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Since the discovery and marketing of the first combined oral contraceptive 
(coc) in early 1960s, hormonal contraceptives have proven very useful in birth 
control as well as addressing a diversity of female health issues.

Although the first generation of cocs containing 50 µg or more ethinyl 
estradiol (ee) elicited an increased risk of cardiovascular events, contraceptive 
hormones were not abandoned. Their efficacy in birth control and convenience 
of use enabled more women to make career while raising a family. Moreover, 
cocs have been conveniently used worldwide for treating acne, cycle control 
and reducing discomfort and blood loss accompanying every menstrual 
bleeding. Hence, we may conclude that cocs have been affecting women’s 
quality of life favourably for decades now.

This success story, however, does have a shady side. The history of serious 
cardiovascular side effects of oral contraceptives goes back just as long as that 
of its accomplishments and has motivated extensive basic, epidemiological 
and clinical research on this field. Great efforts have been made to clarify the 
pathophysiology of coc-induced cardiovascular disease, identify subgroups at 
risk, investigate the actual absolute risks involved and identify surrogate markers 
for cardiovascular disease which should facilitate getting a drug-specific risk 
estimate during the pre-marketing phases of drug development.

Based on the type of blood vessels affected, cardiovascular disease caused by 
cocs can be divided into two categories: venous thromboembolism (vte) 
and arterial disease. vte consists of deep venous thrombosis and pulmonary 
embolism and is rare in healthy young women. vte risk is elevated in a number 
of physiological, pathological and iatrogenic conditions such as pregnancy, 
puerperium, coc use, obesity, smoking, surgery, immobilization, cancer and 
thrombophilic disorders. 

vte incidence among healthy women of 18-49 years old is about 1 in 10.000 
per year, and in users of coc of the same age 2 to 3 in 10.000 per year [1]. Of the 
two components each coc contains, namely an oestrogen and a progestin, the 
former is held responsible for the coc-related increased risk of cardiovascular 
side effects [2-5]. The extent of the effects of oral oestrogen on this risk has 
been speculated to be greater due to the first-pass of this hormone through the 
liver as there is evidence that plasma concentration of many coagulation and 
inflammation proteins synthesized by the liver are affected more intensely by 
oral oestrogens employed as hormonal replacement therapy [6-8].

In 1970, Inman reported a dose-dependent relationship between the vte 
incidence in coc users and oestrogen dose for the first-generation preparations 
[9]. Consequently, ee dose was adjusted in the next generation of cocs to 20 
or 30 µg. Subsequently, the extent of enhancement in risk associated with these 
low-dose preparations was found to be associated with the type of progestin 
employed [10-13]. More androgenic progestins such as levonorgestrel would 
counteract the unfavourable effects of ee on hepatic protein synthesis to a larger 
extent than the less-androgenic progestins such as desogestrel [14;15]. One of 
the proteins subjected to this mechanism of alteration is sex-hormone binding 
globulin (shbg) [16-19]. Its increment was shown to correlate with the vte risk 
associated with different types of coc [20]. Thus, it is suggested that shbg could 
serve as a surrogate marker for steroid-induced risk of vte.

Arterial disease is a collective term used for manifestations of cardiovascular 
disease in the coronary and systemic arteries. It is caused by atherosclerosis, 
a chronic low-grade inflammatory process of the arterial wall leading to 
formation of atheromatous plaques which eventually may either result in 
(partial) occlusion of the affected artery (as in myocardial infarction) or get 
ruptured, disseminate, and embolise downstream arterial branches (as in 
ischemic stroke). Among risk factors for arterial disease in general population 
are smoking, obesity, hypertension, diabetes, and elevated ratio of plasma total 
cholesterol (tc) to high-density lipoprotein cholesterol (hdl), low-density 
lipoprotein cholesterol (ldl), triglycerides, C-reactive protein (crp), d-dimer 
and fibrinogen [21-32].

Arterial disease in women of reproductive age and otherwise healthy is 
rare and generally reveals itself as arterial thromboembolic events such as 
myocardial infarction and stroke in previously asymptomatic individuals. 
According to data collected in large studies, the annual incidence of myocardial 
infarction and stroke in this group is 0.2 to 1 and 1.1 in 10.000 women, 
respectively [33-36]. Some of the studies conducted in this field have found 
evidence of coc use being associated with a mild to moderate increased risk 
of arterial disease [21;36-38] while others found no additional risk unless there 
were cardiovascular risk factors like hypertension and smoking present [39-
42]. Additional studies analysed the risk separately for different types of cocs 
and found a greater risk involved with use of the second-generation versus the 
third-generation cocs and non-users [43-46], or no difference at all [2;40;42]. 
Those who believe in risk modification by either all cocs or a specific type, 
have proposed possible pathways such as synergistic effect with hypertension, 
deleterious alteration of lipid metabolism and triggering or aggravating a state of 
low-grade inflammation [29;30;47-54]. 

Similar to other metabolic effects cocs exert, alterations in lipid metabolism 
are subjected to the oestrogenic-androgenic balance of different preparations. 
For instance, ee elevates hdl and triglycerides and lowers ldl. However when it 
is combined with an androgenic progestin some of these effects are attenuated or 
even reversed [18;55].

In the beginning of this century, pharmaceutical companies set about 
exploring a relatively new path by developing non-oral combined hormonal 
contraceptives (chcs). Although they were mainly developed to eliminate 
the risk of missing a pill or insufficient absorption of hormones due to 
gastrointestinal pathology or antibiotic intake, it was anticipated that avoiding 
first-pass of high hormone concentrations through the liver might attenuate the 
related adverse effects on hepatic protein synthesis [7] and consequently reduce 
the risk of cardiovascular disease involved with chcs. Moreover, continuous 
administration might lower the exposure of the liver to oestrogens even further 
by limiting the required daily ee dose [56]. Previously, non-oral delivery of 
sex-hormones had widely been implemented in post-menopausal women for 
hormone replacement therapy (hrt) and studied extensively for their effects 
on coagulation and lipids. In 2000, Mattson and colleagues reported that 
compared to oral oestradiol (e₂), intranasal e₂ does not exert metabolic adverse 
effects on lipids and angiotensinogen, while it is equally effective in alleviating 
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postmenopausal symptoms [7] and Hall collected evidence of transvaginal 
delivery of e₂ not affecting markers of coagulation [57]. Transdermal route was 
also found to affect markers of coagulation and inflammation less unfavourably, 
than the oral route [58-63]. Furthermore, there was already some experience 
acquired with administration of contraceptive hormones using a vaginal 
ring in the 1990s. Compared to the oral route, transvaginal administration of 
contraceptive oestrogen and progestins was associated with a more favourable 
lipid profile [64].

Another matter relevant to this topic is the extended coc use. Users often 
choose such extended-regimen to eliminate their cyclic bleeding, alleviate cycle-
related symptoms or increase contraceptive efficacy. However, little is known 
about the risk of cardiovascular disease of such regimen, compared to the 
traditional three-weeks on one-week off intake. Since reaching new steady state 
takes different amounts of time for each of the affected coagulation proteins, 
the coagulation system could be out of balance during the initial phase of pill 
intake as well as the pill-free week [65]. From this point of view, it would be 
advantageous not to subject the coagulation system to monthly ups and downs. 
Consequently, continuous pill intake might attenuate the coc-induced vte 
risk. On the other hand, continuous exposure to hormonal contraceptives could 
result in accumulation of their effects on hepatic protein synthesis and other 
metabolic processes, and thereby impose a higher risk of cardiovascular adverse 
disease.

This thesis means to address the differential metabolic effects of different 
levels of androgenecity, and routes and regimens of delivery of contraceptive 
hormones. Chapter 2 demonstrates the effects of the vaginal route of delivery 
of ee and Nestorone®, a non-androgenic progestin, on haemostasis variables 
and sex-hormone binding globulin (shbg) in comparison to a coc containing 
ee and the androgenic levonorgestrel. In Chapter 3, we investigate the effects of 
the same treatments on lipids and angiotensinogen in an attempt to learn more 
about the impact of different delivery routes and androgenicity on the hepatic 
protein synthesis. Chapter 4 looks into the effects of the abovementioned 
preparations on measures of inflammation such as C-reactive protein and the 
possible explanations for these effects.

Subsequently, discriminant analysis (da) is employed on the data collected 
in the first three chapters to identify variables with the strongest discriminative 
power of the treatments (Chapter 5). This study wis an open-minded attempt to 
learn more about the path through which chcs affect the risk of cardiovascular 
disease in their users. It is based on the assumption that the variable or the 
combination of variables explaining the greatest part of the difference between 
an androgenic and a less-androgenic preparation might be the product(s) of 
the process that is also responsible for the difference in risk of cardiovascular 
disease that users of the mentioned chcs are subjected to. This analysis leads 
to formulation a number of discriminating functions that subsequently are 
applied to a large set of data on seven different cocs with different degrees 
of androgenicity, for validation (Chapter 6). Considering the results of the 
da on the data of the non-androgenic vaginal ring versus the androgenic 
coc could become compromised by effects exerted due to possible specific 

characteristics of Nestorone® beside its potential of modifying the oestrogenic 
effects in accordance with its androgenicity, we will also perform da on the 
abovementioned dataset of the study on seven different cocs (Chapter 6).

In Chapter 7, a coc containing ee and levonorgestrel that has been 
developed for continuous use (Lybrel®) is compared for effects on haemostasis, 
shbg, lipids, carbohydrate and bone metabolism to the cyclically used and in 
composition closely comparable coc (Loette®). We aim to find out whether the 
extended-regimen coc could create an unfavourable cardiovascular risk profile 
through accumulation of metabolic effects.
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