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Abstract
Premature ovarian insufficiency (POI) is typically diagnosed when amenorrhea is combined with high gonadotrophins and
hypoestrogenemia in a woman under 40 years of age, although, more rarely, POI can develop in adolescence and present with
delayed puberty or amenorrhea, depending on the timing of follicular depletion or insult to the ovary. In a proportion of girls, the
diagnosis may be made at an early stage of POI, presenting with abnormal uterine bleeding, when some follicular function is still
retained. The natural history of POI in this group of patients is not clear; however, they could represent a subgroup with a unique
opportunity for early intervention and thus the provision of fertility preservation options. While the etiology of POI in a large
number of girls remains unknown, a growing number will be identified as carriers of genetic mutations, offering clinicians a yet
greater opportunity to provide genetic counseling to other female family members. The aim of this review is to provide
information regarding the etiology, diagnosis, and treatment of POI in adolescents while detailing the new options for fertility
preservation when POI is diagnosed at an early stage.
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Introduction

Premature ovarian insufficiency (POI), defined as follicular
depletion in women under the age of 40 years, is a devastating
condition, as it will lead to a series of short- and long-term
complications relating to hypoestrogenism as well as to
subfertility. Although more commonly diagnosed in women
in the third or fourth decade of life, POI can be identified in
adolescence at a rate of approximately one in 10,000 (1). POI is
considered a spectrumwhich will eventually lead to the triad of
amenorrhea, raised gonadotrophins, and hypoestrogenism (2).
Transient or partial resumption of ovarian activity, however,
has been documented in over 50% of women based upon

hormonal measurements, pelvic ultrasonography, or spontane-
ous conceptions.

Though POI in adolescents is often related to chromosomic
abnormalities, represented mostly by Turner syndrome, it is
becoming clear that genetic abnormalities are perhaps the most
important cause in this age group. While it is estimated that
only 10–15% of women with POI have a recognized genetic
basis for this disorder, this percentage will no doubt increase
with time as more genetic mutations are identified as being
linked with the condition (3). Furthermore, the number of iat-
rogenic POI in adolescents is rising, primarily due to improved
childhood cancer survival rates, since better therapeutic modal-
ities, however successful, take a toll on ovarian function. POI
due to gonadotoxic agents, surgery, or radiation to pelvic organs
is nowadays a recognized hindrance to quality of life in cancer
survivors (4). Viral illnesses and environmental agents can in-
terfere with follicular function and lead to insidious POI, which
could further account for the large number of unexplained cases
of POI, along with unknown genetic mutations (5).

In most cases, the mechanism of POI is one of follicular
depletion (6). Follicle dysfunction, however, can also lead to a
similar phenotype. Causes of follicle dysfunction may be au-
toimmune lymphocytic oophoritis (7) or, rarely, a mutation in
the FSH receptor (8).
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Clinical presentation

Though the ovaries normally fail at the time of menopause
when virtually no viable oocytes remain, ovarian failure can
occur prematurely at any time from embryonic development
onwards. If failure occurs early, no pubertal development will
ensue and the girl will present with delayed puberty. At a later
stage, there may be pubertal blockage or primary or secondary
amenorrhea.

An early sign of ovarian failure may be anovulatory cycles
leading to abnormal uterine bleeding (AUB). Although AUB
is a common occurrence in adolescents due to an immature
hypothalamic-pituitary-ovarian axis, it is important to identify
those girls who could have a secondary cause of their irregular
cycles. A hormonal profile, including FSH, LH, and estradiol
measurements, should be performed in girls who have persis-
tent AUB beyond 2 years after menarche or when menstrual
irregularities deteriorate after an initial improvement.

Vasomotor symptoms are rare in adolescents and are un-
likely to be a presenting complaint of POI in this age group
(9). Vaginal atrophy and dryness are also unlikely to be pre-
senting features unless the adolescent is sexually active. Even
so, she might be reluctant to come forward with this vagina-
related concern unless directly questioned.

Algorithm for diagnosis and investigations
for POI

Several laboratory tests are indicated in women with amenor-
rhea or persisting abnormal uterine bleeding, including mea-
surement of FSH, LH, androgens, prolactin, and TSH, and the
same principles should be applied in adolescents (10). A preg-
nancy test, necessary for all girls and women with secondary
amenorrhea, will not be required for girls with no pubertal
development.

FSH levels are typically greater than 30 mIU/ml in women
with ovarian failure (11). If the FSH level is greater than 15
mIU/ml on initial screening, usually in girls who still maintain
a cycle and some degree of ovarian function, the measurement
should be repeated, and serum estradiol should be measured at
the same time, to document a relatively suppressed FSH as a
result of elevated estradiol due to an unruptured follicle. In
addition, the simultaneous measurement of basal LH levels is
helpful to determine whether a high FSH level is secondary to
an ovulatory surge, in which case LH will be significantly
higher.

Estradiol concentrations above 50 pg/ml, irregular
bleeding, and visualization of ovarian follicles on ultra-
sound all provide strong evidence of remaining ovarian
function, despite developing POI. This information should
be considered in order to offer fertility preservation options
in this group of girls.

Once the diagnosis of POI has been established, a series of
investigations should be performed to identify a possible
cause of the condition. Additional tests should include
karyotyping with a 30-cell count, testing for an FMR1
premutation, and testing for the presence of adrenal autoanti-
bodies by either 21-hydroxylase (CYP21) immunoprecipita-
tion or indirect immunofluorescence, and thyroid autoanti-
bodies (12–15). It goes without saying that if Turner syn-
drome is identified, the diagnostic assessment should include
screening for associated congenital conditions as well as au-
toimmune or metabolic related diseases (16).

Anti-Mullerian hormone

The role of anti-Mullerian hormone (AMH) in the evaluation
of POI, especially in adolescents, remains controversial (9).
Normal values in relation to age have been proposed; howev-
er, there is variability depending on stage of puberty, with
some researchers suggesting that there is a plateau or even a
decline in AMH during pubertal development (17). AMH, on
the other hand, has the advantage of allowing diagnosis of POI
among patients with only marginally increased gonadotropin
levels (18). Furthermore, AMH can be tested at any time dur-
ing the menstrual cycle, unlike gonadotrophins that should
ideally be assessed in the early follicular phase (19). Results
are also unaltered by use of hormone replacement therapy
(HRT), which allows for testing without stopping any treat-
ment that has already been instituted (20). In girls with Turner
syndrome and continuing ovarian function, it has been sug-
gested that AMH is a useful marker of ovarian decline which
enables initiation of fertility preservation techniques prior to
complete ovarian failure. According to a longitudinal study,
the best cutoff value for AMH as a marker of POI was iden-
tified as 3 pmol/l. Both the sensitivity (probability of having
POI when AMH < 3 pmol/l) and the specificity (probability of
having ovarian function when AMH > 3 pmol/l) were 95%
(21).

Another group of patients in whom AMH has been used as
screening for ovarian failure is cancer survivors. According to
the harmonized recommendations for POI surveillance, it may
be reasonable to use AMH in conjunction with FSH and es-
tradiol for identification of premature ovarian insufficiency in
survivors treated with potentially gonadotoxic chemotherapy
and/or radiotherapy (22). AMH can be useful in the differen-
tial diagnosis of patients with raised gonadotrophins and
hypoestrogenism, where primordial follicles are still present
and possibly visible on ultrasound. Normal AMH in this set-
ting maybe suggestive of FSH resistance due to a mutation in
the FSH receptor or autoimmune destruction of the growing
follicle which is due to steroid cell autoantibody presence
(23).

Nevertheless, it is important to consider that AMH drops in
women with centrally induced amenorrhea, either congenital
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or functional, despite the fact that their ovarian follicular count
is expected to be normal. In women with functional hypotha-
lamic amenorrhea (FHA), AMH levels increase after admin-
istration of pulsatile GnRH, whereas a proportion of women
with idiopathic hypogonadotropic hypogonadism (IHH) and
Kallmann syndrome are shown to have low baseline levels of
AMH, which, however, rise after ovulation induction with
recombinant FSH. These examples suggest that AMH should
only be used cautiously in identifying POI, particularly once
FHA and IHH have been safely ruled out as causes of amen-
orrhea (24).

Causes of POI in adolescents

Chromosomal causes

Turner syndrome

Turner syndrome (TS) results from a sex chromosomal anom-
aly characterized by the presence of one normal X chromo-
some and a missing or structurally abnormal second sex chro-
mosome. It affects 50 per 100,000 live born girls. The pheno-
type includes female gender, short stature (SHOX gene
haploinsufficiency accounts for 50–75% of the height deficit),
and primary ovarian failure. The abnormalities with the
greatest impact on health are left-sided cardiac abnormalities
(including coarctation, bicuspid aortic valve, and dilated aortic
root), which occur in about 50% of patients, and renal anom-
alies, which are present in approximately one-third of the girls.
Adolescence may be delayed if ovaries are streak and non-
functional, but can also proceed normally in those with pre-
served ovarian function, as is usually the case with mosaicism.

Triple X syndrome

Triple X syndrome, or 47,XXX, is a recognized cause of POI.
However, as the phenotype of affected women is often normal,
with few or subtle distinguishing features, it is uncertain how

often the condition is related to POI. A proportion of women
will indeed be identified solely during investigation for recur-
rent miscarriages rather than for subfertility or amenorrhea
(25).

Swyer syndrome

Swyer syndrome, or 46,XY gonadal dysgenesis, is a rare
cause of delayed puberty and is due to sporadic mutations
on the SRY gene or other testes-determining factors (TDFs)
in an individual with a 46,XY karyotype. The condition is
typically identified due to delayed puberty, although in some
instances it may become evident due to the presence of a
dysgerminoma in childhood, or if there is a non-concordant
male karyotype at amniocentesis with a female genital pheno-
type antenatally or at birth.

If the diagnosis of Swyer syndrome is made, a laparoscopic
gonadectomy should be planned, as dysgenetic gonads are at
increased risk of developing a gonadoblastoma or
dysgerminoma (26).

Additional rare causes of POI derived from X chromo-
somes are presented in Table 1.

Genetic causes

The search for POI genes has to date largely focused on cod-
ing variants, presuming plausible protein disruption.
However, only 1.5% of the genome is protein-coding and a
number of POI-associated variants in whole genome studies
have been found within intronic or intergenic regions. The aim
of genetic mapping and understanding of the pathophysiology
of POI is to provide genetic counseling to other members of
the family and to allow for fertility preservation prior to estab-
lishment of overt ovarian failure (27).

FMR-1 premutation

Fragile X syndrome (FXS) is caused by a full mutation on the
FMR1 gene and a subsequent lack of FMRP, the protein

Table 1 Causes of POI derived
from X chromosomes Mechanism Specific mutations

Structural alterations, mutations in, or absence
of an X chromosome

Mutations in POF1 (Xq26-q28)

Gonadal dysgenesis with stigmata of Turner
syndrome (most 45,X)

Mutations in POF1 together with Fragile X (FMR1)
premutations (Xq27.3)

Gonadal dysgenesis without stigmata of Turner
syndrome

Mutations in POF2A or 2B (Xq22 or Xq21)

Pure gonadal dysgenesis (46,XX) Mutations in POF4 together with mutations in bone
morphogenetic protein 15 (Xp11.2)

Premature ovarian failure with mutations in the
X chromosome

Mutations with a 46, XY karyotype (pure gonadal
dysgenesis)

Trisomy X with or without mosaicism Mutations in Xp22. 11-21.2 (Swyer syndrome)
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product of FMR1. FXS arises from a full mutation repeat
expansion (> 200 CGG repeats in the 5′ untranslated region)
in the FMR1 gene, located on the X chromosome. FMR1
premutations consist of 55–200 CGG repeats. FMR1
premutations have been associated with POI, as well as fragile
X-associated tremor ataxia syndrome, psychiatric problems,
hypertension, migraines, and autoimmunity (28).

The FMR1 premutation is known to be the most common
genetic cause of primary ovarian insufficiency. It has been
estimated that about 3% of adolescents with FMR1
premutations will experience some form of menstrual cycle
irregularity. Several studies concluded that 1.4% of
premutation carriers experience a final menstrual period be-
fore the age of 18, whereas the incidence of cessation of men-
ses for premutation carriers before age 40 is about 15–24%.
The gravity of the syndrome depends on CGG repeats, with a
peak risk of POI at 80–100 repeats (29).

FSH receptor (2p21-p16)

FSH/FSH receptor (FSHR) signaling plays a key role in nor-
mal gonadal function by regulating follicular growth, estrogen
production, and oocyte maturation. In 1994, Aittomaki et al.
found homozygous mutations (c.566C.T, p.A189V) in the ex-
tracellular portion of the FSHR G-protein in women of six
Finnish families with hypergonadotrophic ovarian failure.
FSHR mutations are primarily found in Finnish women with
POI, but rarely in other geographic areas, where mutations
appear to be mostly sporadic (30–32).

Galactosemia

POI is a common long-term complication reported for girls
and women with profound GALT (galactose-1-phosphate
uridyltransferase deficiency) (9p13) deficiency, with an esti-
mated incidence of > 80%. Patients with trace levels of resid-
ual GALT activity demonstrate a milder phenotype. Serum

AMH levels, used clinically as an indicator of follicular func-
tion and ovarian reserve, are low in galactosemic girls in com-
parison with age-matched controls, even in girls younger than
2 years. Elevated FSH levels have been observed in galacto-
semic girls as early as 10 months of age, suggesting early
destruction of follicles (33).

Other genetic causes

Several other specific gene mutations can result in POI, along
with other syndromic features, such as blepharophimosis, ptosis,
and epicanthus inversus syndrome (BPES) type I; autoimmune
polyendocrinopathy-candidiasis-ectodermal dystrophy syn-
drome (APECED) or central nervous system leykodystrophy
and ovarian failure (34–38).

Many other genes have emerged as POI candidates, but in
nonsyndromic POI, only a minority have been proven un-
equivocally as causative by functional validation.

The main mutations involving POI are summarized in
Table 2.

Autoimmune primary ovarian insufficiency

POI of autoimmune origin is often associated with adrenal or
other autoimmunity or is isolated. POI combined with adrenal
autoimmunity and adrenal failure is the most frequent type,
observed in 60–80% of patients. Autoimmune oophoritis is
characterized by mononuclear inflammatory cell infiltrate in
the theca cells of growing follicles, while early-stage follicles
do not demonstrate lymphocytic infiltration (39, 40).

The combination of autoimmune oophoritis and Addison’s
disease is usually identified in the context of two types of
autoimmune polyendocrine syndromes (APS): type I
(APECED) and type II (a polygenic syndrome with autoim-
mune Addison’s disease with adrenal insufficiency and other
autoimmune illness without hypoparathyroidism) (40–43).

Table 2 Summary of mutations involving POI

Mutations of reproductive hormones Mutations inactivating LH or FSH
Mutations in inhibin A (INHA)

Mutations of hormonal receptors NR5A1is a nuclear receptor which regulates follicular growth and development in the granulosa cells.

Other genetic mutations FOXL2 (a forkhead transcription factor associated with the blepharophimosis/ptosis/epicanthus inverse syndrome

ELF2B (a family of genes associated with CNS leukodystrophy and ovarian failure)

Mutant or reduced levels of PGRMC1 PGRMC1 (Progesterone receptor membrane component1) (Xq22-q24).

AIRE (autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy syndrome)

STAG3 (encoding a meiosis-specific subunit of cohesion) (7q21.3-22.2)

BMP15 (bone morphogenetic factor 15, involved with folliculogenesis) BMP15 is located on chromosome
Xp11.2 and is a member of the transforming growth factor (TGF) family.
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POI can also be associated with localized or systemic non-
adrenal autoimmune disorders, such as Hashimoto’s thyroiditis,
hypoparathyroidism, hypophysitis, type 1 diabetesmellitus, and
non-endocrine autoimmune diseases, including systemic lupus
erythematosum (SLE), Sjogren’s syndrome, rheumatoid arthri-
tis, immune thrombocytopenic purpura, autoimmune hemolytic
anemia, pernicious anemia, vitiligo, alopecia areata, celiac dis-
ease, inflammatory bowel diseases, primary biliary cirrhosis,
glomerulonephritis multiple sclerosis, and myasthenia gravis
(44–48).

Treatment of POI

Hormone replacement therapy

The aim of hormone replacement therapy (HRT) is to in-
duce breast development, maturation of the uterus, onset
of menses, increase in stature, and maintenance of skeletal
health. Estradiol levels are introduced at the age of 12
when POI is due to a known condition, such as Turner
syndrome or galactosemia (49, 50). Starting treatment at
this age does not generally affect final height. However,
most otherwise healthy girls with POI will present at age
13 or later, as this is the age of investigation of delayed
puberty. The usual strategy is to administer estrogen alone,
starting at a low dose and gradually increasing it until a
withdrawal bleed is induced, at which stage a progestin is
added to the regime. The best available evidence supports
the use of 10 mg of oral medroxyprogesterone acetate per
day for 12 days each month (51–53). This usually occurs
at 18 months or later after initiation of treatment. A ran-
domized controlled trial showed that optimal results are
achieved with the administration of transdermal estradiol,
starting at 0.0125 mg/day, with the dose doubled every 6
months to a maximum dose of 0.05 mg/day.

Once breast development is complete and progesterone is
introduced, the preferred approach is a combination dose of
0.10 mg estradiol per day by transdermal patch along with
10mg ofmedroxyprogesterone acetate bymouth per day from
the first to the12th calendar day of each month.

For girls who will undergo gonadotoxic treatment or radia-
tion to the pelvis, there is a growing interest in cell/tissue-based
HRT. There are two case reports to support this hypothesis. The
first girl was a 13-year-old who received a bone marrow trans-
plant for sickle cell disease and, after having 3 out of 23 stored
ovarian pieces transplanted, she entered puberty. The second
girl developed POI when she was 9 years old due to treatment
for Ewing sarcoma, and frozen ovarian cortical fragments were
transplanted to the remaining ovary. In both girls, the graft
failed after 2 years (54, 55), suggesting possibly that the graft
has a limited lifespan after transplantation.

Fertility preservation

In the early stages of POI, primordial follicles exist in the
ovary and, for this reason, it is crucial to identify POI early
so as to offer timely options for fertility preservation.
Although embryo cryopreservation is the most established
method of fertility preservation, it is not a suitable therapeutic
choice for most adolescents, given the need to use donor
sperm. Oocyte cryopreservation shows advantages for these
patients and is a method approved by the American Society
for Reproductive Medicine. Nevertheless, there are no data to
determine the expected pregnancy rate in the future for girls
with any cause of POI who have cryopreserved oocytes.

In TS adolescents with ongoing but declining ovarian func-
tion, ovarian stimulation, aspiration, and vitrification of ma-
ture oocytes should be offered. This would by no means be an
easy process for young, non-sexually active girls. Follicular
tracking can be performed by transabdominal scanning; how-
ever, oocyte retrieval will require a transvaginal approach, and
this might be unacceptable for some girls and their families.
For those girls diagnosed with TS early in childhood, when it
is uncertain how ovarian function will fare, cryopreservation
of ovarian tissue could be an option. However, it is uncertain
how ovarian tissue in TS women will perform when it is
transplanted or whether in vitro maturation will be feasible.

In women with normal ovarian function in whom ovarian
tissue is removed prior to gonadotoxic treatment and
autotransplanted at a later stage, restoration of ovarian activity
is reported by 4months, with a live birth rate of about 25% (56).
Most of these pregnancies have been described in adult women;
however, a recent report described a live birth in a young wom-
an where tissue had been removed at age 14 and cryopreserved,
prior to a myeloablative conditioning for stem cell transplanta-
tion for sickle cell anemia (57). With these data in mind, some
European countries have already integrated ovarian tissue cryo-
preservation (OTC) as an established procedure (58).

Conclusion

Ovarian insufficiency in adolescence presenting as delayed
puberty, amenorrhea, or abnormal uterine bleeding has signif-
icant long-term consequences for the girl, including the effect
on future fertility. Diagnosis at an early point in those girls
who still retain some follicular activity may offer an invalu-
able chance to intervene early, institute appropriate hormonal
replacement treatment, and offer fertility preservation options
whenever possible.
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