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Abstract
Premature ovarian insufficiency is a complex and relatively poorly
understood entity with a myriad of etiologies and multisystem sequelae that
stem from premature deprivation of ovarian sex hormones. Timely
diagnosis with a clear understanding of the various comorbidities that can
arise from estrogen deficiency is vital to appropriately counsel and treat
these patients. Prompt initiation of hormone therapy is critical to control the
unsolicited menopausal symptoms that many women experience and to
prevent long-term health complications. Despite ongoing efforts at
improving our understanding of the mechanisms involved, any
advancement in the field in recent decades has been modest at best and
researchers remain thwarted by the complexity and heterogeneity of the
underpinnings of this entity. In contrast, the practice of clinical medicine has
made meaningful strides in providing assurance to the women with
premature ovarian insufficiency that their quality of life as well as long-term
health can be optimized through timely intervention. Ongoing research is
clearly needed to allow pre-emptive identification of the at-risk population
and to identify mechanisms that if addressed in a timely manner, can
prolong ovarian function and physiology.
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Introduction
Premature ovarian insufficiency (POI), previously referred to as 
“ovarian failure”, is characterized by an accelerated truncation of 
ovarian physiology, chronologically well in advance of the time-
line destined for the typical female Sapiens. Attrition in the number 
of residual ovarian follicles and ensuing deficiency in ovarian sex  
hormones are hallmarks of POI, thus rendering a woman subfer-
tile and estrogen-deficient years, even decades, prior to the normal  
age of menopause. Subtleties in clinical presentation and a  
relative lack of population awareness surrounding this condi-
tion can lead to a delay in diagnosis and subsequent treatment.  
Beyond the psychological burden that this diagnosis consistently 
inflicts, health and well-being of women with POI are sensi-
tive to any delay in the diagnosis and rely on timely initiation of  
hormone therapy (HT). Without prompt and adequate HT, 
women may develop severe symptoms and long-term health con-
sequences of estrogen deficiency. One aspect of the confusion  
among both population and providers stems from the various 
nomenclatures used to reference this condition. The terms POI, 
premature menopause, and premature ovarian failure (POF) are 
synonymous and often are used interchangeably in the litera-
ture. Given the continuum of impaired ovarian function and the  
negative connotation of the word “failure”, the preferred term is 
POI. In order to remain consistent with recent recommendations  
for the nomenclature, the term POI will be used in this review.

To better understand the mechanisms underlying early ovarian  
dysfunction, it is prudent, depending on its mode of onset, to per-
ceive POI as either spontaneous or consequent to a recognized 
insult such as following surgery (that is, bilateral oophorectomy) 
or following chemotherapy or radiation exposure. Although the 
two categories have a similar endpoint of premature and drastic  
attrition in the ovarian reserve and a paucity of circulating sex  
hormones, the onset varies between the two as often sponta-
neous POI is insidious in presentation and delay in diagno-
sis is common. In contrast, iatrogenic POI is almost always  
anticipated by both the patient and managing clinicians, and  
interventions to mitigate symptoms and harness the long-term 
health risks consequent to the hypoestrogenemia are initiated  
earlier in the process.

Evidence of hypergonadotrophic hypogonadism in the setting 
of amenorrhea (primary or secondary) in any woman younger  
than 40 years clinches the diagnosis of POI; depending on the 
trajectory of ovarian decline and pace of events, symptoms of  
hypoestrogenism may or may not dominate the clinical picture. 
This review will focus on the recent advances in the evaluation  
and management of POI with the goal of improving prepared-
ness of health-care providers in ensuring optimal care for women  
afflicted by this complex yet common entity.

Clinical presentation
The spectrum of symptomatology of POI is highly variable;  
symptoms can include manifestations of hypoestrogenism as 
well as additional features that may reflect unique signs of the  
underlying disorder that is causative of POI (Table 1). For some 

women, the first indictor of ovarian insufficiency is reflected by 
new-onset menstrual irregularities that can range from infrequent 
to even too frequent menses before amenorrhea eventually sets 
in. Primary amenorrhea may be the presenting symptom in up to  
10% of cases of POI; however, in the vast majority of women  
diagnosed with POI, menses commence and linger for varying 
lengths of time following normal pubertal development1. Loss 
of regular menses for three consecutive months in an otherwise  
healthy and non-pregnant woman warrants further investigation, 
and POI should be considered among the differential diagnoses. 
For other women, distressing menopausal symptoms reflect-
ing an estrogen-deficient state, such as hot flashes, dyspareunia, 
sleep disturbances, decreased libido, or vaginal dryness, may 
be the motivation for an initial medical consultation. Notable, 
however, is that women with primary amenorrhea may never 
experience menopausal symptoms; specifically, symptoms of  
hypoestrogenism are rare in those who were never exposed to  
estrogen. Furthermore, for some women, diagnosis of POI may be 
discovered only during evaluation for infertility.

Induced, often iatrogenic, premature ovarian insufficiency
Bilateral oophorectomy occurs most commonly at the time 
of hysterectomy for both benign and malignant indications 
(Table 2). Since most hysterectomies occur between 35 and  
45 years of age, surgical POI is the leading cause of hormone  
deficiency in pre-menopausal women2. Although the importance  
of ovarian preservation has received more attention in recent  
years, more than 200,000 women still undergo bilateral oophorec-
tomy each year in the US3,4. Similarly, as more women are  
surviving malignancies treated with gonadotoxic chemotherapy  
or radiation, the incidence of iatrogenic POI is on the rise  
(Table 2)5. The degree of ovarian impairment is dependent on 
the woman’s age at the time of insult, type of gonadotoxic agent  
used, and the dose of chemotherapy or radiation used (Table 3)6–10.

Table 1. Clinical presentation of premature ovarian 
insufficiency.

Menstrual abnormalities 
Missed cycles leading to amenorrhea 
Sudden onset of secondary amenorrhea 
Primary amenorrhea

Subfertility/infertility

Menopausal symptoms (hot flashes, vaginal dryness, and sleep 
disturbances)

Changes in skin pigmentation 
Vitiligo (autoimmune) 
Hyperpigmentation-adrenal insufficiency (autoimmune)

Hair loss/alopecia (autoimmune)

Goiter (autoimmune)

Fatigue

Anxiety/Depression
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Table 3. Chemotherapy and radiation exposure and risk for premature ovarian 
insufficiency.

Chemotherapuetic agents and class 
known to cause gonadotoxicity and 
premature ovarian insufficiency risk7

Radiation dose and age at exposure 
as determinants of permanent 
ovarian damage and premature 
ovarian insufficiency risk8,9

Alkylating agent 
    Nitrogen mustard 
    Chlorambucil 
    Cyclophosphamide 
    Busulfan 
    Melphalan 
    Dacarbazine

20.3 Gy at birth 
18.4 Gy at age 10 years 
16.5 Gy at age 20 years 
14.3 Gy at age 30 years 
6.0 Gy at age 40 or more years

Anthracycline 
    Doxorubicin

Substituted hydrazine 
    Procarbazine

Table 2. Causes of premature ovarian insufficiency.

Spontaneous

   Idiopathic 
   Genetic 
      Turner syndrome (45XO) or mosaic Turner (45X/46XX) 
      Trisomy X (47XXX or mosaic) 
      Fragile X premutation 
      Galactosemia (galactose-1-phosphate uridyltransferase deficiency) 
      Autoimmune polyglandular syndrome (types 1 and 2) 
      Follicle-stimulating hormone receptor mutations 
      17α-hydroxylase deficiency 
      Aromatase deficiency 
      Blepharophimosis, ptosis, epicanthus inversus syndrome 
      Bloom syndrome 
      Ataxia telangiectasia 
      Fanconi anemia 
   Autoimmune 
   Infections 
      Mumps oophoritis 
      Tuberculosis, malaria, cytomegalovirus, varicella, and shigella

Induced

   Bilateral oophorectomy, bilateral ovarian cystectomies 
   Chemotherapy-primarily, alkylating agents and anthracyclines 
   Radiation-external beam or intracavitary 
   Environmental toxins 
   Pelvic vessel embolization

Spontaneous premature ovarian insufficiency
This condition was first recognized in the 1930s when young 
women with amenorrhea were discovered to have elevated  
urinary gonadotropins. It was not until the 1940s that an associa-
tion was made between the presence of high urinary gonadotropin  
levels and the classic histologic changes seen in the ovaries of 
menopausal women11. In the ensuing decades, much has been  

learnt about the pathophysiology, along with the discovery of  
interventions that have been transformative in allowing women 
with POI to lead relatively normal and fulfilling lives.

The trajectory of attrition in the ovarian complement of gam-
etes is at play well before the birth of a female infant, and this  
natural process of follicular atresia continues throughout the  
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reproductive life span until menopause. However, when this nadir 
in the ovarian follicle complement is attained prior to the age  
of 40, it is considered “premature” given that it is 2 standard  
deviations from the mean estimated age of menopause  
(50 ± 4 years) seen in the reference population12.

A number of mechanisms can impact on the pace as well as  
the magnitude of progressive ovarian follicular atresia that char-
acterizes human female gonadal physiology from early in utero 
existence up until menopause. Early ovarian senescence may 
reflect just an inherently small pool of ovarian reserve or quantity 
of primordial follicles that a woman is endowed with at the time 
of gametogenesis. Alternatively, POI may be the result of an  
accelerated destruction of oocyte complement because of a com-
plex spectrum of disorders with genetic, autoimmune, or toxic 
underpinnings (Table 2 and Table 3)13,14. Spontaneous POI is  
not an uncommon condition; it is estimated that approximately 
0.3% to 1.1% of reproductive-age women experience menopause 
prematurely15. Among women younger than 40, the incidence  
of POI steadily increases with advancing age. POI is recognized 
in 0.01% of women younger than 20, 0.1% younger than 30, and 
about 1% of woman younger than 4016.

Diagnosis
As mentioned earlier, evidence of hypergonadotrophic  
hypogonadism in the setting of amenorrhea (primary or secondary) 
in any woman younger than 40 years is consistent with a diagno-
sis of POI. It is important to appreciate that unlike women with 
menopause, which marks an irreversible state of ovarian senes-
cence, women with POI retain some degree ovarian function.  Thus, 
fluctuations in ovarian hormones as well as sporadic spontaneous  
ovulations can be encountered in a small proportion of women with 
POI, adding complexity to the clinical picture.

A thorough review of medical and family history can provide  
some insight and guide providers in the process of arriving at a 
timely and correct diagnosis. Particular attention must be paid to 
the chronology of events, personal exposures, and family history.  
A detailed menstrual history that inquires about age of menarche, 
as well as both frequency and pattern of menses, is useful to  
determine any menstrual alteration early in the course of 
events. Medical conditions, medications prescribed, or previous  
gonadotoxic exposures should be noted since these can directly  
impact ovarian reserve and function. Of importance, documenta-
tion of any endocrinopathies (such as type 1 diabetes mellitus and 
hypothyroidism associated with Hashimoto’s thyroiditis) should 
be noted since it is not uncommon for these conditions to be seen 
in patients with POI. Although tobacco exposure (active as well 
as passive) has been associated with early menopause and is a  
recognized detriment to ovarian biology, its relevance for the  
causation of POI remains unclear17,18. Information on maternal age 
at menopause and family history of POI in first- or second-degree 
relatives may be pertinent, as can a history of mental retardation 
(particularly so in the male progeny), recurrent pregnancy loss, 
and history of any known autoimmune or genetic disorders in fam-
ily members. A thorough review of systems should enquire about  

symptoms of fatigue and weight fluctuations and focus on, 
among other things, any involvement of the musculoskeletal and  
integumentary systems.

Physical examination should focus on stigmata of any underlying 
disorder (for example, skin depigmentation or hyperpigmentation 
may reflect underlying autoimmune disorder, as can evidence of 
a goiter) and on evidence of hypoestrogenism (Table 1). Although 
examination is typically unremarkable in the majority of cases 
of POI, it may reveal evidence of estrogen deficiency marked by  
lack of or delayed secondary sex characteristics (when POI  
occurs prior to onset of puberty) or features of genital atrophy.  
During examination, providers should also look for stigmata 
that could point to underlying disorder causative of POI, such as  
cutaneous signs suggestive of an autoimmune conditions or  
phenotypic hallmarks of a chromosomal disorder (for example, 
short height, cubitus valgus, and dorsal cervical fat pad are all 
suggestive of Turner syndrome)19. While signs and symptoms  
can be suggestive of POI, the diagnosis requires biochemical  
evidence of hypergonadotropic hypogonadism. Elevated serum  
follicle-stimulating hormone (FSH) levels (>25 IU/L) on two 
separate occasions at least one month apart, with concomitant  
low estradiol (E2) levels (<50 pg/mL), and amenorrhea for 
at least 4 months in women younger than 40 years of age are  
collectively required to establish a diagnosis of POI18,20. Addi-
tional laboratory tests can reinforce this impression and at 
times identify abnormalities that can point to an underlying  
mechanism (or mechanisms) for POI (Table 4). Markedly low to 
undetectable serum levels of anti-mullerian hormone (AMH) in the  
setting of elevated FSH and suppressed E2 levels reaffirm the 
impression of POI21. AMH may be particularly beneficial early in 
the phase of menstrual irregularity since the timing of analysis is 
independent of timing in a menstrual cycle, whereas FSH levels  
can fluctuate throughout the cycle and give a false sense of  
reassurance. A pelvic ultrasound, preferably using a transvaginal 
approach, can further confirm concerns for ovarian compromise. 
In appropriate clinical settings, evidence of a thin endometrial  
echo (<4 mm), small ovarian volumes, and low antral follicle  
counts (<5) are all consistent with a picture of POI; however,  
radiological imaging is not essential to establish the diagnosis.

Etiologies of premature ovarian insufficiency
Idiopathic
Once POI is suspected, confirmation of this impression requires 
evidence of hypergonadotropic hypogonadism. A finite list of  
investigations is advised (Table 4) with the goal of unmasking  
a possible etiology (which may have unique relevance for  
overall health) and quantifying short- and long-term risks (such as  
fracture risk due to low bone mass). Many underlying disor-
ders may pose unique risks (for example, risk of aortic aneurism 
in a patient with Turner syndrome and an increased lifetime risk 
of autoimmune adrenal failure in patients with POI associated 
with autoimmune thyroid disease). The multiple etiologies of  
spontaneous POI that are recognized thus far include genetic, 
autoimmune, infectious, and idiopathic (Table 2). Most cases of 
POI, accounting for over 90%, are idiopathic with no discernable 
cause20.
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Table 4. Diagnostic considerations in evaluation of primary ovarian 
insufficiency.

Laboratory tests Rationale

Human Chorionic gonadotropins Exclude pregnancy

Follicle-stimulating hormone 
Estradiol

Assess hypothalamic-pituitary-ovarian 
axis

Anti-mullerian hormone Assess ovarian reserve

Karyotype, fragile X mental retardation 
1 (FMR1) premutation

Evaluate for genetic etiology

Thyroid-stimulating hormone 
Thyroid peroxidase antibody 
21-hydroxylase antibody

Evaluate for thyroid function 
Quantify risk for thyroid and adrenal 
dysfunction

Radiologic tests Rationale

Transvaginal ultrasound Evaluate antral follicle count to assess 
ovarian reserve

Dual-energy x-ray absorptiometry scan Assess bone density

Genetic
Genetic influences determine the size of the primordial follicle  
pool, impact on the rate of follicular atresia, and are a major  
determinant of eventual age at menopause. With the advent of  
more sophisticated genetic screening technologies, genetic eti-
ologies for POI can account for about 20% to 25% of cases22–24. 
X-chromosome aberrations are the most commonly recognized 
genetic underpinnings for POI. Although the precise mechanism 
is not completely understood, it is thought that mutations on the 
loci of the long arm (q) of the X chromosome that regulate germ 
cell development and viability may be a contributing factor25.  
Turner syndrome, which has a phenotype associated with complete 
or partial monosomy X and affects about 1 in 2,500 females, is 
the most common genetic condition resulting in POI26. The most  
frequent chromosome constitution is 45 XO, or complete 
absence of one X chromosome. Women with 45XO have gonadal  
dysgenesis, and most cases have only streak ovaries composed of 
fibrous stromal tissue containing few or no ovum19. About half of  
patients with Turner syndrome are mosaic, of which the most  
common chromosome composition is 45X/46XX (15%) while 
46XXq or 46XXp deletions account for about 6%19,27. In patients 
with partial monosomy X, the exact karyotypic abnormality is  
relevant to determining the phenotype. Deletions on the short 
arm (p) of the X chromosome are associated with dysmorphic  
features such as short stature and congenital malformations, 
whereas partial or complete deletion of the q arm often manifests  
in gonadal dysfunction27.

The fragile X mental retardation 1 (FMR1) gene that is located on 
the q arm of the X chromosome is of particular relevance in the 
context of POI28. Fragile X syndrome, the most common cause 
of familial mental retardation, results from an inherited triplet  
repeat mutation in the FMR1 gene. The normal number of CGG 
repeats in the untranslated region of the FMR1 gene is less than  
40. Repeat length between 55 and 200 is termed a premutation,  

and a length of greater than 200 repeats represents the full  
mutation25. Interestingly, only those women with a premutation 
in the FMR1 gene are at risk for developing POI, whereas those 
with either normal or full mutation are at no higher risk than the  
general population. Premutations of the FMR1 gene are present 
in as many as 14% to 20% of women with familial POI and 
are found in up to 2% to 5% of women with isolated POI29–33.  
Owing to the increased risk of women with POI harboring the  
FMR1 gene premutation, a family history of fragile X syndrome, 
unexplained mental retardation, tremor/ataxia syndrome, or  
having an affected child with developmental delays should be  
solicited. Furthermore, all women with POI who are seeking  
fertility should be screened for the FMR1 premutation given that 
spontaneous expansion of the trinucleotide repeat region can 
be transmitted to offspring in the unlikely event of successful  
conception, thus increasing the likelihood of fragile X syndrome 
in the progeny inheriting the full mutation. Male transmission of 
FMR1 CGG repeats can also occur, although the transmission  
tends to be less stable than in women. In males, the CGG repeat  
can expand, contract, or remain unchanged, and the risk of  
expansion to full mutation is less frequent than in women34.

Several less common genetic disorders have been associated  
with POI and should also be considered, particularly when there 
is a known family history of the disease traits (Table 2). In the  
absence of any informative family history, autosomal genetic  
testing is not currently indicated in the workup of women with  
POI unless there is evidence or suspicion suggesting a specific  
mutation18. With all genetic conditions, the patient should be 
referred to genetic counseling to fully comprehend the transmission 
pattern and full sequelae of the mutation.

In recent years, attention has focused on genes that are known 
to play a role in folliculogenesis and ovarian function. Oocyte- 
specific gene expression is necessary for primordial follicle  
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formation and their subsequent differentiation into primary  
follicles. Several causative mutations in transcription factors,  
which regulate oocyte-specific genes, have been implicated in 
POI35. Examples of POI transcription candidate genes include 
forkhead box L2 (FOXL2), nuclear receptor subfamily five group 
A member 1 (NR5A1), newborn ovary homeobox (NOBOX), and 
factor in germline alpha (FIGLA)35–38. Similarly, folliculogenesis 
growth factors, such as bone morphogenetic protein 15 (BMP 15), 
growth differentiation factor 9 (GDF-9), and inhibin alpha (INHA), 
which promote follicular maturation and folliculogenesis, are  
candidate genes. Heterozygous variants of these growth factors 
have also been associated with POI35,39,40.

Apart from the candidate gene approach, cytogenic and genetic 
linkage studies have been employed to discover a possible  
etiology of genetic POI. Cytogenic studies, primarily those  
affecting the X chromosome, have been identified and are closely 
associated with POI. Monosomy (X0) is the most common, but 
deletions, duplications, and translocations on the X chromosome 
have also been detected, primarily within two main loci named 
POF1 and POF2, respectively41,42. A second strategy has been  
to use genetic linkage in combination with positional cloning, 
a technique most advantageous for monogenic disease41. Using  
this technique, genes encoding the gonadotropin receptors,  
follicle-stimulating hormone receptor (FSHR) and luteinizing  
hormone choriogonadotropin receptor (LHCGR), have been  
shown to harbor mutations, which results in the POI phenotype. 
FSH, secreted by the pituitary gland, is vital for the follicular 
recruitment and growth. Familial studies have shown that mutations 
in the FSHR gene, albeit rare, are associated with amenorrhea and 
ovarian dysfunction43,44. The concern with this technique is that the 
majority of idiopathic POI cases are sporadic; thus, the utility of 
genetic linkage is nominal.

In efforts to detect novel POI genes, array comparative genomic 
hybridization (CGH) and genome-wide association studies 
(GWASs) have been used. With array CGH, reference DNA seg-
ments and affected DNA segments are labeled using different 
fluorochromes. The two samples are subsequently co-hybridized 
to induce competition and then compared with a given DNA  
sequence through an array. With this technique, the gain or loss 
of chromosomes or chromosomal regions, also referred to as  
copy number variations, between the two groups can be detected45. 
Any disparity is examined to see whether the affected region  
has a role in ovarian pathophysiology or reproduction, thus  
introducing a potential candidate gene. With this modality,  
several regions of potential candidate genes have been identified; 
however, no causative mutation has been found41.

More recently, genotyping via GWASs and genome-wide sequenc-
ing via next-generation sequencing (NGS) have been applied 
in efforts to identify genetic variations across the entire human  
genome that are associated with POI. GWAS and NGS allow 
assessment of the entire human genome with very detailed  
resolution and against numerous unrelated individuals35. This 
evaluation is achieved by using single-nucleotide polymor-
phisms (SNPs), the most common genetic variations in the human  
genome, in patients with POI versus unaffected controls35. A single 

nucleotide difference between two homologous chromosomes is 
considered polymorphic if both of these differences are found in at 
least 1% of the chromosomes in interbreeding populations35. SNPs 
are then used as genetic markers in identifying genetic variants, 
which can be done either in familial cases or in a large cohort of 
patients. Although the application of GWASs in POI research has 
accelerated the identification of novel candidate genes and genetic 
risk factors, it has not identified any genes that have a significant 
role in the development of POI. There are only a limited number 
of GWASs that have been conducted on patients with POI, and the 
population size has been relatively limited.

Since one of the limitations of GWASs is the use of traditional 
Sanger sequencing, which can analyze only 700 base pairs per 
reaction, the use of NGS has proven to be a powerful tool to  
identify novel genes46. NGS is a high-throughput DNA sequenc-
ing technique that can analyze millions of base pairs across the 
entire exome or genome in a single reaction47. Thus far, the studies 
of POI using NGS have been limited to primarily inherited POI  
within families46,48–50. These studies detected numerous patho-
genic variants in genes associated with the following DNA repair 
pathways, hormone signaling, genomic instability, immune  
function, and gonadal development50. For example, with whole- 
exome sequencing, an analysis of a consanguineous Palestinian 
family with POI revealed a one–base pair deletion in the stro-
mal antigen 3 (STAG3) gene47. STAG3 encodes a meiosis-specific  
subunit of the cohesin ring, which ensures correct sister chroma-
tid cohesion. Murine studies of the STAG3 knockout supported  
the POI phenotype48. As evident by the myriad of gene variants 
identified, without any clear frontrunner, the role that each variant 
plays in this complex disease is uncertain50.

Lastly, the analysis of microRNAs (miRNAs) has been applied 
to POI research. miRNAs are small non-coding single-stranded  
RNA molecules, approximately 18–25 nucleotides in size, which 
are involved in post-translational gene regulations and RNA  
silencing35,51. Although most studies looking at the role of miRNA 
in POI have been performed in murine models, there have been 
limited human studies evaluating miRNA within small cohorts of 
patients with POI52. The first study was performed on three patients 
with POI and revealed an upregulated miRNA, mir-23a, which is 
shown to promote granulosa cell apoptosis53. A larger study, in 
which Chinese women with POI were compared with controls, 
found 22 upregulated and 29 downregulated miRNAs within 
the affected subgroup. Upon further evaluation, attention was  
turned to mir-22-3p because of its regulation of pituitary FSH 
secretion. These few studies show that miRNA can affect ovarian 
function and folliculogenesis54. As with all of the previous modali-
ties discussed, larger sample size and evaluation within different 
ethnicities are indicated to determine the role that miRNA plays 
in POI.

Although numerous sequencing projects have involved the dis-
covery of causative and candidate genes, the coding mutations 
found can explain only a minority of cases. Over 50 mutations 
have been validated in several genes (that is, FSHR, LHCGR,  
NR5A1, NOBOX, FOXL2, FIGLA, BMP15, NANOS3, and STAG3) 
via function assays as causative of idiopathic POI, while many other 
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genes can be implicated37,38,40,43,46,48,50,55,56. This further supports the 
notion that POI is a heterogeneous genetic condition that involves 
the interplay of various genetic alterations and environmental  
factors, which remain unidentified. Since genes are identified on 
the basis of statistical significance and not necessarily biological 
relevance, often little is known about the physiological function of 
the identified variants. Clearly, more studies using larger cohorts to 
confirm their relevance and validity are needed.

Autoimmunity
More than 20% of women with POI will manifest more than one 
autoimmune condition57. Autoimmune disorders of the thyroid 
gland (Graves’ or Hashimoto’s disease), seen in 20% to 30% of 
cases, are the most common autoimmune manifestations asso-
ciated with POI58–60. Autoimmune adrenal failure (Addison’s  
disease) is the second most common autoimmune disorder  
associated with POI and has the most severe health implications if 
undetected; it is seen in 3% of women with POI. Less frequently 
encountered is type I diabetes mellitus at 2.5%60. Screening for 
anti-adrenal antibodies (specifically, anti-21-hydroxylase-Ab)  
and thyroid antibodies (thyroid peroxidase and, less commonly, 
thyroglobulin-Ab) is recommended in women with an unknown 
etiology for POI or if an autoimmune etiology is suspected18. 
Respective end-organ function should be performed in women 
with POI given the high incidence of thyroid and adrenal  
disorders in this subset of women18,61. Yearly surveillance of  
thyroid-stimulating hormone levels should be undertaken in  
those positive for thyroid antibodies. Similarly, assessment of 
adrenal function using the adrenocorticotropic hormone (ACTH)  
stimulation test should be assumed in those testing positive 
for anti-adrenal antibodies. To perform this provocative test, a  
baseline level of cortisol is obtained prior to administration of a 
small dose of ACTH (typically synthetic cosyntropin [1 µg] or 
an analogous corticotropic agent). The cortisol level produced by  
the adrenals in response to the ACTH bolus is measured at 30 
and 60 minutes and subsequently compared with baseline levels.  
Cortisol levels should be more than 18 to 20 µg/dL in response to 
the ACTH stimulation; however, if the cortisol levels remain low, 
primary adrenal insufficiency is implied. If thyroid and adrenal 
antibodies are initially negative, there is no indication for repeat 
testing on a routine basis18. However, should signs or symptoms 
develop at a future date, a low threshold should be maintained to 
repeat screening for the suspected endocrinopathy18.

Circulating anti-ovarian antibodies are commonly detected in 
women with POI with evidence of other autoimmune disorders, 
and different studies have reported detection rates ranging from  
10% to 69% in women with POI62,63. However, despite this  
association, testing for anti-ovarian antibodies is of poor prog-
nostic relevance and interpretation is highly variable. Therefore,  
anti-ovarian antibody testing is not recommended in the evaluation 
of women with POI.

Infections
Infectious etiologies have been implicated as a cause of POI, but  
the true incidence of post-infectious-oophoritis ovarian failure is 

uncertain. A variety of infections (viral and bacterial), including 
mumps oophoritis, tuberculosis, malaria, varicella, cytomegalovirus,  
and shigella, have been associated with POI64,65. In the major-
ity of cases, once remission of the infectious insult is attained, 
normal ovarian function ensues65. An infectious etiology should 
be considered if history relates symptomatology to a potential  
infectious exposure (that is, travel or sick contact). However, there 
is no indication to screen for infectious etiologies in a woman with 
POI without noted risk factors18.

Sequelae and management of premature ovarian 
insufficiency
Menopausal symptoms
Women with POI are susceptible to the gamut of symptoms  
experienced by the chronologically older cohorts approaching 
and going through menopause, including the classic menopau-
sal symptoms of hot flashes, night sweats, sleep disturbances, 
mood instability, and issues of sexuality resulting from vaginal  
dryness, dyspareunia, and decreased libido. These symptoms can 
be particularly profound in cases of iatrogenic POI, and severity 
of bother is often so great that it significantly impacts a woman’s 
quality of life, psychological well-being, and intimate relationships.  
Menopausal symptoms in patients with POI are consequent 
to the premature decline in ovarian follicle number and a dys-
function of the residual follicles with resulting hypoestrogen-
emia and, to a lesser extent, a decline in ovarian testosterone.  
Adequate systemic estrogen replacement is critical for symptom 
control, whereas local estrogen may be required for address-
ing focal symptoms such as dyspareunia or other genito-urinary  
symptoms1. Testosterone supplementation as an adjunct to  
systemic estrogen therapy may be of particular benefit for address-
ing issues of decreased libido in women following iatrogenic POI, 
although long-term efficacy and safety of androgens in  menopause 
management remain uncertain18.

Cardiovascular health
Women with untreated POI have a decreased life expectancy, 
largely due to cardiovascular morbidity and stroke18,66,67.  
Compared with age-matched controls, women with POI had 
reduced vascular endothelial function, which is an early precursor 
to atherosclerosis68. The use of HT for 6 months in this cohort of 
women significantly improved endothelial function69. Estrogen  
has beneficial effects on cholesterol metabolism lessening  
atherosclerotic plaque formation and prevents coronary constric-
tion via catecholamine modulation70. Since estrogen dearth is  
the culprit, early initiation of HT following onset of menopause 
has been suggested as a cardio-protective strategy. Although  
randomized controlled trial data on cardiovascular benefits of  
HT remain equivocal, there is a consensus of opinion among 
experts in the field that benefits of initiation and continuation 
of HT in otherwise healthy women with POI until the average 
age of menopause (about 51 in the Caucasian population) far  
outweigh any purported risk71. Despite lacking longitudinal  
outcome data in young women with POI, the cardio-protective  
benefits of HT are extrapolated from the data involving post- 
menopausal women18,72,73. Moreover, it cannot be stressed enough 
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how vital it is for women with POI to optimize modifiable risk  
factors (that is, diet, exercise, and smoking) to ensure cardiovascu-
lar health.

Bone health
Peak bone mass is attained by age 30 in women, and estro-
gen is fundamental to the bone accrual process68. Deprivation 
of estrogen consequent to POI is a known fracture risk in later  
life18,74–76 and this risk can be mitigated with use of HT68,74.  
When compared with age-comparable menstruating women  
(mean age of 32 years), not only did those with POI have signifi-
cantly lower bone mineral density (BMD), but 21% of those with 
POI had BMD z-score of less than −2.0, putting them at signifi-
cant lifetime fracture risk68,75. Assessment of BMD may be useful 
and should be considered for women with POI; after the initial  
assessment, repeat BMD assessments can be deferred for those 
choosing to continue HT until the population’s average age of 
menopause (51 years) or until the recommended age of 65 for 
all women18. Evidence of low bone mass should be deemed an  
indication for prioritizing initiation of HT in any woman diag-
nosed with POI, and in these patients, serial monitoring of bone 
mass (within 2 to 5 years of initiating HT) is warranted. HT 
may have an even greater impact on women younger than 30 
years of age, particularly if they have not yet attained peak bone 
mass77. Lifestyle modifications such as weight-bearing exercises,  
optimization of dietary calcium intake and vitamin D status, and 
avoidance of cigarette use can all contribute to help preserve  
bone health18. Declining BMD despite adequate HT dosing requires 
consideration of secondary causes of bone loss and may dictate 
consideration for use of non-hormonal anti-resorptive agents for 
fracture risk reduction18. In the setting of low but stable BMD on 
HT regimen, pharmacologic agents such as bisphosphonates are 
generally avoided given the long half-life of these medications. 
The potential risk for fetal toxicity in future conceptions (either  
spontaneous or through use of donor eggs) is a concern in this 
young population71. 

Cognition
Premature deprivation of estrogen, such as following bilateral 
oophorectomy undertaken in pre-menopausal women, has been 
associated with neurocognitive decline. Women who underwent 
surgical menopause consequent to bilateral oophorectomy before 
natural menopause had an increased risk of cognitive decline 
and Alzheimer’s disease neuropathy, in particular neuritic plaque  
formation2,78. Of note, the earlier the age of surgical POI, the 
more rapid the cognitive decline79. In contrast, women who were 
started on HT within 5 years of surgical menopause and contin-
ued treatment for 10 years showed decreased cognitive decline,  
suggesting protective effects of HT on neurocognition; notably, 
however, Alzheimer’s disease neuropathology was not reversed2,78. 
Appropriately designed studies are needed to understand whether 
women with POI are similarly at risk for neurocognitive decline 
as those rendered hypoestrogenemic following bilateral oophorec-
tomy. Until then, the surgical POI data offer a logical benchmark 
to guide use of HT by women with POI until the age of natural  
menopause as a strategy to minimize risk of chronic disorders, 
including osteoporosis and premature cardiovascular disease, as 
well as for neurocognitive well-being18,80.

Emotional health
The diagnosis of POI is most often unexpected, creating psy-
chological havoc for the afflicted young women. A realization of  
compromised fertility, fear of premature aging, and a perception 
of being different than their peers can all be emotionally over-
whelming. Women with POI report reduced self-esteem, increased  
social anxiety and shyness, and symptoms of depression when  
compared with normal peers81. Early psychological counseling 
should be advocated, and made easily accessible, for any woman 
stepping into menopause prematurely. Frequent visits with the 
woman’s multi-disciplinary team should be arranged to provide 
continued observation of her coping strategies and to address  
unmet needs.

Infertility
The rapid and unanticipated truncation in a woman’s repro-
ductive life span is among the most distressful sequela of POI  
diagnosis, particularly for those women who have yet to embark 
on planning a family. Whereas fertility is markedly compromised, 
infertility in the setting of POI may not be absolute. Up to 25% 
of women with POI may spontaneously ovulate, and 5% to 10% 
will conceive and deliver after being diagnosed with POI1,82.  
Despite marked advances in the field of reproductive medicine in 
recent years, there are no interventions that can reliably improve 
residual ovarian reserve parameters or any treatment other than 
use of donor eggs which can improve conception rates in women 
with POI18,83. Women with POI should be reassured that sponta-
neous pregnancies from idiopathic POI do not show any higher 
obstetric morbidity or neonatal risk as compared with the general 
population18. Conversely, those not interested in future fertility 
should be made aware that, despite the recognized reproduc-
tive compromise, spontaneous resumption of ovarian activity and 
thus unwanted conceptions can occur. Therefore, contraceptive  
strategies should be recommended in those women who wish to 
avoid pregnancy.

Women with POI who are identified with chromosomal  
aberrations (such as balanced translocations or Turner mosaicism) 
or single-gene disorders such as FMR1 premutation carrier state 
should undergo preconception counseling to better understand 
the risks to their progeny and of miscarriage in the event that suc-
cessful conception is achieved; based on risk assessments, many  
may choose to consider use of donor eggs to maximize their chances 
for a healthy pregnancy. Those who are diagnosed with Turner syn-
drome (XO or mosaic XX/XO karyotype) hold unique pregnancy 
risks due to the high rate of cardiac abnormalities seen in this  
population and pregnancy-related escalation in risk for catastrophic 
cardiovascular events such as aortic dissection. Evaluations by a 
perinatologist and cardiologist are essential given that any evi-
dence of aortic root abnormalities, common in this population, is a  
contraindication to pregnancy. Depending on the length of the CGG  
repeats, male children of women who harbor the FMR1 premutation 
may be at an increased risk of being affected by fragile X mental 
retardation. Use of in vitro fertilization (IVF) with preconception 
genetic diagnosing can minimize transgenerational transmission 
of identifiable genetic mutations in families that are deemed at an 
increased risk of passing genetic mutations to future progeny.
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For women with diagnosed or suspected POI for whom fertility  
is a priority, prompt referral to a reproductive endocrinologist is 
recommended. For those with established POI, while the oppor-
tunity for fertility preservation is missed, assisted conception by 
IVF using donor gametes or embryos provides the patient with 
the best option for biological parenting. Oocyte donation cycles  
generally result in high pregnancy rates given that the success  
rates are attributed to the age of the preselected and young oocyte 
donor. Alternatively, some couples prefer to pursue adoption to 
complete their families. All options should be offered to couples 
with a clear appreciation that this topic is sensitive and decisions 
should be individualized.

In recent years, efforts have focused on pre-empting those who  
may be at risk for POI. In the select few women who can either 
anticipate the ovarian dysfunction (that is, prior to gonadotoxic 
treatments or surgery) or discern the diminished ovarian reserve 
prior to profound cessation of ovarian function, salvage of poten-
tial for future fertility may be possible. Cryopreservation of  
oocytes, embryos, or ovarian tissue is a strategy that can preserve 
future fertility in select women. Although embryo cryopreserva-
tion represents the gold-standard strategy for female fertility, this  
option is limited to women who are partnered or are willing to 
commit to donor sperm source. For the single woman, oocyte  
cryopreservation is a reasonable option, although the likelihood  
of a reasonable egg yield in the POI population or for those  
deemed at risk for POI is slim. Anecdotal success has been 
achieved with cryopreservation of ovarian cortical tissue followed  
by orthotopic autotransplant (graft into the pelvis); however, this 
procedure is still considered experimental. Notably, applicabil-
ity of this technique in the POI population has not been studied 
and should be offered only at institutions with institutional review  
board oversight84.

For women anticipating receiving pelvic radiation for manage-
ment of an underlying disorder, such as cervical cancer, where 
radiation-induced POI is almost inevitable, surgical transposition 
of the ovaries out of the pelvis can limit radiation exposure and 
may serve to preserve gonadal function. For women anticipat-
ing undergoing chemotherapy with gonadotoxic agents, other  
than the fertility preservation options of egg, embryo, or  
ovarian tissue cryopreservation, suppression of ovarian function  
pre-chemotherapy with use of gonadotropin-releasing hormone 
analogs is commonly employed. Efficacy data on the magnitude 
of fertility preservation achieved using this strategy, however, are 
conflicting. Until efficacy is clearly demonstrated, proven, and 
established, fertility preservation therapies should remain first-line 
options85.

An exciting area of research to improve gamete yield from  
ovarian tissue in women with POI has recently been reported that 
uses in vitro activation (IVA) followed by auto-transplantation 
of ovarian tissue. In women with POI one ovary was removed 
and IVA achieved through activation of the AKT pathway in 
the few dormant follicles that were found within the ovarian tis-
sue. The ovary was re-transplanted and residual follicles were  

seen to be active in 6 of the 14 patients (43%), and following  
IVF with oocyte retrieval, a pregnancy was achieved86–88. More 
studies are needed to determine the efficacy of the IVA treatment 
protocol and whether this will be a useful tool in the future for 
women with POI.

An area of research that has the potential for revolutionizing  
the course of POI is that of stem cell technology. Therapeutic  
potential of hematopoietic and mesenchymal stem cells in humans 
has progressed over recent years, and much effort has focused on 
establishing the existence of oogonial stem cells (OSCs), challeng-
ing the central dogma that women are born with a fixed number 
of oocytes that steadily declines until menopause is reached.  
Indeed, a number of investigators have now reported success in 
identifying OSCs in experimental models allowing postulation  
that mitotically active OSCs may also be present in human ovar-
ian cortex89–93. OSCs have been detected in women and have been  
able to form oocyte-like structures in a xenotransplant model92,94; 
however, the physiological relevance of OSCs in human female 
remains unclear91. OSC research is a primitive yet exciting area 
of research that has the potential to revolutionize reproductive 
medicine, particularly in women with POI or age-related ovarian 
decline. 

Hormone treatment in the management of premature 
ovarian insufficiency
In the past two decades, the role of HT in menopause man-
agement has undergone stringent inquisitions, and practice of  
menopause management has undergone transformative changes 
driven by myriad of interpretations and misinterpretations of 
data from the Women’s Health Initiative (WHI) hormone trials95. 
Notably, the two seminal WHI hormone trials (estrogen alone for 
women who had previously undergone hysterectomy and estrogen 
plus progestin trial for those with intact uteri) were undertaken in 
an elderly and predominantly asymptomatic population of women 
who were at advanced stage of menopause. The studies were ter-
minated prematurely because of concerns that potential benefit was 
exceeded by net harm, given the studies did not establish that HT 
offered cardiovascular benefit (primary endpoint). The fate of the 
WHI hormone trials was erroneously perceived by practitioners 
and patients alike as a judgment against safety and place of HT for 
all. That HT-related concerns observed in an aged and relatively 
asymptomatic population of menopausal women, who were well 
established in menopause (WHI population), were extrapolated and 
deemed applicable to the young and healthy, perimenopausal and 
early menopausal women (the vast majority of women, who are in 
need of HT to improve their quality of life) can only be deemed as a 
tragic misinterpretation of the then-existing data, which has caused 
a disservice to multitudes of symptomatic women. In recent years, 
driven as much by introspection and re-analyses of existing data 
as by reassurance offered by newer clinical trials, the pendulum 
of opinion and practice has shifted toward moderation and a com-
monsense approach to use of HT. Most importantly, a vociferous 
consensus exists in support of using HT in women with POI, both 
for symptom management and for mitigating burden from chronic 
disorders that are directly impacted by premature loss of estrogen 
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(such as osteoporosis, cardiovascular, and neurocognitive disor-
ders) and that have been previously highlighted in this review. The 
goal of HT in POI population is to mimic endogenous levels of sex 
hormones, which equates to a serum E2 level of about 100 pg/mL, 
and once initiated, HT should be continued until the age of natural 
menopause (average age of 51 years)68. Despite the consensus and 
clarity in safety and recommendation for offering HT to women 
with POI, an assessment of HT use among this population revealed 
that more than 52% of women with POI never took HT, started 
HT years after the diagnosis was established, or discontinued HT 
before the age of 45 or that a combination of these was the case68,96. 
Untreated or inadequately treated women with POI must be per-
ceived at an increased risk of long-term morbidity, which could 
have been averted if addressed in a timely manner proximate to 
time of diagnosis.

Post-pubertal premature ovarian insufficiency
Given the young age at time of ovarian insufficiency and  
symptom severity experienced by women with POI, this popu-
lation often requires higher doses of systemic estrogen than is  
commonly used for managing symptoms in older menopausal 
women. In deciding on the choice of HT, consideration should 
be given to dose, route, and regimen; while estrogen alone is 
optimal for managing symptoms in women who have undergone  
hysterectomy, the addition of progestin must be incorporated 
to estrogen therapy in those with an intact uterus. Not only is 
the thromboembolic risk related to estrogen use suggested to be 
lessened with transdermal compared with oral route of admin-
istration, transdermal dosing is recognized to provide bet-
ter sustained circulating levels of estradiol compared with oral 
intake and this itself may offer some advantage for symptom  
control. The typical starting formulation for women with POI 
includes transdermal estradiol in a daily dose of 100 μg, oral  
estradiol in a dose of 1 to 2 mg/day, or conjugated estrogen at a  
dose of 0.625 to 1.25 mg daily. Patients must be advised to main-
tain a symptom chart, and hormone dose should be adjusted to  
achieve a level of symptom control that translates to an optimized 
quality of life.

Oral combined hormonal contraceptives are an alternative for  
symptom management and may be psychologically preferred 
by some young and symptomatic women with POI. It should 
be noted that combined hormone contraceptives provide supra-
therapeutic levels of estrogen and progesterone given that the 
intent of the medication in normal, cycling woman is to suppress 
ovulation. Therefore, for women who are seeking potential for  
fertility and willing to avail the slim possibility of spontaneous  
ovulation, use of hormonal contraceptive regimen should be 
avoided. If this method is selected, it may be beneficial to avoid 
the hormone-free placebo week in efforts to minimize the likeli-
hood of recrudescence of symptoms of hypoestrogenemia during 
the hormone-free window. It should be noted that, in women 
with POI, oral contraceptive pills are not as efficacious in pre-
venting pregnancy and this is likely due to the persistent elevated  
serum gonadotropin levels detected within this subgroup. If  
contraception is desired, barrier contraceptive measures and  
intrauterine devices are recommended.

In all women with a uterus, progesterone should be added to the 
estrogen regimen to minimize the untoward risk of endometrial 
hyperplasia or endometrial cancer, which is a recognized sequel to 
prolonged use of unopposed estrogen97. Both natural progesterone 
and synthetic progestins are available in a wide array of formula-
tions (oral tablets, vaginal creams/tablets, intramuscular injection, 
and intrauterine devices) and regimens (continuous and cyclic). 
Common formulations that are used for endometrial protection in 
HT users include medroxyprogesterone acetate 10 mg daily for  
12 days each month and oral or vaginal micronized progester-
one 100 mg daily or 200 mg daily for 10 to 12 days per month. 
To date, the only study evaluating HT in women with POI is the 
National Institutes of Health Intramural Research Program, which 
used transdermal E2 (100 μg/day) with oral medroxyprogesterone 
acetate (10 mg/12 days), which was well tolerated74. While there are 
some advantages to preferential use of micronized natural proges-
terone (reduced breast cancer risk in some studies and some benefit 
for improved sleep), the strongest evidence of endometrial protec-
tion is for oral cyclic medroxyprogesterone acetate18. Although the  
efficacy of oral micronized progestin or progestin-containing 
intrauterine contraceptive devices to effectively induce endometrial 
decidualization has not been systematically evaluated as a compo-
nent of HT for women with POI, these formulations are increas-
ingly being incorporated in menopause management, and future 
trials should specifically explore their value for women with POI.

Prepubertal premature ovarian insufficiency
In some young women, onset of POI predates onset of puberty; 
overt stigmata of failure of ovarian estrogenization include  
lacking secondary sex characteristics (that is, thelarche), retarded 
skeletal growth, and primary amenorrhea. Although Turner’s  
syndrome (XO) is the prototype for prepubertal POI, any condi-
tion that results in complete ovarian failure during childhood  
(such as whole body radiation for bone marrow transplant) would 
have similar consequences. In keeping with pubertal physiology 
wherein a gradual escalation in circulating estrogens predates 
menarche by a few years, for a patient in whom POI strikes prior 
to puberty, the goal of HT is to achieve exposure to increasing  
estrogen levels in a progressive fashion over months, starting 
with very low doses of 17-β estradiol. Typical regimens include  
6.25 µg/day of 17-β estradiol transdermally or micronized oral 
estradiol 0.25 mg/day18. The 17-β estradiol is gradually increased 
every 3 to 6 months over the course of 2 years until an adult 
dose is reached or spontaneous menses ensues, at which point 
cyclic progesterone regimen is added to ensure endometrial 
protection similar to the one discussed under management of  
post-pubertal patients. Oral micronized progesterone 100 to  
200 mg/day for 12 to 14 days is the most common regimen used98. 
It should be noted that use of a hormone contraceptive formu-
lation as HT strategy is to be avoided in these young girls until  
estrogen alone–induced puberty has been completed as premature 
use of combined hormone regimens can result in tubular breast  
formation26.

Summary of current perspective and future goals
Despite the advances in our understanding of POI, the vast  
majority of cases remain idiopathic, and there is no clear etiology 
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to explain the phenotype. Regardless of the etiology, POI is 
a state of estrogen deprivation that holds both short-term and  
life-long implications for health and for psychosocial well-being. 
The magnitude of ongoing research efforts as well as direction  
of some novel quests discussed in this review should offer hope 
for those afflicted as well as invigorate those who are engaged 
in caring for this unique population. While awaiting the blos-
soming of a promise that tissue-specific stem cell salvage and  
therapy may offer, timely initiation of HT and a multi-disciplinary  
approach must be recognized as cornerstones to effectively  
manage this complex entity to ensure that physical, psychological, 
and emotional challenges that result from POI diagnosis are met 
and short-term and long-term well-being of these young women is 
optimized.

Competing interests
Saioa Torrealday and Pinar H. Kodaman declare that they have no 
competing interests. Lubna Pal is an advisory board member for 
AMAG Pharmaceuticals and a consultant for GLG.

Grant information
The author(s) declared that no grants were involved in supporting 
this work.

Acknowledgments
The opinions or assertions contained herein are the private views 
of the authors and are not to be construed as the official policy  
of the US Department of the Army, US Department of Defense, or 
the US Government.

References F1000 recommended

1. 	 Rebar RW: Premature ovarian failure. Obstet Gynecol. 2009; 113(6): 1355–63. 
PubMed Abstract | Publisher Full Text 

2. 	  Sarrel PM, Sullivan SD, Nelson LM: Hormone replacement therapy in young 
women with surgical primary ovarian insufficiency. Fertil Steril. 2016; 106(7): 
1580–7.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

3. 	 Asante A, Whiteman MK, Kulkarni A, et al.: Elective oophorectomy in the United 
States: trends and in-hospital complications, 1998–2006. Obstet Gynecol. 2010; 
116(5): 1088–95.  
PubMed Abstract | Publisher Full Text 

4. 	 Wright JD, Herzog TJ, Tsui J, et al.: Nationwide trends in the performance of 
inpatient hysterectomy in the United States. Obstet Gynecol. 2013; 122(2 Pt 1): 
233–41.  
PubMed Abstract | Publisher Full Text | Free Full Text 

5. 	 National Institutes of Health, National Cancer Institute: Division of Cancer 
Survivorship. Access: April 16, 2017. 
Reference Source

6. 	 Sklar C: Maintenance of ovarian function and risk of premature menopause 
related to cancer treatment. J Natl Cancer Inst Monographs. 2005; 2005(34): 25–7.  
PubMed Abstract | Publisher Full Text 

7. 	 Shuster LT, Rhodes DJ, Gostout BS, et al.: Premature menopause or early 
menopause: long-term health consequences. Maturitas. 2010; 65(2): 161–6. 
PubMed Abstract | Publisher Full Text | Free Full Text 

8. 	 Hyman JH, Tulandi T: Fertility preservation options after gonadotoxic 
chemotherapy. Clin Med Insights Reprod Health. 2013; 7: 61–9.  
PubMed Abstract | Publisher Full Text | Free Full Text 

9. 	 Wallace WH, Thomson AB, Saran F, et al.: Predicting age of ovarian failure after 
radiation to a field that includes the ovaries. Int J Radiat Oncol Biol Phys. 2005; 
62(3): 738–44.  
PubMed Abstract | Publisher Full Text 

10. 	 Ash P: The influence of radiation on fertility in man. Br J Radiol. 1980; 53(628): 
271–8.  
PubMed Abstract | Publisher Full Text 

11. 	 Albright F, Smith PH, Fraser R: A SYNDROME CHARACTERIZED BY PRIMARY 
OVARIAN INSUFFICIENCY AND DECREASED STATURE. The American Journal 
of the Medical Sciences. 1942; 204(5): 625–48.  
Reference Source

12. 	 van Noord PA, Dubas JS, Dorland M, et al.: Age at natural menopause in a 
population-based screening cohort: the role of menarche, fecundity, and 
lifestyle factors. Fertil Steril. 1997; 68(1): 95–102.  
PubMed Abstract | Publisher Full Text 

13. 	 Welt CK: Primary ovarian insufficiency: a more accurate term for premature 
ovarian failure. Clin Endocrinol (Oxf). 2008; 68(4): 499–509.  
PubMed Abstract | Publisher Full Text 

14. 	 Kodaman PH: Early menopause: primary ovarian insufficiency and surgical 
menopause. Semin Reprod Med. 2010; 28(5): 360–9.  
PubMed Abstract | Publisher Full Text 

15. 	 Luborsky JL, Meyer P, Sowers MF, et al.: Premature menopause in a multi-ethnic 
population study of the menopause transition. Hum Reprod. 2003; 18(1): 199–
206.  
PubMed Abstract | Publisher Full Text 

16. 	 Coulam CB, Adamson SC, Annegers JF: Incidence of premature ovarian failure. 
Obstet Gynecol. 1986; 67(4): 604–6.  
PubMed Abstract | Publisher Full Text

17. 	 Schoenaker DA, Jackson CA, Rowlands JV, et al.: Socioeconomic position, 
lifestyle factors and age at natural menopause: a systematic review and meta-
analyses of studies across six continents. Int J Epidemiol. 2014; 43(5): 1542–62. 
PubMed Abstract | Publisher Full Text | Free Full Text 

18. 	  European Society for Human Reproduction and Embryology (ESHRE) Guideline 
Group on POI, Webber L, Davies M, et al.: ESHRE Guideline: management of 
women with premature ovarian insufficiency. Hum Reprod. 2016; 31(5): 926–37. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation

19. 	 Abir R, Fisch B, Nahum R, et al.: Turner’s syndrome and fertility: current status 
and possible putative prospects. Hum Reprod Update. 2001; 7(6): 603–10. 
PubMed Abstract | Publisher Full Text 

20. 	 Nelson LM: Clinical practice. Primary ovarian insufficiency. N Engl J Med. 2009; 
360(6): 606–14.  
PubMed Abstract | Publisher Full Text | Free Full Text 

21. 	 Visser JA, Schipper I, Laven JS, et al.: Anti-Müllerian hormone: an ovarian reserve 
marker in primary ovarian insufficiency. Nat Rev Endocrinol. 2012; 8(6): 331–41.  
PubMed Abstract | Publisher Full Text 

22. 	  Qin Y, Jiao X, Simpson JL, et al.: Genetics of primary ovarian insufficiency: 
new developments and opportunities. Hum Reprod Update. 2015; 21(6): 787–808. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

23. 	  Hernández-Angeles C, Castelo-Branco C: Early menopause: A hazard to a 
woman’s health. Indian J Med Res. 2016; 143(4): 420–7.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

24. 	 Fortuño C, Labarta E: Genetics of primary ovarian insufficiency: a review.  
J Assist Reprod Genet. 2014; 31(12): 1573–85.  
PubMed Abstract | Publisher Full Text | Free Full Text 

25. 	 Laml T, Preyer O, Umek W, et al.: Genetic disorders in premature ovarian failure. 
Hum Reprod Update. 2002; 8(5): 483–91.  
PubMed Abstract | Publisher Full Text 

26. 	 Bondy CA, Turner Syndrome Study Group: Care of girls and women with Turner 
syndrome: a guideline of the Turner Syndrome Study Group. J Clin Endocrinol 
Metab. 2007; 92(1): 10–25.  
PubMed Abstract | Publisher Full Text 

27. 	 Thompson MW, McInnes RR, Willard HF: The sex chromosomes and their 
abnormalities. In Thompson MW, McInnes RR and Willard HF (eds). Genetics in 
Medicine. WB. Saunders, Philadelphia, 239–243. 

28. 	 Wittenberger MD, Hagerman RJ, Sherman SL, et al.: The FMR1 premutation and 
reproduction. Fertil Steril. 2007; 87(3): 456–65.  
PubMed Abstract | Publisher Full Text 

Page 12 of 15

F1000Research 2017, 6(F1000 Faculty Rev):2069 Last updated: 17 JUL 2019

http://www.ncbi.nlm.nih.gov/pubmed/19461434
http://dx.doi.org/10.1097/AOG.0b013e3181a66843
http://f1000.com/prime/726900790
http://www.ncbi.nlm.nih.gov/pubmed/27793381
http://dx.doi.org/10.1016/j.fertnstert.2016.09.018
http://www.ncbi.nlm.nih.gov/pmc/articles/5248494
http://f1000.com/prime/726900790
http://www.ncbi.nlm.nih.gov/pubmed/20966693
http://dx.doi.org/10.1097/AOG.0b013e3181f5ec9d
http://www.ncbi.nlm.nih.gov/pubmed/23969789
http://dx.doi.org/10.1097/AOG.0b013e318299a6cf
http://www.ncbi.nlm.nih.gov/pmc/articles/3913114
https://cancercontrol.cancer.gov/ocs/statistics/statistics.html
http://www.ncbi.nlm.nih.gov/pubmed/15784817
http://dx.doi.org/10.1093/jncimonographs/lgi018
http://www.ncbi.nlm.nih.gov/pubmed/19733988
http://dx.doi.org/10.1016/j.maturitas.2009.08.003
http://www.ncbi.nlm.nih.gov/pmc/articles/2815011
http://www.ncbi.nlm.nih.gov/pubmed/24453520
http://dx.doi.org/10.4137/CMRH.S10848
http://www.ncbi.nlm.nih.gov/pmc/articles/3888081
http://www.ncbi.nlm.nih.gov/pubmed/15936554
http://dx.doi.org/10.1016/j.ijrobp.2004.11.038
http://www.ncbi.nlm.nih.gov/pubmed/6991051
http://dx.doi.org/10.1259/0007-1285-53-628-271
http://www.sid.ir/En/Journal/ViewPaper.aspx?ID=306588
http://www.ncbi.nlm.nih.gov/pubmed/9207591
http://dx.doi.org/10.1016/S0015-0282(97)81482-3
http://www.ncbi.nlm.nih.gov/pubmed/17970776
http://dx.doi.org/10.1111/j.1365-2265.2007.03073.x
http://www.ncbi.nlm.nih.gov/pubmed/20845236
http://dx.doi.org/10.1055/s-0030-1262895
http://www.ncbi.nlm.nih.gov/pubmed/12525467
http://dx.doi.org/10.1093/humrep/deg005
http://www.ncbi.nlm.nih.gov/pubmed/3960433
http://dx.doi.org/10.1097/00006254-198742030-00020
http://www.ncbi.nlm.nih.gov/pubmed/24771324
http://dx.doi.org/10.1093/ije/dyu094
http://www.ncbi.nlm.nih.gov/pmc/articles/4190515
http://f1000.com/prime/726233786
http://www.ncbi.nlm.nih.gov/pubmed/27008889
http://dx.doi.org/10.1093/humrep/dew027
http://f1000.com/prime/726233786
http://www.ncbi.nlm.nih.gov/pubmed/11727869
http://dx.doi.org/10.1093/humupd/7.6.603
http://www.ncbi.nlm.nih.gov/pubmed/19196677
http://dx.doi.org/10.1056/NEJMcp0808697
http://www.ncbi.nlm.nih.gov/pmc/articles/2762081
http://www.ncbi.nlm.nih.gov/pubmed/22231848
http://dx.doi.org/10.1038/nrendo.2011.224
https://f1000.com/prime/725699274
http://www.ncbi.nlm.nih.gov/pubmed/26243799
http://dx.doi.org/10.1093/humupd/dmv036
http://www.ncbi.nlm.nih.gov/pmc/articles/4594617
https://f1000.com/prime/725699274
https://f1000.com/prime/729207456
http://www.ncbi.nlm.nih.gov/pubmed/27377497
http://dx.doi.org/10.4103/0971-5916.184283
http://www.ncbi.nlm.nih.gov/pmc/articles/4928547
https://f1000.com/prime/729207456
http://www.ncbi.nlm.nih.gov/pubmed/25227694
http://dx.doi.org/10.1007/s10815-014-0342-9
http://www.ncbi.nlm.nih.gov/pmc/articles/4250468
http://www.ncbi.nlm.nih.gov/pubmed/12398227
http://dx.doi.org/10.1093/humupd/8.5.483
http://www.ncbi.nlm.nih.gov/pubmed/17047017
http://dx.doi.org/10.1210/jc.2006-1374
http://www.ncbi.nlm.nih.gov/pubmed/17074338
http://dx.doi.org/10.1016/j.fertnstert.2006.09.004


29. 	 Beck-Peccoz P, Persani L: Premature ovarian failure. Orphanet J Rare Dis. 2006; 
1: 9.  
PubMed Abstract | Publisher Full Text | Free Full Text 

30. 	 Rafique S, Sterling EW, Nelson LM: A new approach to primary ovarian 
insufficiency. Obstet Gynecol Clin North Am. 2012; 39(4): 567–86.  
PubMed Abstract | Publisher Full Text | Free Full Text 

31. 	 Murray A, Schoemaker MJ, Bennett CE, et al.: Population-based estimates of the 
prevalence of FMR1 expansion mutations in women with early menopause and 
primary ovarian insufficiency. Genet Med. 2014; 16(1): 19–24.  
PubMed Abstract | Publisher Full Text | Free Full Text 

32. 	 Sherman SL: Premature ovarian failure in the fragile X syndrome. Am J Med 
Genet. 2000; 97(3): 189–94.  
PubMed Abstract | Publisher Full Text 

33. 	 Sullivan SD, Welt C, Sherman S: FMR1 and the continuum of primary ovarian 
insufficiency. Semin Reprod Med. 2011; 29(4): 299–307.  
PubMed Abstract | Publisher Full Text 

34. 	  Barasoain M, Barrenetxea G, Huerta I, et al.: Study of the Genetic Etiology 
of Primary Ovarian Insufficiency: FMR1 Gene. Genes (Basel). 2016; 7(12): pii: 
E123.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

35. 	  Chapman C, Cree L, Shelling AN: The genetics of premature ovarian failure: 
current perspectives. Int J Womens Health. 2015; 7: 799–810.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

36. 	 Harris SE, Chand AL, Winship IM, et al.: Identification of novel mutations in 
FOXL2 associated with premature ovarian failure. Mol Hum Reprod. 2002; 8(8): 
729–33.  
PubMed Abstract | Publisher Full Text 

37. 	 Qin Y, Choi Y, Zhao H, et al.: NOBOX homeobox mutation causes premature 
ovarian failure. Am J Hum Genet. 2007; 81(3): 576–81.  
PubMed Abstract | Publisher Full Text | Free Full Text 

38. 	  Lourenço D, Brauner R, Lin L, et al.: Mutations in NR5A1 associated with 
ovarian insufficiency. N Engl J Med. 2009; 360(12): 1200–10.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

39. 	 Rah H, Jeon YJ, Ko JJ, et al.: Association of inhibin α gene promoter 
polymorphisms with risk of idiopathic primary ovarian insufficiency in Korean 
women. Maturitas. 2014; 77(2): 163–7.  
PubMed Abstract | Publisher Full Text 

40. 	 Chand AL, Ponnampalam AP, Harris SE, et al.: Mutational analysis of BMP15 and 
GDF9 as candidate genes for premature ovarian failure. Fertil Steril. 2006; 86(4): 
1009–12.  
PubMed Abstract | Publisher Full Text 

41. 	 Christin-Maitre S, Tachdjian G: Genome-wide association study and premature 
ovarian failure. Ann Endocrinol (Paris). 2010; 71(3): 218–21.  
PubMed Abstract | Publisher Full Text 

42. 	 Fassnacht W, Mempel A, Strowitzki T, et al.: Premature ovarian failure (POF) 
syndrome: towards the molecular clinical analysis of its genetic complexity. 
Curr Med Chem. 2006; 13(12): 1397–410.  
PubMed Abstract | Publisher Full Text 

43. 	 Aittomäki K, Lucena JL, Pakarinen P, et al.: Mutation in the follicle-stimulating 
hormone receptor gene causes hereditary hypergonadotropic ovarian failure. 
Cell. 1995; 82(6): 959–68.  
PubMed Abstract | Publisher Full Text 

44. 	 Woad KJ, Prendergast D, Winship IM, et al.: FSH receptor gene variants are 
rarely associated with premature ovarian failure. Reprod Biomed Online. 2013; 
26(4): 396–9.  
PubMed Abstract | Publisher Full Text 

45. 	 Carter NP: Methods and strategies for analyzing copy number variation using 
DNA microarrays. Nat Genet. 2007; 39(7 Suppl): S16–21.  
PubMed Abstract | Publisher Full Text | Free Full Text 

46. 	  Fonseca DJ, Patiño LC, Suárez YC, et al.: Next generation sequencing in 
women affected by nonsyndromic premature ovarian failure displays new 
potential causative genes and mutations. Fertil Steril. 2015; 104(1): 154–62.e2.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

47. 	 Laissue P: Aetiological coding sequence variants in non-syndromic premature 
ovarian failure: From genetic linkage analysis to next generation sequencing. 
Mol Cell Endocrinol. 2015; 411: 243–57.  
PubMed Abstract | Publisher Full Text 

48. 	 Caburet S, Arboleda VA, Llano E, et al.: Mutant cohesin in premature ovarian 
failure. N Engl J Med. 2014; 370(10): 943–9.  
PubMed Abstract | Publisher Full Text | Free Full Text 

49. 	 Wood-Trageser MA, Gurbuz F, Yatsenko SA, et al.: MCM9 mutations are 
associated with ovarian failure, short stature, and chromosomal instability. Am 
J Hum Genet. 2014; 95(6): 754–62.  
PubMed Abstract | Publisher Full Text | Free Full Text 

50. 	 Tucker EJ, Grover SR, Bachelot A, et al.: Premature Ovarian Insufficiency: New 
Perspectives on Genetic Cause and Phenotypic Spectrum. Endocr Rev. 2016; 
37(6): 609–35.  
PubMed Abstract | Publisher Full Text 

51. 	 Bartel DP: MicroRNAs: genomics, biogenesis, mechanism, and function. Cell. 
2004; 116(2): 281–97.  
PubMed Abstract | Publisher Full Text 

52. 	 Kuang H, Han D, Xie J, et al.: Profiling of differentially expressed microRNAs in 

premature ovarian failure in an animal model. Gynecol Endocrinol. 2014; 30(1): 
57–61.  
PubMed Abstract | Publisher Full Text 

53. 	 Yang X, Zhou Y, Peng S, et al.: Differentially expressed plasma microRNAs in 
premature ovarian failure patients and the potential regulatory function of mir-
23a in granulosa cell apoptosis. Reproduction. 2012; 144(2): 235–44.  
PubMed Abstract | Publisher Full Text 

54. 	  Dang Y, Zhao S, Qin Y, et al.: MicroRNA-22-3p is down-regulated in the 
plasma of Han Chinese patients with premature ovarian failure. Fertil Steril. 
2015; 103(3): 802–7.e1.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

55. 	 Di Pasquale E, Beck-Peccoz P, Persani L: Hypergonadotropic ovarian failure 
associated with an inherited mutation of human bone morphogenetic protein-
15 (BMP15) gene. Am J Hum Genet. 2004; 75(1): 106–11.  
PubMed Abstract | Publisher Full Text | Free Full Text 

56. 	 Wu X, Wang B, Dong Z, et al.: A NANOS3 mutation linked to protein degradation 
causes premature ovarian insufficiency. Cell Death Dis. 2013; 4(10): e825. 
PubMed Abstract | Publisher Full Text | Free Full Text 

57. 	 LaBarbera AR, Miller MM, Ober C, et al.: Autoimmune etiology in premature 
ovarian failure. Am J Reprod Immunol Microbiol. 1988; 16(3): 115–22.  
PubMed Abstract | Publisher Full Text 

58. 	  Ayesha, Jha V, Goswami D: Premature Ovarian Failure: An Association with 
Autoimmune Diseases. J Clin Diagn Res. 2016; 10(10): QC10–QC12.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

59. 	 Goswami R, Marwaha RK, Goswami D, et al.: Prevalence of thyroid 
autoimmunity in sporadic idiopathic hypoparathyroidism in comparison to 
type 1 diabetes and premature ovarian failure. J Clin Endocrinol Metab. 2006; 
91(11): 4256–9.  
PubMed Abstract | Publisher Full Text 

60. 	 Lebovic D, Naz R: Premature ovarian failure: Think ?autoimmune disorder? 
Sexuality Reproduction and Menopause. 2004; 2(4): 230–3.  
Publisher Full Text 

61. 	 Bakalov VK, Vanderhoof VH, Bondy CA, et al.: Adrenal antibodies detect 
asymptomatic auto-immune adrenal insufficiency in young women with 
spontaneous premature ovarian failure. Hum Reprod. 2002; 17(8): 2096–100. 
PubMed Abstract | Publisher Full Text 

62. 	 Silva CA, Yamakami LY, Aikawa NE, et al.: Autoimmune primary ovarian 
insufficiency. Autoimmun Rev. 2014; 13(4–5): 427–30.  
PubMed Abstract | Publisher Full Text 

63. 	 Anasti JN: Premature ovarian failure: an update. Fertil Steril. 1998; 70(1): 1–15. 
PubMed Abstract | Publisher Full Text 

64. 	 Panay N, Kalu E: Management of premature ovarian failure. Best Pract Res Clin 
Obstet Gynaecol. 2009; 23(1): 129–40.  
PubMed Abstract | Publisher Full Text 

65. 	 Ebrahimi M, Akbari Asbagh F: Pathogenesis and causes of premature ovarian 
failure: an update. Int J Fertil Steril. 2011; 5(2): 54–65.  
PubMed Abstract | Free Full Text 

66. 	  Rocca WA, Grossardt BR, Miller VM, et al.: Premature menopause or early 
menopause and risk of ischemic stroke. Menopause. 2012; 19(3): 272–7. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

67. 	 Archer DF: Premature menopause increases cardiovascular risk. Climacteric. 
2009; 12 Suppl 1: 26–31.  
PubMed Abstract | Publisher Full Text 

68. 	  Sullivan SD, Sarrel PM, Nelson LM: Hormone replacement therapy in young 
women with primary ovarian insufficiency and early menopause. Fertil Steril. 
2016; 106(7): 1588–99.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

69. 	 Kalantaridou SN, Naka KK, Papanikolaou E, et al.: Impaired endothelial function 
in young women with premature ovarian failure: normalization with hormone 
therapy. J Clin Endocrinol Metab. 2004; 89(8): 3907–13.  
PubMed Abstract | Publisher Full Text 

70. 	 Sarrel PM, Lindsay D, Rosano GM, et al.: Angina and normal coronary arteries 
in women: gynecologic findings. Am J Obstet Gynecol. 1992; 167(2): 467–71. 
PubMed Abstract | Publisher Full Text 

71. 	 Vujovic S, Brincat M, Erel T, et al.: EMAS position statement: Managing women 
with premature ovarian failure. Maturitas. 2010; 67(1): 91–3.  
PubMed Abstract | Publisher Full Text 

72. 	  Santoro N, Allshouse A, Neal-Perry G, et al.: Longitudinal changes in 
menopausal symptoms comparing women randomized to low-dose oral 
conjugated estrogens or transdermal estradiol plus micronized progesterone 
versus placebo: the Kronos Early Estrogen Prevention Study. Menopause. 
2017; 24(3): 238–46.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

73. 	  Hodis HN, Mack WJ, Henderson VW, et al.: Vascular Effects of Early versus 
Late Postmenopausal Treatment with Estradiol. N Engl J Med. 2016; 374(13): 
1221–31.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

74. 	 Gallagher JC: Effect of early menopause on bone mineral density and 
fractures. Menopause. 2007; 14(3 Pt 2): 567–71.  
PubMed Abstract | Publisher Full Text 

75. 	 Popat VB, Calis KA, Vanderhoof VH, et al.: Bone mineral density in  

Page 13 of 15

F1000Research 2017, 6(F1000 Faculty Rev):2069 Last updated: 17 JUL 2019

http://www.ncbi.nlm.nih.gov/pubmed/16722528
http://dx.doi.org/10.1186/1750-1172-1-9
http://www.ncbi.nlm.nih.gov/pmc/articles/1502130
http://www.ncbi.nlm.nih.gov/pubmed/23182561
http://dx.doi.org/10.1016/j.ogc.2012.09.007
http://www.ncbi.nlm.nih.gov/pmc/articles/3727655
http://www.ncbi.nlm.nih.gov/pubmed/23703681
http://dx.doi.org/10.1038/gim.2013.64
http://www.ncbi.nlm.nih.gov/pmc/articles/3914024
http://www.ncbi.nlm.nih.gov/pubmed/11449487
http://dx.doi.org/10.1002/1096-8628(200023)97:3<189::AID-AJMG1036>3.0.CO;2-J
http://www.ncbi.nlm.nih.gov/pubmed/21969264
http://dx.doi.org/10.1055/s-0031-1280915
https://f1000.com/prime/727123803
http://www.ncbi.nlm.nih.gov/pubmed/27983607
http://dx.doi.org/10.3390/genes7120123
http://www.ncbi.nlm.nih.gov/pmc/articles/5192499
https://f1000.com/prime/727123803
https://f1000.com/prime/725832588
http://www.ncbi.nlm.nih.gov/pubmed/26445561
http://dx.doi.org/10.2147/IJWH.S64024
http://www.ncbi.nlm.nih.gov/pmc/articles/4590549
https://f1000.com/prime/725832588
http://www.ncbi.nlm.nih.gov/pubmed/12149404
http://dx.doi.org/10.1093/molehr/8.8.729
http://www.ncbi.nlm.nih.gov/pubmed/17701902
http://dx.doi.org/10.1086/519496
http://www.ncbi.nlm.nih.gov/pmc/articles/1950834
https://f1000.com/prime/1161447
http://www.ncbi.nlm.nih.gov/pubmed/19246354
http://dx.doi.org/10.1056/NEJMoa0806228
http://www.ncbi.nlm.nih.gov/pmc/articles/2778147
https://f1000.com/prime/1161447
http://www.ncbi.nlm.nih.gov/pubmed/24269065
http://dx.doi.org/10.1016/j.maturitas.2013.10.015
http://www.ncbi.nlm.nih.gov/pubmed/17027369
http://dx.doi.org/10.1016/j.fertnstert.2006.02.107
http://www.ncbi.nlm.nih.gov/pubmed/20362963
http://dx.doi.org/10.1016/j.ando.2010.02.014
http://www.ncbi.nlm.nih.gov/pubmed/16719785
http://dx.doi.org/10.2174/092986706776872943
http://www.ncbi.nlm.nih.gov/pubmed/7553856
http://dx.doi.org/10.1016/0092-8674(95)90275-9
http://www.ncbi.nlm.nih.gov/pubmed/23419799
http://dx.doi.org/10.1016/j.rbmo.2013.01.004
http://www.ncbi.nlm.nih.gov/pubmed/17597776
http://dx.doi.org/10.1038/ng2028
http://www.ncbi.nlm.nih.gov/pmc/articles/2697494
https://f1000.com/prime/725507139
http://www.ncbi.nlm.nih.gov/pubmed/25989972
http://dx.doi.org/10.1016/j.fertnstert.2015.04.016
https://f1000.com/prime/725507139
http://www.ncbi.nlm.nih.gov/pubmed/25960166
http://dx.doi.org/10.1016/j.mce.2015.05.005
http://www.ncbi.nlm.nih.gov/pubmed/24597867
http://dx.doi.org/10.1056/NEJMoa1309635
http://www.ncbi.nlm.nih.gov/pmc/articles/4068824
http://www.ncbi.nlm.nih.gov/pubmed/25480036
http://dx.doi.org/10.1016/j.ajhg.2014.11.002
http://www.ncbi.nlm.nih.gov/pmc/articles/4259971
http://www.ncbi.nlm.nih.gov/pubmed/27690531
http://dx.doi.org/10.1210/er.2016-1047
http://www.ncbi.nlm.nih.gov/pubmed/14744438
http://dx.doi.org/10.1016/S0092-8674(04)00045-5
http://www.ncbi.nlm.nih.gov/pubmed/24188450
http://dx.doi.org/10.3109/09513590.2013.850659
http://www.ncbi.nlm.nih.gov/pubmed/22653319
http://dx.doi.org/10.1530/REP-11-0371
https://f1000.com/prime/725312123
http://www.ncbi.nlm.nih.gov/pubmed/25585503
http://dx.doi.org/10.1016/j.fertnstert.2014.12.106
https://f1000.com/prime/725312123
http://www.ncbi.nlm.nih.gov/pubmed/15136966
http://dx.doi.org/10.1086/422103
http://www.ncbi.nlm.nih.gov/pmc/articles/1181993
http://www.ncbi.nlm.nih.gov/pubmed/24091668
http://dx.doi.org/10.1038/cddis.2013.368
http://www.ncbi.nlm.nih.gov/pmc/articles/3824677
http://www.ncbi.nlm.nih.gov/pubmed/3289410
http://dx.doi.org/10.1111/j.1600-0897.1988.tb00180.x
https://f1000.com/prime/732146090
http://www.ncbi.nlm.nih.gov/pubmed/27891401
http://dx.doi.org/10.7860/JCDR/2016/22027.8671
http://www.ncbi.nlm.nih.gov/pmc/articles/5121739
https://f1000.com/prime/732146090
http://www.ncbi.nlm.nih.gov/pubmed/16895958
http://dx.doi.org/10.1210/jc.2006-1005
http://dx.doi.org/10.1016/j.sram.2004.11.010
http://www.ncbi.nlm.nih.gov/pubmed/12151443
http://dx.doi.org/10.1093/humrep/17.8.2096
http://www.ncbi.nlm.nih.gov/pubmed/24418305
http://dx.doi.org/10.1016/j.autrev.2014.01.003
http://www.ncbi.nlm.nih.gov/pubmed/9660412
http://dx.doi.org/10.1016/S0015-0282(98)00099-5
http://www.ncbi.nlm.nih.gov/pubmed/19091633
http://dx.doi.org/10.1016/j.bpobgyn.2008.10.008
http://www.ncbi.nlm.nih.gov/pubmed/24963360
http://www.ncbi.nlm.nih.gov/pmc/articles/4059950
https://f1000.com/prime/13357012
http://www.ncbi.nlm.nih.gov/pubmed/21993082
http://dx.doi.org/10.1097/gme.0b013e31822a9937
http://www.ncbi.nlm.nih.gov/pmc/articles/3258468
https://f1000.com/prime/13357012
http://www.ncbi.nlm.nih.gov/pubmed/19811237
http://dx.doi.org/10.1080/13697130903013452
https://f1000.com/prime/727066125
http://www.ncbi.nlm.nih.gov/pubmed/27912889
http://dx.doi.org/10.1016/j.fertnstert.2016.09.046
http://www.ncbi.nlm.nih.gov/pmc/articles/5137796
https://f1000.com/prime/727066125
http://www.ncbi.nlm.nih.gov/pubmed/15292326
http://dx.doi.org/10.1210/jc.2004-0015
http://www.ncbi.nlm.nih.gov/pubmed/1497053
http://dx.doi.org/10.1016/S0002-9378(11)91431-8
http://www.ncbi.nlm.nih.gov/pubmed/20605383
http://dx.doi.org/10.1016/j.maturitas.2010.04.011
https://f1000.com/prime/726891150
http://www.ncbi.nlm.nih.gov/pubmed/27779568
http://dx.doi.org/10.1097/GME.0000000000000756
http://www.ncbi.nlm.nih.gov/pmc/articles/5323337
https://f1000.com/prime/726891150
https://f1000.com/prime/726253942
http://www.ncbi.nlm.nih.gov/pubmed/27028912
http://dx.doi.org/10.1056/NEJMoa1505241
http://www.ncbi.nlm.nih.gov/pmc/articles/4921205
https://f1000.com/prime/726253942
http://www.ncbi.nlm.nih.gov/pubmed/17476146
http://dx.doi.org/10.1097/gme.0b013e31804c793d


estrogen-deficient young women. J Clin Endocrinol Metab. 2009; 94(7): 2277–83.  
PubMed Abstract | Publisher Full Text | Free Full Text 

76. 	 van Der Voort DJ, van Der Weijer PH, Barentsen R: Early menopause: increased 
fracture risk at older age. Osteoporos Int. 2003; 14(6): 525–30.  
PubMed Abstract | Publisher Full Text 

77. 	  Hewlett M, Mahalingaiah S: Update on primary ovarian insufficiency. Curr 
Opin Endocrinol Diabetes Obes. 2015; 22(6): 483–9.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

78. 	 Bove R, Secor E, Chibnik LB, et al.: Age at surgical menopause influences 
cognitive decline and Alzheimer pathology in older women. Neurology. 2014; 
82(3): 222–9.  
PubMed Abstract | Publisher Full Text | Free Full Text 

79. 	 Phung TK, Waltoft BL, Laursen TM, et al.: Hysterectomy, oophorectomy and risk 
of dementia: a nationwide historical cohort study. Dement Geriatr Cogn Disord. 
2010; 30(1): 43–50.  
PubMed Abstract | Publisher Full Text 

80. 	 Rocca WA, Grossardt BR, Shuster LT: Oophorectomy, estrogen, and dementia: a 
2014 update. Mol Cell Endocrinol. 2014; 389(1–2): 7–12.  
PubMed Abstract | Publisher Full Text | Free Full Text 

81. 	 Schmidt PJ, Cardoso GM, Ross JL, et al.: Shyness, social anxiety, and impaired 
self-esteem in Turner syndrome and premature ovarian failure. JAMA. 2006; 
295(12): 1374–6.  
PubMed Abstract | Publisher Full Text 

82. 	 Nelson LM, Anasti JN, Kimzey LM, et al.: Development of luteinized graafian 
follicles in patients with karyotypically normal spontaneous premature ovarian 
failure. J Clin Endocrinol Metab. 1994; 79(5): 1470–5.  
PubMed Abstract | Publisher Full Text 

83. 	 van Kasteren YM, Schoemaker J: Premature ovarian failure: a systematic 
review on therapeutic interventions to restore ovarian function and achieve 
pregnancy. Hum Reprod Update. 1999; 5(5): 483–92.  
PubMed Abstract | Publisher Full Text 

84. 	 Practice Committee of American Society for Reproductive Medicine: Ovarian tissue 
cryopreservation: a committee opinion. Fertil Steril. 2014; 101(5): 1237–43. 
PubMed Abstract | Publisher Full Text 

85. 	 Ethics Committee of American Society for Reproductive Medicine: Fertility 
preservation and reproduction in patients facing gonadotoxic therapies: a 
committee opinion. Fertil Steril. 2013; 100(5): 1224–31.  
PubMed Abstract | Publisher Full Text 

86. 	  Zhai J, Yao G, Dong F, et al.: In Vitro Activation of Follicles and Fresh 
Tissue Auto-transplantation in Primary Ovarian Insufficiency Patients. J Clin 
Endocrinol Metab. 2016; 101(11): 4405–12.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

87. 	  Kawamura K, Cheng Y, Suzuki N, et al.: Hippo signaling disruption and Akt 
stimulation of ovarian follicles for infertility treatment. Proc Natl Acad Sci U S A. 

2013; 110(43): 17474–9.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

88. 	  Suzuki N, Yoshioka N, Takae S, et al.: Successful fertility preservation 
following ovarian tissue vitrification in patients with primary ovarian 
insufficiency. Hum Reprod. 2015; 30(3): 608–15.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

89. 	  Silvestris E, D'Oronzo S, Cafforio P, et al.: Perspective in infertility: the 
ovarian stem cells. J Ovarian Res. 2015; 8: 55.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

90. 	  Johnson J, Canning J, Kaneko T, et al.: Germline stem cells and follicular 
renewal in the postnatal mammalian ovary. Nature. 2004; 428(6979): 145–50. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

91. 	  Grieve KM, McLaughlin M, Dunlop CE, et al.: The controversial existence and 
functional potential of oogonial stem cells. Maturitas. 2015; 82(3):  
278–81.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

92. 	  White YA, Woods DC, Takai Y, et al.: Oocyte formation by mitotically active 
germ cells purified from ovaries of reproductive-age women. Nat Med. 2012; 
18(3): 413–21.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

93. 	 Stimpfel M, Skutella T, Cvjeticanin B, et al.: Isolation, characterization and 
differentiation of cells expressing pluripotent/multipotent markers from adult 
human ovaries. Cell Tissue Res. 2013; 354(2): 593–607.  
PubMed Abstract | Publisher Full Text 

94. 	 Dunlop CE, Telfer EE, Anderson RA: Ovarian stem cells--potential roles in 
infertility treatment and fertility preservation. Maturitas. 2013; 76(3): 279–83. 
PubMed Abstract | Publisher Full Text 

95. 	 Wassertheil-Smoller S, Hendrix SL, Limacher M, et al.: Effect of estrogen plus 
progestin on stroke in postmenopausal women: the Women’s Health Initiative: 
a randomized trial. JAMA. 2003; 289(20): 2673–84.  
PubMed Abstract | Publisher Full Text 

96. 	  Hipp HS, Charen KH, Spencer JB, et al.: Reproductive and gynecologic care 
of women with fragile X primary ovarian insufficiency (FXPOI). Menopause. 
2016; 23(9): 993–9.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

97. 	  Furness S, Roberts H, Marjoribanks J, et al.: Hormone therapy in 
postmenopausal women and risk of endometrial hyperplasia. Cochrane 
Database Syst Rev. 2012; (8): CD000402.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

98. 	  Langrish JP, Mills NL, Bath LE, et al.: Cardiovascular effects of physiological 
and standard sex steroid replacement regimens in premature ovarian failure. 
Hypertension. 2009; 53(5): 805–11.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

Page 14 of 15

F1000Research 2017, 6(F1000 Faculty Rev):2069 Last updated: 17 JUL 2019

http://www.ncbi.nlm.nih.gov/pubmed/19401379
http://dx.doi.org/10.1210/jc.2008-1878
http://www.ncbi.nlm.nih.gov/pmc/articles/2708959
http://www.ncbi.nlm.nih.gov/pubmed/12730751
http://dx.doi.org/10.1007/s00198-003-1408-1
https://f1000.com/prime/725890649
http://www.ncbi.nlm.nih.gov/pubmed/26512773
http://dx.doi.org/10.1097/MED.0000000000000206
http://www.ncbi.nlm.nih.gov/pmc/articles/4883575
https://f1000.com/prime/725890649
http://www.ncbi.nlm.nih.gov/pubmed/24336141
http://dx.doi.org/10.1212/WNL.0000000000000033
http://www.ncbi.nlm.nih.gov/pmc/articles/3902759
http://www.ncbi.nlm.nih.gov/pubmed/20689282
http://dx.doi.org/10.1159/000314681
http://www.ncbi.nlm.nih.gov/pubmed/24508665
http://dx.doi.org/10.1016/j.mce.2014.01.020
http://www.ncbi.nlm.nih.gov/pmc/articles/4040304
http://www.ncbi.nlm.nih.gov/pubmed/16551707
http://dx.doi.org/10.1001/jama.295.12.1374
http://www.ncbi.nlm.nih.gov/pubmed/7962345
http://dx.doi.org/10.1210/jcem.79.5.7962345
http://www.ncbi.nlm.nih.gov/pubmed/10582785
http://dx.doi.org/10.1093/humupd/5.5.483
http://www.ncbi.nlm.nih.gov/pubmed/24684955
http://dx.doi.org/10.1016/j.fertnstert.2014.02.052
http://www.ncbi.nlm.nih.gov/pubmed/24094423
http://dx.doi.org/10.1016/j.fertnstert.2013.08.041
https://f1000.com/prime/726694304
http://www.ncbi.nlm.nih.gov/pubmed/27571179
http://dx.doi.org/10.1210/jc.2016-1589
http://www.ncbi.nlm.nih.gov/pmc/articles/5095246
https://f1000.com/prime/726694304
https://f1000.com/prime/718128583
http://www.ncbi.nlm.nih.gov/pubmed/24082083
http://dx.doi.org/10.1073/pnas.1312830110
http://www.ncbi.nlm.nih.gov/pmc/articles/3808580
https://f1000.com/prime/718128583
https://f1000.com/prime/725301492
http://www.ncbi.nlm.nih.gov/pubmed/25567618
http://dx.doi.org/10.1093/humrep/deu353
https://f1000.com/prime/725301492
https://f1000.com/prime/727837217
http://www.ncbi.nlm.nih.gov/pubmed/26250560
http://dx.doi.org/10.1186/s13048-015-0184-9
http://www.ncbi.nlm.nih.gov/pmc/articles/4528806
https://f1000.com/prime/727837217
https://f1000.com/prime/1017989
http://www.ncbi.nlm.nih.gov/pubmed/15014492
http://dx.doi.org/10.1038/nature02316
https://f1000.com/prime/1017989
https://f1000.com/prime/725738469
http://www.ncbi.nlm.nih.gov/pubmed/26278874
http://dx.doi.org/10.1016/j.maturitas.2015.07.017
https://f1000.com/prime/725738469
https://f1000.com/prime/13945979
http://www.ncbi.nlm.nih.gov/pubmed/22366948
http://dx.doi.org/10.1038/nm.2669
http://www.ncbi.nlm.nih.gov/pmc/articles/3296965
https://f1000.com/prime/13945979
http://www.ncbi.nlm.nih.gov/pubmed/23820736
http://dx.doi.org/10.1007/s00441-013-1677-8
http://www.ncbi.nlm.nih.gov/pubmed/23693139
http://dx.doi.org/10.1016/j.maturitas.2013.04.017
http://www.ncbi.nlm.nih.gov/pubmed/12771114
http://dx.doi.org/10.1001/jama.289.20.2673
https://f1000.com/prime/726699724
http://www.ncbi.nlm.nih.gov/pubmed/27552334
http://dx.doi.org/10.1097/GME.0000000000000658
http://www.ncbi.nlm.nih.gov/pmc/articles/4998843
https://f1000.com/prime/726699724
https://f1000.com/prime/717954966
http://www.ncbi.nlm.nih.gov/pubmed/22895916
http://dx.doi.org/10.1002/14651858.CD000402.pub4
https://f1000.com/prime/717954966
https://f1000.com/prime/1159098
http://www.ncbi.nlm.nih.gov/pubmed/19332659
http://dx.doi.org/10.1161/HYPERTENSIONAHA.108.126516
https://f1000.com/prime/1159098


 

Open Peer Review

   Current Peer Review Status:

Editorial Note on the Review Process
 are written by members of the prestigious  . They are commissioned andF1000 Faculty Reviews F1000 Faculty

are peer reviewed before publication to ensure that the final, published version is comprehensive and accessible.
The reviewers who approved the final version are listed with their names and affiliations.

The reviewers who approved this article are:
Version 1

The benefits of publishing with F1000Research:

Your article is published within days, with no editorial bias

You can publish traditional articles, null/negative results, case reports, data notes and more

The peer review process is transparent and collaborative

Your article is indexed in PubMed after passing peer review

Dedicated customer support at every stage

For pre-submission enquiries, contact   research@f1000.com

 Corrine K. Welt
Division of Endocrinology, Metabolism and Diabetes, University of Utah, Salt Lake City, Utah, USA

 No competing interests were disclosed.Competing Interests:

1

 Zi-Jiang Chen
Center for Reproductive Medicine, Shandong Provincial Hospital, Shandong University, Jinan, China

 No competing interests were disclosed.Competing Interests:

2

 James H. Liu
Department of Obstetrics and Gynecology, Case Western Reserve University School of Medicine, Cleveland,
Ohio, USA

 No competing interests were disclosed.Competing Interests:

3

Page 15 of 15

F1000Research 2017, 6(F1000 Faculty Rev):2069 Last updated: 17 JUL 2019

https://f1000research.com/browse/f1000-faculty-reviews
http://f1000.com/prime/thefaculty

