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Access to contraceptive choice is 
important for women, and their 
partners, to control the number 
and spacing of their children. 
Contraceptives can be classified 
by their duration of action. Despite 
the increasing recognition that the 
long-acting reversible contraception 
(LARC) methods, namely implants, 
intrauterine methods and depot 

injections, offer highly effective and cost-effective pregnancy 
prevention across the reproductive lifespan, the combined oral 
contraceptive pill (COC) remains the most commonly used method 
by Australian women. Reasons for the relatively high use of the 
COC and low use of LARC, compared to similar developed 
countries appear to include lack of awareness and misconceptions 
by women and their healthcare providers, habitual prescribing 
by GPs and an ability to stop and start the COC without medical 
intervention.1 Additional non-contraceptive benefits of the COC, 
including acne control and an ability to manipulate bleeding 
patterns, can be attractive attributes for some women.2

This article focuses on the pharmacology of the various combined 
oral contraceptive (COC) pills available on the Australian market, 
with specific reference to their side-effect and risk profile. 

The first COCs marketed in 1961 contained relatively high doses 

Combined oral contraceptives
The pharmacology of combined oral contraceptive pills old and new.

of oestrogen and progestogen hormones and were associated with 
a relatively high risk of venous thromboembolic (VTE) and arterial 
disease and a high likelihood of unwanted side-effects such as 
nausea and breast tenderness. The risks have been reduced by 
the development of COCs with lower doses of oestrogen and an 
awareness of safe prescribing. Safe prescribing, taking a woman’s 
risk factors in to account, remains paramount. Guidelines for 
the safe provision of contraception include the World Health 
Organisation (WHO) Medical Eligibility Criteria (MEC)3 and UK-
based MEC guidelines from the Faculty of Sexual and Reproductive 
Health (FSRH).4,5

Developments in COC formulations 
The earliest contraceptive pill was a progestogen-only formulation 
at a dose that effectively inhibited ovulation although, in common 
with today’s progestogen-only contraceptives, it was associated 
with unpredictable ‘breakthrough’ bleeding resulting from an 
unstable endometrium. Historically, the accidental contamination 
of some pill batches with oestrogen resulted in improved ‘cycle 
control’ as well as enhanced contraceptive effectiveness – and as a 
result the ‘combined pill’ was born.2 The original COC contained 
norethynodrel, a derivative of 19-nor testosterone, and 150mcg of 
mestranol, a prodrug of ethinyl oestradiol (EE).2

Newer progestogens were subsequently developed in an attempt 
to minimise androgenic and other troublesome side-effects 
while the dose of EE was reduced to potentially lower the VTE 

risk and oestrogenic side-effects such 
as nausea and breast tenderness. All 
currently available COCs have an effect on 
metabolic parameters, including oestrogen-
related increases in Sex Hormone Binding 
Globulin (SHBG), Corticosteroid-Binding 
Globulin (CBG) angiotensinogen and 
apolipoprotein A1 and a change in various 
coagulation and fibrinolysis factors, which 
are modulated by the combination and 
dose of oestrogen and progestogen in 
a given pill type.6 It is important to note, 
however, that the effects of hormonal 
combinations on metabolic markers for 
vascular disease do not always directly 
translate into disease outcomes and 
controversy continues about the modulating 
effect of progestogen type on VTE risk. 
The dose effect of EE on VTE risk is clearer 
however with today’s low dose COCs, 
containing 35mcg of EE or less, posing a 
low VTE risk when appropriately prescribed. 
Since 2010 COCs containing either 17 β 
oestradial or its prodrug oestradiol valerate 
in place of EE have been available. These 
oestrogens are structurally identical to the 
17 β oestradiol (E2) produced by the ovary. 
In the laboratory setting COCs with 17 β 
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Figure 1. COCP types in Australia (not all generics are included).
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oestradiol/oestradiol valerate perform favourably compared with 
EE pills in relation to their effect on coagulation factors and insulin 
resistance. However we will need to wait some years until the 
completion of post-marketing surveillance studies on these newer 
pill formulations to see if these effects translate into improved 
health outcomes.2

In relation to the COC progestogen component, earlier laboratory 
and registry studies suggested that pills with levonorgestrel (LNG) 
are associated with a lower VTE risk than those containing newer 
progestogens. However, later large, well-designed cohort studies 
have not confirmed a difference in risk between progestogen 
types7 and a recent controlled, prospective, observational, active 
surveillance study of more than 85 000 women that compared a 
COC containing 30mcg EE and drospirenone in an extended 24-
day regimen to other commonly used COCs in a routine clinical 
setting, supports a lack of difference in the risk of serious adverse 
cardiovascular events between available COC types.8 While all 
large database studies can be criticised for bias7, it is reasonable 
to conclude that a woman’s own underlying risk factors for VTE or 
arterial vascular disease have a much more significant impact on 
her risk than any differences between product constituents.6

The oestrogen component of the COC
Figure 1 shows the constituents of most of the different COCs 
available in Australia. The majority contain the potent synthetic 
steroid EE which, as a result of its 17α ethinyl group, has a 
pronounced effect on hepatic metabolism. Today’s low-dose COCs 
contain 35mcg or less of EE. It is unknown whether the lowest dose 
pill formulations available in Australia (with 20mcg EE) offer a safety 
benefit over those with 35 or 30mcg EE and any potential safety 
advantage must be offset by an increased chance of unpredictable 
breakthrough bleeding.5

Administering EE via a non-oral route, as a vaginal ring or patch 
(not currently available in Australia), does not appear to mitigate 
its hepatic impact6 with one study suggesting an increased risk of 
VTE for non-oral delivery methods.9 Earlier attempts to substitute 
EE with oestradiol, in an effort to potentially reduce cardiovascular 
risk, had been thwarted owing to unfavourable bleeding patterns, 
but this has been successfully overcome by novel combinations 
with either desogestrel (Qlaira) or nomogestrol acetate (Zoely) 
thanks to their strong anti-proliferative endometrial effect.10 The 
17β-oestrodiol/nomogestrel acetate pill is monophasic (in other 
words all pills contain the same hormonal dose) with a four-day 
hormone-free break while the oestradiol valerate/desogestrel 

combination is quadriphasic with an increasing oestrogen and 
decreasing progestogen dose through the pill pack. While all 
COCs reduce menstrual blood loss and can be useful for the 
management of heavy menstrual bleeding (HMB), both the 
17β-oestrodiol and oestradiol valerate pills are associated with a 
high chance of an absent withdrawal bleed in the pill-free break. 
Qlaira has an additional indication for the management of HMB 
in women requiring contraception.

In addition to their effect on blood loss, 17β-oestrodiol and its pro-
drug oestrodiol valerate, are associated with less pronounced effects 
on haemostatic and lipid variables.6 Whereas EE increases VLDL 
levels, 17β-oestradiol increases the HDL level without increasing the 
VLDL level.6 While the effects on laboratory-based vascular disease 
markers are favourable for these newer COCs, evidence for their 
effect on VTE and arterial vascular disease is pending.

The progestogen component of the COC
While progesterone itself cannot be used in the COC due to 
its rapid liver metabolism, the synthetic progestogens in COCs 
are structurally related either to progesterone (pregnanes and 
19-norpregnanes) or to testosterone (T) (estranes and gonanes), 
see Table 1. Several newer progestogens have been developed to 
bind more selectively to the progesterone receptor while minimising 
androgenic, oestrogenic and/or glucocorticoid receptor interactions 
and their related potential side-effects.6 The earliest progestogens, 
levonorgestrel (LNG) and norethisterone (NET) are derived from 
testosterone. while the later progestogens have been derived from 
progesterone or its related mineralocorticoid, spironolactone (see 
Figure 2).

Progestogens and vascular risk
Progestogen-only contraceptives including the progestogen-only 
pills, the contraceptive implant and LNG-releasing IUD, do not 
appear to increase the risk of VTE. Despite a growing body of 
evidence pointing to a minimal role of progestogen type in the 
COC on VTE risk compared to oestrogen, this topic remains 
controversial.7 Recurrent media scares about the pill and VTE 
risk create confusion and anxiety for women so it is essential for 
doctors to provide clear balanced evidence-based information 
when prescribing contraception. The risk of VTE for women using 
any of the low-dose COCs (pills containing 35mcg or less of 
EE) appears to be approximately two-to-six fold2 compared to 
non-users which is substantially lower than the risk associated with 
pregnancy or the postnatal period.

Table 1. Pharmacologic classification of progestogens used in contraceptives (available contraceptives and contraceptive agents in development).6

Related to progesterone Related to testosterone

Pure progestational (19nor-pregnanes)
•	 Nestorone
•	 Nomegestrol ac 
•	 Trimegestone

Partly estrogenic and androgenic (estranes)
•	 Norethisterone

Antiandrogenic
•	 Cyproterone Ac
•	 Nomegestrol Ac
•	 Chlormadinone Ac

Partly androgenic (gonanes)
•	 Levonorgestrel 
•	 Gestodene 
•	 Desogestrel► etonogestrel, 
•	 Norgestimate► Norelgestromin

Partly Glucocorticoid
•	 Medroxyprogesterone Ac

Anti-androgenic (non-ethyl estrane)
•	 Dienogest

Related to Spironolactone Antialdosterone and antiandrogenic
•	 Drospirenone
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Despite the lack of strong evidence for a clinically relevant 
difference between progestogens, it is postulated that the more 
androgenic progestogens, such as LNG and NET, are able to 
counteract the potent EE-induced stimulation of liver proteins and 
coagulation factors, while non or anti-androgenic progestogens 
such as drospirenone have a limited mitigating effect on EE’s 
action.6 The COCs which contain the anti-androgen cyproterone 
acetate have also been associated with an increased risk of VTE 
compared to LNG COCs11, although this information is based on  
relatively small case-control studies.

The most androgenic progestogens may be associated with 
impaired glucose tolerance and increased insulin resistance, 
both risk factors for cardiovascular disease and Type II diabetes 
mellitus.6 Again, evidence for clinically relevant differences 
between progestogen types is lacking and the use of COCs in 
women with polycystic ovarian syndrome (PCOS) has not, for 
example, been found to be associated with clinically significant 
adverse metabolic consequences.12 

In contrast to VTE risk, the delivery of oestrogen and progestogen 
vaginally via the EE/etonogestrel vaginal ring does not appear to 
affect insulin sensitivity.6 Progestogen-only pills, the contraceptive 
implant and LNG-releasing IUD have a minimal effect on lipids.6

In practice, we can conclude that women with pre-existing risk 
factors for venous or arterial disease, which make the COC an 
unsafe option, still have progestogen-only or non-hormonal 
highly effective methods to choose from (see Table 2). Conversely, 
women with no contraindications to the use of oestrogen can 
potentially use any of the available COCs with choice being 
determined by side-effects, additional non-contraceptive benefits, 
cost and personal preference.

Side-effects and non-contraceptive benefits
Drosperinone, dienogest and nomegestrol acetate are newer 
progestogens designed to bind more specifically to the 
progesterone receptor and to minimise side-effects related to 
androgenic, oestrogenic or glucocorticoid receptor interactions 
experienced with the earlier progestogens.6 Drosperinone, a 
derivative of spironolactone, counteracts the effect of EE-induced 
increases in angiotensin and aldosterone production, which 
lead to water and salt retention.13 It also has anti-androgenic 
properties. Dienogest is a non-ethyl estrane progestogen 
which has no androgenic action but rather an anti-androgenic 
effect.14 Nomegestrol acetate (NOMAc) is a derivative of 
19-norprogesterone, with a strong anti-proliferative effect on 
the endometrium, producing good cycle control combined with 

some anti-androgenic properties.15 In a randomised, open label, 
comparative trial evaluating effects on haemostasis, lipids, and 
carbohydrate metabolism, NOMAc 2.5 mg/17β estradiol (E2) 
1.5 mg showed less impact overall on lipid metabolism as well as 
other parameters than a COC containing LNG 150 mcg/EE 30 
mcg per daily pill.16 

Cyproterone acetate, an anti-androgen with weak progestogenic 
activity, in combination with EE provides highly effective treatment 
for hyperandrogenism as well as providing effective contraception. 
COCs with anti-androgenic progestogens (drospirenone 
or dienogest) or less androgenic progestogens (gestodene, 
desogestrel or NOMAc) also have a theoretical advantage for 
women who request treatment for androgenic symptoms. However, 
it is important to be aware that the oestrogenic component of all 
COCs is likely to improve acne via increased SHBG levels and a 
reduction of free testosterone, even at a low dose and even when 
combined with an androgenic progestogen. A Cochrane review 
concluded that few important differences were found between 
COC types in their effectiveness for treating acne.5

In practice, the evidence for the benefit of one COC type 
over another is often limited in relation to the management of 
troublesome side-effects or for additional non-contraceptive benefits 
on acne and menstrual bleeding and it may be a matter of trial 
and error in finding the most appropriate formulation to suit an 
individual woman. 

Conclusion
While increasing awareness and uptake of LARC methods are likely 
to impact on the proportion of women using the COC in the future, 
many women will continue to choose an oral method of fertility 
control. There have been significant changes to COC formulations 
over the past 50 years, including the development of progestogens 
with anti-androgenic activity and positive benefits on HMB, and the 
replacement of EE with oestradiol. However, future developments 
in hormonal contraception are more likely to be related to 
alternative delivery systems, especially those which can be either 
self-administered or minimise the woman’s need to interact with the 
health system. 

In the meantime, it remains imperative that COCs are prescribed 
safely according to the WHO/FSRH Medical Eligibility Criteria. 
Since differences between COC types as a result of their 
progestogen and oestrogenic constituents appear to have little 
impact on relative safety, COC choice for eligible women will 
therefore be based on individual preference in relation to potential 
side-effect profile, additional non-contraceptive benefits as well as 

 

Figure 2. The development of progestogens.
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cost. While the earlier LNG and NET COCs are subsidised by the 
PBS in Australia, subsidy of the newer formulations would require 
a body of evidence demonstrating clinical and/or economic 
superiority over the older established pill types. We await with 
interest the outcomes of post-marketing surveillance studies of the 
newer COC formulations.
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