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ABSTRACT

Recent innovations in oral contraceptive pills (OCPs) focus on reducing adverse effects and enhancing user control.
Key advancements include low-dose/extended-cycle formulations, customization for conditions like polycystic ovary
syndrome (PCOS), and improved safety profiles. User-centric features like over-the-counter (OTC) availability (Opill),
smart packaging, and digital health integration further improve accessibility and adherence. Since the FDA approved
Enovid in 1960, OCP development has continued to evolve. Modifications such as lower doses and extended cycles aim

controlled contraceptive future.

to minimize side effects (e.g., cardiovascular and metabolic) while maintaining efficacy. Customization addresses
specific health conditions, improving patient suitability. This review aims to highlight how these developments improve
efficacy, reduce side effects, and enhance convenience. This review also outlines key advancements in OCPs, associated
explicitly with innovations in formulation, safety, and user-friendliness. For this purpose, this review synthesizes
developments in OCP technology and delivery, based on established scientific literature and regulatory milestones. It
examines formulation changes, safety enhancements, and user-focused innovations with key examples, including Opill's
OTC approval and digital health tools. Thus, this review concludes that innovations in OCPs, spanning formulations,
safety, and user experience, offer significant benefits that feature customization, OTC access, and digital integration,
empowering women and improving adherence. These advancements also promise a more effective, accessible, and user-
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INTRODUCTION

The development of OCPs represents one of the most
transformative advancements in reproductive medicine.
The United States Food and Drug Administration’s
(USFDA) approval of Enovid in 1960 marked the first
reliable, female-controlled contraceptive method.* Early
high-dose formulations contained high doses of estrogen
and progestins, which although effective, were associated
with significant adverse effects including thromboembolic
events, metabolic disturbances and cardiovascular risks.
These safety concerns became the primary driving force

for continuous innovation over the following six decades
toward safer, more tailored, and accessible options.2*

Modern OCPs incorporate several key advancements that
reflect pharmacologic and regimen-based approaches.
Low-dose estrogen and progestin formulations reduce
common side effects such as weight gain, mood changes,
and breast tenderness; while decreasing cardiovascular and
metabolic riskes.®

These advances have improved long term tolerability and

acceptability, particularly among women requiring
extended contraceptive use.
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Regimen based innovation have further enhanced the
clinical utility of OCPs. Extended-cycle and continuous
regimens  limit  menstrual  frequency, reduce
dysmenorrhea,  anaemia, and menstrual-related
productivity loss while also improving adherence.®
Additionally, formulations have been adapted for
condition-specific needs-such as anti-androgenic options
for PCOS and extended-cycle regimens for endometriosis-
to enhance both therapeutic and contraceptive benefits.*”

Technological advancements and delivery innovations
have further contributed to a more user-centred
contraceptive experience. Smart blister packs, app-based
reminders, and digital adherence tracking tools address
missed doses and improve long-term continuation.®1°

Non-oral hormonal delivery systems, including
transdermal patches and vaginal rings, provide steady
hormone release without daily dose administration,

offering additional flexibility and expanding the range of
user-centred contraceptive choice.

A major milestone in accessibility was achieved in July
2023 with the FDA approval of OTC norgestrel (Opill),
which removed the prescription requirement and has
potentially reduced disparities in contraceptive access.!>*3
This regulatory change reflects growing public interest in
OTC contraceptive availability and addresses barriers for
populations with limited healthcare access.**

Taking into consideration the above-stated facts, the
evolution of OCPs illustrates an ongoing shift toward
personalized, safe, and user-centric contraceptive care.
Thus, with the continued progress and focusing on
integrating pharmacologic innovation, tailored regimens,
and enhanced delivery systems will help to optimize and
expand condition-specific formulations to better meet the
diverse reproductive needs of women worldwide. 12613
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Figure 1: Classification of estrogens and progestins used in oral contraceptives based on generation, source, and
blood pressure effects.?

Synthetic and natural estrogens and progestins used in oral
contraceptive formulations can be categorized by their
generation and origin, with implications for safety and
tolerability, as seen in the above Figure 1. The figure
highlights greater effects of synthetic estrogens like
ethinyl estradiol on blood pressure (BP) as compared to
natural estrogens.? It also highlights the 3™ generation
progestins, including dienogest and drospirenone, which
demonstrate improved safety profiles and targeted
therapeutic benefits. Further, progestins are grouped by
chemical structure and generational development, which
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reflects ongoing refinement to balance contraceptive
efficacy.

HISTORICAL CONTEXT AND
IMPERATIVE

INNOVATION

The 1960 was a landmark in the history of OCP
introduction, as the FDA approved Enovid, the first OCP,
representing a pivotal milestone in reproductive
medicine.t This achievement, pioneered through the
advocacy of Margaret Sanger and the financial support of
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Katharine McCormick, marked a defining moment in
reproductive health by introducing women with control
over their fertility.® Furthermore, this breakthrough
reshaped reproductive autonomy, enabling women to plan
pregnancies with unprecedented reliability. The earliest
formulations contained mestranol and first-generation
progestins in relatively high doses. Although highly
effective in suppressing ovulation, these preparations
produced  frequent  adverse  effects including
thromboembolism and cardiovascular complications
which became apparent during widespread population use
in 1960s and 1970s.2

Recognition of estrogen-related complications initiated the
first major wave of pharmaceutical innovation.
Subsequently generation of OCPs progressively reduced
estrogen content from more than 150 pg to modern
preparations containing 20-30 ug of ethinly estradiol. This
reduction significantly improved safety by lowering
hepatic induction of clotting factors, angiotensinogen
production and triglyceride synthesis. The second phase of
development focused on progestin modification. Early
progestins possessed androgenic activity, contributing to
acne, adverse lipid changes and weight gain. Later agents
such as desogestrel, norgestimate and drospirenone were
developed to provide strong ovulation suppression while
minimizing androgenic and mineralocorticoid effects. The
most recent phase of innovation involves altering the
estrogen component itself. Estetrol, a naturally occurring
fetal estorgen, has been introduced as an alternative to
ethinly estradiol. Unlike ethinly estradiol, estetrol exerts
weaker hepatic stimulation and may therefore reduce
thrombotic risk while preserving contraceptive efficacy.®
This shift reflects a fundamental change in design
philosophy, rather than minimizing estrogen dose alone,
modern research attempts to modify pharmacodynamics.

Since then, continuous innovation and refinement to
balance contraceptive efficacy have led to the need for
safer, more adaptable, and user-friendly contraceptive
options that can improve user convenience and diverse
clinical and lifestyle context.®>*Beyond preventing
unintended pregnancies, contemporary contraceptive
development emphasizes enhancing informed decision-
making, minimizing health risks, and accommodating
diverse medical and lifestyle needs.>¢

FORMULATION ADVANCEMENTS

Pharmaceutical innovations in OCPs have primarily aimed
to preserve ovulation suppression while reducing systemic
hormonal exposure. Early combined pills relied on high
estrogen concentrations to ensure contraceptive reliability;
however, it later became evident that the majority of
serious adverse events were dose-related rather than
mechanism-related.

Consequently, contemporary formulations attempt to
achieve endocrine control with minimal physiologic
disturbance.
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Traditional 21/7 regimens were originally designed to
mimic the natural menstrual cycle rather than for medical
necessity. Withdrawal bleeding occurs because of
hormone-free intervals, not because of physiologic need.
Extended and continuous regimens, such as the 84/7
schedule, offer fewer menstrual cycles per year, improving
adherence and alleviating dysmenorrhea, anaemia, and
menstrual-related productivity loss.2® Advances in
pharmacology also enable personalized OCP selection-
including anti-androgenic formulations for PCOS and
extended-cycle pills for endometriosis, thereby optimizing
both contraceptive and therapeutic outcomes.*1°

Additionally, alternative delivery systems such as
transdermal patches (e.g., Xulane) and vaginal rings (e.g.,
NuvaRing) expand contraceptive options by providing
steady hormone release without daily dosing, enhancing
convenience and adherence.'*12

CLINICAL IMPLICATIONS

Modern OCP designs contribute to improved clinical
outcomes through risk reduction and enhanced usability.
Lower-dose and targeted hormonal formulations decrease
metabolic and cardiovascular risks-including insulin
resistance, dyslipidemia, and venous thromboembolism
(VTE)-while reducing the likelihood of drug-drug
interactions.'® Estrogen stimulates hepatic production of
coagulation factors Il, VII, IX and X while reducing
antithrombin 11l activity. Lower estrogen doses have
substantially reduced, but not eliminated, this risk.
Importantly, absolute risk remains low in healthy non-
smoking women, and pregnancy itself carries a higher
thrombotic risk than modern OCP use.

Enzyme-inducing medications (e. g., rifampicin, certain
antileptics) accelerate estrogen metabolism and may
reduce contraceptive effectiveness. In such patients, higher
dose or non-oral methods are preferred. Conversely
progestin only pills provide safer alternatives for women
with contraindications to estrogen, including smokers
above 35 years, migraine with aura and history of
thromboembolism.*3

Flexible  dosing  schedules, multiple  hormonal
combinations, and non-oral delivery routes promote a
patient-centered approach, allowing alignment with
individual health needs, comorbidities, and lifestyle
preferences.’® Collectively, these innovations enable
broader adoption, improve adherence, and reproductive
autonomy for women worldwide.3*

OCPs are now widely prescribed for several
gynaecological and endocrine conditions: PCOS-
suppression of ovarian and androgen production. Acne and
hirsutism-suppression of androgens, endometriosis-
endometrial atrophy and reduced ectopic endometrial
activity, menorrhagia-endometrial stabilization and
reduced bleeding and menstrual migraine-elimination of
hormonal fluctuation.
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These benefits arise from hypothalamic-pituitary-ovarian
axis suppression rather than contraception itself,
demonstrating how OCPs have transitioned into a
therapeutic hormonal regulator. The increasing incidence
of PCOS, closely associated with contemporary patterns of
physical inactivity, energy-dense nutrition, psychosocial
stress, and circadian disruption, has substantially
influenced  prescribing  trends in  reproductive
pharmacotherapy. OCPs are now widely utilized not solely
for pregnancy prevention but as first-line agents for the
endocrine modulation of PCOS. Through suppression of
luteinizing hormone secretion and enhancement of hepatic
sex hormone-binding globulin synthesis, combined
hormonal formulations reduce circulating free androgens
and promote menstrual regularity. This therapeutic
application reflects a broader shift in the clinical
positioning of oral contraceptives-from exclusive
contraceptive agents to multifunctional endocrine
regulators  addressing the  metabolic-reproductive
interface. Consequently, the rising burden of lifestyle-
associated hormonal dysregulation has reinforced the
central role of oral contraceptives in contemporary
management  strategies for PCOS and related
hyperandrogenic states.

RECENT ADVANCES

Recent developments in OCPs reflect a shift from purely
pharmacologic improvement toward integration of
molecular endocrinology, behavioral medicine, and
healthcare accessibility. Innovations no longer focus only
on preventing ovulation; instead, they aim to reduce real-
world contraceptive failure, improve safety perception,
and empower patient-directed care.

NEXTSTELLIS AND THE INTRODUCTION OF
ESTETROL-BASED OCPS

In April 2021, the USFDA approved Nextstellis, the first
OCP to utilize estetrol (E4), a plant-derived estrogen that
closely mimics the natural hormone found in the human
body. Estetrol is a naturally occurring fetal estrogen
synthesized in the human liver during pregnancy. Unlike
synthetic estrogens, estetrol demonstrates selective
estrogen receptor modulation, exerting central suppression
of ovulation while producing comparatively weaker
hepatic stimulation. Estetrol provides a more favorable
metabolic profile and reduced thrombotic risk, making it a
safer option for women concerned about cardiovascular
complications. As a bioidentical hormone, estetrol
provides a more natural and tolerable alternative for
individuals seeking estrogen formulations and hormone
analogs with fewer systemic impacts.’>®  This
development represents a conceptual change in
contraceptive  pharmacology.  Earlier  generations
attempted to improve safety by decreasing estrogen dose.
Estetrol instead modifies estrogen behavior, suggesting a
future direction in which hormonal quality, rather than
guantity, becomes the principal determinant of safety.
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OTC ACCESSIBILITY: EXPANDING REACH

A pivotal advancement in contraceptive access occurred
with the FDA's approval of Opill (norgestrel) for OTC use
in 2021. This development removed the need for a
physician’s prescription, thus eliminating barriers that
disproportionately — affected underserved or rural
populations.” Following its nationwide pharmacy rollout
in 2023, Opill has expanded reproductive autonomy by
enabling broader access to contraception and reproductive
health decisions. Additionally, with ongoing real-world
studies currently evaluating adherence rates, it provides
critical insights into its impact and effectiveness outside
controlled clinical trials.'

From a public-health perspective, this transition is
comparable to making emergency contraception widely
accessible. The progestin-only pill is particularly suitable
for non-prescription status because it lacks estrogen-
related thrombotic risk and has fewer medical
contraindications. As a result, contraception is shifting
from a physician-controlled therapy toward a self-care
preventive medication similar to vaccines or OTC
analgesics.

DIGITAL HEALTH INTEGRATION AND Al-
ENABLED MONITORING

Pharmacological efficacy of OCPs exceeds 99% with
correct use, yet real-world effectiveness is lower due to
missed doses. Therefore, the central problem in OCPs is
behavioral rather than biochemical. Between 2021 and
2024, digital health tools have transformed the
contraceptive landscape. FDA-cleared mobile apps such as
Spot On® and Planned Parenthood Direct now integrate
with smart blister packs that track pill intake and issue real-
time adherence reminders, reducing the likelihood of
missed doses.®’

Recent integration with wearable devices like Fitbit® has
enabled continuous monitoring of contraceptive side
effects such as mood changes and breakthrough bleeding
(39). Clinical trials report a 30% reduction in missed doses
when these Al-enhanced tools are used, underscoring their
potential to personalize contraceptive care.'®

Head-to-head comparisons between standard 28-day
blister packs and the Clyk™ dispenser-featuring both
visual and optional acoustic alarms that record every pill
removal-demonstrated significantly fewer missed doses
among the users of the digital dispenser.® Redesigned
blister packs for elderly populations were preferred by
85% of participants, reducing pill dropping and improving
usability. Smart (electronic) blister packaging has
demonstrated high monitoring accuracy and strong user
acceptance, though suggestions for design improvements
persist.9

In accordance with the digital health tools, it is found that
there is a significant advancement in personalized
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contraceptive care. A 2023 randomized controlled trial
published in BMC Digital Health evaluated Tuune®, a
web-based personalized contraceptive decision aid that
matches users with the most appropriate OCP based on
hormonal profiles and personal health preferences. The
study findings indicate significant improvements in
reproductive  health  knowledge,  decision-making
confidence, and self-efficacy among users.tt3
Collectively, these digital innovations reflect a broader
shift toward individualized contraceptive care. Integration
of technology is empowering both clinicians and patients
to tailor contraceptive strategies to medical, lifestyle, and
psychological factors, ultimately enhancing adherence and
outcomes. 13

ECO-FRIENDLY FORMULATIONS AND
SUSTAINABLE PACKAGING

The contraceptive industry is undergoing a notable
transformation towards sustainability. The use of plant-
based hormones such as estetrol in Nextstellis contributes
to more eco-friendly production process.*® In 2023, several
major brands introduced biodegradable blister packs,
aligning with the United Nations Sustainable Development
goals.!! By 2025, an estimated 60% of manufacturers are
expected to commit to carbon-neutral production,
reflecting a major shift toward environmental
responsibility in the pharmaceutical manufacturing.1®*®

PERSONALIZED PROGESTINS AND
PHARMACOGENETIC INNOVATIONS

From 2022 to 2025, the development of condition-specific
progestin formulations has enabled a more targeted
therapeutic approach. For instance, desogestrel and
norgestimate are now increasingly favored for managing
hyperandrogenic symptoms such as acne and hirsutism. At
the same time, drospirenone-based OCPs (e.g., Yaz,
Yasmin) are recommended for women with PCOS and
elevated cardiovascular risk profiles. Moreover, the advent
of pharmacogenetic testing-expected to gain traction in
clinical use by 2024-aims to personalize progestin
selection based on CYP enzyme metabolism, thereby
optimizing safety and enhancing efficacy for users.®

NON-ORAL HORMONAL DELIVERY: TOWARD
GREATER FLEXIBILITY

Innovative non-oral delivery systems are redefining how
contraception is administered. A new generation of vaginal
rings, also known as Ring 2.0, is currently under FDA
review. The Ring 2.0 is designed to deliver continuous
hormone release for 6 months with customizable dosing
levels. In parallel, microarray patches, in advanced clinical
trials, provide a painless, 7-day transdermal delivery
option with high efficacy and minimal user intervention.*
These approaches aim to reduce pill fatigue, enhance
compliance, and provide women with greater control over
their contraceptive regimens.?>% Expanding delivery
methods beyond oral administration: non-oral delivery
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systems, such as transdermal patches and vaginal rings,
offer significant user convenience by providing reliable
hormone delivery without the need for daily pill intake.
These methods enhance adherence and broaden
contraceptive choices.*?*

ENHANCING SAFETY PROFILES OF OCPS

Safety optimization has been the principal driver of OCPs
development over the past 5 decades. Because OCPs are
administered to healthy individuals for long durations,
acceptable risk thresholds are significantly lower than for
most therapeutic drugs. Consequently, even rare adverse
effects have guided major formulation changes.
Significant research has focused on improving the safety
of OCPs.

The most clinically relevant adverse effect of combined
OCPs is VTE. Estrogen stimulates hepatic synthesis of
coagulation factors and reduces anticoagulant protein
activity, creating a prothrombotic state. Contemporary
low-dose formulations have markedly reduced thrombotic
risk compared with early high-dose pills. The development
of new progestins aims to mitigate the cardiovascular risks
historically associated with earlier formulations, while
compromising contraceptive efficacy.>?® In addition,
modern formulations strive to minimize adverse metabolic
effects, such as insulin resistance and disturbances in lipid
profiles, thereby safeguarding the metabolic health of
users.2® Furthermore,  formulation advances have
improved compatibility with commonly used medications,
lowering the risk of interactions and ensuring the
effectiveness of both OCPs and concomitant therapies.®#
Drug interactions remain an important practical safety
issue. Hepatic enzyme inducers such as rifampicin,
carbamazepine and phenytoin accelerate steroid
metabolism and may reduce contraceptive -efficacy.
Conversely, most commonly used antibiotics do not
significantly alter hormone levels, a misconception that
historically contributed to unnecessary discontinuation.
This is particularly beneficial for women managing other
medical conditions.?” Overall, safety improvements in
modern OCPs have resulted primarily from dose
reduction, improved receptor selectivity and better patient
screening rather than from a pharmacological
breakthrough.

IMPROVING USER
ACCESSIBILITY

EXPERIENCE AND

The goal of new developments is to help women use OTC
OCPs more easily and safely, as seen in the Figure 2. Smart
blister packs integrated with mobile applications provide
timely reminders for pill intake, significantly enhancing
user compliance and reducing missed doses.?2®

Some newer OCP formulations offer more stable and
consistent hormone release, minimizing hormonal
fluctuations and associated side effects, leading to a more
comfortable user experience.8?° The exploration of OTC
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availability for certain OCPs promises greater
accessibility, removing the prescription barrier and
empowering women with more autonomous and
convenient contraceptive decision-making.*

(1)

.

%

1980 2020

Dose optimization minimizes side effects
while maintaining efficacy

Figure 2: Hormonal dose optimization in oral
contraceptives: 1980 vs. 2020.

POTENTIAL FUTURE DEVELOPMENTS

The field of contraception is rapidly advancing, with
several promising developments exploring hormonal and
non-hormonal options. Researchers are exploring non-
hormonal options like improved intrauterine devices
(IUDs), barrier methods, and natural fertility tracking
techniques to offer more choices beyond hormone-based
methods. At the same time, digital health tools such as
smartphone apps and wearable devices are being designed
to help women monitor pill usage, manage side effects, and
receive alerts about possible drug interactions-making
contraceptive use more personalized and empowering.
There is also a growing focus on sustainability among
companies, thus shifting toward eco-friendly packaging
and environmentally responsible production practices.
Additionally, new hormonal pills like Nextstellis, which
uses a plant-based estrogen called estetrol, represent a
major step forward in offering safer and more natural
contraceptive options.!

In recent years, OCPs have seen significant improvements
while focusing on enhancing safety, efficacy, and
reliability for users. A key development of low-dose pills,
which contain smaller amounts of estrogen and progestin
content, reduces common side effects like weight gain,
mood changes, and breast tenderness, while still working
well to prevent pregnancy.* These advanced low-dose
options are beneficial, especially for women who can’t
tolerate earlier high-dose pills. Additionally, phasic OCPs
have been introduced, which adjust hormone levels at
different points in the cycle to better match the body’s
natural rhythm and reduce side effects even further.®

International Journal of Reproduction, Contraception, Obstetrics and Gynecology

The adoption of extended-cycle and continuous regimens
has also gained popularity for reducing the frequency of
menstruation. By decreasing the number of menstrual
periods per year, these regimens offer greater convenience,
improved compliance, and enhanced quality of life,
especially for women who suffer from dysmenorrhea,
anemia, or menstrual migraines.* This shift empowers
women with greater flexibility and control over their
menstrual cycles.®® Advancements have also led to the
development of personalized and customizable OCPs,
allowing for hormonal therapy to be tailored to individual
physiological profiles and health needs. These options are
especially valuable for women with specific medical
conditions such as PCOS and endometriosis, as they aim
to reduce side effects while optimizing therapeutic
outcomes.® This personalization marks a transition toward
more patient-centric contraceptive solutions.3*

Furthermore, condition-specific formulations expand
therapeutic possibilities, i.e., OCPs designed to meet the
unique needs of different women. For example, Yasmin
and Yaz, the most frequently recommended pills, which
contain drospirenone, are often recommended for women
with acne-prone skin. However, the patient’s higher risk of
heart problems requires caution. Camrese is designed for
extended-cycle use and is especially helpful for women
who experience heavy menstrual bleeding, as it reduces
the number of periods each year. Pills containing
desogestrel and norgestimate are commonly used to
manage high levels of male hormones
(hyperandrogenemia), which can cause symptoms like
acne and excessive hair growth. Tibolone, although not
mainly used for contraception, is a hormone therapy option
for postmenopausal women and helps with symptoms like
bone loss and hot flashes.®

Mutually, these developments represent a paradigm shift
in contraceptive care, moving from standardized
formulations toward more individualized, accessible, and
condition-specific therapies that prioritize women’s
health, lifestyle preferences, and therapeutic goals. The
continuous commitment of researchers, healthcare
professionals, and pharmaceutical companies to improving
the safety, efficacy, accessibility, and user experience of
OCPs underscores the critical role of this contraceptive
method. Recent advancements in formulations, safety
profiles, and user-centric innovations, coupled with
promising future developments across hormonal and non-
hormonal spheres, pave the way for better, safer, and more
accessible birth control options. These collective efforts
empower individuals to confidently manage their
reproductive  health.”  Recent improvements in
contraceptive pills focus on making them work well, cause
fewer side effects, and provide a more comfortable
experience for women. Low-dose OCPs deliver reduced
hormone levels to mitigate common adverse effects like
weight gain, mood swings, and breast tenderness. There is
also a significant move towards personalization, with
customizable OCPs and hormonal regimens being
developed to tailor treatment to individual hormonal
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profiles and specific medical needs, such as managing
PCOS, endometriosis, or hormone replacement therapy
(HRT).

Furthermore, non-oral delivery methods, including
transdermal patches and vaginal rings, offer consistent
hormone delivery, bypassing the gastrointestinal tract and
eliminating the need for daily pill intake, thereby
improving convenience and adherence.®® Phasic OCPs are
designed to mimic the body’s natural menstrual hormone
cycle more closely. They contain varying levels of
estrogen and progestin in different phases of the 21-day
cycle. This change in hormone levels helps reduce side
effects such as mood swings, breakthrough bleeding, and
nausea that may occur with monophasic pills (which have
the same hormone dose every day). Phasic pills are
especially useful for women who experience hormonal
fluctuations or side effects with standard formulations.?’

Future contraceptive research is increasingly focused on
acceptability rather than only potency. Earlier generations
of contraceptive research emphasized hormonal
suppression of ovulation, whereas current priorities
include minimizing adverse effects, improving cycle
control, and enhancing patient satisfaction. As
reproductive healthcare moves toward patient-centered
models, the success of a contraceptive method will likely
be measured by continuation rates and quality-of-life
outcomes rather than solely biological efficacy

PERSONALIZED AND CUSTOMIZABLE OCPS
Targeted formulations

For women experiencing heavy menstrual bleeding,
Camrese, an extended-cycle OCP, offers a practical
solution by reducing the frequency of periods and the
volume of blood loss. Aranelle is considered suitable for
obese women and those with PCOD, providing balanced
hormonal control with improved metabolic tolerability.
Tibolone, though not primarily a contraceptive, is widely
used in HRT for postmenopausal women, offering benefits
in managing symptoms like osteoporosis and vasomotor
disturbances. Finally, OCPs containing desogestrel or
norgestimate are particularly beneficial for women with
hyperandrogenemia, as these progestins help reduce
androgen levels, addressing symptoms such as hirsutism
and acne.®

Safety improvements

Infographic Figures 3 and 4 illustrate the comparison of
high-dose and low-dose OCPs and their side effects on the
menstrual frequency difference between a traditional 28-
day oral contraceptive regimen and an extended-cycle
regimen. The extended-cycle option leads to
approximately 74% fewer periods, improving convenience
(clock icon) and quality of life (smiley icon), while
maintaining contraceptive effectiveness.

Table 1: Personalized Uses of OCPs.

Conditions Brand name(s)

Key hormonal component  Purpose

Acne-prone skin Yasmin/Yaz

Heavy menstrual

bleeding Camrese

estradiol
Desogestrel/
Norgestimate
Livial®, Tibofem®,
Boltin®

Hyperandrogenism

Postmenopausal

Tibolone
symptoms

Drospirenone

Levonorgestrel + ethinyl

Desogestrel/ Norgestimate

Reduces acne through anti-androgenic
effects

Reduces menstrual frequency and blood
volume (4 periods/year)

Manages high androgen symptoms (acne,
hirsutism)

Relieves hot flashes/night sweats, vaginal
atrophy, and prevents osteoporosis

1960s High-Dose Pill

2020s Low-Dose Pill

— 50ug EE——»

—10pg EE—»

Side Effects

Reduced Side Effects

Figure 3: Comparison of high-dose vs. low-dose OCPs and their side effect profiles.
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Figure 4: Comparison of standard vs. extended-cycle oral contraceptive regimens.
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Figure 5: Comparison of how standard and extended-cycle contraceptives affect menstrual frequency.

Above Figure 5: shows graphical comparison of standard
and extended cycle effect on menstrual frequency. The
evolution of OCPs has been marked by substantial
improvements in safety, particularly in reducing both
cardiovascular and metabolic risks, Modern formulations
now include newer-generation progestins that demonstrate
a reduced risk of thromboembolism and cardiovascular
complications compared to older synthetic versions.®
These advancements ensure that contraceptive efficacy is
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maintained while minimizing adverse impacts on the
vascular system.?> Efforts have also been made to mitigate
metabolic side effects commonly associated with
hormonal contraception with contemporary OCPs
designed to reduce the incidence of insulin resistance and
lipid profile disturbances, thus supporting better long-term
metabolic health in users.® These developments helped
women with pre-existing metabolic conditions such as
PCOS or obesity.®
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Additionally, refinements in drug interaction profiles
allow for improved compatibility with a wide range of
commonly prescribed medications, increasing the safety
and efficacy of OCPs for women managing multiple health
concerns or undergoing polypharmacy.® Collectively,
these improvements contribute to a more favorable safety
profile, enhancing the acceptability and usability of OCPs
for diverse patient populations.®®

CLINICAL AND PUBLIC-HEALTH PERSPECTIVE

The evolution of OCPs illustrates a broader transition in
medicine from disease treatment toward preventive
pharmacotherapy. Unlike most medications, OCPs are
prescribed to healthy individuals for long durations;
therefore, their acceptability depends not only on
biological safety but also on perceived risk, accessibility,
and user autonomy. The major limitation of oral
contraception in real-world settings is not pharmacologic
failure but inconsistent use. Perfect-use failure rates are
extremely low, whereas typical-use failure remains
significantly  higher, emphasizing that adherence
behaviour rather than hormonal efficacy determines
population-level effectiveness.?”7

From a clinical standpoint, modern prescribing has shifted
from a “one-pill-fits-all” approach to individualized
selections.#?> Combined oral contraceptives are now
chosen according to comorbidities, patient priorities, and
risk profile. For example, anti-androgenic formulations are
preferred in acne and hyperandrogenism, extended
regimens in endometriosis or dysmenorrhea, and
progestin-only pills in women with contraindications to
estrogen. This reflects recognition that OCPs act as
endocrine modulators rather than solely contraceptive
agents. Consequently, their therapeutic value often extends
beyond pregnancy prevention.

Public-health considerations further influence
contraceptive effectiveness. Barriers such as prescription
requirements, travel distance, cost, and sociocultural
concerns frequently limit consistent use. The introduction
of OTC progestin-only pills represents an attempt to
address structural barriers rather than pharmacologic
limitations.” 3% Increasing accessibility is likely to have a
greater impact on unintended pregnancy rates than further
minor changes in hormone composition.

Another emerging determinant of effectiveness is
behavioural technology. Digital reminder systems,
telemedicine consultations, and smart packaging target the
primary cause of contraceptive failure-missed dosing.
These tools effectively enhance pharmacologic efficacy by
improving  adherence,  suggesting  that  future
improvements in oral contraception may arise more from
healthcare  delivery  innovation than  molecular
modification.®10:3°

Thus, modern oral contraceptive therapy should be viewed
as a combination of pharmacology, behavioural medicine,
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and health-system design. The most effective
contraceptive is not merely the one with optimal hormonal
composition but the one that a patient can use consistently,
safely, and confidently.

CONCLUSION

In conclusion, the evolution of OCPs has led to significant
improvements in safety, effectiveness, and user
convenience. Driven by innovations such as low-dose and
phasic formulations, digital health tools, OTC access, and
personalized options, contraception is more accessible and
patient-friendly. These advances reflect the dedication of
healthcare professionals and pharmaceutical researchers to
supporting women's reproductive health through informed
and individualized choices. The ongoing commitment of
researchers, healthcare professionals, and pharmaceutical
companies to enhancing the safety, efficacy, and user
experience of OCPs underscores the importance of this
vital contraceptive method. The continuous pursuit of
innovation in OCPs reflects a dedication to addressing the
evolving needs and preferences of individuals seeking
effective and convenient contraception. Researchers,
doctors, and pharmaceutical companies are continuously
working to improve the safety, effectiveness, and
convenience of OCPs. Their efforts show a strong
commitment to creating better birth control options that
meet the changing needs of modern women. As a result,
the future of contraceptive pills looks promising-with
more personalized, safer, and accessible choices for
everyone.
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