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ABSTRACT

The term premature ovarian insufficiency (POI) describes a continuum of declining ovarian function in a young
woman, resulting in an earlier than average menopause. Itis a term that reflects the variable nature of the condition
and is substantially less emotive than the formerly used “premature ovarian failure” which signaled a single event
in time. Contrary to the decline in the age of menarche seen over the last 3-4 decades there has been no similar
change in the age of menopause. In developed nations, the average age for cessation of menstrual cycles is
50-52 years. The age is younger among women from developing nations. Much has been written about POI
despite a lack of good data on the incidence of this condition. It is believed that 1% of women under the age of
40 years and 0.1% under the age of 30 years will develop POI. Research is increasingly providing information
about the pathogenesis and treatments are being developed to better preserve ovarian function during cancer
treatment and to improve fertility options. This narrative review summarizes the current literature to provide an

approach to best practice management of POI.
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INTRODUCTION

The term premature ovarian insufficiency (POI) describes
a continuum of declining ovarian function in a young
woman, resulting in an earlier than average menopause. It
is a term that reflects the variable nature of the condition
and is substantially less emotive than the formerly used
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“premature ovarian failure” which signaled a single event
in time.

Contrary to the decline in the age of menarche seen over
the last 3-4 decades there has been no similar change in
the age of menopause. In developed nations, the average
age for cessation of menstrual cycles is 50-52 years. The
age is younger among women from developing nations.
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Much has been written about POI despite a lack of good
data on the incidence of this condition. It is believed
that 1% of women under the age of 40 years and 0.1%
under the age of 30 years will develop POL. Research is
increasingly providing information about the pathogenesis
and treatments are being developed to better preserve
ovarian function during cancer treatment and to improve
tertility options.

METHODS

This is a narrative review of the evidence concerning the
pathogenesis, long-term consequences, and management
of POI. We did not attempt to summarize studies or data
in a systematic way. An exhaustive literature search to
identify all of the studies of interest was not conducted.
Papers were selected based on their currency and relevance
to the discussion. Likewise, we did not use statistical testing
or concepts of statistical significance.

PATHOGENESIS

Genetic and chromosomal

The heritability of the age of menopause has been
estimated at 30-85%. Fifteen to 30% of cases of POI are
considered to be familial. A higher degree of heritability
may be seen if a family history of early menopause between
40 and 45 years is included."? The normal ovatian function
requires the presence of many intact genes functionally
normally and in a coordinated fashion.

X chromosome

Two X chromosomes appear to be necessary for full and
normal ovarian function. Both the short and long arms of the
chromosome appear to play important roles. The proximal
region of the short arm of the X chromosome is vital and
terminal deletions originating in this region are usually
associated with complete or premature ovatian failure. Almost
all terminal deletions of the long arm of the X chromosome
resultin primary amenorrhea and lack of breast development.
Pl'Turner syndrome (45 X monosomy) affects 1 in 2500 live
female births and is associated with a range of important
health issues. Most women with Turner syndrome will present
with primary amenorrhea, but 3-5% will menstruate and
develop some secondary sexual characteristics. These young
women typically demonstrate a Turner mosaic karyotype.
Turner syndrome has a frequency of 4-5% in POL*?

Trisomy X affects 1 in 1000 women. Mosaic forms
may present in 10% of cases. Microdeletions of the X

chromosome have also been reported.

Fragile X syndrome is an X-linked dominant genetic
condition associated with POI. Women exhibiting
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extended repeats of the CGG trinucleotide sequence
may be classified as having the premutation (55-199
repeats) or the full condition (>200 repeats). Women
carrying the premutation have a 23% rate of POI and
typically experience menopause 5 years earlier than
average. There is an association, although not linear,
between the number of repeats and the severity of the
condition. Frequencies of between 3% and 15% have
been reported in POL

Bone morphogenetic protein 15 is a member of the
transforming growth factor beta (TGF-B) superfamily
and is located on the short arm of the X chromosome. It
appears to have a vital role in fertility and oocyte quality
and mutations in this gene may be linked to POL"

Autosomal

Mutations affecting both estrogen receptors (ER-«
and ER-P) and a variety of other targets have been
described, including LHr, FSHr, INHA, forkhead box
L2 FOXO3, steroidogenic factor 1, and CYP19A1.F
Many of these mutations are rare. Some primarily affect
gonadal function while others have more diverse effects
on body systems.

Autoimmune

There is a strong association between POI and autoimmune
dysfunction [Tables 1-3]. This may be linked to the role of
the X chromosome in autoimmunity. Autoimmune POl is
amember of the polyglandular deficiency syndrome family.
It may be the first condition to be diagnosed, followed up
to a decade later by potentially life-threatening conditions
such as Addison’s disease or type 1 diabetes. Two to 10%
appear to later develop Addison’s disease and 2.5% develop
type 1 diabetes. Up to 25% of women with autoimmune
POI will go on to develop hypothyroidism.

latrogenic

latrogenic causes of POI are becoming more common as
access increases to surgical management options as well
as chemotherapy and radiotherapy. One in 49 women
will be diagnosed with cancer before the age of 40 years.
Eighty percent of those affected by childhood cancer will
survive long-term. The risk of nonsurgical POl is 13 fold
higher in cancer survivors compared with their noncancer
affected siblings.

Risk factors for chemotherapy-induce ovarian failure.
e Patient age (>40 years).

*  Familial ovarian history.

¢ Opvarian follicle reserve.

*  History of previous ovarian and pelvic surgery.

*  Previous chemotherapy.

e Previous pelvic and abdominal radiotherapy.
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Table 1: Polyglandular autoimmune syndrome |

Table 3: Polyglandular autoimmune syndrome lll

Core conditions Additional manifestations

Core conditions Additional manifestations

Mucocutaneous candidiasis

Hypoparathyroidism

Autoimmune adrenal insufficiency
Type 1A diabetes mellitus
Gonadal failure
Pernicious anemia
Malabsorption
Alopecia
Vitiligo

Table 2: Polyglandular autoimmune syndrome Il

Core conditions Additional manifestations

Addison’s disease

Autoimmune thyroid disease

+/type 1 diabetes mellitus
Gonadal failure
Myasthenia gravis
Celiac disease

e Persistent high level of follicle stimulating hormone
(FSH) [Table 4].

e C(lass of the chemotherapeutic agent (alkylating vs.
nonalkylating).

e Dosing and length of chemotherapy.

*  Concomitant diseases.

Chemotherapy induces apoptosis of mature ovarian
follicles, and histological studies have shown fibrosis,
vascular damage, and reduced follicle numbers. The use of
alkylating agents will lead to POI in approximately 40% of
women. A combination of chemotherapy and total body
or abdominopelvic radiotherapy is particularly deleterious.
Ovarian function may recover, but generally menopause
will still occur early.

Women known to be carriers of the BRCA genes are
presenting in increasing numbers for prophylactic
surgery, and some forms of gynecological surgery
considered, in the past, to be minor are now being
reported to have greater consequences on ovarian
function. A New Zealand prospective cohort of 257
women under the age of 46 years demonstrated that
hysterectomy without oophorectomy brought forward
the age of menopause by 3.7 years (confidence interval
1.5-6 years), and this was an effect independent of
baseline FSH, body mass index (BMI), and smoking
status.” A rapid decline in anti-Mullerian Hormone
(AMH) is seen after hysterectomy.'” Research has now
also linked ovarian drilling for polycystic ovary syndrome
and removal of endometriotic cysts to an earlier age
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IIA: Autoimmune thyroiditis with
IMD mellitus

lIB: Autoimmune thyroiditis with
pernicious anemia

llIC: Autoimmune thyroiditis with
vitiligo and/or alopecia and/or other
organ-specific autoimmune disease

Celiac disease

Gonadal failure

Myasthenia gravis

Sarcoidosis

Sjogren syndrome

Rheumatoid arthritis

Gastric carcinoid tumor

Malabsorption due to exocrine
Pancreatic deficiency

IMD: Immune-mediated diabetes

Table 4: Risk of POl with chemotherapeutic medications

Definite Probable Unlikely Unknown
N-mustard Doxorubicin  Methotrexate VM-26
L-phenylalanine Vinblastine  Fluorouracil Daunorubicin
mustard
Chlorambucil Cytosine 6-mercaptopurine  Bleomycin
arabinoside
Busulfan Cis-platinum  Vincristine Melphalan
Cyclophosphamide  Carmustine Dacarbazine
Procarbazine Lomustine Vindesine
VP-16
(etoposide)

POI: Premature ovarian insufficiency

at menopause.'"'? The somewhat routine practice of
removing healthy ovaries at the time of hysterectomy
is, fortunately, diminishing with time.

Miscellaneous

On average smokers reach menopause 1.74 + 0.46 years
earlier than average. This effect is independent of weight.
A residual effect can be seen for some time after smoking
cessation. The age of starting to smoke is not linked to the

risk after adjustment for a number of cigarettes currently
smoked.!

The role of infections remains controversial with a
potential link between mumps and a later increased risk of
POL. Other potential causes of POI include tuberculosis,
malaria, varicella, and shigella.'"! There are scanty data to
make definitive statements about their role. Recently, there
have been reports of an association between HIV infection
or antiviral therapy and POI risk.!"!
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Idiopathic

In many commentaries, unexplained POI is the most
common diagnosis with reported incidence figures as
high as 90%. This may reflect the nature of investigations
performed or the referral source of the women.

We have maintained a POI database of women referred to
the Gynecological Endocrinology clinics at Christchurch
Women’s Hospital and Southern Women’s Health since
2003. Referrals come from the community and from within
a large tertiary referral hospital. Of the 302 women with
POI the average age of onset is 33 years of age. In just
25% of the women was the cause unidentified.

Causes of premature ovarian insufficiency in a
Christchurch, New Zealand database

1. Idiopathic — 25%.

2. latrogenic — 37%.

3. Autoimmune — 19%.

4.  Genetic — 19%.

Fifty percent of the women diagnosed with POI before the
age of 20 years were shown to have a genetic cause. Twenty-
five percent had an FMR premutation; 70% had other X
chromosome abnormalities, and 5% had miscellaneous
mutations.

Hormone results at the time of diagnosis: A New

Zealand database

1. The mean FSH level at diagnosis was 64.8 u/L, range
14-122.8.

2. The AMH level was undetectable in all women at
baseline but rose in 15 women after chemotherapy.
This was associated with a return of regular menstrual
cycles. The time to ovarian recovery was 6 months
5 years and was seen primarily among women with
breast and hematological malignancies.

Consequences

There is accumulating evidence of a number of adverse
health outcomes for women reaching menopause earlier
than ideal.

Symptoms

In women experiencing menopause induced by surgery or
cancer treatment, the symptoms of estrogen deficiency are
often more severe and longer lasting than seen in women
experiencing a natural menopause. This is likely to be
related to the rapid decline in hormone levels.

Cardiovascular

The Framingham study was one of the first to show a higher
incidence of cardiovascular disease among postmenopausal
women compared to age-matched women who were

150

premenopausal.'’l A number of studies have subsequently

demonstrated higher rates of coronary artery disease, greater
severity of symptoms, higher rates of heart failure, and
higher rates of mortality in women reaching menopause
before 40-45 years of age.'? Some observational studies
have indicated an increased risk of stroke in women
with POL However, this is not a universal finding in all
studies."™*) Hormone therapy appears to reduce the tisk of
cardiovascular disease in young women with POL"

Bone health

Greater rates of bone loss and higher markers of bone
turnover have been documented in women with POI,
particularly after a bilateral salpingo-oophorectomy
(BSO). Although reported effects on fracture risk have
been variable, there have been mote consistent increases
in fracture risk seen among young women with POI. The
effect of eatly ovarian demise on fracture risk may diminish
by age 70 years.*”

Cognitive and neurological health

Surgical removal of the ovaries prior to the normal
age of menopause has been shown to increase the
risk of developing cognitive impairment or dementia
nearly two-fold in the Mayo Clinic Cohort Study of
Oophorectomy and Aging. A trend of increasing risk
with eatlier age at oophorectomy was noted. An increased
risk of Parkinsonism has been linked to both unilateral
and bilateral oophorectomy before the natural age of
menopause. The risk of glaucoma is increased in women
undergoing BSO prior to the age of 43 years, and the
risk of macular degeneration is increased in women
undergoing early menopause following removal of one
or both ovaries before the age of 45 years. It has been
suggested that early estrogen loss accelerates aging of the
optic nerve and increases susceptibility to glaucomatous
changes.I'!

MENTAL HEALTH

The diagnosis of POI is life-altering and may lead to
significant changes in mood. Studies have demonstrated
lower self-esteem and higher rates of depression and
anxiety. The risk of changes in mental health may be greater
among young women."” The response to estrogen therapy
appears to be variable.

Metabolic and bone health in a New Zealand

database of premature ovarian insufficiency

At the time of diagnosis, the women had few metabolic

complications:

1. Atbaseline, 1 woman had triglyceride levels >1.7 mmol /I
and 2 had high-density lipoprotein levels <1 mmol/L.
Normal lipid profiles were seen in all other women.
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2. Average blood pressute at baseline was 120/70. This
did not alter over the period of follow-up.
3. Average weight at baseline was 74.2 kg (BMI 27).

However:

1. At baseline, 31% of women had bone mass outside
the normal age-matched range.

2. Despite the use of hormone therapy, bone density
decreased in 50% after 2 years of therapy.

MANAGEMENT

Diagnosis
The diagnosis of POI needs to be handled with care and
empathy, as it can be devastating for a young woman.

There must be 4-6 months of amenorrhea in a woman under
the age of 40 years with elevated gonadotrophins and a low
estradiol. The hormonal changes need to be seen on at least
2,1f not more, occasions separated by a month. Measurement
of AMH can be helpful in confirming a diagnosis. Ultrasound
scans may confirm small ovaries with few antral follicles.
Excluding a pregnancy is a step often overlooked.

The differential diagnosis of amenorrhea includes:

e Pregnancy.

e Polycystic ovarian syndrome.

*  Hypothalamic amenorrhea.

e DPituitary disease.

*  Hypothyroidism and hyperthyroidism.

*  Uterine abnormalities.

e Chronic medical illness secondary to pootly controlled
diabetes or celiac disease.

*  Lifestyle habits (excessive exercise and poor caloric
intake).

Therefore appropriate tests may include:

e Pregnancy test.

e Thyroid hormones, prolactin, early morning cortisol,
and androgen levels.

*  Karyotype.

* MR genotype, particularly if there is a family history
of POI or the woman is <30 years.

e Autoantibody screen, including tissue and thyroid
antibodies.

e Vitamin B 12 and folic acid.

e Anti-adrenal antibodies.

Anti-ovarian antibodies are not specific, and controversy
exists as to whether they are the cause or an effect of the

POL

AMH is a member of the TGF superfamily and is secreted
by the granulosa cells of the preantral and small antral
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follicles within the ovaries. It is used as a marker of ovarian
reserve and has been considered to be relatively unaffected
by other hormonal or health influences.’”! However,
AMH levels have recently been shown to be lower in
some women with cancer and those who are systemically
unwell. It is lowered by the use of Gonadotropin-releasing
hormone (GnRH) agonists and the contraceptive pill. After
cancer treatment, an unmeasurable AMH 2 years after
cancer therapy is usually associated with a low chance of
menstruation returning. Measurement of AMH may be
useful in determining appropriate treatment after breast
cancer and guidelines have recently been published using
a combination of factors to determine if menopause has
indeed occurred.P!

In Turner syndrome, women who have reached menarche,
many of whom had mosaic karyotypes, an AMH of
<3 pmol/L (<—2 standard deviation) has both high
specificity and sensitivity in predicting POLF"

HORMONE THERAPY

Unless, there are contraindications women with POI
should receive hormone therapy until the normal age of
menopause.’ The results of the Women’s Health Initiative
studies do not apply to women who have experienced
early menopause.” There is evidence from a number of
long-term observational studies that hormone therapy
improves the quality of life and reduces the serious health
consequences of POL

Because of the sudden loss of ovarian hormones in
those women who have undergone a surgical or chemo/
radiotherapy-induced menopause higher than average
doses of estrogen may be required to restore the quality
of life. However, there is no data investigating optimal
doses of estrogen. There is a theoretical advantage in
using transdermal estrogen to preserve sexual function
by minimizing any impact on SHBG levels. Cyclical
progestogen therapy will in most cases lead to a monthly
withdrawal bleed. The absence of this bleed serves as
a signal of potential pregnancy in the small group that
manages to conceive naturally and, therefore, may have an
advantage over continuous bleed-free progestogen regimes.
However, every woman is unique in her requirements, so
careful titration of doses and appropriate choice of mode of
hormone delivery need to be undertaken for each woman.

The oral contraceptive pill is an option for those women
with residual ovarian function and in whom pregnancy is

not desired.

For some women, there may be extra challenges in
restoring the quality of life and androgen supplements
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may be considered to maintain sexual function and energy.
However, the use of androgen supplements is not routinely
advocated. There is a dearth of research including long-
term follow-up studies in this population of women, and
there is no form of testosterone specifically designed for
use in women.

Fertility

Because of the variable nature of POI, there is still a
5-10% chance of spontancous conception. There are
however no guidelines to inform us as to the preferred
treatment or approach to fertility. Studies have examined
the role of clomiphene, gonadotrophins, GnRH agonists
and antagonists, glucocorticoids and menopause hormone
therapy.*” No clear advantage has been shown with GnRH
agonists. The use of dehydroepiandrosterone (DHEA)
supplements has been promoted to increase the number
of oocytes retrieved in assisted conception cycles, improve
pregnancy rates, and decrease miscarriage rates. Recent
studies have shown improvements in follicle counts, and
hormone levels in the DHEA-treated groups but larger,
longer-term studies are required. The contraceptive pill
has been used prior to ovarian stimulation to lower FSH
levels, but data are mixed. Many of the studies examining
other options are not adequately powered and often not
randomized. Donor egg pregnancies remain the primary
option for most women.

SUPPORT

The diagnosis of POI can be devastating for many women,
and care and sensitivity are required. Referral to a support
group can be very useful and provides a chance for the
young woman to discuss her concerns with other women
in a similar situation. Because of the return of ovarian
function for some women it is important to talk through
the possible outcomes. Farly referral for fertility support
can be important.

THE FUTURE

In addition to better understanding of the pathogenesis of
PO, the future holds the possibility of restoring ovatrian
function with stem cell therapy. Endometrial mesenchymal
stem cells have been shown to successfully restore fertility
in a mouse model, and work is now underway to take this
research into human trials."!! Preservation of ovarian
function before or during cancer treatment is also a focus
of research. The role of in vitro oocyte maturation or
oocyte/ovarian cryopreservation remains limited. The
recent POEMS study examined the effect of goserelin
injections prior to and during chemotherapy for ER-
negative breast cancer.*” Eight percent of those young
women who received goserelin developed ovarian failure
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compared to 22% in the placebo group. The pregnancy rate
in the treated group was twice that of the placebo group. It
is plausible that gonadotropin releasing hormone agonists
cause a reduction in ovarian blood flow and perfusion
while activating GnRH receptors on oocytes or granulosa
cells. In turn, these biochemical pathways may lead to an
upregulation of anti-apoptotic pathways and prevention
of accelerated follicular atresia through interruption of
FSH secretion.*

SUMMARY

POI is a common condition that can have far-reaching
consequences for a woman’s physical and mental health.
Early diagnosis and management are crucial. Increasingly,
we are seeing improved access to new diagnostic tools
and more effective options to preserve ovarian function
in young women being treated for cancer. We need to be
able to move on from the concerns about the safety of
hormone therapy in older women and focus on effective
management to improve health outcomes for these young
women. Sharing of information by researchers and the
new international database for women with POI will
improve our understanding and management of this
condition.*!
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