII levels in plasma using a tissue factor mutant selectively deficient in promoting factor VII 
activation. Blood 1993;81:734-44.

Nicolaes GA, Thomassen MC, Tans G, Rosing J, Hemker HC. Effect of activated protein CEffect of activated protein C 
on thrombin generation and on the thrombin potential in plasma of normal and APC-resistant 
individuals. Blood Coagul Fibrinolysis 1997;8:28-38. 

Nordstrom M, Lindblad B, Bergqvist D, Kjellstrom T. A prospective study of the incidence of 
deep-vein thrombosis within a defined urban population. J Intern Med. 1992;232:155-60.

Norris LA. Blood coagulation. Best Pract Res Clin Obstet Gynaecol 2003;17;:369-83.

Oberhoff C, Hoffmann O, Winkler UH, Schindler AE. Effect of high-dose progestogen onEffect of high-dose progestogen on 
hemostatic properties of blood in patients with endometrial cancer. Clin Hemorheol Microcirc 
2001;24:93-9.

Oddens BJ, Milsom I. Contraceptive practice and attitudes in Sweden 1994. 
Acta Obstet Gynecol Scand 1996;75:932-40.

Odlind V, Milsom I, Persson I, Victor A. Can changes in sex hormone binding globulin predict 
the risk of venous thromboembolism with combined oral contraceptive pills? Acta Obstet 
Gynecol Scand 2002;81:482-90.

Olivieri O, Friso S, Manzato F, Grazioli S, Bernardi F, Lunghi B, Girelli D, Azzini M, Brocco 
G, Russo C, Corrocher R. Resistance to activated protein C, associated with oral contraceptivesResistance to activated protein C, associated with oral contraceptives 
use; effect of formulations, duration of assumption, and doses of oestro-progestins. 
Contraception 1996;54:149-52.

Pincus G, Garcia CR, Rock J, Paniagua M, Pendleton A, Laraque F, Nicholas R, Borna R, Pean 
V. Effectiveness of an oral contraceptive; effects of a progestin-estrogen combination upon 
fertility, menstrual phenomena, and health. Science 1959;130:81-3.
 
Ponthieux A, Herbeth B, Droesch S, Haddy N, Lambert D, Visvikis S. Biological determinants 
of serum ICAM-1, E-selectin, P-selectin and L-selectin levels in healthy subjects: the Stanislas 
study. Atherosclerosis 2004;172:299-308.

References



Marianne van Rooijen 

�0

Poulter NR, Chang CL, Farley TM, Meirik O. Risk of cardiovascular diseases associated with 
oral progestagen preparations with therapeutic indications. Lancet 1999;354:1610.

Prasad RN, Koh SC, Viegas OA, Ratnam SS. Effects on hemostasis after two-year use of low 
dose combined oral contraceptives with gestodene or levonorgestrel. 
Clin Appl Thromb Hemost 1999;5:60-70.

Rezaie AR, Cooper ST, Church FC, Esmon CT. Protein C inhibitor is a potent inhibitor of the 
thrombin-thrombomodulin complex. J Biol Chem 1995;270:25336-9.

Ridker PM, Buring JE, Shih J, Matias M, Hennekens CH. Prospective study of C-reactiveProspective study of C-reactive 
protein and the risk of future cardiovascular events among apparently healthy women. 
Circulation 1998;98:731-3.

Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other markers 
of inflammation in the prediction of cardiovascular disease in women. N Engl J Med 
2000;342:836-43.

Ridker PM. Clinical application of C-reactive protein for cardiovascular disease detection and 
prevention. Circulation 2003;107:363-9.

Rodeghiero F, Tosetto A. Activated protein C resistance and factor V Leiden mutation are 
independent risk factors for venous thromboembolism. Ann Intern Med 1999;130:643-50.

Roldan V, Marin F, Lip GY, Blann AD. Soluble E-selectin in cardiovascular disease and its risk 
factors. A review of the literature. Thromb Haemost 2003;90:1007-20.

van Rooijen M, Silveira A, Hamsten A, Bremme K. Sex hormone-binding globulin--a surrogate 
marker for the prothrombic effects of combined oral contraceptives. Am J Obstet Gynecol 
2006;194:1499.

Rosendaal FR, Van Hylckama Vlieg A, Tanis BC, Helmerhorst FM. Estrogens, progestogens 
and thrombosis. J Thromb Haemost 2003;1:1371-80.

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 sensitivitiesOral contraceptives and venous thrombosis: different sensitivities 
to activated protein C in women using second and third generation oral contraceptives. Br JBr J 
Haematol 1997;97:233-8.

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.

Ross R. Atherosclerosis - an inflammatory disease. N Engl J Med 1999;340:115–126.

Sakkinen P, Abbott RD, Curb JD, Rodriguez BL, Yano K, Tracy RP. C-reactive protein and 
myocardial infarction. J Clin Epidemiol 2002;55:445-51.J Clin Epidemiol 2002;55:445-51.

Scharnagl H, Petersen G, Nauck M, Teichmann AT, Wieland H, Marz W. Double-blind, 
randomized study comparing the effects of two monophasic oral contraceptives containing 
ethinylestradiol (20 microg or 30 microg) and levonorgestrel (100 microg or 150 microg) on 
lipoprotein metabolism. Contraception 2004;69:105-13.



��

von Schoultz B, Carlstrom C, Collste L, Eriksson a, Henriksson P, Pousette Å, Stege R. 
Estrogen Therapy and liver function – metabolic effects of oral and parenteral administration. 
The prostate 1989;14:389-395.

Seeger H, Petersen G, Schulte-Wintrop E, Teichmann AT, Mueck AO. Effect of two oralEffect of two oral 
contraceptives containing ethinylestradiol and levonorgestrel on serum and urinary surrogate 
markers of endothelial function. Int J Clin Pharmacol Ther 2002;40:150-7.

Semenkovich CF. Insulin resistance and atherosclerosis. J Clin Invest 2006;116(7):1813-22.

Sherif K. Benefits and risks of oral contraceptives. Am J Obstet Gynecol 1999;180:S343-8.

Silvestri A, Gebara O, Vitale C, Wajngarten M, Leonardo F, Ramires JA, Fini M, Mercuro G, 
Rosano GM.. Increased levels of C-reactive protein after oral hormone replacement therapy 
may not be related to an increased inflammatory response. Circulation 2003;107:3165-9. 

Simioni P, Tormene D, Spiezia L, Tognin G, Rossetto V, Radu C, Prandoni P. Inherited 
thrombophilia and venous thromboembolism. Semin Thromb Hemost 2006;32:700-8.

Simpson HC, Mann JI, Meade TW, Chakrabarti R, Stirling Y, Woolf L. Hypertriglyceridaemia 
and hypercoagulability. Lancet 1983;1:786-90.

Siragusa S. D-dimer testing: advantages and limitations in emergency medicine for managing 
acute venous thromboembolism. Intern Emerg Med 2006;1:59-66. 

Sorensen B, Johansen P, Christiansen K, Woelke M, Ingerslev J. Whole blood coagulation 
thrombelastographic profiles employing minimal tissue factor activation. J Thromb Haemost 
2003;1:551-8.

Spallarossa P, Brunelli C, Minuto F, Caruso D, Battistini M, Caponnetto S, Cordera R. Insulin–
like growth factor-I and angiographically documented coronary artery disease. Am J Cardiol 
1996;77:200-2.

Sperrof L, Frits MA (ed). Clinical gynecologic endocrinology and infertility. LippincottClinical gynecologic endocrinology and infertility. Lippincott 
Williams & Willkins. 2005 pp 891-2.

Spitzer WO, Lewis MA, Heinemann LA, Thorogood M, MacRae KD. Third generation oralThird generation oral 
contraceptives and risk of venous thromboembolic disorders: an international case-control 
study. Transnational Research Group on Oral Contraceptives and the Health of Young Women. 
BMJ 1996;312: 83-8..

Stampfer MJ, Willett WC, Colditz GA, Speizer FE, Hennekens CH. Past use of oral 
contraceptives and cardiovascular disease: a meta-analysis in the context of the Nurses’ Health 
Study. Am J Obstet Gynecol 1990;163:285-91.

Stege R, Carlström K, Collste L, Eriksson A, Henriksson P, Pousette Å. Single drug 
Polyestradiol phosphate therapy in prostatic cancer. Am J Clin Oncol 1988;11:101-103.

Strandberg K, Stenflo J, Nilsson C, Svensson PJ. APC-PCI complex concentration is higherAPC-PCI complex concentration is higher 
in patients with previous venous thromboembolism with Factor V Leiden. J Thromb HaemostJ Thromb Haemost 
2005;3:2578-80.

References



Marianne van Rooijen 

��

Tanis BC, van den Bosch MA, Kemmeren JM, Manger Cats V, 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.

Tans G, van Hylckama Vlieg A, Thomassen MC, Curvers J, Bertina RM, Rosing J, Rosendaal 
FR. Activated protein C resistance determined with a thrombin generation-based test predictsActivated protein C resistance determined with a thrombin generation-based test predicts 
for venous thrombosis in men and women. Br J Haematol 2003;122:465-70.Br J Haematol 2003;122:465-70.

Tans G, Curvers J, Middeldorp S, Thomassen MC, Meijers JC, Prins MH, Bouma BN, Buller 
HR, Rosing J. A randomized cross-over study on the effects of levonorgestrel- and desogestrel-
containing oral contraceptives on the anticoagulant pathways. Thromb Haemost 2000;84:15-21.

Task Force on Postovulatory Methods of Fertility Regulation . Randomised controlled trial 
of levonorgestrel versus the Yuzpe regimen of combined oral contraceptives for emergency 
contraception. Lancet 1998;352:428-33.

van Tilburg NH, Rosendaal FR, Bertina RM. Thrombin activatable fibrinolysis inhibitor and theThrombin activatable fibrinolysis inhibitor and the 
risk for deep vein thrombosis. Blood 2000;95:2855-9.Blood 2000;95:2855-9.

Topcuoglu A, Uzun H, Aydin S, Kahraman N, Vehid S, Zeybek G, Topcuoglu D. The effect 
of hormone replacement therapy on oxidized low density lipoprotein levels and paraoxonase 
activity in postmenopausal women.Tohoku J Exp Med 2005;205:79-86.

Tsimikas S. Oxidized low-density lipoprotein biomarkers in atherosclerosis. Curr Atheroscler 
Rep 2006;8:55-61.

Tuppurainen M, Klimscheffskij R, Venhola M, Dieben TO. The combined contraceptive vaginal 
ring (NuvaRing) and lipid metabolism: a comparative study. Contraception 2004;69:389-94.

Vasilakis C, Jick SS, Jick H. The risk of venous thromboembolism in users of postcoital 
contraceptive pills. Contraception 1999a;59:79-83.

Vasilakis C, Jick H, del Mar Melero-Montes M. Risk of idiopathic venous thromboembolism inRisk of idiopathic venous thromboembolism in 
users of progestagens alone. Lancet 1999b;354:1610-1.Lancet 1999b;354:1610-1.

Vehkavaara S, Silveira A, Hakala-Ala-Pietilä T, Virkamäki A, Hovatta O, Hamsten A, Taskinen 
MR, Yki-Järvinen H. Effects of oral and transdermal estrogen replacement therapy on markers 
of coagulation, fibrinolysis, inflammation and serum lipids and lipoproteins in postmenopausal 
women. Thromb Haemost 2001;85:619-25. 

de Visser MC, Rosendaal FR, Bertina RM. A reduced sensitivity for activated protein C in theA reduced sensitivity for activated protein C in the 
absence of factor V Leiden increases the risk of venous thrombosis. Blood 1999;93:1271-6

van Vliet HA, Frolich M, Thomassen CMLG, Doggen CJ, Rosendaal FR, Rosing J, 
Helmerhorst FM. Association between sex hormone-binding globulin levels and activatedAssociation between sex hormone-binding globulin levels and activated 
protein C resistance in explaining the risk of thrombosis in users of oral contraceptives 
containing different progestogens. Hum Reprod 2005;20:563-8.

Walldius G, Jungner I. The apoB/apoA-I ratio: a strong, new risk factor for cardiovascular 
disease and a target for lipid-lowering therapy--a review of the evidence. J Intern Med 
2006;259:493-519.



��

Willemse JL, Hendriks DF. A role for procarboxypepidase U (TAFI) in thrombosis. Front Biosci 
2007;12:1973-87

Winkler UH, Blood coagulation and oral contraceptives. Contraception 1998;57:203-9.

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

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

World Health Organization Collaborative Study of Cardiovascular Disease and Steroid 
Hormone Contraception. Acute myocardial infarction and combined oral contraceptives; results 
of an international multicentre case-control study. Lancet 1997;349:1202-9.

Wu R, Nityanand S, Berglund L, Lithell H, Holm G, Lefvert AK.. Antibodies against 
cardiolipin and oxidatively modified LDL in 50-years old predict myocardial infaction. 
Arterioscler Thromb Vasc Biol 1997;17:3159-63.

Wu R, de Faire U, Lemne C, Witztum J, Frostegård J. Serum antibodies to oxidized LDL are 
decreased in borderline hypertension. Hypertension 1999;33:53-9.

Wynn V, Doar J. Some effects of oral contraceptives on carbohydrate metabolism. Lancet 
1966;2;715-9. 

Yasojima K, Schwab C, McGeer EG, McGeer PL. Generation of C-reactive protein and 
complement components in atherosclerotic plaques. Am J Pathol 2001; 158: 1039-51.

Yuzpe AA, Lancee WJ. Ethinylestradiol and dl-norgestrel as postcoital contraceptive. FertilFertil 
Steril 1977;28:932-6.

Zahn CM, Gonzalez DI Jr, Suto C, Kennedy S, Hines JF. Low-dose oral contraceptive effects 
on thromboelastogram criteria and relationship to hypercoagulability. Am J Obstet Gynecol 
2003;189:43-7

Zwaka TP, Hombach V, Torzewski J. C-reactive protein-mediated low density lipoprotein 
uptake by macrophages; implication for atherosclerosis. Circulation 2001;103:1194-7.

Zieske AW, Tracy RP, McMahan A, Herderick EE, Homma S, Malcolm GT, McGill HC, Strong 
JP. Elevated serum C-reactive protein levels and advanced atherosclerosis in youth. Arterioscler 
Thromb Vasc Biol 2005;25:1-7.

Østerud B, Bjorklid E. Sources of tissue factor. Semin Thromb Hemost 2006;32:11-23.
 

References



Marianne van Rooijen 

��

I


