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Introduction

Premature ovarian insufficiency (POI) was formerly known 
as premature ovarian failure (POF), a term which referred to 
the cessation of ovarian function before the expected age of 
natural menopause [1]. It has been questioned whether the old 
term, “ovarian failure”, is correct, since a significant percent-
age of affected women have evidence of follicular activity, may 
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ABSTRACT
Premature ovarian insufficiency (POI), by definition, occurs when a woman has her last menstrual period before the age 
of 40, because of variable, and most often permanent ovarian dysfunction. It presents as hypergonadotropic hypog-
onadism with peripheral amenorrhea. It has a prevalence of 1-2%, but in women under 20 years its prevalence is one 
case in every 10,000 women. POI is a devastating diagnosis for women of reproductive age. Many conditions can lead to 
POI, but it is most commonly idiopathic, and it has a variable clinical presentation. It has serious health consequences, 
including psychological disorders such as anxiety or depression, infertility, osteoporosis, autoimmune disorders, cardio-
vascular diseases, and an increased risk of mortality.
Its treatment and diagnosis must be established early to avoid long-term consequences, especially in girls, adolescents, 
or very young women. Individualized hormone (estrogen) replacement therapy is the basis of treatment, to avoid current 
and future consequences of untreated hypogonadism, in addition to eliminating the symptoms secondary to its deficien-
cy. Management should also include the following domains: fertility, bone health, cardiovascular problems, and psycho-
sexual, psychological, and neurological function. In the case of sexually active adolescents, the need for contraception 
and prevention of sexually transmitted infections should also be addressed.
In adolescents, both family members and the patient should be informed of the full implications of a diagnosis of POI, 
and the need for multidisciplinary treatment will need to be evaluated in many cases.
Objective: To provide, through an exhaustive narrative review, an overview of current knowledge of the identifiable caus-
es that lead to POI in young women and adolescents, their development, their consequences, and a management guide 
in terms of the complications that may arise in the short, medium, and long term, impacting fertility and other aspects of 
health, as well as quality of life.
Methods: Information sources. The study was based on an electronic searches of EMBASE, Ovid Medline, and the 
Cochrane library. Reference lists from studies initially selected and from existing reviews were also searched to identify 
any additional relevant studies not identified by the electronic searches. Search strategy. The following medical subject 
heading (MeSH) terms, keywords and their combinations were used: premature ovarian insufficiency, primary ovarian 
failure, hypergonadotropic amenorrhea, hypergonadotropic hypogonadism, early or premature menopause, adolescent 
amenorrhea, and autoimmune disorders. Study selection. Both reviewers separately screened the titles and abstracts 
of all retrieved studies to initially exclude publications that were irrelevant or contained out-of-date data not useful for 
the current publication. The abstracts of the articles were pre-evaluated by one reviewer (CM) and the evaluation was 
confirmed by a second reviewer (PB). The full text of each selected article was obtained and reviewed by both reviewers 
to ensure that all articles met the inclusion criteria. No discrepancies arose in the selection of the articles. Selection cri-
teria. The search, conducted to identify potentially relevant publications, was restricted to articles published in English 
and Spanish from January 2005 to May 2020 inclusive. Reference lists from studies initially selected and from existing 
reviews were also searched to identify any additional relevant studies not identified by the electronic searches. Statistical 
analysis. Statistical testing was not conducted. Descriptive analysis of the data obtained was performed.
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ovulate after the diagnosis has been established, and may even 
achieve pregnancy spontaneously [1]. Today, therefore, it is pre-
ferred to use the concept of POI, which refers to this ovarian 
dysfunction as a variable, rather than a total and permanent ab-
sence of function [2].

POI is a relatively uncommon condition, which affects ap-
proximately 1% of women. Although it has a much lower prev-
alence in the population under 20 years, it is just as important 
and worthy of attention in this age group, given the implica-
tions of this diagnosis in a teenager — the serious health conse-
quences and life impact in general. It is, indeed, a devastating 
diagnosis due to its extensive repercussions, especially in ado-
lescents, but unfortunately there are still gaps in understanding 
of this disease entity and its management. 

Definition

POI corresponds to hypergonadotropic hypogonadism of 
ovarian cause that occurs in women aged under 40 years [3]. 
Other definitions are also accepted, such as: depletion or dys-
function of the ovarian follicles with cessation of menstruation 
(3), or the old definition of premature or early menopause, also 
in women under 40 years, to name just a few.

POI should not be confused with natural menopause, which 
occurs in women at around 50 years (50 ± 4) of age as part 
of their biological process; nor should it be confused with a 
decrease in ovarian reserve, which is a reason women seek con-
sultation for infertility [4,5].

Epidemiology

According to other studies, POI affects 1 in 10,000 adoles-
cents and young women under the age of 20 years, 1 in 1,000 
under the age of 30 years, and 1-2 in 100 aged under 40 years 
[3]. With regard to ethnicity, the SWAN study showed a preva-
lence of 0.1% in Japanese women, 0.5% in Chinese women, 
1% in Caucasians, and a higher prevalence (1.4%) in African 
and Hispanic women [6].

Etiology 

The etiology is diverse, as POI may be of genetic, iatro-
genic, or autoimmune origin; however, in 60-70% of cases the 
cause is idiopathic [3]. In adolescents, it is mainly iatrogenic, 
being linked to chemotherapy treatments and/or radiotherapy 
for malignant neoplasms, or due to some chromosomal altera-
tion, as in Turner syndrome (TS) or fragile X premutation [4,7].

The genetic causes of POI are also diverse [3]. They may 
involve the X chromosome — i.e., alterations in the X chromo-
some number, or structural or genetic abnormalities identified 
on the X chromosome — or they may be syndromic or isolated 
genetic causes, as detailed in Table 1. Non-genetic causes, on 
the other hand, can be autoimmune, iatrogenic, or environmen-
tal, among others (Table 2). It is important to bear in mind that 
20% of patients, prior to the diagnosis of POI, have been diag-

nosed with an autoimmune disease [8]. The genetic etiologies 
include various chromosomal and other alterations, with more 
than 60 genes reported to be involved in POI. It is estimated 
that X chromosome abnormalities explain 12% of POI cases. 
TS is the most common etiology of X-linked POI, affecting 
1 in 2,500 to 3,000 girls [3]. It classically corresponds to an X 
monosomy (45, X0) that presents clinically with short stature, 
gonadal dysgenesis, and primary amenorrhea, among other 
manifestations [9]. The mechanism that seems to explain the 
ovarian failure is an accelerated follicular atresia from the early 
stages of life. It should be noted that in cases of mosaicism, if 
the mutation percentage is less than 5%, it should not be con-
sidered a cause of POI [3]. Excluding this syndrome, premuta-
tion of the FMR1 gene is the most frequent congenital cause of 
POI [9]. Complete mutation of the FMR1 gene causes fragile X 
syndrome, which is the most common form of inherited intel-
lectual disability. The premutation occurs in 1 out of 250 wom-
en, of whom 15-24% develop POI [9]. There is evidence that 
women carriers of the fragile X chromosome premutation have 
a greater association of neurological, reproductive, endocrine, 
autoimmune, and psychiatric comorbidities [10].

Another important group of causes are iatrogenic, mostly 
cancer treatments. Both chemotherapy and radiotherapy can 
lead to a rapid loss of ovarian function, a condition known as 
“acute ovarian failure”, which, unlike POI, can be transitory 
[4]. Chemotherapy produces a depletion of primordial follicles, 
altering the ovarian reserve and gonadal steroidogenesis [3]. 
The gonadotoxic effects of chemotherapy will depend on its 
class, schedule, dose, duration, and the age of the patient [11]. 
Radiotherapy will produce varying degrees of ovarian damage 
depending on the dose used, the irradiated field, and the age of 
the patient. Radiation therapy used to treat pelvic or abdomi-
nal neoplasms generally produces gonadal toxicity. In women 
younger than 40 years, doses of 20 Gy are sufficient to produce 
“acute ovarian failure”, whereas in older women this can occur 
with lower doses [12].

Pathophysiology

With regard to the pathophysiology of POI in adolescent 
women, to date two mechanisms have been identified: folli-
cular dysfunction and follicular depletion. Follicular dysfunc-
tion may be due to inappropriate luteinization, autoimmune 
lymphocytic oophoritis, or, in rare cases, mutations in the fol-
licle-stimulating hormone receptor. The term follicular deple-
tion refers to the absence of primordial follicles in the ovary, 
although absence of remaining functional follicles cannot be 
proven [13]. The mechanisms of follicular depletion are hetero-
geneous and can be modulated by genetic, iatrogenic, or auto-
immune factors [14], as previously mentioned.

Diagnosis

The initial clinical presentation is an alteration of menstrual 
cyclicity, generally amenorrhea, which may be primary, with or 
without delayed pubertal development or secondary. In some 
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Table 1 Genetic etiologies of POI: main chromosomal and genetic alterations.

X Chromosome X chromosome number abnormalities
Turner syndrome

Triple X
Genetic abnormalities identified on the 
X chromosome.
Fragile X syndrome

Structural X chromosome abnormalities
X chromosome deletion
X-autosomal translocation

45, X
Isochromosome X:46, X, i(Xq)
45, X/46, XX-45, X/46, XY
45, X/46, XX-47, XXX
45, X/47, XXX
46, X, Xp/46, X, Xq
47, XXX

FMR1, FMR2

POF1, POF2

Sybert et al, 2004
Bucerzan et al, 2017

Goswami et al, 2003

Hoyos et al, 2017
Murray et al, 1999

Rossetti et al, 2017
Rizzolio et al, 2006

Autosomes Non-syndromic forms
Genes involved in meiosis.

Genes involved in folliculogenesis.

Others

Syndromic forms
BPES syndrome
APECED syndrome
Perrault syndrome

Galactosemia
Ovary-leukodystrophy

External progressive ophthalmoplegia
Nimègue syndrome
Sexual development disorder
Premature aging syndrome
Aromatase deficiency
Suprarrenal insufficiency
Ataxia-telangiectasia 
Bloom syndrome
Acromesomelic chondrodysplasia
Fanconi Anaemia
Proximal symphalangism

Rothmund-Thomson syndrome
Congenital lipoid adrenal hyperplasia
Werner syndrome

CPEB1
STAG3
MSH
HFM1
MCM8, MCM9
NUP107
SGO2
SYCE1
NOBOX
GDF9
BMP15
FSHR
TGF-ß
SOHLH1
PMM2
CSB-PGBD3
eIF4ENIF1
NANOS3
PGRMC1
PSMC3IP
RCBTB1

FOXL2
AIRE
C10ORF2
CLPP
HARS2
HSD17B4
LARS2

GALT
AARS2
EIF2B2, EIF2B4, EIF2B5
POLG
NBN, NBS1
NR5A1, SF-1
LMNA
CYP19A1
CYP17A1
ATM
BLM
BMPR1B
FANCA, FANCC, FANCG
NOG

RECQL4
STAR
WRN

Hyon et al, 2016
Caburet et al, 2014
Mandon-pépin et al, 2008
Wand et al, 2018
Tenenbaum-Rakover et al, 2015
Weinberg-Shukron et al, 2015
Faridi et al, 2016
de Vries et al, 2014
Bouilly et al, 2016
Shimasaki et al, 2004
Persani et al, 2010
Aittomäki et al, 1995
Chand et al, 2010
Bayram et al, 2015
Matthijs et al, 1997
Qin Y et al, 2015
Kasippillai et al, 2013
Santos et al, 2014
Mansouri et al, 2008
Zangen et al, 2011
Coppieters et al, 2016

Crisponi et al, 2001
Reato et al, 2011
Morino et al, 2014
Jenkinson et al, 2013
Pierce et al, 2011
Pierce et al, 2010
Pierce et al, 2013
Lerat et al, 2016
Rubio-Gozalbo et al, 2010
Dallabona et al, 2014
Fogli et al, 2003
Luoma et al, 2004
Chrzanowska et al, 2010
Lourenço et al, 2009
McPherson et al, 2009
Belgorosky et al, 2009
King et al, 2011
Savitsky et al, 1995
Arora et al, 2014
Demirhan et al, 2005
Giri et al, 2007
kosaki et al, 2004 and 
kadi et al, 2012
Siitonen et al, 2009
Bose et al, 1997
Rossi et al, 2010

*BPES: blepharophimosis-ptosis-epicanthus inversus syndrome; APECED: autoimmune polyendocrinopathy ectodermal candidal dystrophy. Data collected and adapted from Ref. 3 and Ref. 63. 
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cases, it may present as infrequent (oligomenorrhea) or fre-
quent (polymenorrhea) abnormal uterine bleeding. It is estimat-
ed that POI is responsible for in 1-2% of cases of amenorrhea 
[4]. It should be borne in mind that there are factors that tend to 
delay the diagnosis, especially in the first years after menarche, 
when menstrual disorders are more frequently observed and 
tend to be downplayed. However, even during adolescence, a 
90-day amenorrhea is statistically abnormal, so evaluation is 
indicated [14]. Other symptoms that may appear in association 
with hypoestrogenism are vaginal dryness, dyspareunia, hot 
flashes, and night sweats [13,14]. When faced with a patient with 
amenorrhea, pregnancy should be ruled out first of all [13]. In 
cases of primary amenorrhea, an exhaustive anamnesis should 
be performed, looking for a family history of delayed puberty, 
infertility, and anosmia, the latter, in consideration of its asso-
ciation with Kallmann syndrome.

 A personal history of chronic disease or treatments such 
as radiation therapy or chemotherapy should be obtained. The 
physical examination should record the degree of pubertal de-
velopment, the patient’s nutritional status, and the appearance 
of the external genitals; it is also necessary to note any dysmor-
phic alteration that suggests a genetic or chromosomal condi-
tion, such as TS, in which we would find: short stature, low-set 
ears, small mandible, webbed neck, low hairline, short 4th and 
5th metacarpal bones, and widely spaced nipples. In cases of sec-
ondary amenorrhea, it is important to focus on nutritional status, 
the characteristics of menstrual cycles, the possible presence of 
galactorrhea, and signs of hyperandrogenism, and to perform 
a complete gynecological examination [15]. The analytical tests 
to be performed will vary depending on the type of amenor-
rhea, degree of pubertal development, as well as data obtained 
in the anamnesis and the findings of the physical examination. 
There are specific algorithms for each case, which will not be 
detailed in this article, but they basically involve measuring the 
following parameters: beta subunit of human chorionic gonad-
otropin, follicle-stimulating hormone (FSH), luteinizing hor-
mone, 17β-estradiol (E2), thyroid-stimulating hormone (TSH), 
prolactin (PRL), and androgen levels and free androgen index, 
and performing a pelvic ultrasonography [15]. This is important 
considering the differential diagnoses of amenorrhea.

The condition is suspected in women under 40 years who 

have amenorrhea lasting longer than four months and levels 
of FSH in a range comparable to that found in natural meno-
pause (two measurements at least 1 month apart): typically lev-
els above 30-40 mUI/mL [4]. In women under 20 years of age, 
there are no clearly established POI diagnostic criteria, which 
may delay a timely diagnosis, to the detriment of their health, 
especially with regard to the impact of the condition on bone 
and its structure [4,14]. The American College of Obstetricians 
and Gynecologists (ACOG) propose an initial diagnostic and 
evaluation scheme for POI in adolescents that considers men-
strual irregularity for at least 3 consecutive months, FSH and 
E2 levels, separated by two blood determinations at least one 
month apart; together with study of thyroid function (TSH, free 
T4) and measurement of PRL as part of the differential diagno-
sis of secondary amenorrhea [4,16]. If the diagnosis is confirmed, 
a karyotype, FMR1 premutation test, and tests for adrenal an-
tibodies (21-hydroxylase [CYP21]) by immunohistochemical 
techniques of immunoprecipitation or indirect immunofluores-
cence [4] should be requested as part of the study to establish 
an associated pathophysiological basis; together with a pelvic 
or, if feasible, transvaginal ultrasonography. The latter would 
allow observation of indirect signs of autoimmune lymphocyt-
ic oophoritis and some enzyme deficiencies, which occur with 
larger multifollicular ovaries [4,14]. This information is summa-
rized in Table 3. The role of anti-Müllerian hormone measure-
ment in the context of POI is unclear [14]. It is not necessary to 
request anti-ovarian antibodies as this test lacks specificity and 
diagnostic and prognostic value. In this sense, it is the determi-
nation of anti-adrenal or anti-CYP21 antibodies that allows an 
autoimmune origin of POI to be established (3).

Consequences 

Women who experience an estrogen deficiency before the 
age of natural menopause have a higher risk of morbidities and 
early mortality. Estrogen replacement therapy appears to miti-
gate some, but not all, of the long-term health consequences of 
POI [17]. Additionally, POI may be associated with several auto-
immune diseases, or it may be the consequence of cancer treat-
ments or prophylactic oophorectomy in women at high risk of 
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Table 2 Non genetic aetiologiesa of POI. Table 3 Diagnosis and initial evaluation of POI in adolescents (ACOG) (Ref. 4).

Iatrogenic causes Chemotherapy
Radiotherapy
Pelvic surgery

Environmental causes Chemical agents
Radiation
Mumps

Autoimmune causes and 
associated autoimmune diseases

Autoimmune lymphocytic oophoritis
Addison's disease
Autoimmune thyroiditis
Type 1 diabetes mellitus
Polyendocrine syndromes
Dry eye syndrome
Myasthenia gravis
Rheumatoid arthritis
Systemic lupus erythematosus

a These aetiologies correspond to the most prevalent. The list is not exhaustive. 
Data collected and adapted from Ref.3.

Diagnosis of primary ovarian insufficiency

1. Menstrual irregularity for at least 3 consecutive months
2. �Follicle-Stimulating Hormone (FSH) and Oestradiol (E2) Levels: two 

randomized tests at least 1 month apart
3. Prolactin test (PRL) and thyroid function test (TSH and free T4)
4. Beta-human Chorionic Gonadotropin (ß-hCG) *

If diagnosis is confirmed

1. Karyotype
2. FMR1 Premutation
3. �Adrenal antibodies: 21-hydroxylase (CYP21) by immunoprecipitation 

or indirect immunofluorescence
5. Pelvic ultrasonography

* levels that rule out pregnancy.
Taken from Opinion Committee No. 605. American College of Obstetricians and 
Gynaecologists (ACOG). Primary ovarian failure in adolescents and young women. Obstet 
Gynecol 2014; 123: 193-197.
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developing cancer, which again can greatly affect mortality, 
and have significant consequences on life expectancy.

The complications associated with this pathology are di-
verse and present early. But it also has late consequences, 
which are the most relevant in terms of health. Some of them 
are detailed below.

Cardiovascular health
Cardiovascular mortality is known to be higher in women with 
early loss of endogenous estrogens. Cardiovascular events such 
as acute myocardial infarction or chronic pathologies such as 
coronary heart disease are more frequent in menopausal women 
compared with non-menopausal women, and a similar pattern 
is seen with ischemic strokes. The Framingham Study showed 
that cardiovascular risk (CVR) events tripled in the menopau-
sal population compared with the non-menopausal population 
of the same age [18]. Women undergoing bilateral oophorectomy 
before the age of 40 years have a high CVR; early estrogen 
replacement therapy can reverse this risk [17], in addition to hav-
ing a protective role against ischemic strokes [19]. This increased 
CVR is due in part to the loss of protection that endogenous 
estrogens confer against the formation of atheromatous plaques 
in the arterial wall; therefore, the younger the age at loss of 
ovarian function, the greater this risk is. Estrogen deficiency 
at a young age is added to the "lifetime" risk of cardiovascular 
disease (CVD). Also, serum cholesterol levels and obesity in-
crease during natural menopause. 

Bone health
The earlier POI occurs, the lower the individual’s bone densi-
ty will be later in life [17]. Young women with POI are known 
to have significantly lower bone mineral density (BMD) com-
pared with women with regular menstrual cycles [20]. A low-
er BMD is associated with a higher risk of osteoporosis and 
fragility fractures, which not only significantly alters quality 
of life, but is also associated with higher indirect mortality. It 
should be mentioned that performing bone densitometry in this 
age range is controversial, due to the poor correlation between 
the findings and the real risk of fracture [4]. 

Fertility
It is important to distinguish between low ovarian reserve and 
POI, as they are two separate entities with different manage-
ment approaches. Low ovarian reserve is generally character-
ized by regular menstruation, but the presence of alterations in 
ovarian reserve tests; it can be caused by different pathologies 
that affect the ovaries, but in most cases, is a consequence of 
age [21]. Low ovarian reserve is a condition in which the ovary 
loses its normal reproductive potential. Women with POI, on 
the other hand, face challenges much broader than fertility is-
sues alone, and need appropriate management options [22].

As POI is characterized by cessation of ovarian function, 
loss of fertility is one of the key consequences of the diagnosis, 
and it is a major aspect of the impact of the diagnosis in ado-
lescent women. An important part of the literature describes 
spontaneous pregnancies in women with POI and different 
specific etiologies. Restoration of ovarian activity can occur in 
women with POI, especially early in the natural history of the 

condition. This means that there is the possibility of spontane-
ous conception, which occurs in up to 5-10% of cases. In the 
event of a natural pregnancy, the cause of POI should be con-
sidered, due to its potential implications for the pregnancy and 
the unborn child (e.g., FMR1 premutation).

The central nervous system and neurological function 
POI and other causes of premature estrogen deficiency have 
long-term negative effects on cognitive function [23]. There are 
studies that associate an increased risk of dementia itself, and 
symptoms of parkinsonism, with oophorectomy performed be-
fore the age of menopause. In this last clinical condition, hor-
mone replacement does not improve this association. However, 
the information regarding cognitive impairment is contradictory 
[24]. Adolescents should, in any case, be advised to lead a healthy 
lifestyle in order to reduce the possible risks of cognitive deterio-
ration [22]. Notably, there are very few clinical studies evaluating 
the effects of POI on cognitive neurological function, including 
memory, dementia, and Parkinson's disease. Clinical evidence 
focuses on spontaneous POI, including genetic disorders and 
unknown causes (idiopathic), and iatrogenic POI, including oo-
phorectomy and treatments for breast cancer. All this, together 
with the variety of etiological causes and the different patho-
physiological phenomena responsible for ovarian insufficiency, 
makes it difficult to comprehensively assess the possible effects 
of this condition on the CNS and on neurological function (such 
as cognitive function and motor system deterioration), and this 
is particularly true in girls and very young women.

Mental health
Various psychological and psychiatric complications have been 
reported in patients with POI. These include personality disor-
ders, insomnia, eating disorders, irritability, a tendency to isola-
tion, and changes in mood. Additionally, POI is associated with 
an increased risk of developing depressive symptoms or major 
depression. Although these phenomena frequently accompany 
signs of altered ovarian function, they can also occur before its 
diagnosis, which suggests an overlapping pathophysiological 
association, and not a causal relationship [25]. It is important that 
women, especially adolescents, with any of the aforementioned 
symptoms or disorders, consult or be referred to a specialist to 
establish adequate treatment.

Sexual and genito-urinary function
POIs can have direct or indirect effects on sexuality. The cur-
rent literature cannot confidently answer many questions about 
female sexuality and other related topics such as arousal and 
orgasm in a way that is useful to affected women, particularly 
very young or adolescent women, some of whom may not yet 
have started their sexual life. Clinical research on the possible 
effects on sexuality in this patient population is scarce. Clini-
cal research on the possible effects on sexuality in this patient 
population is scarce.

It is likely that significant sexual problems encountered in 
women with POI could be due primarily to physiological ef-
fects, or secondarily to the concomitant emotional burden of 
the diagnosis, especially in relation to its impact on fertility [26]. 
It is highly unlikely that any finding is generalizable to women 
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of all age groups and cultural and economic backgrounds, so 
data must always be analysed with caution, particularly in view 
of the paucity of interdisciplinary data in this regard. Women's 
ability to achieve sexual self-determination profoundly shapes 
their sexual outlook, both in relation to POI and in general. 
Furthermore, while most studies acknowledge that there are 
multiple factors at play in sexual experiences, from hormonal 
to spiritual, there is a lack of in-depth, quality clinical informa-
tion in this regard.

Management and treatment

Currently available data on the management of POI in ad-
olescent patients and young women are too scarce to allow 
evidence-based recommendations to be made, and to date, 
most recommendations have been formulated on the basis of 
expert opinion [27]; even the special interest group on women 
with premature ovarian insufficiency, of the European Society 
of Human Reproduction and Embryology (ESHRE), does not 
address this topic directly [22].

Given that a diagnosis of POI can be confusing and an emo-
tional challenge for affected girls and adolescents, especially 
given how it might affect their fertility and prospects of con-
ceiving, it is important that both family members, especially 
the parents, and the doctor or health team in charge, address the 
situation carefully, referring to current recommendations [28].

Once the diagnosis, implications, and future repercussions 
have been understood, it is essential, and a priority, to initiate 
replacement hormone therapy (HT), typically with estrogens 
and a progestogen, with the dual aim of correcting the clin-
ical manifestations secondary to hypoestrogenism, including 
symptoms that deteriorate quality of life, and minimizing or 
avoiding long-term morbidities and pathologies at cardiovas-
cular, neurological and bone levels [29]. We here use the term 
HT to differentiate this treatment from menopausal hormonal 
therapy (MHT), as HT targets different age groups, with oth-
er comorbidities and management objectives compared with 
women in natural menopause. Traditionally, HT in young 
patients has included the use of exogenous estrogens, whose 
mode of use will depend on the degree of pubertal development 
or breast development reached, the aim of the treatment being 
to imitate the hormonal levels that would normally be present 
at the patient’s age and stage of development [4]. In patients 
with POI who show incomplete or absent breast development, 
as well as primary amenorrhea, it is recommended to start HT 
with low doses of estrogens: approximately between 1/8th and 
1/10th of the doses used in adults [14], and then gradually in-
crease them until to reaching the average age of menarche or 
adequate weight and sexual development is achieved, which 
generally occurs within the first two years of starting the ther-
apy. At that time, a progestogen must be added to allow ade-
quate endometrial protection and associated cyclical bleeding. 
As regards the question of when to induce puberty, there is a 
consensus that this should take place at around 12 years of age, 
when most girls have started to develop sexual characteristics 
[22,27]. In the case of patients starting full HT at the end of breast 
development, the treatment should include a dose of at least 

100 micrograms per day of E2 or an equivalent, which can be 
administered orally, transdermally, or in some cases vaginally 
for formulations with conjugated equine estrogens in cream, 
or E2 can be administered through rings with proven systemic 
effect, always adding cyclically medroxyprogesterone acetate 
in a dose of 5 mg to 10 mg orally for 10-14 days of the month 
[4,14], or another progestogen with a dose suitable to achieve a 
secretory transformation of the endometrium and to ensure ad-
equate protection against hyperplasia or other proliferative dis-
orders of the endometrium. With regard to estrogens, the trans-
dermal route is preferable over oral administration as first-line 
management [20], and the use of E2 instead of ethinylestradiol 
(EE) or conjugated estrogens [30]. If there is no contraindication, 
HT should be maintained at least until the natural age of the 
menopause [3,31] and can be continued beyond the age of 52 if 
there are reasons to consider extending its use (symptoms, bone 
density concerns or other, as scientific evidence proposes). The 
therapeutic regimen options for HT have been summarized in 
Table 4, adapting the proposal of the ESHRE group to include 
current available evidence and different expert opinions.

Combined oral contraceptives (COCs) with EE are not the 
first line of treatment because they contain doses many times 
higher than those used in HT [3], however, if they are used, the 
reasonable dose of EE for these patients is 30 micrograms in 
women under 25 years, as it allows better control of cyclical 
bleeding (and thus reduces abandonment due to poor control of 
this aspect), as well as minimizing a potential impact on bone 
mass gain in adolescents, although the evidence regarding this 
point is contradictory, with no deleterious effects found with 
very low doses of EE (20 mcg or less). Neither has the use of 
COCs been shown to be a risk factor for fractures [32,33]; on the 
contrary, the study by Gazarra et al. concluded that continuous 
use of COCs, versus low-dose HT use, was associated with an 
increase in BMD in women with POI [34]. Combined hormo-
nal contraception (CHC) is especially useful in sexually active 
women, remembering that about 5-10% of women with POI 
may spontaneously become pregnant, a situation that should 
be considered in the care and management of the adolescent 
population [4,22,35]. There are no studies evaluating the long-term 
effect of the use of COCs with E2 or other combined hormonal 
contraceptives such as patches, rings or injectables and their 
possible consequences on BMD and an eventual increased risk 
of fractures in the future. 

There are various modifiable risk factors associated with 
the risk of fracture that are relevant to young women with POI, 
and should therefore be borne in mind. These include smoking, 
lack of exercise, calcium and vitamin D status, alcohol con-
sumption, and low body weight [36]. Although some of these 
have been associated with a low BMD, but not fracture risk, 
in women with POI [37], there is no reason to think that the as-
sociation between these factors and the risk of fracture should 
not also apply to women with POI, therefore, it seems appro-
priate to advise on these modifiable risk factors. Furthermore, 
for the protection against eventual osteoporosis or osteopenia, 
adequate HT with estrogens together with a diet rich in calcium 
and vitamin D are sufficient, and in cases with inadequate cal-
cium intake, a suboptimal vitamin D status, or decreased BMD, 
supplementation with both could be indicated [4,22,38].

Premature ovarian insufficiency in adolescents: an update
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There are no clinical trials on the use of bisphosphonates 
in women with POI, although there is evidence that these are 
beneficial in preventing chemotherapy-associated bone loss in 
women older than 40 years [39]. Bisphosphonates remain incor-
porated in the bones for a long period of time, an aspect that 
must be borne in mind when considering their use in young 
women, and particularly in relation to future pregnancies. 
There is no direct evidence, but it is considered prudent to 
withdraw oral bisphosphonate treatment for at least 1 year in 
women with ovarian insufficiency who undergo egg donation 
to seek pregnancy. Risedronate has a shorter retention in bone 
than zoledronate. However, there are discrepancies in the rec-
ommendations regarding the use of this group of drugs, since 
use of these drugs for long periods presents adverse effects and 
uncertain safety profiles, and they should only be prescribed by 
an osteoporosis expert [4,22]. 

Another complex issue to address in these patients, espe-
cially in adolescents who have not had children, is fertility. Al-
though spontaneous pregnancy can occur, there is no way of 
predicting in which women this might occur. That said, some 
favourable prognostic factors for fertility have been described, 
such as short periods of amenorrhea, autoimmune causes, and 
follicular ovarian activity observed on ultrasound [40,41]. No in-
tervention has been found to improve pregnancy rates in young 
women with POI [42], either through ovarian stimulation or ovu-
lation induction, and the use of corticosteroids in autoimmune 
cases is ineffective, so these treatments are not recommended 
[43]. In a subgroup of women, possibly with less advanced POI, 
estrogen treatment may increase the ovulation rate, especially 
in those patients with the presence of follicles on ultrasound 
imaging [44] and residual ovarian function [45].

Currently, fertility management in these women must be 
performed in highly complex reproductive medicine units. 
Only oocyte donation can achieve a high pregnancy rate, 25-
40% per treatment cycle [22,43]. Given that consecutive pregnan-

cies after oocyte donation are associated with obstetric compli-
cations, their control and care by an appropriate obstetric team 
is recommended. There are no studies that show the effect of 
obstetric care on complications in these patients. While a sister 
(or other close relative) is often a suitable donor, sisters have a 
higher donation cycle cancellation rate. But if the cause of POI 
is genetic, the sibling also needs to be evaluated for POI before 
considering them as a donor. In women with TS there are spe-
cial considerations regarding oocyte donation.

The literature contains publications dealing with in vitro 
maturation of ovarian follicles from women with POI. This is 
done using complex techniques with ovarian tissue fragments 
of tissue that are then transplanted by freezing to the pelvic cav-
ity where the ovaries are normally found, achieving pregnancy 
with in vitro fertilization techniques [46,47,48]. Other techniques, 
such as chemical treatment of ovarian tissue before grafting, 
have recently been explored, and in the future could provide 
options for fertility treatment in women with POI [49].

There are no validated tools for assessing the risk of devel-
oping CVD in women with POI, and the conventional ones are 
not suitable for women with this condition, as they have a high-
er relative risk of CVD compared with healthy women of the 
same age. However, investigation of CVR factors at the time 
of diagnosis may be indicated, since healthy lifestyle meas-
ures during perimenopause, such as smoking cessation, regu-
lar physical activity, and a healthy and balanced diet, improve 
health in later years, and should be advised [50]. The ESHRE 
group of experts considers that blood pressure (BP), weight 
(with height), and cigarette consumption should be monitored at 
least annually, evaluating lipids, fasting glucose and HbA1c [22]. 
A special mention should also be made of women with TS who 
have an excess of various CVR factors, including hypertension, 
obesity, glucose intolerance, and hyperlipaemia. Therefore, an 
annual screening for CVR factors should be performed. There 
are no clear recommendations on BP thresholds or targets for 
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Table 4 Estrogen and progestin substitution therapy in adolescent patients with POI.

AGE AGE-SPECIFIC SUGGESTIONS MEDICATION, DOSAGE AND COMMENTS

12 - 13 years If no spontaneous development and FSH 
elevated, start low dose oestrogens

17ß-oestradiol (E2)
Transdermal: 6.25 µg/daya E2 via patch or aerosol or gel, or
Oral micronized E2: 5 µg/kg/day or 0.25 mg/day, or 
E2 Valerate 0.25 mg/day

12.5 - 15 years Gradually increase E2 dose at 6–12 
months interval over 2–3 yearsb to adult 
dose

E2 transdermal patch: 12.5, 25, 37.5, 50, 75, 100 µg/day
(Adult dose: 100–200 µg/day), or
Oral micronized or E2 valerate: 5, 7.5, 10, 15 µg/kg/day
(Adult dose: 2–4 mg/day), or 
E2 transdermal aerosol: 3.16 mg a 4.59 mg/ day (Adult dose) 
E2 transdermal gel: 0,5 to 1,5 mg/day (Adult dose)

14 - 16, or more years Begin cyclic progestogen after 2 years of 
estrogen or when breakthrough bleeding 
occurs

Oral medroxyprogesterone acetate: 5 to 10 mg/day during 10 to 14 days of the month, or
Oral micronized progesterone: 100 to 200 mg/day during 10 to 14 days of the month, or
Dydrogesterone: 5 to 10 mg/day during 10 to 14 days of the month, or
Nomegestrol acetate: 5 to 10 mg/day during 10 to 14 days of the month, or
Desogestrel: 0.150 mg/day during 10 to 14 days of the month, or
Levonorgestrel: 0.03 - 0.04 mg/day during 10 to 14 days of the monthc

a For available E2 transdermal patches deliver 25 or 50 μg/day; it is not established whether various means of dose fractionation (e.g., administering 1/8, 1/6, 1/4 patch overnight or daily or 
administering whole patches for 7-10 days per month) are equivalent. There is also no information on the daily dosages of use with oestradiol gel or transdermal spray.
b With concomitant GH therapy in Turner Syndrome, to achieve an optimal adult height the increase in E2 dose might be relatively slow; while in cases of late diagnosis and for those girls in 
whom growth is not a consideration, E2 may be started at somewhat higher doses and escalated more rapidly. 
c For prolonged treatment progesterone, dydrogesterone are preferred to other progestogens because of their less negative effect on lipid metabolism and less androgenic effects. 
Adapted and modified from Ref. 22. 
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the treatment of hypertension in women with TS, but somewhat 
lower target values are believed to be desirable [22].

CVD and associated mortality could be prevented by the 
above measures in addition to HT. Different effects of HT 
are expected to exist in younger, healthier women (for exam-
ple, women with early menopause who start treatment with-
in 3 years of their last menstrual period) compared with older 
women (for example, women who entered menopause after 50 
years of age, starting treatment 10 years after their last men-
strual period), so the administration of estrogens would protect 
against atherosclerosis only if the vessels are healthy, without 
the negative effects on the cardiovascular system, especially 
prothrombotic phenomena associated with the destabilization 
of an established atherosclerotic plaque [51]. At this point the ev-
idence favours the use of oral oestrogens in young women, al-
though only one study showed a reduction in BP, better kidney 
function, and less activation of the renin-angiotensin system in 
women aged 19 to 39 years with POI [52].

To reduce cognitive decline and the risk of dementia in old 
age, young women with POI would benefit from timely estro-
gen treatment [53, 54, 55]. There is a large body of basic scientific 
data, supported by biological plausibility, which suggests that 
estrogen use would protect an aging brain [56]. Some limited 
observational data show an increased risk of cognitive decline 
after early (surgical) menopause that is reversed with treatment 
with estrogens. HT must be accompanied by lifestyle change to 
reduce the risk of vascular disorders associated with age-relat-
ed cognitive decline and dementia in later life. Efforts should 
be made to reduce abdominal fat, hypertension, hyperlipaemia, 
and the risk of insulin resistance in middle age, therefore, it is 
advisable to stop smoking, exercise and eat a healthy diet [57]. 

Because POI affects multiple body systems, some health-re-
lated impact on quality of life is to be expected at some point. 
The effect can be from mild to severe, and transitory or pro-
longed, depending on a wide range of variables. Women who 
report a reduction in quality of life do not necessarily have to 
receive medical or psychological treatment. Some psycholog-
ical distress in response to aspects of POI is normal. Coping 
with a level of adversity throughout life is intrinsic to human 
development. In some situations, a caring professional attitude 
may be the best form of clinical treatment. In young women, 
especially adolescents, the way in which the patient approaches 
her situation is very important, and it depends on both intrin-
sic and extrinsic factors, including physical health, current and 
past psychological health, age itself, parity, values and personal 
preferences, and access to social resources such as work, edu-
cation, and supportive relationships. 

Management strategies should always include a complete 
evaluation of each individual case and most likely an inter-
disciplinary intervention. It is generally known that once HT 
adjustment is achieved, there is no evidence that additional 
medical interventions lead directly to significant psychological 
benefits. Psychological interventions associated with POI may 
produce positive benefits in quality of life and it is effective in 
improving self-esteem, reducing the levels of depression and 
anxiety in these patients, it does not improve the effects that the 
disease produces on the CNS [58].

In summary, HT is justified in women with POI and is par-

ticularly important in very young women in order to minimize 
serious impacts in terms of severe morbidity and early mor-
tality related to prolonged estrogen deficiency, but at the same 
time, the treatment must be prescribed safely to avoid or mini-
mize potential risks.

There are few studies comparing different HTs with estro-
gens in women with POI. The little evidence that does exist 
suggests that physiological sex steroid replacement regimens 
may be more beneficial than COCs and that the risks may be 
lower. The use of COCs in the female population in general 
poses risks that, although small, are well documented, so ad-
equate counselling should always be carried out [59]. However, 
if therapeutic compliance is improved through COC use alone, 
or if contraception is required, then this is a reasonable alter-
native. There are no data comparing the benefits or risks of E2 
versus equine conjugated estrogens for women with POI, but 
the ESHRE expert group [22] considers the former to be prefera-
ble as it is more physiological. We found no studies comparing 
different types of progestogens for women with POI. There is 
evidence in postmenopausal women indicating that MHT with 
oral cyclic micronized natural progesterone was as good as cy-
clic or continuous medroxyprogesterone acetate for endometri-
al protection. Natural progesterone may have a more favoura-
ble cardiovascular profile and possibly a lower association with 
breast cancer risk [60].

Gonadotropin-releasing hormone (GnRH) agonists appear 
to be effective in protecting the ovaries during chemotherapy, 
in terms of maintenance and resumption of menstruation, treat-
ment-related premature ovarian insufficiency, and ovulation, 
although well-designed randomized controlled trials with an 
adequate follow-up duration should be performed to clarify the 
effects of GnRH analogs in the prevention of chemotherapy-in-
duced ovarian insufficiency, especially in different age groups 
or different regimens [61].

Also new is the use of stem cells, with their potential for 
self-renewal and regeneration, as a valid therapy for the treat-
ment of ovarian insufficiency and, consequently, infertility. 
Recent studies have found that stem cell therapy can restore 
ovarian structure and function in POI animal models, providing 
an effective therapeutic method [62].

POI is a very heterogeneous condition. A number of genes 
have been found to be involved in altering processes such as 
gonadal development, DNA division and repair/meiosis, hor-
monal signalling and follicular development, immune function, 
and metabolism [63]. However, they account for only a small 
proportion of patients and the majority remain without a ge-
netic diagnosis. Identifying the genetic cause of POI can be of 
great benefit to affected patients and their families. Knowing 
a genetic cause can make it possible to screen family mem-
bers, initiate HT earlier, minimize comorbidities, or even resort 
to egg cryopreservation to maximize future fertility potential. 
With a better understanding of the genetic cause of POI, a better 
indication of prognosis and fertility potential may be possible, 
allowing for better patient counselling and management. The 
discovery of new genes and pathways involved in the patho-
genesis of POI allows us to understand the important processes 
necessary for ovarian function and can highlight the goals of 
new therapies and pharmacological treatments.

Premature ovarian insufficiency in adolescents: an update
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Conclusions

In adolescence, the diagnosis of POI is difficult and can be 
delayed by the mere assumption that irregular menstrual cycles 
are common at this age. However, this condition should always 
be ruled out in every girl or adolescent, especially when amen-
orrhea is present. It is also important to evaluate the multiple 
etiologies that we know today in the field of genetics, especial-
ly in POIs thought to be idiopathic.

Having an early diagnosis of POI facilitates the individu-
alization of therapy, which is necessary since the health con-
sequences of this condition differ from those of other causes 
of menstrual cycle irregularity. Although we have hormonal 
replacement therapies, the experience and use schemes are 
rather empirical, based on the hormonal therapies usually used 
in adulthood, which can be inefficient and cause unwanted and 
potentially dangerous side effects. Therefore, it remains urgent 
to optimize current HT regimens, and also to find new and ef-
fective prevention strategies for secondary causes of POI, espe-
cially in very young women. It is also necessary to continue to 
carry out new research that allows to show new genetic causes 
and thus develop new therapeutic frontiers for clinical practice, 
reducing the consequences that an eventual premature ovarian 
failure may have on the health of girls or adolescent.
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