Chapter 3

Premature Ovarian Insufficiency (POI): A
Current Overview of Diagnosis, Etiopathology,
Epidemiology, Symptomatology, and Treatment
Options

Oya Korkmaz!

Abstract

Premature Ovarian Insufficiency (POI) is a pathological condition
characterized by the cessation of ovarian function prior to an individual
attaining the age of 40 years. This syndrome is marked by elevated levels
of gonadotropins and diminished levels of oestrogen, ultimately leading to
infertility. According to guidelines provided by the European Society for
Human Reproduction and Embryology (ESHRE), diagnostic criteria for
this condition include increased follicle-stimulating hormone (FSH) levels
exceeding 25 U/l tested on two separate occasions with a four-week interval
between each measurement, together with the presence of amenorrhea or
oligomenorrhea for at least 4 months. The occurrence of POI has been
associated with adverse effects such as reduced fertility, irregular menstrual
cycles, failed pregnancies, and a reduction in overall health-related quality of
life. The early decline in oestrogen puts women at increased risk of osteoporosis,
hypertension, cardiovascular disease, weight gain, type 2 diabetes, cognitive
disorders such as Parkinson’s, depression, and Alzheimer’s disease, and
dementia. In this respect, it has important consequences that negatively affect
women. However, genetic abnormalities, metabolic problems, autoimmunity,
1atrogenic causes, infections, or environmental variables have been identified
that contribute to the development of premature ovarian failure syndrome in
some patients. The etiopathogenesis of the disease remains largely unknown
in the majority of cases. This review aims to review the available literature,
focusing on the diagnosis, clinical aspects, causes, symptoms, complications,
and treatment of POI.
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1. Introduction

Premature Ovarian Insufficiency (POI) is a medical condition
characterized by the depletion of follicles in the ovary, resulting in the loss
of both reproductive and endocrine functions in women who are younger
than 40 years of age (Welt, 2008; Jankowska, 2017). The term ‘primary’
ovarian failure was initially coined by Fuller Albright in 1942 (Anastasi,
1998). The terminology used to describe this phenomenon has been a topic
of continuous academic discussion, incorporating various designations such
as premature menopause, premature ovarian failure, and hypogonadotropic
hypogonadism. However, it is important to note that in Europe, the
commonly used nomenclature is “premature ovarian failure,” encompassing
both spontancous POI and secondary POI resulting from medical
interventions such as chemotherapy, radiation, and surgery (ESHRE POI
Guideline Development Group, 2015).

The condition is distinguished by a fast deterioration in ovarian function,
an insufficiency of ovarian sex hormones that expedites the premature onset
of menopause, and a reduction in ovarian reserve (Wesevich et al., 2020).
These factors contribute to the occurrence of anomalies in the menstrual
cycle, such as amenorrhoea and oligomenorrhea. Additionally, they result
in elevated levels of gonadotropins, deficiencies in sex steroids, as well as
complications in pregnancy and infertility among women (Ebrahimi &
Akbari Asbagh, 2011). Over an extended duration, the phenomenon
known as POI has been linked to the occurrence of cardiovascular problems,
heightened susceptibility to osteoporosis, and cognitive impairment (Webber
etal., 2016; Machura et al., 2018; Ishizuka, 2021) (Figure 1). Additionally,
it has been observed that POI is linked to premature death (Rocca et al.,
2000).

POI has been found to result in psychological and physiological effects
in women. In cases of POI, a decline in oestrogen production from the
ovary leads to the manifestation of menopausal symptoms. These symptoms
include vaginal symptoms, dyspareunia, vaginal dryness, hot flushes, night
sweats, sleep disturbance, decreased libido, lack of energy, mood changes,
reduced concentration, dry eyes, and altered urinary frequency (Lakhal et al.,
2010). Not all women have these symptoms, and they are less prevalent in
cases of primary amenorrhea. This indicates that the symptoms are likely a
result of oestrogen deprivation rather than oestrogen insufficiency (Kovanci
et al., 2015). The symptoms associated with POI might exhibit temporary
or intermittent patterns and may exhibit varying degrees of severity. The
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observed difterences can be attributed to fluctuations in ovarian activity that
transpire after the spontaneous onset of POI.
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Figure 1. The potential hazards associated with the premature decrease in oestrogen
levels

POI is distinguished by a diminished concentration of oestrogen,
which manifests prior to the typical onset of menopause. The reduction of
oestrogen levels is associated with an elevated susceptibility to several health
conditions, including dementia, metabolic and cardiovascular problems, bone
health (osteoporosis), depression, Parkinson’s disease, Alzheimer’s disease,
and infertility. Cognitive deficits and dementia may also be precipitated by
hypertension, weight gain, and midlife diabetes, conditions that frequently
manifest in people experiencing menopause.

The presence of POI has been found to have a substantial negative impact
on the health-related quality of life of affected patients. This is primarily
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attributed to the heightened risk of cardiovascular complications, diminished
bone mineral density resulting in the development of osteoporosis, atrophic
alterations in the genitourinary system, as well as neurocognitive impairments
such as dementia, Parkinson’s, and Alzheimer’s disease (Wesevich et al.,
2020). The condition exerts a detrimental influence on the psychological
well-being of patients, manifesting in adverse outcomes such as pregnancy
tailures and reduced pleasure in their sexual lives (Figure 1). Regrettably, there
exists a dearth of information regarding the fundamental causes and effective
treatment approaches for POI, despite its ability to significantly impact
individuals’ lives. It is imperative to have a comprehensive understanding
of the contributing factors and difficulties associated with POI in order
to grasp the profound physical and emotional ramifications experienced
by young women diagnosed with this disorder. Hence, it is imperative to
conduct further research on the regulation and maintenance of follicular
quality and quantity within the ovaries to effectively manage female fertility.
This chapter aims to review and discuss the current knowledge in this field,
focusing on the diagnosis, clinical aspects, causes, symptoms, complications,
and treatment of POI.

2. Clinical Aspects of Premature Ovarian Insufficiency (POI)

2.1. Definition, Diagnosis and Prevalence

POI is typically identified by the presence of amenorrhoea in women
under the age of 40. This condition is further characterized by elevated levels
of FSH in the pituitary gland and diminished levels of estradiol (E2) in
the bloodstream. In order to diagnose patients with POI, it is necessary
to monitor estradiol (E2) and serum FSH levels on at least two different
occasions, with a time interval of more than four weeks. A diagnosis of POI
is made when patients consistently exhibit elevated FSH levels exceeding 25
IU/L (Wesevich et al., 2020). While formerly labeled as premature ovarian
tailure (POF), it has been observed that certain patients exhibit residual
ovarian function, which never results in pregnancy. Hence, the European
Society for Human Reproduction and Embryology (ESHRE) and the
American Consensus meeting embraced the term POI (Welt, 2008). POI
manifests in an estimated 1% of females who have not yet attained the age
of 40. According to a research study conducted by the Study of Women’s
Health Across the Nation (SWAN), the prevalence of POI among women
was found to be 1.1%. The investigation additionally assessed the frequency
of POI within several ethnic cohorts, yielding the subsequent proportions:
1% for Caucasian females, 1.4% for African American individuals, 1.4% for
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Hispanic individuals, 0.5% for Chinese individuals, and 0.1% for Japanese
females. It is noteworthy to mention that the observed disparities in
prevalence among different ethnic groups were determined to have statistical
significance (Wesevich et al., 2020). According to Jankowska (2017), there
is a higher prevalence of POI in nations characterized by a medium or
poor human development index. Based on the findings of Allshouse et al.
(2015), the occurrence rate of hyperandrogenism in women with secondary
amenorrhoea is approximately 4-8%, but in cases of primary amenorrhoea,
it ranges from 10-28%. The incidence rate exhibits variation according to
age, with a rate of 1:100 cases observed at 40 years of age, 1:250 cases at
35 years of age, 1:1000 cases at 30 years of age, and 1:10,000 instances
between the ages of 18 and 25. The incidence of POI has been found to be
influenced by ethnicity, as indicated by epidemiological research conducted

by Rebar (2009) and Rudnicka et al. (2018).

2.2. Clinical Presentation of POI

The clinical presentations observed in women diagnosed with POI
exhibit significant variability, with symptoms that closely resemble those
commonly linked with menopause. These factors encompass challenges in
achieving pregnancy and the emergence of irregularities in the menstrual
cycle following childbirth or the cessation of contraceptive methods.
Additional investigation is merited in the event that a woman in good health
encounters the cessation of menstrual cycles for a continuous duration
of three months, since POI may be considered a plausible alternative
diagnosis (Torrealday et al., 2017). Several often observed symptoms,
including dyspareunia, hot flushes, night sweats, dry eyes, and reduced
sexual desire, bear resemblance to those experienced during menopause
or insufficient levels of oestrogen. Nevertheless, it is possible that women
who are affected by primary amenorrhoea may not exhibit any symptoms
related to hypoestrogenism. In some instances, females diagnosed with
POI may exhibit certain physical characteristics commonly associated with
Turner syndrome. These manifestations include diminished height, a neck
with excess skin folds, shortened fourth and fifth metacarpal bones, a chest
resembling a shield shape, an elbow with an increased carrying angle, ears
positioned lower than average, and a hairline that is positioned lower than
typical. Torrealday et al. (2017) have reported that Turner syndrome is the
predominant hereditary cause of POI, characterized by clinical symptoms
that are commonly encountered before the initiation of menarche.

Occasionally, familial disorders exhibiting atypical characteristics have
been shown to be related to POI. Various phenotypic expressions can be
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observed, encompassing dwarfism, auditory impairment, and neoplastic
growths on the eyelids (Torrealday et al., 2017). POI has been found
to be related to the clinical outcomes of several autoimmune illnesses,
including thyroid and adrenal autoimmunity (Kovanci & Schutt, 2015).
The aforementioned manifestations encompass irregular depigmentation
of the skin, premature onset of grey hair, localized hair loss, candidiasis,
and dystrophy of the nails. Additionally, it is possible for these women
to exhibit symptoms associated with adrenal insufficiency, including
orthostatic hypotension, salt cravings, hyperpigmentation, abdominal pain,
anorexia, and alopecia in the axillary and groin regions. Significantly, there
are indications of thyroid sickness, including exophthalmos, goiter, and
alterations in heart rate. In the context of pelvic examination, it is frequently
noticed that the ovaries cannot be palpated, accompanied by indications
of atrophic vaginitis. However, it has also been shown that women who
possess enough levels of oestrogen to sustain a healthy vaginal mucosa may
exhibit this condition as well (Torrealday et al., 2017). Enlargement of the
ovaries may be noted in some instances.

2.3. Histology of the Ovaries in POI

The differentiation between ovarian morphology and histology in
individuals with POI and those with gonadal dysgenesis is possible. Gonadal
dysgenesis is characterized by the depletion of ovarian follicles during
embryogenesis or within the early years of postnatal development, resulting
in the absence of follicles in the ovaries. Instead, the ovaries exhibit stroma
that manifests as fibrous lines (Taylor et al., 2019). Conversely, women
diagnosed with POI exhibit follicles within their ovaries; nevertheless,
these follicles demonstrate resistance to elevated levels of gonadotropins.
The histology of the ovaries exhibits variations based on the phenotypic
manifestations of POI. Nevertheless, it is worth noting that the majority of
antral follicles have histological abnormalities. These abnormalities manifest
as atretic follicles, which can range from partial sloughing to the full lack of
granulosa cells, as observed in the study conducted by Meduri et al. in 2007.
A significant association has been seen between the presence of 15 or more
follicles in the ovaries of people diagnosed with POI and the detectability
of serum anti-Miillerian hormone (AMH) (Meduri et al., 2007; Yoon et
al., 2013; Alvaro Mercadal et al., 2015). Although the sample numbers in
each group were statistically inadequate, the findings revealed that women
with 15 or more follicles exhibited a mean serum AMH level of 2.16 ng/
ml. In contrast, women with no follicles and five or fewer follicles displayed
mean serum AMH levels of 0.42 ng/ml and 0.33 ng/ml, respectively. The
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utilisation of ultrasonography does not allow for the direct visualisation of
ovarian follicles. However, the evaluation of serum AMH levels can serve as
a means of identifying individuals with POI who may possess follicles with
the potential for future growth (Yoon et al., 2013; Alvaro Mercadal et al.,
2015). Massin et al. (2004) show that the assessment of ovarian histology
in people with POI is a dependable method for evaluating the condition of
follicles and the total ovarian reserve. The analysis of morphological changes
in this specific condition can yield useful insights into the extent of follicular
reserve dysfunction and growth, determine the specific kind of POI, and
identify the root cause (Massin et al., 2004). Histological examinations
have identified two separate phenotypes of POI: 1) people exhibiting small
ovaries devoid of follicles, and 2) those with ovaries of typical dimensions
but exhibiting inadequate follicular development. In the context of the
follicular type, it is noteworthy that the ovaries retain a stroma and corpora
albicantia, which are characterised by a collagen-rich connective tissue
capsule encompassing an eosinophilic mass. It is important to highlight that
despite the absence of atretic follicles and active primordial follicles, these
structural elements persist. On the other hand, the follicular variant exhibits
a substantial number of primordial follicles that are actively engaged in their
developmental stage while lacking any follicles that have progressed to the
growth stage. Occasionally, the presence of lymphoplasmacytic infiltration
can be detected in the vicinity of the primordial follicles. In a study, Zhang et
al. (2019) utilised light and transmission electron microscopy methodologies
to examine the existence of dense connective tissue and multiple corpora
albicantia within the ovaries of women who have been diagnosed with
POI. Upon examination under light microscopy, the medulla, which is
the inner region of the ovary, and the surrounding cortical region exhibit a
tused appearance lacking clear delineation. The geographical distribution of
fibrillar components and cells demonstrates heterogeneity. The application of
transmission electron microscopy (TEM) demonstrates a significant presence
of fibroblasts and collagen fibers within the ovarian stroma. In addition, it
should be noted that the distribution of cells inside this compartment is
not homogenous. Certain places have a higher accumulation of collagen,
whereas others include a greater abundance of cellular materials (Zhang et
al., 2019). Fibroblasts in the vicinity of the corpora albicanti have a notable
abundance of cytoplasmic myofilaments. Ultrasound scans reveal that
women diagnosed with POI present ovaries characterised by a coexistence
of blood vessels and collagen, a reduced quantity of primordial follicles, and
an irregular distribution of active fibroblasts (Haidar et al., 1994; Maclaran
& Panay, 2011; Cox & Liu, 2014).
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2.4. Pathophysiology of POI

The initial number of primordial follicles present at the time of birth ranges
from 700,000 to 1 million. Over the course of the reproductive lifespan, this
pool steadily diminishes due to the processes of atresia and folliculogenesis.
By the age of 40, only a few thousand oocytes are typically left (Maclaran &
Panay, 2015; Panay et al., 2020). POI can manifest through many causes,
such as diminished peak follicle count, accelerated follicle depletion by
apoptosis, or impaired folliculogenesis (Maclaran & Panay, 2015). Multiple
exogenous factors, encompassing chemicals, recreational drugs, surgical
interventions, and environmental influences, alongside endogenous factors
like chromosomal abnormalities, genetic predisposition, congenital enzyme
shortages, autoimmune disorders, and stress, possess the capability to launch
these physiological processes (Huang et al., 2019). There is a prevailing
belief that certain women may experience an accelerated aging phenomenon
in relation to the occurrence of spontaneous POI. The inflammatory aging
process is explained in a study piece, which posits that it holds significant
implications for the pathophysiology of POI (Huang et al., 2019). The illness
known as POI is characterised by its intricate and multifaceted nature, with its
underlying causes still not comprehensively elucidated. POI can be categorised
into two main types: primary and secondary. While many underlying factors
contributing to POI have been found, the exact cause of this condition
remains unknown in most cases, despite intensive research efforts.

3. Causes of Premature Ovarian Insufficiency (POI)

POI is commonly denoted as spontaneous or idiopathic POI due to
the frequently incomplete establishment of its aetiology (Rudnicka et al.,
2018). Fraison et al. (2019) believe that POI can be triggered by multiple
underlying processes. These mechanisms include premature exhaustion of
follicles, inhibition of follicular maturation, depletion of the oocyte pool,
and resistant ovarian syndrome. The causes of POI that have been discovered
as potentially implicated in these pathways can be classified into two main
categories: hereditary causes and non-genetic causes. The aetiology of the
condition includes genetic variables, such as genetic anomalies, as well as
non-genetic ones, including infections, environmental factors, iatrogenic
operations, autoimmune, and metabolic illnesses (Woad et al., 2006; Jiao et
al., 2017; Rudnicka et al., 2018).

3.1. Genetic Factors in POI

Van Kasteren et al. (1999) reported that a notable finding was the presence
of a familial history of early menopause, or POI, in around 30% of women
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diagnosed with idiopathic POI. This finding suggests a potential hereditary
cause for the condition. According to Jiao et al. (2012), the occurrence of
primary amenorrhoea is associated with a karyotypic abnormality in 21%
of cases, whereas secondary amenorrhoea is associated with a karyotypic
abnormality in 11% of cases. In recent times, an increasing number of
genetic mutations have been identified through the utilisation of whole
genome sequencing techniques (Heddar et al., 2019). The genes that have
been identified as involved primarily impact the X chromosome, although
there are also instances of autosomal genetic variants playing a role, albeit
less frequently. Gonadal growth and function can be influenced by various
factors, including DNA replication and repair, meiosis, hormone regulation,
immunological responses, and metabolic pathways (Tucker et al., 2016).

Problems with the X chromosome

- Turner syndrome: Turner syndrome is a chromosomal condition that
is characterised by the absence or partial deletion of one X chromosome.
It has an incidence rate of approximately 1 in 2500 births (Schlessinger et
al., 2002). This condition can result from many genetic abnormalities, such
as translocations, deletions, inversions, isochromosomes, and occasionally
mosaicism. The occurrence of X inactivation arises when there is a deficiency
of X-linked genes, resulting in the suppression of vital gene products linked
to the X chromosome. However, certain X-related gene products manage
to evade this inactivation process by the second X chromosome (Rossetti
et al., 2017). In general, females are born with a standard number of
primordial follicles, which undergo an accelerated phase of atresia (Singh
& Carr, 1966). Certain individuals who identify as women and experience
primary amenorrhoea, particularly those who possess Y material in their
karyotype, may exhibit streak gonads. According to Castronovo et al.
(2014), individuals who possess a mosaic X pattern in their genetic makeup
have a higher probability of exhibiting diverse manifestations at different
intervals following the onset of menarche. Individuals with this condition
may exhibit various phenotypic characteristics, including but not limited
to reduced height, lymphedema, a neck with excess skin folds, impaired
vision, misalignment of the eyes, recurring middle ear infections, a palate
with a high arch, nipples that are spaced farther apart than usual, a chest that
appears shield-shaped, multiple pigmented skin lesions, an abnormal angle
of the elbow joint, a shorter fourth metacarpal bone, and anomalies aftecting
the heart (such as coarctation) and the renal tract. The optimal approach for
the management of women diagnosed with Turner syndrome is through the
utilisation of multidisciplinary clinics. This is primarily due to the various
pregnancy risks that these individuals may encounter, as well as the potential
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for hearing and learning difficulties. Additionally, there is a likelihood of
long-term health complications, including but not limited to diabetes,
dyslipidemia, coronary artery disease, cerebrovascular disease, celiac disease,
hypothyroidism, and hepatic dysfunction (Gravholt et al., 2017). According
to Liu et al. (2014), gonadectomy is advised in cases where certain cells
exhibit Y chromosomal material.

- Fragile X syndrome: The Fragile X mental retardation 1 gene (FMR1)
harbours a mutation that is observed in around 1 in 250 women. This
mutation results in modifications to the CGG trinucleotide repeat sequences
situated in the 50 region of the X chromosome (Rousseau et al., 1955).
The typical observation indicates a range of 5 to 45 repetitions. Males
with a repetition rate of 200 experience the co-occurrence of intellectual
impairment and autism. According to Sherman (2000), the presence of
55-200 repetitions, also known as permutations, is associated with a 20%
likelihood of having POI. Additionally, the risk of ataxia seems to grow with
age and affects 8-16% of individuals who carry these repeats. According
to the American College of Obstetricians and Gynaecologists Committee
on Genetics (2006), it is advisable to engage in genetic screening, which
encompasses the evaluation of family members, as a means of averting
intellectual disability in males. Additionally, this practice is particularly
relevant for female family members who are contemplating oocyte
preservation or engaging in pregnancy planning.

- Other X-linked and autosomal mutations: Less common aetiologies
of POI encompass genetic aberrations on the X chromosome, specifically
DIAPH?2 and BMP-15, in addition to autosomal deficiencies in genes such
as NOBOX, FSHR, LHR, GDF9, ESR1, POLG, CYP19Al, FOXL2,
FSH, GALI, AIRE, NOGGIN, inhibin A, FOXO3, and steroidogenic
factor 1. Certain uncommon mutations have been found to have a
potential correlation with neurological, syndromic, and heightened cancer
susceptibility, hence potentially contributing to the development of POI.
Several syndromes, such as ataxia telangiectasia, Bloom, and Perrault, have
been identified. Ataxia telangiectasia is characterised by telangiectasias,
cerebellar degeneration, immunodeficiency, and oculomotor dysfunction.
Bloom syndrome is characterised by individuals exhibiting reduced
stature, prominent skin rashes, and accelerated ageing. Perrault syndrome
is distinguished by the presence of sensorineural hearing impairment and
ovarian dysgenesis (Rossetti et al., 2017). According to Rossetti et al.
(2017), it is advisable to refer individuals with POI to a genetic counsellor
for further evaluation of additional genetic tests when other phenotypic
anomalies are present.
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In certain instances, primary hypergonadotropic hypogonadism may
arise due to genetic factors involving mutations in gonadotropin receptors.
The existence of a non-functional variant of the LH gene and deficiencies in
steroidogenic enzymes, specifically StAR mutation, CYP17, and aromatase,
impede the production of estradiol, resulting in reduced oestrogen levels and
increased FSH levels. This occurs despite the occurrence of some follicular
expansion.

3.2. Non-Genetic Factors of POI

3.2.1. Autoimmune causes

The occurrence of spontaneous POI has been observed in individuals
with autoimmune diseases, including, Type I diabetes mellitus, Hashimoto’s
thyroiditis, Sjo€gren’s syndrome, adrenal insufficiency, multiple sclerosis,
inflammatory bowel disease, myasthenia gravis, celiac disease, alopecia, and
rheumatoid arthritis. This association has been reported in approximately
4-30% of cases, according to a study conducted by La Marca et al. in 2010.
Nevertheless, the available data does not provide evidence to support the
hypothesis that inflammatory oocyte destruction is responsible for the
observed clustering of autoimmune disorders with POI.

The presence of POI can be observed in individuals who have hereditary
autoimmune illnesses, such as those linked to type I (AIRE mutation)
and type II polyglandular autoimmune syndromes. Autoimmune
polyendocrinopathy syndrome type I (APS-I) commonly presents in children
and is distinguished by the occurrence of adrenal insufficiency, Addison’s
disease, hypoparathyroidism, and chronic mucocutaneous candidiasis.
Furthermore, it is important to highlight that approximately 15% of people
afflicted by this disease also encounter premature ovarian insufticiency. The
aetiology of this disorder can be attributed to genetic mutations that arise in
the autoimmune regulatory gene AIRE, which is situated on chromosome
21. The occurrence of steroidogenic cell autoantibodies, which specifically
target various endocrine and non-endocrine organs, has been observed
to have a significant association with the onset of ovarian lymphocytic
oophoritis in around 60% of individuals affected by this condition. Type II
is commonly linked to autoimmune thyroid disease, adrenal insufficiency,
type 1 diabetes mellitus, hypothyroidism/Graves’ disease, and POI, with an
incidence ranging from 3.6% to 10% (Schlessinger et al., 2002; Dittmar &
Kahaly, 2003; La Marca et al., 2010).

A subset of women diagnosed with autoimmune POI exhibit the
presence of adrenal or 21-hydroxylase autoantibodies, accounting for
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roughly 4% of the total population of women affected by POI. The presence
of these autoantibodies triggers an immunological response targeting
ovarian tissue, which involves the activation of cytokines, B cells, and T
cells. The immunological response under consideration is associated with
the infiltration of lymphocytes and subsequent destruction of follicles,
resulting in oophoritis (Hoek et al., 1997) and the early development of
larger cystic ovaries. The occurrence of POI may precede the onset of adrenal
insufficiency, making it advisable to refer individuals with adrenal antibodies
to an endocrinologist (Bakalov et al., 2005; Silva et al., 2014).

3.2.2. Infectious causes

There exist two primary viruses that are under suspicion for their potential
role in causing POI. One of the viruses associated with the condition known
as mumps oophoritis is the epidemic parotitis virus. This viral infection has
the potential to lead to complications such as ovarian failure, as documented
by Morrison et al. in 1975. Nevertheless, the majority of women experience
a restoration of normal gonadal function following their recovery. One such
virus that has been identified is the human immunodeficiency virus (Tariq et
al., 2016). This particular virus has been found to have detrimental effects
on ovarian function, in addition to its impact on antiretroviral therapy.
Previous studies have identified links between POI and many microbial or
viral diseases, including varicella, tuberculosis, CMV, and malaria. However,
the exact role of these infections in the development of POI is still not fully
understood (Goswami et al., 2005; Kokcu, 2010).

3.2.3. Environmental factors

There is a wide array of toxic and environmental elements that have been
empirically demonstrated to have an impact on fertility. These factors are
commonly associated with systemic consequences that cannot be simply
attributed to the depletion of the ovarian reserve. However, there are several
factors that demonstrate a clear association with the reduction of the initial
follicle reserve or the increase in the pace of follicle recruitment, both of
which have substantial implications for the onset of POI. According to the
tindings of a meta-analysis conducted by Zhu et al. (2023), it is indicated that
environmental contaminants and toxins could potentially contribute to the
development of POI. The potential consequences for the ovaries might be
profound, as they can manifest through various interconnected mechanisms.
Several substances have been identified as potentially significant in various
contexts. For instance, bisphenol A is commonly utilised in food packaging
as a constituent of plastic. Additionally, polycyclic aromatic hydrocarbons,
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polychlorinated biphenyls, pesticides, dioxins, genistein, and cigarette smoke
have all been recognised as substances of potential importance (Vabre et
al., 2017). Nevertheless, the available literature does not provide conclusive
data regarding the impact of the environment on POI, with the exception of
research specifically examining the eftects of cigarette smoking (Willett et al.,
1983; Ebrahimi et al., 2011; Vabre et al., 2017).

Animal studies have yielded empirical data regarding the impact of
cigarette smoking on the reservoir of mammalian follicles (Jurisicova et
al., 2007; Gannon et al., 2012). However, the results of human studies
investigating the effect of smoking on primordial follicle populations have
yielded inconsistent findings (Caserta et al., 2013; Peck et al., 2016).
Nevertheless, a study conducted in Korea on a group of individuals with
POI revealed a significant correlation between smoking and a heightened
susceptibility to developing POI (Chang et al., 2007). Maternal smoking
exposure has been linked to the activation of the aryl hydrocarbon receptor
and consequent decrease in germ cell proliferation, as evidenced in the human
foetal ovary. This phenomenon has significant consequences for germ cell
loss, as it promotes apoptosis through downstream mechanisms (Mamsen et
al., 2010; Anderson et al., 2014). However, further investigation including
human participants is important to determine if the decline in the initial
pool of primordial follicles, which is influenced by the activation of the aryl
hydrocarbon receptor, is a direct consequence of exposure to constituents
present in cigarette smoke.

Phthalates, which are frequently employed as plasticizers, possess
hazardous properties and exhibit a tendency to leach into the surrounding
environment (Hannon & Flaws, 2015). The study conducted by Muczynski
et al. (2012) demonstrated the presence of modified lipid production in
human foetal ovaries that were subjected to in vitro exposure to mono-(2-
ethylhexyl) phthalate. Chen et al. (2012) demonstrated that the activation
of the aryl hydrocarbon receptor by butyl benzyl phthalate, an additional
phthalate compound, leads to a decrease in the vitality of granulosa cells.
This adverse effect on granulosa cells has implications for the survival rates
of follicles. The results of this study indicate that there is a correlation
between exposure to phthalates and ovarian dysfunction, which in turn may
lead to a decrease in fertility. Bisphenol A (BPA) is a prevalent hazardous
substance that is readily accessible as a result of its utilisation in packaging
materials and resin-based plastics. The impact of BPA on the ovaries is
attributed to its structural resemblance to oestrogens, enabling it to interact
with the oestrogen receptor alpha (Craig et al., 2011). BPA exposure has
been extensively investigated in many animal studies, revealing a robust
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association with follicle depletion. Notably, this impact has been consistently
tound irrespective of the timing of exposure, whether it occurred during
the prenatal period, postnatal period, or in adulthood (Richardson et al.,
2014). As a result, numerous countries have enacted restrictions on the
usage of BPA based on evidence derived from animal studies, given the
inconclusive nature of available human data about the reproductive impacts
of BPA (Richardson et al., 2014; Mathew & Mahalingaiah, 2019). A study
conducted on women experiencing infertility revealed that individuals with
urinary BPA levels exceeding the average demonstrated a diminished ovarian
reserve. Furthermore, a separate investigation conducted an analysis of the
effects of in vitro fertilisation on women exhibiting excessive levels of BPA
in their serum. The findings of this study revealed decreased pregnancy rates
and increased susceptibility to miscarriage (Sugiura-Ogasawara et al., 2005;
Kim et al., 2021).

3.2.4. Metabolic disorders

Metabolic diseases that might result in POI encompass 17-hydroxylase
deficiency and galactosemia, as identified by Vabre et al. in 2017. The medical
illness referred to as galactosemia is associated with a genetic mutation that
takes place inthe GALT gene, leading to reduced functionality of the galactose-
1-phosphate uridylotransferase enzyme. This enzyme plays a crucial role in
the metabolism of galactose. POI is observed as a chronic consequence that
manifests in over 90% of individuals diagnosed with galactosemia. Potential
mechanisms that could contribute to the observed effects include the
potential toxicity of metabolites derived from galactose as well as impaired
glycosylation processes involving proteins and lipids within ovarian tissue
over the course of an individual’s lifespan. The emergence of POI, even in
individuals who have adhered to dietary restrictions throughout their lives
and were diagnosed with the condition shortly after birth, implies that the
onset of toxicity may originate during the perinatal period (Fridovich-Keil
etal.,, 2011). The condition known as 17-OH deficiency is classified within
the category of abnormalities of sexual difterentiation, which are typically
observed in individuals with a 46 XY or 46 XX karyotype. The enzymatic
deficit being discussed is linked to CYP17A1, an enzyme that exhibits both
steroid 17a-hydroxylase and 17-20-lyase functions. CYP17A1 has biological
activity throughout the adrenal glands and gonads. The blockage of the
synthesis of 19-carbon steroids, such as oestrogens, by the block, leads to
the clinical manifestation of POI (Auchus, 2017).
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3.2.5. Iatrogenic causes

Chemotherapeutics have been identified as a specific iatrogenic factor
that is notably associated with alterations in the activation of primordial
follicles and/or depletion of ovarian reserve. In conjunction with other
variables such as surgical interventions, radiation therapy, and physical
trauma to the ovary, these elements can also contribute to the onset and
progression of POI. The iatrogenic disruption of gonadal tissue primarily
occurs in individuals with cancer who have been subjected to radiation
therapy or chemotherapeutic interventions. According to Larsen et al.
(2003), the likelihood of experiencing POI as a result of oncologic treatment
rises with age following puberty; as well as with the administration of high-
dose chemotherapy regimens and the utilization of combined chemotherapy
and radiation therapy. The impact of chemotherapy is contingent upon
various factors, including the specific form of chemotherapy employed, the
individual’s prior ovarian reserve, the amount administered, and the age
at which the treatment is received (Oktem & Oktay, 2007; Spears et al.,
2019). According to Nguyen et al. (2019), cyclophosphamide, cisplatinum,
and doxorubicin are among the chemotherapeutic agents that are frequently
implicated in cancer treatment. According to Chen et al. (2019), there is
evidence suggesting that gonadotropin-releasing hormone analogues could
potentially offer a degree of ovarian protection when administered alongside
chemotherapy. However, it is important to note that the findings in this
area are frequently inconclusive and contradictory. The administration of
combination chemotherapy and the utilisation of alkylating drugs have
demonstrated the highest degree of gonadotoxicity in both the paediatric
and adult populations. Following administration of the alkylating drug
cyclophosphamide, there is a 40% probability that women will experience
POI. However, the precise cellular mechanisms responsible for the onset
of early menopause in this context have yet to be fully elucidated (Cox &
Liu, 2014). Lande et al. (2017) reported that the use of active metabolites
of cyclophosphamide for the cultivation of human ovarian tissue sections
leads to a decrease in the number of primordial follicles while concurrently
promoting the development of follicles. Nevertheless, the concomitant
in vitro administration of chemotherapeutic agents, namely bleomycin,
vinblastine, adriamycin, and dacarbazine, resulted in a notable augmentation
in the abundance of quiescent follicles within human ovarian tissue specimens
(Mclaughlin et al., 2017).

Lakhal et al. (2010) found a negative correlation between the use of
antimetabolites, anthracyclic antibiotics, and vinca alkaloids and the
risk of a certain outcome. Guida et al. (2016) have shown a noteworthy
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propensity for POl among women who receive anthracyclines and alkylating
medications as part of their treatment regimen. Additionally, individuals
who have received allogeneic stem cell transplants face an even higher
risk, exceeding 90%. Based on the findings of Sklar et al. (2006), it has
been observed that exposure to radiation doses as low as 1 Gy, which are
tfrequently employed in the treatment of some pediatric malignancies, has
the potential to induce the occurrence of POI. This can manifest either in
the immediate proximity of the radiation source or as a result of external
beam radiation. Larsen et al. (2003) reported that the occurrence of ovarian
tailure is significantly elevated when radiation doses exceed 9 Gy. Surgical
procedures have the potential to contribute to the occurrence of POI,
either through direct removal of the ovaries or as a consequence of pelvic
surgeries that may lead to diminished blood supply to the gonads. In a study
conducted by Somigliana et al. (2012), it was observed that the laparoscopic
excision of bilateral endometriomas is associated with a 2.4% incidence of
premature ovarian failure. Additionally, surgical intervention for ovarian
endometriomas has been linked to a reduction in serum AMH levels and a
decline in ovarian reserve. Uterine artery embolisation and torsions might
potentially contribute to the need for pelvic surgery, which encompasses
various procedures such as the treatment of ovarian cysts, endometriomas,
and pelvic malignancies. Additionally, elective surgeries may be performed
for those who are carriers of the genetic BRCA mutation.

Ben-Aharon and Shalgi (2012) have similarly ascribed damage to the
vasculature of the ovarian cortex to the loss of primordial follicles. In each
of the aforementioned situations, patients face a substantial likelihood of
developing POI. However, the precise mechanism by which gonadotoxic
treatment leads to this condition, whether it is through rapid activation or
an elevation in follicular atresia, is to be definitively established (Nguyen
et al., 2019). Typically, chemotherapeutic agents are designed to selectively
affect cells that are actively dividing. The impact of these therapies on
granulosa cells might vary depending on factors such as dosage, duration,
and a specific treatment regimen. It has been seen that these treatments can
lead to a substantial reduction in primordial follicles, as documented by Abir
et al. in 2008.

Fertility preservation methods, such as the cryopreservation of ovarian
tissue followed by transplantation or the use of assisted reproductive
technology, have been employed for women who are undergoing
chemotherapy. However, ongoing advancements are necessary to ensure
the widespread efficacy of this procedure (Fisch & Abir, 2018; Donnez &
Dolmans, 2021). A study conducted by Winship et al. (2018) has revealed
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that dacarbazine, a chemotherapeutic agent, has been found to contribute
to the depletion of primordial follicles in mice. This finding highlights the
need for additional research to explore the potential effects of dacarbazine on
ovarian reserve in human subjects.

4. Symptoms and Complications of Premature Ovarian
Insufficiency (POI)

Females diagnosed with POI may exhibit characteristic menopausal
symptoms, occasionally preceding the occurrence of anomalies in their
menstrual cycles. Menstrual problems or infertility often manifest for
an extended period of time prior to achieving the established diagnostic
criteria. According to the ESHRE POI Guideline Development Group
(2015), individuals with secondary amenorrhoea may encounter an
abrupt start of amenorrhoea; however, alterations in the menstrual cycle
such as oligomenorrhea or polymenorrhea may occur prior to the onset of
amenorrhoea. While the shift is fundamentally irreversible, it is worth noting
that transient remission is observed in numerous instances. According to
Bidet et al. (2011), a study involving 358 patients diagnosed with idiopathic
POI revealed that spontaneous remission of ovarian function was observed
in 24% of all instances. Furthermore, it was shown that 88% of these cases
experienced remission within one year following their initial diagnosis. In
a separate investigation with a cohort of 507 individuals diagnosed with
idiopathic POI, it was shown that 117 patients, constituting approximately
23% of the sample, exhibited indications of the restoration of ovarian
functionality (Bachelot et al., 2017). The decrease in ovarian reserve has a
continuous pattern rather than a progressive one. However, there is a lack
of key biochemical indicators to evaluate the reservoir of surviving follicles
in patients with POL.

The prevalence of maternal gestational age and age-related infertility is
progressively rising, leading to a corresponding surge in the need for assisted
reproductive technology. The phenomenon of postponing childbearing is
prevalent in industrialised nations, leading to a significant number of women
seeking infertility treatment after surpassing the ideal age for conception.
As a result, a significant number of individuals exhibit a reduced ovarian
response when subjected to conventional protocols for inducing ovulation.
The Bologna criteria for poor ovarian response were published by ESHRE in
2011. These criteria consist of an antral follicle count of less than 5-7 follicles
and AMH levels below 0.5-1.0 ng/mL. Furthermore, the presence of a track
record of inadequate response (<3 instances using standard stimulation
protocols) and the advancement in age (over 40 years) are also regarded as
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contributing variables in the identification of suboptimal ovarian response.
Polycystic ovary syndrome (PCOS) may encompass diverse subpopulations
and may serve as an initial manifestation of POI. Hence, in the event that a
patient experiencing infertility falls within the aforementioned classification,
it is advisable to consider the possibility of POI, particularly if the patient’s
age is below 40 years.

Gonadotropin-resistant ovary syndrome (ROS) is characterized by the
occurrence of primary or secondary amenorrhoea, accompanied by the
appropriate development of secondary sexual characteristics. This condition
1s associated with hypergonadotropinization and is commonly observed in
patients with POI who possess FOXL2 mutations (Koninckx & Brosens,
1977; Meduri et al., 2010; Woo et al., 2019). The findings of Tang et
al. (2021) indicate that histologic examination and ultrasound scanning
reveal the presence of primary, secondary, preantral, and antral follicles.
This phenomenon is also considered a potential progression towards the
development of POI. Nevertheless, it is important to acknowledge that
there exist well-documented occurrences of FSH receptor mutations that
consistently demonstrate the distinctive pattern of ROS (Woo et al., 2019).
Research findings indicate that individuals with POI experience a reduced
life expectancy of around two years compared to individuals who undergo
menopause after the age of 55. The elevated death rates are believed to be
attributed to chronic health issues associated with cardiometabolic, skeletal,
and cognitive well-being (Maclaran & Panay, 2015).

4.1. Vasomotor Symptoms and Psychological Impact of POI

According to a study conducted by Ishizuka et al. (2019), it was found
that a significant proportion of patients with POI experienced hot flashes.
Specifically, almost 66% of the POI patients included in the study reported
experiencing hot flashes. It is worth noting that the majority of these hot
tlashes were seen to occur within a specific timeframe, namely between two
years prior to the commencement of amenorrhoea and the year in which
amenorrhoea commenced. While the age of 25 and above does not appear
to be a significant determinant of the prevalence of hot flashes in women,
individuals below the age of 25 tend to have these episodes with a lower
frequency. Women who undergo surgical menopause commonly face a
range of severe symptoms. These observations indicate that the symptoms
in question are associated with the ageing process and are a result of a lack
of oestrogen rather than a complete absence of oestrogen.
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Sleep disturbances are commonly linked to vasomotor symptoms,
which can have negative effects on mood, social engagement, occupational
productivity, and overall health-related quality of life (Utian, 2005). The
findings of a cross-sectional study conducted on a sample of perimenopausal
women revealed that 49% of participants reported experiencing hot flashes,
while 45% reported experiencing sleeplessness. According to Ishizuka et
al. (2008), a significant proportion of individuals exhibited symptoms of
depression, headache, and weariness, with prevalence rates of 50%, 38%,
and 63%, respectively. The diagnosis of POI has notable implications for the
patient. Numerous females encounter depression and/or diminished sexual
desire as a result of physiological alterations, including a perceived decline in
reproductive capacity and vaginal dryness (Graziottin & Basson, 2004; de
Almeida et al., 2011).

4.2. Impact on Neuro-Psychology of POI

The existing body of data suggests a positive association between
exposure to persistent organic pollutants and an increased susceptibility to
developing dementia, Alzheimer’s disease, Parkinson’s disease, neurological
dysfunction, and impaired cognitive performance (Webber et al., 2016;
Machura et al.,, 2018; Sochocka et al., 2023). The study conducted by
Ryan et al. (2014) demonstrated a correlation between both iatrogenic and
spontanecous POI and a heightened likelihood of cognitive impairment.
The study findings indicate a notable increase of 30% in the likelihood
of experiencing deterioration in psychomotor speed and overall cognitive
function during a duration of seven years. The present study was conducted
as a community-based cohort inquiry, encompassing a total of 4868
participants. In addition to its pivotal role in women’s reproductive potential,
oestrogen has numerous other significant effects on the human body. These
effects encompass the elevation of HDL cholesterol, the reduction of LDL
cholesterol, the induction of vasodilation, and the provision of protection
against osteoporosis. The diminished levels of oestrogen in the early stages
contribute to an increased susceptibility among women to several health
conditions, including parkinsonism, depression, osteoporosis, cardiovascular
disease, and cognitive impairment or dementia (Gilsanz et al., 2019; Yoo et
al., 2020). Moreover, there is a correlation between premature menopause
and several health conditions, such as hypertension, weight gain, and
diabetes in middle age. These vascular risk factors have also been linked to
cognitive decline and the development of dementia.

The oestrogen receptor network, which is a fundamental regulatory
mechanism of the brain, plays a critical role in cognitive impairments. The
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hippocampus, prefrontal cortex, amygdala, and posterior cingulate cortex
are crucial regions involved in the processes of learning and memory. These
regions have been found to possess significant oestrogen receptors, as
highlighted in the study conducted by McEwen et al. in 2012. Oestrogen
has a crucial role in facilitating the brain’s ability to regulate brain energy
metabolism within optimal temporal parameters, as observed in the ovarian-
neural estrogen axis. Brinton et al. (2015) suggest that modifications in the
presence of oestrogen or its receptor network, including B-receptors, possess
the capacity to influence intracellular signalling, neuronal circuitry function,
and energy availability inside brain neurons. Webber et al. (2016) state that
the European Society for Human Reproduction and Embryology (ESHRE)
proposes the consideration of hormone replacement treatment, specifically
the incorporation of oestrogen, as a strategy to alleviate the potential decline
in cognitive function. Research has indicated that oestrogen replacement
therapy can effectively alleviate depressive symptoms and various mood
disorders. The present body of research pertaining to the beneficial effects
of testosterone supplementation on quality of life, self-esteem, and mood
in patients with POI remains inconclusive, as suggested by Machura et al.
(2018).

The incidence of cognitive impairment or dementia is significantly
increased when oophorectomy is conducted prior to the onset of menopause
(Vearncombe & Pachana, 2009; Rocca et al., 2011; Rocca et al., 2012;
Bove et al., 2014; Rocca & Henderson, 2014). The data presented in this
study indicate that an early shortage of oestrogen has a significant effect on
cognitive performance. Nevertheless, the primary source of data was derived
from patients who had undergone oophorectomy. In addition, the levels of
cortisol and its effectiveness in performing its functions significantly influence
several components of the hypothalamic-pituitary-adrenal (HPA) axis, as
well as neurotransmitters such as serotonin and acetylcholine, neurotrophic
factors, neuronal plasticity, and synaptic function. The aforementioned
outcomes include stress-related problems, depressive symptoms, a sensation
of burning and flushing, and cognitive deficits such as impairments in verbal
memory and difficulties in presenting mnemonic goals (Lund et al., 2005;
Weiser et al., 2008; Donner et al., 2009; Greendale et al., 2010). Hence,
a significant association can be observed between cortisol levels, stress
levels, and cognitive functioning, as evidenced by the research conducted by
Karlamangla et al. (2005). According to the findings of a study conducted by
Otte et al. (2005), there is a notable disparity in the impact of age on cortisol
activity between women and men, with women exhibiting a much higher
effect that is approximately three times stronger. Premature menopause
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exerts direct and indirect effects on the central nervous system, manifesting
in both transient and enduring manners. These effects have been elucidated
to varying extents, with some aspects remaining to be fully explored.

4.3. Effects on Urogenital Symptoms of POI

A lack of oestrogen results in urogenital atrophy, which manifests in
prevalent urogenital symptoms such as irritation, vaginal dryness, and
itching (Portman & Gass, 2014). Extensive research has been conducted
on the symptoms experienced by women throughout the menopausal
transition, specifically focusing on individuals within the acceptable age
range. However, there is a scarcity of studies examining the frequency and
management of urogenital symptoms in patients with POI.

4 .4. Effects on Cardiovascular Diseases of POI

Previous studies have indicated that individuals diagnosed with POI
have a reduced lifespan, with cardiovascular disease being proposed as
the primary contributing factor (Rocca et al., 2006; Shuster et al., 2010).
Podfigurna-Stopa et al. (2016) have reported that there is evidence
suggesting a correlation between the diagnosis of POI in women and the
presence of certain risk factors related to the development of cardiovascular
disease. These risk factors include an aberrant lipid profile, problems
in insulin action, endothelial dysfunction, autonomic dysfunction, and
metabolic syndrome. Individuals diagnosed with POI have been observed
to exhibit a notable reduction in flow-mediated dilatation of the brachial
artery, which is widely acknowledged as an indicator of endothelial function.
Furthermore, research has demonstrated a reduction in the number of
circulating endothelial progenitor cells, which is associated with a fall in
blood oestrogen levels (Kalantaridou et al., 2004; Yorgun et al., 2013).
According to a study conducted by Knauff et al. in 2008, individuals with
POI exhibit elevated levels of carotid intima-media thickness and impaired
left ventricular diastolic performance. Furthermore, Gulhan et al. (2012)
conducted a study that showed that people diagnosed with POI exhibited a
decrease in heart rate variability and a deterioration in baroreflex sensitivity
in comparison to those without the aforementioned ailment.

Patients with POI have deviations in lipid profiles; nevertheless, the
findings regarding individual lipoproteins present conflicting outcomes.
According to Knauff et al. (2008), individuals diagnosed with POI exhibit
elevated triglyceride levels and reduced levels of high-density lipoprotein
cholesterol (HDL-C) in comparison to control subjects. Similarly, Ates et al.
(2014) found that women with POI display heightened HDL cholesterol
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and total cholesterol levels when compared to healthy control groups. The
population under investigation had comparable levels of glucose, insulin,
homeostasis assessment model-insulin resistance (HOMA-IR), low-density
lipoprotein cholesterol (LDL-C), and triglycerides in comparison to the
control group. However, there was a notable increase in the occurrence of
metabolic syndrome within this population (Ates et al., 2014; Podfigurna-
Stopa et al., 2016). On the contrary, previous studies have reported elevated
levels of blood glucose, insulin, and HOMA-IR values in women with POI
as compared to a control group (Kulaksizoglu et al., 2013; Podfigurna-
Stopa et al., 2016).

While there is varying data about the lipid profile and insulin resistance
indices in women with PO, it is apparent that there is a significant elevation
in cardiovascular risk among this population (Podfigurna-Stopa et al.,
2016). Specifically, the incidence of mortality due to ischemic heart disease
exhibited an approximate 80% elevation in women experiencing POI in
comparison to women who underwent menopause between the ages of 49

and 55 (Jacobsen et al., 1999; Podfigurna-Stopa et al., 2016).

4.5. Effect on Bone Mineral Density of POI

Numerous studies have provided compelling evidence to support
the association between oestrogen insufficiency and osteoporosis in
postmenopausal women (Schnatz, 2011). The initial discovery of a correlation
between higher rates of fractures and a lack of estrogen in postmenopausal
women was documented by Albright et al. in 1941 and later supported by
Lanaetal. in 2010. The presence of hypoestrogenism and hypoandrogenemia
significantly influences the attainment of peak bone mass and bone mineral
density status in young females (Meczekalski et al., 2010). Lana et al. (2010)
conducted a study whereby they observed a positive link between serum
ESH levels and the loss of bone mass in the spinal column and femoral
neck among people diagnosed with spontaneous POI. Conversely, estradiol
concentrations did not show a significant association with bone mass loss
(Lana et al., 2010; Podfigurna-Stopa et al., 2016). Several investigations
have documented a notable decline in bone mineral density among
individuals with POI (Ratcliffe et al., 1992; Conway et al., 1996; Park et al.,
1999; Popat et al., 2009; Bachelot et al., 2009). In their study, Uygur et al.
(2005) observed a substantial decrease in both spinal bone and femoral neck
bone mineral density among individuals with POI as compared to a control
group. According to a study conducted by Popat et al. (2009), it was shown
that individuals diagnosed with POI had a decreased level of bone mineral
density in comparison to women who experience regular menstruation. This
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study involved a total of 442 participants. According to a study conducted
by Nelson et al. (2005), it was shown that 67% of individuals diagnosed
with POI exhibited osteopenia. The study conducted by Leite-Silva et al.
(2009) examined a cohort of 50 women diagnosed with POI. The results of
their investigation revealed a significant reduction in bone mineral density in
both the lumbar spine and femoral regions. The lumbar region of the spinal
column had the greatest susceptibility to reduced bone mineral density. In
general, the investigators noted that characteristics such as age, age at the
onset of POI, and reproductive age demonstrated relationships with lumbar
spine bone mineral density. The length of ovarian function in individuals
with POI has been found to have a substantial association with whole-body
bone mineral density (Podfigurna-Stopa et al., 2016; Bakhsh et al., 2015).
The available data on fracture risk in patients with POI is minimal. Previous
studies have conducted clinical trials to compare women in the normal-
age menopausal group with those in the early menopausal group. These
trials have revealed a relative risk of roughly 1.5 for fracture occurrence
among women in the early menopause group (van Der Voort et al., 2003;

Podfigurna-Stopa et al., 2016).

4.6. Association of POI with Type 2 Diabetes

The available data on alterations in insulin resistance indices among
individuals diagnosed with POI present discrepancies, and the association
between the age of menopause and the susceptibility to developing type
2 diabetes mellitus lacks a strong foundation in current academic research
(Kulaksizoglu et al., 2013; Podfigurna-Stopa et al., 2016). According to a
study conducted by Anagnostis et al. (2019), meta-analysis and a systematic
review revealed that individuals with POI had a greater susceptibility
to the development of type 2 diabetes mellitus in comparison to women
experiencing menopause within the expected age range. The specific
mechanisms underlying the association between POI and type 2 diabetes
mellitus are incompletely comprehended at present. However, it is plausible
that a reduced duration of exposure to naturally occurring oestrogens may
contribute to the development of this condition. This is because endogenous
oestrogens have a protective effect on the function of pancreatic beta cells
and insulin resistance (Anagnostis et al., 2019). Estradiol is involved in the
regulation of insulin synthesis and secretion, as well as the modification of
beta-cell survival. This is achieved through its binding to the alpha receptor
(ERa) on beta cells, which leads to the activation of extracellular signal-
regulated kinases (ERK1/2). Hence, individuals diagnosed with POI face an
elevated susceptibility to the onset of type 2 diabetes mellitus, particularly
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when accompanied by additional risk factors such as a positive familial
background of type 2 diabetes mellitus or obesity. According to Anagnostis
et al. (2019), it is advisable to prescribe a lifestyle intervention at an earlier
stage for these women in comparison to the general population.

4.8. Effect on Reproductive Health of POI

Infertility is a significant and profound consequence frequently associated
with POI, which can have a transformative impact on individuals’ lives. In
the majority of cases, a complete “failure” of the ovaries is not commonly
observed. Instead, there is intermittent and unpredictable ovarian functioning
that contributes to the loss of reproductive well-being. Around a quarter
of women who are diagnosed with POI experience spontaneous ovulation,
presenting a potential opportunity for natural conception in approximately
5% to 10% of affected individuals. According to Lambrinoudaki et al.
(2021), the probability of conception is greatest within the initial year
tollowing diagnosis. Nevertheless, it is important to note that the occurrence
of spontaneous pregnancies in women with POI remains improbable and
infrequent, as indicated by studies conducted by Ben-Nagi and Panay (2014)
and Panay and Anderson (2020). Despite extensive research on enhancing
pregnancy rates among women attempting to conceive with their own eggs,
whether through natural means or assisted reproductive technologies, there
is still insufficient information to determine the most optimal treatment
approach. This assertion is substantiated by a recent comprehensive analysis
that investigates the incidence of pregnancy in women with POI, both
under natural circumstances and with various therapeutic interventions.
Fraison et al. (2019) conducted an evaluation that revealed a range of
pregnancy rates reported in different research, spanning from 2.2% to
14.2%. Additionally, the average age of patients who successfully achieved
pregnancy was determined to be 30 years. These findings show that young
individuals with POI may retain good oocyte quality. Currently, there is
ongoing research on several innovative therapeutic approaches, such as
stem cell therapy, platelet-rich plasma, and primordial follicle stimulation.
However, more study is needed to substantiate their effectiveness and ensure
their safety (Panay & Anderson, 2020). At present, oocyte donation stands
as the most effective therapeutic strategy for addressing infertility linked
to POI, demonstrating success rates that range between 40% and 50%
every menstrual cycle (Maclaran & Panay, 2015). Additional alternatives
encompass embryo donation, the utilisation of a surrogate, and the process
of adoption. It is crucial to offer comprehensive counseling to women who
have been diagnosed with POI, which should include a complete discussion
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of the available treatment options, success rates associated with each option,
and the effectiveness of alternative approaches. This approach ensures that
patients are equipped with the necessary knowledge to make well-informed
decisions regarding their healthcare. In certain instances, individuals may
opt to make a proactive life choice, such as abstaining from parenthood
altogether (Maclaran & Panay, 2015).

5. Treatment of Premature Ovarian Insufficiency (POI)

In the aforementioned physical and psychological illnesses, it is imperative
that treatment strategies prioritise the preservation of the patient’s overall
well-being. In the past, infertility therapy was commonly seen as having
limited or negligible efficacy. In recent times, there have been reported
endeavours to enhance reproductive outcomes in women diagnosed with
POIL. This section aims to provide a concise overview of current advancements
in enhancing the welfare of patients with POI, as well as research conducted
on fertility-related aspects in POI patients.

5.1. Hormone Replacement Therapy

The occurrence of vasomotor symptoms serves as a notable incentive
for individuals diagnosed with POI to commence hormone replacement
therapy. The study conducted by Absolom et al. (2008) provides evidence
regarding the impact of hormone replacement therapy (HRT) in mitigating
vasomotor symptoms in women with iatrogenic POI. According to a study
conducted by Piccioni et al. in 2004, it was found that 66% of patients
with POI who had chemotherapy and received HRT experienced a notable
decrease in symptoms such as hot flushes, sleeplessness, and psychological
and emotional alterations. The utilisation of HRT by women with POI was
found to be associated with a lower prevalence of urogenital symptoms,
including urinary frequency, vaginal dryness, irritation, and incontinence.
This conclusion was drawn from several studies conducted by Nachtigall
(1994), Bygdeman and Swahn (1996), Piccioni et al. (2004), and Madalinska
et al. (2006), which examined the occurrence of these symptoms between
HRT users and nonusers among women with POI.

Multiple studies have provided data supporting the notion that HRT
has a mitigating effect on the detrimental effects of POI on bone health.
This assertion is supported by the findings of Prior et al. (1997), Crofton
et al. (2010), Kodama et al. (2012), Popat et al. (2014), and Cartwright
et al. (2016). Several extensive, randomized trials have provided evidence
that HRT has a positive impact on bone mineral density and decreases the
likelihood of hip and vertebral fractures in women who have undergone
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menopause (The Writing Group for the PEPI, 1996; Wells et al., 2002;
Cauley et al., 2003). Research studies have demonstrated that oestrogen
replacement therapy yields favourable outcomes in terms of bone mineral
density among premenopausal women who have had oophorectomy. The
study conducted by Lindsay et al. (1980) examined the effects of mestranol on
bone loss and vertebral body height in a group of 58 post-oophorectomized
women. The results indicated that mestranol was effective in reducing bone
loss and resulted in a lesser reduction in vertebral body height. According to
Prior et al. (1997), the use of oestrogen therapy was found to decrease the
increase in bone resorption indicators subsequent to oophorectomy. In the
context of cardiovascular health, the administration of HRT for a duration
of 6 months resulted in a significant enhancement of flow-mediated dilation
in the brachial artery, exhibiting a 2.4-fold increase. This improvement was
comparable to the levels observed in individuals without any cardiovascular
abnormalities (Goldmeier et al., 2013). Goldemeier et al. (2013) also
reported the observation of intact endothelium-dependent vasodilation
in females diagnosed with early ovarian insufficiency and receiving
hormone replacement therapy. Several studies have demonstrated that the
administration of combined HRT; specifically oestrogen and progesterone,
has been associated with improvements in endothelial dysfunction among
women with POI. Moreover, research has demonstrated that this particular
therapeutic approach has the potential to reduce the likelihood of developing
ischemic heart disease and mitigate the increased mortality rates linked
to cardiovascular illness subsequent to bilateral oophorectomy (Bain et
al., 1981; Kalantaridou et al., 2004; Lokkegaard et al., 2006; Rivera et
al.,, 2009; Faubion et al., 2015). Therefore, HRT is advised as a suitable
approach for addressing vasomotor and urogenital symptoms in women
who have been diagnosed with POI. Additionally; it is advised to prioritise
the preservation of bone health in order to mitigate the risk of developing
osteoporosis. HRT has been observed to potentially play a significant role in
the primary prevention of cardiovascular disease.

There has been a suggestion that HRT might possess neuroprotective
properties. When administered during the perimenopausal phase, HRT
may exhibit adverse effects and might elevate the likelihood of cognitive
impairment in elderly women. The potential negative consequences
seen by older women could potentially be associated with preexisting
vascular or neurologic conditions or an elevated susceptibility to venous
thromboembolism. Oral contraceptives that contain a pharmacologic dose
rather than a physiologic dose, have been found to have negative effects
on hemostatic factors and lipid profiles. Additionally, their use is associated
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with an elevated risk of venous thromboembolism (Shumaker et al., 2004;
Mendelsohn & Karas, 2007; Rocca et al., 2011; Rocca et al., 2014; Faubion
et al., 2015). The findings of this study indicate that the initiation of HRT
should be undertaken promptly following diagnosis.

There is a scarcity of empirical evidence pertaining to the effects of
various progestins in HRT on women who have been diagnosed with POL.
The available evidence suggests that micronized natural progesterone is the
preferred option for physiologically postmenopausal older women. This
choice is supported by its association with improved cardiovascular health and
a potentially reduced risk of breast cancer. Additionally, micronized natural
progesterone has demonstrated comparable effectiveness in protecting the
endometrium, as indicated by studies conducted by The Writing Group for
the PEPI in 1996, Mueck in 2012, and Davey in 2013. The implementation
of continuous oestrogen replacement is considered advantageous in order to
mitigate the occurrence of symptoms associated with oestrogen insufficiency.
According to O’Donnell et al. (2012), women who are pursuing conception
through oocyte donation necessitate cyclical regimens instead of continuous
combination regimens in order to boost the active functioning of the
endometrium. There is a possibility that this could result in a slightly
increased susceptibility to hyperplasia or carcinoma of the endometrium,
as indicated by studies conducted by Furness et al. (2012) and Morch et
al. (2012). The duration of the cycle can be customised to suit individual
needs, but it is generally recommended to limit it to a maximum of 12
weeks in order to safeguard the integrity of the endometrium. According to
Furness et al. (2012), the utilisation of continuous, combined HRT has been
found to decrease the likelihood of developing endometrial cancer among
postmenopausal women and perhaps in women with POI. Progestins have
the potential to be delivered via oral or transdermal routes. No comparative
studies examining the various routes of delivery of progesterone for patients
with POI have been found. Nevertheless, a theoretical framework has
been suggested that suggests the comparable effectiveness of endometrial
protection in both younger and older menopausal women, mirroring the
observations reported in postmenopausal women without any pathological
problems. According to Ewies and Alfhaily (2012), when women choose
a bleeding-free regimen, the use of a progestogen-secreting intrauterine
device is an effective method for preventing endometrial hyperplasia. In
summary, it is imperative to ensure that women diagnosed with POI are
well educated about the necessity of HRT prior to reaching the typical age of
menopause, unless there are specific contraindications. There is no evidence
to suggest that it is associated with an elevated risk of developing breast
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cancer. With the exception of women who have undergone a hysterectomy,
it is recommended to provide progestogene in conjunction with oestrogen
in order to save the endometrium. It is imperative to provide counselling
to patients who exhibit lifestyle risk factors for venous thromboembolism,
emphasising the significance of actively reducing these risks.

5.2. Infertility Treatment

The prevalence of POI among women who are actively wanting to
conceive has witnessed a notable rise, primarily attributed to the growing
prevalence of delayed marriage and/or childbearing in developed nations. POI
is emerging as a significant clinical issue necessitating the implementation of
infertility treatment. A cohort study comprising 358 individuals diagnosed
with idiopathic POI revealed that a collective proportion of 24% of the
cases exhibited spontaneous restoration of ovarian function. The remission
status was ascertained based on the restoration of regular menstrual cycles
and/or the normalisation of FSH levels. According to Bidet et al. (2011),
the incidence of spontaneous pregnancy following diagnosis in these
individuals was found to be 4.4%. In a cross-sectional study conducted by
Bachelot et al. (2017), a total of 507 patients diagnosed with idiopathic
POI were examined. The study findings revealed that within the cohort, 117
individuals (23%) experienced spontaneous resumption of ovarian function,
while 18 individuals (3.6%) achieved spontanecous pregnancy. Moreover,
according to Nelson et al. (1992), the pregnancy rate among patients with
POI who underwent oestrogen replacement therapy was found to be 4.8%
in observational studies. The overall pregnancy rate resulting from ovulation
induction interventions in infertile patients with POI was found to be
6.3%. Several controlled studies have been conducted to compare the use
of a gonadotropin-releasing hormone agonist (GnRH-a) with a placebo in
suppressing gonadotropins, but no significant difference in pregnancy rates
was observed (Nelson et al., 1992; van Kasteren et al., 1995; van Kasteren
& Schoemaker, 1999). Hence, the utilisation of oocyte donation has been
acknowledged as the most rational therapeutic approach for addressing
infertility among patients with POI (van Kasteren & Schoemaker, 1999;
ESHRE POI Guideline Development Group, 2015).

The inability to have biological children continues to be a significant
issue for women diagnosed with POI. Furthermore, it is important to note
that certain cultures have strict prohibitions on oocyte donation. These
women actively pursue and earnestly request any medical interventions
that can enhance their prospects of becoming pregnant. Tartagni et al. and
Badawy et al. conducted randomised studies to investigate the effects of
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ovulation induction in patients with POI (Badawy et al., 2007; Tartagni
et al., 2007). In a study conducted by Tartagni et al. (2007), a randomised
trial was carried out with a cohort of 50 women diagnosed with POI.
The participants were administered either ethinylestradiol or a placebo
for a duration of 2 weeks prior to and during gonadotropin treatment.
The primary objective of the study was to evaluate the impact of both
interventions on ovulation, which served as the major end measure. Out of
the cohort of 25 female individuals who were administered ethinylestradiol,
a total of eight individuals experienced ovulation, and among them, four
individuals successfully achieved conception. No instances of ovulation were
seen among the 25 women in the placebo group. An observation was made
during the administration of ethinylestradiol that women with FSH levels
below 15 mIU/mL exhibited ovulation. The research undertaken by Badawy
etal. (2007) encompassed a cohort of 58 individuals who had been clinically
diagnosed with idiopathic POI. The individuals in question were receiving
medical intervention involving the administration of gonadotropin-releasing
hormone agonists (GnRH-a) and gonadotropin therapy. The individuals
involved in the study were randomised in a random manner to receive
either dexamethasone or a placebo. This randomization was based on the
assumption that certain patients might have an immunological cause for
their POI. The occurrence of ovulation was seen in six out of twenty-
nine women who received dexamethasone treatment, whereas only three
out of twenty-nine women in the placebo group exhibited ovulation. The
observed disparity has significance; however, it is important to use caution
in drawing conclusions given the limited sample size of the study. The
findings from the ESHRE POI Guideline Development Group substantiate
the prevalence of follicular growth and probable ovulation among women
diagnosed with POI, particularly when accompanied by a shorter duration of
amenorrhea. The recorded evidence regarding the potential beneficial effects
of immunosuppression in patients with POI and probable autoimmune
aetiology is limited to case reports (Ferrau et al.,, 2011; ESHRE POI
Guideline Development Group, 2015).

There has been a notable rise in the number of patients experiencing
POI following cancer therapy, which has subsequently led to an upsurge
in the long-term survival rates among these individuals. The prevention
of iatrogenic POI resulting from chemotherapy, radiation therapy, or
surgical procedures is of utmost importance. The consideration of ovarian
transposition and protection during radiotherapy and fertility-sparing
surgery is recommended for young women receiving cancer treatment.
The use of GnRH analogues during chemotherapy has been observed to
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significantly reduce the likelihood of POI in adolescent and young adult
cancer patients. However, it has not demonstrated protective benefits for
tertility, as reported by Del Mastro et al. (2014) and Sun et al. (2014). The
cryopreservation of embryos and mature oocytes has been widely accepted
as a clinically established technique, demonstrating favourable outcomes
in terms of pregnancy rates and live births, with success rates reported to
be as high as 25% (Rodriguez-Wallber et al., 2012; Kasum et al., 2014).
More recent techniques, such as the collection of immature oocytes for later
maturation in a laboratory setting and the preservation of reproductive tissue
through freezing, show great potential. However, it is important to note
that these procedures are still in the experimental stage (Suzuki et al., 2012).

The study conducted by Check et al. (1990) reported the greatest rate
of pregnancies among prior uncontrolled interventional investigations. The
objective of this study was to utilise GnRH-a and oestrogen replacement
therapy to inhibit the production of gonadotropins, followed by the
administration of human menopausal gonadotropin (hMG) to induce
stimulation. Nevertheless, a limited number of prior investigations have
endeavoured to achieve extended ovulation induction using hMG or
recombinant follicle-stimulating hormone (recESH), while concurrently
suppressing gonadotropin levels using GnRH-a and implementing oestrogen
replacement across many menstrual cycles. Based on the findings of Gougeon
(1986), it has been suggested that a longer duration of stimulation with
hMG/recESH, in combination with oestrogen replacement and GnRH-a
therapy, may yield more effectiveness in stimulating follicle growth among
individuals diagnosed with established POI. The extended duration of
follicle development, progressing from the secondary-preantral to the
preovulatory stage, is a result of this phenomenon. In the current context,
the utilisation of ovulation induction via extended ovarian stimulation using
high-dose hMG or recESH, coupled with the suppression of gonadotropins
through oestrogen replacement therapy using gonadotropin-releasing
hormone agonists (GnRH-a), specifically by diminishing serum LH levels,
holds promise for improving ovulation and augmenting the probability
of attaining pregnancy in individuals diagnosed with POI. In a study
conducted by Jiao (2017), it has been posited that women diagnosed with
POI and exhibiting an aberrant karyotype may have diminished prospects
of achieving conception from their own oocytes, in contrast to cases of POI
resulting from non-genetic factors. Nevertheless, there is a limited amount
of existing data regarding the reproductive effects of POI on individuals
with atypical karyotypes.
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Platelet-rich plasma (PRP), which refers to the plasma component of an
individual’s own blood with a significantly elevated platelet concentration
(Sundman et al., 2011), has been employed in the field of regenerative
medicine for the past ten years (Alsousou et al., 2013; Reurink et al., 2014;
Liao et al., 2015; Leo et al., 2015). According to Nikolidakis and Jansen
(2008), plasma is known to include a diverse range of growth factors that have
been proposed to facilitate the processes of angiogenesis, regeneration, and
cell proliferation. The aforementioned growth factors have been identified
as significant contributors to the regulation of folliculogenesis inside the
ovary (Kawamura et al., 2005; Nagashima et al., 2011; Chang et al., 2019).
Several studies have demonstrated positive outcomes in infertile women
with a low likelihood of achieving pregnancy, such as those with POI and
poor ovarian response (Sills et al., 2018; Pantos et al., 2019; Sfakianoudis et
al., 2019; Farimani et al., 2019; Cakiroglu et al., 2020).

In a study conducted by Reddy et al. (2008), a novel approach to
stimulating dormant follicles was introduced. The experimental approach
employed in this study was the in vitro cultivation of ovarian fragments,
which were exposed to PI3K stimulators and PTEN inhibitors. Li et al.
(2010) have proposed that ovarian fragmentation may induce ovarian
follicle growth through its disruption of the ovarian Hippo signalling
system. Kawamura et al. (2013) employed a combination of these two
methodologies within an in vitro activation strategy for the purpose of
addressing infertility in individuals with POI. Suzuki et al. (2015) have
reported two instances of successful full-term births following in vitro
activation in individuals diagnosed with established POI.

The occurrence of spontaneous stimulation of latent primordial follicles
into the secondary stage has been documented in patients who exhibit an
early inadequate ovarian response, or POI. To stimulate the development
of secondary follicles, a method called lysis and prompt re-implantation of
ovarian cortex tissue without tissue culture, also referred to as drug-free in
vitro activation, can be utilised. According to the findings of Kawamura et
al. (2020), a majority of the patients diagnosed with poor ovarian response
exhibited a notable rise in the quantity of antral follicles during many
growth cycles. These observations were made subsequent to drug-free in
vitro activation and the administration of hMG and FSH treatments. Hence,
the authors posited that these methodologies could potentially be applicable
in the initial stages of the phenomenon of interest (Kawamura et al., 2020).
It is imperative to conduct additional randomised, controlled trials in order
to provide further support and evaluation for these novel methodologies.
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This discovery has the potential to create novel opportunities for addressing
infertility in individuals with POL

6. Conclusion

Primary Ovarian Insufficiency (POI) is distinguished by the premature
cessation of ovarian function, resulting in a persistent state of low oestrogen
levels in women who are younger than 40 years old. This condition can
occur either spontancously or as a result of medical intervention. The issue
of infertility resulting from POI is a significant concern in developed nations,
mostly due to the reduction in ovarian reserve associated with advancing age
and a trend towards delayed childbearing. POI continues to be a substantial
medical issue that exerts a significant impact on the patient’s quality of
life and raises considerable concerns for many reasons. Women who have
POI through either spontaneous or surgical means and subsequently reach
menopause at an earlier age face a considerably higher chance of developing
several chronic disorders, including cardiovascular, bone, cognitive, and
other ailments, in comparison to women who undergo menopause at the
average age of 51. In light of the significant health implications associated
with this condition, it is imperative that POI be recognised as a matter
of public health importance. This recognition would ensure that enough
assistance and information are provided to women affected by POI while also
facilitating the early identification of those who may be at risk of developing
this condition. It is recommended that patients have annual follow-up
evaluations, particularly focusing on their smoking history, maintenance
of a healthy weight, and identification of any blood pressure anomalies.
These factors are crucial for assessing cardiovascular health. The provision
of suitable counselling, psychological support, and hormone replacement
therapy (HRT) is crucial to the treatment of POI and should be made
available to all women diagnosed with this condition. The identification
of dependable biomarkers for the prognostication and diagnosis of POI,
comprehension of the pathophysiology and genetic causation of POI,
evaluation of the long-term effects of various HRT combinations on overall,
psychological, and sexual well-being, and determination of the most effective
dosage for hormone replacement are among the principal areas of research
that warrant significant attention. This necessitates additional investigation
through prospective randomised controlled trials. Subsequent investigations
ought to prioritise domains characterised by limited comprehension or
unresolved inquiries.
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