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Abstract: Progesterone is a natural hormone, mainly pro-
duced by the corpus luteum, with the foremost endocrine
function on the secretory glands of the endometrium. Since
being isolated, both natural and synthetic forms have been
produced and are utilized for several purposes, including
regulating the menstrual cycle and preventing endometrial
hyperplasia. Specifically, the use of progestational agents is
essential in the treatment of many common endocrine
conditions, including polycystic ovary syndrome, congenital
adrenal hyperplasia Turner syndrome and functional
hypothalamic amenorrhea. Although these agents are
essential for disease management, literature that focuses on
the benefits of specific progestins as well as the effects on
glucocorticoid receptors (GR), mineralocorticoid receptors
(MR), and androgenic receptors (AR) is limited. In this review,
we provide a disease specific summary of the available
literature and highlight where more information is needed.

Keywords: progestin; contraception; polycystic ovarian syn-
drome; turner syndrome; congenital adrenal hyperplasia

Introduction

Progesterone was first isolated in 1934 from the organic
extract of the rabbit corpus luteum by groups investigating
its endocrine function. It was not until 1939 that the first
synthetic progesterone, referred to as progestin, was
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synthesized in Germany, a discovery that led to the Nobel
Prize in Chemistry that year [1]. Over the coming years,
several studies were conducted, and new formulations were
proposed for different medical purposes. In 1975, it was
recognized that unopposed estrogen replacement therapy
was associated with an increased risk of endometrial cancer
and that adding progesterone could minimize those risks.
Early on, micronized progesterone and suspension in oil
filled capsules were first studied. While each form maintains
the primary function of progesterone, each progestin has a
different constellation of effects based on the alternative
receptors, including GR, MR and AR, which are also targeted.
These crucial roles of progesterone, as well as the secondary
effects, will be discussed in depth throughout this review. In
addition, while not the primary focus of this review, the
effect of progesterone on bone is worth noting. Physiologi-
cally, progesterone seems to promote bone formation and an
increase in bone turnover. However, in clinical setting, there
are no long-term studies evaluating effects of progestins on
bone mineral density in adolescents. For COCs, current
literature is suggestive of negative impact on bone mineral
acquisition, particularly at lower doses of EE, but the data on
fracture risk is lacking [2].

Natural progestational agents

Natural progesterone is produced in the body by the gonads,
adrenal glands, brain, and placenta during pregnancy.
Regulation of this hormone is by the hypothalamic—pituitary
axis via GnRH production and luteinizing hormone (LH)
release. Increasing levels of LH stimulate the corpus luteum
to produce progesterone during the luteal phase of
menstruation. The primary role of progesterone is to stim-
ulate and decidualize the endometrium to develop secretory
glands that are ideal for embryo implantation. If a fertilized
egg is not implanted, progesterone and estrogen levels fall
sharply, resulting in menstrual bleeding.

Natural progesterone is obtained from compound de-
rivatives of soybeans, Mexican yam roots, and occasionally
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from animal ovaries. Interestingly many suspensions of
progesterone contain peanut oil and lecithin, which may
cause hypersensitivity reactions in patients with peanut al-
lergies. While moringa tree non-nut-based formulations
have been studied as an alternative to peanut or lecithin
suspensions to reduce allergenicity, no such preparations
are currently clinically available [3]. In addition, despite
extensive protein binding, the half-life of natural proges-
terone is only about 5 min [4]. Also, when consumed orally,
the natural hormone is quickly deactivated by the digestive
system and undergoes hepatic first pass metabolism.
Therefore, an oral micronized progesterone (prometrium)
was created to increase the half-life and reduce the poor
absorption associated with the gastrointestinal tract [5].
Micronization decreases particle size and enhances the
dissolution of progesterone, especially when taken with
food. Prometrium can be used in a dose of 100-200 mg for
7-14 days for adolescents to induce menses [6]. While the use
of Prometrium is common in adults due to its low cancer risk
profile compared to synthetic progestins, which have been
shown to have an elevated breast cancer risk after long-term
use, more studies for its use in adolescents are needed [7].

Different types of synthetic
progestins

Progestins are synthetic forms of progesterone that have
been modified over the past 80 years. The different formu-
lations have been divided into four generations, based on
when they were first synthesized. Another classification di-
vides progestins into estranes, gonanes, and pregnanes
based on their structural and chemical properties (Table 1).
The structure of each progestin allows for binding to other
steroid receptors [8]. Specifically, promegestone, trimege-
stone, nestorone, and nomegestrol acetate are the most se-
lective agonists of progesterone receptors and are, therefore,

Table 1: Progestins by generation and chemical composition.
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associated with the least amount of other steroidal effects
[9]. Alternatively, progestins such as levonorgestrel bind to
AR and, therefore, have the strongest androgenic effects [10].
Drospirenone has a structure that is similar to that of the
aldosterone antagonist, spironolactone, and therefore has a
strong antimineralocorticoid and antiandrogenic effects [11].
Generally, 3-mg dose of drospirenone, the amount in a daily
pill, is equivalent to 25 mg of spironolactone.

The most common first-generation synthetic progestin
is medroxyprogesterone acetate (MPA), which mainly binds
to the PR with little cross reactivity. A course of MPA, 10 mg
for 7-10 days, is commonly used to mimic the natural pro-
gression of progesterone within the menstrual cycle and to
stimulate a withdrawal bleed. Injectable forms are also
available and used for contraception, referred to as Depo-
Provera or depot medroxyprogesterone, although literature
that focuses on the use of injectables for endocrine pathology
is limited. While MPA has minimal cross-reactivity, there
have been studies that suggest an agonistic effect on the
glucocorticoid receptor with long-term use. In an in vitro
study of the relative binding affinity of MPA to GR on human
leukocytes, MPA binding was found to be 1.7 times higher
than that of cortisol and 6.7 times higher than progesterone,
further highlighting the possible coreactivity of MPA and
the steroid pathway and possible glucocorticoid effects for
patients [12].

Disadvantages/side effects/
contraindications

Progestins have several clinical uses and are often pre-
scribed to adolescents unless another underlying condition
precludes their use. The general side effects include gastro-
intestinal symptoms, breast tenderness, depression, head-
ache, and possible weight gain. Also, acne and hirsutism can
occur depending on type of progestin and its androgenicity.

First Generation

Second Generation

Third Generation Fourth Generation

(Class I) (Class II) (Class III) (Class 1IV)
1950s 1960 s 1970s 2000s
Estrane Norethindrone Nomegestrol acetate
Norethindrone acetate
Norethisterone acetate
Ethynodiol diacetate
Gonanes Norgestrel Levonorgestrel Gestodene
Desogestrel
Norgestimate
Etonogestrel
Pregnanes Medroxyprogesterone acetate
Other Drospirenone
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In general, the most androgenic progestins are Class II,
followed by Class I, then Class III in descending order, while
Class IV are antiandrogenic progestins (Table 1). Progestins
also pose variable venous thromboembolism (VTE) risk,
discussed below. Progestins are contraindicated in subjects
at high risk or preexisting breast cancer, cancer of repro-
ductive organs, liver disease, unexplained uterine bleeding,
or concomitant with medications for tuberculosis
(rifampin), HIV (ritonavir) or anticonvulsants. As for the
combined oral contraceptives (COC), according to the U.S.
Medical Eligibility Criteria for Contraceptive Use (2016),
conditions that represent an unacceptable health risk for
COC therapy include breast cancer, cervical cancer, decom-
pensated cirrhosis, migraine with aura, current or high
risk of DVT/PE, severe hypertension or vascular disease
(systolic>160, diastolic>100), current or history of ischemic
heart disease, hepatocellular adenoma or malignant hepa-
toma, or being less than 21 days postpartum. Women who
smoke and are under the age of 35 can generally use COC [13].
While these criteria are typically understood to be for adults,
it may be generalized to the treatment of adolescents as well.
Progesterone only pills, however, can be used in patients
with hypertension and migraine with aura [14, 15].
Historically, the main contributor of VTE risk in COC was
determined to be high dose of EE, which was subsequently
reduced and the VTE risk was significantly lowered. How-
ever, over the years, progestin compounds have also
changed with respect to its binding to androgenic and other
receptors besides progesterone receptor. It has been now
accepted that progestins can play a role in VTE and the
progestin may exert modulatory effect on the procoagulant
effect of EE [16]. For example, COC containing levonorgestrel,
norethindrone, or norgestimate confer a lower VTE risk
(5-7/10,000 women years); COC containing drospirenone,
dienogest, and gestodene confer a higher VTE risk
(9-12/10,000 women years). For reference, the VIE risk in
otherwise healthy nonpregnant women is 2/10,000 women
years and 20/10,000 women years in pregnant and postpartum
women [17]. Continued vigilance and further studies are
needed to not only establish the mechanism of VTE but also to
develop newer combinations with better safety profiles.

Selection of optimal progestational
agent in common endocrinologic
conditions in adolescents

Progestational agents are commonly used for amenorrhea
or dysfunctional uterine bleeding. However, the use of
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progestins either alone or in combination with estrogens
for several endocrinological conditions in adolescents,
including PCOS, CAH, hypergonadotropic hypogonadism
(Turner syndrome, premature ovarian failure etc.), hypo-
gonadotropic hypogonadism (congenital hypogonadotropic
hypogonadism, hypothalamic amenorrhea, congenital and
acquired panhypopitutarism), and androgen insensitivity
syndrome, are poorly explored. We sought to review these
conditions in adolescents for choice of progestins as most
appropriate and optimized for their medical conditions,
including comorbidities or associated risk factors (Table 2).

Polycystic ovarian syndrome (PCOS)

PCOS is a syndrome of ovarian dysfunction and hyper-
androgenism. Because this is a condition of anovulation,
subjects with PCOS are in a chronic state of low progesterone.
Its clinical manifestations include menstrual abnormalities
and signs of hyperandrogenism, such as increased hair
growth and acne with or without obesity [18]. Drospirenone
and norgestimate are the two progestins most used in the
combined oral contraceptive pill (COC) treatment of PCOS.
Drospirenone has antiandrogenic properties and mild
diuretic effects, making it an ideal treatment of the hirsutism
and the weight changes that are prevalent [19-21]. However,
COCs containing drospirenone may be associated with a small
increase in the risk of VTE compared to COCs containing le-
vonorgestrel, though this needs to be further studied [22, 23].
Also, third-generation progestin norgestimate is found to
have a safer vascular profile, similar to that of the second-
generation progestin levonorgestrel [24, 25]. Particularly,
norgestimate has also been found to inhibit 5-alpha-reductase
and retains peripheral antiandrogenic activity [26]. COCs
containing norgestimate have specifically been shown to treat
symptoms associated with PCOS such as acne and hirsutism
[27, 28]. However, in many instances, additional treatment
may be required to control the acne and hirsutism. Alterna-
tive treatments include metformin, laser-assisted hair
removal, or spironolactone [29-32]. When choosing a COC, the
risks and benefits of each agent should be individualized.

Congenital adrenal hyperplasia
(CAH)

CAH is an autosomal recessive genetic condition, commonly
caused by a mutation of the 21-hydroxylase gene in the
adrenal gland that leads to hyperandrogenism, manifesting
as acne, hirsutism, menstrual irregularities, and secondary
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Table 2: Summary of various progestational agents and COCs used in common endocrinologic conditions in Adolescents after completion of pubertal

induction.
Clinical condition Associated Estrogenic agent Progestational Class of  Benefits of Side effects of
Condition agent progestin progestin progestin
Hyperandogenism
Polycystic ovarian Acne Oral EE 20-35 pug/d  Drospirenon® v | Acne Variable VTE risk
syndrome hirsutism meta- | Hirsutism
bolic syndrome Oral EE 20-35pg/d  Norgestimat® 11 | Acne Variable VTE risk
| Hirsutism
Congenital Acne hirsutism  Oral EE 20-35 pug/d  Drospirenone®" v 1 Acne Variable VTE risk
adrenal hyperplasia | Hirsutism
Oral EE 20-35ug/d  Norgestimate? 11 | Acne Variable VTE risk
| Hirsutism
Hypergonadotropic hypogonadism
Turner syndrome with Cardiac defects ~ TDE 25-100ug Micronized P Natural P Lower breast Nausea
primary ovarian failure Hypertension 2 times/wk® OR oral 100 mg/d x cancer risk long  Bloating breast
Obesity estradiol 2-4 mg/d©  10-14 days © term tenderness
Insulin resistance Generally well Headache
tolerated Dizziness
Peanut allergy
TDE 25-100 ug MPA 10 mg/d x 10 days® 1 Generally well Gl issues
2 times/wk? tolerated Breast pain
Abdominal pain
Oral EE 20 -35 pg/d  Norgestimate? 111 1 Acne Variable VTE risk
| Hirsutism
Oral EE 20 -35 ug/d  Levonorgestrel? I | VTE risk T Acne
Oral EE 20 -35pg/d  Norethindrone? I | VTE risk T Acne (intermediate
between class II&III)
Hypogonadotropic hypogonadism
Congenital/acquired TDE 50 - 150ug MPA 10 mg/d x 10 days® 1 Generally well Gl issues
hypogonadotropic 2 times/wk® tolerated Breast pain
hypogonadism OR oral estradiol Abdominal pain
2-4 mg/d*
TDE 25 - 100ug Micronized P Natural P Lower breast Nausea
2 times/wk® 100-200 mg/d x cancer risk long  Bloating breast
10-14 days® term tenderness headache
Generally well Dizziness
tolerated Peanut allergy
Oral EE 20-35pg/d  Norgestimate? 11 | Acne Variable VTE risk
| Hirsutism
Oral EE 20-35ug/d  Levonorgestrel® II | VTE risk T Acne
Oral EE 20-35 pug/d  Norethindrone? I | VTE risk T Acne (intermediate
between class II & III)
Functional hypothalamic ~ Weight loss TDE 100 ug 2 times/  MPA 2.5 mg/d x 10 days® I Generally well GI issues
amenorrhea Low BMD wk © tolerated Breast pain
Abdominal pain
TDE 25-100 ug MPA 10 mg/d x 10 days? 1 Generally well GI issues
2 times/wk? tolerated Breast pain

Abdominal pain
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Table 2: (continued)
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Clinical condition Associated Estrogenic agent Progestational Class of  Benefits of Side effects of
Condition agent progestin progestin progestin
TDE 25-100 ug Micronized P 100- Natural P Lower breast Nausea
2times/wk? 200 mg/d x 10-14 days® cancer risk long  Bloating breast
term tenderness headache
Generally well Dizziness
tolerated Peanut allergy
OTHER
Complete angrogen No uterus TDE 25-200 ug 2 None
insensitivity syndrome Low BMD times/wk"
Oral estradiol 2- None
4mg/d'

P, progesterone; EE, ethinyl estradiol; TDE, transdermal estrogen; MPA, medroxyprogesterone acetate; VTE, venous thromboembolism. 9Reasonable other
choices. "Drospirenone containing CoC cannot be used in any cases of CAH, with mineralocorticoid deficiency. Bold, combined oral contraceptives (CoC)

pills (single preparation); others are individual agents. [48, 49]; °130; “1351; ¢

PCOS. Thus, addition of COC may be required to reduce
androgen excess in addition to glucocorticoid and mineral-
ocorticoid, but it should not be used as an alternative to
glucocorticoid and mineralocorticoid therapy in classic CAH.
In contrast to the hyperandrogenism seen in PCOS, CAH is
associated with high progesterone along with androgen
excess, which prevents ovulation and leads to secondary
PCOS.

The most recent congenital CAH practice management
guidelines from the Endocrine society, published in 2018,
suggest that COC with drospirenone can be effective in
reducing both adrenal and ovarian androgen synthesis with
no effect on blood pressure or biochemical parameters such
as cortisol, renin, or potassium [33]. However, it should be
noted that the studies that measured the effects of drospir-
enone utilized a small number of patients, all without CAH
[34, 35]. In fact, there are no recent studies of drospirenone
use in adolescents with CAH. Also, it was previously noted
that drospirenone has antimineralocorticoid activity and
should be avoided in those on Florinef replacement [36]
Thus, while carefully selecting the progestational agent for
COC, those with minimal or no androgen activity, such as
Class III agents, may be favorable at least for those with
classic CAH. In milder forms of CAH (e.g., nonclassic CAH
with preserved mineralocorticoid activities), drospirenone
may offer advantages; however, more studies are needed.
Also, the adjunct therapy for hirsutism with spironolactone
is relatively contraindicated in classic CAH, as it will cause
MR antagonism in these already deficient patients and can
lead to volume depletion [37]. However, spironolactone
can be used in nonclassical CAH without any untoward
effects [38].

[50]; °[44]; T461.

Hypergonadotropic hypogonadism:
Turner syndrome (TS)

Turner syndrome is a condition associated with ovarian
dysgenesis. These patients require hormone replacement
therapy to induce puberty and for continuation [39]. It is
important to consider the increased risk for hypertension,
aortic dilation, and dissection in patients with TS when
choosing the appropriate progestational agent [40]. While
newer guidelines are being developed, the last published
guidelines for management of girls and women with Turner
syndrome suggest that progestin supplementation should
begin after 2 years of transdermal estrogen (25-100 pg two
times per week) or once a withdrawal bleed occurs to allow
for normal breast and uterine development [41-43]. At this
time, estrogen and progestin are given in a combined
sequential regimen, with 21-25 days of estrogen and
1-14 days of progestin. Although there is a lack of data that
focuses on adolescents, micronized progesterone or MPA is
most favorable due to a decreased risk of VTE [44] and breast
cancer [7] risk compared to more androgenic progestins.
Regarding cardiovascular risk, there are no studies in ado-
lescents comparing different progestational agents. Howev-
er, one study in adults compared micronized progesterone to
MPA with transdermal estrogen in cases of primary ovarian
failure or early menopause and found that micronized
progesterone had a more favorable effect on traditional
surrogate markers of cardiovascular health [45]. As adoles-
cents reach young adulthood, a COC can be considered [39].
Due to the elevated risk of cardiovascular disease, insulin
resistance, and obesity in those with Turner syndrome,
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third-generation progestins such as norgestimate may be
preferable due to the lower thromboembolic risk. Other
possible choices include COCs containing levonorgestrel or
norethindrone. These agents should be prescribed with
caution, considering the associated comorbid conditions.

Hypogonadotropic hypogonadism
(HH): congenital HH

Congenital hypogonadotropic hypogonadism, caused by
deficient production, section, or action of gonadotropin
releasing hormone (GnRH), is another condition that re-
quires long-term estrogen and progesterone supplemen-
tation in girls [46]. Like the treatment of Turner syndrome,
transdermal estrogen is started at low doses to mimic
natural estradiol levels during gonadarche. Dosing is
slowly increased over 2 years until uterine growth and
development is optimized, at which point cyclic
MPA/micronized progesterone is added. According to the
Endocrine Society clinical practice guidelines for patients
with panhypopituitarism, COCs may be more acceptable for
adolescents, although reasons for this are not cited and
further studies comparing various COCs vs. hormonal
replacement therapy in this population are lacking [47].
This highlights an important area for further research. The
progestin of choice of COC for these patients can be nor-
gestimate, levonorgestrel, or norethindrone, as per indi-
vidual therapeutic decision.

Hypogonadotropic hypogonadism:
functional hypothalamic
amenorrhea (FHH)

Functional hypothalamic amenorrhea is defined as the
absence of menstruation due to suppression of the hypo-
thalamic pituitary axis. The goal of pharmacological hor-
mone treatment in this condition is to promote bone
mineral density. Bone outcomes may be compromised
even after 6-12 months of amenorrhea, and thus clinicians
may consider short-term hormone replacement therapy
if nutritional, psychological, and exercise-related in-
terventions are ineffective in this time period. Current
guidelines recommend using TDE therapy (100 pg twice
weekly) with cyclic short-term oral MPA(48). The optimal
type of estrogen replacement and dose for bone and other
tissues deserves further study.
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Complete androgen insensitivity
syndrome (CAIS)

Patients with CAIS have a female phenotype but an XY
karyotype due to a mutation in the AR. Management,
therefore, should include comprehensive counseling and
full disclosure of the functional, sexual, and psychological
issues that may arise [49-51], Patients with CAIS do not
have a uterus. Therefore, while they require estrogen
replacement for adequate bone development, progestin
therapy is not required [52]. Berteloni et all suggest using
TDE (25-200 pg twice weekly) or oral estradiol for medi-
cal management [53]. Interestingly, a recent study of
26 patients with CAIS, ages 18-54 years, found that testos-
terone therapy is well tolerated and as safe as estrogen for
hormone replacement therapy, especially for those with
reduced sexual function [54]. Additional treatment options
include gonadectomy and genetic counseling based on the
patients’ individual goals.

Conclusions

Progesterone is an important hormonal modulator, with the
primary role of stimulating the endometrium to develop
secretory glands. Because oral progesterone is not well
tolerated, synthetic progestins with similar properties have
been developed and are important in the treatment of
common endocrine conditions. In addition to progestational
effects, these progestins have varying degrees of affinity to
the GR, MR, and AR, and it is important to consider the po-
tential side effects of these medications, including throm-
boembolism and androgenic effects. In this paper, we
provide a literature based, as well as anecdotal, guidance for
progestin use. Often, there is no one progestin type that is
without challenges. Therefore, the use of progestational
agents in girls must be individualized, taking into account
the individual risk factors and needs of the specific patient.
In addition, this field requires further studies to fill the gaps
in knowledge that will aid in development of treatment
guidelines based on stronger and more comprehensive
evidence.

Research ethics: Not applicable.

Informed consent: Not applicable.

Author contributions: All authors have accepted respon-
sibility for the entire content of this manuscript and
approved its submission.

Use of Large Language Models, AI and Machine Learning
Tools: None declared.



DE GRUYTER

Conflict of interests: All other authors state no conflict of

interest.
Research funding: None declared.
Data availability: Not applicable.

References

16.

17.

18.

. Di Renzo GC, Tosto V, Tsibizova V. Progesterone: history, facts, and

artifacts. Best Pract Res Clin Obstet Gynaecol 2020;69:2-12.

. Lahoti A, Yu C, Brar PC, Dalgo A, Gourgari E, Harris R, et al. An endocrine

perspective on menstrual suppression for adolescents: achieving good
suppression while optimizing bone health. ] Pediatr Endocrinol Metab
2021;34:1355-69.

. Jadhav N, Pantwalawalkar J, Sawant R, Attar A, Lohar D, Kadane P, et al.

Development of progesterone oily suspension using moringa oil and
Neusilin US2. | Pharm Innov 2022;1:1-2.

. Short RV, Rowell ]G. The half-life of progesterone in the peripheral

blood of a Ewe at two stages of gestation. ] Endocrinol 1962;25:369-74.

. Kuhl H. Pharmacokinetics of oestrogens and progestogens. Maturitas

1990;12:171-97.

. DiVasta AD, Gordon CM. Hormone replacement therapy for the

adolescent patient. Ann NY Acad Sci 2008;1135:204-11.

. Stute P, Wildt L, Neulen . The impact of micronized progesterone on

breast cancer risk: a systematic review. Climacteric 2018;21:111-22.

. Apgar BS, Greenberg G. Using progestins in clinical practice. Am Fam

Physician. 2000;62:1839-46.

. Giatti S, Melcangi RC, Pesaresi M. The other side of progestins: effects

in the brain. ] Mol Endocrinol 2016;57:R109-26.

. Garcia-Becerra R, Borja-Cacho E, Cooney AJ, Jackson K], Lemus AE,

Pérez-Palacios G, et al. The intrinsic transcriptional estrogenic activity
of a non-phenolic derivative of levonorgestrel is mediated via the
estrogen receptor-a. ] Steroid Biochem Mol Biol 2002;82:333-41.

. Muhn P, Fuhrmann U, Fritzemeier KH, Krattenmacher R, Schillinger E.

Drospirenone: a novel progestogen with antimineralocorticoid and
antiandrogenic activity. Ann NY Acad Sci 1995;761:311-35.

. Kontula K, Paavonen T, Luukkainen T, Andersson LC. Binding of

progestins to the glucocorticoid receptor: correlation to their
glucocorticoid-like effects on in vitro functions of human mononuclear
leukocytes. Biochem Pharmacol 1983;32:1511-8.

. Curtis KM. US medical eligibility criteria for contraceptive use, 2016.

MMWR Recomm Rep. 2016;6.

. Glisic M, Shahzad S, Tsoli S, Chadni M, Asllanaj E, Rojas LZ, et al.

Association between progestin-only contraceptive use and
cardiometabolic outcomes: a systematic review and meta-analysis. Eur
] Prev Cardiol 2018;25:1042-52.

. White K, Potter JE, Hopkins K, Fernandez L, Amastae J, Grossman D.

Contraindications to progestin-only oral contraceptive pills among
reproductive-aged women. Contraception 2012;86:199-203.
Morimont L, Haguet H, Dogné JM, Gaspard U, Douxfils J. Combined oral
contraceptives and venous thromboembolism: review and perspective
to mitigate the risk. Front Endocrinol 2021;12. https://doi.org/10.3389/
fendo.2021.769187.

Brodner DC, Corsino P, Harvey A, Souétre E, Salvati E, Belugou JL. Effect
of blue light from electronic devices on melatonin and sleep/wake
rhythms in high school children. Sleep 2020;40:334-40.

Fauser BC, Tarlatzis BC, Rebar RW, Legro RS, Balen AH, Lobo R, et al.
Consensus on women’s health aspects of polycystic ovary syndrome

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

Reich et al.: An overview of progestational agents and unmet clinical needs =—— 937

(PCOS): the Amsterdam ESHRE/ASRM-Sponsored 3rd PCOS Consensus
Workshop Group. Fertil Steril 2012;97:28-38.

Foidart JM, Wuttke W, Bouw GM, Gerlinger C, Heithecker R. A
comparative investigation of contraceptive reliability, cycle control and
tolerance of two monophasic oral contraceptives containing either
drospirenone or desogestrel. Eur J Contracept Reprod Health Care
2000;5:124-34.

De Leo V, Morgante G, Piomboni P, Musacchio MC, Petraglia F, Cianci A.
Evaluation of effects of an oral contraceptive containing
ethinylestradiol combined with drospirenone on adrenal
steroidogenesis in hyperandrogenic women with polycystic ovary
syndrome. Fertil Steril ;88:113-7. https://doi.org/10.1016/j.fertnstert.
2006.11.137.

Guido M, Romualdi D, Giuliani M, Suriano R, Selvaggi L, Apa R, et al.
Drospirenone for the treatment of hirsute women with polycystic ovary
syndrome: a clinical, endocrinological, metabolic pilot study. ] Clin
Endocrinol Metab 2004;89:2817-23.

Dragoman MV, Tepper NK, Fu R, Curtis KM, Chou R, Gaffield ME. A
systematic review and meta-analysis of venous thrombosis risk among
users of combined oral contraception. Int ] Gynaecol Obstet 2018;141:
287.

Jick SS, Hernandez RK. Risk of non-fatal venous thromboembolism in
women using oral contraceptives containing drospirenone compared
with women using oral contraceptives containing levonorgestrel: case-
control study using United States claims data. BM) 2011;342. https://
doi.org/10.1136/bmj.d2151.

Gomes MP, Deitcher SR. Risk of venous thromboembolic disease
associated with hormonal contraceptives and hormone replacement
therapy: a clinical review. Arch Intern Med 2004;164:1965-76.

Pfeifer S, Butts S, Dumesic D, Fossum G, Gracia C, La Barbera A, et al.
Combined hormonal contraception and the risk of venous
thromboembolism: a guideline. Fertil Steril 2017;107:43-51.

Grandi G, Del Savio MC, Facchinetti F. The paradigm of norgestimate: a
third-generation testosterone-derivative progestin with a peripheral
anti-androgenic activity and the lowest risk of venous
thromboembolism. Expet Rev Clin Pharmacol 2021;14:211-24.

Hagag P, Steinschneider M, Weiss M. Role of the combination
spironolactone-norgestimate-estrogen in Hirsute women with
polycystic ovary syndrome. J Reprod Med 2014;59:455-63.

Redmond GP, Olson WH, Lippman JS, Kafrissen ME, Jones TM, Jorizzo JL.
Norgestimate and ethinyl estradiol in the treatment of acne vulgaris: a
randomized, placebo-controlled trial. Obstetrics Gynecol 1997;89:
615-22.

Vargas-Mora P, Morgado-Carrasco D. Spironolactone in dermatology:
uses in acne, Hidradenitis Suppurativa, female pattern hair loss, and
Hirsutism. Actas Dermo-Sifiliogr Engl Ed 2020;111:639-49.

Elsaie ML. Hormonal treatment of acne vulgaris: an update. Clin
Cosmet Invest Dermatol 2016;2:241-8.

Sharma S, Mathur DK, Paliwal V, Bhargava P. Efficacy of metformin in
the treatment of acne in women with polycystic ovarian syndrome:
a newer approach to acne therapy. ] Clin Aesthet Dermatol. 2019;
12:34.

McGill D), Hutchison C, McKenzie E, McSherry E, Mackay IR. Laser hair
removal in women with polycystic ovary syndrome. ] Plast Reconstr
Aesthet Surg 2007;60:426-31.

Speiser PW, Arlt W, Auchus RJ, Baskin LS, Conway GS, Merke DP, et al.
Congenital adrenal hyperplasia due to steroid 21-hydroxylase
deficiency: an endocrine society clinical practice guideline. J Clin
Endocrinol Metab 2018;103:4043-88.


https://doi.org/10.3389/fendo.2021.769187
https://doi.org/10.3389/fendo.2021.769187
https://doi.org/10.1016/j.fertnstert.2006.11.137
https://doi.org/10.1016/j.fertnstert.2006.11.137
https://doi.org/10.1136/bmj.d2151
https://doi.org/10.1136/bmj.d2151

938 —— Reich et al.: An overview of progestational agents and unmet clinical needs

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Weitzman ED, Fukushima D, Nogeire C, Roffwarg H, Gallagher TF,
Hellman L. Twenty-four hour pattern of the episodic secretion of
cortisol in normal subjects. J Clin Endocrinol Metab 1971;33:14-22.
Debono M, Ghobadi C, Rostami-Hodjegan A, Huatan H, Campbell M),
Newell-Price J, et al. Modified-release hydrocortisone to provide
circadian cortisol profiles. J Clin Endocrinol Metab 2009;94:1548-54.
Regidor PA, Schindler AE. Antiandrogenic and antimineralocorticoid
health benefits of COC containing newer progestogens: dienogest and
drospirenone. Oncotarget 2017;8:83334.

Auchus RJ. Management considerations for the adult with congenital
adrenal hyperplasia. Mol Cell Endocrinol 2015;408:190-7.

Adriaansen BP, Schroder MA, Span PN, Sweep FC, van Herwaarden AE,
Claahsen-van der Grinten HL. Challenges in treatment of patients with
non-classic congenital adrenal hyperplasia. Front Endocrinol 2022;13.
https://doi.org/10.3389/fendo.2022.1064024.

Klein KO, Rosenfield RL, Santen RJ, Gawlik AM, Backeljauw PF,
Gravholt CH, et al. Estrogen replacement in Turner syndrome:
literature review and practical considerations. ] Clin Endocrinol Metab
2018;103:1790-803.

Elsheikh M, Casadei B, Conway GS, Wass JA. Hypertension is a major
risk factor for aortic root dilatation in women with Turner’s syndrome.
Clin Endocrinol 2001;54:69-73.

Gonzalez L, Witchel SF. The patient with turner syndrome: puberty and
medical management concerns. Fertil Steril 2012;98:780-6.

Gravholt CH, Andersen NH, Conway GS, Dekkers OM, Geffner ME,
Klein KO, et al. Clinical practice guidelines for the care of girls and
women with Turner syndrome: proceedings from the 2016 Cincinnati
International Turner Syndrome Meeting. Eur J Endocrinol 2017;177:
G1-70.

Shankar RK, Backeljauw PF. Current best practice in the management
of Turner syndrome. Ther Adv Endocrinol Metab 2018;9:33-40.
Trenor CCIIL, Chung RJ, Michelson AD, Neufeld EJ, Gordon CM,

Laufer MR, et al. Hormonal contraception and thrombotic risk: a
multidisciplinary approach. Pediatrics 2011;127:347-57.

Mittal M, McEniery C, Supramaniam PR, Cardozo L, Sawvas M, Panay N,
et al. Impact of micronised progesterone and medroxyprogesterone

46.

47.

48.

49.

50.

51.

52.

53.

54.

DE GRUYTER

acetate in combination with transdermal oestradiol on cardiovascular
markers in women diagnosed with premature ovarian insufficiency or
an early menopause: a randomised pilot trial. Maturitas 2022;161:
18-26.

Boehm U, Bouloux PM, Dattani MT, De Roux N, Dodé C, Dunkel L, et al.
European consensus statement on congenital hypogonadotropic
hypogonadism-pathogenesis, diagnosis and treatment. Nat Rev
Endocrinol 2015;11:547-64.

Fleseriu M, Hashim IA, Karavitaki N, Melmed S, Murad MH, Salvatori R,
etal. Hormonal replacement in hypopituitarism in adults: an endocrine
society clinical practice guideline. J Clin Endocrinol Metab 2016;101:
3888-921.

Gordon CM, Ackerman KE, Berga SL, Kaplan JR, Mastorakos G, Misra M,
et al. Functional hypothalamic amenorrhea: an endocrine society
clinical practice guideline. J Clin Endocrinol Metab 2017;102:1413-39.
Engberg H, Strandqvist A, Nordenstrém A, Butwicka A, Nordenskjold A,
Hirschberg AL, et al. Increased psychiatric morbidity in women with
complete androgen insensitivity syndrome or complete gonadal
dysgenesis. ] Psychosom Res 2017;101:122-7.

Alderson J, Madill A, Balen A. Fear of devaluation: understanding the
experience of intersexed women with androgen insensitivity
syndrome. Br ] Health Psychol 2004;9:81-100.

Minto CL, Liao KL, Conway GS, Creighton SM. Sexual function in women
with complete androgen insensitivity syndrome. Fertil Steril 2003;80:
157-64.

Oakes MB, Eyvazzadeh AD, Quint E, Smith YR. Complete androgen
insensitivity syndrome-a review. | Pediatr Adolesc Gynecol 2008;21:
305-10.

Bertelloni S, Dati E, Baroncelli GI, Hiort O. Hormonal management of
complete androgen insensitivity syndrome from adolescence onward.
Horm Res Paediatr 2011;76:428-33.

Birnbaum W, Marshall L, Werner R, Kulle A, Holterhus PM, Rall K; et al.
Oestrogen versus androgen in hormone-replacement therapy for
complete androgen insensitivity syndrome: a multicentre, randomised,
double-dummy, double-blind crossover trial. Lancet Diabetes
Endocrinol 2018;6:771-80.


https://doi.org/10.3389/fendo.2022.1064024

	Selecting optimal progestational agents either alone or in combination in common pediatric endocrine settings: challenges of unmet needs
	Introduction
	Natural progestational agents
	Different types of synthetic progestins
	Disadvantages/side effects/contraindications
	Selection of optimal progestational agent in common endocrinologic conditions in adolescents
	Polycystic ovarian syndrome (PCOS)
	Congenital adrenal hyperplasia (CAH)
	Hypergonadotropic hypogonadism: Turner syndrome (TS)
	Hypogonadotropic hypogonadism (HH): congenital HH
	Hypogonadotropic hypogonadism: functional hypothalamic amenorrhea (FHH)
	Complete androgen insensitivity syndrome (CAIS)
	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


