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Introduction
Estrogen-containing contraceptives are vital for 
reproductive health across life stages, with natural, 
body-identical estrogens offering a safer and more 
metabolically favourable alternative to synthetic 
formulations, whose unique pharmacological properties 
ensure effective contraception and therapy with 
reduced health risks for adolescents, young, and 
midlife women [1-3]. In adolescents and young adults, 
COCs with natural estrogens (estradiol [E2] and estetrol 
[E4]) show benefits in managing menstrual disorders 
and carry a lower thrombotic risk than synthetic formu-
lations. However, caution is warranted in individuals 
with a predisposition, and further age-specific research 
is needed. In menopausal women, E2 and E4 therapies 
effectively relieve vasomotor symptoms with an 
improved safety profile [4-8]. This section discusses the 
role of estrogens throughout a woman’s life, reflecting 
the changing physiological needs at various stages. It 
also addresses barriers to contraception throughout 
the lifespan.

Adolescents and young 
adults

COCs are widely used by adolescents, offering 
effective contraception together with additional health 
benefits [4,9]. Beyond safety and adherence, it is 
essential to support confidentiality and autonomy, 
ensuring that adolescents feel empowered in their 
contraceptive decisions. Their values and preferences, 
including convenience, bleeding profile, and the need 
for privacy, are central to method choice and long-term 
satisfaction [4,10,11]. 

Safety and eligibility of 
CHC use 

The World Health Organization (WHO), Centers for 
Disease Control and Prevention (CDC), and other 
global organisations provide Medical Eligibility Criteria 
(MEC) for contraceptive use, categorising methods 
based on safety for specific medical conditions 
[12-14]. While age is not a contraindication for any 
contraceptive method, only reversible options are 
recommended in adolescents. Additionally, the use 
of progestogen-only contraceptives, such as depot 
medroxyprogesterone acetate, in individuals under 18 
may have a potential impact on achieving peak bone 
mass, although this is not a contraindication [9,15,16]. 
These considerations should be taken into account 
when prescribing contraception for adolescents.

According to the WHO MEC, adolescents without con-
traindications are generally eligible to use combined 
hormonal contraceptives (CHCs) safely [12,13]. CHCs 
may be particularly useful for those with conditions 
such as mild controlled acne, iron-deficiency anaemia, 
or heavy menstrual bleeding, where additional 
therapeutic benefits can be achieved. However, CHCs 
are contraindicated in all users, including adolescents 
and young users (<35 years), with a history of thrombo-
embolism, migraine with aura, severe liver disease or 
active liver tumours, or known thrombophilia (congen-
ital or acquired) [12,13]. Common side effects, such as 
unscheduled bleeding, nausea, and headaches, should 
be discussed to improve adherence [17]. 

Adolescents can take CHCs with a 4- or 7-day 
hormone-free interval (HFI) or use extended-cycle 
regimens, which may be beneficial in school, sports, or 
social settings. This can also be done to reduce dys-
menorrhea, heavy menstrual bleeding, acne, anaemia, 
and conditions influenced by hormonal fluctuations, 



such as migraine without aura and inflammatory bowel 
disease. These conditions are not an absolute contrain-
dication for CHC use; nevertheless, caution is advised, 
and the decision should be individualised based on the 
patient’s overall health, disease activity, and potential 
risks. Certain factors, like increased thromboembolism 
risk or active disease states, may influence that 
choice [18,19]. Extended-cycle CHC use results in 
either equivalent or reduced unscheduled bleeding 
compared to cyclic regimens, with endometrial safety 
well established [19]. To maintain contraceptive efficacy, 
HFIs should not occur before 21 consecutive days of 
CHC use. Written instructions and digital resources 
can aid adherence, with follow-ups at one and three 
months [4,9]. 

Adolescence is a critical period for bone mass 
accumulation, continuing until around age 25. Evidence 
indicates that COCs containing ethinylestradiol (EE) 
may hinder bone accrual in post-menarche adoles-
cents compared with non-users [9,20]. The impact 
varies by estrogen dose, progestin type, and duration, 
with effects most evident after more than two years 
of use. Findings on dose are inconsistent, with some 
studies showing reduced accrual at 15–20 µg EE and 
others at 30 µg [20,21]. A two-year trial of 30 µg EE/3 
mg drospirenone (DRSP) confirmed reduced bone 
mass gain and lower bone formation markers [22], 
while a meta-analysis reported significantly decreased 
spinal bone mineral density (BMD) after 12–24 months 
[23]. A 5-year longitudinal study in South African 
adolescents also found that COC users (90% 30–40 µg 

EE) experienced smaller gains in BMD than non-users, 
suggesting attenuated accrual during a key growth 
period (Beksinska et al., 2009). In contrast, natural 
estrogens such as E2 appear more bone-friendly: a 
recent meta-analysis found minimal changes in bone 
turnover markers with E2-containing COCs, compared 
with significant reductions under EE [24]. Limited 
clinical data are available for E4; however, existing 
analyses suggest that E4, when combined with DRSP, 
reduces bone turnover markers to a lesser extent 
than EE-containing COCs [24,25]. However, while this 
pattern suggests neutrality or potential benefit in adults, 
interpretation in younger women remains uncertain, 
as bone turnover markers do not reliably predict 
long-term BMD and pooling data across age groups, 
as done by Tassi et al., may obscure critical differences 
[24,26]. Moreover, preclinical studies in osteoporotic 
models have demonstrated that E4 can increase BMD, 
enhance bone strength, and elevate osteocalcin levels 
compared to untreated controls [25].  

Importantly, there is no evidence to date that changes 
in BMD or CHC use increase the risk of bone fractures, 
suggesting that the observed changes in bone 
biomarkers and density may not translate into clinically 
relevant harm [22-24,26-28] (see also Section 9). 
In women with impaired ovarian function, it seems 
that COCs have a positive influence on BMD [29]. 
Furthermore, CHCs are not indicated for osteoporosis 
prevention, but non-oral combined hormonal formula-
tions (injectables, patches, or rings) could be an option 
that may reduce bone loss in anorexia nervosa [30-33].



Optimising regimens and 
adherence

In real-world settings, adherence to daily oral contra-
ceptive regimens is generally lower than that observed 
in clinical trials, with adolescents and young users 
typically being less compliant. 
Data on the impact of missed pills from clinical 
studies are limited. A pooled analysis of phase 3 trials, 
published by Creinin et al., assessed the effectiveness 
of E4 combined with DRSP (E4/DRSP) under conditions 
of imperfect adherence [34]. Among 2,837 participants, 
pregnancy rates increased with missed pills: 0.09% 
with full adherence, 0.25% with one missed pill, 0.83% 
with two missed pills, and 1.6% with more than two 
missed pills. Nonetheless, no pregnancies occurred 
when missed-pill instructions were correctly followed. 
All pregnancies linked to missed pills happened within 
the first three cycles of use. These results show that 
this COC option maintains very high contraceptive 
effectiveness, with a significant degree of forgivability, 
which is likely due to the long half-life and distinctive 
pharmacology of E4 (see Section 4) [34,35].

Although less extensively studied, COCs containing E2 
or E2 valerate (E2V) have also shown reliable contra-
ceptive efficacy and favourable adherence outcomes. 
Trials with E2 nomegestrol acetate (E2/NOMAC) and 
E2V combined with dienogest DNG (E2V/DNG) report 
reasonable cycle control, low rates of unscheduled 
bleeding, and consistent symptom relief, even when 
used in extended or flexible regimens [3,36,37]. While 
data on missed-pill management are not as detailed 
as for E4 combined with DRSP, available evidence 
suggests that contraceptive reliability is preserved with 
appropriate use, making these natural-estrogen COCs 
a practical option for adolescents and young women 
[3,36,37].

In contrast to natural estrogens, evidence from 
EE-containing COCs shows that efficacy is highly 
dependent on strict daily adherence. Missed pills 
are common, particularly among adolescents: up to 
47% of users report missing at least one pill per cycle 
and around 22% miss two or more, which is linked to 
an increased risk of unintended pregnancy [38,39]. 
Discontinuation rates in this age group can reach 50% 
within the first three months of use [38,40]. Missed pills 
are also a major contributor to unscheduled bleeding, 
which further undermines continuation [38]. Escape 
ovulation is most likely during the HFI or when pills are 
missed, but studies show that shortening the HFI in 
EE-based regimens (e.g. 24/4 vs 21/7) improves ovarian 
suppression and reduces follicular development 
[38,41,42]. Taken together, these findings indicate that 
EE-containing COCs are less forgiving under typical 
use than natural-estrogen regimens, underscoring the 
importance of adherence counselling and the consider-
ation of regimen modifications to mitigate risks [9].

In conclusion, unlike EE or E2, which have shorter 
half-lives and are metabolised more quickly, E4 offers 
sustained estrogenic activity and is not subject to 
CYP450 metabolism [35] (see Section 4). These phar-
macological characteristics are likely to contribute to a 
more favourable profile for contraceptive forgiveness 
during typical use, positioning E4 as distinct among 
natural estrogens.

Clinical profile of 
estrogens in COCs in 
adolescents

E2/NOMAC and E2V/DNG have been studied in adult 
women and some younger users, demonstrating good 
tolerability, effective cycle control, and reductions in 
menstrual-related symptoms. Pharmacokinetic data 
for E2/NOMAC show similar systemic exposure in 
adolescents and adults [43]. Although long-term data in 
adolescents are limited, preliminary evidence for these 
natural-estrogen COCs suggests that they have less 
negative impact on haemostatic and metabolic markers 
than many EE-based formulations [1,44,45] (see Section 
8). Importantly, as already mentioned, data also suggest 
that E2-containing COCs cause only minimal suppres-
sion of bone formation markers compared with EE, 
indicating a potentially more favourable profile for bone 
health during adolescence [24]. However, whether they 
completely prevent reduced bone accrual or defini-
tively lower the risk of venous thromboembolism (VTE) 
in adolescent populations remains to be confirmed. 

E4, like E2 and E2V, also seems to have a less negative 
impact on haemostatic and metabolic markers than 
many EE-based formulations [1,44,45]. E4 combined 
with DRSP has been evaluated for safety, tolerability, 
bleeding profile, and effect on dysmenorrhoea in ado-
lescents aged 12-17 years. It was safe for use, leading 
to a predictable bleeding pattern and a reduction in 
dysmenorrhoea by over 30% and decreased use of 
pain medication occurred after three cycles of use and 
remained until the conclusion of the study [46]. 

EE-containing COCs have been extensively studied 
in adolescents and shown to be highly effective, with 
contraceptive efficacy comparable to that observed in 
adults. Their safety profile in this age group is broadly 
consistent with older users, with common side effects 
including unscheduled bleeding, headaches, and nau-
sea [4,9]. International guidelines, including WHO and 
CDC MEC,  consider EE-containing COCs safe for use 
in healthy adolescents without contraindications such 
as venous thromboembolism, migraine with aura, liver 
disease, or thrombophilia [12,13]. Beyond contraception, 
EE-containing COCs also provide non-contraceptive 
benefits such as improved cycle regulation, relief of 
dysmenorrhea, and reduced menstrual blood loss. 
However, their haemostatic profile seems less favour-
able compared with natural estrogens, contributing to 



a relatively higher risk of venous thromboembolism 
[44,45].

Regional barriers to 
effective contraception in 
adolescents

Adolescents across Europe, Asia, Africa, Latin America, 
and North America encounter a range of barriers to 
effective contraception. These challenges are shaped 
by cultural, structural, legal, and interpersonal factors 
unique to each region [47,48].

Sub-Saharan Africa faces significant challenges, 
including limited availability of contraceptive methods, 
high costs, and inadequate healthcare infrastructure 
[49,50]. Cultural and religious beliefs often discourage 
contraceptive use, and myths about side effects are 
prevalent. Adolescents, particularly girls, may also 
encounter gender-based barriers and lack autonomy 
in making reproductive health decisions. Additionally, 
healthcare providers may exhibit biases against 
providing contraceptives to unmarried adolescents, 
further restricting access [51].

In South and Southeast Asia, cultural norms often 
prioritise early marriage and childbearing, especially 
for girls, which can discourage contraceptive use 
among adolescents. Married adolescents may face 
familial pressure to conceive immediately, while 
unmarried youths often lack access to reproductive 
health services due to societal taboos and limited 
youth-friendly healthcare facilities [52]. Moreover, 
misconceptions about contraceptive methods and 
limited comprehensive sex education further impede 
effective contraceptive use [53,54].

In Latin America, adolescents often face legal and 
societal barriers to accessing contraception. In some 
countries, laws restrict access to specific contraceptive 
methods, and cultural stigmas around adolescent 
sexuality can deter youths from seeking reproductive 
health services. Fear of judgment or gossip within 
communities may prevent adolescents from obtaining 
contraception, even when services are available 
[55-57]. Moreover, the inconsistent implementation 
of sexual education programs across the region 
contributes to misinformation and low contraceptive 
use among teenagers. 

In North America, disparities in contraceptive access 
persist, particularly among marginalised communities. 
In the United States, Hispanic and African American 
adolescents face higher rates of unintended preg-
nancies, partly due to limited access to affordable 
contraceptive services and comprehensive sex 
education [58]. Confidentiality concerns, especially 
for minors, and lack of transportation or insurance 
coverage can also hinder adolescents from obtaining 

contraception [59,60]. Additionally, political debates 
and policy changes regarding reproductive health 
services can create uncertainty and restrict access for 
young people. 

In parts of Eastern Europe, restrictive laws and limited 
access to youth-friendly services hinder adolescents’ 
contraceptive use [61-63]. For example, countries 
like Poland and Hungary have seen increasing 
limitations on reproductive health services, including 
contraception, due to political and religious influences. 
Additionally, stigma surrounding adolescent sexual 
activity and inadequate sexual education contribute to 
low contraceptive uptake among teenagers.

Menopausal transition
Hormonal and reproductive changes during 
perimenopause
The menopausal transition, also referred to as perimen-
opause, represents the period preceding menopause 
and corresponds to stages −1 and −2 of the STRAW+10 
Staging System for Reproductive Ageing in Women 
[64]. It typically begins 5–10 years before menopause, 
around the age of 40, and is characterised by increas-
ing menstrual cycle variability, with a difference of at 
least seven days between consecutive cycles [65]. Late 
perimenopause is characterised by cycles that exceed 
60 days in length [66].

During the menopausal transition, hormonal alterations 
occur due to a decline in the number of primordial folli-
cles, resulting in lower levels of inhibin B and anti-Mül-
lerian hormone [67]. Consequently, E2 levels decrease, 
disrupting the negative feedback mechanism that 
regulates the secretion of follicle-stimulating hormone 
and luteinizing hormone (LH) [68]. The inability of low 
E2 levels to trigger an LH surge results in anovulatory 
cycles and irregular menstrual patterns [68,69]. These 
hormonal changes can result in symptomatic outcomes 
as well as contribute to reduced fertility in women 
over 40, although unintended pregnancies remain a 
concern. While the annual pregnancy risk declines from 
10% at ages 40–44 to 2–3% at ages 45–49, the rate 
of elective abortion is higher in this age group, high-
lighting the continued need for effective contraception 
[70]. In the United States, for instance, unintended 
pregnancies accounted for 49% of all pregnancies in 
2006, with 48% occurring among women aged 40–44, 
underscoring the importance of reproductive health 
management in this population [71].

Role of CHCs in symptom relief and men-
strual regulation
Several menopausal transition conditions may be 
effectively managed with modern hormonal contracep-
tives, which not only prevent unintended pregnancies 
but also offer additional non-contraceptive benefits 
[72]. Given the increased variability in ovulation and 



menstrual cycles during menopausal transition, fertility 
awareness-based methods are considered unreliable 
and, therefore, are not recommended as a method of 
contraceptive use in this population [72].

Evidence suggests that CHCs play a role in alleviating 
vasomotor symptoms, including hot flushes, which can 
emerge during the premenopausal period. Studies 
indicate that CHC use effectively reduces these symp-
toms, with combined oral contraceptive (COC) therapy 
being a more widely accepted option than menopausal 
hormone therapy (MHT) for women experiencing 
early menopausal symptoms [73]. In a clinical study, 
an alternative estrogen exposure regimen during the 
placebo week of COC use was evaluated. One group 
received 10 µg of EE for five days, followed by two days 
of placebo, while the other group received a traditional 
seven-day placebo regimen. Both groups reported 
a reduction in somatic, anxiety, and depressive 
symptoms, with a more pronounced improvement in 
vasomotor symptoms, depression, and sexual dys-
function in the estrogen-supplemented group [73]. In 
women with non-iatrogenic premature ovarian insuffi-
ciency who wish to maintain contraception, using the 
combined oral contraceptive is recommended to be 
taken in a continuous or extended regimen to provide 
ongoing estrogen therapy and prevent bone loss [74]. 
Additionally, Sørdal et al. confirm that COCs used for 
two years do not affect BMD in premenopausal women. 
They also note that there is no difference when using a 
monophasic COC containing 2.5 mg E2/NOMAC or EE 
30 µg/LNG 150 µg [75]. 

Migraine considerations and CHC safety
Menopausal transition is also associated with an 
increase in migraine frequency and severity, particularly 
in women with menstrual migraine, likely due to more 
frequent menstruation as the cycle length shortens [76]. 
Women with migraines are at higher risk for vasomotor 
symptoms, anxiety, depression, and sleep disturbances, 
further contributing to morbidity. 

In postmenopausal women, the prevalence of 
migraines without aura declines, while migraines with 
aura remain unaffected by menopause, with headache 
intensity diminishing with age [76].  Theoretically, 
continuous COC use, which suppresses ovarian 
activity and menstrual bleeding, may mitigate hormonal 
migraine triggers. However, clinical trial data on 
migraine management with COCs remain limited. The 
European Headache Federation and the European 
Society of Contraception and Reproductive Health 
recommend COCs for women requiring contraception, 
experiencing estrogen-withdrawal headaches, or 
benefiting from COC therapy for other medical reasons 
[77]. Continuous COC use is advised to prevent estro-
gen-withdrawal migraines, with shortened breaks (four 
days) if necessary to manage unscheduled bleeding. 
Migraine, including menstrual migraine, is a MEC 
category 2, whereby the advantages outweigh the risks 
[13]. However, migraine with aura is a MEC category 4, 

meaning COCs pose an unacceptable risk and should 
not be recommended. 

Transition and perimenopausal women have an 
increased risk of stroke, as a function of advancing 
age, hypertension, and smoking, and these risks are 
increased by oral contraceptive use and migraine aura 
[12,13,77,78]. Accordingly, administration of EE-containing 
COCs, which increase VTE and stroke risk, should be 
avoided. During this transitional period and perimeno-
pause, COCs containing E2, E2V, or E4 are advisable, 
rather than EE-containing COCs [45].

Cultural differences 
in managing fertility 
and symptoms during 
menopausal transition

Cultural perspectives significantly influence how 
women across different continents manage fertility and 
symptoms during menopausal transition, particularly 
regarding contraceptive use [79]. In Western cultures, 
such as North America and parts of Europe, meno-
pause is often medicalised, with a focus on symptom 
management through hormone therapy and contra-
ceptives [80]. However, disparities exist; for instance, 
women from lower socioeconomic backgrounds or 
certain ethnic minorities may have less access to 
these treatments and may experience more severe 
symptoms due to stress and limited healthcare access 
[81,82]. Furthermore, increased media attention around 
menopause and menopausal transition also impacts 
awareness and ultimately management strategies. 
Conversely, in many Asian cultures, menopause is 
perceived as a natural life transition rather than a 
medical condition [83]. Japanese women, for example, 
report fewer vasomotor symptoms like hot flushes, 
possibly due to dietary factors and cultural attitudes 
that view menopause as a positive stage of life. African 
women’s experiences with menopause vary widely 
across the continent. In some regions, menopause is 
associated with increased social status, while in others, 
it may be stigmatised. Access to contraceptives and 
hormone therapy is often limited, influencing how 
symptoms are managed. In Latin America, cultural 
norms and limited healthcare infrastructure can impact 
hormonal contraceptive use during perimenopause. 
Users may rely more on traditional methods or have 
limited access to hormonal treatments, especially oral 
combined with E2 or E2V,and E4 [84]. This ultimately 
affects the management of menopausal symptoms due 
to estrogen deficiency or abnormal uterine bleeding 
due to ovulatory dysfunction.



Conclusion
The evolving role of estrogens across the reproductive 
life course highlights the importance of tailoring contra-
ceptive and therapeutic choices to women’s changing 
physiology, priorities, and contexts. Advances in natural 
estrogen formulations, such as E2 and E4, offer an 
opportunity to balance efficacy with safety, particularly 
in adolescents, where EE-containing COCs may impair 
bone accrual, and in perimenopausal women, where 
thrombotic risk is a concern. Beyond clinical outcomes, 
attention to cultural norms, structural barriers, and 
individual preferences remains essential for ensuring 
equitable access and adherence to treatment. 

Current gaps and future 
directions

Long-term data on adolescent bone accrual are limited; 
more studies are needed comparing EE with natural 
estrogens.

Comparative trials in perimenopause should establish 
the benefits and safety of E2/E4 vs EE formulations.

Implementation research is required to overcome 
cultural, structural, and regional barriers to equitable 
contraceptive access.

Key messages

In adolescents, CHCs are safe and effective, providing contraception and non-contraceptive 
benefits such as relief from dysmenorrhea and heavy bleeding. EE-containing COCs may impair 
bone accrual, while E2 and E4 formulations show more favourable profiles for bone health and 
overall safety. E4/DRSP also appears more forgiving when pills are missed. Nevertheless, cultural 
and regional barriers, such as stigma, provider bias, and limited youth-friendly services, continue to 
restrict access and influence method choice.

In perimenopause, CHCs help prevent unintended pregnancies and alleviate symptoms such as 
hot flushes and migraines. Continuous use benefits women with migraines without aura, but is 
contraindicated in those with aura. Natural estrogen-containing COCs are preferable to EE-based 
formulations due to their lower thrombotic risk and favourable metabolic profile. 

Cultural views on menopause vary, whereby some cultures are tolerant to MHT, while in other 
cultures there is limited access and acceptability.

Personalised, age- and context-sensitive counselling is key to optimising contraceptive care 
throughout a woman’s life.
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