
Premature Ovarian Insufficiency 15
M. N. Gunning, L. Troìa, F. J. Janse, S. Luisi, and Bart C. Fauser

Contents
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 288
Diagnostic Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 288
Etiology of Premature Ovarian Insufficiency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289

Genetics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289
Autoimmune . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 293
Infectious . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 294
Iatrogenic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 294
Idiopathic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 294

Clinical Symptoms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295
Nonreproductive Features Associated with POI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295

Metabolic Profile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295
Bone Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 296
Cardiovascular Disease Risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 297

Psychological Impact and Emotional Health . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 298
Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299

HRT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299
Vitamin D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300

IVF and Oocyte Donation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301
Future Possibilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 302
Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303
Cross-References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304

M. N. Gunning (*) · F. J. Janse · B. C. Fauser
Department of Reproductive Medicine and Gynecology, University Medical Center Utrecht,
University of Utrecht, Utrecht, The Netherlands
e-mail: m.n.gunning@umcutrecht.nl; F.Janse-2@umcutrecht.nl; B.C.Fauser@umcutrecht.nl

L. Troìa · S. Luisi
Department of Molecular and Developmental Medicine, University of Siena, Siena, Italy
e-mail: libera.17@hotmail.it; stefano.luisi@unisi.it

© Springer Nature Switzerland AG 2020
F. Petraglia, B. C. Fauser (eds.), Female Reproductive Dysfunction, Endocrinology,
https://doi.org/10.1007/978-3-030-14782-2_15

287

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-14782-2_15&domain=pdf
mailto:m.n.gunning@umcutrecht.nl
mailto:F.Janse-2@umcutrecht.nl
mailto:B.C.Fauser@umcutrecht.nl
mailto:libera.17@hotmail.it
mailto:stefano.luisi@unisi.it
https://doi.org/10.1007/978-3-030-14782-2_15


Abstract

In women diagnosed with premature ovarian insufficiency (POI), the resting pool
of primordial follicles is prematurely exhausted. These women present with absent
menses and increased follicle-stimulating hormone (FSH) concentrations along
with low estrogens before 40 years of age. The underlying etiology in most cases
remains unknown. In a small proportion of cases, POI results from genetic defects,
autoimmune disease, or iatrogenic origin (such as surgery, radiotherapy, or chemo-
therapy). In the absence of contraindications, hormone replacement therapy (HRT)
is recommended to mitigate short- and long-term physical and mental symptoms.
Little prospectively generated information is available regarding long-term health
risks associated with POI. Since fertility is severely compromised in women
diagnosed with POI, IVF along with oocyte donation or adoption may be offered.
In women at risk for POI, fertility preservation options can be considered.

Keywords

Menopause · Genetics · Bone density · Vitamin D · Cardiovascular health ·
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Introduction

Premature (or primary) ovarian insufficiency (POI) is also known as premature ovarian
failure (POF) or premature menopause. The preferred term, however, is POI (Shifren
et al. 2014). The prevalence of POI varies between approximately 0.2% and 2%
(Cramer and Xu 1996; Luborsky et al. 2003; Lagergren et al. 2018). The accelerated
follicle loss and premature cessation of ovarian function has implications for the entire
female body. Besides physical and mental complications due to low estrogen concen-
trations, the psychological impact of this diagnosis is severe. Due to lack of awareness
in the general population and among physicians, both diagnosis and treatment of
women with POI are often delayed. This chapter will focus on the definition, etiology,
diagnosis, treatment, and health implications (Webber et al. 2016).

Diagnostic Criteria

According to the ESHRE guideline 2016, the diagnosis of POI is based on the
presence of oligomenorrhea or amenorrhea – often secondary – for at least 4 months,
in combination with an elevated FSH level > 25 IU/l on two occasions, more than
4 weeks apart. It must be confirmed that elevated FSH concentrations are not
measured during ovulation. Transvaginal or abdominal ultrasound and anti-
Mullerian hormone (AMH) levels have no part in this definition (yet) (Webber
et al. 2016). However, ultrasound in women with POI will show few or no follicles,
and AMH concentrations will be low and therefore often undetectable. In a Dutch
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cohort of women with POI (n= 112), all women showed AMH levels below the fifth
percentile of normoovulatory controls (n = 83). AMH appeared to be more consis-
tent than inhibin B or antral follicle count in assessing the extent of the follicle pool
in young hypergonadotropic patients (Knauff et al. 2009).

Etiology of Premature Ovarian Insufficiency

Premature ovarian insufficiency is a heterogeneous, multicausal condition. POI
arises from either the premature depletion of the ovarian follicles or ovarian follicle
dysfunction. Premature depletion of the ovarian follicle pool may be due to destruc-
tion of primordial follicles by toxic agents, autoimmune response, activation of
proapoptotic pathways, or accelerated follicular recruitment. In rare cases of follic-
ular dysfunction, sufficient ovarian follicles are present upon ultrasonography or
ovarian biopsy, but they do not function properly (Hubayter et al. 2010). Unfortu-
nately, in a substantial proportion of women with POI, the cause remains unknown.

Genetics

Heritability of POI has long been under investigation. Population-based, retrospec-
tive studies suggest heritability for age at natural menopause (van Asselt et al. 2004).
Moreover, POI tends to run in families in up to 30% of cases (Bachelot et al. 2009;
Janse et al. 2010). Also, from sisters of women with POI in oocyte donation settings,
it is known that there is an increase in cycle cancellation rates and lower ovarian
responses, hereby also suggesting a hereditary component. Indeed, it is estimated
that genetic causes account for approximately 20–25% of women with POI (Jiao
et al. 2018). An overview of genes associated with POI is given in Table 1.

Chromosomal defects account for approximately 10–12% of women diagnosed
with POI. The chance of finding an abnormal karyotype in women with POI is
greater in those with primary amenorrhea compared to those with secondary amen-
orrhea (Jiao et al. 2012; Kalantari et al. 2013). However, there is no clear correlation
between age of secondary amenorrhea and the probability of identifying a chromo-
somal abnormality.

In the great majority of women with POI caused by a chromosomal abnormality,
this condition is related to an X-chromosome defect. X-chromosome monosomy (45,
X) causes Turner syndrome. The incidence of Turner syndrome is 1 in 2,500
females. While Turner syndrome leads to miscarriages in the majority of these
pregnancies, females surviving may carry any degree of mosaicism (Hook and
Warburton 2014). Turner syndrome is typically characterized by linear growth
restriction, cardiovascular abnormalities, renal system abnormalities, webbing of
the neck, and a rapid decline of the primordial follicle pool. This either leads to
primary amenorrhea or secondary amenorrhea at an early age (Zinn et al. 1993). In
contrast, trisomy X (47,XXX) does not influence fertility so much, unless there is
mosaicism with 45,X involved (such as 45,X/47,XXX). Moreover, structural
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Table 1 Human genetics associated with POI

Human gene Full gene name
Cytogenetic
location Syndrome (OMIM)

Reported
incidence in
POI

GPR3 G protein-coupled
receptor 3

1p36.1-p35 None 0%

LHX8 LIM homeobox 8 1p31.1 None Rare

HSD3B2 Hydroxy-δ-5-steroid
dehydrogenase, 3β-
and steroid
δ-isomerase 2

1p13.1 None Unknown

LMNA Lamin A/C 1q22 Malouf syndrome
(212112)

Rare

LHR LH receptor 2p21 None <1%

FSHR FSH receptor 2p21-p16 None <1%

FIGLA Folliculogenesis
specific basic helix-
loop-helix

2p13.3 None 2%

EIF5B Eukaryotic translation
initiation factor 5B

2q11.2 None Rare

INHA Inhibin alpha 2q33-q36 None 0–7%

FOXL2 Forkhead box L2 3q23 Blepharophimosis
ptosis epicanthus
inversus syndrome
(110100)

2.8%

TP73L Tumor protein p63 3q27 Rapp-Hodgkin
syndrome (129400)

Rare

BMPR1B Bone morphogenetic
protein receptor 1B

4q23–24 Demirhan
syndrome (609441)

Rare

ADAMTS19 ADAM
metallopeptidase with
thrombospondin type
1 motif, 19

5q31 None Polymorphism
(not mutation)

SIL1 S. cerevisiae homolog
1

5q31 Marinesco-Sjogren
syndrome (248800)

Rare

GDF9 Growth-differentiation
factor 9

5q31.1 None 1.6%

MSH5 MutS homolog 5 6p21.3 None 4.9%

FOXO3A Forkhead box O3A 6q21 None 2.2%

ESR1 Estrogen receptor α 6q25.1 None Polymorphism
(not mutation)

NOBOX Newborn ovary
homeobox

7q35 None 0–1%

WRN RecQ protein-like 2 8p12-p11.2 Werner syndrome
(277700)

Unknown

STAR Steroidogenic acute
regulatory protein

8p11.2 Lipoid congenital
adrenal hyperplasia
(600617)

Unknown

(continued)
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Table 1 (continued)

Human gene Full gene name
Cytogenetic
location Syndrome (OMIM)

Reported
incidence in
POI

GALT Galactose-1-phosphate
uridyltransferase

9p13 Galactosemia
(230400)

Unknown

NR5A1 Nuclear receptor
subfamily 5, group A,
member 1

9q33 None 1.4–8%

CYP17A1 Cytochrome P450,
family
17, subfamily A,
polypeptide 1

10q24.3 Congenital adrenal
hyperplasia due to
17α-OH deficiency
(202110)

Unknown

FSHB FSH β subunit 11p13 None Rare

ATM Ataxia telangiectasia
mutated

11q22.3 Ataxia
telangiectasia
(208900)

Unknown

FOXO1A Forkhead box O1A 13q14.1 None 1.1%

EIF2B2 Eukaryotic translation
initiation factor 2B,
subunit 2

14q24 Ovarian
leukodystrophy
(603896)

Unknown

CYP19A1 Cytochrome P450,
family
19, subfamily A,
polypeptide 1

15q21.1 Aromatase
deficiency
(107910)

Rare

POLG DNA polymerase
gamma

15q25 Progressive
external
ophthalmoplegia
with mitochondrial
DNA deletions
(157640)

Unknown

BLM DNA helicase RecQ
protein-like-3

15q26.1 Bloom syndrome
(210900)

Unknown

PMM2 Phosphomannomutase
2

16p13.3–13.2 Congenital disorder
of glycosylation,
type 1A (212065)

Unknown

FA Fanconi anemia
complementation
groups

16q24.3 Fanconi anemia
(227650)

Rare

Ybx2 Y box-binding protein
2

17p11.2–13.1 None Unknown

NOG Noggin 17q22 None 1%

NANOS3 Nanos homolog 3 19p13.12 None 0%

LHB LH beta polypeptide 19q13.33 None Rare

AIRE Autoimmune regulator 21q22.3 Autoimmune
polyendocrine
syndrome 1
(240300)

Rare

(continued)
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abnormalities of the X-chromosome also may cause POI. In case the abnormalities
comprise terminal deletions or translocations within the proximal Xp or proximal Xq
regions especially, this may result in POI (Jiao et al. 2012).

Besides chromosomal aberrations, monogenetic causes of POI have been studied
by candidate gene approaches. As such, gene function and gene expression in
folliculogenesis and ovarian development have been studied, some by using murine
knockout models and others by applying phenotype characteristics. Many genes
emerged as POI candidate genes, but unfortunately only a minority of these have
been proven to play a causative role when validation of the findings was undertaken
(Jiao et al. 2018; Tucker et al. 2016) (Table 1).

Table 1 (continued)

Human gene Full gene name
Cytogenetic
location Syndrome (OMIM)

Reported
incidence in
POI

DMC1 DMC1 dosage
suppressor of mck1
homolog, meiosis-
specific homologous
recombination

22q13.1 None 2.4%

BMP15 Bone morphogenic
protein 15

Xp11.2 None 1.5–12%

AR Androgen receptor Xq11–12 None 4.5%

XIST X-inactivation gene Xq13.2 Familial skewed
X-inactivation
(300087)

Unknown

POF1B Premature ovarian
failure, 1B gene

Xq21.2 None Unknown

DACH2 Homolog of
Drosophila dachshund
gene

Xq21.2 None 2.7%

DIAPH2 Diaphanous homolog 2 Xq21.33 None Unknown

PGRMC1 Progesterone receptor
membrane component
1

Xq22-q24 None 1.5%

BHLHB9 Basic helix-loop-helix
domain containing,
class B, 9

Xq25 None Unknown

FMR1 Fragile X mental
retardation gene 1

Xq27.3 Fragile X syndrome
(309550)

0.8–13%

FRAXE
(FMR2)

Fragile X mental
retardation gene 2

Xq28 X-linked mental
retardation
(309548)

1.5%

When multiple gene names exist, ENTREZ gene name was chosen (available at http://www.ncbi.
nlm.nih.gov/gene)
OMIM Online Mendelian Inheritance in Man
Adapted from Persani et al. (2010), de Vos et al. (2010), and Simpson (2008)
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The most common mutation among women with POI is the fragile X pre-
mutation. The FMR1 gene is located on the X-chromosome (Xq27.3). Full muta-
tions contain over 200 CGG repeats, and these lead to the fragile X syndrome, which
is characterized by mental retardation primarily in males. However, women carrying
the premutation, i.e., 55–200 repeats, are at increased risk (13–26%) for developing
POI. The prevalence of FMR1 premutation in women with POI is estimated to be 0.7
up to 13% (Conway et al. 1996; Wittenberger et al. 2007; Murray et al. 2014).

Other relatively common X-linked monogenetic causes include mutations in the
BMP15 gene (Xp11.2) associated with typical facial characteristics of the blepharo-
phimosis, ptosis, and epicanthus inversus syndrome (Rossetti et al. 2009). Also,
autosomal mutations such as those affecting the FOXL2 (3q23) and NOBOX (7q35)
genes may play a causative role in POI. These genes are implicated in approximately
1–5% of women with POI (Crisponi et al. 2001; Jiao et al. 2018).

POI may also arise in relation to other conditions such as galactosemia, caused by
mutations in the GALT gene (9p13.3), in which 80% of affected women will develop
POI (Fridovich-Keil et al. 2011). Perrault syndrome, in which hearing impairs, is
associated with POI as well and caused by mutations in several different genes
(Tucker et al. 2016).

The large amount of candidate genes identified to cause POI underlines the
heterogeneity of the condition. Despite numerous reports on the different candi-
date genes, these only explain a minority of women with POI. As such, candidate
gene studies are driven by hypothesis, focusing on identifying genes affecting
oogenesis and folliculogenesis. Contrastingly, genome-wide studies aim to iden-
tify genetic variants without such a priori hypothesis, thereby finding underlying
pathways responsible for POI. Previously, SNP-based genome-wide association
studies and copy number variants have been assessed, without clear findings
due to limited sample sizes. For early menopause four SNPs reached genome-
wide levels of significance (CRHR1, SLC25A13, MCM6, and MB21D1/
C6ORF150) (Perry et al. 2013). Newer research focuses on whole exome sequenc-
ing, which may well lead to individual diagnostic testing in the future (Tucker
et al. 2016).

Autoimmune

It is estimated that approximately 20% of women with POI have a history of
autoimmune diseases, most frequently thyroid disease (Hoek et al. 1997). The
most common autoimmune diseases associated with POI are hypothyroidism, type
I diabetes mellitus, and Addison’s disease (Luisi et al. 2015). However, a true
ovarian autoimmune reaction may only be demonstrated in 4–5% of women with
sporadic POI (Bakalov et al. 2005). Autoimmune oophoritis will lead to POI on the
basis of ovarian follicle dysfunction or follicle depletion.

Autoimmune oophoritis may occur as part of the autoimmune polyendocrine
syndrome (APS). APS type I, also known as autoimmune poly-
endocrinopathy–candidiasis–ectodermal dystrophy (APECED), has its onset in
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childhood. First, mucocutaneous candidiasis (75%) and/or hypoparathyroidism
(89%) and later adrenal insufficiency (60–79%) and POI (60%) may also occur.
APS type II usually develops in adulthood and is manifested by autoimmune
Addison’s disease and thyroid autoimmunity or type I diabetes. In APS type II,
10% of women develop POI. Moreover, POI may also arise from an inflammatory
autoimmune response against ovarian-specific antigens or regulatory factors, and
circulating steroidogenic cell antibodies have been recorded (La Marca et al.
2010).

Infectious

Scarce data is available on the link between infectious disease and POI. However
epidemic parotitis virus, which on its turn leads to mumps oophoritis, is linked to
POI. Other infectious diseases which have been linked to POI are human immuno-
deficiency virus (HIV) and antiviral therapy, tuberculosis, malaria, varicella, and
shigella (Morrison et al. 1975; Ohl et al. 2010). A causal relation between infectious
diseases and POI remains controversial.

Iatrogenic

Iatrogenic POI is a result of pelvic surgery, radiotherapy, or chemotherapy. Surgi-
cal menopause is caused by bilateral oophorectomy. There is also evidence
suggesting that extirpation of the uterus, without removal of the ovaries, results
in an earlier menopause in comparison with women who did not undergo uterus
extirpation. This is likely to be caused by perioperative damage to the ovarian
blood supply (Farquhar et al. 2005). Radiotherapy and chemotherapy are com-
monly used to treat oncological disease in children and adults. The aforementioned
therapeutic interventions are also known to cause ovarian function loss. Chemo-
therapeutic agents disturb essential intracellular processes and stop proliferation of
cells (Maltaris et al. 2007). The risk for ovarian function loss increases with age
post puberty. High risk is the combined chemotherapy and alkylating agents
(non-cell cycle-specific) in oncology patients. Radiation therapy also has a destruc-
tive effect on ovarian function, even with the use of pelvic shielding. Severity of
function loss is dependent on a woman’s age, radiation dose, and field (Meirow and
Nugent 2001). Radiotherapy below the diaphragm or irradiation directly applied to
the ovaries is a high-risk treatment strategy for causing iatrogenic menopause
(Larsen et al. 2003; Fleischer et al. 2011).

Idiopathic

Unexplained POI is the most common form of POI. Up to 60–90% of all POI is
thought to be idiopathic (Fenton 2015).
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Clinical Symptoms

Women with POI by definition experience symptoms of oligomenorrhea or amen-
orrhea. This complaint is possibly accompanied with symptoms related to the
hypoestrogenic state. Common are hot flushes, night sweats, and physical stiffness.
Sexual functioning is impaired by vaginal dryness, dyspareunia, and loss of libido.
Dyspareunia is here defined as recurrent or persistent genital pain directly before,
during, or shortly after sexual intercourse. A change in urinary frequency might also
be noticed. Mental health is often compromised due to mood swings, lack of
concentration, and sleeping disorders.

Nonreproductive Features Associated with POI

Metabolic Profile

POI is a significant risk factor for health and disease susceptibility, including
increased mortality. It has been postulated that the incremental decline of ovarian
function which is accompanied by endogenous estrogen deficiency in women with
POI may contribute to an increased risk for cardiovascular diseases (CVD) and
mortality. Multiple risk factors for CVD development are often present in women
with POI: autonomic and endothelial dysfunction, abnormal lipid profile, insulin
dysfunction, and metabolic syndrome development (Podfigurna-Stopa et al. 2016).
Several studies have been performed to examine the metabolic profile in women
affected by POI; in fact these patients present with unfavorable lipid profiles.
Evidence is inconsistent on which lipoproteins specifically show abnormalities. In
a Dutch population of women with POI (n= 90), higher triglyceride (TG) levels and
lower high-density lipoprotein (HDL) cholesterol levels were reported in compari-
son with controls (n = 198) adjusted for age, body mass index, and smoking habits.
Dutch women with POI showed higher total cholesterol (TC) and low-density
lipoprotein (LDL) levels and a significant negative correlation between estrogen
and TC levels (r = �0.291, p = 0.047) (Knauff et al. 2008).

In a Turkish population study, similar levels of glucose, insulin, homeostasis
model of assessment-insulin resistance (HOMA-IR), low-density lipoprotein cho-
lesterol (LDL-C), and triglycerides were observed in women with POI compared to
controls. However, the presence of metabolic syndrome was significantly increased
in women with POI (Ates et al. 2014). In contrast, other research groups reported
increased serum glucose, insulin, and HOMA-IR in POI women (n = 43) versus
controls (n = 33) (Kulaksizoglu et al. 2013). Regardless of the varying study results
regarding lipid profiles and insulin resistance, the overall cardiovascular risk in POI
women seems to be significantly increased (Kulaksizoglu et al. 2013). In a recent
study, the lifetime estrogen exposure in women with POI was linked to the cardio-
vascular disease risk. It appeared that prolonged estrogen deprivation was associated
with an increased estimated risk of CVD. This study result could support the policy
of early use of hormonal replacement therapy (Christ et al. 2018). The risk for
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ischemic heart disease mortality is roughly increased with 80% in women with POI
compared to women with natural menopause age, at 49–55 years (Kalantaridou et al.
2004; Podfigurna-Stopa et al. 2016).

Bone Density

The association between estrogen deficiency in the postmenopausal period and
osteoporosis has been clearly established by the North American Menopause Society
(Schnatz 2011). The pioneering work of Fuller Albright presented a relationship
between estrogen deficiency, menopause, and an increased incidence of fractures in
women (Albright 1940). Young women exposed to hypoestrogenism and hypo-
androgenemia also experience such consequences; these hormonal deficiencies
have a detrimental effect on peak bone mass (PBM) formation and bone mineral
density (BMD) status (Meczekalski et al. 2010). It appears that up to 90% of PBM is
achieved before the age of 18. Therefore, hypoestrogenic state in women with POI
has a tremendous negative impact on BMD, particularly because estrogen deficiency
may appear in the phase of intensive gain in bone mass (Leite-Silva et al. 2009).
BMD status is assessed by dual-energy X-ray absorptiometry (DEXA). In women
with POI, a decrease of BMD is observed in the lumbar spine and femoral neck.
Bone loss associated with hypoestrogenic state is greater in trabecular bone and less
in cortical bone (Szeliga et al. 2018). In women with spontaneous POI, serum FSH
concentrations, but not estradiol, are positively associated with bone mass loss in
skeletal regions (both the spinal column and femoral neck) (Podfigurna-Stopa et al.
2016). A large study including 442 cases revealed that POI patients have a lower
BMD compared to regularly menstruating women: 15% of POI patients had a
Z-score below �2 compared to 3% of the controls ( p = 0.005) (Popat et al.
2009). In a study of 50 Brazilian women with POI, a decrease in the lumbar spine
and femoral BMD was observed. The lumbar part of the spine was the most affected
by the BMD decrease. They reported that age generally, age of POI, and reproduc-
tive age were factors associated with the BMD of the lumbar spine (Leite-Silva et al.
2009). Total body BMD clearly corresponds to the duration of ovarian function in
POI patients (Podfigurna-Stopa et al. 2016). Women with menopause between ages
40 and 44 years have lower vertebral BMD compared to those with natural meno-
pause. While BMD decreased in both groups over time, the difference in vertebral
BMD did not differ between those with early or natural menopause after age
55 years.

Chemotherapy in young age can lead to the temporary or permanent cessation of
ovarian function. POI patients after chemotherapy due to gynecological malignan-
cies had significantly decreased BMD when compared to controls (39% vs. 15%,
respectively; p = 0.009) (Stavraka et al. 2013). Loss of BMD was not measured
directly after chemotherapy but after more than 18 months of chemotherapy. This
observation indicates that not chemotherapy on itself but decreased concentration of
estrogens due to POI is the reason for the BMD decrease. Unfortunately, there is
limited evidence available on fracture risk in POI patients. A Dutch study with over
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4,700 postmenopausal women, 50–80 years of age, revealed that women experienc-
ing early menopause had a significantly increased overall fracture rate (OR, 1.5; 95%
CI, 1.2–1.8), in comparison with women who experience menopause at a normal age
(van der Voort et al. 2003). Although studies have demonstrated greater bone loss in
the initial years following estrogen deficiency in women with early menopause
compared to women with menopause at average age, the results of studies assessing
fracture risk in women with early versus average age menopause have been incon-
sistent (Hadjidakis et al. 2003; Faubion et al. 2015). The most contributing risk
factors to BMD loss in POI are degree and duration of estrogen deficiency and
nonadherence to estrogen replacement therapy (Webber et al. 2016). Additional risk
factors for decreased BMD in POI are early diagnosis of POI, more than 1 year delay
in diagnosis of POI, low concentration of serum vitamin D, low calcium intake, and
lack of physical exercise (Szeliga et al. 2018).

Cardiovascular Disease Risk

In women with POI, the decreased life expectancy is mainly caused by cardiovas-
cular disease. Endothelial dysfunction, measured as the flow-mediated dilation of the
brachial artery, is one of the markers of early signs of cardiovascular disease.
Endothelial function appears to be significantly reduced in POI women
(Kalantaridou et al. 2004). Evidence on carotid intima media thickness and women
with POI remains inconsistent (Yorgun et al. 2013, Daan et al. 2016,). The left
ventricular diastolic function does seem deteriorated in women with POI, in com-
parison with healthy controls (Yorgun et al. 2013). Interestingly, hormonal therapy
used for 6 months improves the flow-mediated dilation by 2.4-fold, similar to levels
of the control population (Kalantaridou et al. 2004). The cardiovascular risk was
worse in women who experienced early menopause compared to women with
menopause at age 50 or older, with the most unfavorable risk in the subgroup of
women with early bilateral salpingo-oophorectomy (BSO) (Atsma et al. 2006).

Iatrogenesis and spontaneous POI patients have a two times higher risk for angina
and higher severity of angina 1 year post-myocardial infarction compared with
women experiencing menopause at age 50 or later (Parashar et al. 2010). An
association has been suggested between early menopause and heart failure risk.
In the Multi-Ethnic Study of Atherosclerosis, the risk of heart failure was increased
by 66% in those undergoing menopause before the age of 45 compared with
women experiencing menopause after 45 years of age. A decrease of 4% in risk
was observed for each year increase in menopausal age (Ebong et al. 2014).
An increase in the incidence (36%) of heart failure was detected in women with
natural menopause at age 40–45 compared with women with a menopausal age
between 50 and 54 years of age. A decrease of 2% in heart failure risk was observed
with each year increase of menopausal age. Whether a causal association exists
between estrogen deficiency and the development of heart failure remains unclear.
It also remains unclear whether other cardiovascular risk factors contribute to earlier
age at menopause. Inconsistency in evidence must be noted here as well.

15 Premature Ovarian Insufficiency 297



Not all studies report increased risk of stroke in women with premature
menopause, but multiple observational studies have demonstrated that early-onset
menopause is linked with an increased risk of ischemic stroke (Rocca et al. 2012).
Although hormonal therapy poses an increased risk of stroke for older women, it is
associated with reduced stroke in women before the age of 50 (Rocca et al. 2012).
All together we may conclude that early menopause is related to increased risk of
cardiovascular disease events and mortality. The greatest risk is observed in women
undergoing early BSO.

Psychological Impact and Emotional Health

Psychosocial and emotional impact of POI is often overshadowed by its clinical
impact. Their mood is often influenced negatively by concerns on their personal
health and concerns on their fertility. Women with POI may show various psycho-
logical disturbances, depression and low self-esteem, which can effect sexuality
negatively (Schmidt et al. 2011). The diagnosis of POI is often a devastating life
event, from which women experience lots of anger, depression, anxiety, loss
and sadness, hostility, and psychological distress. Directly after the diagnosis,
women can experience shock and confusion; therefore all healthcare providers
should offer support regarding the patient’s altered self-image, sexual dysfunction,
and neurocognitive decline (Podfigurna-Stopa et al. 2016). Low androgens – next to
estrogens, which are also observed in women with POI – may also be related to
impaired psychosexual dysfunction (Janse et al. 2012). An American research group
investigated the presence of depression in women with spontaneous POI. They
studied 174 women with spontaneous 46,XX POI and 100 women with Turner
syndrome and compared prevalence of depressive symptoms in these patients with
community-based controls. POI proved to be associated with an increased lifetime
risk for major depression, higher than in Turner syndrome and controls ( p < 0.001).
The researchers advocated that more attention should be paid to symptoms of
depression in POI. Moreover, the onset of depression frequently occurred after
signs of altered ovarian function but before the diagnosis of POI (Schmidt et al.
2011).

Evidence on sexual well-being reveals that women with POI were less satisfied
with their sexual life. They experienced fewer sexual fantasies and masturbated less
frequently. Their sexual activities were associated with less sexual arousal, reduced
lubrication, and increased genital pain. These observations were made despite of the
fact that women with POI and controls had similar frequency of desire to have sex
and similar frequency of actual sexual contact with a partner. Women with POI did
have lower levels of estradiol, total testosterone, and androstenedione. But androgen
levels had only a weak influence on sexual functioning; higher total testosterone
levels were associated with increased frequency of desire for sexual contact, and
higher androstenedione levels were associated with elevated frequency of sexual
contact (Van Der Stege et al. 2008). A cross-sectional study comparing sexual
function of 58 women with POI with regularly menstruating women demonstrated
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that POI patients suffer from decreased sexual functioning: less satisfaction, lubri-
cation, and orgasms and more pain. Sexual arousal however was similar in both
groups (de Almeida et al. 2011). Women experiencing a surgical menopause are at
an increased risk for hypoactive sexual desire disorder (HSDD), with less satisfac-
tion regarding sexual contact, relationships, and negative emotional states, compared
to premenopausal or naturally menopausal women (Dennerstein et al. 2006).

Early menopause is also associated with neurological dysfunction and higher risk
for dementia. This increase is most apparent in the global cognitive domain and in
verbal memory tests. Findings related to the loss of cognitive function after chemo-
therapy or GnRH analogue treatments are inconsistent (Nappi et al. 1999;
Podfigurna-Stopa et al. 2016). Attentive and verbal memory performances were
observed in physiological and surgical menopause. Surgical menopause appeared to
affect short-term verbal memory more than physiological menopause. Furthermore,
early age at surgical menopause was associated with cognitive deterioration and
presence of Alzheimer’s disease. The Mayo Clinic Cohort Study of Oophorectomy
and Ageing reported on women who had undergone a bilateral oophorectomy before
they went into natural menopause. The research group reported that women expe-
rienced a long-term increased risk of parkinsonism, cognitive impairment or demen-
tia, and depressive and anxiety symptoms (Rocca et al. 2009). A dose effect of
estrogen deficiency on dementia exists, and the age-dependent effect suggests that
the younger brain is more vulnerable to estrogen deficiency (Phung et al. 2010;
Podfigurna-Stopa et al. 2016).

Treatment

HRT

POI results in all the complications associated with the menopause but at a much
younger age. The need for HRT in young women with POI extends beyond the need
for symptom relief. The purpose of HRT is to maintain sufficient estradiol concen-
trations, so it will protect POI women against serious morbidity and earlier mortality
related to prolonged estrogen deficiency. It should be taken until the age of
ca. 50 years which is the median age of physiological menopause (Webber et al.
2016).

Little evidence is available on effects of all subtypes of estrogen replacement
for women with POI. However, it is suggested that physiological sex steroid
replacement therapy is preferred over combined oral contraceptive pill (COCP)
use. COCP contains more steroid hormone than needed for replacement purposes
and therefore increases the risk for negative side effects, such as dyslipidemia and
risk for thromboembolic events. If better compliance is reached with COCP use, this
would be a fair alternative. Awish for contraception may also encourage prescribing
COCPs. On women with POI and a uterus in situ, there is no evidence available on
progestogen replacement therapy. In postmenopausal women no difference was
found between oral cyclical micronized natural progesterone and cyclical or
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continuous medroxyprogesterone acetate for endometrial protection. It is suggested
that natural progesterone has a positive influence on the cardiovascular profile and
potentially a lower risk of mamma carcinoma (Luisi et al. 2015; Webber et al. 2016).

The majority of women with POI prefers a cyclical combined HRT regimen.
Patients can decide individually how long they continue with the HRT each “cycle”;
recommended is no longer than 12 weeks. The addition of cyclic progesterone for
10–12 days each month is protective against endometrial hyperplasia and endome-
trial cancer (Webber et al. 2016).

The evidence is not definitive; however, a tendency toward prescribing transder-
mal estrogens is supported, due to less side effects. Transdermal HRT may be
preferred in women with coagulation disturbances and those more prone to throm-
bosis, such as patients with thrombophilias. The patient’s preference on the admin-
istration route is most important (Webber et al. 2016).

Transdermal, oral, or transvaginal estradiol in doses of 100 micrograms daily is
the therapy of choice to mimic a physiologic dose range and to achieve symptom
relief. The dosage of progestogen depends on the regimen of estrogen replacement.
Continuous regimens require a minimum dose of 1 mg of oral norethisterone daily or
2.5 mg medroxyprogesterone acetate (MPA) at the moderate to high doses of
estrogen that should be provided for women with POI. Sequential regimens require
10 mg MPA for a minimum of 10–12 days per month or 200 mg micronized oral
progesterone (Webber et al. 2016).

Data on androgen therapy is very scarce and long-term health effects are still
unclear. Androgen replacement therapy may be used for the following indications:
diminished sexual function, neurological complaints (working memory), and
decreased bone density (Webber et al. 2016).

Vitamin D

Findings of the Nurses’ Health Study cohort suggest that vitamin D intake from
nutrition sources, dairy in specific, is associated with a lower risk of early meno-
pause. Because vitamin D is obtained through dietary intake as well as sunlight
exposure, concentrations of 25-hydroxyvitamin D [25(OH)D], the primary circulat-
ing metabolite of vitamin D, is a more reliable indicator of vitamin D status than
dietary intake alone. Studies evaluating 25(OH)D concentrations and AMH are
conflicting (Drakopoulos et al. 2017; Purdue-Smithe et al. 2018). Evidence suggest
that levels of AMH vary with each season, which correlates with 25(OH)D concen-
trations and that vitamin D supplementation prevented a seasonal decline in AMH
concentrations (Dennis et al. 2012). A study in immunocompromised American
women found 25(OH)D to be positively associated with AMH concentrations
(Merhi et al. 2012); however, two other studies did not report a significant
association (Pearce et al. 2015; Drakopoulos et al. 2017). In a more recent study,
authors reported no association between vitamin D metabolite and the risk of early
menopause or with concentrations of plasma AMH. Contrariwise, vitamin
D-binding protein concentrations were positively associated with an increased risk
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of early menopause (Purdue-Smithe et al. 2018). Although further evaluation in
large, ethnically diverse populations is needed to clarify the association between
early menopause and vitamin D, adequate calcium and vitamin D intake is important
for bone health of these patients at risk of fractures. The recommendations for
calcium and vitamin D intake for women experiencing menopause are similar,
regardless of age at menopause. The Institute of Medicine recommends a daily
intake of 1,200 mg of calcium and 600 IU of vitamin D for women aged 51–70.
The National Osteoporosis Foundation advocates counseling women to reduce their
risk for osteoporosis and fracture. They recommend the following: stop smoking,
avoiding excess alcohol intake, assessing risk of falling, healthy body weight,
physical exercise, and a daily intake of 1,200 mg of calcium for women 51 years
of age and older and 800–1000 IU of vitamin D, including supplements if needed
(Cosman et al. 2014; Faubion et al. 2015). There is no clear evidence-based
recommendation for timing of BMD testing in POI. Measurement of BMD must
be considered at initial diagnosis by all women with POI. When there are any
additional risk factors, a BMD is recommended. If BMD is normal and adequate
HRT is prescribed, additional BMD testing has no added value (Webber et al. 2016).
In women with mamma carcinoma, BMD testing is suggested within 3 months of
therapy-induced menopause. In women who underwent risk-reducing BSO, who do
not use estrogen therapy, a 2-year window for measurement of BMD has been
recommended (Faubion et al. 2015).

Women diagnosed with POI should visit their physician to assess general health
status and the effectiveness of the adopted treatment (Faubion et al. 2015).

IVF and Oocyte Donation

For many women with POI, infertility is the most devastating aspect of the diagnosis.
Women with POI do not respond to traditional fertility treatments, such as ovarian
stimulation with hormonal. Their options to start a family include adoption, a small
potential for spontaneous pregnancy, donor embryo, or egg donation using in vitro
fertilization. Spontaneous pregnancy will occur in about 2.5–10% of women with
46,XX POI (Webber et al. 2016; Sullivan et al. 2016).

Researchers suggested that estrogen administration may help reduce endogenous
gonadotropin concentrations, which may lead to an upregulation of FSH receptors in
remaining follicles and potentially ovulation (Bidet et al. 2008). Also, the use of
100 micrograms transdermal estradiol led to the normalization of serum LH levels in
half of the study group with POI patients. It is hypothesized that the normalized LH
levels might avoid untimely luteinization of follicles, thereby improving follicle
function and chances of ovulation (Popat et al. 2008). Dehydroepiandrosterone
supplement use has been suggested to increase the number of retrieved oocytes in
assisted conception cycles, improve pregnancy rates, and decrease miscarriage rates.
COCP has been used prior to ovarian stimulation to lower FSH levels, but unfortu-
nately data are limited (Langrish et al. 2009; Maclaran and Panay 2015). Overall,
studies investigating other options to improve fertility in women with POI have an
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inadequate sample size and are non-randomized. Embryo transfer using donor
oocytes has demonstrated high success rates and is considered a preferred treatment.
The pregnancy rate after an oocyte donation cycle is around 40%, and cumulative
pregnancy rates after four cycles reach 70–80% (Męczekalski et al. 2018). Patients
with Turner syndrome are also eligible for oocyte donation. Due to their increased
risk for cardiovascular anomalies, women with Turner Syndrome should undergo a
medical screening to reduce maternal cardiovascular mortality before receiving an
embryo transfer. Pregnancies resulting from oocyte donation are associated with an
increased risk for gestational hypertension and preeclampsia (Savasi et al. 2016;
Męczekalski et al. 2018).

Future Possibilities

Experimental studies have put a traditional paradigm to the test. That is, women
possess a finite ovarian pool of primordial follicles which irreversibly decline during
life. Ovarian tissue cryopreservation followed by transplantation is rapidly gaining
ground as a fertility preservation and restoration strategy. Techniques to improve the
life span and quality of grafted ovarian tissue as well as to avoid transmission of
malignant cells are being developed. Lots of new techniques involve stem cells due
to their self-renewal and regeneration potential. Several types of stem cells are used
in studies on treatment for POI patients, for example, mesenchymal stem cells, stem
cells from extraembryonic tissues, induced pluripotent stem cells, and ovarian stem
cells (Stimpfel et al. 2013; Leng et al. 2015; Męczekalski et al. 2018). Transplanta-
tion of stem cells into ovaries of adult mice resulted in mature oocytes, ovulation,
and fertilization with the production of viable embryos. Oocyte renewal has a major
potential for further development and consequently future clinical perspectives
(Sheikhansari et al. 2018; Song et al. 2018).

In young girls and women of reproductive age, fertility preservation and restora-
tion play a large role before and after oncological treatment, due to the reproductive
risk of chemotherapeutics and improved long-term survival of cancer patients. The
Prevention of Early Menopause Study was developed to study the effect of goserelin
(gonadotropin-releasing hormone (GnRH) agonists) injections prior to and during
chemotherapy for estrogen receptor-negative mamma carcinoma. In the treatment
group, 8% of the women suffered from ovarian insufficiency against 22% in the
placebo study group. Pregnancies occurred more often in the treatment group
compared to the placebo group: 22% versus 12%, respectively (Gerber and Ortmann
2014). The presumed working mechanism of GnRH agonists is that they cause a
diminished ovarian blood circulation while activating GnRH receptors on oocytes or
granulosa cells. This biochemical cascade might result into upregulation of anti-
apoptotic pathways and inhibition of accelerated follicular atresia through interrup-
tion of FSH secretion.

Curcumin (CRC) and capsaicin (CPS) are naturally occurring phytochemicals
that have been found to have significant health benefits as painkillers, anticancer
agents, and anti-inflammatory agents. The mechanisms underlying these health
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effects have been attributed especially to their anti-inflammatory effects, which
involve modification of macrophage function by decreasing production of pro-
inflammatory mediators, reactive oxygen species, metabolites of arachidonic acid,
proteases, and lysosomal enzymes (Meczekalski et al. 2010). CRC and CPS treat-
ment of rats with cyclophosphamide-induced POF had a beneficial effect on reduc-
ing ovarian damage by improving tissue oxidative stress marker levels, ovarian
reserve marker levels, and histopathological parameters. The significant improve-
ments in ovarian tissue histopathological damage and hormonal levels detected
indicate that treatment with CRC or CPS might be a conservative treatment approach
for cyclophosphamide-induced POF (Melekoglu et al. 2018).

Resveratrol, a natural non-flavonoid polyphenol compound, has been shown to
enhance rat ovarian function by activating the PI3K/Akt/mTOR signaling pathway.
It diminishes oxidative stress and impedes granulocyte apoptosis. It is hypothesized
that early application of resveratrol combined with other medication may provide a
new treatment strategy for POI (Li et al. 2018).

Another novel treatment is in vitro activation (IVA) of primordial and preantral
follicles (Zhai et al. 2016). These follicles of POI patients develop rarely; therefore,
patients are unlikely to conceive with their own oocytes. IVA implements ovarian
fragmentation disruption of Hippo signaling pathway and treatment with PI3K
stimulator to activate primordial and preantral follicles. One cycle of IVA comprises
laparoscopic removal of the ovary, cutting the ovary into cortical strips and vitrifi-
cation. After thawing of cryopreserved ovarian tissues, the ovarian strips are further
fragmented and incubated for 2 days with PI3K stimulators. After that, the ovarian
strips are laparoscopically placed back into the patient. Then the patient undergoes
full protocol of ovarian stimulation and IVF procedure (Zhai et al. 2016;
Męczekalski et al. 2018). Great interest has been awakened in recent years for the
possibility of creating an “artificial ovary,” with the objective of reducing the
possibility of disseminating malignant cells and maximizing the chances of survival
and growth of isolated follicles and ovarian cells, recreating their optimal microen-
vironment (Luyckx et al. 2014). The concept of the “artificial ovary” consists in the
packaging of oocytes and follicular cells in a biodegradable scaffold to maintain the
three-dimensional structure. The scaffold should be constituted of a matrix to
maintain the interactions between the oocyte and granulosa cells while revascular-
ization occurs. Further research focused on the study of optimal matter is needed to
increase graft survival by reducing the damage resulting from ischemia and oxida-
tive stress.

Conclusion

POI has a detrimental effect on mental and physical health. Causes vary from
genetic, iatrogenic, or autoimmune. Fertility preservation is of great importance for
women at risk for POI. Long- and short-term consequences of POI are diverse,
varying from mental health, bone density, sexual functioning, and cardiovascular
health. Timing of treatment is vital for the quality of life of women with POI.
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