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Abstract

Millions of women globally use combined oral contraceptives (COCs) for contraception and the
treatment of various conditions. As women may use these preparations for decades, it is essential
that they are provided with products that are both effective and safe with minimal side effects.
Traditional ethinylestradiol (EE)-based COCs are known to affect metabolism, inflammation,
hepatic protein synthesis, and blood coagulation. COCs containing natural estrogens have recently
been introduced to the market, offering an interesting new alternative to EE-based COCs.

The present studies aimed to investigate the differences of EE- and estradiol valerate (EV)-
based COCs in the serum proteome, inflammation, lipids, and ovarian and adrenal hormones. The
studies were based on a randomized, controlled, multicenter clinical trial, SYLVI. Altogether, 59
healthy young women were randomized to use either EE+dienogest (DNG) (n=20), EV+DNG
(n=20), or DNG only (n=19) continuously for 9 weeks. Fasting serum samples were collected at
baseline and the fifth and ninth weeks. We performed an untargeted proteomic analysis and
analyzed changes in the inflammatory markers high-sensitivity CRP and pentraxin 3, lipid
measurements, gonadotropins, ovarian and adrenal steroids, anti-Müllerian hormone, sex
hormone-binding globulin (SHBG), and corticosteroid-binding globulin (CBG).

Our results showed that the number of affected proteins in the circulation during EE+DNG use
was multifold compared with the natural estrogen-based EV+DNG and DNG-only preparations.
The pathways most affected during EE+DNG use were the complement pathway, acute phase
signaling response, metabolism-related pathways, and coagulation system. A natural-estrogen-
based COC also had significantly milder effects on low-grade inflammation, lipid profile,
gonadotropins, androgens, cortisol, and binding protein (SHBG, CBG) synthesis compared with
the synthetic EE+DNG preparation.

This thesis highlights the neutral effects of natural estrogen in a COC compared with the
synthetic and highly potent EE. To date, the choice of COC is based mainly on the properties of
progestin components. However, emerging data, suggesting the milder metabolic impact of
natural estrogens, promote the consideration of estrogen when prescribing COCs. The results
encourage further research and development of natural-estrogen-based COCs.

Keywords: androgen, combined contraceptive, cortisol, estradiol valerate,
ethinylestradiol, inflammation, proteome
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Tiivistelmä

Miljoonat naiset käyttävät yhdistelmäehkäisyvalmisteita sekä raskauden ehkäisyyn että erilais-
ten gynekologisten oireiden hoitoon usein jopa vuosikymmenten ajan. Näin ollen on tärkeää
kehittää tehokkaita ja turvallisia valmisteita, joilla on mahdollisimman vähän sivuvaikutuksia.
Perinteisesti yhdistelmäehkäisyvalmisteet ovat sisältäneet etinyyliestradiolia (EE), jonka on
todettu heikentävän muun muassa rasva-aineenvaihduntaa ja korostavan matala-asteista tuleh-
dusta. Hiljattain kehitetyt, luonnollisempia estrogeeneja sisältävät valmisteet tarjoavat uuden,
mielenkiintoisen vaihtoehdon aiemmille yhdistelmille.

Väitöskirjan pohjana on satunnaistettu ja kontrolloitu kliininen lääketutkimus SYLVI. 59
naista käyttivät 9 viikkoa yhtäjaksoisesti yhtä seuraavista valmisteista: EE+dienogesti (DNG,
n=20), estradiolivaleraatti (EV)+DNG (n=20) tai pelkkä DNG (n=19). Paastoverinäytteet otettiin
ennen valmisteen käyttöä sekä viidennellä ja yhdeksännellä käyttöviikolla. Valmisteiden vaiku-
tuksia selvitettiin kohdentamattomalla proteomiikka-analyysillä sekä mittaamalla tulehdusmerk-
kiaineita ja rasva-arvoja. Hormonisäätelymuutoksia selvitettiin mittaamalla munasarjojen ja lisä-
munuaiskuoren steroidihormoneja, gonadotropiinit, anti-Müller-hormoni, sukupuolihormoneja
sitova proteiini (SHBG) ja kortikosteroideja sitova proteiini (CBG).

Tutkimusjakson aikana EE-pohjaisen valmisteen muuttamien proteiinien määrä oli monin-
kertainen verrattuna estradiolipohjaiseen valmisteeseen ja pelkkään progestiiniin. Nämä muuttu-
neet proteiinit liittyivät komplementtijärjestelmään, akuutin faasin signalointiin, aineenvaihdun-
nan säätelyyn sekä veren hyytymistekijöihin. Luonnollisemmalla estradiolipohjaisella yhdistel-
mällä oli lievemmät vaikutukset myös matala-asteiseen tulehdukseen, rasva-arvoihin, gonadot-
ropiineihin sekä steroidihormoneihin ja näiden kuljettajaproteiineihin (SHBG, CBG) verrattuna
synteettiseen EE-yhdistelmään.

Tämä väitöskirjatutkimus korostaa luonnolliseen estrogeeniin pohjautuvan yhdistelmäehkäi-
syn neutraalimpia kokonaisvaikutuksia synteettiseen ja hyvin tehokkaaseen EE:iin verrattuna.
Tähän saakka yhdistelmäehkäisyvalmisteen valinta on perustunut lähinnä eri progestiinien omi-
naisuuksiin, mutta karttuvan tiedon valossa myös estrogeenikomponentti tulisi huomioida. Tut-
kimustulokset kannustavat tutkimaan ja kehittämään luonnollista estrogeenia sisältäviä valmis-
teita.

Asiasanat: androgeeni, estradiolivaleraatti, etinyyliestradioli, kortisoli,
lisämunuaishormoni, proteomi, tulehdus, yhdistelmäehkäisy
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ACTH adrenocorticotropic hormone 

AMH anti-Müllerian hormone 

BMI body mass index 

CBG corticosteroid-binding globulin 

COC combined oral contraceptive 

CYP11A1 cholesterol side-chain cleavage enzyme 

CYP11B1 steroid 11-beta-hydroxylase 

CYP11B2 aldosterone synthase 

CYP17 17,20-lyase 

CYP19 aromatase 

CYP21A2 steroid 21-hydroxylase 

DHEA dehydroepiandrosterone 

DHEAS dehydroepiandrosterone sulfate 

DHT dihydrotestosterone 

DNG dienogest 

DRSP drospirenone 

EE ethinylestradiol 

EV estradiol valerate 

E1 estrone 

E1-S estrone sulfate 

E2 estradiol 

E3 estriol 

E4 estetrol 

ELISA enzyme-linked immunosorbent assay 

ER estrogen receptor 

ERE estrogen response element 

FAI free androgen index 

FCI free cortisol index 

FSH follicle-stimulating hormone 

FXR Farnesoid X receptor 

GnRH gonadotropin-releasing hormone 

GPER G protein-coupled estrogen receptor  

HDL high-density lipoprotein 

HPO axis hypothalamus-pituitary-ovarian axis 

hs-CRP high sensitivity C-reactive protein 
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HSD hydroxysteroid dehydrogenase 

IPA Ingenuity Pathway Analysis 

LC-MS/MS liquid chromatography-tandem mass spectrometry 

LDL low-density lipoprotein 

LH luteinizing hormone 

LLQ lower limit of quantification 

LNG levonorgestrel 

LXR liver X receptor 

NOMAC nomegestrol acetate 

17-OHP 17-hydroxy progesterone 

PCOS polycystic ovary syndrome 

POC progestin-only contraceptives 

PR progesterone receptor 

PTX-3 pentraxin-3 

RXR retinoid X receptor 

SHBG sex hormone-binding globulin 

STAR protein  steroidogenic acute regulatory protein 

TBG thyroxine-binding globulin 

ULQ upper limit of quantification 

UPLC-UDMSE ultra performance liquid chromatography-ultra definition mass 

spectrometry  

VTE venous thromboembolism   
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1 Introduction 

Combined oral contraceptives (COCs) are effective and easy-to-use contraceptive 

method used by millions of women worldwide. They are used for contraception 

and the treatment of various gynecological disorders, such as endometriosis and 

heavy menstrual bleeding. At their best, COCs offer the possibility of birth control 

and, at the same time, enable the freedom to control menstrual cycles. However, 

although the benefits of COCs are clear, they also induce undesired effects on 

female physiology. 

COCs consist of estrogen and progestin components, both of which affect the 

preparations' net effect. Traditionally, COCs contain ethinylestradiol (EE), a very 

potent synthetic estrogen. It enables a good bleeding pattern, but EE-based COCs 

also affect hepatic protein synthesis, glucose and lipid metabolism, blood 

coagulation, and low-grade inflammation (Haarala et al., 2009; Lidegaard et al., 

2009, 2012; Morin-Papunen et al., 2008; Piltonen et al., 2012; van Rooijen et al., 

2006; Q. Wang et al., 2016). Recently, preparations with combinations of more 

natural estrogens have been developed to avoid these undesired secondary effects. 

Knowledge about their differences compared with EE remains limited and unclear, 

as earlier studies have included preparations with different progestin components. 

Therefore, drawing conclusions regarding effects related to natural estrogens is 

challenging. 

This thesis project aimed to compare the effects of EE- and estradiol valerate 

(EV)-based COCs on serum proteome, inflammation, lipid metabolism, and 

ovarian & adrenal steroids in a randomized, controlled clinical trial. Both 

combinations contained the same progestin, namely dienogest (DNG), and a DNG-

only preparation acted as an active control. We assumed that the EV-based COC 

would have milder effects than the EE-based preparation, whereas DNG-only 

preparation would be neutral. 
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2 Review of the literature 

2.1 Regulation of the human menstrual cycle 

The normal menstrual cycle aims for ovulation and successful embryo implantation, 

acquiring proper follicle growth and endometrial development. This process is 

hormonally controlled by the hypothalamus-pituitary-ovarian (HPO) axis (Fig. 1). 

At the beginning of the cycle, follicle-stimulating hormone (FSH) initiates the 

growth of ovarian follicles. The growing dominant follicle produces an increasing 

amount of estradiol (E2), the most important estrogen in women of fertile age. E2 

causes proliferation and thickening of the endometrium. E2 inhibits pituitary FSH 

and luteinizing hormone (LH) secretion until its concentration in the pituitary 

reaches a critical peak level. This excess of E2 results in momentary positive 

feedback and a burst in LH secretion, which induces ovulation. Ovum-released 

follicle undergoes morphological change to form the corpus luteum, which begins 

to produce progesterone and a lesser amount of E2 (Fig. 1). Progesterone induces 

decidualization in the endometrium: the endometrium stops growing, and 

endometrial cells and glands transform to provide an optimal environment for 

implantation (decidualization). If fertilization does not occur, the corpus luteum 

regresses, and the concentration of progesterone (and E2) falls. As progesterone no 

longer maintains the endometrium, it collapses, and menstruation begins. After this, 

a new menstrual cycle begins. 

 

Fig. 1. Normally functioning hypothalamus-pituitary-ovarian axis. GNRH, gonadotropin-

releasing hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone. 
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2.2 Endogenous steroid hormones 

2.2.1 Synthesis of steroid hormones 

Steroid hormones are produced through a process called steroidogenesis, which 

occurs in gonads, the adrenal cortex, and adipose tissue. Steroid hormones 

comprise sex steroids such as estrogens, progesterone, and androgens, as well as 

corticosteroids such as glucocorticoids and mineralocorticoids. The primary 

substrate for steroidogenesis is dietary cholesterol. Although steroidogeneses in the 

ovaries and adrenal cortex overlap, they also have organ-specific properties. In 

women, the main site of estrogen synthesis is in the ovaries. 

Ovarian steroidogenesis 

A summary of steroidogenesis is provided in Fig. 2. LH and FSH regulate estrogen 

synthesis in ovaries, such that LH stimulates the production of androgens, whereas 

FSH stimulates their aromatization to estrogens. The first rate-limiting step of 

steroidogenesis in all tissues is transferring cholesterol to the mitochondria, which 

requires steroidogenic acute regulatory (STAR) protein. Afterward, cholesterol is 

converted to pregnenolone, catalyzed by the cholesterol side-chain cleavage 

enzyme (CYP11A). Pregnenolone acts as a precursor for all steroid hormones and 

is further converted to androstenedione by the enzymes 17,20-lyase (CYP17) and 

3β-hydroxysteroid dehydrogenase (3βHSD), either via progesterone or 

dehydroepiandrosterone (DHEA). Androstenedione can then be converted to other 

androgens, such as testosterone and dihydrotestosterone (DHT), by 17βHSD. 

Androstenedione and testosterone can diffuse to granulosa cells, where aromatase 

(CYP19) converts androstenedione to estrone (E1) and testosterone to E2. 17βHSD 

also converts E1 to E2, and these hormones are interconvertible. FSH, on the other 

hand, stimulates both 17βHSD and aromatase activity in granulosa cells. It must be 

noted that aromatase is also found in peripheral tissues, including adipose cells and, 

especially after menopause, peripheral conversion from androstenedione to E1 is 

an important source of estrogen (Fuentes & Silveyra, 2019; Stanczyk et al., 2013). 
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Adrenal steroidogenesis 

Adrenal steroids, which are usually secreted in physiologically significant amounts, 

are the mineralocorticoid aldosterone (main effect on Na+ and K+ excretion and on 

blood pressure), glucocorticoids cortisol and corticosterone (stress hormones, main 

effect on glucose and protein metabolism), and androgens DHEA and 

androstenedione. Aldosterone synthesis is mainly controlled by renin and 

angiotensin, whereas adrenocorticotropic hormone (ACTH) secreted from the 

pituitary gland stimulates cortisol synthesis. In adrenals, 21β-hydroxylase 

(CYP21A2) can convert progesterone to 11-deoxycorticosterone on the 

mineralocorticoid pathway or 17-hydroxyprogesterone (17-OHP, metabolite of 

progesterone) to 11-deoxycortisol on the glucocorticoid pathway. 11-

Deoxycorticosterone is further converted to corticosterone and aldosterone, 

whereas 11-deoxycortisol is converted to cortisol. (Barrett et al., 2012.) 

Apart from the ovaries, the adrenals also contribute to total androgen synthesis. 

In the adrenals, almost all DHEA is converted to dehydroepiandrosterone sulfate 

(DHEAS) by adrenal sulfokinase before secretion (Barrett et al., 2012). In women, 

the ovaries and the adrenals produce 25% of androgens each, and peripheral tissues 

convert the rest (Bachmann et al., 2002). Congenital adrenal hyperplasia is most 

commonly caused by a deficiency of 21β-hydroxylase, which reduces cortisol and 

aldosterone production, leading to increased amounts of precursor steroids, which 

are further converted to androgens (Burdea & Mendez, 2022). Depending on the 

severity of the defect in enzyme function, clinical manifestations may vary from 

the most severe salt-wasting form (defect in both cortisol and aldosterone 

biosynthesis) to virilization in women due to excess androgens (Burdea & Mendez, 

2022). 

2.2.2 Steroid-binding proteins 

Most circulatory steroid hormones are bound to specific and unspecific carrier 

proteins. Generally, only a free, unbound hormone fraction is considered active. 

Many steroid-binding globulins, like sex hormone-binding globulin (SHBG), 

corticosteroid-binding globulin (CBG), and thyroxine-binding globulin (TBG), are 

synthesized in the liver (Barrett et al., 2012). SHBG binds to sex hormones 

testosterone and E2, whereas CBG binds to progesterone, cortisol, and other 

corticosteroids (Barrett et al., 2012). 
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2.2.3 Estrogens 

E2 is the most important estrogen in fertile age women, and it has multiple effects 

on female physiology besides reproduction. Estriol (E3) is primarily synthesized 

by the placenta during pregnancy (Fuentes & Silveyra, 2019). Estetrol (E4) is 

synthesized exclusively during pregnancy by the fetal liver from E2 and E3 

(Coelingh Bennink et al., 2008; Fruzzetti et al., 2021). Estrogens act mainly through 

different receptors, and thus, understanding their function requires basic knowledge 

of these receptors. 

Estrogen receptors 

Estrogens transmit their actions through estrogen receptors (ERs), and their 

signaling mechanisms were extensively reviewed by Fuentes and Silveyra (2019). 

The receptors ERα and ERβ were discovered during the 20th century, and they have 

structurally high homology. Most ERα and ERβ locate intracellularly, but a 

subpopulation of these receptors is located at the cell membrane. ERα and ERβ 

form active dimers when binding to estrogen. At the beginning of the 21st century, 

researchers discovered a G protein-coupled estrogen receptor (GPER) in the cell 

membrane. (Fuentes & Silveyra, 2019.) 

Estrogen has three signaling mechanisms through ERs, as depicted in Fig. 3. 

In the classical mechanism, estrogen binds to ER, after which this estrogen-receptor 

complex translocates to the nucleus. There, it binds to a specific estrogen response 

element (ERE), activating gene transcription. The indirect genomic pathway differs 

slightly, as the receptor complex does not bind directly to ERE but interacts with 

other transcription factors. Indirect, non-genomic signaling involves binding of 

estrogen to membrane receptors GPER or membrane ERα and Erβ, thereby 

activating intracellular signaling cascades, which might lead to transcriptional 

activity or, for example, affect ion channels or other cellular functions. These 

different signaling pathways also interact with each other. (Fuentes & Silveyra, 

2019.) 
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Fig. 3. The action of estrogen receptors. E, estrogen; ER, estrogen receptor; ERE, 

estrogen response element; GPER, G protein-coupled estrogen receptor; TF, 

transcription factor. 

ERα and ERβ are expressed differently in tissues: ERα is mainly expressed in the 

uterus, ovary, breast, kidney, bone, white adipose tissue, and liver, whereas the main 

expression sites of ERβ are the ovary, central nervous system, cardiovascular 

system, lung, colon, kidney, and immune system (Jia et al., 2015). Both receptors 

are also found in skeletal muscles (Ikeda et al., 2019). These two types of receptors 

often have reverse effects; for example, gene expression profiling of ERα has 

shown up-regulated cell-growth-related genes, whereas ERβ modulates signal 

transduction pathways, cell cycle progression, and apoptosis (Jia et al., 2015). Thus, 

the overall effect of estrogen seems to depend on the relationship of these receptors. 

The actions of GPER and its interaction with nuclear receptors are still poorly 

known, but they also appear to be tissue- and cell-type specific (Romano & 

Gorelick, 2018). GPERs seem to have an anti-inflammatory effect (Pelekanou et 

al., 2016), and the deletion of GPERs is also associated with diabetes and worsened 

lipid metabolism (Barton & Prossnitz, 2015).  



 

27 

Physiological functions of estrogens 

As ERs are found in several tissues, estrogens understandably have a broad 

spectrum of physiological functions. These relate to the regulation of reproductive 

functions, bone density, brain function, cholesterol mobilization, the development 

of breast tissue and its preparation for milk production, the development of sexual 

characteristics in females during puberty, and control of inflammation (Fuentes & 

Silveyra, 2019). Estrogens as part of the menstrual cycle were discussed in Section 

2.1. From the metabolic perspective, estrogens control food intake and energy 

expenditure in the brain, gluconeogenesis in the liver, insulin sensitivity in various 

tissues, lipid metabolism in adipocytes, glucose uptake in adipocytes and skeletal 

muscles, and β cell function in the pancreas (Jia et al., 2015; Mauvais-Jarvis et al., 

2013).  

2.2.4 Progesterone 

The main targets of endogenous progesterone are the uterus, breasts, and brain 

(Barrett et al., 2012). Progesterone prepares the endometrium for implantation, but 

it also plays an essential role in maintaining pregnancy. It is also necessary for 

normal mammary gland development. Furthermore, progesterone has a strong 

association with mood. Progesterone acts through progesterone receptors PR-A and 

PR-B and via membrane receptors (Sundström-Poromaa et al., 2020). 

2.2.5 Androgens 

Androgens, of which testosterone and DHT have the most potent biological activity, 

affect sexual desire, bone density and muscle mass, the distribution of adipose 

tissue, cognition, memory, mood, and energy levels (Bachmann et al., 2002). Some 

of their actions are delivered through estrogens as peripheral tissues convert 

androgens to estrogens. Symptoms of androgen insufficiency include, for example, 

a diminished sense of well-being, persistent fatigue, and decreased libido 

(Bachmann et al., 2002). In contrast, hyperandrogenic polycystic ovary syndrome 

(PCOS) features menstrual irregularities, hirsutism, obesity, and metabolic and 

psychological disorders. Adrenal androgen production also plays a role in PCOS 

(Luque-Ramírez & Escobar-Morreale, 2016; Rosenfield & Ehrmann, 2016). 
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2.2.6 Mineralocorticoids and glucocorticoids 

Aldosterone is the main mineralocorticoid in humans, increasing Na+ reabsorption 

in the kidneys. The main circulating glucocorticoid, cortisol, plays a significant role 

in glucose and protein metabolism. It is a key stress hormone that also has essential 

permissive action in several metabolic reactions (Barrett et al., 2012). Therefore, 

cortisol balance is highly regulated. Estrogens increase the levels of CBG, adding 

to its binding capacity. The decreasing level of free cortisol stimulates ACTH 

secretion, leading to increased cortisol synthesis until the new equilibrium is 

reached (Barrett et al., 2012). Typically, this phenomenon occurs during pregnancy, 

when increasing estrogen concentration results in higher total cortisol levels. 

Pregnant women do not suffer from symptoms of hypercortisolism, as cortisol and 

CBG are balanced, and the level of unbound active cortisol remains stable. The free 

cortisol index (FCI) is a variable calculated by dividing cortisol by CBG, and it 

correlates with free cortisol levels in the serum (le Roux et al., 2002). 

2.3 Combined contraceptives 

2.3.1 Pharmacology of contraception 

The contraceptive action of COCs aims for ovulation inhibition, and the effect on 

the HPO axis is presented in Fig. 4. Combined contraceptives contain estrogen and 

progestin components, and there are oral, transdermal, and intravaginal options for 

administration. Both estrogen and progestin inhibit pituitary gonadotropin-

releasing hormone (GnRH) signaling suppressing FSH and LH secretion, thus 

preventing ovarian follicle growth and ovulation. Estrogen stabilizes the 

endometrium, thus providing good bleeding control, while the constant opposing 

effect of progestin prevents endometrial growth. Withdrawal bleeding occurs 

during the break of medication or placebo pills, when estrogen/progestin levels 

drop. (Stanczyk et al., 2013.) 
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Fig. 4. Contraceptive effect of combined contraceptives. E2, estradiol; FSH, follicle-

stimulating hormone; GNRH, gonadotropin-releasing hormone; LH, luteinizing 

hormone; P, progesterone. 

This primary effect of COCs on the HPO axis is utilized when treating many 

gynecological disorders. For example, the restriction of endometrial growth helps 

with endometriosis, irregular cycles, heavy menstrual bleeding, and dysmenorrhea. 

Fig. 5 presents common benefits and disadvantages of COC use. 
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Fig. 5. Benefits and disadvantages of combined contraceptive use, based on Pregnancy 

contraception: Current Care Guidelines, 2021. COC, combined oral contraceptive; PMS, 

premenstrual syndrome. 

Disadvantages of COC use are directly related to contraindications of COC usage, 

which include increased risk for cardiovascular disease (including venous & 

arterial thromboembolism), unexplained vaginal bleeding, liver disease, sex-

hormone-dependent cancer, and allergy to the medication (Pregnancy 

contraception: Current Care Guidelines, 2021; World Health Organization, 2015). 

Progestin-only contraceptives (POCs) are an option for women with 

contraindications for COC use, as they do not increase the risk of thrombosis. All 

POCs prevent endometrial growth and alter cervical mucus, but some POCs also 

suppress pituitary leading to the ovulation inhibition. POCs do not have estrogen 

stabilizing the endometrium; thus, a POC may have poorer bleeding control than a 

COC. (Pregnancy contraception: Current Care Guidelines, 2021.) 
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2.3.2 Combinations of estrogens and progestins 

Over the decades, different compositions of estrogen and progestin in combined 

contraceptives have been developed to achieve effective and safe oral contraceptive 

preparations. Traditionally, COCs have contained EE, a very potent synthetic 

estrogen. Concerns over cardiovascular events during COC use have led to the 

inclusion of decreased amounts of EE and its various combinations with different 

progestins. Progestins modulate the estrogen effect; therefore, risk profiles and side 

effects vary with different combinations (R. Sitruk-Ware & Nath, 2013). Earlier 

attempts to replace EE in COCs with more natural estrogens resulted in poor 

bleeding control. However, combinations of E2+ nomegestrol acetate and 

EV+DNG have recently provided acceptable bleeding profiles (Akintomide & 

Panicker, 2015; Fruzzetti & Bitzer, 2010). The newest member of natural estrogens 

in COCs, E4, also seems to be an up-and-coming alternative in developing COCs 

with natural estrogens (Fruzzetti et al., 2021). 

Ethinylestradiol (EE) 

EE is absorbed quickly and has approximately 45% oral bioavailability (Stanczyk 

et al., 2013). 17α-Ethinyl group prevents inactivation of the molecule, resulting in 

slow metabolism (R. Sitruk-Ware & Nath, 2013). EE has 100 times greater activity 

on ERs and a 600 times greater effect on liver protein synthesis than E2 (Mashchak 

et al., 1982; Stanczyk et al., 2013). Even though EE increases SHBG levels, it does 

not bind to SHBG itself (Stanczyk et al., 2013). 

Estradiol (E2) & estradiol valerate (EV) 

The oral bioavailability of E2 medication is under 5%, as E2 undergoes heavy first-

pass metabolism in intestinal mucosa and the liver. Overall, 15% of the 

administered dose is absorbed as E1, 25% as E1 sulfate (E1-S), 25% as E1 

glucuronide, and 25% as E2 glucuronide (Stanczyk et al., 2013). SHBG binds 38% 

of circulating E2 (Stanczyk et al., 2013). EV is an ester of E2 and valeric acid, and 

its estrogenic effect is quantitatively and qualitatively similar to that of E2 (R. 

Sitruk-Ware & Nath, 2013). 
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Estetrol (E4) 

E4 is a natural estrogen produced by the fetal liver during pregnancy (R. Sitruk-

Ware & Nath, 2013). As an end product, it is not further metabolized. E4 is less 

active than EV, with selective activity on ERs: it has agonistic activity, for example, 

on bone tissue, the vagina, and the endometrium, and antagonistic activity in breast 

tumors (Fruzzetti et al., 2021). E4 does not bind to SHBG (Fruzzetti et al., 2021). 

The structural formulas of these estrogens are shown in Fig. 6, and an overview 

of their properties is presented in Table 1. 

Fig. 6. Structural formulas of different estrogens. 
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Table 1. Characteristics of estrogens used in COCs. 

Character Ethinylestradiol (EE) Estradiol (E2) Estetrol (E4) 

Target  ER⍺/ERβ, GPER? ER⍺/ERβ, GPER Selective ER⍺/ERβ, GPER? 

Maximal effect  1-2h 6-10h 0.5-2h 

Bioavailability of oral intake 45% <5% 76%-85% 

Binding to ER *100x activity 

compared to E2 

1 1/16 binding affinity (6%) of 

that of E2 

Binding to SHBG Does not bind to 

SHBG 

38% SHBG Minimal binding to SHBG 

Excretion Urine 38%, Stool 62% Urine 54%, Stool 6% Urine 69%, Stool 21.9% 

ER, estrogen receptor; GPER, G-protein-coupled estrogen receptor; SHBG, sex hormone binding 

globulin. *17α-Ethinyl group prevents inactivation in the liver, and concentration is high in blood 

circulation.  

(Coelingh Bennink et al., 2008; Fruzzetti et al., 2021; Gedeon Richter Plc., 2022; Searchlight Pharma 

Inc., 2021; Stanczyk et al., 2013.) 

Progestins 

The properties of progestins depend on whether they are structurally related to 

progesterone or testosterone. Besides progesterone receptors, progestins may 

interact with androgen, estrogen, glucocorticoid, and mineralocorticoid receptors 

(R. Sitruk-Ware & Nath, 2010). Generally, androgenic progestins have 

antiestrogenic action, whereas progesterone derivates exhibit antiandrogenic action, 

promoting the estrogen effect (R. Sitruk-Ware & Nath, 2013). Spironolactone 

derivate drospirenone (DRSP) has antimineralocorticoid and antiandrogenic 

actions. DNG, the progestin used in this thesis, is referred to as a hybrid progestin 

because it resembles androgen-derived estrane and progesterone-derived pregnane 

(R. Sitruk-Ware & Nath, 2010). It has strong endometrial efficacy, allowing good 

bleeding control in combination with EV and high efficiency in treating 

endometriosis (Ruan et al., 2012). DNG has considerable antiandrogenic activity 

but no glucocorticoid or antimineralocorticoid activity (Ruan et al., 2012). 
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2.4 Primary effects of COCs 

2.4.1 Gonadotropins and ovarian steroids 

As presented previously, the contraceptive effect of COCs is transmitted through 

the inhibition of the HPO axis. Therefore, in this thesis, the effects on 

gonadotropins and ovarian steroid hormones are referred to as primary effects of 

COCs. These alterations depend on the hormonal composition of the COC. Natural 

estrogens seem to suppress the pituitary gland less than EE; EE+DRSP and 

EE+LNG were reported to decrease LH and FSH measured at 18-21 days of the 

cycle, whereas E4+DRSP did not change these values significantly (Klipping et al., 

2021). Regarding ovarian steroids, EE-based COCs markedly decrease levels of E2, 

regardless of the administration route (Kallio et al., 2013). E4 in COCs seems to 

decrease E2 to the same extent as EE does (Klipping et al., 2021). Furthermore, 

COCs prevent ovulation and thus the formation of the corpus luteum; therefore, 

endogenous progesterone concentrations drop (Piltonen et al., 2012). Lastly, a 

systematic review and meta-analysis showed that COCs decrease both total and 

free testosterone levels, but the suppression of free testosterone was twice as high 

as that of total testosterone (Zimmerman et al., 2014).  

2.5 Secondary effects of COCs 

In addition to contraception, combined contraceptives have multiple other effects 

on female physiology, some of which are not beneficial. These secondary effects 

also vary depending on the composition of estrogen and progestin. Here, some 

known effects on serum measurements are presented. 

2.5.1 Steroid-related measurements and adrenal steroid hormones 

Combined oral contraceptives change the levels of circulatory free steroid 

hormones by affecting their production but also increasing the levels of binding 

proteins.  

Anti-Müllerian hormone 

Anti-Müllerian hormone (AMH) is the best-known marker for ovarian function, 

and it is used, for example, to assess remaining fertility potential. AMH is produced 
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by the granulosa cells of growing follicles up to 8 mm; therefore, it can be used to 

evaluate functional ovarian reserve (Moolhuijsen & Visser, 2020). COC use has 

been shown to decrease AMH levels regardless of the administration route probably 

through FSH suppression (Birch Petersen et al., 2015; Kallio et al., 2013). 

Nevertheless, the suppressive effect of COCs on AMH seems to be reversible 

(Bernardi et al., 2021). Whether EV-based contraceptives also decrease AMH 

levels is unresolved. 

Steroid-binding proteins 

Estrogens stimulate hepatic protein synthesis to varying degrees; for example, EE 

has a 600 times greater effect on SHBG synthesis than estradiol (Mashchak et al., 

1982). In particular, COC use increases the levels of SHBG, CBG, and TBG 

(Westhoff et al., 2013; Wiegratz et al., 2003). Studies on SHBG have shown that 

this effect is independent of the administration route (Piltonen et al., 2012; R. L. 

Sitruk-Ware et al., 2007). When EV+DNG was compared with EE+LNG, the EV 

combination induced less pronounced increases in CBG and SHBG (Junge et al., 

2011). Similarly, E4 also seems to have a milder effect on SHBG, CBG, and TBG 

compared with EE (Klipping et al., 2021). 

Adrenal steroid hormones 

EE-based COCs increase cortisol and CBG remarkably, but FCI remains relatively 

stable (Panton et al., 2019; Westhoff et al., 2013). It has also been shown that COC 

use increases adrenal responsiveness to exogenous ACTH, compared with non-use 

(Fujimoto et al., 1986). E2, EV, and E4 seem to have a milder impact on cortisol 

metabolism than that of EE (Ågren et al., 2011b; Junge et al., 2011; Klipping et al., 

2021).  

COCs promote the production of angiotensinogen in the liver, while renin 

converts angiotensinogen to angiotensin II. Still, in healthy women, prolonged use 

of EE leads to a steady state where despite increased angiotensinogen, renin 

concentration decreases, and the effect on aldosterone is limited. (Oelkers, 2004.) 

In a recent study, both E4+DRSP and EE+DRSP increased aldosterone, whereas 

EE+LNG decreased aldosterone (Klipping et al., 2021). Therefore, in COCs, the 

antimineralocorticoid properties of progestin might be a more critical factor 

regarding aldosterone balance than the type of estrogen. 
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Finally, COC use inhibits adrenal androgen synthesis and decreases circulating 

levels of DHEA and DHEAS (Zimmerman et al., 2014). The mechanism 

underlying this effect is unclear, but increased cortisol levels and reduced ACTH 

have been suggested (Zimmerman et al., 2014). Again, natural estrogens E2 and E4 

in COCs seem to alter DHEAS levels less than EE does (Ågren et al., 2011b; 

Klipping et al., 2021) 

2.5.2 Blood coagulation 

COC use is a well-established risk factor for venous thromboembolism (VTE) (de 

Bastos et al., 2014). COC use increases VTE risk 2-4-fold compared with non-use, 

which is thought to be caused mainly by the estrogen component, especially EE 

(Abou-Ismail et al., 2020). The risk of VTE is EE dose-dependent, and the risk 

varies according to the progestin component (Lidegaard et al., 2009; Weill et al., 

2016). EE+levonorgestrel (LNG) is a second-generation COC with a low VTE risk 

(Dragoman et al., 2018). COCs containing natural estrogen seem to induce milder 

changes in the coagulation system compared with EE: E2 or EV combinations 

induce comparable or even lower changes than those induced by EE+LNG (Ågren 

et al., 2011b; Dinger et al., 2016; Gaussem et al., 2011; Klipping et al., 2011; Raps 

et al., 2013). In a previous publication based on a SYLVI trial investigating 

coagulation, we showed that thrombin generation was lower after exposure to 

EV+DNG compared with EE+DNG, indicating a lesser enhancement of 

coagulation potential with EV+DNG (Haverinen et al., 2022). 

2.5.3 Glucose metabolism 

The use of a COC also has a broad effect on energy metabolism. COCs impair 

glucose tolerance (Cagnacci et al., 2009; Endrikat et al., 2002; Godsland et al., 1993; 

Lüdicke et al., 2002; Piltonen et al., 2012; Skouby et al., 2005; Watanabe et al., 

1994), and the effect is seen especially with preparations containing high-dose EE 

and androgenic progestins (R. Sitruk-Ware & Nath, 2013). Our previous study of 

healthy, normal-weight women showed impaired glucose tolerance with a 

worsened lipid profile during 9-week use of a COC containing EE and progestin, 

regardless of administration route (Piltonen et al., 2012). Still, the results from 

studies vary, and a meta-analysis has concluded that hormonal contraceptive use in 

healthy women has only a limited effect on glucose metabolism (Lopez et al., 2014). 

A recent cross-sectional analysis from a population-based cohort study reported 
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that the use of a COC increased the risk of prediabetes and type 2 diabetes (Mosorin 

et al., 2020). However, COCs containing natural estrogens seem to have a limited 

effect on glucose tolerance (Ågren et al., 2011b; de Leo et al., 2013; Junge et al., 

2011). This finding is also supported by our SYLVI trial; we did not find clinically 

significant effects on insulin sensitivity during the 9-week use of EE+DNG or 

EV+DNG (Haverinen et al., 2021). 

2.5.4 Inflammation and lipid metabolism 

Low-grade inflammation and an unbeneficial lipid profile are well-known risk 

factors for cardiovascular diseases. C-reactive protein (CRP) is a commonly used 

marker for inflammation, but it also has an active role in inflammatory sites and in 

promoting atherosclerosis (Nyström, 2007; Sproston & Ashworth, 2018). A high 

sensitivity CRP (hs-CRP) value >3.0 mg/L indicates an increased risk for 

cardiovascular events (Pearson et al., 2003); therefore, even small inflammatory 

changes may have an impact on long-term health. COC use increases the circulating 

inflammatory markers hs-CRP and pentraxin 3 (PTX-3) (Haarala et al., 2009; 

Morin-Papunen et al., 2008; Piltonen et al., 2012; van Rooijen et al., 2006; Q. Wang 

et al., 2016), the latter of which is produced by many tissues except the liver. Thus, 

an increase in PTX-3 level does not result from an increased impact on liver protein 

synthesis. Considering natural estrogen combinations, E2 combined with 

nomegestrol acetate (NOMAC) induces a milder CRP increase than EE+LNG 

(Ågren et al., 2011a).  

COC use also alters lipid profiles, mainly by increasing high-density 

lipoprotein (HDL) and triglycerides (Morin-Papunen et al., 2008; Piltonen et al., 

2012). However, a comprehensive molecular profile from three population-based 

cohorts revealed also, for example, increases in lipoprotein particle sizes, 

apolipoproteins, and fatty acids in COC users compared with non-users (Q. Wang 

et al., 2016). E2, EV, and E4 appear fairly neutral regarding lipid metabolism 

(Ågren et al., 2011a; Grandi et al., 2016; Klipping et al., 2021). 
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3 Purpose of the present study 

As reviewed earlier in this thesis, endogenous sex hormones have multiple effects 

on female physiology. Therefore, exogenous steroids in combined contraceptives 

can also have a large impact in addition to the contraceptive effect, for example, on 

cardiovascular risk factors. The benefits of COCs are undeniable, as they give 

women freedom in family planning and help with various gynecological disorders. 

Still, as healthy young women may use these preparations for decades, finding an 

effective and safe regimen without undesired side effects is essential. 

Recently, new COCs with more natural estrogens have been developed, and 

women's options have widened. Some evidence suggests that these new 

combinations of E2, EV, or E4 could be more beneficial than EE-based COCs. 

However, most comparative studies have included preparations with different 

progestins, and knowledge regarding the differences between natural estrogens and 

EE is scarce. 

This thesis project aimed to compare the effects of EE- and EV-containing 

combined contraceptives, both of which contain the same progestin, DNG. DNG-

only preparation acted as an active control. The specific aims of the studies were 

as follows: 

1. To examine wide-scale changes in serum proteome with untargeted, discovery-

type proteomic analysis during COC use. 

2. To investigate the effects of different estrogens on serum lipids and 

inflammatory markers. 

3. To explore the differences between EV and EE regarding gonadotropins, anti-

Müllerian hormone, ovarian steroids, and SHBG. 

4. To study whether these preparations have a different impact on adrenal steroids 

and CBG. 
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4 Study participants and methods  

4.1 SYLVI study 

The SYLVI study was a randomized, controlled, open-label clinical trial. This 9-

week trial was conducted at the Helsinki and Oulu University Hospitals, Finland, 

between April 2015 and January 2018. The independent Ethics Committee of 

Helsinki University Central Hospital and the Finnish Medicines Agency approved 

the study, and the regional ethics committee of the Northern Ostrobothnia Hospital 

District was informed of the approval. The study was registered with 

ClinicalTrials.gov (NCT02352090; https://clinicaltrials.gov/) and the EU Clinical 

Trials Register (EudraCT Number 2014-001243-20; 

https://www.clinicaltrialsregister.eu). All the study subjects signed a written 

informed consent document. This researcher-initiated study did not receive funding 

from commercial sources with conflicting interests. 

The power analysis of the trial was based on the primary outcome, which was 

defined as a change in the whole-body insulin sensitivity index (Matsuda index) 

(Haverinen et al., 2021). According to the sample size calculation, 16 participants 

were required for each study group. We aimed to enroll 20 women per group (60 in 

total) to allow for possible discontinuation or loss during follow-up. 

4.2 Study subjects 

Seventy-seven women volunteered for the study. After eligibility assessment, 59 

healthy white women were enrolled (Fig. 7). All the study subjects were 18-35 

years old and had regular menstrual cycles. They had a minimum wash-out period 

of 2 months from hormonal medication or 3 months from breastfeeding. Exclusion 

criteria were body mass index (BMI) ≥ 25 kg/m2, blood pressure ≥ 140/90 mmHg, 

abnormal findings following gynecological ultrasound examination or oral glucose 

tolerance test, current smoking, alcohol or drug abuse, or any contraindication for 

COC use. 
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Fig. 7. Flow chart of the trial. *Minor non-specific side effects. **1 general malaise, 1 

mood swings. 

The women were randomized to use either EV+DNG (Qlaira®, Bayer AG, 

Germany), EE+DNG (Valette®, Bayer AG, Germany), or DNG-only preparations 

(Visanne®, Jenapharm, Bayer AG, Germany) continuously for 9 weeks. The 

original blister packs were slightly modified for a better match of hormonal 

contents. The exact hormonal contents of the study preparations are shown in Fig. 

8.  

Fig. 8. Hormonal contents of the study preparations (modified from Study II). 

4.3 Measurements 

All analyses included in this thesis were made from blood samples collected after 

overnight fasting between 7:00 and 10:00 a.m. after 15 minutes of resting. The 

study subjects were sitting during the blood draw. 
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4.3.1 Proteomic analysis 

Serum samples from the baseline and week 9 of the trial were used in proteomic 

analysis, which was performed in the Transplantation Laboratory, Haartman 

Institute, University of Helsinki. Fig. 9 shows a simplified workflow of this process. 

First, high-abundance proteins were affinity-purified from the samples. High-

abundance proteins (including, for example, albumin, IgG, and fibrinogen) and 

their protein complexes form the majority of the serum proteome. They were 

analyzed separately to detect other low-abundance proteins. After this division, the 

proteins were digested into peptides with trypsin. Peptides were applied to a high-

resolution mass spectrometer (Ultra Performance Liquid Chromatography-Ultra 

Definition Mass Spectrometry [UPLC-UDMSE]) via liquid chromatography so 

that proteins entered the mass spectrometer gradually instead of in one large mass. 

Mass spectrometer detected and quantified peptides, which were further analyzed 

with computer-based Progenesis QI for proteomics software (Nonlinear Dynamics, 

La Jolla, CA, USA). Proteins were identified by a minimum of two unique proteins 

specific only to them. Some proteins have identical peptide compositions, so it is 

impossible to recognize the exact proteins; therefore, those protein families 

required a joint analysis. Data were further examined with hierarchical clustering 

analysis (MetaboAnalyst), and QIAGEN Ingenuity Pathway Analysis (IPA) was 

used for pathway enrichment and network analysis. 

Fetuin-B was chosen for validation, and it was analyzed using an enzyme-linked 

immunosorbent assay (ELISA) according to the manufacturer's instructions 

(FETUB ELISA Kit, Cat# EKX-LDKNLJ-96; Nordic BioSite AB, Täby, Sweden). 

4.3.2 Lipid measurements 

Total cholesterol, HDL, low-density lipoprotein (LDL), and triglycerides were 

measured from fasting blood samples collected at baseline and at weeks 5 and 9. 

Technical difficulties in blood sampling resulted in missing data for two subjects 

during the week 5 visit. Serum measurements were performed directly after 

sampling using accredited enzymatic and photometric methods in Helsinki (Abbott 

Architect c16000/c8000, Abbott, USA) and Oulu (Advia Chemistry XPT, Siemens, 

Germany). 
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Fig. 9. Simplified workflow of the proteomic analysis. 
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4.3.3 Inflammatory markers 

Serum samples for hs-CRP were collected at all three appointments, but samples 

for PTX-3 measurement at week 5 were collected only in Oulu. Inflammatory 

marker assays were not performed for any dropout cases. Analyses of hs-CRP were 

performed at Helsinki University Hospital using the immunoturbidimetric method 

(Abbott Architect c8000 & reagent Abbott CRP Vario, Abbott, USA). Plasma PTX-

3 analyses were performed at Oulu University Hospital with ELISA (Human 

Pentraxin 3/TSG-14 Quantikine ELISA Kit, R&D Systems, USA). 

4.3.4 Steroid hormones 

Serum samples from all three study points were used for steroid analysis, which 

was performed in the Core Facility for Metabolomics, University of Bergen, 

Norway. E2, E1, estrone sulfate (E1-S), progesterone, 17-OHP, testosterone, 

androstenedione, DHEAS, cortisol, cortisone, and aldosterone were analyzed using 

liquid chromatography-tandem mass spectrometry (LC-MS/MS). Serum proteins 

were precipitated with acetonitrile, and the supernatant was subjected to liquid–

liquid extraction with ethyl acetate–heptane on a Hamilton STAR pipetting robot 

(Bonaduz, Switzerland). An Acquity UPLC system (Waters, Milford, MA, USA) 

was used to chromatographically separate the steroids on a C-18 column (50 × 2.1 

mm, 1.7 mm particle size), which was developed by gradient elution using water 

and methanol containing ammonium hydroxide as mobile phases. The UPLC 

system was connected to a Waters Xevo TQ-S tandem mass spectrometer equipped 

with an electrospray ionization source. The steroids were detected in multiple 

reaction monitoring mode. Two product ions were monitored for each compound 

to check for interference. Analytical sensitivity and precision were determined as 

the lower limit of detection and total coefficient of variation for intermediate 

concentrations, respectively, for E2 (3.6 pmol/L and 5.0%), E1 (2.1 pmol/L and 

3.6%), E1-S (0.24 nmol/L and 4.8%), progesterone (0.21 nmol/L and 10.3%), 17-

OHP (0.021 nmol/L and 4.4%), testosterone (0.11 nmol/L and 3.2%), 

androstenedione (0.02 nmol/L and 5.4%), DHEAS (0.021 µmol/L and 10.4%), 

cortisol (0.59 nmol/L and 4.0%), cortisone (0.17 nmol/L and 4.2%), and 

aldosterone (13 pmol/L and 7.5%). Accuracies were in the range of 95%-109%. 

Concentrations above the upper limit of quantification (ULQ) were replaced with 

the ULQ value, and concentrations below the lower limit of quantification (LLQ) 

were replaced with LLQ. 
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4.3.5 FSH, LH, SHBG, AMH, and FAI 

Serum samples from baseline and week 9 were used for FSH, LH, and AMH 

measurement, whereas SHBG was measured at all time points. Analyses were 

performed at Huslab (Helsinki, Finland). Serum concentrations of FSH and SHBG 

were analyzed using chemiluminescent microparticle immunoassays, ARCHI FSH 

(Abbott Cat# 7K75-25, RRID: AB_2813910; analytical sensitivity 0.05 IU/L, total 

coefficient of variation [CV%] 3.2%-4.6%) and ARCHI SHBG (Abbott Cat# 8K26, 

RRID: AB_2895255; analytical sensitivity 0.02 nmol/L, total CV% 5.6%-9.54%) 

(Abbot Architect i2000SR analyzer, Abbot Diagnostics). Levels of LH were 

analyzed by chemiluminescent immunoassays using Atellica IM LH (Siemens Cat# 

01756298, RRID: AB_2895592, Siemens Healthcare Diagnostics; analytical 

sensitivity 0.07 IU/L, intra-assay CV% 2.1%-2.4%), and AMH was quantified by 

Elecsys AMH Plus immunoassays (Roche Cat# 06331076, RRID: AB_2895131, 

Roche Diagnostics; analytical sensitivity 0.010 ng/mL, intra-assay CV% 1%-2.6%).  

The free androgen index (FAI) was used to estimate bioavailable free T levels 

and was calculated as follows: FAI=(T/SHBG)*100). 

4.3.6 Corticosteroid-binding globulin and FCI 

CBG was measured at baseline and at the ninth week of the trial with sandwich 

enzyme immunoassay (Cat# RD192234200R, BioVendor, Brno, Czech Republic). 

Samples were first incubated in microplate wells precoated with polyclonal anti-

human CBG antibodies. This was followed by biotin-labeled monoclonal anti-

human CBG antibodies, streptavidin-horseradish peroxidase conjugate, and 

substrate solution (tetramethylbenzidine). The reaction was stopped, and 

absorbance was measured at a 450 nm wavelength and a 650 nm reference 

wavelength. The 650 nm absorbance was deducted from the 450 nm measurement 

before analysis to mitigate optical interference. A standard curve was constructed, 

and the concentrations were interpolated with GraphPad Prism 9 for macOS. FCI 

was calculated by dividing cortisol by the CBG. 

4.4 Statistical analyses and summary of the studies 

The statistical methods used in each study are compiled in Table 2. A summary of 

the methods and main results of the studies can be seen in Table 3. 
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Table 2. Summary of statistics. 

Character Solution 

Study I 

Statistical software R 

Variables All quantitated proteins and fetuin-B 

Method Wilcoxon test with Benjamini-Hochberg procedure (B-H) to control false 

discovery rates for within-group analysis. To compare groups, the difference 

between baseline and 9 weeks was calculated for all proteins. These 

differential variables were analyzed with the Kruskal-Wallis test (K-W) and  

B-H. Significant results were further compared with the Mann-Whitney post 

hoc test 

Exclusions One major fetuin-B outlier was excluded 

Study II 

Statistical software IBM SPSS Statistics 24 

Variables Concentrations of total cholesterol, LDL, HDL, triglycerides, hs-CRP, PTX-3 

Method Hierarchical linear mixed model  

Logarithmic transformation hs-CRP & PTX-3 

Exclusions Subjects with hs-CRP values >10 mg/L at any time point were excluded from 

the hs-CRP and PTX-3 analyses 

Study III 

Statistical software IBM SPSS Statistics 27 and Graph Pad Prism 9.2 for macOS 

Variables E2, E1, E1-S, progesterone, 17-hydroxyprogesterone, testosterone, 

androstenedione, FSH, LH, SHBG, AMH, FAI 

Method Most steroids & SHBG: repeated-measures analysis of variance (ANOVA) 

with time as within- and group as between-factor and Tukey's post hoc test. 

Progesterone: Wilcoxon's test, K-W, and Dunn's post hoc test. FSH, LH, 

AMH: Wilcoxon's test, one-way ANOVA, K-W, and Tukey's/Dunn's post hoc 

Logarithmic transformation E2, E1-S, testosterone, FAI 

Study IV 

Statistical software IBM SPSS Statistics 27 

Variables Levels of progesterone, 17-OHP, DHEAS, aldosterone, cortisol, cortisone, 

CBG, FCI 

Method Hierarchical linear mixed model  

CBG and FCI: Wilcoxon's test for within-group analysis. To compare the 

groups, intraindividual change from baseline was calculated and analyzed 

with the K–W 

Logarithmic transformation Progesterone and 17-OHP  

Exclusions Subjects with hs-CRP values >10 mg/L at any time point were excluded. Two 

women were excluded from the progesterone analysis due to major outliers at 

baseline 
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5 Results 

5.1 Study subjects 

At baseline, the mean age, BMI, waist circumference, waist-to-hip ratio, and blood 

pressure were comparable in all study groups. This indicates that the randomization 

of the trial succeeded well. 

5.2 Effect of COCs on the serum proteome 

Untargeted proteomic analysis identified and quantified all possible proteins in the 

sample. A total of 446 proteins/protein families with two or more unique peptides 

were quantified. Part of the protein sequences were shared by many proteins 

(protein families), and some were unique in the human proteome. Depending on 

which peptides were identified, it was possible to pinpoint either one distinct 

protein or a protein family. 

5.2.1 Hierarchical clustering 

In hierarchical clustering analysis, similar samples cluster close to each other. All 

baseline samples formed their own cluster, and these samples were mixed, 

indicating successful randomization (Fig. 10). Samples after the trial formed their 

own cluster in which most of the EE+DNG samples clustered together, whereas 

EV+DNG and DNG-only samples mingled with each other. In other words, all 

preparations changed protein compositions from the baseline, but EE+DNG had a 

different effect compared with the two other study groups. 
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5.2.2 Within-group proteomic analysis 

Altogether, 122 proteins/protein families changed with statistical significance 

during at least one of the treatments: 121 during EE+DNG, and 5 during EV+DNG. 

No changes were seen in the DNG-only group. False discovery rates must be 

controlled in proteomic analysis, in which hundreds of proteins are analyzed. 

Therefore, some relevant findings may remain statistically nonsignificant. Some 

proteins appeared in both high- and low-abundance analyses, which means they 

appear both alone and in complex with some high-abundance proteins. The 

numbers of different changing proteins after considering these duplicates are shown 

in Fig. 11. 

Fig. 11. Number of different, changing proteins during treatments (modified from Study 

I). 

5.2.3 Between-group proteomic analysis 

The change in protein abundance from baseline to 9 weeks was significantly 

different between the study groups for 63 proteins/protein families. Between the 

EE+DNG and EV+DNG groups, 58 proteins exhibited various alterations. The 

numbers were 61 between EE+DNG & DNG only and 17 between EV+DNG and 

DNG only. The ten most differently altered proteins/protein families were IL-1 

receptor accessory protein, fetuin-B, angiotensinogen, SHBG, ICOS ligand/Ig-like 

domain containing protein, CBG, magnesium transporter MRS2 homolog 
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(mitochondrial), extracellular superoxide dismutase, N-acetylmuramoyl-L-alanine 

amidase, and beta-actin-like protein 2. 

5.2.4 Pathway analysis 

We based functionality analysis on the changing proteins during EE+DNG use, as 

most of the changes were detected during EE+DNG and only a few during 

EV+DNG. The five most affected pathways are shown in Fig. 12. Nineteen altered 

proteins in the complement system predicted inhibition of this pathway. Other 

findings in pathway analyses predicted activation of acute phase response signaling, 

metabolism-related liver X receptor-retinoid X receptor (LXR-RXR) activation, 

and the coagulation system. The farnesoid X receptor (FXR)-RXR activation 

pathway and the LXR-RXR activation pathway shared 88% of the detected proteins. 

 

 

Fig. 12. The five most affected pathways during EE+DNG use (modified from Study I). 

5.2.5 Validation of proteomic analysis results 

Fetuin-B was a novel finding with a significant difference between the study groups; 

therefore, we chose it for validation. ELISA showed results similar to those seen in 

proteomic analysis: the median change during the use of EE+DNG was +206.04 

ng/mL, whereas it was −52.20 ng/mL during EV+DNG use and −12.62 ng/mL 

during DNG-only use. SHBG measured in Study III also showed supporting 

findings. 

5.3 Effect of COCs on lipids 

In Study II, we investigated the effects of COC on fasting serum lipids. EE+DNG 

showed increased HDL levels in both the fifth and ninth weeks of the trial, and the 

increase at the end of the trial was significantly higher than in the two other groups 
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(Fig. 13). EV+DNG showed a rise at the fifth-week visit, but this increase remained 

nonsignificant compared to DNG only. Triglycerides showed a similar trend: 

EE+DNG increased triglyceride levels more than other groups. EV+DNG also 

increased triglyceride levels slightly, but a difference was not seen compared with 

DNG only. We did not observe significant changes in total cholesterol or LDL. 

Fig. 13. Measurements of inflammatory markers and lipids exhibiting significant 

changes during the trial (modified from Study II). *Significant change within the group; 

# P<0.05, ## P<0.01, ### P<0.001. 

5.4 Effect of COCs on inflammation 

Two markers, hs-CRP and PTX-3, were used to investigate inflammatory changes 

during the trial. EE+DNG increased these markers compared with EV+DNG and 
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DNG only (Fig. 13). We did not see changes during the use of EV+DNG or DNG 

only. 

5.5 Effect of COCs on FSH, LH, and AMH 

In Study III, we saw that EV+DNG had a limited effect on serum gonadotropins 

compared with EE+DNG. The EV combination decreased FSH by 27%, whereas 

EE+DNG decreased FSH by 67%. Both COCs decreased LH (−67% and −77%, 

respectively). DNG only did not affect FSH, but it increased LH by 39%. Both 

COCs decreased AMH levels (EV+DNG by −9.2% and EE+DNG by −13%). AMH 

was not affected by DNG only. 

5.6 Effect of COCs on ovarian steroids, SHBG, and FAI 

Expectedly, the use of EV+DNG increased EV metabolites E2, E1, and E1-S during 

the trial: E2 levels increased by 161%, E1 by 1341%, and E1-S by 1890%. 

EE+DNG had the opposite effect: EE decreased the levels of E2 by −92%, E1 by 

−30%, and E1-S by −68%. DNG alone induced slight increases in E2, E1, and E1-

S. At the baseline, all groups had physiological ratios of E1:E2 close to 1. At week 

9, this ratio was 7.0 in the EV+DNG group, reflecting the effect of the extensive 

first-pass metabolism of EV, and 10.4 in the EE+DNG group, which indicates 

higher suppression of E2 than E1. DNG only sustained a ratio of 1.13. 

Progesterone levels decreased similarly in all groups during the trial, consistent 

with anovulation. Androstenedione levels declined during the use of either COC, 

in the EV+DNG group by −22% and the EE+DNG group by −14%. Total 

testosterone decreased from baseline during EV+DNG by −16%, but EE+DNG 

showed a tendency toward increase. However, this increase (of 24%) remained 

insignificant (P=0.07). DNG only did not affect androstenedione or testosterone 

levels. 

Levels of SHBG increased in both COC groups; however, the increase was 

remarkably higher with EE+DNG (Fig. 14). Therefore, FAI decreased notably more 

during EE+DNG (−72%) than EV+DNG (−39%) use. Both SHBG and FAI were 

stable in the DNG-only group. 
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Fig. 14.  Estradiol, SHBG, total testosterone, and free androgen index changes from 

baseline to week 9. *Significant change within the group ###: P<0.001.  

5.7 Effect of COCs on adrenal steroids and CBG 

The EE+DNG combination impacted CBG and cortisol substantially, as it 

increased these markedly more than the EV+DNG or DNG-only preparation (Fig. 

15). Also, EV+DNG increased CBG slightly, to the level that the change was 

significant within the group, but there was no difference compared with DNG only. 

Proteomic analysis showed a similar finding: the fold change of CBG was 3.18 in 

the EE+DNG group, 1.24 in the EV+DNG group, and 1.27 in the DNG-only group. 

Cortisone had findings similar to those for cortisol, as was to be expected for a 

cortisol metabolite. Despite remarkable changes in CBG and cortisol during 

EE+DNG use, FCI remained stable in all study groups. EE+DNG decreased 
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DHEAS compared with EV+DNG or DNG only. Progesterone decreased slightly 

during all treatments, and 17-OHP showed similar results during EV+DNG 

treatment. Aldosterone displayed high individual variation, but the increase from 

baseline to week 9 was significant only with the DNG-only preparation. 

Fig. 15. Changes in DHEAS, CBG, cortisol, and cortisone during the trial. Change of 

CBG is from baseline to week 9 (modified from Study IV). *Significant change within the 

group; # P<0.05, ## P<0.01, ### P<0.001. 
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6 Discussion 

This thesis showed that EV-based combined contraceptives have a milder effect on 

multiple factors compared with EE-based COCs. To our knowledge, our untargeted 

proteomic analysis was the first to examine changes during COC use. The findings 

of the proteomic analysis included changes in acute-phase proteins and 

metabolism-related pathways, which we further investigated with targeted methods 

in other studies. 

As reviewed earlier, EE-based contraceptives promote low-grade inflammation. 

We saw the same phenomenon in the proteomic analysis in the activation of acute-

phase proteins and the increases of hs-CRP and PTX-3. It is well known that COCs 

influence hepatic protein synthesis, which could explain the increase in hs-CRP, 

but as PTX-3 is produced in other tissues, the effect is not restricted to the liver. EV 

had remarkably milder effects on the proteome, hs-CRP, and PTX-3. This 

difference could be explained by various actions on ERs, especially on GPER (Fig. 

16). These recently recognized receptors are involved in inflammatory and 

metabolic regulation (Barton & Prossnitz, 2015; Jacenik et al., 2019). Whether EE 

can act through these receptors at the same level as estradiol is unclear. If EE could 

not act through GPER, the estrogen effect during COC use would be mediated 

mainly through ERs, and the net effect may increase low-grade inflammation. 

In our studies, proteomic analysis, fetuin-B, and direct lipid measurements showed 

the effects of COCs on lipid metabolism. Even though it was already known that 

EE-based contraceptives alter lipid metabolism (Morin-Papunen et al., 2008; 

Piltonen et al., 2012; Q. Wang et al., 2016), our results support earlier studies 

reporting the milder effects of natural estrogens (Ågren et al., 2011a; Grandi et al., 

2016; Klipping et al., 2021). In proteomic analysis, EE+DNG showed alterations 

in the LXR/RXR and FXR/RXR pathways. These two pathways play critical roles 

in regulating lipid and glucose metabolism (Edwards et al., 2002; Redinger, 2003; 

Y.-D. Wang et al., 2008). Fetuin-B, a relatively poorly known hepatokine, is part of 

the FXR/RXR activation pathway. Fetuin-B is associated with dyslipidemia, non-

alcoholic fatty liver disease, and insulin resistance (Meex & Watt, 2017; Mokou et 

al., 2020; Olkowicz et al., 2021). It increases during pregnancy and normalizes after 

delivery and thus may be related to hormonal changes during pregnancy (Šimják et 

al., 2018). A study reporting a crossover model with one patient showed that fetuin-

B remained stable during DNG only but increased after initiating EE+DNG (Floehr 

et al., 2016). This finding is in line with our results, as EE+DNG increased fetuin-

B levels compared with the DNG-only and EV+DNG treatments. Alterations of 
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these regulatory pathways and fetuin-B may relate to changes in serum lipids, as 

shown by increased HDL and triglycerides during EE+DNG use. Still, the exact 

mechanisms behind these different effects of EE and EV remain to be studied.  

 

Fig. 16. Model for estrogen-mediated inflammation. Estradiol inhibits NF-B activation 

through ER and GPER. Suppose EE is incapable of binding these receptors with the 

same biological activity as EV: this might lead to decreased inhibition of the NF-B 

cascade and consequently to increased expression of inflammatory mediators during 

combined contraceptive use. These mediators include PTX-3 and pro-inflammatory 

cytokines such as IL-6, which induce the hepatic production of CRP. CRP activates the 

complement pathway, chemotaxis, and recruitment of leucocytes toward the 

inflammation site. It also induces phagocytosis, apoptosis, and atherosclerotic plaque 

formation. PTX-3, on the other hand, can have either pro-inflammatory or anti-

inflammatory action, depending on the context. Created for this thesis by Kangasniemi 

and Arffman (Casula et al., 2017; Osman et al., 2006; Sproston & Ashworth, 2018). 
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Both COCs suppressed the HPO axis, leading to ovulation inhibition, but the EV-

based COC induced milder suppression on FSH than the EE combination. This 

might indicate a lesser degree of follicular arrest, but we did not see a difference in 

AMH between our groups. Even though the decrease in AMH was significant with 

both EV+DNG and EE+DNG (−9% & −13%, respectively), the decreases were 

somewhat smaller than in previous studies (Bernardi et al., 2021; Birch Petersen et 

al., 2015; Kallio et al., 2013). This could be explained by the relatively short follow-

up period and different estrogen-progestin combinations in the studies. 

In this thesis project, EE+DNG exhibited antiandrogenic action on both ovaries 

and adrenals. EE+DNG decreased androstenedione to the same extent as EV+DNG, 

and tended to increase testosterone slightly. Still, the notable increase in SHBG led 

to a marked decrease in FAI compared with EV+DNG. Furthermore, EE+DNG 

decreased DHEAS, an androgen of adrenal origin. A higher antiandrogenic effect 

could be effective in treating clinical manifestations of hyperandrogenism, such as 

hirsutism and acne. However, decreased androgen levels might also affect libido. 

Indeed, switching from an EE-based COC to an E2-based option has been shown 

to improve sexual function (Caruso et al., 2017). 

Changes in serum cortisol are closely related to inflammation and energy 

metabolism. In Study IV, we showed that the EE-based COC induced remarkable 

changes in CBG and cortisol, whereas we did not find differences between 

EV+DNG and DNG only. A change in CBG was also seen in proteomic analysis. 

Earlier studies with E2, EV, and E4 have reported supporting findings (Ågren et al., 

2011b; Junge et al., 2011; Klipping et al., 2021). However, FCI remained 

unchanged in all three study groups. Although most women maintained this balance 

well, some showed greater alterations of FCI from baseline to 9 weeks. These 

alterations could explain some of the subjective side effects experienced at the 

beginning of contraceptive use. Larger studies may discover individuals with 

deviant CBG–cortisol responses and detect possible differences in free cortisol 

balance between COC formulations. 

The average fertility rate globally, reported as births per woman, was 2.4 in 

2020 (The World Bank, n.d.). Without contraception, a woman would have 12–15 

pregnancies during her 35 fertile years (Meriggiola & Gemzell-Danielsson, 2021); 

consequently, women may need contraceptive methods for decades of their lives. 

Thus, it is crucial to provide effective, safe, and easy-to-use options for 

contraception. Up to the present, EE dose and progestin type have been the main 

factors in COC choice. However, with accumulating data showing the milder 

metabolic impact of natural estrogens in a COC, the estrogen type should also be 
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considered. Within the limits of possible contraindications, women should be able 

to choose the option they wish. Still, this choice is often limited to the information 

that the prescribing doctor offers. Therefore, we need to increase knowledge about 

natural estrogens in COCs among both prescribing personnel and users.  

The growing number of users will enable larger, population-based studies 

about natural-estrogen-based COCs in the future, the findings of which may 

influence clinical practice guidelines. Low-grade inflammation and an unfavorable 

lipid profile are known risk factors for cardiovascular diseases, and COC use also 

increases the risk for thromboembolic events (Abou-Ismail et al., 2020; de Bastos 

et al., 2014; Lidegaard et al., 2009; Weill et al., 2016). Our proteomic analysis also 

showed coagulation system activation during EE+DNG use. Even though the risk 

of thromboembolism in healthy users is small, its effects on individuals are massive. 

Therefore, in the present clinical practice guidelines, COC use is contraindicated 

for users with cardiovascular risk factors such as migraine with aura and VTE in 

close relatives. Women presenting these risk factors form a notable group of 

patients who cannot benefit from the favorable effects of COCs. If we can offer a 

safe COC option for them, it would be a remarkable breakthrough in the field of 

contraception. A recent Finnish population-based study reported only a slightly 

increased risk of VTE during E2-based COC use, possibly driven by cyproterone 

acetate containing COCs (Heikinheimo et al., 2022). Still, more research on this 

important topic is needed. 

This thesis gives good insight into the neutrality of EV in a COC compared 

with EE. The results encourage research on natural-estrogen-based COCs and can 

guide the development of hormonal contraceptives. In the future, new treatment 

options, containing natural estrogens, may drive usage in this direction or even 

replace synthetic EE in COCs if they are proven to be effective enough for their 

therapeutic modalities. To date, COCs have been classified into generations based 

on the progestin component. This classification does not correlate with practice; 

thus, a new classification based on estrogen type and progestin properties (for 

example, antiandrogen and antimineralocorticoid) should be developed. 
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7 Strengths and limitations 

This thesis project has many strengths, but every study also has weaknesses. The 

SYLVI study was the first trial comparing EE- and EV-based contraceptives 

containing the same progestin, which is undeniably the major strength of this 

project. DNG-only preparation acted as an active control showing the effect of the 

progestin component. Randomization produced comparable study groups, and the 

dropout rate was low. Untargeted proteomic analysis was a novel technique in 

contraceptive research, especially in clinical contraceptive trials. Fortunately, this 

analysis largely succeeded with high-quality results providing novel, large-scale 

information about COC effects. 

As for limitations, the trial could not be blinded, as a DNG-only preparation 

lacks a contraceptive indication. Additionally, the sample size calculation was 

based only on glucose metabolism; therefore, a type II error is possible for other 

statistically nonsignificant findings. Further, most comparisons did not indicate a 

difference between EV+DNG and DNG only, but we cannot say with certainty that 

differences did not exist. Still, comparing the COC options was more relevant, and 

there we found considerable differences. The amounts of DNG in EV+DNG 

preparation differed slightly compared with other preparations but as the effects of 

DNG only proved to be neutral, this has little significance for data interpretation. 

Concerning the analyses, mild infections might have caused errors in some 

measurements, but minor infectious symptoms were not recorded. However, 

subjects with hs-CRP >10 mg/L were excluded from analyses that might have been 

affected. Finally, the 9-week treatment was too short for drawing solid conclusions 

about the long-term effects of these preparations. Nevertheless, our findings 

provide a good basis for future studies. 
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8 Conclusions 

The effects of EE in a COC far exceeded the well-known, traditional estrogen 

actions, whereas EV proved to be neutral compared with EE. EE+DNG had an 

approximately 24-fold and 120-fold effect on serum proteome compared with 

EV+DNG and DNG only, respectively. The pathways most affected were the 

complement system, acute phase response signaling, metabolism-related 

LXR/RXR and FXR/RXR activation, and the coagulation system. 

EE+DNG had a greater impact on low-grade inflammation and lipids than 

EV+DNG or DNG only, shown as higher increases in hs-CRP, PTX-3, HDL, and 

triglycerides during the use of EE+DNG. The EE combination suppressed FSH 

secretion more effectively than the EV combination and induced higher 

antiandrogenic action concerning FAI and DHEAS. The EV-based COC also 

proved more neutral than the EE one regarding cortisol balance: EE+DNG 

increased CBG, cortisol, and cortisone remarkably more compared with EV+DNG 

or DNG only. Still, the FCI remained stable in all study groups. 

To date, the choice of COC is based mainly on the properties of progestin. 

However, accumulating knowledge about the more neutral effects of natural 

estrogens compared to EE in COCs indicates that the type of estrogen should also 

be considered. Further studies and gathering knowledge comparing COCs with 

natural estrogens and EE may lead to changes in clinical practice guidelines. 
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