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Abstract

Although endocrinologists specialize in the management of hormones, they often lack sufficient training in the appropriate use of the diverse
array of available contraceptive options. All medical providers should possess a fundamental understanding of contraceptive methods for
pregnancy prevention, but endocrinologists should have a deeper understanding of birth control possibilities due to the useful role of
hormone-containing contraception in managing endocrine and metabolic disorders. This manuscript outlines the history of contraception and
then evaluates both existing and emerging birth control options for women and men. Delving further, this review also explores the impact of
individual sex steroids—estrogens, progestins, and androgens—used in hormonal contraceptive methods. In addition to their role as
contraceptives, the influence of these exogenous hormones on the hypothalamic-pituitary-gonadal axis warrants careful consideration. These
effects extend beyond pregnancy prevention and can be instrumental in regularizing menses, sex steroid replacement, and androgen
suppression. Finally, this review provides tailored suggestions for contraceptive usage in patients with endocrine disorders, ensuring
comprehensive care and informed decision-making in clinical practice.
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Abbreviations: AUC, area under the curve; BMI, body mass index; CAH, congenital adrenal hyperplasia; CHC, combined hormonal contraceptive; COCP,
combined oral contraceptive pill; Cu, copper; DMPA, depot medroxyprogesterone acetate; E2, 17B-estradiol; E2V, estradiol valerate; E4, estetrol; EC,
emergency contraception; EE, ethinyl estradiol; FAM, fertility awareness method; FDA, Food and Drug Administration, GAHT, gender-affirming hormone
therapy; HPG, hypothalamic-pituitary-gonadal; 1UD, intrauterine device; LARC, long-acting reversible contraceptive; NFP, natural family planning; P4,
progesterone; PCOS, polycystic ovary syndrome; POP, progestin-only pill; STI, sexually transmitted infection; VTE, venous thrombotic event.

Essential Points

e While all medical providers should be familiar with stabilizing bleeding patterns and increasing sex hor-

the wide array of contraceptive methods available
for pregnancy prevention, endocrinologists should
have a more comprehensive understanding of the
various birth control options—particularly hormone-
containing contraception—due to their significant
role in the management of endocrine and metabolic
disorders.

The backbone of all hormonal contraception current-
ly available to females is a synthetic progestin, which,
when delivered systemically in supraphysiologic
doses, provides negative feedback on the
hypothalamic-pituitary-gonadal axis, and subse-
quently inhibits ovulation, suppresses the endomet-
rial lining, and prevents implantation.

Synthetic estrogens can potentiate the effects of the
progestin and offer additional benefits such as

mone binding globulin levels but carry increased
risk of thromboembolic complications (eg, deep ven-
ous thrombosis, stroke).

Progestins can act on different steroid receptors with-
in the body and yield diverse clinical outcomes that
can be leveraged to achieve the broader goals of pa-
tients with endocrine disorders, which extend beyond
pregnancy prevention and encompass aspects such as
sex steroid replacement, menstrual cycle regulation,
or androgen suppression.

There are several emerging hormonal and nonhormo-
nal contraceptive methods that have been recently ap-
proved or are in the pipeline that endocrinologists
may be able to use in the future, but for now offer ex-
citing prospects for individuals or couples seeking al-
ternative contraceptive options.
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History of Contraception

Contraception, defined as the intentional prevention of con-
ception or impregnation, encompasses a range of artificial or
natural methods, including drugs, devices, behaviors, or surgi-
cal procedures. As of 2018, approximately 1.9 billion women
in the world were of reproductive age (15-49 years old) with
73 million women of these women living in the United
States (1, 2). Females are typically fertile for 30 to 39 years,
while the male reproductive age span is dependent on sperm
count and quality, resulting in variability that extends well
into the later decades of life (3-6). Throughout early human
history, pregnancy was largely prevented through vaginal
poultices made of natural materials or sea sponges soaked in
various mixtures of naturally occurring substances that were
then tied to a string to form a tampon-like plug (7). For ex-
ample, the Ancient Egyptians used honey, acacia leaves, or
lint to block sperm, whereas the silphium plant was used to
great success by the Ancient Greeks to the point of extinction
(8). Barrier methods—namely the male condom in the form of
a linen sheath tied with a ribbon—were first used as early as
1000 BCE to prevent venereal disease. Though male condoms
made from animal intestines gained recognition as a contra-
ceptive option in the 16th century, it was not until the
1850s that condoms could be mass-produced in factories us-
ing vulcanized rubber (9). Similarly, descriptions of a primi-
tive cervical cap made from half of a lemon was described
by Casanova in the 1700s with the invention of the modern
cervical cap occurring in the mid-1800s (8, 10).

The 19th century marked the first vasectomy in 1823,
performed by British surgeon Sir Astley Paston Cooper, albeit
on a dog. Vasectomies were performed in humans for
nonsterilization reasons by the 1900s but were finally re-
garded as a contraceptive option during World War II (11).
Concurrently, female sterilization in the form of suture liga-
tion of the fallopian tubes was offered as a “permanent”
contraceptive solution during cesarean sections or immediate-
ly postpartum by the 1880s. While other female surgical ster-
ilization options have come and gone, tubal ligation stands
out as a persistently popular permanent contraceptive meth-
od, gaining widespread acceptance as an option outside of
pregnancy by the 1970s after advancements in fiberoptic
and laparoscopic technology (12, 13). Bilateral salpingec-
tomy, a form of female permanent contraception, replaced
earlier forms of tubal ligation due to its safety, cost, and poten-
tial to prevent some forms of ovarian cancer (14).

Despite the evolution of nonhormonal contraceptive meth-
ods throughout the 1800s, the shifting social and political
landscape in the Western world led activists such as
Margaret Sanger to invest in additional effective contraceptive
methods. However, it was Oscar Hertwig’s groundbreaking
work in sea urchins in 1875—proving that fertilization in-
volved the union of an ovum with sperm—that ultimately
led to a better understanding of fertility and the development
of newer contraceptive options (15, 16). The “rhythm meth-
od,” developed by Dr. Leo Latz in 1932, was designed around
a better understanding of ovulation and the fertility window
as described by Drs. Kyusaku Ogino and Hermann Knaus
in the 1920s (17, 18). Sanger had been following these
scientific developments and had long been interested in
finding a “100% effective” contraceptive method for women.
Although Sanger’s motives for promoting birth control may
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be controversial, it is undeniable that her fervor for this topic
was a major impetus in bringing an effective, hormonal birth
control option to the market (19). With the financial backing
of Katharine McCormick, Sanger was able to provide support
to researchers Gregory Pincus and Min Chueh Chang in devel-
oping an oral contraceptive pill. This pill combined a synthetic
progestin extracted from the Mexican wild yam with an estro-
gen to prevent pregnancy (20, 21). After successful clinical tri-
als led by Dr. John Rock and backed by McCormick, the first
oral contraceptive pill consisting of norethynodrel 9.85 mg/
mestranol 0.15 mg (Enovid) received Food and Drug
Administration (FDA) approval and entered the US market
in 1960 (22).

As development of the first birth control pill advanced, re-
search into contraceptive methods involving foreign objects
inserted subdermally or into the uterine cavity also pro-
gressed. The earliest intrauterine device (IUD) emerged in
the early 1900s and was made from silkworm intestine but
was later replaced by ones made from polyethylene (ie,
Lippes Loop) or stainless steel (ie, Dalkon shield) (23).
Despite original enthusiasm for these hormonally inert devi-
ces, they were eventually removed from the market in the early
1970s due to patient discomfort as well as associations of the
Dalkon shield with poor pregnancy outcomes, increased rates
of pelvic inflammatory disease, sepsis, and even death largely
attributed to the braided string of the Dalkon shield (12). The
fallout from the Dalkon shield destroyed trust in contracep-
tive devices and nearly upended the use of IUDs in the
United States, though interest in the IUD was revived in the
late 1990s to early 2000s when newer forms—utilizing a
monofilament IUD string—proved to have decreased side ef-
fects, fewer complications, and better long-term outcomes
(24, 25).

The development of these newer IUDs and subdermal con-
traceptives took place in the 1960s—long before the Lippes
Loop or the Dalkon Shield were discontinued. For example,
the first International Conference on Intrauterine
Contraception convened in 1962 and subsequent meetings
led to the FDA approval of the first Copper IUD (Cu-IUD:
TCu 200) in 1976 (26). On the heels of the Cu-IUD came
the approval of the first contraceptive implant in the United
States in 1990: subdermal levonorgestrel (Norplant). By
2002, the Norplant was removed from US markets due to un-
substantiated claims and lawsuits regarding coerced use in
low-income women, complex removal procedures, and pos-
sible ineffectiveness due to low hormone release rates. The
Norplant was quickly replaced by the etonogestrel implant
(Implanon) in 2006 (27).

Advancements in our understanding of sex steroids and their
effects on the reproductive cycle, coupled with developments
in compounding materials for IUDs and implants, allowed
for controlled drug release over longer periods. This led to
an explosion of birth control options and ushered in the mod-
ern era of contraception. For example, the levonorgestrel [IUD
originated in Finland but the initial hormone-eluting IUDs
were large, difficult to insert, and painful. With concern for po-
tential risk of depression and breast cancer, modern
levonorgestrel-containing IUDs have lower progestin doses,
which have allowed for smaller profile hormonal IUDs, better
patient acceptance, and fewer side effects (28-32).

At the same time, synthetic sex steroids were used for emer-
gency contraception (EC). Initially, the Yuzpe method con-
sisted of using any combined oral contraceptive pill in high
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Figure 1. Timeline of various nonhormonal and hormonal contraception options alongside select historic events or scientific advances. Formulations of
contraceptives (in alphabetical order): Annovera (segesterone acetate 0.15 mg/ethinyl estradiol 0.013 mg); Depo-Provera (medroxyprogesterone acetate
150 mg); Enovid (mestranol 0.15 mg/norethynodrel 9.85 mg); Implanon (etonogestrel 68 mg); Kyleena (levonorgestrel 19.5 mg); Liletta (levonorgestrel
52 mg);| Micronor (norethindrone 0.35 mg); Mirena (levonorgestrel 52 mg); Nexplanon (etonogestrel 68 mg radiopaque); Nextstellis (drospirenone 3 mg/
estetrol 14.2 mg); Norplant (levonorgestrel 216 mg); NuvaRing (etonogestrel 0.120 mg/ethinyl estradiol 0.015 mg); Opill (norgestrel 0.075 mg); Ortho
Evra (norelgestromin 0.15 mg/ethinyl estradiol 0.035 mg); Ovaprene (ferrous gluconate, ascorbic acid, glycine); ParaGard (T 380A intrauterine Copper
device); Phexxi (lactic acid 1.8%, citric acid 1%, potassium bitartrate 0.4%); Plan B (levonorgestrel 1.5 mg); Skyla (levonorgestrel 13.5 mg).

Abbreviations: CHC, combined hormonal contraceptive; COCP, combined oral contraceptive pill; Cu, copper; E4, estetrol; ENG, etonogestrel; IUD, intrauterine device; LNG, levo-

norgestrel; P, progestin; POP, progestin-only pill.

doses for EC. Because of the high rates of nausea and vomiting
with the Yuzpe method, oral levonorgestrel (Plan B) was de-
veloped specifically for EC and became available in 1999.
EC was expanded to include the ulipristal acetate pill and
the Cu-IUD (33, 34). This was quickly followed by FDA ap-
proval for the levonorgestrel IUD (Mirena) in 2001 to be
used as a typical, non-EC option (28). By 2004, combined
hormonal contraceptives in the form of the transdermal patch
or the vaginal ring, as well as a progestin-only injectable, were
in the contraceptive armamentarium available to women
(Fig. 1) (335).

Modern contraceptive techniques derive from a foundation
in an intimate understanding of reproductive biology. These
methods strategically exploit the reproductive cycle, utilizing
various sex hormone-responsive pathways to prevent the
union of sperm and ovum or prevent implantation. The
impact of hormonal contraception on the hypothalamic-
pituitary-gonadal (HPG) axis and endometrium extends their
applicability beyond pregnancy prevention, such as regulariza-
tion of menses, sex steroid replacement, and/or androgen
suppression. Such management frequently falls under the
purview of endocrinologists, who must grasp the underlying

mechanisms and appropriate use of these contraceptive meth-
ods for specific desired outcomes in the endocrine patient.
While female contraceptive options abound, male contracep-
tion historically has relied on condoms and vasectomy for
more than a century. Ongoing research into new male contra-
ceptive methods holds promise for innovative options entering
mainstream use in the future. In this review, we will delve into
the wide array of hormonal and nonhormonal female contra-
ceptive methods, as well as current and future male contracep-
tive options.

Contraceptive Options: Mechanisms of Action
and Criteria for Effectiveness

Contraceptives can be broadly organized into nonhormonal
or hormonal methods based on their mechanisms of action.
However, birth control options can be further classified by
their effectiveness in preventing pregnancy, potential for re-
versibility, or if the intended user is female or male (36, 37).
There are at least 19 types of contraceptive options available,
though several more are under development (7). Additionally,
various surgical procedures (eg, endometrial ablation, uterine
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artery embolization) may impact fertility potential but are not
regarded as contraception given the need for continued use of
effective contraception to prevent pregnancy among patients
who have undergone these procedures (38). Even more
definitive surgeries that completely impair fertility (eg, hyster-
ectomy, bilateral ovariectomy) are not considered contracep-
tive options given their increased morbidity and mortality
and thus are typically only indicated for the treatment of other
medical conditions (eg, gynecological cancer, fibroids). These
factors should be taken into consideration when making a
contraceptive selection for the endocrine patient depending
on the ultimate therapeutic goals.

The effectiveness of each contraceptive method in prevent-
ing pregnancy has been rigorously evaluated before approval
by the FDA or other global regulatory agencies. Reported ef-
fectiveness is contingent upon optimal adherence (ie, perfect
use), though it is also important to consider real life efficacy
data (ie, typical use). Other factors, such as individual fecund-
ability, partner cooperation in the method, coital frequency,
compliance rates, and discontinuation rates, should also be
taken into account (37, 39). Each patient and couple may
also weigh the importance of relative effectiveness of a par-
ticular contraceptive method differently across the reproduct-
ive lifespan based on availability, cost, and cultural norms.

Nonhormonal Contraceptives

Nonhormonal contraceptive methods interfere with the re-
productive process and hinder the union of egg and sperm
by modifying physical aspects of the individual, such as ana-
tomical structures or behaviors associated with fertility.
While these options do not manipulate the sex-steroid profile,
patients with endocrine concerns may still turn to nonhormo-
nal contraceptives to prevent pregnancy or protect against
sexually transmitted infections. As such, the various nonhor-
monal contraceptive options are briefly reviewed here.

Behavioral methods

All behavioral methods require that a couple adjusts their sex-
ual behavior in some way and can be broadly categorized
based on whether they are influenced by the menstrual cycle
(40). Success in preventing pregnancy when utilizing behav-
ioral methods additionally depends heavily on factors such
as patient education, menstrual cycle regularity, and patient/
partner commitment to avoiding intercourse during the fertile
period (39). In a meta-analysis assessing contraceptive effect-
iveness, more than 37 randomized clinical trials, systematic
reviews, and practice guidelines on contraceptive methods
found that the combined pregnancy rate for behavioral types
of contraception was 22 pregnancies/100 women per year
(37). This failure rate may be deemed acceptable by some pa-
tients depending on their goals and values; however, it is sig-
nificantly less effective than other contraceptive methods.
When classifying behavioral methods based on their depend-
ence on the menstrual cycle, abstinence and coitus interruptus
(also known as the withdrawal method) are the 2 behavioral
methods that are independent of the menstrual cycle. Couples
practicing abstinence refrain from any penile-insertive vaginal
intercourse; thus, abstinence is 100% effective as contraception
when used perfectly, but this rarely occurs in real life. In con-
trast, the withdrawal method entails removal of the penis
from the vagina before ejaculation to prevent sperm from enter-
ing the female upper reproductive tract (40). However, it is
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known that the preejaculate secretions from the penis can con-
tain viable sperm. This preejaculatory sperm in combination
with potential male difficulty in ensuring appropriate withdraw-
al of the penis in a timely fashion before ejaculation result in
lower rates of effectiveness among real world patients (41).

The fertility awareness method (FAM) and natural family
planning (NFP) are the 2 behavioral contraceptive options
that rely on the menstrual cycle and therefore their use should
be limited to women with normal menses (cycle length be-
tween 21 and 35 days; average, 28 days). Furthermore, a pro-
ficient grasp of reproductive physiology is essential for couples
engaging in FAM or NFP, as it helps mitigate the risk of fertil-
ization on the female partner’s fertile days. Studies indicate a
higher incidence of unplanned pregnancies among individuals
or couples lacking this crucial understanding, though 1 longi-
tudinal study demonstrated high effectiveness (0.43% unin-
tended pregnancies per year) when couples used these
methods correctly (42-44). FAM relies on females to monitor
physiologic changes (eg, cervical mucus changes, basal body
temperature) suggestive of entering the fertile window (ie, im-
pending ovulation or post-LH surge, respectively) during the
menstrual cycle, whereas couples practicing NFP use a men-
strual calendar to distinguish between fertile from nonfertile
days (45, 46). In the modern era, several mobile applications
and wearable devices exist to help couples track fertility, yet
few are accurate or FDA-approved for this purpose (47-49).
FAM and NFP are commonly used together, and may be
used in conjunction with abstinence, withdrawal, or barrier
methods during sexual intercourse on fertile days.

Barrier or mechanical methods

Barrier contraceptives are designed to impede sperm from enter-
ing the female upper reproductive tract. Among these, synthetic
latex condoms remain the most widely used barrier method glo-
bally and represent 1 of 2 primary contraceptive options avail-
able for males (7). Other types of nonlatex condoms available
include those made from polyisoprene, polyurethane, and lamb-
skin. Condoms also serve as first-line methods for prevention of
sexually transmitted infections (STIs) and both latex and nonla-
tex condoms provide reliable protection, except for lambskin
condoms that contain pores large enough to allow for sexually
transmitted infection transmission though still small enough to
prevent sperm transport. For females, 3 barrier methods are
available: the female latex or nitrile condom, diaphragms, and
cervical caps (50). Contemporary diaphragms and cervical
caps are constructed using silicone and must be used with sper-
micides to achieve contraceptive efficacy. While the overall effi-
cacy of silicone-based female barrier methods is comparable to
their rubber predecessors, the side effect profile may be more fa-
vorable for silicone compared to latex (50). The role of spermi-
cides is to either kill sperm or impair sperm motility. They are
available in various forms such as foam, jelly, cream, or sponge,
with compositions including detergents (typically nonoxynol-9)
that disrupt the sperm cell membrane, or acid-buffering lactate-
and cellulose-based gels (37, 50). A newer vaginal pH regulating
gel containing lactic acid, citric acid, and potassium bitartrate
(Phexxi) has recently come on the market and works to inacti-
vate sperm by maintaining an acidic vaginal environment even
in the presence of alkalinic sperm (51). Despite their availability
and theoretical efficacy, barrier methods have been associated
with a relatively high pregnancy rate of 11 pregnancies/100
women per year, emphasizing the importance of proper usage
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Non-Hormonal Contraceptive Methods and Failure Rates
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Figure 2. Failure rates and relative costs of nonhormonal contraceptive methods. A list of nonhormonal contraceptive methods with failure rates (defined
as % of women who will become pregnant within the first year of use) of perfect vs typical use, as well as their relative costs. From Teal S. and Edelman
A. JAMA, 2021, 326(24) (37), Genazzani AR et al Gynecol Endocrinol, 2023; 39(1) (39), Guttmacher Institute, 2020 (52), & Buhling KJ et al Contraception,
2014; 89(3) (53). Created in BioRender. Zaman, A. (2024) BioRender.com/j21x419.
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and consistent compliance (37). Figure 2 shows the effectiveness
of different nonhormonal contraceptive options by perfect use
and typical use (37, 39, 52, 53).

Surgical or procedural methods

The other main form of contraception available to men is vasec-
tomy. This permanent method of contraception entails ligating
the vas deferens to prevent sperm from entering semen and takes
approximately 3 months to take full effect. Reported vasectomy
failure rates—defined as the presence of motile sperm in the
ejaculate 6 months postoperatively—range from 0.3% to
0.9%, with an exceptionally low late failure rate of 0.04% to
0.08% (54). Though reanastomosis of the vas deferens with
microsurgery can sometimes be done to reverse a vasectomy,
restoration of fertility may not reach 100% as men can develop
antisperm antibodies that render them infertile even if the vas
deferens is reapproximated (11, 55).

In females, permanent contraceptive options originally in-
cluded tubal ligation (interrupting continuity of the fallopian
tubes via cutting, tying, clipping, or cauterizing both tubes)
and Essure (a hysteroscopic tubal occlusion method), though
the latter procedure is no longer available (56, 57). Bilateral
salpingectomy (removal of the fallopian tubes) is a form of tu-
bal ligation and the main female permanent contraceptive
used today, though tubal ligation methods remain efficacious
and often performed in the United States immediately post-
partum. Neither bilateral salpingectomy nor other forms of
tubal ligation are superior in overall clinical outcomes to
date but are under active investigation (58). All female per-
manent contraceptive options prevent an ovulated egg from
reaching the uterine lining for gestation, with salpingectomy
additionally providing an ovarian cancer prevention benefit
due to the removal of the fimbriated end of the fallopian tubes
(59, 60). The overall pregnancy rate with permanent steriliza-
tion is <1 per 100 women per year, though there is a slightly
higher risk for ectopic pregnancy within the first 5 years after
surgery if contraceptive failure occurs due to the tubal damage
(52, 61). Although these methods are considered irreversible,
some studies have shown restoration of pregnancy potential
after female permanent contraception reversal (62). As tubal
reanastomosis is an expensive procedure with suboptimal
rates of fertility restoration, most centers now rely instead
on in vitro fertilization procedures rather than microsurgery
due to cost and effectiveness (62).

Finally, hysterectomy with or without oophorectomy will
lead to absolute loss of pregnancy potential. Endometrial ab-
lation or uterine artery embolization for fibroid management
are other procedures that may decrease reproductive poten-
tial, though do not eliminate the risk of pregnancy completely
(63, 64). Counseling regarding the continued use of effective
contraception after either procedure is imperative given the
high risk of subsequent pregnancies, including many with
poor outcomes (65, 66). Regardless, hysterectomy, ablation,
and embolization are not considered contraception and are al-
ways performed for other medical reasons.

Devices

The ParaGard Cu-IUD is the sole nonhormonal long-acting
reversible contraceptive (LARC) device in the U.S., though
several types exist internationally (ie, T-shaped vs U-shaped
devices that vary in copper dosing) (53). The Cu-IUD is ex-
tremely effective in preventing pregnancy with observed rates
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of 1 pregnancy/100 women per year (37, 67). As an external
object placed into the reproductive tract, all ITUDs cause a
foreign-body reaction consisting of increases in neutrophils,
mononuclear cells, and plasma cells (67). The copper ions
that are released from the Cu-IUD device amplifies this inflam-
matory response, rendering the uterine tract inhospitable to
sperm. The high amount of copper released into cervical mu-
cus is toxic to spermatozoa and decreases both sperm motility
and viability. In addition, copper decreases the proliferation
and enzymatic function of endometrial cells (67). Ultimately,
the copper IUD reduces chances of both fertilization and im-
plantation. Irregular bleeding and cramping are the common
concerns associated with the Cu-IUD, leading to its predomin-
ant use in parous women historically. However, acceptability
of the Cu-IUD in nulliparous women and adolescents has
expanded its applicability, making it a viable option for all
reproductive-aged women with contraindications to hormonal
contraception (68, 69).

Hormonal Contraceptives

While nonhormonal contraceptives prevent pregnancy by
posing anatomical barriers or relying on behavioral changes,
hormonal contraceptives work by manipulating the endogen-
ous sex-steroid profile of an individual or through local effects
within the female reproductive tract. In combined hormonal
contraception (CHC), this is achieved through the administra-
tion of exogenous reproductive hormones in supraphysiologic
doses that then alter signaling within the HPG axis and block
ovulation (70, 71). In addition, the primary objective of hor-
monal contraception is to impede the normal maturation of
gametes, interfere with sperm activity or motility, or thwart
implantation of a zygote through either local or systemic ac-
tions of a progestin with or without estrogen in females.
However, newer research is exploring the potential of incorp-
orating androgens, either alone or in combination with estro-
gens and/or progestins, for use in males. The role of these
hormones in preventing pregnancy are described in greater de-
tail below.

Role of progestins

The backbone of all hormonal contraceptive methods for fe-
males is a progestin, which is a synthetic form of naturally oc-
curring progesterone (P4). P4 is a 21-carbon steroid hormone
that is predominantly made by the corpus luteum after ovula-
tion, or the placenta in pregnancy. However, P4 cannot be
used in hormonal birth control due to poor oral bioavailabil-
ity and short half-life (72, 73). Synthetic progestins—available
in oral, vaginal, subdermal, intramuscular, or subcutaneous
formulations—are superior in their metabolism, absorption,
distribution, and tissue storage in comparison to P4 and
vary in their pharmacologic properties based on the route of
administration (74).

Progestins are often classified by their generation (ie, first
through fourth) based on their sequence of introduction onto
the market, although this method of classification does not cor-
respond to their mechanism of action or side effect profile (73-
77). Earlier progestins were derivatives of either P4 or
19-nortestosterone, though the newer drospirenone progestin
is derived from spironolactone—a mineralocorticoid receptor
antagonist (72). All progestins, analogous to P4, achieve their
primary effect through action at the endogenous progesterone
receptor. However, the diversity of clinical functions exhibited
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Table 1. Progestins used in contraception and their degree of cross-reactivity on other hormone receptors

Progestin® (abbreviation) Derived from Generation Androgen Estrogen Mineralocorticoid Glucocorticoid
receptor” receptor’ receptord receptor®
Strong androgenicity
Levonorgestrel (LNG) 19-Nortestosterone (Gonane) 2nd + - B B
Norgestrel (NG) 19-Nortestosterone (Gonane) 2nd + — B B
Medroxyprogesterone acetate (MPA) ~ Acetylated Pregnancy 1st + - B
Moderate androgenicity
Norethisterone/ Norethindrone (NET)  19-Nortestosterone (Estrane) 1st + + B B
Norethindrone acetate (NETA) 19-Nortestosterone (Estrane) 1st + + B B
Mild Androgenicity
Gestodone (GST) 19-Nortestosterone (Gonane) 3rd + - - +
Etonogestrel (ENG) 19-Nortestosterone (Gonane) 3rd + - B +
Desogestrel (DSG) 19-Nortestosterone (Gonane) 3rd + - B B
Neutral androgenicity
Progesterone (P4) N/A N/A - - * +
Segesterone Acetate (SGA) Progesterone N/A B B B B
Moderate antiandrogenicity
Norgestimate (NGM) 19-Nortestosterone (Gonane) 3rd + - B B
Norelgestromin (NLGM) 19-Nortestosterone (Gonane) 3rd + - B B
Dienogest (DNG) 19-Nortestosterone (Estrane) 4th — - B B
Strong antiandrogenicity
Drospirenone (DRSP) Spironolactone 4th - - - B
Cyproterone Acetate (CPA) Acetylated Pregnane 1st - - B

Commonly used progestins in hormonal contraception compared to natural progesterone listed in order of decreasing androgenicity. Also demonstrated are their
cross-reactivities at the androgen, estrogen, mineralocorticoid, and glucocorticoid receptors and their expected agonistic antagonistic clinical effects at the different
hormone receptors. Progestin generation is provided to highlight that generation does not indicate similar action or side effect profiles.

+ Positive effect (agonist).

+ Weak effect.

B No effect.

— Negative effect (antagonist).

From Schindler AE. Progestogens in Obstetrics and Gynecology; 2021 (73), Liu S et al Curr Opin Obstet Gynecol, 2022; 34(6) (74), Kuhl H. Climacteric, 2005; 8(Suppl 1) (75),

& Pletzer B et al Front Neuroendocrinol, 2023; 69 (76).

“P4 and all synthetic progestins have a positive effect at the progesterone receptor, which limits endometrial proliferation and thickens cervical mucus

?Androgen receptor effect: acne, hirsutism, worsens high-density lipoprotein.
‘Estrogen receptor effect: hypercoagulability, expansion of endometrial tissue.

“Mineralocorticoid receptor effect: salt and water retention, elevation of blood pressure.
“Glucocorticoid receptor effect: immunosuppression, weight gain, decrease bone mineral density, decrease glucose tolerance.

by progestins originates from their individual ability (as well as
that of their metabolites) to bind to different steroid receptors
throughout the body, thereby contributing to their distinct
side effect profiles (Table 1). In addition to cross-reactivity at
different steroid receptors, progestin action and side effects
vary by formulation and route, as these lead to different circu-
lating progestin levels. For example, medroxyprogesterone
acetate in a depo suspension reaches a concentration of
approximately 7 ng/mL, whereas oral medroxyprogesterone
acetate concentration is 1 ng/mL. In comparison, progestin
concentrations in CHCs reach between 1 and 2 ng/mL, and
levonorgestrel concentration from IUDs is around 0.1 ng/mL
(78). Different steroids have been chosen for their use in hormo-
nal contraception based on potency, half-life, metabolism, and
side effect profile.

Despite progesterone receptors existing in various non-
reproductive tissues (ie, central nervous system and gut), pro-
gestins in contraceptives exert their effect through the HPG
axis or at the level of the cervix. Within the hypothalamus,
the main role of progestin is suppression of gonadotropin re-
leasing hormone (GnRH) followed by luteinizing hormone
(LH), preventing the mid-cycle LH surge and ovulation

(Fig. 3) (70, 79-85). This progestin effect on gonadotropins
occurs when progestins are available in supraphysiologic
doses—such as in oral, transvaginal, transdermal, or subder-
mal formulations—and work systemically (81). Intrauterine
progestins have a lower systemic effect and act through pro-
longed local effects within the female reproductive tract to
prevent fertilization (86). Specifically, progestins cause thick-
ening of cervical mucus and block sperm penetration into the
uterus (87). Moreover, they decrease fallopian tube cilia mo-
tility, number, and action, resulting in slowed transport of
an ovum and diminishing sperm migration once within the fe-
male reproductive tract (87). Endometrial thickness may also
progressively decrease depending on progestin treatment dur-
ation, reducing the chances of implantation should conception
occur, and potentially leading to the cessation of menses over
time (88-90). Lack of menses is reversible and should not be of
concern to patients and providers. It is also important to re-
assure women that hormonal contraception will not reduce
egg count. Providers should have a discussion about future
fertility plans and could potentially offer measurement of
anti-Miillerian hormone levels before hormonal contracep-
tion initiation to glean a sense of active ovarian reserve follicle
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Relative Levels of Hypothalamic-Pituitary-Ovarian Axis Hormones in Females Before and After Combined Hormonal Contraception Use
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Figure 3. Relative levels of hypothalamic-pituitary-ovarian axis hormones in females before and after hormonal contraception use.

Hypothalamic-pituitary-ovarian (HPO) axis in females over a typical, 28-day menstrual cycle under (A) normal conditions and (B) once combined hormonal
contraception (CHC) is started. The first day of bleeding is considered day 1, and in a normal menstrual cycle (A), is signified by low levels of endogenous
estradiol (E2), endogenous progesterone (P4), and pituitary gonadotropins (FSH and LH). As the cycle progresses, GnRH causes the release of FSH,
which in turns leads to ovarian follicular development, E2 secretion, and endometrial thickening. As E2 continues to rise and the follicle develops, positive
feedback on the hypothalamus speeds up GnRH pulsatility and ultimately leads to the LH surge and ovulation. The corpus luteum then secretes high
amounts of P4 to prepare for potential pregnancy. However, if this does not occur, the endometrial lining is shed, signifying the start of the next menstrual
cycle. If a CHC is started (B), supraphysiologic levels of ethinyl estradiol (EE) and a progestin suppress endogenous E2 and P4 through negative feedback
of GnRH, FSH, and LH. This prevents follicular maturation and ovulation. Progestins also cause thickening of cervical mucus to inhibit sperm penetration
into the uterus. Follicles are arrested in earlier phases (though their phase and size depends on the dose of EE in the CHC). Due to endogenous
suppression of the HPO axis from the CHCs, the endometrial lining remains thin. If the inactive CHC is taken at the end of the pack as directed by many
manufacturers, there is a slight thickening of the endometrium toward the end of the CHC-controlled cycle, as depicted by the minimal rise of the
endometrium at the end of panel B. This is then shed, signaling the start of the next menstrual cycle. From Marques P et al Endotext, 2022 (79), Montoya
ER and Bos PA. Trends Cogn Sci, 2017; 21(2) (80), Lovett JL et al Evol Med Public Health, 2017;2017(1) (81), Fleischman DS et al Psychol Sci, 2010; 21(5)
(82), Baerwald and Pierson RA. J Obstet Gynaecol Can, 2004; 26(1) (83), ESHRE Capri Workshop Group. Hum Rep, 2001; 16(7) (84), & Crowley WF et al

Recent Prog Horm Res, 1985; 41 (85). Created in BioRender. Zaman, A. (2025) https:/BioRender.com/k59b743.

(not fertility potential) (91). Regardless of formulation, route,
or duration of progestins used in hormonal contraception, re-
turn of fertility occurs at similar rates after discontinuation of
the various hormonal contraceptive methods (92). One caveat
is with depot medroxyprogesterone acetate (DMPA), as re-
turn of fertility may be delayed for up to 18 months after dis-
continuation, even after receiving only 1 dose (93, 94).

Building on the mechanisms of progestins in female contra-
ception, their application extends to male alternatives. Similar
to progestin effects in females, progestins in male contracep-
tion work as a major adjunct to testosterone to suppress gona-
dotropins and ultimately spermatogenesis (95). However, the
lowest effective progestin dose has yet to be determined, and
only 2 male contraceptive methods composed of steroids
with progestational activity have made it into clinical trials
(7). This is described in more detail in the following.

Role of estrogens

The addition of estrogen in contraceptive methods offers sev-
eral key advantages, including stabilization of the endomet-
rium, minimization of breakthrough vaginal bleeding, and

reduction of follicle development by suppressing FSH in the
pituitary (96). Additionally, estrogens play a crucial role in
upregulating hepatic estrogen-sensitive proteins, such as sex-
hormone binding globulin (SHBG), ultimately decreasing
the levels of biologically active androgens in circulation
(97). It is important to note that estrogens should always be
used in conjunction with a progestin due to an increased
risk for endometrial hyperplasia and cancer with unopposed
estrogen therapy in females with an intact uterus (98).
Estrogens are utilized alone in females without a uterus for
hormone replacement therapy in menopause and not for
contraception.

Unlike the wide variety of progestins that are available for use
in hormonal contraceptives, there have only been 3 different es-
trogens introduced into the US market in oral contraceptive pills
since 1961. 17B-Estradiol (E2) is the physiologically produced
estrogen by the human ovarian granulosa cells but is not the ma-
jor form used in current birth control methods. The first estro-
gen used in the original oral contraceptive pill to hit the US
market (Enovid) was mestranol. Initially thought to be a
contaminant when developing the progestin in Enovid, elimin-
ation of mestranol led to unacceptable bleeding patterns and
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was therefore added back into Enovid’s formulation (99).
Mestranol is metabolized into the more potent, active ethinyl es-
tradiol (EE). EE therefore quickly became the predominant syn-
thetic estrogen used in hormonal contraception due to its
stability (100). In comparison, E2—though the most post potent
of the naturally occurring estrogens—has poor absorption and
half-life when included in oral formulations (101).
Additionally, EE is equivalent to a 4-fold dose of E2 in part be-
cause it is less rapidly metabolized (102). The issue is further
confounded by the fact that EE has markedly higher potency
compared to E2, allowing for lower doses of EE to achieve
equivalent results, with the actual estrogenic activity of a smaller
EE dose being greater than that of E2.

Despite multiple efforts to introduce an E2-containing
contraceptive method, only 1 such birth control option exists
globally (nomegestrol acetate 2.5 mg/17f estradiol 2.5 mg
[Zoely]), currently unavailable in the United States (103). E2
has also been esterized to create the pro-drug estradiol valer-
ate (E2V), which is used in combination with the progestin di-
enogest with similar contraceptive efficacy and side effect
profiles to common EE-containing contraceptive pills (97,
101, 104). The newest estrogen to become commercially avail-
able is estetrol (E4), which is a naturally occurring estrogen
produced by the fetal liver (105). Unlike EE and E2, E4 acts
more akin to a selective estrogen receptor modulator because
it has differential estrogen receptor-binding properties in dif-
ferent human tissues. E4 is only available in a single combined
oral contraceptive pill formulation in the United States, which
we discuss in more detail in the novel contraceptive method
section of this review.

As with progestins, the relative potency of various estrogens
varies by tissue specific effects, route of administration, and
half-life. The differences in these parameters between E2,
EE, E2V, and E4 are covered in extensive detail in a recent re-
view article by Stanczyk et al (106), but in brief, E2 has a 13-
to 20-hour half-life with low bioavailability and significant
metabolism. Though E2V has similar characteristics to E2,
it has more stable pharmacokinetics. EE has the highest po-
tency and hepatic effects, with a half-life of 5 to 30 hours,
and E4—the weakest estrogen—has a longer half-life (~28
hours) and better bioavailability (106). In general, oral deliv-
ery of estrogens has a stronger impact on the liver despite low-
er overall blood levels (ie, area under the curve [AUC])
compared to transdermal forms, which provide a steadier re-
lease and higher total exposure over time (107).

Role of testosterone

While not utilized directly within hormonal contraceptive
options, androgens served as one of the precursors from
which the earliest progestins were derived. Testosterone is
a steroid hormone that exerts its effects in the body through
androgen receptors. While not the only androgenic steroid
present in humans, testosterone is made primarily by the
ovaries in small amounts in females and by testicular
Leydig cells in males. As the primary reproductive hormone
in males, high-dose testosterone was first shown to lead to
oligospermia (<15 million sperm/mL ejaculate) in the
1930s, but garnered interest as a potential male contracep-
tive option in 1972 (108, 109). When given exogenously to
a male patient with a normal HPG axis, testosterone sup-
presses GnRH and the pituitary gonadotropins, which then
decreases intratesticular testosterone levels, interferes with

spermatogenesis, and results in oligospermia (Fig. 4) (7, 85,
110-114). Studies to date evaluating administration of ex-
ogenous testosterone options for male contraception have
demonstrated good acceptability and resumption of sperm-
atogenesis after treatment cessation through return of nor-
mal LH and follicle stimulating hormone (FSH) secretion
and intratesticular testosterone concentrations (111).
However, acceptability and efficacy trials have resulted in
unsatisfactory rates of nonsuppressed spermatogenesis or
lack of compliance, preventing FDA approval and availabil-
ity thus far. Details of such trials have been summarized in
recent reviews (111, 115).

Combined Hormonal Contraceptive Methods

CHC methods—which include the combined oral monopha-
sic or multiphasic contraceptive pill (COCP) with convention-
al or extended delivery options, the transdermal patch, or the
vaginal ring—are the most prevalently used hormonal contra-
ceptive methods among premenopausal women globally (116-
118). Most CHC methods contain a static dose of both an es-
trogen and progestin, while multiphasic COCPs have a step-
up in the doses of progestin to theoretically mimic the men-
strual cycle. There are no differences in their efficacy to pre-
vent fertility or side effect profiles; however, multiphasic
COCPs may result in more intermenstrual bleeding if not tak-
en at the same time each day (119-121). Any COCP can be
used continuously to reduce the number of menstrual cycles
per year with only some formulations receiving specific FDA
approval for this purpose (Table 2).

Earlier CHCs included 7 days of placebo at the end of a
monthly pack but newer CHCs have reduced placebo win-
dows of 2 or 4 days. Effectiveness of hypothalamic-
pituitary-ovarian suppression, escape ovulation, and endo-
metrial proliferation leading to breakthrough bleeding
causing dissatisfaction and/or nonadherence are all consider-
ations in the design. Given that recovery of ovarian function
can occur within day 3 to § of the placebo window (123), it
is increasingly recommended to limit the placebo window to
no more than 4 days with pill formations as this improves ef-
ficacy without significantly affecting bleeding profiles com-
pared to a 7-day placebo period (124). From an efficacy
standpoint, continuous use of CHCs is associated with the
highest contraceptive effectiveness and also confers high pa-
tient satisfaction in controlling cycles (125). While long-term
use of CHCs has been shown to confer a protective association
for ovarian and endometrial cancers, data on the difference in
lifetime risk of breast cancer is unknown between traditional
7 days of placebo or continuous CHC use (126, 127).
Adolescent women using CHCs had less bone accrual com-
pared to control (128, 129); however, low-dose estrogen
and progestin provides no contraception and irregular bleed-
ing may ensue.

Beyond considering the efficacy of a CHC method, the ex-
tensive array of commercially available products often com-
plicates the provider’s decision-making process in selecting a
hormonal contraceptive option for patients. For instance, in
addition to the multitude of available COCPs, combinations
of EE with various progestins are also offered in weekly com-
bination patches and monthly or yearly vaginal rings. In a
Cochrane review of 18 trials assessing the transdermal patch
and vaginal ring, the norelgestromin contained in one of the
monthly patches was associated with more breast discomfort,
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Relative Levels of Hypothalamic-Pituitary-Testicular Axis Hormones in Males Before and After Hormonal Contraception Use
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Figure 4. Relative levels of hypothalamic-pituitary-testicular axis hormones in males before and after hormonal contraception use.
Hypothalamic-pituitary-testosterone (HPT) axis in adult males with normal fertility potential over a 24-hour period during (A) normal conditions and (B)
once hormonal contraception is started. After puberty, GnRH is consistent across the day and supports gonadotropin—LH and FSH—secretion. While
FSH is secreted in stable amounts throughout the day, LH pulsatility increases during sleep, which leads to the rise in testosterone. LH amplitude
decreases during the awake hours, which accounts for the diurnal pattern of testosterone being elevated in the mornings and falling throughout the day.
Testosterone is secreted by the Leydig cells of the testes and is converted into estradiol, which has a negative feedback action on GnRH, FSH, and LH.
Testosterone is also converted in dihydrotestosterone (DHT). Sertoli cells in the testicles support spermatogenesis. Exogenous androgens have been
tested in males as a potential contraceptive option and works by suppressing endogenous testosterone levels and suppressing spermatogenesis as
depicted in Panel B. When a progestin is added to the androgen, the suppressive effects of testosterone on the HPT axis is potentiated by the additional
exogenous hormone. From Crowley WF et al Recent Prog Horm Res, 1985; 41 (85), Brambilla DJ et al J Clin Endocrinol Metab, 2009; 94(3) (110),
Thirumalai A and Page ST. Annu Rev Med, 2020; 71 (111), Seminara SB et al Endocr Rev, 1998; 19(5) (112), Marshall JC and Kelch RP. N Engl J Med, 1986;

315(23) (113), & Wildt L et al Endocrinol, 1981; 109(2) (114). Created in BioRender. Zaman, A. (2025) https:/BioRender.com/e48m081.

painful periods, nausea, and vomiting (130). The etonogestrel
progestin found in the vaginal ring was associated with more
vaginal irritation and discharge, but less nausea, acne, depres-
sion, or mood issues. Additionally, the vaginal ring may result
in a higher overall exposure to estrogen than the transdermal
patch, though both the vaginal ring and patch avoid the EE
peaks found with COCPs (107, 131). Yet, there remain few
prospective, controlled studies comparing these products.
With the introduction of contraception containing lower
doses of EE or newer progestins, the medical field’s under-
standing of contraindications to CHC methods has evolved
(132, 133). Though CHC methods were not initially pre-
scribed to women with a higher body mass index (BMI), over-
weight or obesity do not appear to have an increased risk of
contraceptive failure (134). The one exception is with the
levonorgestrel/ethinyl estradiol patch (Twirla), which carries
a black box label for patients with a BMI >30 kg/m?* due to
decreased efficacy (135, 136). There also exists a concern
for increased hypercoagulability or cardiovascular risks with
CHC use in those with obesity (137). An exhaustive list of
contraindications to CHCs is available within the Centers
for Disease Control and Prevention’s (CDC) 2016 US
Medical Eligibility Criteria for Contraceptive Use (133).
Commonly known contraindications include age older than
35 years, smoking, uncontrolled hypertension, a history of
breast cancer or cardiovascular disease, migraines with aura,
and prolonged immobilization (138). Liver or gallbladder

disease present weaker contraindications. Additionally, wom-
en with a clotting disorder, recent venous thrombotic events
(VTE), or pulmonary embolism should avoid all estrogen-
containing hormonal contraception. However, for patients
on long-term therapeutic doses of anticoagulation, the consid-
eration of a low-dose CHC may be an option (139). The CDC
strongly recommends against screening for thrombophilias
prior to the initiation of CHCs unless in the absence of a pre-
ceding VTE event (133). CHC methods remain contraindi-
cated in those on anticoagulation for VTE prophylaxis only.

This cautionary approach is due to the recognized risk of VTE
associated with estrogen-containing contraception. Over time,
efforts to mitigate this risk—among others associated with pro-
longed high estrogen exposure—have involved progressively re-
ducing the dose of EE (the most commonly used estrogen in
CHC methods) from 50 to 100 ug in earlier formulations to
10 to 35 pg in contemporary CHC methods. More recently,
COCPs containing E2 or E4 as the estrogenic component
have become available, which claim to be less thrombogenic
than EE based on pharmacological properties and hemostatic
markers, but more real-world data are needed to substantiate
these claims (38, 39, 77). VTE rates have remained relatively
stable among CHC users since the standard EE dose was de-
creased to 10 to 35 pg, but a small absolute increase in VTE
rates have been noted with more recent CHC formulations,
such as those containing drospirenone. This small increase in
VTE risk is likely due to the use of progestins with lower
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Table 2. Combined hormonal contraceptive methods and failure rates

Type Specific types Perfect  Typical
use (%) use (%)
Progestin  Estrogen Dosing progestin/  Brand name(s)
estrogen
Oral LNG EE 0.1 mg/20 pg Aubra, Aviane, Delyla, Falmina, Falessa, Larissia, Lessina, Lutera, 0.3 7
Orsythia, Vienva
0.15 mg/30 pg Altavera, Amethia“, Ashlyna®, Camrese®, Chateal, Daysee”, Jaimiess®,
Kurvelo, Levora, Lillow, Marlissa, Nordette, Portia, Seasonique”
0.09 mg/20 pg For Continuous Use: Generic Only.
NG EE 0.3 mg/30 pg Cryselle, Elinest, Lo-Ogestrel, Lo-Ovral
0.5 mg/50 pg Ogestrel
NET EE 0.4 mg/35 pg Balziva-28, Briellyn, Gildagia, Philith, Rhuzdah, Vyfemla, Zenchent
0.5 mg/35 pg Cyclafem, Cyonanz, Modicon, Necon, Nortrel, Wera
1 mg/35 pg Alyacen, Brevicon, Cyclafem, Dasetta, Necon 1/35, Norinyl, Nortrel 1/
35, Nylia, Ortho Novum, Pirmella
1 mg/50 pg Brevicon
NETA EE 1 mg/20 pg Larin 1/20, Loestrin 1/20, Microgestin 1/20, Junel 1/20
1.5 mg/30 pg Hailey, Larin, Loestrin, Microgestin, Junel
GST? EE 0.075 mg/30 pg Femodene, Minulet
DSG EE 0.15 mg/30 pg Apri, Cyred, Desogen, Emoquette, Enskyce, Isibloom, Juleber,
Ortho-Cept, Reclipsen, Solia
NGM EE 0.25 mg/35 pg Estarylla, Femynor, Mili, Mononessa, Previfem, Sprintec
DNG EE 2 mg/30 pg Elogen’, Freedase’, Sibilla”
E2v Quadriphasic Qlaira’, Natazia
1-3 mg/2-3 mg
DRSP EE 3 mg/20 pg Beyaz, Gianvi, Loryna, Vestura, Yaz
3 mg/30 pg Ocella, Safyral, Syeda, Tydemy, Yaela, Yasmin, Zarah,
CPA’ EE 2 mg/35 pg Diane-35°
E2V 1 mg/2 mg Climen, Femilar
Transdermal LNG EE 0.12 mg/30 pg Twirla 0.3 7
NLGM EE 0.15 mg/35 pg Xulane
Vaginal ENG EE 0.12 mg/15 pg NuvaRing, EluRyng 0.3 7
SGA EE 0.15 mg/13 pg Annovera

A list of combined hormonal contraceptive methods with failure rates (defined as % of women who will become pregnant within the first year of use) of perfect vs typical
use in order of decreasing androgenicity. There is an overwhelming number of options when selecting a CHC but the failure rate of perfect vs typical use does not differ
based on progestin or estrogen type, dosing, or route. Of greater importance to the endocrinologist prescribing a CHC are the goals of the patient with endocrine disorders
as well as the potential side effect profile of the medication. Formulations where either the progestin or the synthetic estrogen dose changes throughout the blister pack are
not depicted as contraceptive efficacy and side effect profiles do not differ between monophasic vs bi- or triphasic pills.

Abbreviations: CHC, combined hormonal contraception; CPA, cyproterone acetate; DNG, dienogest; DRSP, drospirenone; DSG, desogestrel; E2V, estradiol valerate;

EE, ethinyl estradiol; ENG, etonogestrel; GST, gestodene; LNG, levonorgestrel; NET, norethindrone; NETA, norethisterone acetate; NG, norgestrel; NGM,

norgestimate; NLGM, norelgestromin; SGA, segesterone acetate.

From Teal S. and Edelman A. JAMA, 2021; 326(24) (37), Genazzani AR et al Gynecol Endocrinol, 2023; 39(1) (39), Guttmacher Institute, 2020 (52), & Barton BE et al

Biol Reprod, 2024; 110(1) (122).

“FDA approved to be used for days 1-84 as opposed to a days 1-21 schedule to induce a monthly menses.

Not available in the United States.

‘No longer available in the United Kingdom or North America. CPA has also been significantly limited in many European countries. However, an oral contraceptive pill
containing CPA with EE is available under several more names throughout the world.

androgenicity or those that are actually antiandrogenic (140).
There are no definitive data to explain which pharmacokinetic
factors (ie, AUC vs peak levels) lead to increased VTE risk,
but the limited evidence available supports peak estrogen expos-
ure over AUC as being more significant (141). Progestins with
moderate-to-high androgenicity can counteract some of the
hematological changes that occur with EE exposure, thus result-
ing in slightly lower VTE risk with CHC formulations contain-
ing levonorgestrel and norethindrone (140). The 1 exception to
this theory was with norgestimate (a moderately antiandrogenic
progestin), likely due to its partial conversion to levonorgestrel
(a moderately androgenic progestin) (140). Norethisterone and
norethindrone are also metabolized in part to estrogenic com-
pounds and thereby exert an effect on estrogen receptors
(Table 1) (142), although the clinical implications for risks
such as VTE have been mixed. For example, Cockrum et al
found that the norethindrone progestin-only pill was protective
against VTE, but a higher dose of norethindrone acetate was as-
sociated with higher VTE risk (143). The overall VTE risk of dif-
ferent CHC formulations is based on its overall estrogenicity

(ie, the sum of the estrogen and the effects of the progestin on
the estrogen receptor) rather than the EE dose directly (144).
However, the absolutely differences in VTE risks between
CHCs with different progestins are not clinically significant
and patients with clinical contraindications to estrogen-
containing contraception should avoid CHCs regardless of the
progestin used.

The effects of CHCs on mood are variable. Some studies
document an increased incidence or worsening of depression
with CHC use, with some postulation that it depends on the
type, potency, and duration of exposure to the progestin
(145). There are association studies, but little available pro-
spective, placebo-controlled studies on the absolute risks. In
contrast, other studies have demonstrated a significant im-
provement in premenstrual dysphoria with CHCs and have
argued for a shorter placebo period to avoid worsening
mood effects (146, 147). Among women with polycystic ova-
ry syndrome (PCOS), there is strong evidence to support the
high prevalence of anxiety and depression. The 2023
International PCOS Guidelines recommend CHCs as a first-
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Table 3. Progestin only contraceptive methods and failure rates

Endocrine Reviews, 2025, Vol. 00, No. 0

Type Specific types Perfect use (%) Typical use (%)
Progestin Dosing Brand name(s)
Implant LNG 75 mgx2 Jadelle®, Sino-Implant® 0.1 0.1
ENG 68 mg Nexplanon
Injectable D-MPA 104 mg Depo-SubQ _Provera 0.2 4
150 mg Depo-Provera
1UD LNG 13.5 mg Skyla 0.1-0.3 0.1-0.4
19.5 mg Kyleena
52 mg Mirena, Liletta
Oral NG 0.075 mg Opill 0.3 7
NET 0.35 mg Camila, Deblitane, Emzahh, Errin, Heather, Jencycla,
Nor QD, Ortho Micronor, Sharobel
DSG 0.075 mg Lovima“, Hana“
DRSP 4 mg Slynd

A list of progestin-only contraceptive methods with failure rates (defined as % of women who will become pregnant within the first year of use) of perfect vs typical use in
order of decreasing androgenicity. An LNG-only pill exists but is used solely as emergency contraception (Plan B®).
Abbreviations: D-MPA, depot medroxyprogesterone acetate; DRSP, drospirenone; DSG, desogestrel; ENG, etonogestrel; LNG, levonorgestrel; NET, norethindrone;

NG, norgestimate.

From Teal S. and Edelman A. JAMA, 2021; 326(24) (37), Genazzani AR et al Gynecol Endocrinol, 2023; 39(1) (39), Guttmacher Institute, 2020 (52), & Barton BE et al

Biol Reprod, 2024; 110(1) (122).
“Not available in the United States.

line therapy for managing hyperandrogenic and menstrual
symptoms, despite limited data on mood in this population
(148). There has been only one prospective observational
study of 36 women with PCOS without psychiatric diagnoses
found no significant changes in depressive or anxiety symp-
toms after 6 months of CHC use (149). Given the current
gaps in high-quality, controlled evidence, clinicians are urged
to monitor all patients using CHCs for changes in mood and
to tailor contraceptive choices accordingly.

Taken together, all of these CHCs have a pregnancy rate of 4
to 7 pregnancies/100 women per year with typical use, though
perfect use rates demonstrate >99% effectiveness (Table 2) (37,
39, 52, 122). They also result in lighter, shorter episodes of
menstrual bleeding, often improve cramping and premenstrual
syndrome symptoms, and, in the case of CHC methods contain-
ing more antiandrogenic progestins, aid in the treatment of hir-
sutism and/or acne (150). Couples interested in fertility should
note the slight delay that may occur after CHC use, though syn-
thetic hormones are cleared within 7 days, with fertility typically
returning immediately afterward and most women achieving
pregnancy within a year of CHC discontinuation (75, 92, 151).

Progestin-only Contraceptive Methods

Though the first hormonal birth control option was a COCP,
progestin-only methods have been prioritized in recent years, es-
pecially in nonoral forms (37, 39). This is in part due to the rising
number of women with overweight/obesity or other medical co-
morbidities who may have a higher risk of adverse effects with
estrogen-containing contraceptives (152, 153). Progestin devi-
ces, the only hormonal methods used in LARCs, include 4 levo-
norgestrel [UDs: Mirena (52 mg/device), Liletta (52 mg/device),
Kyleena (19.5 mg/device), and Skyla (13.5 mg/device) (122).
IUDs are highly effective birth control options with a failure
rate of less than <1 pregnancy/100 women per year (Table 3)
(52). Women using levonorgestrel IUDs typically note a decrease
in menstrual bleeding. Although the systemic absorption of levo-
norgestrel in the IUD is low, some women experience an increase
in androgenic symptoms, likely from the high androgenicity of

levonorgestrel (86). Regardless, the hormonal IUDs are useful
in decreasing heavy bleeding, treating primary dysmenorrhea,
adenomyosis, and endometriosis. They also protect from pelvic
infections (28).

Subdermal implants—another form of progestin-only
LARCs—previously included Norplant (levonorgestrel
216 mg/device) and Implanon (etonogestrel 68 mg/device),
but Nexplanon (etonogestrel 68 mg/device) and Jadelle or
Sino-Implant (both containing levonorgestrel 150 mg/device)
are the only implants available worldwide today. Norplant
was completely phased out of the US market by 2004 due to
possible ineffectiveness, though testing did not show an impact
on contraceptive efficacy from lower progestin release rate
(27). In contrast to the controversy surrounding Norplant,
Implanon was replaced by Nexplanon in 2010 because of its
easier insertion and localizability on x-ray scans for extraction
(154). Implants can offer many of the same noncontraceptive
benefits as IUDs and has popularity particularly among adoles-
cents and younger populations (39, 155). In addition, the
etonogestrel-containing implants may have fewer androgenic
side effects compared to levonorgestrel. Abnormal bleeding
patterns have been cited as one of the most common reasons
for discontinuation of etonogestrel implants and some studies
have shown improvement in bleeding when exogenous estra-
diol (in the form of a COCP) was added (156, 157).
However, these benefits quickly reversed once the exogenous
estradiol was stopped. However, no head-to-head studies com-
paring these 2 progestins have been performed (156). Implants
are similarly effective to [IUDs with a pregnancy rate of <1 preg-
nancy/100 women per year, making their efficacy close to per-
manent methods (Table 3) (37, 39, 52, 122).

In addition to IUDs and implants, DMPA is a progestin-only
injection that is administered every 3 months for contraception
(37, 39). There are 2 contraceptive formulations of DMPA that
are administered every 3 months and work similarly: DMPA
150 mg (Depo-Provera) is an intramuscular injection adminis-
tered to patients in clinic whereas DMPA 104 mg (Depo-SubQ
Provera) can be subcutaneously self-injected by the patient
(158). Medroxyprogesterone acetate is also available orally
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for the management of abnormal uterine bleeding or endomet-
rial hyperplasia but not approved for contraception. DMPA is
highly effective with a failure rate of 1 pregnancy/100 women
per year (Table 3). Although the high dose of medroxyproges-
terone acetate in DMPA is necessary to effectively inhibit ovu-
lation, it also suppresses E2, causing bone loss. Additionally, its
interaction with glucocorticoid receptors can lead to insulin re-
sistance, weight gain, hirsutism, and acne in some individuals,
increasing the risk of discontinuation (75, 159-161). A recent
review of all available progestin-only contraceptives containing
high doses of progestins have additionally raised concerns that
oral norethindrone acetate and DMPA may increase VTE risk,
which should be taken into consideration with counseling
patients with other medical comorbidities that likewise increase
VTE risk (eg, hypertension, smoking, thrombogenic mutations)
(143).

Progestin-only pills (POPs: norethindrone, levonorgestrel,
drospirenone, desogestrel, and norgestrel) have not garnered
the same popularity as COCPs primarily because of concerns
about efficacy with timing of ingestion. Contraceptive coun-
seling with POP use has focused on the manufacturer’s recom-
mendation (norethindrone 0.35 mg [Micronor]) that the pill
needs to be taken within the same 3-hour window every day
to maintain adequate cervical mucus thickness (162).
However, this advice was based off a 1968 study on 6 women
using megestrol acetate—a progestin that is no longer avail-
able for use by humans—as well as the known pharmacokin-
etics of norethindrone, which is nearly metabolized within 24
hours (89, 163). Though the necessity of the 3-hour window
has been called into question, certain POPs such as drospire-
none 4 mg (Slynd) retain contraceptive efficacy even with
missed dosing (164). This is in part due to the relative higher
doses of drospirenone in POPs as compared to norethindrone.
Desogestrel POPs are similarly higher in relative progestin
dosing and do not have a strict dosing window. However, oth-
er POPs, such as levonorgestrel or norgestrel, do need daily
administration within a specific window to retain efficacy giv-
en their relatively lower dose of progestin (75). Studies on the
differential androgenic side effects of the various POPs are not
well established.

There are certain populations of women for whom estrogen
is contraindicated, making progestin-only birth control op-
tions an obvious choice for contraception. For example, lacta-
tion is inhibited by estrogen through its feedback and
suppression of prolactin, which is necessary for milk produc-
tion. Though lactation is suppressed during pregnancy by high
levels of progesterone secreted by the placenta, progestin-only
contraceptive options can be used postpartum as the levels of
synthetic progestin is far lower than circulating levels in preg-
nancy and does not inhibit milk supply (165). However, the
foremost reason that estrogen-containing contraception is
contraindicated in the initial (first 4-6 weeks) postpartum pe-
riod is due to the higher risk of VTEs after parturition, sup-
porting the use of progestin-only contraceptives in this time
frame (166).

Other instances where a POP might be preferred over a CHC
for women seeking pill therapy are those at higher risk of VTE,
as estrogen concentrations have been directly correlated with
VTE risk (122). Moreover, women with prior estrogen-related
cancers are also counted among those in whom estrogen therapy
is contraindicated and a progestin-only method is preferred
(167). Though migraine with aura was historically a contraindi-
cation to CHC use due to increased stroke risk with estrogens,
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this has recently been called into question with modern CHC
methods containing less than 0.02 mg EE that may help reduce
the frequency of menstrual migraines and aura (168). To meet
the growing need for more accessible progestin-only contracep-
tive methods, 2 desogestrel 0.075 mg POPs (Lovima, Hana)
have been available without a prescription in the United
Kingdom since 2021 and the norgestrel 0.075 mg oral tablet
(Opill) was recently approved for over-the-counter purchase
in the United States in July 2023 (89, 122, 169). When assessing
efficacy, POPs are often combined with COCPs due to a smaller
number of POP users in comparison to COCP users, and there-
fore are reported to have similar pregnancy rates (ie, pregnancy
rate up to 9 pregnancies/100 women per year) (37, 52). Side ef-
fects of breakthrough bleeding with progestin-only contracep-
tion can be obviated by administration of low-dose estradiol
patch in those whom estrogens are not contraindicated.

Postcoital Contraceptives

Although prescribing EC, or postcoital contraception, gener-
ally falls outside of the scope of practice for endocrinologists,
they remain noteworthy. EC aims to prevent pregnancy after
unprotected (or underprotected) sexual intercourse but before
implantation occurs (170). The fertile window in females
spans approximately 6 days (5 days preovulation to 1 day
post-ovulation), during which EC works to prevent ovulation
or fertilization. A 2023 review by Rudzinski et al extensively
covers the mechanism of action, side effects, and other clinical
considerations for the available EC worldwide (171 ). These
options include the combined estrogen-progestin pills
(Yuzpe method), POPs (levonorgestrel), selective progester-
one receptor modulators (ulipristal acetate, mifepristone),
and the Cu-IUD. Of these, the Cu-IUD is the most effective
if used within 120 hours of intercourse, with delayed insertion
still decreasing chances of pregnancy (170, 172). The Cu-UD
interrupts fertilization by inducing chemical changes in the
sperm and egg before conception, and also by provoking an
inflammatory response in the uterus to decrease endometrial
receptivity (34). In contrast, selective progesterone receptor
modulators impact gonadotropins to decrease ovulation or
negatively impact the endometrium (171). As described earlier
in this text, estrogens and progestins in oral forms work on the
HPG axis to disrupt folliculogenesis. With the exception of
Cu-IUD and mifepristone, all EC works to prevent ovulation
and have reduced efficacy if given postovulation. It is therefore
important to note that EC does not induce abortion as they
cannot interrupt an established pregnancy or harm a develop-
ing embryo (173).

Summary of Hormonal Contraceptives

Overall, hormonal birth control options containing estrogen
plus a progestin offer a range of desirable effects, including
regular menstrual cycles, reduced cramping, and potential
control of hyperandrogenic symptoms (ie, acne, hirsutism) de-
pending on the progestin component. In some cases, adding
estrogen—typically in the form of an estradiol patch—to a
progestin-IUD, implant, or progestin-only contraception—
can provide greater ovarian suppression and may improve
bleeding patterns or bone accretion in women for whom estro-
gens are not contraindicated. Progestin-containing implants
or IUDs stand out as the most efficacious contraceptive meth-
ods, though they can be costly or may not be universally avail-
able or accepted. It is crucial to consider the potential for
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Contraceptives beyond contraception

Hormonal contraceptives contain synthetic estrogens
as well as progestins that differ in androgenicity...

Treat
androgenic symptoms
(i.e., PCO S, CAH)

@

Replace sex steroids after
induction of puberty

Oral contraceptive pill (i.e., delayed puberty, Turner’s syndrome)

Prevent pregnancy

(i.e., in diabetes before A1c < 6.5%) S
/
Cessation of menses/prevent L
irregular bleeding @

Induce menses
irregular bleeding
(i.e., secondary amenorrhea)

(i-e., anovulatory cycles) Levonorgestrel IUD

Subdermal implant

... and can be used to achieve the broader goals of patients with
endocrine disorders

Figure 5. Therapeutic applications of hormonal contraceptives for
endocrine and metabolic disorders. Hormonal contraceptives contain
synthetic estrogens and progestins that vary in androgenic activity,
allowing them to be used for a range of therapeutic indications beyond
pregnancy prevention. These include treatment of androgen excess
symptoms (eg, hirsutism, acne in PCOS or CAH), induction or regulation
of menses (eg, in amenorrhea or anovulatory cycles), prevention of
irregular or heavy bleeding, and sex hormone replacement after
induction of puberty (eg, Turner syndrome). Hormonal contraceptives
may also be used in endocrine conditions where pregnancy is not
advised or when optimization of disease control is suggested prior to
conception (eg, diabetes with elevated hemoglobin A1lc). Route of
administration and specific hormone formulation should be selected
based on individual patient goals, underlying endocrine pathology, and
risk profile. Clinical use of hormonal contraceptives may vary based on
patient preference, provider experience, and local practice patterns.

exacerbating hyperandrogenic symptoms, and, in the case of
DMPA, abnormal weight gain and depressed mood. Despite
the dramatic decrease in EE doses in available products, risks
such as VTE, worsening migraines, and hypertension still per-
sist, with causes for discontinuation varying across different
product types.

Contraceptives Beyond Contraception

For endocrinologists, choosing the best hormonal contracep-
tive method for their individual patient involves careful con-
sideration of the various pharmacodynamic actions of
exogenous steroid hormones, whether in treating secondary
amenorrhea, hyperandrogenism, or during the perimeno-
pausal transition (Fig. 5). Considerations for endocrinologists
when suggesting a particular contraceptive option apart from

Endocrine Reviews, 2025, Vol. 00, No. 0

concerns of pregnancy include: the patient goals, whether sex
hormone replacement is needed, whether hyperandrogenic
symptoms (ie, hirsutism and acne) are to be suppressed, meta-
bolic effects, and mood effects. Unfortunately, there have been
few randomized controlled studies of various hormonal
contraceptive methods independent of their effectiveness to
prevent pregnancies. Another factor to consider is the cost
of different contraceptive methods, their availability in differ-
ent health care systems compared to generic versions, or acces-
sibility. Table 4 provides example patient cases and
suggestions on a type of contraception that may be used to
achieve specific patient treatment goals. However, there are
many options for contraception selection beyond what is
stated in Table 4 as practice patterns or preferences can differ
significantly between patients and medical providers globally.
Many of the following scenarios involve patients with altered
hormonal status and reproductive axis for which CHCs can be
given. However, if the CHC is stopped, the underlying process
is not cured but rather persists and would need to be addressed
based on patient goals. Additionally, it often takes a variable
period of time for ovulatory cycles to resume after stopping
CHCs, and if this period is prolonged, it may indicate an
underlying defect requiring further evaluation (174).

Puberty or Transsex Hormones

To induce puberal development and female secondary sex
characteristics in a cis- or transwoman, estradiol or other es-
trogens are given alone in a staircasing fashion for breast de-
velopment (175, 176). Supraphysiologic doses of estrogen
are needed for optimal breast development in transwomen be-
cause of the intact male gonad, though these high levels of es-
trogens increase the risk of deep vein thrombosis (177). A
cohort study of almost 5000 transwomen matched with cis-
gender controls documented a 3.4 and 13.7 per 1000 persons
risk at 2 and 8 years (178). During puberty induction for either
a transwoman or transman, a GnRH analogue can be used to
suppress endogenous gonadal function, allowing for reduced
doses of estrogens or androgens, respectively, to achieve de-
sired secondary sex characteristics (179). Available in month-
ly, 3-month, and now oral formulations (180), this option
may confer lower side effect risk of sex hormone replacement.
As cost and availability of GnRH analogs remain a barrier, pa-
tients may opt to pursue gonadectomy. When the testes are re-
moved in transwomen, for example, estrogen doses can be
decreased to mimic physiologic levels in cis-women. After
achieving maximal breast development, progesterone can be
added to differentiate the ductules. In cis-women, the addition
of progestins will additionally help to minimize endometrial
hyperplasia and prevent irregular bleeding (181). Rather
than continue an estrogen and progestogen separately, a
switch to the more convenient packaging in a low-dose
estrogen-containing CHC then can be given to a cis-woman
after breast development/vaginal breakthrough bleeding and
peak bone mass are achieved with estrogen therapy alone, as
in Turner syndrome (182, 183). For transwomen, a progestin
is not needed long term and feminization cannot be achieved
or sustained with CHCs (184, 185).

Contraception for pregnancy prevention in transgender in-
dividuals remains a poorly studied area. In transwomen, high-
dose estrogen blocks spermatogenesis, though little is truly
known about the effects of gender-affirming hormone therapy
(GAHT) on the male reproductive system. A review by
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Table 4. Example patient cases with suggested contraception selection and rationale

Case Contraception suggestion

Rationale

18-year-old female with
delayed puberty

23-year-old female with
PCOS or NCCAH

(ie, spironolactone)

28-year-old female with

hypogonadism estrogen/progesterone

32-year-old female with
recent DVT or PE CHC + anticoagulation

35-year-old with
uncontrolled DM
desiring pregnancy

Any effective contraceptive method

improve insulin sensitivity.

40-year-old woman with

irregular menses estradiol

Estrogen alone, followed by progesterone, and then a CHC

CHC with a less androgenic progestin + anti-androgen

COCP with lower ethinyl estradiol dose or HRT with

Nonhormonal contraception, progestin-only method, or

A low-dose CHC is less likely to contribute to insulin

resistance, and a CHC containing drospirenone may even

Levonorgestrel IUD or CHC containing lower dose ethinyl

Estrogen to optimize breast development, progesterone for
mammary ductule differentiation and minimization of
endometrial hyperplasia. CHC for sex hormone maintenance/
contraception once puberty goals and peak bone mass
achieved.

Suppress endogenous HPO-axis and increase SHBG to
decrease androgens and reverse secondary amenorrhea in
those not desiring fertility.

COCPs will lead to monthly withdrawal bleeds but HRT will
provide estrogen supplementation to prevent poor long-term
CV outcomes, bone, and fertility consequences of low
estrogen status.

Estrogens will increase clotting risk, so a nonhormonal method
or progestin-only method is indicated. CHCs can be used if
anticoagulation is continued.

Alc should be <6.5% before pregnancy in all women with T1 or
T2 DM to optimize fetal and maternal outcomes. A low-dose
CHC is less likely to contribute to insulin resistance, and a
CHC containing drospirenone may even improve insulin
sensitivity.

Thin the uterine lining and regularize menses until menopause is
achieved.

Example patient cases with suggested contraception selection based on patient profile with rationale for contraceptive method selected. These short cases are meant to be
illustrative of how one might approach contraceptive selection for birth control and/or other desired endocrine outcomes. They are not meant to be complete
representations of patients or their history. The authors recognize that there is a wide array of options in contraception selection and that practice patterns or preferences

can differ significantly between patients and medical providers.

Abbreviations: Alc, hemoglobin Alc; CHC, combined hormonal contraceptive; COCP, combined oral contraceptive pill; CV, cardiovascular; DM, diabetes mellitus;
DVT, deep vein thrombus; HPO, hypothalamic-pituitary-ovarian; HRT, hormone replacement therapy; IUD, intrauterine device; NCCAH, nonclassic congenital
adrenal hyperplasia; PCOS, polycystic ovary syndrome; PE, pulmonary embolus; T1, type 1; T2, type 2.

Mancini et al pointed out that studies assessing testis morph-
ology were variable, with some showing the expected decrease
in spermatogenesis, whereas a few demonstrated nearly nor-
mal testicular function. While transwomen are typically coun-
seled on the high potential of decreased fertility once GAHT is
started, those not desirous of fertility can opt for vasectomy
(186). For transmen, the high doses of injectable testosterone
used in GAHT is sufficient to block the HPG axis and ovarian
function to lead to amenorrhea. However, amenorrhea does
not equate to anovulation. Breakthrough ovulation may occur
as FSH and LH do not return to prepubertal levels (186). Even
if amenorrhea is achieved through testosterone, it is not con-
sidered contraception and necessitates contraceptive counsel-
ing as well as administration of contraception (187). The
benefit of CHCs beyond contraception in transmen is to aid
in suppressing menses. While continuous delivery of a trans-
dermal patch, vaginal ring, or COCP will help with cessation
of menses, use of a levonorgestrel-ITUD might be preferred to
potentially aid in the development of male secondary sex char-
acteristics. In either case, the addition of a GnRH analogue as
discussed previously could provide additional contraceptive
benefit by suppressing pituitary release of LH and FSH.

Secondary Amenorrhea

The use of contraception in secondary amenorrhea where
structural causes have been ruled out is straightforward as
hormonal contraception will help to reestablish menses and/
or maintain a thin endometrial lining. In women with hypo-
thalamic amenorrhea—a condition of severe hypoestrogene-
mia usually due to psychological stress, intense exercise, or
disordered eating—the use of hormonal contraception is

slightly more nuanced (188). Most women with hypothalamic
amenorrhea require estrogen replacement to prevent the long-
term cardiovascular, bone, and fertility consequences of pro-
longed low estrogen status. Low-dose estrogen and progestins
have been recommended for bone protection (189). CHCs
may provide some estrogen supplementation and will lead
to a monthly withdrawal bleed but may not be sufficient to
mimic normal endogenous estrogen function (188). The
Endocrine Society guidelines recommended low-dose estra-
diol combined with cyclic progestin in adolescents due to their
potentially more favorable effects on bone accrual (183, 189).
However, this regimen does not provide contraception, and
the underlying variability in the defect causing the hypothal-
amic amenorrhea can lead to irregular bleeding on such a regi-
men. Importantly, CHCs do not treat the underlying defect
causing hypothalamic amenorrhea (190). Thus, CHCs may
be used instead of estradiol and cyclic progestin since the se-
verity of the defect varies over time.

Hyperandrogenism

For women with conditions predisposing them to hyperandro-
genism—such as PCOS, congenital adrenal hyperplasia
(CAH), and nonclassic CAH—or even those with familial or
idiopathic hirsutism and acne, one could consider a trial of
CHC or other hormonal contraceptive methods with an anti-
androgenic progestin (191). In PCOS, CHCs are standard of
care, with the additional benefit of improved quality of life
(192, 193). However, women with PCOS display resistance
to hypothalamic-pituitary-ovarian axis suppression with
higher androgen levels on CHCs than non-PCOS women
while on CHCs (194). Many clinicians tend to avoid oral
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contraception or IUDs containing levonorgestrel in their pa-
tients with hyperandrogenism or switch if a patient has wor-
sening symptoms.

In the dermatology literature, there are no head-to-head trials
of different CHC formulations for hirsutism management, as EE
will upregulate SHBG production regardless of whichever pro-
gestin it is paired with. How much the androgenicity of the pro-
gestin plays a role is debated as hypothalamic-pituitary-ovarian
suppression and endogenous androgen release from ovarian
theca cells is an important mechanism of action (1995).
However, progestins themselves have differential binding affin-
ity to SHBG and may displace androgens (eg, endogenous tes-
tosterone, dihydrotestosterone), thereby reducing the
antiandrogenic effects. Ultimately, progestins with the lowest
SHBG-binding affinity (ie, norgestimate, drospirenone) may
be a better choice or combining a CHC and spironolactone
are also recommended (75, 150). Importantly, the CHCs ap-
proved to treat hirsutism were studied against placebo or levo-
norgestrel containing CHCs and not any other CHC options. A
recent meta-analysis suggested COCPs with cyproterone acetate
(which are not available in the United States and some European
countries) may be better than other first- and second-generation
COCPs, but recommended against its use because of VTE risk
as well as risk of intracranial meningiomas at higher doses
(191, 196). One would assume that the third- and fourth-
generation CHCs might have better efficacy to control hyperan-
drogenic signs and symptoms; however, few studies have direct-
ly compared these outcomes.

In addition, the concern for a higher rate of VTE with dro-
spirenone may concern the provider and patient (131). It is un-
clear if one can add spironolactone to CHCs containing
drospirenone to increase effectiveness for treatment of hirsut-
ism or acne without potential risks of hyperkalemia (197).
Women with primary adrenal insufficiency might avoid
CHC with drospirenone since it inhibits mineralocorticoids
and mineralocorticoid replacement is the mainstay of primary
adrenal insufficiency treatment (198). Some have suggested a
regimen with a decreased number of placebo days in patients
on CHCs to allow continuous suppression of androgens
(199). Fewer placebo days have been associated with higher
contraceptive efficacy for CHCs. For instance, 1 study high-
lighted that 24-day regimens have better efficacy compared
to traditional 21-day regimens, while another demonstrated
that even longer regimens, such as 84 days of active pills, result
in lower pregnancy rates than 24-day ones (200, 201). From a
clinical perspective, some providers may discuss the continu-
ous use of CHCs with patients to potentially avoid biochemical
rebound of androgens while maintaining the highest contra-
ceptive efficacy. At least 1 randomized, double-blind trial
(N =62) demonstrated that continuous CHC use (168 con-
secutive days of active pills) resulted in greater ovarian and
endometrial suppression as well as improved symptom control
compared to a standard 21-day regimen given over 6 months,
though at the cost of increased breakthrough bleeding (202).
However, no controlled studies have been conducted to define
the optimal window of placebo exposure to ensure endomet-
rial shedding but not allow biochemical—and more import-
antly, clinical—rebound of hyperandrogenism.

When prescribing CHCs continuously in endocrine patients
—such as in managing hyperandrogenic symptoms—some
clinicians may have concerns about the long-term breast can-
cer risk associated with continuous progestogen (ie, a hor-
mone with action at the progesterone receptor) exposure.
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This concern stems from data in postmenopausal women re-
ceiving progestogens as part of their hormone replacement
therapy. These studies show an increased risk of breast cancer
with continuous (vs intermittent) progestogen exposure, with
greater risk observed with synthetic progestin compared to
natural progesterone use (203-206). However, the relevance
of these findings to premenopausal CHC users remains un-
clear. High-quality prospective studies, ideally with appropri-
ate control groups, are needed to assess breast cancer risk
across different CHC formulations, accounting for duration,
adherence, and cumulative exposure. Until better data are
available, medical providers are encouraged to individualize
CHC counseling and weight potential long-term risks—espe-
cially for patients with elevated baseline breast cancer risk—
against the known benefits of CHCs for managing endocrine
symptoms (204, 207).

Diabetes

There were initial concerns with early hormonal contracep-
tion about CHCs altering glucose metabolism and the risk
to women with diabetes, but this concern has been dispelled,
especially with newer formulations (138). Though a 2019
study in rodents demonstrated that levonorgestrel-containing
COCPs may affect glucose metabolism whereas drospirenone-
containing COCPs do not increase the risk for diabetes (208,
209). Rather, the use of contraception to prevent an un-
planned pregnancy in women with a hemoglobin Alc
>6.5% is highly encouraged by major medical associations
to decrease risks of adverse outcomes to a potential mother
and her developing fetus (210-212). Though endocrinologists
are uniquely poised to provide preconception counseling and
contraception provision to reproductive-aged women with
type 1 and type 2 diabetes mellitus, a recent quality improve-
ment initiative done within an endocrinology practice at a ter-
tiary hospital revealed that only 4% of women with diabetes
had contraception documented by their endocrinologist
(213). The majority of providers cited inadequate time during
clinic visits to address contraception, though 32% stated that
they lacked proper knowledge to provide this care. Current
recommendations allow for any of the contraceptive choices
to be available to those with diabetes understanding the
risk/benefit of an unintended pregnancy (138). Concern is
raised with diabetes duration more than 20 years with evi-
dence of micro- or macrovascular disease. In those with un-
controlled hypertriglyceridemia, avoidance of oral estrogen
is advised (133, 138). DMPA is avoided because of adverse ef-
fects on high-density lipoprotein cholesterol.

Overweight or Obesity

The surge in obesity rates alongside the explosion of newer
antiobesity medications have elevated endocrinologists as pri-
mary prescribers of medical weight management therapies
(214, 215). Use of contraception to prevent pregnancy during
weight loss with medications is highly recommended, though
injectable forms should be avoided (216, 217). While concerns
about weight gain with contraceptive methods persist among
patients, a review of 79 trials on CHCs revealed no significant
difference in weight gain among combination contraception
users (218). It is important to note that only 4 of these trials in-
cluded a placebo or no-intervention group, and most striking-
ly, women with overweight or obesity were excluded from the
analyzed studies. Similarly, another Cochrane review on
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progestin-only contraceptives found minimal weight gain, yet
the quality of evidence was poor given that 17 of the 22 in-
cluded studies were nonrandomized trials (160). Despite the
prevailing clinical consensus that most contraceptives do not
cause weight gain, exceptions exist, notably DMPA, due to
its potent action on glucocorticoid receptors (75). Moreover,
recent research underscores contraceptives’ broader impact
on energy intake and energy expenditure on multiple biologic-
allevels (219). As such, prospective, controlled studies looking
at the relationship between hormonal contraceptives and
weight in those with a BMI >25 kg/m? are urgently needed.

Contraceptive efficacy in women with obesity is generally not
of major concern as all hormonal methods work similarly in
comparison to normal-weight counterparts. The 1 exception
is with the contraceptive patch, which has a black box warning
from the FDA of having reduced effectiveness in those with a
BMI >30 kg/m? (130). VTE risk should instead be of greater
concern for endocrinologists prescribing hormonal contracep-
tion to women with overweight or obesity. BMI is an independ-
ent risk factor for VTE, with women with obesity having a
baseline increased risk that is 5 times that of their matched con-
trols without obesity (137). When CHC is added, the VTE risk
increases significantly but the absolute risk increase does depend
on the formulation and route (137, 220). In general, with the
exception of DMPA, progestin-only products are not associated
with an increased risk of VTE (75). Women with obesity pursu-
ing hormonal contraception should modify other risk factors to
mitigate VTE risk, including controlling hypertension, quitting
smoking, and increasing their physical activity.

Contraception Use in the Aging Female

We historically stopped CHCs at age 40 and limited their use
>35 in women who smoke (221). In an otherwise healthy
woman, CHCs can be continued until the time of menopause
(222). However, comorbidities such as obesity, hypertension,
hyperlipidemia, diabetes, or conditions would modify this op-
tion. In comparison, IUDs may be continued to menopause
and beyond as some have suggested use of a levonorgestrel
IUD with low-dose transdermal estrogen as a mode of postme-
nopausal hormone therapy to avoid oral progestin (223). Risk
benefit of long-term administration is unknown.

Emerging Contraceptive Methods

Since the introduction of Enovid in the 1960s, the realm of
contraceptive choices has undergone a remarkable expansion.
This momentum persists with the emergence of increasingly
innovative options that are either recently approved or cur-
rently in development. The following provides a brief over-
view of these advancements.

Female Contraceptive Methods

Given the obesity epidemic in the United States and increasing
rates of comorbid conditions that preclude the use of classic
estrogens found in contraception, there is an imperative
need for novel estrogens. E4 has surfaced as an alternative es-
trogen that may alleviate some of the risks commonly found
with estrogens in contraception (eg, EE, E2V) (1035).
Originally found in the fetal liver, E4 demonstrates estrogen
receptor agonist properties in the endometrium and brain,
thereby duplicating the HPG-suppressive properties of other
estrogens. However, unlike other estrogens, E4 has antagonist

17

properties in breast tissue, particularly in the presence of en-
dogenous E2. Most importantly, E4 also appears to have dif-
ferential effects in the hematological system and has been
found to have far less influence on hematological factors asso-
ciated with VTE when compared to other estrogens (224). E4
is theorized to potentially have less risk for VTE and other vas-
cular diseases commonly associated with exogenous estrogen
administration, but large-scale clinical data are lacking to sup-
port this theory. In the United States, E4 is only available in a
single COCP formulation containing drospirenone 3 mg and
estetrol 14.2mg in a 24-4 monophasic formulation
(Nextstellis, approved in 2021). In the pivotal clinical trials
for Nextstellis, only 1 VTE event occurred in the 3632 partic-
ipants from the trial conducted in Europe and Russia, whereas
no VTE events occurred in the 2073 participants from the
United States and Canada trial (225). Currently, this product
still contains the FDA Black Box warning for increased risk of
VTE, but future studies may demonstrate that this estrogen-
containing product may be safe for use in certain patient pop-
ulations that traditionally were not candidate for CHCs (226).

There is also an increasing demand for novel non-hormonal
contraceptive methods for females, as patients and providers
have become discontent with the lack of highly effective nonhor-
monal female contraceptive methods beyond the Cu-IUD. One
such device still under clinical investigation is Ovaprene, which
is a reuseable vaginal ring containing a mesh impregnated with
ferrous gluconate and ascorbic acid (227). This device is inserted
at the end the menses and kept in place until the following men-
ses. While in place, the device prevents sperm from reaching the
upper female genital tract through inhibiting motility. The piv-
otal postcoital test clinical trial with Ovaprene demonstrated
that it reliably immobilizes sperm and should provide high
contraceptive efficacy, which is now being investigated in a lar-
ger phase Ill clinical trial in the United States (228). As a nonhor-
monal reuseable device, this vaginal ring has the potential to
expand the options for reliable contraceptive methods among
individuals with contraindications or who experience adverse
reactions to hormonal contraceptive methods.

Male Contraceptive Methods

In light of the increasing demand for more male contraceptive
methods from both patients and health care providers, some
progress has been made in developing hormonal contraceptive
methods for males (229). Currently in phase II clinical trials, a
transdermal gel that contains both a progestin (segesterone
acetate) and testosterone has shown promise for inhibition
of spermatogenesis through direct hypothalamic-pituitary-
testosterone axis suppression while providing testosterone sup-
plementation to reduce bothersome side effects (230). Designed
as a daily gel, this product allows men to control their own
contraception, but with the same drawbacks as all male hormo-
nal contraceptive methods, a long lead-in time (up to 3 months
or more) to achieve adequate sperm suppression to maintain
contraceptive efficacy (230). Pending the results of the ongoing
phase II clinical trial, this combined hormonal gel will still re-
quire a large phase III clinical trial before it can be approved
by the FDA.

In addition to a transdermal gel, oral contraceptive pills
containing dimethandrolone undecanoate or 11-beta-methyl-
19-19-nortestosterone 17-beta-dodecylcardonate are both
under investigation as potential male hormonal contraceptive
methods. Both drugs have androgenic and progestogenic
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properties, serving as potential single compound drugs for
suppression of spermatogenesis without causing a hypoandro-
genic state (230). Clinical studies with these 2 novel drugs are
still in the early stages (preclinical or phase I) and so it remains
to be proven if these will become safe and reliable male hor-
monal contraceptive methods.

Finally, many novel avenues of non-hormonal male contra-
ception are being explored, including soluble adenylyl cyclase
inhibitors, EPPIN inhibitors, immunocontraceptives, and
many other small molecule targets. The goal for many of these
new drug targets is to directly inhibit sperm motility or capaci-
tation without affecting the HPG axis, thereby preventing
sperm from reaching the ovum while avoiding the issues of
lead-in time and hypoandrogenism that have plagued the de-
velopment of male hormonal contraceptive methods. For a
thorough review of nonhormonal male contraceptive develop-
ment, we recommend the review published by O’Rand et al in
Pharmacology & Therapeutics (231). A major obstacle for
these nonhormonal contraceptive methods is proving safe
and reliable reversibility, as historical pharmacologic products
that acted as male contraceptive methods (eg, gossypol, tripto-
lide) have suffered from unacceptable rates of irreversible ster-
ility with simultaneous incomplete sterility, thus preventing
these “natural” pharmacologics from moving forward as re-
versible contraceptive methods or sterilization options (232).
Though promising targets have been identified for nonhormo-
nal male contraception, the development of these drugs are still
in preclinical stages with no product yet making it to phase I
clinical trials in humans at the time of this review.

Multipurpose Prevention Technologies

Last, significant resources are being put into the development
of multipurpose technologies that can serve as both contra-
ceptive methods and infectious disease treatment or preven-
tion. Vaginal rings have seen the most progress in this area,
as they are a proven modality for female hormonal contracep-
tion while also providing a convenient avenue for administra-
tion of antiretrovirals for the prevention of HIV transmission.
These multipurpose intravaginal rings typically contain a pro-
gestin already known to provide reliable female contraception
in combination with an antiretroviral. One such multipurpose
intravaginal ring contains levonorgestrel in combination with
tenofovir and completed a phase I clinical trial in 2018 (233).
Though multipurpose prevention technologies will largely be
beyond the scope of practice for endocrinologists, they should
still be aware of these potential devices as contraceptive meth-
ods that may be used by specific patient populations at high
risk for transmissible infectious diseases.

Conclusion

Over the course of centuries, the progression from rudimen-
tary contraceptive methods such as lint and animal-skin
sheaths to modern innovations like the pill and nonoral birth
control has been notable. This trajectory has led to a prolifer-
ation of contraceptive choices for women. While the responsi-
bility for prescribing contraception for pregnancy prevention
primarily lies outside the domain of endocrinologists, these
specialists often utilize such interventions to manipulate sex
hormone profiles for various therapeutic purposes. Although
the direct prescription of multipurpose contraceptive tech-
nologies is unlikely to ever fall within the purview of
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endocrinologists, a significant shift in the contraceptive land-
scape is foreseeable with hormonal contraceptive pills becom-
ing available over the counter, newer estrogens contained in
CHC s, and the emergence of hormonal options tailored for
male use. As testosterone-based contraceptive products gain
FDA approval and become accessible to males, endocrinolo-
gists may find broader applications of these androgen-based
methods beyond contraception within their practice.
Nevertheless, it remains imperative for endocrinologists to
possess comprehensive knowledge of the diverse contracep-
tive modalities available, along with their mechanisms of ac-
tion, to adeptly leverage established mechanisms and clinical
effects to achieve desired outcomes in the management of
endocrine disorders.
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