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Abstract: Suppression of menstruation and/or ovarian
function in adolescent girls may be desired for a variety of
reasons. Numerousmedical options exist. The choice of the
appropriate modality for an individual patient depends on
several factors based on differences in the efficacy of
achieving menstrual suppression as well as in their side
effect profiles. Adolescence is also a period of bone mass
accrual in girls, and several of these modalities may
negatively influence peak bone mass. This review focuses
on the efficacy of achievingmenstrual suppression and the

effect on bone health of the various options through an
overview of the current literature and also highlights areas
in need of further research.

Keywords: adolescents; amenorrhea; bone health; contra-
ception; ethics; menstrual suppression; osteoporosis.

Background

Menstrual suppression in adolescents may be desirable for
multiple clinical conditions, including transgender and
gender-nonconforming youth with dysphoria secondary to
menses, intellectual disability with difficulty coping
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secondary to psychological immaturity and difficulty with
self-care, heavy or prolonged menstrual bleeding, or
dysmenorrhea [1–3]. Options for menstrual suppression
have varying efficacy for the reduction in bleeding. Some of
these optionsmay suppress ovarian estrogen secretion and
have adverse effects on bone mass.

In females, although bone mass continues to increase
past age 20 years, peak accrual occurs during puberty and
three years following menarche [4]. Nearly half of adult
bone mass is attained during the four years surrounding
the pubertal growth spurt [5]. Although bone mineral
density (BMD) has not been validated in adolescents as a
predictor of future risk of fracture, a 5–10% lower BMD in a
postmenopausal woman is associated with an approxi-
mately 50% increased fracture risk [4].

This review provides a contemporary perspective on
the options for menstrual management in adolescents
with a focus on their efficacy for menstrual suppression
and their effect on bone health. Literature from adoles-
cent studies is cited when available; however, in the
absence of robust pediatric data, pertinent literature from
studies in adult women is cited, thereby highlighting the
need for further research. Of note, this review does not
cover acute management of heavy menstrual bleeding,
nor does it serve as a comprehensive prescribing refer-
ence. Readers are referred to the Centers for Disease
Control U.S. Medical Eligibility Criteria for Contraceptive
Use, prescribing information, and other resources for
comprehensive information regarding contraindications,
contraceptive efficacy, and complete side effect profile of
each formulation discussed [6]. We discuss several stra-
tegies for menstrual suppression below; for each, we will
review available formulations and relevant physiology,
summarize the literature on the efficacy for this indica-
tion, effects on bone health, and briefly discuss other key
clinical considerations that may influence prescribing
decisions.

Content

Combined estrogen and progestin
preparations

Combinations of estrogen and progestin are available as
oral tablets, transdermal patches, and vaginal rings. These
preparations are not only marketed and approved as con-
traceptives but also are frequently used off-label for men-
strual suppression in both adolescent and adult women.
The form of estrogen most commonly used in combined

oral contraceptives (COCs) is ethinyl estradiol (EE, different
from 17β-estradiol [E2] secreted by the ovaries). EE is more
potent than E2 and has a longer half-life [7]. Oral forms of
E2 are available as micronized estradiol (for increased ab-
sorption) or estradiol valerate (metabolized to estradiol in
the liver). All oral estrogens undergo substantial hepatic
first-pass metabolism, exerting significant estrogenic ef-
fects on the liver that include increased production of sex
hormone binding globulin (SHBG), aswell as the decreased
synthesis of insulin-like growth factor-1 (IGF-1) [7].

Just as EE differs from E2 secreted by the ovaries, the
progestins in COCs are distinct from progesterone secreted
by the ovary. Progestins are usually synthetic derivatives
of progesterone or testosterone which primarily act on the
progesterone receptor but may have differing actions from
progesterone on other steroid hormone receptors [8]. In
contrast, micronized progesterone, available in oral,
vaginal, and intramuscular preparations, is bioidentical to
progesterone secreted by the ovary, but not typically used
in COCs.

Progestins are classified as first through the fourth
generation based on the date they were introduced for
clinical use (Table 1). They are also classified by their
chemical structure (estranes, gonanes, pregnanes, and
spironolactone derivatives) and have varying venous
thromboembolism (VTE) and androgenicity risk [9].
Neither classification, however, adequately cohorts all
clinical effects.

The first three generations of progestins are mainly
derivatives of testosterone and have some androgenic
activity, with third-generation progestins having lower
androgenic potential. The fourth-generation progestins
were specifically developed to possess anti-androgenic
properties (Table 1). Despite these differences, circulating
concentrations of androgens typically decrease with the
use of any COC. This occurs through several mechanisms:
inhibition of LH (lowering ovarian testosterone), stimu-
lation of SHBG production (lowering free testosterone),
lowering of adrenal androgens, and inhibition of
androgen-binding to the androgen receptor [10].

Combined oral contraceptive preparations used for
menstrual suppression

Available COCs contain varyingdoses of estrogens (typically
EE) and types of progestins (most commonly norethindrone,
levonorgestrel, and norgestimate) (Table 1). Whereas tradi-
tional use of COCs for contraception includes the use of
placebo days to induce withdrawal bleeding, continuous
use of COCs with the exclusion of the placebo days has
similar efficacy for contraception and is safe andeffective for
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achieving menstrual suppression in the majority of cases
with prolonged use [11–14]. The concentration of EE in
combined pills is typically 20–35 μg (range 10–50 μg).
Intermittent bleeding ismore likely to occur in users of COCs
containing 20 μg or less of EE [7], correlating with a higher
rate of discontinuation [15, 16]. COCs are available in
monophasic combinations (same dose EE and progestin

over 21–24 days), biphasic (two different concentrations of
EE and/or progestin), and triphasic (three concentrations of
EE and/or progestin). A quadriphasic COC formulation that
contains estradiol valerate (1–3 mg) rather than EE and the
progestin dienogest is also available. The biphasic and
triphasic pills were developed to more closely mimic the
normal hormonal fluctuations of a menstrual cycle and to
reduce total hormone doses, thereby potentially limiting
side effects. However, two 2006 Cochrane reviews [17, 18]
and two 2011 Cochrane reviews comparing these various
combinations all failed to find sufficient evidence of dif-
ferences in contraceptive efficacy, irregular bleeding, and
discontinuation rates [19, 20]. In the absence of proven
superiority, the authors of the Cochrane review suggested
choosing a monophasic preparation for greater simplicity
and lower cost [19]. For menstrual suppression using
COCs continuously, only monophasic preparations are
directly supported by the literature [12–14, 21]. From a
physiological standpoint, the continuous progestin effect
to thin the endometrium underlies the safety of contin-
uous COC use with regard to endometrial health [11, 21].
Potential advantages of the formulation containing
estradiol valerate may include decreased adverse effects
on blood pressure and lipids compared to combinations
containing EE [22, 23].

Use of extended-cycle vs. monthly COCs for menstrual
suppression

COCs can be taken for extended periods of time so that a
withdrawal bleed occurs every threemonths to once-yearly to
indefinite menstrual suppression. The majority of extended-
cycle COCs are monophasic preparations using EE and levo-
norgestrel over 84 days followed by seven days of placebo or
10μgEE. Theoretically, anymonophasicCOCpreparationcan
be used for an extended duration or continuously to increase
the interval between menses. Extended cycling of COCs may
be a preferred option for adolescents requiring menstrual
suppression as the total amount of menstrual bleeding is
much less than with monthly cycling.

A 2014 Cochrane review of randomized controlled trials
of extended-cycle contraceptives vs. conventional 28-day
formulations found comparable adherence [11]. Menstrual
symptoms such as headache, dysmenorrhea, and fatigue
were improved. Although overall bleeding/spotting was
similar or lesser in the extended-cycle group, discontinua-
tion rateswere similar or higher and patient satisfactionwas
similar or lower potentially due to greater unscheduled
bleeding in this treatment group [11]. Endometrial assess-
ment performed in four trials by ultrasound and/or endo-
metrial biopsy revealed no endometrial hyperplasia.

Table : Oral estrogen and progestin formulations.

Progestin-Only Oral preparations
Norethindrone “mini-pill”: . mg, -pill packs
Desogestrel “mini-pill”: . mg, -pill packs
Norethindrone acetate:  and  mg
Medroxyprogesterone acetate: . mg,  mg, and  mg

Combined estrogen and progestin oral contraceptives (COCs):
Estrogen component: Most commonly ethinyl estradiol – μg;

 and  μg also available
Progestin component:
First-generation progestins:

Estranes derived from testosterone
Norethindrone: . mg, . mg, . mg,  mg; biphasic

(. mg,  mg); triphasic (. mg, . mg,  mg), (. mg,  mg,
. mg)

Norethindrone acetate:  mg, . mg
Ethynodiol diacetate:  mg

Pregnane derived from -hydroxyprogesterone
Chlormadinone acetate:  mg,  mg,  mg,  mg (not

available in the US or Canada)
Second-generation progestins (gonanes derived from

testosterone):
Norgestrel: . mg, . mg
Levonorgestrel: . mg, . mg; triphasic (. mg,

. mg, . mg); extended cycle . mg, . mg, . mg
Third-generation progestins (gonanes derived from

levonorgestrel):
Norgestimate: . mg, triphasic (., ., . mg)
Desogestrel: . mg, triphasic (. mg, . mg, . mg)
Gestodene:.mg,.mg (not available in theUSor Canada)

Fourth-generation progestins/anti-androgenic progestins:
Non-ethinylated estrane
Dienogest:  mg; in combination with estradiol valerate

( mg,  mg)
Spironolactone derivative
Drospirenone:  mg

Pregnane derived from -norprogesterone
Nomegestrel acetate: . mg with β-estradiol (not avail-

able in the US or Canada)
Pregnane derived from -hydroxyprogesterone
Cyproterone acetate:  mg (not available in the US)

Other COC preparations
Estradiol valerate quadriphasic ( mg,  mg,  mg,  mg) + dieno-
gest (none,  mg,  mg, none, respectively)
β-estradiol . mg + nomegestrol acetate . mg

Dosing regimens for COCs
Mono or multiphasic preparations
Cyclic or continuous use preparations
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Endometrial quiescence and atrophy has been documented
as early as four months after continuous COC use [24].

Combined estrogen and progestin transdermal patch
and vaginal ring

Although less commonly used in adolescents, both trans-
dermal patches and vaginal rings with combinations of EE
and progestin are available. The combined hormone patch
is applied once weekly for three weeks. With conventional
use for contraception, no patch is applied for the fourth
week to achieve withdrawal bleeding. Compared with
COCs, the patch achieves fewer fluctuations in serum EE
level and a lower peak level, but an overall higher area
under the curve [25–27]. The combined hormone vaginal
rings include a flexible latex-free vinyl polymer ring and
a reusable silicone ring that is inserted vaginally by the
patient and left in place for three weeks of every four-week
cycle. Similar to the patch, the vaginal ring achieves steady
serum levels of EE compared to a 30 μg EE-containing COC,
but cumulative systemic EE exposure is much lower with
ring use compared to either the patch or COC [27].

Once-weekly application with the patch, or once
monthly with the vaginal ring, has the potential for
increased adherence and relative ease of achieving perfect
use compared to COCs. In addition, they may be useful
options in adolescents who cannot or will not swallow pills.
However, patches have relatively high detachment rates
and overall higher rates of user discontinuation than COCs,
as demonstrated in Cochrane reviews [26] and in studies
specifically in adolescents and young adults [28–30]. The
vaginal ring may be inappropriate for younger children
requiring menstrual suppression and has shown mixed re-
sults with regard to acceptability among sexually active
adolescents, although adherence is superior to COC for
those willing to continue with its use [31–33].

Efficacy of combined estrogen and progesterone
preparations for menstrual suppression

Up to 70% of patients can achieve menstrual suppression
by one year with continuous use of COC [12–14]. Though
there is an initial increase in spotting days, the number
tends to decrease as the year progresses.

Studies evaluating extended regimens of the contra-
ceptive vaginal ring and patch are limited. In a study
among 28 adolescents on the patch, 14% experien
ced breakthrough bleeding, half experienced a shorter
duration of bleeding while 4% experienced longer menses,
and a third reported lighter flow [30]. In another small

study, almost half of adolescents reported less menstrual
bleeding on the patch compared to baseline [28]. Data on
extended ring use in adolescents is lacking. In adults,
postponement of the withdrawal bleeding (ring-free week)
for up to one year allowed reduction in bleeding days, but
days with spotting increased [34].

The efficacy of combined hormonal preparations may
be decreased by some co-morbidities or concomitant
medical therapies. For example, anti-epileptic drugs that
enhance cytochrome P450 and/or uridine-diphosphate-
glucoronosyltransferase activity reduce the efficacy of
combined hormone preparations by increasing the meta-
bolismof estrogen and progestin. A recent opinion piece by
the American College of Obstetricians and Gynecologists
(ACOG) provides further guidance [35].

Effects of combined estrogen and progestin
preparations on bone health

Estrogen inhibits bone resorption, reducing both osteoclast
number and activity [36], whereas physiologic levels of
progesterone promote osteoblast differentiation and matu-
ration [37]. Although studies in adult women have been
reassuring regarding the effects of COC on bone health [38],
data aremixed regarding the effects of COC on bonemineral
accrual and bone mass acquisition in adolescence, during
which rising levels of estradiol, growth hormone (GH), and
IGF-1, along with the initiation of ovulatory menstrual
cycles, contribute to evolving bone geometry and bone
deposition [39–41]. EE prevents hypothalamic-pituitary
stimulation of endogenous estradiol production, such that
lower dose COC formulations that do not provide adequate
estrogenic replacement may increase bone resorption and
lower bone formation [40]. Alternatively, COC formulations
with supraphysiologic EE levels may result in excessive
suppression of bone resorption, impairing bone remodeling
[40]. EE may also interfere with other anabolic bone actions
including reduced androgen receptor binding and sup-
pressed IGF-1 production [5, 42].

Bone turnover markers are typically high in
adolescents and young adults secondary to high rates of
bone remodeling [43]. COC use appears to decrease bone
turnover, but studies on BMD and fracture risk with COCs
have yielded variable results [43]. A longitudinal study of
110 women up to age 33 years with serial BMDs since
childhood (67 of whom had COC exposure at varying
doses of EE), found a benefit on BMD if COC was used
within five years following peak height velocity. However,
beyond this period, COC use adversely affected BMD. The
authors theorized that after completion of growth, bone
formation and resorption are more tightly coupled and
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continued estrogenic suppression of resorption would
negatively affect adult bone formation [5]. Other reports
show detrimental effects of COC on bone mineral content
and/or density in adolescents [44–46], particularly with
the use of lower (≤20 μg) doses of EE [47–49]. Importantly,
a prospective cross-over study of 56 adolescents pointed
to greater impairment in BMD increase in low-dose
(≤20 μg) EE users compared to those taking higher doses
[49]. The frequency of placebo days may be another
determinant of effects on BMD. In a study of 829 adoles-
cents, those randomized to an extended regimen of 84 days
of levonorgestrel (150 μg) plus 30 μg EE followed by seven
days of 10μgEEhad similar changes inBMDcompared to an
untreated reference group, whereas those randomized to
21 days of levonorgestrel (100 μg) plus 20 μg EE followed by
seven days of placebo had reduced gains in BMD compared
to the reference group [50]. A 2014 Cochrane review
concluded that COCs do not appear to negatively affect
BMD, but studies were in adult women and the overall
quality of evidence was rated as low [51]. A 2019 meta-
analysis of nine prospective studies assessing the effect of
COC on bone mass in a total of 1535 adolescents (age 12–
19 years) suggested a small reduction in BMD in COC users
over 1 and 2 years, with an effect size of −0.2 g/cm2, the
clinical significance of which is unclear [52].

Bone accrual and bone masses are important pre-
dictors and surrogate markers of present and future frac-
ture risk [53]. However, this association is best studied in
postmenopausal women. Fragility fractures are fortunately
quite rare in premenopausal women; thus, data on the
association between COCs and fracture risk are limited and
conflicting [43, 54, 55]. Cochrane reviews (2011, 2012, and
2014) were unable to determine if COC exposure affects
fracture risk as none of the included trials assessed frac-
tures as an outcome [51, 56, 57]. Subsequently, a large
retrospective study of 12,970women suggested that the use
of COCs decreased the risk of fracture with the strongest
effect in the 18–25 and 26–35-year-old groups [58]. Since
only women with fractures at age ≥18 years were included,
these results cannot be generalized to the use of COC in
younger adolescents.

A potential mechanism by which COCs could impact
bone health is that oral estrogen metabolism by the liver
decreases IGF-1 production and bioavailability [40, 42].
IGF-1 has important bone trophic effects as it binds to the
IGF-1 receptor on osteoblasts, promoting their differenti-
ation and bone formation [42]. This implies a potential
benefit to transdermal delivery of contraceptive formu-
lations, which avoids hepatic first-pass metabolism.
Consistent with this hypothesis, COC users have lower
IGF-1 levels than controls [59], while the contraceptive

patch appears to have no effect on IGF-1 concentration
[60]. The comparative effects of oral vs. transdermal es-
trogen have been well-studied in adolescents with func-
tional hypothalamic amenorrhea (FHA). The E2 patch
(with cyclic oral micronized progesterone) in adolescents
with FHA is superior to COCs or no estrogen replacement
in increasing BMD [61]. Similarly, in 110 adolescent girls
with anorexia nervosa, the E2 patch plus cyclic oral pro-
gestin increased BMD compared to nonusers [62].

Compared to the large number of publications on
COCs and bone health, studies evaluating the effects of
the nonoral combined hormonal preparations are limited,
particularly in adolescents. Although studies in adult
women using the vaginal ring or patch suggest no effect
on BMD [63, 64], these data cannot necessarily be
extrapolated to adolescents. One small study of five girls
using an estrogen/progestin patch suggested lower gains
in BMD compared to controls, but conclusions were
limited by sample size [60]. Data are not available
regarding the effects of the vaginal ring on BMD in
adolescents.

In summary (Table 2), current literature in adolescents
suggests that COCs, particularly at lower doses of
EE ≤ 20 μg, may be detrimental to bone mineral acquisition,
although data on effects on fracture risk are lacking. Further
data evaluating effects based on EE dose, age of COC
initiation, and the risk of fracture with BMD change are
needed. Even less is known regarding the BMD effects of
the combined hormonal patch and vaginal ring during
adolescence, and large-scale randomized controlled trials
are needed. Current data, although extremely limited,
suggest that choosing a COC with ≥30 μg EE and decreasing
the number of placebo days may minimize potential
adverse effects on bone [41, 65].

Other clinical considerations

Common side effects of combined estrogen/progestin
preparations include spotting or breakthrough bleeding,
particularly in the first few cycles of use, breast tenderness,
headache, nausea, acne, and emotional lability. COC users
may also note lipid abnormalities, hypertension, and
cholelithiasis. Compared to COCs, contraceptive patches
are associated with more side effects, including skin
reaction at the patch site in up to 20% of users leading to
discontinuation in up to 3% [26]. About 2/3 of adolescents
reported mild site reactions and 13% reported a rash [28,
30]. The vaginal ring causes less nausea, acne, and
emotional lability, compared to the patch and COCs, but
can cause vaginal irritation and discharge [26].

Lahoti et al.: Menstrual suppression in adolescents 5



A 2010 prospective study in adolescents did not find
weight gain among COC users compared with nonusers
[66]. A 2013 Cochrane Review was also unable to find an
association between COC use and weight gain, or an
increased rate of discontinuation due to weight gain [67].

VTE risk is increased over two-fold with the use of
combined hormonal contraceptives compared with
nonuse, and certain formulations may pose a higher risk
[68, 69]. Nevertheless, the absolute risk is low (8–10
events per 10,000 women years) and the overall risk is

Table : Summary of hormonal options for menstrual suppression.

Rate of amenorrhea Contraceptive efficacy Effects on BMD and/
or fracture risk

Risk of venous thromboembo-
lism (VTE)

COC, taken continuously % by one year >% (with correct use) Mild detrimental
effect on BMD
possible; more
studies needed

Though absolute risk remains
low, the risk for VTE increased
compared to non-users (relative
risk .). Risk varies by type of
progestin and dose of EE. Risk
may be mildly increased with
extended cycle COCs compared
with cyclic use. Estradiol
valerate-containing COCs may
have a lower risk of VTE and
metabolic side effects

% (with typical use in the
first year)

Transdermal patch and
vaginal ring

Insufficient data.
Bleeding days
decreased with the
postponement of
withdrawal bleeding,
but spotting increased
(vaginal ring)

Similar to COCs Very limited litera-
ture. Bone turnover
appears to be
decreased, but no
significant effect on
BMD

VTE risk with patches is twice
that of COCs

Progesterone “mini-pill” <% –% in the first year of
use though needs to be
consistently taken within a
short time window and effi-
cacy significantly varies
with compliance

Very limited
literature

Minimal to no risk of VTE

Norethindrone acetate or
medroxyprogesterone ace-
tate, taken continuously

Up to % by end of the
second year; success
rates increasewith dose
up-titration

Not known (not indicated
for use as a contraceptive)

No data Minimal to no risk of VTE

Depot medroxyprogesterone
acetate

% by one year, up to
% with longer-term
use

>% Decreased BMD and
increased fracture
risk

Minimal to no risk of VTE

Etonogestrel subdermal
implant

Up to % >% Literature sparse. No
apparent decrease in
BMD. No data on
fracture risk

Minimal to no risk of VTE

Progesterone-containing
IUDs

 mg: % by one
year, –% with
longer-term use. May be
less in lower-dose
preparations

>% Appears neutral, but
more studies needed

No increased risk of VTE
compared to non-users

Pregnancy (N/A) (N/A) BMD loss during
pregnancy; eventual
recovery to baseline

Four to five-fold increased risk of
VTE compared to non-pregnant
state; > -fold increased risk in
the six-week postpartum period

BMD, bone mineral density; COC, combined oral contraceptive (estrogen/progestin); IUD, intrauterine device; VTE, venous thromboembolism.
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lower than the VTE risk of pregnancy and the postpartum
period [70]. However, patient factors must be carefully
considered. Obesity may independently increase VTE risk
up to ten times in COC users compared to nonusers
[71, 72]. Current evidence does not support that combined
hormonal contraceptive use (oral, patch, or ring) in-
creases seizures in patients with a seizure disorder, hence
epilepsy is not a contraindication. However, EE may
enhance the metabolism of some drugs, altering their
efficacy, and therefore as an example, COCs should be
used with caution in lamotrigine users [35].

Oral progestins

Depending on the specific formulation, dose, and
schedule, oral progestin preparations can be used for
menstrual suppression andmay, when used continuously
over time, induce amenorrhea. Progestin-only pills
(POPs), also known as mini-pills, contain either 35 μg
norethindrone, 75 μg desogestrel, or 4 mg drospirenone
[73]. POPs can be an alternative contraceptive method for
adolescents who have contraindications to estrogen-
containing medications, such as an increased risk of
VTE [74, 75]. However, they are not typically used for
menstrual suppression due to a low rate of achieving
amenorrhea and high rate of irregular bleeding.

Other oral progestins such as norethindrone acetate
(NETA) and medroxyprogesterone acetate (MPA), when
used continuously, may offer an alternative therapeutic
option for menstrual suppression. Of note, a fraction of NET
or NETA is converted to EE in vivo (5mg ofNETA gives rise to
about 10 μg of EE) while MPA is not metabolized to EE [73].

Efficacy of oral progestin preparations for menstrual
suppression

POP formulations can be used daily to attempt menstrual
suppression, but efficacy is dependent on dose and
adherence to taking the hormone as close to the same time
each day as possible. Since they do not effectively inhibit
ovulation, up to half of the POP users will have monthly
menses [76, 77] and will have more unpredictable bleeding
in comparison to COC users. The rate of menstrual sup-
pression in studies of the mini-pill is quite low, sometimes
<10% [76–78].

Oral NETA at doses 2.5–15 mg or MPA at doses 5–20 mg
per day, or even higher in cases of acute heavy menstrual
bleeding, can be used for menstrual suppression or as

therapy for abnormal or irregular bleeding andendometriosis
[73].Whereas high doses and thrice-daily administrationmay
be required for suppression of acute heavy menstrual
bleeding, continuous once-daily use of lower doses of NETA
or MPA is often effective for achieving long-term menstrual
suppression and represents an easier regimen for compli-
ance. Improved rates of menstrual suppression can be ach-
ievedwith up-titration of NETA orMPAwith reports citing up
to 76%rates at two-year follow-up [78, 79]. Although thereare
no randomized controlled trials in adolescents supporting
continuous once-daily use of NETA at doses of 2.5–15 mg,
there are reports of its successful use in adolescentswhohave
endometriosis [80] or who desire menstrual suppression to
affirmmale gender identity [2]. The authors of this piece share
a similar experience with its successful use, although clinical
research is needed to better characterize its comparative
effectiveness.

Effects of oral progestin preparations on bone health

In theory, oral progestins may affect bone by decreasing
the production of estrogen by the ovaries via an anti-
gonadotropin effect [81]. No longitudinal data are available
regarding oral progestins onBMD in adolescents. However,
a retrospective cohort study of over 50,000 females age 12–
45 yearswho started progestin-only pills from 2005 to 2015,
showed a slightly reduced risk of fracture of 0.88; this
reduced risk was not significant in the group with >2 years
of use [82]. Due to the lack of studies evaluating this, it is
also unclear if the differentialmetabolism of oral NETAand
MPA to EE has a bearing on their skeletal effects.

Other clinical considerations

Oral progestin formulationsmay be useful for adolescents
who have contraindications to oral estrogens, such as
migraines with aura, increased VTE risk, or use of cert
ain anti-epileptic medications. Bleeding irregularity
(including prolonged bleeding), acne, and breast
tenderness can be associatedwith POPs, and higher doses
of oral progestin in NETA or MPA may be associated with
bloating, mood changes, and increased appetite and
weight gain [77, 83–85].

Long-acting progestin formulations

These are effective contraceptives and include implants
(formulations with the sustained release of a progestin) and
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depot medroxyprogesterone acetate (DMPA). However, not
all patients achieve menstrual suppression and break-
through bleeding is common [86, 87]. Formulations include
intramuscular DMPA (150 mg) and a subcutaneous formu-
lation (104mg/0.65mL), both effective as contraceptives for
13 weeks and administered every three months. A subder-
mal implant containing 68 mg of etonogestrel is another
depot progestin formulation that can be placed in the upper
arm and is effective as a contraceptive for three years.
Outside of the US and Canada, a subdermal implant (con-
sisting of two rods)with 75mg levonorgestrel is available for
effective contraception up to five years.

Efficacy of long-acting progestin formulations for
menstrual suppression

About 55% of those using DMPA will achieve menstrual
suppression after one year and up to 80%after five years of
use [87–90]. With DMPA, breakthrough bleeding rates are
high at 50–60% during the first year and 32% the second
year [6, 87], while subcutaneous preparation bleeding rates
are even higher at 78% [87, 89].

Etonogestrel implants have a higher rate of unsched-
uled light bleedingwith greater than 75%of users reporting
some form of irregular bleeding over a three-month period.
Menstrual suppression during any 90-day period was only
achieved by 22% of women. Though a favorable bleeding
pattern in the first three months of use may predict the
pattern for the rest of the use period, the bleeding pattern
can remain randomandunpredictable for the three years of
use. Although there is limited data in adolescents, a study
of 116 adolescents using etonogestrel implant in the U.S.
noted that 17% became amenorrheic over a 36 month
period [6, 91, 92].

Effects of long-acting progestin formulations on bone
health

Depot medroxyprogesterone acetate
Unlike other forms of progestin-containing preparations,
the dose of DMPA is high enough to cause significant
suppression of the hypothalamic-pituitary-ovarian axis
thereby lowering endogenous estradiol. However, DMPA
users were also shown to have higher IGF-1, which may be
beneficial to bone [93].

One prospective study of new adolescent users of
DMPA found BMD decreased by 6.81% in 58 DMPA users
vs. 19 controls after two years [94]. Similar results have
been reported by others for DMPA [95–99]. DMPA likely has
a dose-related effect onBMD.A randomized 48week trial of

34 adolescents showed a significant decrease in BMD with
the 104 and 150mg preparations, but no changewith 75mg
[100]. A retrospective review of 83 adolescents showed that
DMPA users for >15 months were more likely to have low
BMD [99]. A longitudinal study of 178 adult women starting
DMPA showed that BMD continues to decrease at the hip
and spine after up to 48 months of use though the rate of
decline is slower [101]. The presence of other risk factors
such as eating disorders, weight loss, and excessive exer-
cise can exacerbate the bone-health effects [102, 103].

The effects of DMPA on BMD may be reversible. A
multicenter observational study followed 98 new adoles-
cent users of DMPA for up to 240 weeks of use and up
to 300 weeks following cessation of DMPA. Those who
discontinued DMPA increased their BMD, with a mean re-
covery time of 60 weeks for their spine BMD to return to
baseline, and continued increases thereafter [104, 105].
Mean recovery of total hip and femoral neck BMD to
baseline was much slower at 240 and 180 weeks, respec-
tively [105]. Lastly, an individually matched case-control
study investigated differences in BMD by age of DMPA
initiation among 50 pairs of women aged 18–25 years
(started DMPA before age 20 years) and 35–45 years (star-
ted DMPA after age 34 years). The mean duration of DMPA
use was three years. Only the younger matched cohort
demonstrated significant negative differences in BMD at
the lumbar spine, lumbar lateral areal BMD (bone size),
and BMD at the hip in DMPA users compared to nonusers,
suggesting that initiating DMPA prior to achievement of
peak bone density and bone size may have greater detri-
mental effects [93]. Fracture occurrence is the primary
clinical outcome of a concern. High-quality data about
long-term risk of fracture with DMPA use in adolescents
and young adults is lacking, and data from observational
studies are mixed. A retrospective cohort study of females
age 12–45 years who started DMPA, COC, progestin-only
pills, copper, or levonorgestrel IUDs from 2005 to 2015
showed an increased risk for fracture in those who had
used DMPA within the past two years, with the greatest
adjusted hazard ratio (1.42) for those with >2 years’ expo-
sure, but notwith past use >2 years prior. Amajor limitation
is the hazard ratio was not presented by age group and
DMPA use [82]. Conversely, a retrospective study of 83
adolescents who had received at least three DMPA in-
jections did not experience increased fracture; however,
use was of shorter duration (median 15 months) [99].

The concern over the risk of decreased BMD with
DMPA use led the FDA to issue a black box warning in
November 2004. Though the concerns of decrease in BMD
at a time of bone mass accrual and slow/lack of complete
BMD recovery in some anatomical sites up to five years
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following two or more years of DMPA use are legitimate,
several of these findings were based on studies with small
sample size. The warning recognizes that it is unclear if the
decrease in BMD leads to lower peak bone mass or an in-
crease in the risk of future osteoporotic fractures, yet it
states that DMPA use beyond two years should be
considered only if other contraceptive methods are inade-
quate. Therefore, DMPA may not be optimal to use for
menstrual suppression in young adolescentswho are at the
peak of their active bone mineralization. Before selecting
this method, additional individual risk factors for low BMD
should be considered. Routine use of bonedensitometry for
BMD is currently not recommended in adolescent DMPA
users, though additional longer-term studies are needed to
understand the utility of BMD monitoring in these patients
[106]. Also, measures that improve general bone health
including regular weight-bearing exercises, smoking cessa-
tion, and age-appropriate calcium and vitamin D intake
should be encouraged for all DMPAusers though it is unclear
if these measures offset BMD loss during DMPA use [106].

Etonogestrel subdermal implant
Progestin-releasing implants suppress gonadotropins and
inhibit ovulation, but have a lesser effect on estradiol, with
estradiol levels declining to early follicular phase levels
after insertion [107]. Studies in adults comparing the eto-
nogestrel implant with IUD use or the levonorgestrel
implant with nonuse have shown no detrimental effect on
BMD at the lumbar spine, femoral neck, or distal radius,
though these studies were small [108–110]. In a very small
study in adolescents comparing a change in BMD after two
years of DMPA or levonorgestrel implant vs. controls,
seven DMPA users experienced a 3.12% decrease, three
implant users a 9.33% increase, and four controls a 9.49%
increase in lumbar spine BMD [97]. Thus, although the
literature on progestin implant use and effect on BMD is
small, the evidence to date suggests no significant decrease
in BMD effect, while no studies on fracture incidence have
been reported (Table 2).

Other clinical considerations

DMPA has been associated with increased risk for men-
strual irregularities (as above), abdominal pain (11%),
weight gain >10 lbs at two years (38%), headache (17%),
dizziness (6%), nervousness (11%) as well as postmarket-
ing reports of thromboembolism, decreased glucose toler-
ance, and osteopenia (described above) [111].

Progestin-containing intrauterine devices

The American Academy of Pediatrics (AAP) [112] and the
ACOG [113] consider intrauterine devices (IUDs) to be
first-line contraceptive option for adolescents. Where
as copper-containing IUDs may increase menstrual
bleeding, progestin-containing IUDs reduce menstrual
bleeding significantly and may result in menstrual sup-
pression. Four levonorgestrel-releasing intrauterine sys-
tems (LNG-IUS) for contraception are currently available:
two 52-mg preparations (both approved for up to six years
for contraceptive use), a 19.5-mg LNG-IUS (approved for a
5–6 year duration), and a 13.5-mg LNG-IUS (approved for
a 3 year duration). Although the prescribing information
for one of the 52-mg levonorgestrel products recommends
the device only for parous women, the safety and efficacy
of all LNG-IUS are well-established in nulliparous women
[114]. The lower-dose LNG-IUS have narrower insertion
tubes and smaller T-frames than the 52-mg products.

Efficacy of progestin containing IUDs for menstrual
suppression

Compared to short-acting contraceptives in the adolescent
population, IUDs have higher efficacy, higher continuation
rates, and better patient satisfaction [113]. IUDs are
particularly suitable for adolescents with disabilities based
on convenience, duration of action, and limited interaction
with other medications, although placement usually re-
quires sedation in this population [115–117].

One of the 52-mg LNG-IUSs (Mirena® in the US) is
approved for the treatment of heavy menstrual bleeding,
and all LNG-IUS devices generally lighten menstrual
bleeding and reduce dysmenorrhea, mainly by direct ef-
fects on the endometrium rather than hypothalamic-
pituitary-ovarian axis suppression [41, 118]. Following a
transient increase in a number of days with menstrual
bleeding in the first few months following placement,
menstrual bleeding steadily decreases. Though there could
be up to a 97% reduction in menstrual blood loss after
12months of LNG-IUS use in patients with heavymenstrual
bleeding (based on a study of 20 women using 46 mg
LNG-IUS), achievement of menstrual suppression is less
common [119]. About 20%of 52-mg LNG-IUS users progress
to menstrual suppression during at least one 90-day in-
terval by one year of use, with rates approaching 40–60%
with longer-term use [79, 120–122]. Lower-dose devices
may have lower rates of menstrual suppression [113, 123]
though other studies did not find a difference [124].
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Effects of progestin containing IUDs on bone health

Effects of LNG-IUS on BMD are presumed to be minimal to
none because these devices release progestin locally with
limited systemic hormonal effects. Serum levels of levo-
norgestrel achieved with the highest-dose (52 mg) LNG-IUS
are roughly 25 times less than those achieved by a low-dose
levonorgestrel-containing COC [125]. At all three doses of
LNG-IUS, most women continue to ovulate [125], and
estradiol levels in women on all doses of LNG-IUS fall
within the typical range of women with normal menstrual
cycles [125]. With regard to data on BMD, the Phase 3 study
of 13.5-mg and 19.5-mg LNG-IUS products reported no
change in BMD at the hip or lumbar spine after three years
of treatment compared to baseline [126]. Smaller studies
comparing adult users of the 52-mg LNG-IUS to users of a
copper IUD showed no differences in BMD, suggesting no
detrimental effects of LNG-IUS [127, 128]. A retrospective
cohort study of females age 12–45 years comparing new
users of DMPA, COC, progestin-only pills, copper or levo-
norgestrel IUDs, found no increased risk for fracture in the
80,000 IUDusers (including 12,000 adolescents), although
the copper and progestin-IUDs were grouped together in
the analysis [82].

Other clinical considerations

IUD expulsion rates are 2–10% among all women, with
most studies suggesting adolescents have similar risks
[113, 117, 118, 124]. There is a very small increase in the risk
of pelvic inflammatory disease in the first 20 days after
placement and minimal risk of uterine perforation [113].
IUDs do not increase the risk of ectopic pregnancy and do
not have long-term effects on fertility following removal
[113, 118]. Both copper- and progestin-containing IUDs
reduce the risk of endometrial cancer [118]. LNG-IUS also
does not appear to increase the risk of VTE compared to
nonusers [129].

Surgical options and related ethical
considerations

Surgical approaches for the management of abnormal
menses are typically permanent and hence only used in
adolescents as a last resort. Options for long-term men-
strual suppression by surgical means used in adults
include endometrial ablation, hysterectomy, and/or oo-
phorectomy. Endometrial ablation is not recommended in

adolescents, but hysterectomy may be permissible and
may be in the best interests of the patient in certain cir-
cumstances where all other options, including pharmaco-
therapy, have been exhausted [130–133]. There are
significant ethical issues associated with surgical men-
strual suppression in adolescents [131, 132]. In adolescents
with disabilities, it may be especially challenging or
impossible to obtain informed assent and to allow the
patient to express her autonomy, due to the inability to
understand the potential outcomes or complications of
surgical menstrual suppression [133]. There is a sordid
history of forced sterilization and eugenics in individuals
with physical and intellectual disabilities and any associ-
ation with irreversible sterilization in this population
brings up the specter of that history [132, 134]. Before a
potential sterilizing procedure is undertaken, a profes-
sional assessment of the patient’s decisional capacity,
maturity, and competence must be completed, the poten-
tial reproductive outcomes discussed, alternative options
laid out, and state and federal laws examined [130–133,
135]. In order to obtain informed assent/consent, the
clinician must discuss the potential risks of any menstrual
suppression therapy [133].

Adolescents with disabilities may not be sexually
active,may be incapable of offering consent, andmay be at
risk of sexual abuse. Hysterectomy effectively prevents
pregnancy and menstruation, but it comes with a risk of
morbidity andmortality anddoes not protect the child from
sexual abuse or from sexually transmitted infections [130].
Families with girls who have undergone permanent ster-
ilization still require ongoing vigilance for sexual abuse or
sexually transmitted infections, a necessary point of
discussion.

Ethics committee and legal considerations

In instances involving minors and considerations of per-
manent sterilization, involvement of a local ethics com-
mittee is highly recommended and likely required by most
institutions. In addition, local jurisdictionsmay require the
appointment of an independent guardian ad litem to
advocate for the best interest of the patient before a court.

Summary and outlook

Menstrual suppression in adolescent girls may be desir-
able in a wide variety of situations. There are several
medical options for menstrual suppression, and no single
method is universally superior to the others (see Table 2
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for the summary). While each optionmay differ in efficacy
and side-effect profile, individual patient, family, and
social factors may further influence the efficacy and
should be taken into consideration. Additionally, failure
of one method generally does not preclude successful
trials of another. The options with the highest rate of
success achieving menstrual suppression are COCs, used
continuously (70% in the first year of use), and DMPA
(80% by five years of use). Continuous once daily use of
progestin-only preparations, NETA or MPA also has ≥70%
success of achieving menstrual suppression with upward
dose titration. Of these options, DMPA has the most sig-
nificant adverse effects on BMD during use, most of which
is reversible with cessation of use. Hence DMPA could still
be considered as an effective option for menstrual sup-
pression in adolescents though benefits must be weighed
against skeletal side-effects with prolonged use. COCs
may have modest adverse effects on bone, particularly at
lower EE doses, and more data are needed for the effects
of oral NETA and MPA. Progestin-containing IUDs reduce
bleeding in almost all users, up to 60% achievemenstrual
suppression over long-term use, and have the most
definitive data with regard to neutrality on bone health.
Balancing minimal side effects with moderate efficacy in
achieving menstrual suppression, progestin-containing
IUDs can be considered a first-line option for adolescents
who can tolerate both IUD insertion and some break-
through bleeding. Progestin-containing IUDs also
have the best performance with regard to contraceptive
efficacy. DMPA or etonogestrel implants provide the
second-best option for contraceptive efficacy, although
breakthrough bleeding is likely in the first several
months. For adolescents in whom breakthrough bleeding
is highly distressing, e.g., adolescents with intellectual
disability, continuous COC may be considered the first
line, followed by continuous oral NETA or MPA, all of
which have the advantage of being able to up-titrate
dosing or switch to an alternative regimen if breakthrough
bleeding occurs. Of note, contraceptive efficacy of oral
NETA and MPA is not well-defined, and other agents
should be used when contraception is required. Addi-
tional large-scale studies aimed at assessing safety out-
comes and skeletal effects with long-term use of these
modalities are needed to provide conclusive evidence and
allow better-informed decisions for patients.
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