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Disclaimer

The European Society of Human Reproduction and Embryology (hereinafter referred to as 'ESHRE') developed the
current clinical practice guideline, to provide clinical recommendations to improve the quality of healthcare delivery
within the European field dfuman reproduction and embryology. This guideline represents the views of ESHRE,
which were achieved after careful consideration of the scientific evidence available at the time of preparation. In
the absence of scientific evidence on certain aspects)sersus between the relevant ESHRE stakeholders has
been obtained.

The aim of clinical practice guidelines is to aid healthcare professionals in everyday clinicad dlecigion
appropriate and effective care of their patients.

However, adherence to tbe clinical practice guidelines does not guarantee a successful or specific outcome, nor
does it establish a standard of care. Clinical practice guidelines do not override the healthcare professional's clinical
judgment in diagnosis and treatment of pautar patients. Ultimately, healthcare professionals must make their

own clinical decisions on a cdsecase basis, using their clinical judgmé&ngwledgeand expertise, and taking

into account the condition, circumstances, and wishes of the indipiatight, in consultation with that patient

and/or the guardian or carer.

ESHRE makes no warranty, express or implied, regarding the clinical practice guidelines and specifically excludes
any warranties of merchantability and fithess for a particular ugeigpose. ESHRE shall not be liable for direct,
indirect, special, incidental, or consequential damages related to the use of the information contained herein. While
ESHRE makes every effort to compile accurate information and to ketpdatp, it canot, however, guarantee

the correctnesg;ompletenessand accuracy of the guideline in every respect. In any event, these clinical practice
guidelines do not necessarily represent the views of all clinicians that are member of ESHRE.

The information praded in this document does not constitute business, medical or other professional advice, and
is subject to change.
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INTRODUCTION TO TBHDELINE

Previous guidelines

At the time of the initiation of this guideline, Premature Ovarian Insufficiency [POI] was not addressed by existing
guidelines. Comprehsive literature searching did not retrieve any guidelines specifically on the management of
women with POI. Prematuvarian insufficiency has been included in several guidelines on infertility, but these
mention POI only briefly, with the focus on inferti{ifjational Institute foHealth and Care Excellence, 20483
menopause(de Villiers et al, 2013. Guidance on management of Turr@mndrome was available but this
concentrated on the other medical aspects of the syndrome and did not comprehensively add(Bssi®Cdnd

Turner Syndrome Study Group, 2R07

Guideline development

The Reproductive Endocrinology Special Interest Group of ESHRH migjaideline on POI. Membership of the
Guideline development group was drafrom the Special Interest Group and the wider membership of ESHRE.
Additional group members were recruited from outside ESHRE to contribute specialist expertise in certain topic
areas (e.g. cardiology, neurology). A research specialist supported thinguitbelopment. The members of

the guideline development group are listed in AppeBdix

The scope of the guideline was determined by consensus. Guideline development followedoauwsedinted
methodology, universal to ESHRE guidelines. The detailed methodology for this guideline is desgribediin
5.

Guideline scope

This guideline offers best practice advice on the care of women with premature ovarian insufficiency, both primary
and secondary. The patient population comprises women younger than 40 years (which includeyfdnome
patients) and women older than 40 yedpsit with disease onset before 40he first chapters of this guideline will
elaborate on the nomenclature and definition of premature ovarian insufficiency.

Furthermore, his clinical guideline providescommendations 1o the initial assessment and management of
women with premature ovarian insufficiency. The initial assessment includes diagnosis, assessment of causation,
and basic assessment. The management includes hormonal treatment. Since POI has consequendhs for heal
apart from gynaecological issues, these are also described. Consequences of POI and treatment options are
included in the following domains: fertiliand contraceptionbone health, cardiovascular issues, psychosexual
function, psychological functioand neurological function.

Other topics discussed are puberty induction, life expectancy, and implications for relatives of women with POI.

This guideline is limited to POI and does not apply to womeromitbvarian reserve

Target users of the guidedin

The guideline covers the care provided by secondary and tertiary healthcare professionals who have direct contact
with, and make decisions concerning the care of, women with premature ovarian insufficiency. ESHRE guidelines
are mainly focussed on gynaémgists. However, women with POI suffer hegitbblems thatrequire multt
disciplinary care and are not limited to the field of gynaecology. Therefore, this guideline is also targeted at
healthcare professionals of other disciplines (primary healthcaowidars, endocrinologists, oncologists,



geneticists, paediatricians, internists). During the review phase and in development of tools for implementation,
specific attention will be given to these healthcare professionals.

This guideline is of relevanceBEaropean healthcare providers and women with premature ovarian insufficiency.
For the benefit of patient education and shagetision making, a patient version of this guideline will be
developed.

References
Bondy CA, Turner Sywthe Study Group. Care of girls and women with Turner syndrome: a guideline of the Turner Syndrome Study Group.
Clin Endocrinol Meta200792: 10-25.

de Villiers TJ, Pines A, Panay N, Gambacciani M, Archer DF, Baber RJ, Davis SR, Gompel AA, Henderson VW, LarigeBiRehal®,RA, P
Sturdee DW, International Menopause S. Updated 2013 International Menopause Society recommendations on menopgnesthdéaoy
and preventive strategies for midlife heal@limacteri?01316: 316337.

National Institute for Health and Care Excellence. Fertility: assessment and treatment for people with fertility probleti®s (GQfinical
guideline 156.). 2013fm www.nice.org.uk/CG156
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SUMMARY

Interpretation on the grades of recommendati@nsmeulen, et al., 20)4

Grades of : .
: Supporting evidence
recommendations

A Meta-analysis, systematic review or multiple randomized contrtfiaid (RCTs
(high quality)
Meta-analysis, systematic review or multiple RCTs (moderate quality)

B Single RCT, large nmandomized trial, caseontrol or cohort studies (hig
quality)

C Single RCT, large nmamdomized trial, caseontrol or cohoristudies (moderate
quality)

D Nonanalytical studies, case reports or case series (high or moderate quali

GPP Expert opinion

The grades of the recommendations is only based on the strength of the supporting evidence. In formulating
strong or weak recommendations, the guideline group took the strength of the supporting evidence into account,
but weight it against the benefits ahdrms, and the preferences of clinicians and patients.

Reference
Vermeulen N, D'Angelo A, de Sutter P, Nelen WLDM. Manual for ESHRE Guideline Develop™ergiadt024fromwww.eshre.eu
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List of all recommendations

Introduction to POfPart A)

What should this condition be called?

¢CKS GSNXY GLINBYLFGdNE 20FNAFY AYac

L . . GPP
condition in research and clinical practice.

Howshould POI be defined?

Premature ovarian insufficiency is a clinical syndrome defined by loss of ovarian
before the age of 40.

POl is characterised by menstrual disturbance (amenorrhea or oligomenorrhea) with
gonadotropins and lowstradiol.

What is the prevalence of POI in the general population?

The prevalence of POI is approximately 1%. Population characteristics such as ethn
affect the prevalence.

In view of the londerm health consequences of POI, efforts shoeldniade to reduce the
incidence of POI. Modifiable factors may include:

1 gynaecological surgical practice
1 lifestyleq smoking
1 modified treatment regimens for malignant and chronic diseases.




Diagnosis of PQPART B)

What are the symptoms of Premature Ovarian Insufficiency?

Clinicians should enquire about symptoms of estrogen deficiency in w GPP
presenting with oligomenorrhea or amenorrhea.
POI needs to be excluded in women watimenorrhea/oligomenorrhea g

i GPP
estrogendeficiency symptoms below the age of 40 years.

What investigations should be performed for diagnosis of premature ovarian insufficiency?

The diagnosis Premature Ovarian Insufficiency is based on the presemsmstfual
disturbance and biochemical confirmation.

Although proper diagnostic accuracy in POl is lacking, the GDG recomme
following diagnostic criteria:

1 oligo/amenorrhea for at least 4 months, and GrP
1 an elevated FSH level > 25 liltwo occasions 4 weeks apart.

What are the known causes of POI and how should they be investigated?
Chromosomal analysis should be performed in all women withatmgenic =
Premature Ovarian Insufficiency.

Gonadectomy should be recommended for all women wigtectable Y C
chromosomal material.

FragileX premutation testing is indicated in POl women. B
The implications of the fragilé premutation should be discussed before the e
is performed.

Autosomal genetic testing is natt presentindicated inrvomen with POI, unley e

there is evidence suggesting a specific mutation (e.g. BPES).

Screening for 210HKb (or alternatively adrenocortical antibodies (ACA)) st
be consideredn women with POI of unknown cause or if an imnliserderis
suspectd. C
Refer POI patients with a positive 218iMACA test to an endocrinologist
G§SaGAy3 2F [ RNByLf FdzyOGA2y I YyR

Screening for thyroid (TP&b) antibodies should be performed in women \
POI of unknown cause or if mmmunedisorderis suspected.

In patients with a positive TR&D test, thyroid stimulating hormone (TSH) sh
be measured every year.




There is insufficientvidence to recommend routinecreening POl women f
diabetes.

There is no indicatiofor infection screening in women with POI. D

The possibility of POI being a consequence of a medical or surgical intef
should be discussed with women as part of the consenting process f¢ GPP
treatment.

Although no causal relation has been profedigarette smoking and POI, thd
is a relation to early menopause. Therefore, women who are prone to POI GPP
be advised to stop smoking.

In a significant number of women with POI, the cause is not identified and these wor
described abavingunexplained or idiopathic POI.

How often should tests for autoantibodies be repeatéd?at do you do in case of a positive
test result forautoantibodies?

If 210HAb/ACA and TRBb are negative in women with POI, there ig
indication for retesting later in life, unless signs or symptoms of these endg C
diseases develop.

Implications
Test " .
Positive test Negative test
Genetic/Chromosomal
Karyotyping Refer to endocrinologist, Asecond analysis of the
(for diagnosis of Turner syndrome) cardiologist and geneticist | karyotype in epithelial cells (ir

case of high clinical suspicior]

Test for Ythromosomal material Discusgonadectomy with the

patient
FraX Refer to geneticist
Autosomal genetic testifg
Antibodies
ACA/210H antibodies Refer to endocrinologist Retest in case of clinical sign
TPGADb Test TSH every year or symptoms

1not at present indicated in women with POI, unless there is evidence suggesting a specific mutation (e.g. BPES).
2.POlof unknown cause or if an immudisorderis suspected

10



What are the implications for relatives of women with POI?

Relatives of women with the fragie premutation should be offered gene
counselling and testing.

Relatives of women with neatrogenic premature ovarian insufficiency w
are concerned about their risk for developing POI should be informed tha

1 currently there is no proven predictive test to identify women that
develop POI, unless a mutation known to be related to POl was de

1 there are no established POI preventing measures GPP

1 fertility preservation appears as a promising option, althatgtlies
are lacking, and

1 their potential risk of earlier menopause should be taken into acg
when planning a family.

11



Sequelae of PQPART C)

LIFE EXPECTANCY

What are the consequences of POI for life expectancy?

Untreated POI is associated withduced life expectangylargelydue to

cardiovascular disease. &
Women with POI should be advised on how to reduce cardiovascular risk
. . . N . .| GPP
by not smoking, taking regular exercise, and maintaining a healthy weigh
FERTILITY AND PREMGENA
What are the consequences of POI for fertility?
Women with POI should be informed that there is a small chang e
spontaneous pregnancy.
Women with POI should be advised to use contraception if they wish to e
pregnancy.
What fertilityinterventions are effective?
Inform women with POI that there are no interventitimat have been reliabl A
shown to increase ovarian activity and natural conceptiorsrate
Oocyte donation is an established option for fertility in women with POI. C
Inform women considering oocyte donation from sisters that this carrigher C
risk of cycle cancellation.
In women with established POI, the opportunity for fertility preservati SEE
missed.
What are the obstetric risks associated with POI?
Women should be reassured that spontaneous pregnancies after idiopat|
or most forms of chemotherapy do not show any higher obstetric or neonat B
than in the general population.
Oocyte donation pregnancies are high risk and should be managed
appropriate obstetric unit. Women and their partners should be encourag C
disclose the origin of their pregnancy with their obstetric team.
Antenatal aneuploidy screening should be based on the age of the oocyte| C

12




Pregnancies in womewho have received radiation to the uterus are at high
of obstetric complications and should be managed in an appropriate ob, C
unit.

Pregnancies in women with Turner Syndrome are at very high risk of ol
and nonobstetric complications and should be managed in an approf D
obstetric unit with cardiologishvolvement

A cardiologist should be involved in care of pregnant women who have re
anthracyclines and/or cardiac irradiation.

How should fitness fqaregnancy be assessed in women with POI?

Women presenting fonocytedonation who are suspected of having POI sh
be fully investigated prior toocyte donation, including thyroid and adrel C
function as well as karyotype.

Women previously exposed &mthracyclines, high dose cyclophosphamid
mediastinal irradiation should have an echocardiogram prior to pregnand D
referral to a cardiologist if indicated.

Women with Turner Syndrome should be assessed by a cardiologist
specialist integst in adult congenital heart disease and should have a gl GPP
medical and endocrine examination.

Women with POI should have their blood pressure, renal function, and t
function assessed prior to pregnancy.

Pregnancy in some women can be of such high risk that clinicians may (

oocytedonation to be life threatening and therefore inappropriate. il

13



BONE HEALTH

What are the consequences of POI for bone health?

POl is associated with redudeshe mneral densityMD). B

Reduced BMD is very likely to indicate that POI is associated with an in

risk of fracture later in life, although this has not been adequately demonsi Sl

What are the treatment options for bone protection @nmgprovement?

Women should maintain a healthy lifestyle, involvirightbearing exercist
avoidance of smoking, and maintenance of normal body weight to optimiz{ GPP
health.

A balanced diet will contain the recommended intake of calcium and vila
Dietary supplementation may be required in women with inadequate vitaj C
status and/or calcium intake, and may be of value in women with low BMI

Estrogen replacement is recommended to maintain bone health and pi
osteoporosis; it is plausibilat it will reduce the risk of fracture.

The combined oral contraceptive pill may be appropriate for some wome C
effects on BMD are less favourable

Other pharmacological treatments, including bisphosphonates, should ¢
considered with advice from an osteoporosis specialist. Particular caution C
to women desiring pregnancy.

How should bone health be monitored in women with POI?

It isimportant to consider bone health at diagnosis in POI, and during or
care.

GPP

Measurement of BMD at initial diagnosis of POI should be considered
women, but especially when there are additional risk factors.

If BMD is normal and adequaggstemic estrogen replacement is commen

the value of repeated DEXA scan is low. il

If a diagnosis of osteoporosis is made and estrogen replacement or other 1
initiated, BMD measurement should be repeated within 5 years. A decre
BMD shouldprompt review of estrogen replacement therapy and of o
potential factors. Review by a specialist in osteoporosis may be appropria

GPP

14



CARDIOVASCULAR HBALT

What are the consequences of POI for the cardiovascular system?

Women with POI are @tcreased risk of cardiovascular disease and shoy
advised of risk factors that they can modify through behavioural chang
stopping smoking, taking regular weidletaring exercise, healthy weight).

All women diagnosed with Turner Syndrome should be evaluated
cardiologist with expertise in congenital heart disease.

Is estrogen replacement cardiootective?

Despite lack of longitudinal outcome data, hormone replacement therapy
early intiation is strongly recommended women withPOI to control future
risk of cardiovascular disease; it should be contimideast until the averag
age of natural menopause

Should cardiovascular risk factors be monitored?

Cardiovascular risk shoute assessed in women diagnosed with. RDleast
blood pressureyweight andsmokingstatus should benonitored annually witk
otherrisk factors being assesséhdicated.

GPP

In women with Turner Syndrome, cardiovascular risk factors should be a
at diagnosis and annually monitored (at least blood pressure, smoking, \
lipid profile, &sting plasma glucose, HbAlc).

WELLBEING AND QUXIOF LIFE
What are the consequences of POI on psychological welkledagiality of life?

A diagnosis of POI has a significegativeimpact on psychological wellbei
and quality of life

What are the Management options for reduced quality of life associated with POI?

Psychological and lifestyle interventions should be accessillernten with
POI

B

15




SEXUAL AND GENURINARY FUNCTION

What are the consequences of POI for sexuality?

Routinely inquire about sexual wellbeing and sexual function inwomenwif GPP

What are the management options for the effects of PGleomality?

Adequate estrogen replacement is regarded as a starting point for norm;
sexual function. Local estrogen may be required to treat dyspareunia.

Women with POI should receive adequate counselling about the possib
using testosteronsupplementation so that they can make an informed chg B
in the knowledge that lonterm efficacy and safety are unknown.

What treatments are available for genitdnary symptoms in POI?

Local estrogens are effective in treatment of geniiaarysymptoms. A

Clinicians should be aware that despite seemingly adequate sysimione)
replacement therapyHR), women with POl may experience gehitmary| D
symptoms. Local estrogens may be given in addition to systemic HRT.

Lubricants are usefdbr treatment of vaginal discomfort and dyspareunia
women not using HRT.

NEUROLOGICAL HEALTH

What are the consequences of POI on neurological function?

The possible detrimental effect on cognition should be discussed when pl
hysterectomy antbr oophorectomyunder the age of 50 years, especially D
prophylactic reasons.

What are the management options for the effect of &@ieurological function?

Estrogen replacement to reduce the possible risk of cognitive impairment
be considered in women with P@t least until the average age of naty C

menopause.

Women with POI should be advised to take lifestyle meagargs exercisq
cessation of smoking, maintaining a healthy weightduce possible riskor GPP
cognitive impairment.

16



HORMONE REPLACEMBHHRARYR)

Hormone replacement therapy is indicated for the treatment of symptoms ¢

estrogen in women with POI. <
Women should be advised that HRT may have a role in primary prever C
diseases of the cardiovascular system and for bone protection.
What are the risks of hormone replacement therapy?
Women with POI should be informed that HRT has not been found to in
. D
the risk of breast cancer before the age of natural menopause.
Progestogen should be given in combination with estrogen therapy to prote E
endometrium in women with an intact uterus
What are the options for hormone replacement therapy?
M T-éstradiol is preferred to ethinylestradiol or conjugated eqeisteogens fo c
estrogen replacement.
Women should be informed that whilst there may be advantages to micrg
natural progesterone, the strongest evidence of endometrial protectionisf¢ GPP
cyclical combined treatment.
Patient preference foroute and method of administration of each compor s
of HRT must be considered when prescribing, as should contraceptive nej
MonitoringHRT
Once established on therapy, women with POI using HRT should have § e
review annually, paying particular attention to compliance.
No routine monitoring tests are required but may be prompted by sp e
symptoms or concerns.
Treatmentwith androgens
Women should be informed that androgen treatment is only supportg .
limited data, and that lonterm health effects are not clear yet.
If androgen therapy is commenced, treatment effect should be evaluateq o

3-6 months and shouldossibly be limited to 24 months.

17




HRT in women with POI and special issues
Turner Syndrome

Girls and women with POI due to Turner Syndrome should be offere)

Migraine

throughout the normal reproductive lifespan ©
BRCA gene mutation or after breeahcer
HRT is generally contirdicated in breast cancer survivors. B
HRT is a treatment option for women carrying BRCA1/2 mutations but
personal history of breast cancer after prophyladiitateral salpingqg C
oophorectomy (BSO)
Endometriosis
For women with endometriosis who required oophorectomy, comk
estrogen/progestogen therapy can be effective for the treatmentasbmotol C
symptoms and may reduce the risk of disease reactivation.
Migraine should not be seen asantraindication to HRT use by women with GPP
Consideration should be given to changing dose, route of administrat
. . . GPP
regimen if migraine worsens during HRT.
Transdermal delivery may be the lowssk route of administration of estrog 5
for migrainesufferers with aura.
Hypertension
Hypertension should not lmnsidereda contraindication to HRT use by wor
: GPP
with POI
In hypertensive women with POI, transdermal estradiol is the preferred m .
of delivery
History of priowenous thromboembolism (VTE)
Women with POI and a history of prieenous thromboembolism (VTE)
thrombophilic disorder should be referred to a haematologist priof GPP
commencing HRT.
Transdermal estradiol is the preferred route of deliverywfomen with POI 3 s

increased risk of VTE.

18




Obesity

Transdermal estradids the preferred method of delivery for women with §

Fibroids

requiring HRT who are obese or overweight. €
Fibroids are not a contraindication to HRT use by women with POI. B
COMPLEMENTARY TREENTS
What complementary treatments are available in POI?
Women with POI should be advised of risk factors that they can modify tl
behavioural change (e.g. stopping smoking, taking regular vsEghhg GPP
exercise, healthy weight).
Women should be informed that for most alternative and compleme; E

treatments evidence on efficacy is limited alataon safety are lacking.

19




PUBERTY INDUCTION
Howshould puberty be induced?

t a0 SNI&@ AK2dA R 68 Ay Restadick startg vidNB
dose at the age of 12 with a gradual increase over 2 to 3 years.

In cases of late diagnosis and for those girls in whom growth is not a cor
modified regimen oéstradiolcan be considered.

Evidence for the optimum mode of administration (oral or transderm
inconclusive. Transdermadtradiolresults in more physiological estrogen le
and is therefore preferred.

The oral contraceptive pill is condradicated for puberty induction.

Begin cyclical progestogens after at least 2 years of estrogen or
breakthrough bleeding occurs.

20



PARTA: Introduction to POI




1. PREMATUREVARIANNSUFFICIENEROI)

Introduction

Primary ovarian insufficiency was first described in 1942 and has, since then, been described with different names
and definitions.

This chapter summaris¢he nomenclature for PGInd formulates guidance on what this condition should be
called in clinical practice and future research. Furthermore, the definition and prevafdP©¢ are discussed.

1.1 Nomenclature

KEY QUESTIOMHAT SHOULD THIS DOMON BE CALLED?

Clinicakvidence

The condition addressed in this guideline was first described as Primary Ovarian Insufficiency by Fuller Albright in
1942 (Albright et al, 1949. Subsequently several different terms have been used, with variation between
specialities (e.g. gynaecology, endocrinology) and betweentries (e.g. USA, UK). A search of PUBMED, updated
from Cooperand colleaguesshows the different terms used to define this condition and their prevalence in
PUBMED since 1949 and in the last 5 ygzosper et al, 2017).

Table 1.1 Number of papers retrieved in PUBMED in total and in the last 5 years, for the eliffevessetd for POI.
Number of papers retrieved in  Number of papers retrieved ir

PUBMED PUBMED, published in the la:
5 years

Primary Ovarian Insufficiency 1581 663
Premature Ovarian Failure 1601 573
Gonadal dysgenesis 3057 408
Premature menopause 1011 228
Early menopause 620 170
Hypergonadotropic hypogonadism 346 86
Premature Ovarian Insufficiency 79 70
Ovarian dysgenesis 204 26
Primary ovarian failure 145 20
Hypergonadotropic amenorrhea 52 9

Climacterium praecox 5 0

Menopause praecox 1 0

Anobjective of the guideline development group was to reach consensus on the use of standard terminology. This
would clarify information given to women, improve communication between health professionals, greatly
facilitate data collection and audit, and &idure research.

The issue of terminology was discussed within the guideline development group and the advantages and
disadvantages of the different terms used in the literature were weighed. From the number of papers retrieved
GLINAYFNE 20¥Q&d¢ VI KN AAENBEOK 8dzNE 23 NAlYy FlFAfdNBE &SSY
NBaSINOK Lzt AOFdA2ya IfiK2dzZAK WLINBYF §dz2NE 23 NAI Yy AYa
(figure 1.1, fronPubMed accessed 1/4/2014). Several papersshdigcussed nomenclature, but the terminology

used dependd on the preference of the author.

22



CAIdzNE mMdM bdzYoSNI 2F t! . a95 OAlGrdA2ya dza@letahdriiies G SNY

Corlan
n n n II In "] III“'I

Consensus was easily reached within the experts in the field and the patient representatives to recommend the
GSNY GAYyAdZFFAOASYOeé¢ AyadadSIR 2F aFlFAftdz2NBeéd LG ol a TSt
nature of the condition,anR2 S& y 234 OIF NNE GKS yS3IIFdA@S O2yyz2alidAraz2y 2

¢tKS RAA&AOdza&aAZ2Y 2y AGLINAYI NRBé GOSNEIzA GLINBYF Gdz2NBé¢ g1 a Y2
and many others since, because it emphasizes that the primary defect of the syndronithiliethevovaries, in

contrast to secondary ovarian insufficiency, which originates from a central defect in gonadotropin secretion by

the pituitary. This approach is well argued by Cooper and colleagues and this terminology was adopted by an
American corensus meetingNelson, 2009Cooper et al, 2011). The GDG agreed with this scientific backbone

F2NJ GKS GSNY @iBONKOASE OR2@EIZNFIdai »Y& KSR (G2 RSTAYS +y 38§
menopause from the patient population. Therefore, the guideline development group considered naming the
O2YRAGAZY GLINBYF (GdzNE LINAYLEFNE 20 NARIY AyadzZFFAOASyOes 2

Subseqantly a workshop was convened by ESHRE (Special Interest Group for Reproductive Endocrinology,
Utrecht, December 2013) and views were expressed by the broader membership. It was felt that in Europe the
GSNX¥a AGLINA YL NEBEé | iddly used B @sify RieNd@na indefabldd to menarche, and thus
GLINAYEFNE 2@FNAIFY AyadFFAOASyOeé g2ddZ R tSIFR G2 O2y ¥Fdza.
This was a minority view of the guideline development group but a clear majority of worksi@pares wished

G2 dzasS GKS (SN¥YAy2ft23& GLINBYIF(Gdz2NB 2@ NRAIY AyadzZFFAOASY

Conclusion and considerations

In developing a guideline for ESHRE, the terminology used must be unambiguous and consistent, in order to ensure
clarity, and therefore the consensuginion of ESHRE members should be adopted.

Recommendation

¢KS GSNYXY GLNBYFGdaNE 20FNRFY A
this condition in research and clinical practice.

GPP

1.2 Definition of Premature Ovarian Insufficiency

23



KEY QUESTIOWMOWSHOULD POI BE DEBINE

Clinical evidence

A definition of POI is important to differentiate women with normal menopause from women with POI, as these
women have different needs and management options. Women wittmaghot only suffer from vasomotor
symptans and symptoms associated with estrogen deficiency, but they can also experience infertility and
psychological problems with a significant impact on their quality of life (see cBapter

In general, POI is described as amenorrhea due to loss of oftar@ion before the age of 40. It is a state of
female hypergonadotropic hypogonadism. It can manifest as primary amenorrhea with onset before menarche or
secondary amenorrhea. The causes of POI include chromosomal and genetic defects, autoimmune, processes
chemotherapy, radiation, infections and surgery, but many are unidentified (idiopathic).

The age of 40 is set by convention but is supported by clinical observations. From a statistical point of view, the

age limit of 40 is approximately two standardidéens (SD) below the average age at natural menopause (50 +

4 years). An examptd the observed distribution of menopausal ages in a European population is shown in figure

1.2. The prevalence of natural menopause before the age of 40 is approximatiéhnildand Pike, 1983oulam

et al, 1986 Cramer and Xu, 1996uborsky et al, 2003. Coulam and colleagues established that the rate of
YEGdz2NF £ YSy2LJd dzaS A& GSy GAYSA KAIKSNIAY GKS nn G2 nn
as compared to the 30 89 age grougCoulam et al, 1988.

Figure 1.2. Distribution of age at menopause.

30 10%

25 1%

20 1:1000

15 ~

Percent

1:10,000
10

1:100,000

0 1 .
0 10 20 30 40 50 60

Age of onset of menopause

POI or diminished ovarian reserve?
Loss of ovarian function in POI can be entangled with low ovarian reserve, although theseseaparate entities
representing different patients, with different management needs.

¢CKS GSN)Y W20 NAIFY NBASNBSQ SyO02YL} aas idowvmdiakreserieS |j dzk y
is a condition in which the ovary loses its normal répetive potential.

Women withlow ovarian reserve often respond poorly to controlled ovarian stimulation resulting in retrieval of
fewer oocytes, producing poorer quality embryos and reduced implantation rates and pregnancy rates
(Narkwicheanpet al, 2013. Incidence of poor ovarian response, a measutevobvarian reserve, over all assisted
conception cycles ranges from 9 to 2d%ay et al, 1997. Lowovarian reserve is characterized as regular menses
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and alterations of ovarian reserve tests, and can be caused by conditions affecting the ovaries, but sesiost ca
is a consequence of age

The number of oocytes is highest in prenatal life and dedlmeaghout reproductive life, falling to a critically
low number around the age of 50 in most women (see also figure 1.3).

It is important to distinguish between low ovarian reserve and POI, although they lie on the same spectrum,
because women with POkfachallenges much wider than fertility alone, and will need appropriate management
options.

Figure 1.3Primordial follicle population from birth to menopause. The primordial follicle population at birth is
D 701000 (A), and at menopause/il8000 at 504 years (C), with an accelerated decline occurrifg2&t000
remaining primordial follicles (B)addy and Gosden, 199%allace and Kelsey, 2004
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Conclusion

Premature ovarian insufficiency is a clindy@adrome defined bipss of ovariaactivity before;
the age of 40.

POl is characterised by menstrual disturbance (amenorrhea or oligomenawtreegised
gonadotropins and low estradiol.

In this guideline, cessation of ovarian function in women bgttdeen 40 and 45 will be termed early menopause
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1.3 Prevalence of Premature Ovarian Insufficiency

KEY QUESTIONHAT IS THE PREVAIERF PREMATURE QMARNSUFFICIENCYTHE
GENERAL POPULATION?

Clinical evidence

Epidemiological evidence

We found no recent studies estimating the prevalence of POI. The longitudinal cohort study of Coulam and
colleagues, which aimed at establishing theggecific incidence of POI, found that 1% of women entered natural
menopause before the age of §0oulam et al, 198§. This figure was derived from letegm follow-up of a birth

cohort of 1858 women in Rochester, Minnesota. A similar estimate was derived by Krailo and Pike from a national
prevalence survey of menopause in the USA (the fitted prevalence of menopagee3aga was 0.012(Krailo

and Pike, 1983 Luborsky and colleagues reported a 1.1% prevalence of POI in-sectimsal survey of women

aged 4655 years (126/11652 womer{Luborskyet al, 2003.

The prevalence of early menopause (in the 40 to 44 age group) is ten timeg@ighlem et al, 1986.

Factors affecting age at natural menopause

1 Ethnicity Luborsky found that th prevalence of PGh the USAwas higher in AfricaAmerican and
Hispanic women than in Caucasians, and the prevalence was lavemén withChinese and Japanese
ancestry(Luborskyet al, 2003. Arecent studyshowed a prevalence of 2.8% of POI in Chinese women
(Wu, et al, 2019.

1 Lifestyle smoking is well recognised as a risk factor for earlier onset of menof@zuse, 1984van
Noord, et al, 1997 Sun et al, 2012 Gold et al, 2013. Regula strenuous exercise may postpone
menopause(Morris, et al, 2019, although contradictory evidence exig8romberer, et al, 1997
Dorjgochoget al, 200§. Menopause occurs later in obese women than-abese(Aydin, 201OMorris,
et al, 2019, although the study of Aydin indicates thathex than BMI, significant premenopausal
weight gain or weight loss are associated with later age at natural menapause, 2010

1 Socieeconomic factorstater menopause has been shown to be associatédhigher socieeconomic
status (van Noord et al, 1997. Other studies showed that IQ was a strong predictor of age at
menopause, i.e. women with lower cognitive scores in childhood reached menopause tearlie
women with higher scorg8Vhalley et al, 2004 Kuh et al, 2003.

1 Menarche There does not appear to be a correlation between age at menarche and age at menopause
(van Noord et al, 1997 Otero, etal., 2010.

latrogenic menopause

Historically, bilateral oophorectomy has been practised at the time of hysterectomy for benign tpgiaako
disease. Hysterectomy rate$ about 20% by age 55 weestimated in a UK cohort in the early 19968t
hysterectomy rates and concurrent bilateral oophorectomy rates are now fallisgeyet al, 1992 Kramer and
Reiter, 1997Hill, et al, 2010. Pokoradi found tha8.3%of women born from 1920929 experienced a surgical
menopause, 18.0%orn 19301939 and 52.9% of womehorn 19401949 experienced a surgical menopause
(Pokoradi et al, 2017). Of current concern is the rising incidence of iatrogenic POI in cangerossy with the
increasing success of cancer therapy. latrogenic POl may also arise from treatment of serinakgnant
disease such as cyclophosphamidesf@mtemic lupus erythematosiisuong et al, 2002 Katsifis and'zioufas,
2004, or surgery for (ovarian) endometriofi®cciaet al, 2011).

All causes of POI, including associated diseases, are summarised irBs&ction
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Conclusion

The prevalence of POI is approximately 1%. Population characteristics such as ethn
affect the prevalence.

In view of thdongterm health consequences of POI, efforts should be made to redug
incidence of POI. Modifiable factors may include:

1 gynaecological surgical practice

1 lifestyle¢ smoking

1 modified treatment regimens for malignant and chronic diseases.
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PARB: Diagnosis of POI




2. SrmMpTOMS dROI

Introduction

This chapter explorethe symptons of premature ovarian insufficiencyP©). Diagnosis and investigatiotts
establish the causation of POI are described in chapter 3.

2.1 Symptoms d?Ol

KEY QUESTIOMHAT ARE THE SYMPS@WM PREMATURE OMRRNSUFFICIENCY?

Clinical evidence

Women with POl may present with symptoms typical of the menopsoiseetimes preceded by menstrual cycle
changes Hot flushes and night sweats are characteristic of estrogen defic{@ucywvay, 2000 Vaginal
symptoms, dyspareunia and dryness, may be very distrefsinge patient(Davis and Jane, 20110ther
symptoms include sleep disturbance, mood changes, poor concentration, stiffness, dgneyest al, 2009,
alteredurinary frequency, lovibido, and lack of energfConway, 2000

Women presenting with amenidrea should be directly questioned about symptoms, as they may not volunteer
these, or indeed be aware that their symptoms are related to menstrual disturbance.

Symptoms may be transient or intermittent, and may be variable in severity, reflectingcthatftans in ovarian
activity that occur during spontaneous onset of RP@elt, 2008 Knauff et al, 2009. In contrast, women
experiencing surgical menopuusually have severe and persistent symptoms.

Young women with primary amenorrhea rarely experience symptoms at presentation, implying that these
symptoms are due to estrogen withdrawal rather than estrogen deficiéncg. study aiming to describe
differences between clinical features of primary and secondary hypergonadotropic amenorrhea, symptoms of
intermittent estrogen deficiency (which were not specified) were reported in 85.6% of the 97 women with
secondary amenorrhea, in comparison to 22.2% ol &women with primary amenorrhea (p<0.0(2¢bar and

Connolly, 199D

In untreated women, symptoms often resolve gradually but the time course is variable and unpredictable.

Conclusion and consiggions

Women with POl may present with typical symptoms of estrogen deficiency, such as vasomotor symptoms.
However, the clinical presentation is variable and several misunderstandings exist regarding symptoms in POI.
1 Symptoms may intermittently disappedue to fluctuating ovarian function. This, however, does not

exclude a diagnosis of POI.
1 Some women with POl may not experience any symptoms.
Women may experience sudden severe symptoms upon cessation of the contraceptive pill.
1 Symptoms are less likdh young women with primary amenorrhea.

=
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Recommendations

Clinicians should enquire about symptoms of estrogen deficien GPP
women presenting with oligomenorrhea or amenorrhea.

POI needs to be excluded inmen with amenorrheaoligomenorrhez GPP
or estrogerdeficiency symptoms below the age of 40 years.

References
Conway GS. Premature ovarian faileMed Bul00056: 643649.
Davis SR, Jane F. Sex and perimenopauseFam Physici@®01140: 274278.

Knauff EA, Eijkemans MJ, Lambalk CB, terBéafgMJ, Hoek A, Beerendonk CC, Laven JS, Goverde AJ, Broekmans FJ, Themmen AP, de Jong
FH, Fauser BC, Dutch Premature Ovarian Failure ®GuMetian hormone, inhibin B, and antral follicle count in youomen with ovarian
failure.J Clin Endocrinol Met&00994: 786-792.

Rebar RW, Connolly HV. Clinical features of young women with hypergonadotropic ameRertih&ieril 99053: 804810.

Smith JA, Vitale S, Reed GF, Grieshaber SA, Goodman eMosanvH, Calis KA, Nelson LM. Dry eye signs and symptoms in women with
premature ovarian failurédrch Ophthalma2004122 151-156.

Welt CK. Primary ovarian insufficiency: a more accurate term for premature ovarian@dituEsdocrinol (OX@D0868: 499509.

31



3. DIAGNOSIS ANRITIAL ASSESSMENT

Introduction

The diagnosis of POI is usually confirmed in womé@ years by a combination of ab4month period of
amenorrhea or oligomenorrhea (although much shorter duration of amenorrhea is often used for inclusion into
studies) and two measurements of elevatellicle stimulating hormone (FSHhe value of FShhd other tests

in the diagnosis of POI are explored in this chapter.

The second part of the diagnostic wanl is to establish a cause for POI. Establishing causation may have
implications for the management options for symptoms associated with POl ardémiated conditions. Finally,

the autoantibody tests used in POI are further explored, including what clinicians should do in case of a positive
antibody test result, and when to repeat the test in case of a negative result.

3.1 Diagnosis of PrematuBvarian Insufficiency

KEY QUESTIOM/HAT INVESTIGATIONSOULD BE PERFORNMEIR DIAGNOSIS OF
PREMATURE OVARIABURFICIENCY?

Clinical evidence

POI is characterised by menstrual disturbance, raised gonadotropins, and low estradiol. Follicle stimulating
hormone (FSH) levels are used as the gold standard in establishing a diagnosis of POI but there is insufficient high
quality evidencen adequate cubff levels The literature search resulted in a number of papers, all using FSH>40

(or 20, or 50) as critex and the reference to older papers, but the diagnostic accuracy of FSH has not been
properly described. The original paper by Goldenberg did not show any foiliclesian biopsieBom women

with primary amenorrba with FSHevels above 33 mlU/ml; imomen with secondary amenorrhea no follicles

were found when the FSH was >40 mlU@&d|flenberg, et al., 19¥.3

Some women with POI express FSH levels lower than these proposéfiveuties, particularly women with
autoantibodies La Marca found that @men with POI due to steroidogenic cell autoimmunity had significantly
lower FSH levels (n=26, range626mIU/ml, median 37 mIU/ml) compared with idiopathic POI (rangi561
mlU/ml, median 99 miU/ml) (P=0.001)a(Marca, et al., 2009Since patients Wi autoimmune POI should be
included in the diagnosis, the GDG decided to use aftlavel of FSH > 25 IUfhis is above the physiological
range for FSH even at the poeulatory peak.

There has been interest in more direct markers of ovarian resgrelk,as ardMillerian hormone (AMHBerum
AMHlevelsfollow the reduction in follicular number over time in healthy women anddalery low levels prior

to menopause. La Marca measured AMH in different groups of patigtit secondary amenorrhea ard

healthy controls, which indicated that low AMH is more prevalent in POI patientslarca et al, 2008.
However, low AMH may also be found in women with regular cycles and low ovariae.réberassay used by

most studies to date is insufficiently sensitive in this context, as AMH levels become undetectable approximately
5 years before the menopause. This may change with technical developments. It should be emphasised that
women attending drtility clinics with low AMH but regular menstrual cyclesuhnot be diagnosed with POI.

As such,tis is not the patient population to which tharrentguideline is targeted.

There is no evidence to include ultrasound. As ovarian function may feuctwegomen with POI, follicular activity
may be seen, not distinguishing POI from other diagnoses. There is no evidence to include laparoscopy, with or
without ovarian biopsies.

32



Conclusion and considerations

The diagnosis of POI is usually confirmed im&o< 40 years by a combination of -6 4nonth period of
amenorrhea orligomenorrheaand two serial measurements of elevated FSH taken > 4 weeks apart. In the
literature, the accuracy of FSH has not been assessed robustly.

Anti-Millerian hormong AMH)is not sufficiently discriminate for adiagnosis of POI.

There are no ideal biochemical markers for the diagnosis in POI, and the existing markers may fluctuate over time.
In the absence of high quality evidence, the guideline development group comése tdollowing
recommendations:

Recommendations

The diagnosis Premature Ovarian Insufficiency is based on the presence of
menstrual disturbance and biochemical confirmation.

Although proper diagnostic accuracy in POIl is lacking, the
recommends thdollowing diagnostic criteria:

1 oligo/amenorrhedor at least 4 monthsand
1 anelevated FSH level > 25 laditwo occasions > 4 weeks ape

GPP

3.2 Assessment of causation of Premature Ovarian Insufficiency

Introduction

Theaetiologyof premature ovarian insufficiency is wide ranging. POI can be caused by chromosomal and genetic
defects, including chromosomal defectsgileX syndrome, and autosomal gene defects. POI can also be
associated with autoimmune disorders or infectionkare an iatrogenic cause, including surgery, radiotherapy,

or chemotherapy. Finally, environmental factors are also implicated as determinants of the age of menopause
and could be a caative factor in POl. However, in a significant amount of women diagnaéth POI, the
causativdactor for the syndrome remains elusive, and the term idiopathic POl is appropriate.

In this section, the different causes of POI are explored and investigations aimed at determining cause are
explored.

KEY QUESTIOWHAT ARE BHKNOWN CAUSES OF AdD HOW SHOULD YHBE
INVESTIGATED?

3.2.a POI caused by chromosomal and genetic defects

Chromosomal defects

Clinical evidence

Studies indicate that 102% of women diagnosed with POl have chromosomal abnormalities, of which the
majority (94%) are X chromosomal abnormalities (X structural abnormalities or X aneuploidy). The incidence of
an abnormal karyotype is higher women with primary amenorga (21%) than in those penting with
secondary amenorda (11%/]Jiaq et al, 2012 Kalantarj et al, 2013.
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A specific age cdff limit for testing for chromosomal abnormalities is not recommended since @momen

with secondary amenorga and abnormal karyotype, four (8%) were older than 35, and 16 (33%) were older
than 30. (Personal communication, Xue Jiao); among 19 women with POl and abnormal karyotypes, 8 were older
than 35 years at diagnosis (persoc@inmunication, Femi Janse).

In the presence of adhromosomethere is an elevated risk of developing gonadal neoplasia (45&bgla et
al., 2009. In a study of patients with complete gonadal dysgenesis (CGD), all with primary amenorrhoea, 4 of 9
46-XY waenen had gonadal tumours, 2 of them with and 2 without a SRY gene muykxigm, et al., 201

In a study, 12.2%f women with Turner syndromédZ/114 patients, 95% CI 6¢919.7%)had Y chromosome
material by one or more primers appli€@ravholt et al, 2000. Therefore it is important that women with TS
have had an accurate karyotype. This could incorporate FISH etimeaPCR on buccal epithelial cells or
peripheral bloodHanson et al, 2002 Freriks et al, 2013. Furthermore, Turner syndrome patients should be
referred to a geneticist to discuss (in case of a mosaic TS) the risk of aneuploidy in the offspring.

Conclusion and considerations

Based on the significant prevalence of chromosomal abnormalities in women with POI and the implications
thereof, chromosomadnalysis is recommendeBor chromosomal analysis for Turner Syndroras;dtyng is

the gold standard; although iotoarraybased comparative genomic hybridisation (array Gd)other new
technologies exist.

Every women with a Y chromosome, whethenatr she has a SRY gene mutation, should be counselled about
the risk of development of a gonadal tumour and gonadectomy should be advised.

Recommendations

Chromosomal analysis should be performed in all women maith
iatrogenicPremature Ovariamsufficiency.

Gonadectomy should be recommended for all women with detectal
chromosomal material.

C

FragileX POI
Clinical evidence

The association between a fraganutation (Fr&) and early menopause was first recognised in (@@ihister
et al, 1997, but Schwartz and colleagues were the first to describe an association betweérdtrers and
cessation of menses prior to the age of{@0hwartzet al, 1999.

FragileX syndrome is anliked inherited conditiomaused by a mutation of the fragi¥ementatretardation1
(FMR1)ygene. The full mutatn (> 200 CGG repeats) can result in mental retardation but primarily in men who
carry the mutation Women who carry the premutatiors%200 repeats)do not have an ineased risk of
intellectual disabilitybut have an increased risk of 13 to 26% to develo\Ri@tnberger, et al., 2007The risk

of developing POI is not increasadromen with the full mutation antermediatesized CGG repea$5¢ 54
repeats)(Bennett, et al., 2010

Studies on the FrA premutation in women with POI have found a prevalence8ofo07.5% in women with
sporadic POI (i.e. women without other familgmbers with POI) and up to 13% in women with a positive family
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history of PO(Conway et al, 1998 Wittenberger et al, 2007 Murray, et al, 2019. This association betwae
FraX premutation and POI was not found in a rraatalysis of 4 papers about POI in an Asian popul@ticst
et al, 2019.

FragileX testing is indicated in all women with POI, not tmlgstablish the causation of POI, but also because

the presence of the mutation could have major implications for herself and her family. Family members may be
carriers too and therefore have a risk of developing POI and a risk of having (grand)childrieagileX
syndrome. In addition, the patient herself may already have daughters, who may be carriers. This requires careful
counselling before the test is performed, including permission from the patient to perform the test. An additional
reason to cousel about Fr& testing is the risk of fragi¥associated tremor/ataxia syndrome (FXTAS), a late
onset neurological problem predominantly in male carriers of thedanatation. The clinical features of FXTAS
include progressive cerebellar gait ataxid antention tremor. The penetrance of tremor and ataxia among adult
premutation carriers increased with age, exceeding 50% for men ag#ly&ars. Females are also affected but
severity and penetrance are lggscquemontet al, 2007 Hagerman and Hagerman, 2013

Conclusion and consideration

Based on its prevalence and severe implicatifragjle X testing is indicateth all women diagnosed with POI
(elevated FSH, women <40 years) after careful counselinge{ics Committee of the Society@ibstetricians
and Gynaecologists of Canaéa al.,2008). Guidelines ongenetic counselling for FMRite provided by the
Natioral Society of Geneti€ounsellors although theydo not elaborate on counselling women with POI
(Finucane et al, 2019. According to their recommendations, pest genetic counselling should include
educationabout FMRZelated disordersdiscussion of thegssibility and implications détecting anutation for
patients and their familieseviewof anticipated followup options in case a mutation is foyraohd dscusgon of
anticipated emotional reactions to test resuliBhey also recommend assisting patients witfrBHR1 mutation

in developing strategies to ioifm relatives.

Recommendations

FragileX premutation testing is indicated in POl women B

The implications of thiragile X premutation should be discussed bef
the test is performed.

GPP

Autosomal gene mutations

Clinical evidence

A number ofdiseases that are diagnosed before puberty, such as galactosaemia (i.e. a genetic condition that
affects the body's ability to process galactose), are associated with a higher risk of developing POI. Recently,
ovarian imaging studies have pointed to anlyeanset of ovarian failure, rather than FSH inactivity due to
secondary hypoglycosylation, as a potential mechanism for the development of premature ovarian insufficiency
in women with galact@@mia(Gubbelset al, 2013.

A number of autosomal genes have been suggested as ativadactor of POIl. For some of these genes,
mutations are identified, while others are listed as candidate geitles need for further investigation. Ethnically
distinct populations may show differences in geagulating pathways and genes causing(B®@I et al, 2019.
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Most of the genetic studies in POI are candidate giihen, meaning that researchersveascreened genes
known to play a role ifolliculogenesi®r ovarian function. Therefore, the genes with identified mutations that
could result in POl are genes involved falliculogenesis (f.i. NR5A1, NOBOX, FIGLA, and
FOXL2Xolliculogenesigirowth fectors (f.i. BMP15, GDHRfhibin A), ovariarsteroidogenesi¢f.i. FSH, FSHR, LH,
LHR), or genes identified in syndromes often associated with POl (BLM, WRNyR$&), 208, Vujovic, 2009
Chapmanet al, 2015

Recently, Perry reported testing 17 variants identified in a gerwicke association stud§GWASHf normal
menopause in cases of early menopause and POI. Four SNPs reachedgeleolenels of significance for early
menopausgCRHRISLC25A13VICM6 and MB21D1/C60ORF)1%Berry et al, 2013. In addition to candidate

gene and SNPased GWAS studies, copy number variations (CNVs) have been assessed in POI. CAlVs are DN
regions >1 kb that vary in number between individuals and contribute toward phenotypic variation and disease
susceptibility by altering transcriptional and translational levels, disrupting regulatory elements, or influencing
gene dosage levels of adjater nearby genes. A first study identified five statistically significant potential
candidate CNVs in POI, while more recent studies reported an additional 44 and Zsu@N&fs.esearch should
determine the clinical usefulness of these, and other gemearkers in the diagnosis of POI.

There is no evidence to support testing for FSHR (Fsliicialatinghormone receptor), BMP 15 (Bone
morphogenetic proteirl5),or GDF 9 (GrowtHifferentiation factor 9)Bachelotet al, 2009 ChristinMaitre, et

al., 1998. In addition, there is no indication to screen for the other listed genes, except in POI patients presenting
with typical phenotype characteristics of a specific gene mutation. For instance in a women with POI and the
typical phenotype charactetiss of type 1 Blepharophimosis Epicanthus P&ysidrome (BPES) (dysplasia of the
eyelids), the diagnosis should be confirmed by testin@XL2 &liasBPESBlepharophimosigene 3g2124)

(Harrar, et al, 1995.

Conclusion andonsiderations

Many genes have been implicated as causative factors in premature ovarian insufficiency. tesedem the
existing evidenceputine screeingfor autosomal gene mutations in POI patiesganotbe recommendedNew
techniques and furtheresearch on the genetic background of POl may change this recommendation in the near
future.

Recommendation

Autosomal genetic testing is natt presentindicated in women with PC
unless there is evidence suggesting a specific mutation (e.g. BPES

GPP

3.2.b POI caused by autoimmune ovarian damage

Clinical evidence

Autoimmune disorders are more frequent in POI thathengeneral population, and POI is more frequent in
women with certain autoimmune disorders. Whether this is POI caused by an autoirdisander (e.g. @eliac
disease), or a random association is not clear for some autoimmune dis@@éfsrcaet al, 2010.

The most clinically important association is with autoimmurieRA a2y Qa RA &SI asSz Ay

KS
LI2f 8SYR2ONAYS &d8yRNRBYS 6!/t{0d ! RRAA2Y Q&4 RA&SIAS | yR

women should therefore be counselled and screened for POI. POI of adrenal autoimmune origin is the most
frequent type observed in 60 to 80% of patients with autoimmund®&O4 et al, 2019.
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POl may also be associated with localized or systemicadoanal disorders, such as thyroid diseases,
hypoparathyoidism, hypophysitis, type 1 diabetes mellitus, and-@atocrine autoimmune diseases, including
Systemic lupus erythematosus (SLE), Sjogrgndrasne, rheumatoid arthritis, immune thrombocytopenic
purpura, autoimmunehaemolytic anaemia perniciousanaemia vitiligo, alopecia areata,oeliac disease,
inflammatory bowel diseases, primary biliary cirrhosis, glomerulonephritis, multiple sclemdsisyasthenia
gravis.

A recent study has shown thadatiac disease and inflammatory bowel disease are significantly more prevalent
(6/224 (2.7%), and 9/224 (4%), respectively) among Turner Syndrome patients compared with idiopathic POI
(1/457 and 0/457,espectively) and the normal US population (0.063% and 0.46%, respectively). The relative risk
in Turner patients foraeliac disease is 42.5 (12044.8) and for inflammatory bowel disedsel7.2 (8.83.2)
(Bakaloyet al, 2019.

Adrenal autoimmunity

¢tKS SEAAGSYOS 2F 20 NAlLYy | dzi2FyiAo2RASE 6F& TFTANRG
immunofluorescence on cryostatic sections of adrenal, otestys,and placentgBlizzardet al, 1967. Although
coexistence of autoimmune or immuneediated disorders is frequent in POI, histological studies on ovarian
biopsies have documented that unequivocal signs of oophoritis cantbetatk only in those women with
circulating adrenal or ovarian autoantibodies directed to steroidogenic enzymes (stetadtoantibodies;

SCAJHoek et al, 1997. In the absence of these autoantibodies, no infiltration of ovaries by immune cells has
been documented. Accordingly, ovarian biossnot indicated for the diagnosis of autoimmune POI as it can be
substituted by the determination of SCA in a sample of peripheral blood.

At present, only the detection of SCA can ensure the accurate diagnosis of POI caused by autoimmune ovarian
damage In addition to these autoantibodies, the literature reports the occurrence in POI of autoantibodies
directed to different targets including LH recepfigioncayq et al, 1989, FSH receptdiRyan and Jones, 2004

and zona pellucidégelkar et al, 2005. However thesestudiesare case reportiackingdetails on the validation

and diagnostic accuracy of the antibody assay type used.

SCA are directed against autoantigens expressed by the adrenal cortex, plaeenta, and testis.
Immunofluorescence studies have shown that SCA can react with alt$oa@st Major autoantigens recognized

o0& { /! -K-eNB\RMERMOH)&R cydomhrome P450 sideain cleavage enzyme (P4509CE%n et al,

1996 Falornj et al, 2009. Although all the tissue components are present in the ovarian cryostatic sections used
for the autoantibody assay, the immunofluorescence pattern of SCA is restricted to the theca cells of the growing
follicle with no &ining of primary follicles or granulosa cells in secondary and tertiary follicles.

Clinical evidence

Four to five percenbf women with POI will be positive for SCA Marca et al, 2010. In women with

I dzi2 AYYdzyS ! RRA&A2y Q& RA&SI&aSs (/! 200dzNJ Ay | LILINRBEA Y (
or with autoimmune polyendocrine syndrome type 2 (RSand in 40 to 60% women with autoimmune
polyendocrine syndrome type(APSL or APECED). Circulating SCA can be detected even years before clinical
RAF3Iy2aAa 2F thL YR AY 62YSy 6AGK ! RRAaA2yQa RA&SI &8s
of POI.

In SCAoositive POI selective destruction of theca deltes place, resulting in low E2 (no substrate), high FSH,
high inhibin B and normal AMH (i.e. AMH may or may not be normal for several years, but AMH is no longer
detectable after 5 years in 93% of womérg Marcaet al, 2010. A progressive decline of AMH levels has been
documented in women with POI after initial clinical diagnosis, interpreted as an indiredt tsigrpmgressive
extension of the autoimmune infiltration and destruction of ovarian tigga®rnj et al, 2019. In women with

POI, measuring of AMH may provide information on #wrek of preservation of a residual follicle pool.
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Analysis of SCA on cryostatic sections of ovarian tissue from women with POI is limited by the subjectivity of the
interpretation of the results and by the variable quality of the substrate used for fag.a&drenocortical
antibodies ACA)and more specifically 2dydroxylase autoantibodies (21e38) appear to be the marker with

the highest diagnostic sensitivity for autoimmune POI. In the presence of peripheraRB1S8A on cryostatic
sectionsofovar $& | Y RRERNRE®RT | & S -OHAD) Amil/arRA58SCC antibpdies can be detected

on cryostatic sections of ovarigsover 90% of cases. In the absence of 2A@Hess than 0.5% of POI patients
gAff 0SS LI araHng & PASaSKEAb{afréqiency mob statistically different from that expected in

the general population.

In cases of idiopathic POI negative for ACA, none were found to be positive fohR DOPU50SCAD with only
MKMT F2dzyR L2 aAiA JSOHAR(ZheriiekKeS 190 ¢ NI y3S0 F2NJ mth

SCA should banalysedh y 6 2YSyYy @6AGK Fdzi2AYYdzyS ! RRAaz2yQa RAA&SIAS
210HAD for the ongoing adrenal autoimmune process. Basal determination of adrenocorticotropic hormone
(ACTH) should not be used as a routine screening tool, as 2/123alseebsitive. Additionally, monitoring

cortisol should not be used as screening tool as 3 out of 4 women with adrenal insufficiency weradaial

et al, 2009.

Itis recommended that adrenocortical antibodies (ACA) and/ or 23thould be measured inery POI patient
0S0lFdzaS 2F (GKS LRaaArAoAftAde 2F adz Ovelh3z0830rt 2N € GSyd !

In women negative for 210Mb/ACA, there is no indication to analytsese autoantibodies in the future, in the
absence of clinical signs or symptomggestive for adrenal insufficiency.

Conclusion and considerations

Although at the moment there is no specific treatment option for autoimmune POI, identification of women with
autoimmune POI is clinically relevant for the identification of those cadesuwtitlinical or latent autoimmune

l RRA&2yQa RAaASIFaSe® LYy FRRAGAZ2YyEZ Al YAIKEG 0S02YS AyvYLR)
vitro maturation be possible, because of the preserved pool of follicles present in the initial ptiesevairian

autoimmune process.

Recommendation

Screening for 210Hb (or alternativelydrenocortical antibodies (AC.
should beconsideredin women with PObf unknown cause or if §
immunedisorderis suspected C
Refer POI patients with a positive 218IHIACA test to an endocrinolog
for testingofF RNB Yy Ff FdzyOldA2y |yR (2

Thyroid autoimmunity
Clinical evidence

POI is associated most commonly with thyroid autoimmunitg2(d%) when adrenal autoimmunity is absent
(Hoek et al, 1997 Kim_et al, 1997. Welt and colleagues have highlighted the common association between
thyroid disease and POI, and therefore proposed that thyroid peroxidase autoantidétiBgsy should also be
assayed in all patientgith POI. They advised that thyroid stimulating hormone (TSH) levels should be examined
on a yearly basis if thyroid peroxidase antibodies are positive, but screening could ocyeamtnBervals if
negative (Welt, 200§. Another study also showed that the frequency of -FBQ24%) as well as thyroid
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dysfunction (20.6%) is higher compared with healthy con(fiswamiet al, 200§. However, it should be
remembered that the expected frequencyT?®GAbin the general population of womenasound 1215%.

At present, the most sensitive assay to detect an autoimmune thyroid process is the anaRG&kfHollowell
et al, 2009.

Because ats detrimental effects uporefal neurocognitive development, it is important to treat hypothyroidism
in case of pregnancy, or when pregnancy is desired (spontaneous aoaffezdonation)(Haddow et al, 1999.
The impact of subclinical hypothyroidisntess clear, but may still be important.

Conclusion and considerations

Although untreated hypothyroidism is not life threatening, it can have severe impact on the quality of life.
Furthermore, because of the detrimental effects upon fetal neurocognitivel@@went, it is important to treat
(subclinical) hypothyroidism in case of pregnancy, or in case a pregnancy is desired (spontaferaooyte
donation).

Therefore, screening for thyroid antibodies (A5 should be performed in women with POpatients with a
positive TPEAb test, thyroidstimulating hormone (TSH) should be measured every year. Referral to an
endocrinologist should be considered.

In the case of a negative test for TR in the absence of clinical signsymptoms of hypeor hyperthyroidism
follow-up of thyroid function should be applied as for the general population of women. There is ho consensus in
planning periodic analysis for THR® or TSH in women with POI, if the initial test was negative.

Recommendation

Screening for thyroid (TP&b) antibodies should be performadwomer
with PObf unknown cause or if an immudesorderis suspected

In patients with a positive TR test, thyroid stimulating hormone (T}
should be measured every year.

Diabetes Mellitus type 1

Clinical evidence

One study indicates that the prevalence of undetected diabetes in POl is 2.5%. However the study was small (119
POI women) and no dergraphic details were provide@ne of the cases detected had a positive family history

for diabetes Kim, et al., 1997

Conclusion and considerations

Given the consequences of untreated diabetes, the ability to detect these otherwise asymptomatic patients the
authors recommended a $ting serum glucose for all POl women and for those with other risk factorqalso a
oralglucose tolerance testGTT)Kim, et al., 1997However, the GDG considered that only type 1 (autoimmune)
diabetes is important and because these patientsusteally diagnosed in childhood/adolescence, many years
before the onset of POI, there is no indication to routinely screen for diabetes in women with POI.
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Recommendation

There is insufficient evidence to recommend routinely screening
women for diabetes

Auto immunity (re)testing in POI

KEY QUESTIGHNOW OFTEN SHOULDTEESOR AUTOANTIBSIBE REPEATEARAT DO
YOU DO IN CASE GFOSITIVE TEST REBORTAUTOANTIBODIES?

Clinical evidence

Approximately 25% of individuals with isolated spontane@lisaRe positive for autoimmune markers, although

the poor sensitivity and/or specificity of the common autoantibodies make them imprecise tools. Because POl is
one component of the autoimmune polyglandular syndromes, the possibility arises that othenrauta
conditions may follow the diagnosis of ovarian insufficiency.

APSL is a rare autosomal recessive disease caused by mutation in the AIRE gene presenting mainly in children
GAGK OFYRARAIFAAAY KELRLINIYIKENRARAAY YR | DRAzi 2y Q& RA
and Kahaly, 2003

APS2 is probably polygenic with an autosomal dominant pattern of inheritance with HLA association. The
condition comprises Addison's disease, autoimmune thyroid diseases and/or type | diabetes with aneagay of |
common organ specific autoimmune conditions (e.geliac disease). Ovarian insufficiency occurs in
approximately 10% of cas@gaclaren et al, 2001).

Only one study has reported longitudinal foHoprinfour women with POl and positive adrenal cortex antibodies.
From a cohort of 45 womenithr POI, thefour testing positive were followed for between 13 and 64 months
(Betterle et al, 1997. Three of the wmen identified progressed to impaired adrenal function and one
maintained normal adrenal function.

POI may precede the diagnosis of Addison's disease in polyglandular syndromes, but the efficacy of screening
women with idiopathic sporadic POI is uncerféiin et al, 1997. In general, Addison's disease preceded POI in
patients with APS and AP4, and it followed POI only in ARP@mean age abnset POI: 32.8 (140) vs AR

35.5 (1762)). It is unclear whether all the POl women in-2R@re positive for the initial autoimmune screen

(Reatq et al, 201J.

Women with idiopathic sporadic premature ovarian insufficiency show negative riesultisgan specific
autoimmune testing in approximately 75% of ca@edvisi et al, 1993 Conway et al, 1996. There are no
longitudinal studies availabfgovidng information on the natural history of autoimmunitywomen with POI
that are negative at initial screening.

Conclusion and considerations

In those POl women witkither positiveadrenocortical antibodies (ACA) or positive -‘FbQeferral to an
endocrinologist should be offered. The endocrinologist should consider rmgpsdirenal autoimmunity,
adrenocorticotropic hormone (ACTldjydplasma rem activity,andperformingan ACTH stimulatiotest at five
yearly intervals. Measurements of TSH, vitarainf8rritin and folate could be included to account for the rare
possibility of developing pernicioasaemiaor coeliac disease.
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In those POI women without positive ACA or positive Al®ut with other markers of autoimmunity, referral
to an endocrinologist should be considered.

In POl women withegative autoantibody testg the absence of clinical signs of symptoms of engodiseases
follow-up should be applied as for the general population of women. There is no consensus in planning periodic
analysis for autoantibody tests in women with POI, if the initial tests are negative.

Recommendation

If 210HAD/ACA and TRAb are egative in women with POI, there is
indication for retesting later in life, unless signs or symptoms of tt C
endocrine diseases develop.

3.2.c POI due to infectious causes

Clinical evidence

Case reports have indicated thatalinfections can be followed by ovarian failure, but only mumps oophoritis
has been considered a cause of POI, explainii¥g 8f POl cas¢isokcu, 2010

There are some studies suggesting that the age at menopause may be lowepasitiNé women compared

with nonHIV women (age at menopause;4iByears versus 51 years, respectively). This observation, however,
does not show that HIV causes POI; the toage at menopause in Hpdsitive women is probably caused by
other factors like smoking, low body weight and social economic fgktors et al, 2007.

Conclusion and considerations

POI has been reported following various étifens, including mumps, HIV, herpes zoster, cytomegalovirus,
tuberculosis, malaria, varicella, and shigella. However obthese, mainly case reports, have been able to
establish any cause and effect relationship between the infection and the diagff®&@kGoswami and Conway,
2005 Kokcu, 201

Recommendation

There is no indication for infection screening in wonvigh POl D

3.2.d latrogenic causes of POI

Clinical evidence

Radiotherapy and chemotherapy used to treat malignant or benign diseases can leatkty R@bet al, 1977

Howell and Shalet, 1998The risk of developing POI after radiotherapy is dependent on the radiation therapy
field (abdominal pelvic radiation; total body irradiation) and on dose an(LegEonget al, 2009 Graciaet al,

2012 (Wallace et al, 2009. Similarly, the gonadotoxic effect of chemotherapy is largely-atmdgdose
dependent and is related to a@i¢/allace, 201}

Alkylating agents have been shown to be gonadotoxic in childhood as well in ad{ftheeddahlet al, 200§
Lie Fong et al, 2009 Decanter et al, 2010 Gracia et al, 2012. A 10 year follovup study of childhood cancer
survivors demonstrated that surens treated with ovarian irradiation and alkylating agents had a lower ovarian
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reserve and substantial difficulties in conceiving compared with survivors solely treated watkylating agents
(Nielsen et al, 2013. However, the prognosis for return of ovarian function after cancer therapies may have
been underestimated. Schmidt and colleagues recently reported a high rate of spontaneous conceptions in
women who had undergone unilateral ovariectomy for cryopreservation prasreimotherapy and/or radiation
therapy(Schmidi et al, 2013. For obvious reasons, bilateral ovariectomy before the age of 40 results in POI.

No studies were found demonstrating a causal relationship between hysterectomy or tubaltsterdize POI.
However, there are studies indicating a relation between an early menopause in women who had undergone a
hysterectomy(Siddle et al, 1987 and in wom& who had undergone tubal sterilizatibrisvanathan and Wyshak,

2000 compared with women without surgery.

Both ovarian surgerpf endometrioma and endometriosis as a disease appear to influence age at menopause,
and the risk of POI. In one cohort study, it was concluded that bilateral (but not unilateral) surgery for bilateral
ovarian endometriosis may lead to P@bccia et al, 2011). Other studies have concluded that ovarian
endometrioma surgery is associated with a decline in sétitHand diminishing the ovarian reser{feaffi et

al., 2012 Somiglianaet al, 2019.

Recommendation

The possibility of POI being a consequence of a medical or s
intervention should be discussed with women as phthe consenting GPP
process for that treatment.

3.2.e Environmental causes of POI

Clinical evidence

Smoking, alcohohutrition, and exposure to endocrine disruptors are implicated as influencing the age of
menopause, but are not readily diagnosable causes of POI.

Although not proven to cause POI, cigarette smakituxic to the ovaries, and has been related to an earlier age
at menopause:

The prospective cohort study of 5113 postmenopausal health survey respondents study of Pokoradi showed that
fifteen or more paclyears of smoking was significantly more common among women in the early natural
menopause group than the remaining group. OWeseokers in this study had a mean age at menopause of 45.6

years (SD 6.04 years) whilero’y 2 { SNEQ YSIFy 13S +d YSy2Ll dzaS 4+a ncodg
at natural menopause was not associated with weekly alcohol consumption, phgtsvitgl, BMI at age 30 years,

or parity(Pokoradietal, 201)® ¢ KS &+ YS gl a 20aSNBWSR Ay GKS al dal OKdz
National Survey of Health and Developm@htKinlay et al, 1985 Hardy, et al, 2000.

There is no indication that epilepsy is a cause of POI or viceglgeisavi, 2008

Recommendation

Although no ausal relation has been proved fagarette smoking an
POI, there is a relation to early menopause. Theregfesenen who arqf6, GPP
prone to POI should be advised to stop smoking.
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3.2.fldiopathic POI

Clinical evidence

Although several causes for POl have been described, in a significant number ofdregmesed with POI, the
caustive factor for the syndrome remains elusive, even after thorough investigation. These women are
diagnosed with unexplained or idiopathic POI. An exact number of women diagnosed with idiopathic POI has not
been established, asis largely dependent on the setting, patient population, and the available investigations for
identifying causation.

No primary studies were identified exploring the percentage of women with idiopathic POI. A recent review
included a graph on the aelimy of POI cases managed at the West London Menopause and PMS Centre (London,
UK), indicating the percentage for genetic (and chromosomal) cases, benign cases (autoimmune/infectious),
malignant (as a result of cancer treatment) and idiopathic c@daslaran and Panay, 201(see figure 3.1).
Otherreviews on POI state that in 90% of cdbe aetiologyis unknownNelson et al, 2005 Nippita and Baber,

2007 Kokcu, 2010, or &he majority of caseb NB A R X\&jhilc,(BORLA élarcaet al, 2010). However,

these are only estimations, asme of these reviews refers to a primary study establishingercentagefor
idiopathic POI.

Figure 3.1Aetiology of premature ovarian failure cases managed at the West London Menopause and PMS
Centre, London, UKlaclaran and Panay, 2011
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Conclusion

In a significant number of women with POI, the cause is not identified and
women are described dmvingunexplained or idiopathic POI.
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Summary ofliagnostic workup

Implications
Test " .
Positive test Negative test
Genetic/Chromosomal
Karyotyping Refer to endocrinologist, Asecond analysis of the
(for dagnosis of Turner syndroine cardiologist and geneticist | karyotype in epithelial cells (ir

case of high clinical suspicior
Test for Ythromosomal material Discuss gonadectomy with the

patient
FraX Refer to geneticist
Autosomal genetic testifg
Antibodie$
ACA210Hantibodies Refer to endocrinologist Retest in case of clinical sign
TPGAb Test TSH every year or symptoms

1not at presentndicated in women with POI, unléssre is evidence suggesting a specific mutation (e.g. BPES).
2. POlof unknown cause or if an immudisorderis suspected
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4. IMPLICATIONS FOR REVBS OF WOMEN WITH
POI

Introduction

The prevalence of familial POI has been reported to be between 4 and 31% of cases in vari¢UsiseHgst

al,, 1996 Vegett et al, 1998 van Kasterenet al, 1999 Janseet al, 2010. In these families with two or more
affected females, a genetic aetiology is suggested, but the genetic association with POI cannot always be identified
(Davis et al, 2000.

Whether or not a genetic association has been identified, women with POl may ask their doctors questions on
the implications of their diagnosis for their relatives (sisters, children), including the chances i&fldbieas
developing POI, and measures for prevention and/or postponement of POl and infertility.

The evidence is explored regarding implications for relatives of women with POl in general, and specifically for
the extended family of women with POI asated with afragile X premutation.

KEY QUESTIOMHAT ARE THE IMPIICAIS FOR RELATIME®VOMEN WITH POI?

Clinical evidence

Family association between menopausal age of mothers and their daughters has not yet been confirmed in well
designed studies. Theare data pointing to this association arising from epidemiological studies. The study by
Torgerson et al reports that the odds ratio of a woman having an early (<45 years) or premature (<40 years)
menopause if her mother had experienced an early menepatas 6.02 (95% Cl 3.39.66)(Torgersonet al,

1997 van Asseltet al, 2009. There are numerous potential biases in such observational stpdesularly
WNBOFffQ oAl &A®

Recently, the study of Bentzen evaluated whether the ovarian reserveoimanA & | 342 OAF G SR gA (K
age at menopause. They reported a significant effect of the age at maternal menopause on both the serum AMH
leveb (p<0.001) and antral follicle count (p=0.005) in 527 participants (ag¢d Y®ars). Both median serum
AMHand median antral follicle count in daughtsi®wed a more pronounced decline per year for participants

with earlyé XKnp &SI NR O Y Indp&ubtl ¢omparedandth participarit§ with late maternal age at
YSy 2L dza S @Recpoet ak210Ra&Enizen et al, 2013.

The only study to mention the probability of a relative of a POI patient being affected was the retrospective study
of Van Kasteren that evaluated 63 idiopathic POl women. Of these 63 women, 14 were registered as having
familial POI (i.e. more than one ethfamily member with POI). Further evaluation revealed that only eight
women (12.7%) had familial POI. The pattern of inheritance was compatible with ditilexdXor autosomal

dominant sedimited, paternal and maternal, transmission. With autosomalidant inheritance the risk of POI

will be 50% (either maternal or paternal transmission), whereas withked inheritance and paternal
transmission this risk may be as high as 100%. However, if the case appears to be sporadic, the risk of other female
relatives developing POI will probably be similar to the risk of the general pop(latidfastereret al, 1999.

This conclusion applies only in classical monogenic inherimeepinion of the GDG is that it may well be more
complex.

Janse and colleagues compared 58 women with familial POI (at least one other family member with POI) with 142
women with sporadic POI. The incidence of familial POl was 29%. The only difference they observed was a
significantly lower maternal age at menopaus women with familial POl as compared to sporadic POI cases
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(41.0 £ 7.5 versus 49.7 £ 2.6 yr., p<0.001) and a significantly higher sex hormone binding globulin (SHBG) level. All
other characteristics, such as parity, bone mineral density, and serigie-&ilmulating hormone and lipid levels
were similar, as was the incidence of autoimmunity and cytogenetic abnorm@htiss et al, 2010.

Sisters of women with POI may have reduced reproductive potential. Oocyte donation cycles of women donating
to their sisters withdiagnosed POI had higher cancellation rates and lower ovarian responses compared to that
of anonymous donors in one case study. However, implantation and pregnancy rates werésimijlat al,

1997). The aetiology of POI was not defined in this study though.

FragileX premutatiorcarriers

Reproductive and diagnostic options availablédgileX premutation carriersopcyteor sperm doation, pre-
implantation and prenatal diagnosis, adoption, family history of mental retardation etc.) raise many ethical
guestions for the patientand their extended families.

The aetiology of POI fragileX premutation carriers is unknown and full mutation carriers seem not to develop
POI. Furthermore, the onset of POI is difficult to predict and rfoagile X premutation carriers will devel&©OI.

The review of McConkigosell states that approximately £324% of women who are premutation carriers
(identified through families witfragile X syndrome) have P@icConkieRosell et al, 2005.

The prevalence of women who are carrierfagile X syndrome is estimated to be about 1 in 155gopulation
without history of mental retardation, developmendéddnormalitieor autism and 1 in 128 when a positive history
exists(Berkenstadtet al, 20079.

The evidence supportifgagileX testing in women diagnosed with POI has been described in chapter 2.2 and
based on this, th&DGecommendsgragile X premutation testing is indicated in POl women, but the implications
of the premutation should be discussed before the test is performed.

Family history ofragileX syndrome, fragi&-associatedremor/ataxia syndrome (FXTAS) or patumne ovarian
insufficiency (in more than one family member) are indicatorfrégile-X testing if the pedigree structure of a
woman indicates that she is at risk of inheriting the mutated géBenetics Committee of the Society of
Obstetricians and Gynaecologists of Canatlal, 2009. This group of patients should be informed about their
possibly dimirshed fertility potential, even in the absence of the clinical onset of &dl theyshould be
counselled on the possibilities of preimplantation gendiagnosigP@) to avoid the transmission of the full
mutation to the next generation

Conclusion andonsiderations

In conclusion, although there seems to be a familial factor irmfDthere is evidence of heritability of age at
menopause, the genetic association in POl has not been eluciddsearch in this area is specifically
complicated.

Women with at least one affected family member may be at risk of POI, but currently it is not possible to predict
or prevent the onsetMarkers of ovarian reserve might be useful, although the predictive value of these markers
needs to be establishell.may be appropriate for these women not to postpone pregnancy, although the decision
to start a family is multifactoriaDocytefreezing may be an option for fertility preservation but there are legal
restrictions in some countries. In addition, there i®ninlenceof the benefits or otherwise aocytefreezing for

women at risk of developing POI, who may already have impaired ovarian reserve.

The implications for male and female relatives of POI patients wifinaifigeX premutation are more extensive
than reproductive issues and genetic counselling should be offered.
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Recommendations

Relatives of women with thiragileX premutation should be offere
genetic counsellingnd testing

Relatives of women with neiatrogenic premature ovarian insufficien
who are concerned about their risk for developing POI shoull
informed that:
1 currently there is no proven predictive test to identify wonj
that will develop POLlnless a mutationriown to be related t(
POI was detected GPP
71 there are no established POI preventing measures
7 fertility preservation appears as a promising option, althc
studies are lackingnd
7 their potential risk of earlier menopause should be taken
account when planing a family.
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PART C: Sequelae of POI




5. UFE EXPECTANCY INME® WITHPOI

Introduction

Premature ovarian insufficiency affects not only fertility, but also impacts on bone health, cardiovascular health,
and neurological function, as described in thkevantchapters.Awareness that these effects may have fong

term consequences has led toettnypothesis that POI, and early menopause, may be associated with higher
mortality rates Furthermore, POI can be associated with a number of autoimmune diseases, or can be caused by
treatment for cancer, or prophylactic oophorectomy in women with higlhat developing cancer, which again

may largely affect mortality. This chapter reviews the limited evidence and considers whether a diagnosis of POI
has significant consequences for life expectancy.

KEY QUESTIOMHAT ARE THE CONSEMES OF POl FOREMPECTANCY?

Clinical evidence

Most of the evidence on loAgrm outcomes of POl comes from observational studies of women who have

dzy RSNH2y S GadzNBAOIf YSy2L) dzaSéxX APSd oAt GSNIE 22LK?2
gynaecological géase, or prophylactic surgery for familial cancer risk. These outcomes may differ from those in
women who have experiencespontaneous rjon-iatrogenig POI, which typically has a gradual onset and
prolonged fluctuating course, compared to the immediatsetrand profound estrogedeficiency of surgical

menopause.

The bestdocumented series is the Mayo Clinic Cohort Study of Oophorectomy and Aging, from Minnesota USA.
This reportedvery longterm follow-up (38 years) of a cohort of women who had undergone oophorectomy
(bilateral Nn=1097, or unilateral n=1293). Each subject was matched by age to a referent woman from the same
population (n=2390). Outcomes were obtained by direct or proxy interviews, medals in a recordinkage

system, and death certificates. Mortality was increased in women after bilateral oophorectomgythefage of

45 years (HR 1.695% CI 1.12.40, p=0.006)YRoccacetal., 2006. The main caused premature death were
cardiovascular disease, osteoporosis and fractures; this series also reported cognitive impairment, dementia,
parkinsonism, reduced sexual function and psychological wellgimgier, et al, 2010.

Two other large observational cohort studies compared hysterectomy with bilateral salpplyarectomy

(BSO) to hysterectomy alofféarker et al, 2009 Jacobyet al, 201). These control groups may rdiffer from

the BSO grouas much as expected becaustal abdominal hysterectomitself is known to cause earlier
menopause. Thé dzNEHS8aitiStudy followed up ZBB0 women for up to 24 yeamnd fownd increased

mortality HR 1.1295% CI 1.03..21) (Parkeretal, 2009. The2 2 YSy Q& | SIf K Ly AGdf GA GBS 2

Hpnnn $2YSY RAR y2i RSGSOG AYyONBI| &up@acory2iNI201)A G &3 o dzi FK

Several epidemiological studies are supportive of an adverse effect of POI. In a Dutch cohort of 12000 women

over 17 yeas, life expectancy was reduced by 2 years in women who had experienced menopause before the age

of 40 (Ossewaardget al, 2009. There are similar findings in r&wropean populations: increasefl-cause

mortality after menopause before 40 was reportedlapanese women (HR 2.10; 95% CI4.1) and in South

Koreans (HR 1.32; 95% ClI, 4108, p=0.02JAmagaj et al, 2006 Hong et al, 2009). TKS { KI y3KF A 2 2Y S
Health Study showed POI was associated with an increased riskafsa{HR 1.29; 95% CI 1¢1854)and

cancerspecific mortality (HR 1.385% C1.05¢1.81)(Wu, et al, 2019.

Jacobsen and colleagues studied a cohort of 19309 Norwegian women over 29 years-apfdahey showed
an inverse relationship between age at natural menopanskcardiovascular mortalifyacobsenet al, 1997.
Van der Schouw and colleagues reviewed the Dutch cohort@¥d&/omen over 20 years and calculated that
for each year's delay in menopause the cardiovascular mortality risk decreaseduan 2%r Schouwet al,
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1996. Both these analyses found that the differential risk of early menopause reduced over time, as
cardiovascular risk was affected by biological ageing.

Other risk factors maglso contribute to premature deaths; in a multivariate analysis women who were obese at
the time of interview and who had an oophorectomy before 40 years were more than twice as likely to die (HR
2.23; 95% CI 1.25.98) (McCarthy et al, 2019. No studies were found that studied the effect of smoking in POI.

There are no lonterm prospective studies examining the influence of estrogen replacement on mortality after

POI. In the Mayo Clinic coheeported by Rivera, increased mortality was seen mainly in women who had not
received estrogen up to the age of 45 years {nsers HR 1.84; 95% CI 1288; HRTsers HR 0.65; 95% ClI

0.30-1.41; test of interaction, p = 0.0@iveraetal, 2009® Ly (GKS 2 2 Y Sysdy, dréhdomided Ly A (A
controlled trial of HRT versus placebo, secondary analysis showed a possible protective effect of HRT within 10
years of menopause for cardiovascular disease and death,ibutdk not significant (HR 0;86% CI 0.5Q.16
absoluteexcess risk6/10,000 womaryears)Rossouwet al, 2007.

Conclusion and considerations

POl is associatedtvincreased risk of premature death from cardiovascular disease. Both iatrogenic and natural
menopause are implicated. The risk may be worsened by contributory factors such as obesity, and may be
ameliorated by estrogen replacement therapyt the qualy of evidence is poor

Patients requesting whether POI has an impact on their life expectancy can be informed about interventions that
help reduce mortality in the general population.

Recommendation

UntreatedPOl is associated with reduced life expectalacgelydue to
cardiovascular disease.

Women with POI should be advised on how to reduce cardiovascul
factors by not smoking, taking regular exercise, and maintainingahl GPP
weight.
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6. FERTILITY AND PREGBMNN WOMEN WIROI

Introduction

As premature ovarian insufficiency is characterlsedessation of ovarian function, loss of fertility is one of the
key accompanying features of the diagnosis.

In the current chapter, the consequences of POI for fertility are describethaigtions for women with POI
wishing to achieve pregnancy. In the second part of this chapter, obstetric complications in women with POI, and
the potential for mitigation of these complications by assessing fithess prior to pregnancy are explored.

6.1 FOI and consequences for fertility

KEY QUESTIOMHAT ARE THE CONSH(LES OF POl FOR RERY?

Clinical evidence

Much of the literature consists of case reports demonstrating the potential for natural pregnancy in women with
POl related to specific aetigjies.

What is the chance of spontaneous pregnancy with a diagnosis of POI?

Information on this can be derived from the natural pregnancy rate of women with POl awaiting oocyte donation.
In an analysis of 200 consecutive women, 5 (2.5%) conceived af@®gears after diagnosiSauer, 199p A

review of the literaturaup to 1999 showed marked differences in pregnhancy rate according to the design of the
study, with 4.8% of women achieving pregnancy in observational studies cortgparg® in controlled studies

(van Kastereand Schoemaker, 1999

A more recent analysis of 358 consecutive women with idiopathicel€dledthat 25% showed subsequent
evidence of ovarian function (at least 2 consecutive menstrual cycles or pregnancy), the great majority within 1
year of diagosis. Preghancy occurred in 4.8%. Predictive factors included markers of ovarian activity at diagnosis,
including serum estradiol and inhibin B (but not AMH) and the detection of ovarian follicles by ultrasound. A family
history of POI and secondary ameri®a were also predictive of subsequent ovarian aciiitjet et al, 2017).

Conclusion and considerations

Ovarian activity may occur in women with POI, especially early in the natural history of the condition. This gives
the possibility fospontaneousonception, which awrs in up to 5%he cause of POI should be considered in a
woman who has apontaneougpregnancy, in case it has implications for the pregnancy and child (e.g. FMR1
premutation).

Recommendations
Womenwith POlshould be informed that there is a small cbarof GPP
spontaneous pregnancy.
Womenwith POlshould be advised to use contraception if they wis GPP
avoid pregnancy.
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6.2 Interventions for fertility in POI

KEY QUESTIOMHAT FERTILITY INEBRTIONS ARE EFREETI

Clinical evidence

Whattreatments are available to increase natural pregnancy rate in women with POI?

A range of treatments including estrogegsnadotrophinsand corticosteroids have been explored as potential
treatments to increase the chance of pregnancy. A review of Tallaak trials of therapies in P@ncludedhat

none showed a statistically significant increase in ovulation (the primary end point in all) or pregnargesirates
Kasteren and Schoemaker, 199®letaanalysis was not possible due to heterogeneities in design, patient
selection and interventiarOnly one study included a placebo grotgylor et al, 1999. In that study, 37 women
aged 1640 years with amenorda and FSH>401U/Laged on being above the 95%CI of the-ayide peak) were
randomized to oral estradiol 2mg or no therapy for 6 weeks in aowessiesign. Follicle development to >10mm
diameter was detected in most women, and overall 46% of women ovulated at leaswitmc2 women
conceiving during the trial, but there was no apparent effect of estradiol treatment. Ovulation was more common
in those with a short duration (<3 months) of amenorrhoea.

Two more recent randomized trials were identif{@hdawy et al, 2007 Tartagn, et al, 2007. Tartagni and
colleagues randomized 50 women with POI to 0.05mg ethinylestradiol (EE) versus placebo three times a day for
2 weeks before and durirgpnadotrophintreatment, with the main outcome being ovulati¢Tartagn, et al,

2007). Eight out of 25 women treated with EE ovulaaed 4 of them conceived.ode of the 25 women in the

placebo groupovulated (p<0.005) Subanalysis demonstrated that ovulation only occurred in women with
FSH<15IUMduring EE treatment. It seems likely that this subgroup had greater ovarian activity, reflecting the
often fluctuating nature of POI especially early in its natural history. The study by Badawy and colleagues involved
treatment of 58 women with idiopathiPOIl with GnRHa argbnadotrophintherapy with randomization to

receive additionally dexamethasone or placebo, on the basis that some such women may have an autoimmune
component that might be ameliorated by glucocortic@ddawy et al, 2007. Ovulation was detected in 6 out

of 29 women treated with dexamethasone versus 3 out of 29 women in the placebo group. While this was a
statistically significant difference, only cautious conghsscan be drawn due to the small numbers. These data
confirm the high rate of follicle development and potentially of ovulation in women with POI, especially with a
shorter duration of amenorrhoea; this may also underline the apparent relationship beBi#esuppression of

FSH and ovulation, the basis of which is unclear. Further RCTs are required to confirm the potential beneficial
effect of gonadotrophin suppression (using either estrogen or GnRHagatmentand hormone replacement

therapy, with preghancy as the main outcome measure.

The potential beneficial effect of immunosuppression in POI of presumed autoimmune aetiology has been
NEBLI2NIGSR Ay F OFasS NBLER2NI 2yteéedo ! g2YFYy gAGK thL | yR
and conceig after treatment with azathioprine was commendg@rray et al, 2017). Pregancies have also

been reported in relation to other causes of POI (e.g. cancer treatments) but no systematic analyses were
identified that used POI as the denominator rather than theilfdicing treatment. An example is the prevalence

of pregnancy aftetotal body irradiation, which frequently but not invariably results in POI; it is unclear whether

the reported pregnancies were in women who had been diagnosed with POl (Baluatjaet al, 200)).

Are there techniques available for fégtipreservation in women with POI?

The diagnosis of POI indicates the loss of the ovarian follicle pool, thus fertility presémemi@mtions(oocyte,
embryo or ovarian tissue cryopreservation) would appear fidibgvever the vaiable course of theondition,
especially in its early course, indicate the potential for a window of opportunity for this approach. While this is
advocated in reviews of the subje@aker, 201), there are no data available as to success rates. These
considerations also appto highly selected women with Turner Syndrome (TS), who may have an opportunity
during adolescence and early adulthood for fertility preservation treatments. Both oocyte and ovarian tissue
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cryopreservation (including combining both approaches) have thesgribed in case reporfsay et al, 2009
Balen etal., 2010 and seriegBorgstrom et al, 2009 but no resulting pregnaies have been reported.

Fertility preservation may also be considered for women at risk of POI, either because of a naturally low number

of follicles in the ovary, or where it is low as a result of disgamedical treatment. These might include surwévo

of childhood and adolescent cancer, and sisters of women with POI. While available biomarkers of ovarian reserve
have some predictive value of time to menopause (&er, et al, 2017 Freeman et al, 2019), evidence

linking reduced ovarian reserve in young women to fertility is very limited, and indeed suggests that normal,
regulatyO8 Ot Aya ¢62YSy ovYz2adGfte Ay GKSANI Hn OniabilitgHadgekett 26 | al
al., 2019. However in a slightly older population (ageel42), low AMH was however associated with reduced
fecundability(Steiner et al, 201J). Likewise high natural pregnancy rates have been reported in women following

some cancer treatments who underwent fertility preservationtpeatment (Schmidi et al, 2013. This aspect

of fertility preservation requires further investigation.

A small number of successful pregnancies have been reported following replacement of ovarian tissue
cryopreserved before potentially stertfigitreatmentgdDonnez et al, 2013, but a full appraisal of this approach

is outwith the remit of this guidelindhis approach of grafting ovarian tissue has also beeninisederies of
women with POI who had a fertile monozygotic twin sister (thus avoiding tissue rejection) but thisainllaem

rare occurrencéSilber and Gosden, 2007

Oocytedonation to achieve pregnancy in women with POI
It is clear that oocyte donation is the most successful treatment fonemowith POI desiring pregnancy.
Successful pregnancy was first reported in 1@84jen et al, 1984 yR &aAy O0S G(GKSy AG KI & 068

treatment. The pregnancy rate from oocyte donatiof 8 i IANBF Gt & | FFSO{S&Rretat (G KS NI
1994 Templeton et al, 1996.

Oocytes may be donated altruistically, or from a known donor (often a sister). A comparison of treatment cycles
gKSNBaRISHIAY 3Q 61 & dzZaSR o0A®Sd (GKS R2y2NI gl a +y AYFSNIUA
same time) with altruistic donsishowed no difference in clinical pregnancy rate (n=353 cycles c¢&yalipnya

et al, 2009.

Sisters or other near relats are often oocyte donors for women with POI. There are specific ethical
considerations in sibling donation, andaitdition, sisters will have a high genetic homology to the woman with

POI, which may be of relevance if there is a possible genetic @auseponent to the aetiology of the POI,

which may not be clinically apparent in the donor sister. This is supported by an analysis of donation by sisters
(n=13) with altruistic donors (n=66&yhich showed that sisters had &dd increased risk of cyctancellation

(30.7% vs 6.1%). However, in completed cycles the numloecygfes obtained was similar, as were pregnancy

and miscarriage rat€Sung et al, 1997. These issues should be discussed with the potential donor sister before
proceeding with donation.

Sex steroid replacemettterapies are used to ensure endometrial development and receptivity at the time of
embryo replacement. Most studies have investigated this in women without POI. One small RCT in women with
POI (n=17 completed the study, with a range of aetiologies ingludiopathic, post chemotherapy and TS)
compared transdermal estradiol plus vagipabgesterone with oral ethingstradiol plus norethisterone
(O'Donnell et al, 2019. Endometrial thickness was greater in the former group, with no significant differences

in uterine volume or blood flow. The significance of this for establishofigmégnancy was not assessed.

However, while oocyte donation is a technically straightforward procedure for IVF clinics, oocyte donation
pregnancies are associated with some obstetric risks, which may be related to maternal factors, particularly the
causeof POl ¢ee section 6)3

56



Abnormal uterine function and thus the potential for early and late pregnancy complications iestaimithed
consideration in women who have received radiotherapy (including total body irradiation) to the (segus
section 6.3). Radiotherapy in childhood causes failure of uterine growth and in some women reduced
responsiveness to exogenous sex ster@gchley et al, 1992. There may be a relationship between the risk

of pregnancy complications and agéretdiation and uterine volumg.arsenet al, 2000, but series of sufficient

size on which to base clinical advice are lacking.

Special considerations apply in women withrner SyndromeTg in relation to comorbidity (especially
cardiovascular), which results in very high rates of complications in predeaacectioB.3). Implantation and
pregnancy rates in women with TS haeen comparable to those in women with other POI aetiologies in most
(Foudila et al, 1999 Bodri et al, 2006 Alvaro Mercadalet al, 2017, but not all seriegYaron et al, 1996.

Women with TSnay have higher rates of early pregnancy loss compared to other groups with POI (early
miscarriage 60% versus 8.7%), indicating reduced endomeiliaterine functior(Yaron et al, 1996. A cohort

study of 57 women having 124 pregnancies from a population of 482 Swedish women with TS described a
miscarriage rate of 45% in spontaneous pregnancies compared to 28%yiadonated pregnanciefBryman

et al, 2017).

Conclusion and considerations

There are no known treatments which reliably increase ovarian activity, ovulation rate, and the possibility of
conception (strong evidence, review basedsexencontrolled studies). In a subgroup of women, possibly with
less advanced POI, estrogen treatment may increase the ovulationQtiter techniques, like chemical
treatment of ovarian tissue before grafting, have been recently explored and could in thepiatvite options

for fertility treatment in women with P@Kawamuraet al, 2013.

Oocyte donation is the treatment of choice in women wishing to conceive (efficacy shown in observational
studies). As pregnancies aftepcyte donation are associated with obstetric complications, the guideline
development group strongly recommends that these pregnancies are followed with adequate obstetric
involvement, although no studies have been performed showing the effect of absi@te on complications in
these patients.

While there may be personal reasons why a sister (or other close relative) would be a suitable donor, sisters have
a higher donation cycle cancellation rate.

There are special considerations regarding oocyte titomin women with TS. While establishment of clinical
pregnancy can be achieved, severe maternal morbidity and maternal mortality during and after pregnancy is a
critical issue. This is discussed more fulbeirion6.3.

Reommendations

Inform womenwith POlthat there are no interventionthat have bee
reliably shown to increase ovarian activity and natural conceptios r.

A

Oocyte donation is an established option for fertitityvomen with POI C
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Informwomen considering oocyte donation from sisters that this ce]
a higher risk of cycle cancellation

C

In women with established POI, the opportunity for fertility preservg
is missed.

GPP

6.3 Pregnancy in women with POI

KEY QUESTIOMHAT ARE THIBSTETRIC RISKS @BIED WITH POI?

Clinical evidence

Pregnancyelated risks are associated with the cause of POl and to some extent, whether the pregnancy is
spontaneousor the result ofoocytdembryo donation.

After idiopathic POI

There are case reports of spontaneous pregnancies occurring but it is difficult to draw any detailed conclusions
regarding the outcomes. The risk of miscarriage is probably the same as in women with normal ovarian function
(van Kasteren and Schoemaker, 1)9%09pilot study of 20 cases and 20 agatched controls, examining the
aneuploidy rates in embryos from women with prematurely declining ovarian function (not POI) showed this to
be the same as that for women with agppropriate ovarian functio@eghofer et al, 2007%.

After cancer treatment

A systematic review on the lotgrm followup of survivors of childhood cancer concluded that chemotherapy

has no adverse effects on uterine function or pregnhancy outcomes (other than an increase in miscarriage rates in
pregnancies conceived soon after chemothergpgbttish ltercollegiate Guidelines Network (SIGN), 30TRe
Childhood Cancer Survivor Study, a large roeittre cohort investigation, showed no increased risk of congenital
anomalies in the offspring of survivors, including those exposed to ovarian irradat@kylating agents
(Signorellg et al, 2019. However a large retrospective observational study of approximately 6100 offspring of
childhood/adolescent cancer survivors showed anthracyclines (doxorubicin or daunorubicin) were associated
with low birth weight independent of exposure to radiothergf@reen et al, 2009. A smaller US caer registry

based study of almost 2000 childhood cancer survivors also suggested an increased risk of low birth weight after
chemotherapyMueller, et al, 2009).

In contrast, abdomingelvic radiotherapy is consistently reported to be associated with poor uterine function
with increased risks of late miscarriage, prematurity, low birth weight, stillbirth, neonatal haemorrhage and
postpartum haemorrhag(Bath et al, 1999 Larsen et al, 2004 Signorellpet al, 201Q Scottish Intercollegiate
Guidelines Network (SIGN), 20 TBhere are also case reports of uterine rupture as well as a possible increase in
placental attachment disorders (placenta accreta and perc(éta) and Viswanathan, 200)9Not only is the

effect on uterine function dose dependent, but also related to age at the time oesqyhe prepubertal

uterus being more susceptibl@ath et al, 1999 Larsen et al, 2004; Signorellg et al, 2010 Scottish
Intercollegiate Guidelines Network (SIGN), 2013

Green and colleagues report an increase in the risk of late miscarriage (but not first trimester miscarriage) in
women who have previously received cranial (RR 1.4; G1.D4por craniospinal radiotherapy (RR 2.22; CI 1.36
3.64)(Green, et al, 2009.
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Anthracyclines (e.g. doxorubicin, daunorubicin) and mediastinal hadégty (including that for breast cancas

the heart can fall within the area of scatter) are both associated with cardiomyopathy and heart failure. The risk
is greatest when either is used at higher doses or in combination with each other. Anthracyafinbe
cardiotoxic at all doses, and it is not entirely clear at whedagbohe risk increases significantly, but it is likely to
between a cumulative dose of 250 md/(Scottish Intercollegiate Guidelines Network (SIGN),)2aiB300

mg/m? (Hudson, 2010 There are case reports of peripartum hearilufe, which are probably due to
exacerbation of prexisting cardiac dysfunction originating at the time of exposure to anthracyclines or

radiotherapy(Hudson, 201))

Foroocytedonated pregnancies

Oocyte (or embryo) donation is an established fertility treatin@and most IVF units report similar pregnancy,
AYLE FydlraAz2ys FyR tAGS 0A NI KoodyiksiSiall caséireports BaveNsugQested S a  dz
that these pregnancies may be obstetrically high risk. In the largest cohort study of 232ittomsEacyte
donation pregnancies, there was a high prevalence of miscarriage (40% after identification of a single gestational
sac), preghaneinduced hypertension (22%), prematurity (13%), low birth weight and small for gestational age
(18% and 15%, resptively), caesarean section (61%), and postpartum haemorrhage (12%) with the quoted
figures relating to singleton deliverigsbdalla et al, 1999. Threatened miscarriage in the first trimester (with
subsequent live birth) was also common in the study of Abdalla and colleag&@sand in a smaller study by
Pados and colleagues (35%dos et al, 1994 Abdalla et al, 1998. While the women inclled in the Abdalla

study had varied reasons for requiring oocyte donation (including 14 with TS), 64% had ovarian failure without
other specified morbidity, and this was identified as a significant predictor for miscarriage and small for
gestational age.he authors concluded that, while women with an oocyte donation pregnancy should expect a
good outcome, they should be cared for in a kigh antenatal clinic.

A more recent analysis of 205 oocyte donation pregnancies (with the recipiemzagieed to wonen pregnant

after ICSI using their own oocytes) confirmed increased risks of early pregnancy bleeding (20.6% vs 10.3%; OR
1.49; 95% CI 1.62.15) and pregnaneynduced hypertension (19.1% vs 8.3%; OR 1.50; 95% €24.2002but

these differences were ngignificant in singleton pregnancigtoop et al, 201). Caesarean delivery was more
common (58.9% vs 46.0%) but there was no adverse effect on gestation or weight at delivery, or any other
perinatal outcome. Similar results were reported in another Isowiort (SoderstromAnttila, et al, 1999.

Analysis of the UK HFEA database indicates that oocyte recipients have an alriokt imaeased risk of

preterm birth and low birth weight compared to women using their own oocytes after adjusting for other
maternal confounder§\elson and Lawlor, 20).1

The risk of aneuploidy is related to the age of the donor, not the recipient, and should be taken into consideration
during antenatal aneuploidgreening(Bowman and Saunders, 19®bnnenfeld et al, 2009.

In women with Turner Syndrome (TS)

Pregnancies in women with TS are high risk due to the underlying increased morbidity and mortality of the
condition. Although not common, spontaneous pregnancies can occur, especially in women with a mosaic
karyotype rather than 4%, and these may be lower risk tr@tytedonated pregnanciegiadnott et al, 201J).

It is not clear whether it is the underlying karyotype or that the pregnancy was the resotlytédonation that
increases the risks. Hadnotidicolleagues reported 7 spontaneous pregnancies in 5 women with spontaneous
menses out of a population of 276 TS wonfgadnott et al, 2017. All 7 pregnancies resulted in live births
without any maternal complications, although one of thiéspring had cerebral palsone had congenital or
karyotypic anomalies. A much larger cohort study of 57 women having 124 pregnancies from a population of 482
Swedish women with TS described a miscarriaigeimaspontaneous pregnancies of 45% compared to 26% in
oocytedonated pregnancie@ryman et al, 2011).
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Table 6.1 The prevalence of complicationsdatytedonated pregnancies in women with Turner Synd(gmenis,

2012).

Total Percentage

Study population

Number of women with Turner 116

Syndrome who conceived

Number of pregnancies 144

Number with 45,X karyotype 51 | 44% of women pregnant through oocyte donation
Complications

Delivery resulting in live birth 118 | 82% live birth rate

Aortic dissection 2 1.7% of women pregnant through oocyte donation

Pregnancynduced hypertensive 36 | 28% of 130 pregnancies with available data

disorders

Preeclampsia, eclampsia, HELLP* 22 | 61% of hypertensive disorders in pregnancy
Gestational diabetes 6 4.6% of 131 pregnancies with available data
Preterm delivery 30 | 38% of 80 pregnancies with available data
Multiple gestation 7 4.8% of pregnancies

Low birth weight 24 | 41.4% of 58 pregnancies with available data
Other adverse neonatal outcomes 8

*HELP haemolysi®levated liver enzymes, low platelets.

Hadnott and colleagues reviewed the published data on TS pregnancies (spontaneous and assisted) from 1960 to
2010 and concluded the risk of a major obstetric complication igHi@8ott et al, 2017). They estimated the
maternal mortality rate to be approximately 3.5%, mainly as a result of aortic arch or aortic valve abnormalities.
Pregnancy increased the risk of aortic dissection by an estimated two to five times for women with TS. However,
a feature of published case studies was the inconsistent use efgmeeption cardiac screening, which might
improve the outcome.

A cohort study obocyte donated pregnancies in 106 TS women in 3 Nordic countries-gra93 similarly
showed these pregnanciés be high riskHagman et al, 2013. Hypertensive disorders of pregnancy were the
most common complication (35%). Hifeeatening events occurred in 4 pregnancies (3.3%), one of which was
an aortic dissection, although there were no maternal mortalities. Neonatal complications appeacedissn

than suggested by previous studies; in singleton pregnancies the preterm birth rate was 8.0% with low birth
weight in 8.8%. Perinatal mortality was 2.3% overall. It is not known how many women were declined treatment
based on an unfavourable peenception assessment and the same proportion of women was 45X0 as in the
Hadnott & Bondy review (44%)adnott et al, 2011. Only 63.5% of cases had a prior cardiac review (although
100% of the Bedish group 31 deliveries) and only 48.7% of assessments were within 2 years of pregnancy (71%
in Sweden).

The risk of birth defect or serious neonatal illness was 5 out of 44 (11%) live birthsdoaytepregnancies
compared to 8 out of 118 (7%)dibirths inoocytedonation pregnanciefarnis, 201 Howeverit is not clear
whether these figures include both major and minor congenital abnormalities or how many of the affected cases
were due to other conditins (e.g. cerebral palsy). In a seriesamfytedonation pregnancies in TS women from

the Nordic countries, 8 out of 131 (6.1%) children were bornatittih defect and of these 5 were major defects
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(3.8%)Hagmanet al, 2013. In a series of owaocytepregnancies in Sweden, 2 oo@t of 37 live births were
affected by a major congenital abnormality (5.4% or 8.1% respectively) (report@d/iman et al, 2017 and
included in the analysis of Karnis and colleadtiesnis, 201

Conclusion and considerations

Spontaneous pregnancies after idiopathic POI or after most forms of chemotherapy are probably not any higher
risk than the general population (moderate quality of evidence). Pelvic irradiation is associated with increased
obstetric risks due to poor utegrfunction, especially when exposure occutbetbre menarche. Anthracycline
chemotherapy and cardiac irradiation are associated with cardiac failure, which may become clinically apparent
in pregnancy.

OocyteR2Yy I 1SR LINBAy Ll yOA S a >ageNiBadtionRdr Beatiment2of ovakidh Quidtithn Sayel Q a
associated with pregnanégduced hypertensive disorders, threatened miscarriage, caesarean section and
possibly postpartum haemorrhage. IUGR may be more commamtyte donatedpregnancies in womenith
POl.Therefore, the guideline development group strongly recommends that these pregnancies are followed with
adequate obstetrisurveillancealthough no studies haweeenperformed showing the effect of obstetric care

on complications in these patient(Good practice point)

NICE recommends 75mg aspidaily from 12 weeks of pregnancy until delivery for women at risk of pre
eclampsia. The recommendation is that 2 or more moderate risk factors, an example of which is first pregnancy,
should be an indation for aspirin(NICEclinical Guideline, 20).0Althoughoocyte donation is not given as a
specific risk factor, consideration to prescribing aspirin should be given in these pregnancies, especially when it is
the first pregnancy or in a woman with Turner Syndrome.

Two obegrvational studies concluded that antenatal aneuploidy screening based on the ageaf\tteonor
Ad Y2NB | O0dzNI GS (KIy o6l aSR 2y GKS NBOALASYyGaQ I3So

Pregnancies in women with Turner Syndrome are very high risk and may have a maternal mortalitgsas high
3.5%. Reporting bias may mattes true incidences of complications uncertain. -Bomception screening,
especially for cardiac risk factors, may help reduce maternal risks in pregnancy as well as identify those in whom
pregnancy might be considered basoided. Women with TS should be appropriately counselled regarding the
risks of reproduction and this should include contraceptive advice when pregnancy is considerdddicate,
especially in those with spontaneous menses.

Recommendations

Women $ould be reassured that spontaneous pregnancies
idiopathic POI or most forms of chemotherapy do not show any i B
obstetric or neonatal risk than in the general population

Oocyte donation pregnancies are high risk and should be manage
appropriate obstetric unit. Women and their partners should
encouraged to disclose the origin of their pregnancy with their obs
team.
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Antenatal aneuploidy screening should be based on the age of the
donor.

Pregnancies in women winave received radiation to the uterus are
high risk of obstetric complications and should be managed C
appropriate obstetric unit.

Pregnancies in women with Turner Syndrome are at very high
obstetricand nonobstetriccomplications andhould be managed in D
appropriate obstetric unit with cardiologistvolvement

A cardiologist should be involved in care of pregnant women who
received anthracyclines and/or cardiac irradiation.

6.4 Fitness for pregnancy in women with POI

KEY QUESTIOW SHOULD FITNESR PREGNANCY BE3SHE IN WOMEN WITHP

Clinical evidence

Women with POI seeking to embark on pregnancy should be given the sacompeption advice as any woman
with regard to ensuring she is immune to rubella &hehlly, has optimized heody mass indexBMI). Treatment
of coexisting medical conditions should be optimized, any medication shoutévieved, and folic acid
commenced. If either partner is a smoker, they should be advised to stop.

No evidence of éctiveness or otherwise for any intervention prior to pregnancy in POl was identified, except
for women with Turner Syndrome (TS). Givendboal/tedonation pregnancies appear to be high (&e section

6.3), it would be reasonable to consider a geherssessment for all women prior émcyte donation with
measurement of blood pressure and renal function.

Specific investigations are indicated according to the cause of P&is@ag endocrinopathies associated with
autoimmune POI should be soughtdamneated as described mection3.2. Specifically, thyroid function should

be tested, as should adrenal antibodies. A karyotype should also be performed, if not already known, in view of
the significance of Turner Syndrome in pregnancy.

Cardiotoxicity myresult from prior treatment with anthracyclines, high dose cyclophosphamide or mediastinal
irradiation, including chest wall irradiation for breast cancer, and the effects may be sul{skgcEctios.3).
Although some longerm follow up studies o€hildhood cancer survivors are very reassuring and showed no
incidences of peripartum cardiac failfren Dalenet al, 2006, cases have been describ@brton et al, 2000

Bar, et al, 2003 Alteng et al, 2012. DoxorubiciFinduced cardiomyopathy was associated with a poor survival
rate compared to other causes in a study of 1230 patients with cardiomyopathy, although these cases were not
pregnancy relate@-elker et al, 2000.
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Only one study was identified that considered pregnancy outcome in relation to myocardial f(Betien al,

2003. Fraction& shortening values of 30% or more {pregnancy in women treated with doxorubicin in
childhood were associated with no deterioration in cardiac function during pregnancy. Those with lower fractional
shortening had a nesignificant decrease after pregngnicut more maternal admissions to the intensive care

unit and neonatal admissions to the neonatal intensive care unit as well as a higher rate of induction of labour
(Bar, et al, 2003. However, it is not clear whether these differences were a result of clinical reaction to the known
impaired cardiac function or were driven by the deterioration.

Pregnancy in women with Turner Syndrome is very high risk. Three expert groups have reviewed the care of
women with TS, two specifically considering pregnancy andqgoeeption screeningBondy and Turner
Syndrome Study Group, 2Q0Zabaneset al, 2010. The recommendations of each are based on systematic
reviews of the published literature and expert opinion.

Women with TS considering pregnangpdgntaneous omocyte donatior) should have a thorough medical
assessment with special consideration paid to the cardiovascular system. Thyroid and liver function should be
updated and screening for diabetes perfornfBdndy and Turner Syndrome Study Group, 2C@baneset al,

2010. Resting blood pressure must be measuaed Cabanes and colleagues suggest ambulatory monitoring in
addition(Cabaneset al, 2010.

Congenital and acquired cardiac abnormalities should be screened for using MRI aaddeatp@phyAll three

reviews recommend that any abnormality should be a ceinttization to pregnancy, including those that have
been corrected surgically. This isvary conservative recommendation and may reflect publication bias
(pregnancies with adverse outcomes being more likely to be reported). Additionally, in most of the reported case
series, the proportion of women who had a cardiology assessment was tglédiveand outcomeanay be
improved when this is performed.

Aortic dissection occurred in 33% of TS women with an aortic root over 2.5 ondmseries of 166 TS women

with the average age of 36 years over a 3 year pdhtmura, etal,, 2007). The French review of practice
recommends thigs the cutoff above which pregnancy should be avoi¢€dbaneset al, 2010. The Practice
Committee of the ASRM 2012 offers a more conservative recommendation witbfd\altie of 2.&nVm2. The
consensus is that aortic root measurement is best expressed as aortic size index (ASI) due to the short stature of
the affected women.

Cabanes and colleagues also recommend a renal ultrasound scan for structural abnormalities and, if hypertensive,
for renal artery stenosis along with measurement of urea and electr@iytdsmneset al, 2010.

Conclusion and considerations

Oocyte donation pregnancieppear to be at high risk of obstetric complications, especially in POI patients with
a history of chemotherapy and/or cardiac irradiation, or Turner syndrome patients.

Although no evidence was found on the effectiveness of any intervention prior teapgim POI, the guideline
development group recommends consideration of a general assessment for all women prior to oocyte donation,
and a specific assessments based on additional risk factors, especially a history of chemotherapy and/or cardiac
irradiation, or Turner syndrome patients.

In addition to the assessment of fithess for pregnancy based obstetric risk fantorgology assessment to rule
out recurrence prior to pregnancy could be recommended in women with POI after treatment for cancer.
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Recommendations

Women presenting fonocytedonation who are suspected of having
should be fully investigated priordocytedonation, including thyroid arj C
adrenal function as well as karyotype.

Women previously exposed toanthracyclines high dosl
cyclophosphamide or mediastinal irradiation should have
echocardiogram prior to pregnancgnd referral to a cardiologist
indicated

Women with TurneB8/ndrome should be assessed by a cardiologist
a specialist interest in adult congenitaart disease and should havg GPP
general medical and endocrine examination.

Women with POI should have their blood pressure, r&mdtion,andl
thyroid function assessed prior to pregnancy.

C

Pregnancy in some women can be of such high risk that clinician
consider oocyte donation to be life threatening and therefo GPP
inappropriate.
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/. BONE HEALTH IN WOMENHPOI

Introduction
The beneficial effects of estrogen on bone have long been recognized, and likewise the adverse effect of natural

menopause on bone loss, mineral density and fracturdAiskorg et al, 2007, Sirola et al, 2003 Bankset al,
2009.

Estrogen deficiency results in increased bone remodelling. Increased osteoclast activity results in increased bone
resorption, and that in turn induces an increase in osteoblast activity and bone formation, however with resorption
exceeding formation. Thapid remodelling of estrogen deficiency means there is a net loss of bone, amounting

to 2-3% per year early after menopause. Additionally, the slow mineralization of new bone (over at least 6 months)
causes new bone to be less mineralized than older Bdreeffects on bone resorption are mediated by increased
activity of the nuclear factor kapgligand (RANKL) on RANK receptors on osteoclasts and their precursors, and
by increases in prmflammatory cytokines such as interleukin 1 beta and tumourosecfactor also leading to

an increased bone resorption. The increased bone remodelling is reversible in the short term, but with time the
high osteoclast activity results in perforation of the cancellous bone plates so that there is a loss of thereene mi
architecture: this form of bone loss is irreversible, and primarily affects trabecular rather than cortical bone.

However the rate of bone loss after the menopause slows after approximately 10 years, and thereafter is similar
to that of eugonadal agmatched men, i.e. is agelated rather than reflecting hormone deficiency after that
time point(Manolagaset al, 2013.

7.1 POI and consequences for bone health

KEY QUESTIOMHAT ARE THE CONSHMLES OF POl FORBBEALTH?

Clinical evidence

The effect of P@dssociated estrogen deficiency on bone is among the most clearly established adverse
consequences of the condition, although asymptomatic in most women for many yéhesftemility fracture

occurs. Low bone mineral density (BMD), usually assessed by dual eregrgabXorptiometry (DEXAS a risk

factor for fracture(Marshall et al, 1996, and widely used as a surrogate in assessing fracture risk and treatment
effects, although increasingly fractuitself is the primary outcome of interventional trials. DEXA can identify
osteoporosis (defined as bone mineral density more than 2.5 standard deviations below peak BMD for the
appropriate reference group (i.e. young women from the same population)thetfiscore used to show the
difference in number of standard deviations. Osteoporosis is therefbseare oM.5, with osteopenia defined

by aT-score>Kl and>-2.5.Z-scoes are also frequently reportexhd express the number of standard deviations

- LI 4 A Sy i Gram theaBerage BWMIF @nMde andsexmatched control group.

Women with POI have reduced BMD, and this has been associated with the presence, degree, and duration of
estrogen deficiency. Reduced BMD in POI has been established in many studies investigating women with POI of
different aetiologies, compared to refem populations. This includes women with idiopathic(PQ@jat et al,

2009, TurnerSyndrome(Bakaloyet al, 2003 Freriks et al, 2011, gonadal dysgenediBark et al, 1999 Han et

al., 2008 Michalg et al, 2009, following chemotherapy or oophorectorfiyatcliffe et al, 1992 Castanedaet

al., 1997 Hadjidakiset al, 1999 and in populations of mixed aetiolo@yonway et al, 1996 Bachelot et al,

2009. In a study of 323 women with POI (including 73 with T @matrome), aged 139 years, BMD was lower

in those with primary than secondary amenorrhoea, although lowertimdroups than in agmatched controls
(Conwayet al, 1998. Inthe primary amenorrba group, lumbar spine BMD was 26% loWwantin controls. BMD

was positively related to the presence of follicles on ovarian ultrasound and with uterine volume, used as markers
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of estrogen production. Comparable results were reported in a French cohort of 183 women with POI with normal
karyotypemedian age 28 yea(Bachelof et al, 2009. Although most (64%) had taken a range of HRT regimens
previously, 43.7% had osteopenia and 13.7% had osteoporosis, mostly of the lumbar spine. Factors associated
with low BMD were primary amenorrhoea, duratioriP@l, and lovbody mass indexBM|).

In a recent report of a large population of 442 mostly Caucasian women with idiopathic POl and mean age 32 years
(range 1842), BMD was also lower than in controls. The difference in BMD waslessthan in earlier
publications being 2 to 3% lower than controls at the lumbar spine and(fxpat et al, 2009. BMD was
determined at a mean interval since diagnosis of 2.9 years (althbegh was a mean interval of 4ydars

between the onset of irregular menses and diagnosis). Identified risk factors for lowZBbtiPe(<2) were age
<20yearsat onset of irregular menses, yé&ar delay in diagnosis, low serum vitamin D concentratiodsl@m

dietary calcium intake, necompliance with estrogen replacement and lack of exercise, but not cigarette smoking.

A substantial difference in BMD (8.3%) was also reported between chemotiassagmyated POI (24 women
treated for lymphoma) and agmatched controlgRatcliffe et al, 1992. In a study of women with POI following
chemotherapy for cancer assessed at a mean age of 37, 21% (7 of 33}-beate of <2 for at least one of 4
skeletal sites surveyed, only 1 of whom was taking estrogen reaténowell et al, 1999. As BMD in a cohort

of 26 women treated for lymphoma who did not have POI was similar to controls, the decreased BMD was nhot
attributed to the drugs involved in treatmefRRatcliffe et al, 1992, although therdnadbeen an inteval of several

years since treatment. However in prospective analysis of changes in BMD during chemotherapy for early breast
cancer and in relation to ovarian function, an adverse effect of the chemotherapy in addition to the effect of loss
of ovarian funtion was identifiedCameron et al, 2010. Oophorectomy and chemotherapy for gynaecological
cancer has also been associated with low BMD in comparison to oophorectomy for benign indi®atioaka

et al, 2013.

The prevalence of osteoporosis in POl appears to be in the raiéBachelot, et al, 2009 Popat et al, 2009
compared to zero in a small control groffmpat et al, 2009. Twelve percent of a group of 150 women with
TurnerSyndrome, of mean age 31lears,who were undergoing systematized assessmaete found to have
osteoporosiswith a further 52% having osteopeifigeriks et al, 2017). Osteopenia/osteoporosis was the most
common new diagnosis made, although 70% had been receiving medical care fortiegiB/idrome. Women

with Turner Syndrome are frequently of reduced height: BMD should be adjusted to allow for this as otherwise it
would be underestimated. A prevalence of osteoporosis of 18% and of osteopenia of 33% was reported in a
relatively small grup of 27 women with POI following bone marrow transplantation, mean ag=a8y gf whom

only one was taking estrogen replacemgiastanedaet al, 1997.

There are substantial data linking low BMD to fracture risk in postmenopausal woméfiofeagssonet al,

1993 van der Kliftet al, 2009) but no data have been identified specifically assessing fracture risk in women with
POI. Early natural menopause (before é&rg has been associated with increased risk of vertebral fracture
(Gardsell et al, 1991 van der Kiliftet al, 2009. A questionnag-based study of 7459 women indicated that
menopause before the age of 49 was associated with an increased risk of fracture (QBoAs5@son and
Mellstrom, 1998, and while in the Million Women Stuttye relative risk of hip fracture risk was significantly
higher in postmenopausal than premenopausal women agesft5@ars(adjusted RR 2.225% CI 1.22.04 p

= 0.009), age at menopause had little, if any, effect on hip fracture incidence occurring commonly at older age
(Banks et al, 2009. A recent prospective analysis in a moderately sized cohort (n= 390) identified that natural
menopauséefore aget7 years was not associated with increakfracture risk up to age 82ars but low BMD

at age 48 garswas, RR 1.36 (Cl 1:1%2) per standard deviation decrease in baseline BlMBimeet al, 2013.

It therefore appears that while recent menopause may increase the risk of (hip) fracture, thiseidcrie
reduceswith time and increasing age, with the latter being the main determinant of fracture incidence.

In an early study comparing women who had undergone a surgical menopause (i.e. BSO, at meaneag® 45.3 y
compared to hysterectomy alone, tipeevalence of fractures at age 70 was significantly higher at 38.9% in the
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BSO group compared with 23.5% in the hysterectomy only group, and BMD wa@ tbweassonet al, 1993.
Conversely in thb dzNIH&aithGstudy of over 29,000 women who had had a hysterectomy, 55.6% with BSO, BSO
was notassociated with increased risk of hip fracture although mean age at BSO wasad§(Bayker et al,

2009.

Conclusion and considerations

The effect of P@ssaiated estrogen deficiency on bone is among the most clearly established adverse
consequences of the condition. Women wRi®lhave been shown to haweduced BMDand possiblyan
increasedisk of fracture later in life

Recommendation

POl is associated with redudeshe mineral densitygMD. B

Reduced BMDOs very likely to indicate that POI is associated wit
increased risk of fracture later in life, although this has not | GPP
adequately demonstrated.

7.2 Interventions fobone health in POI

KEY QUESTIOMHAT ARE THE TREAYMEOPTIONS FOR BOREBOTECTION AND
IMPROVEMENT?

Clinical evidence

Nonpharmacological approaches

A balanced diet, adequate calcium and vitamin D intake, weeagrtng exercise, maintaining a healthy yod
weight and cessation of smoking and moderation of alcohol intake are primary goals in reducing fracture risk in
postmenopausal wome(Rizzoli, 2008The North American Menopause Soci@@10 Christianson and Shen,

2013. While there a@ few data directly relating to women with POI, it is considered that the same beneficial
effects will apply.

Calcium is essential for bone health, and there is evidence that calcium supplementation in older women reduces
the risk of fracture. The recommeed nutritional intake (RNI) for calcium is 1000mg/day, and for vitamin D
800I1U/day(Food and Agricultural Organization of the United Nations and World Health Organizationivi2iyl

adult women ingest less than this: in patients presenting with a recemtfeain the Netherlands, more than 90%

were found to have inadequate vitamin D status and/or calcium ifBakes et al, 2011). Higher calcium intake

during growth and early adulthood is associated with higher peak bone massisiremnmportant interaction

with estrogen status, as estrogen increases gut absorption of cqlghapseset al, 2012) and decreases renal
calcium excretior{Dick et al, 2009. However, based on recent concerns of a potential association between
calcium supplement use and increased risk of myocardaiciion, calcium supplements should not be
prescribed when dietary calcium intake is adequate (X000 mg/day)Challoumaset al, 2013.

Hormone replacement therapy

Large, randomized trials have shown that HRT in postmenopausal women can improve BMD and reduce vertebral
and hip fracture riskThe Writing Group for the PEPI, 199é&lls et al, 2002 Cauley et al, 2003. European
guidance on the diagnosis and management of women with osteoporgsistmenopausal women is available,
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providing a framework for risk assessment and treatment in older w@iaers et al, 2013. In contrast, there
are very few and mainly small prospective studies of the effects of HRT on BMD in women with POI and none were
identified with fracture as a primary outcome.

Estiogen replacement has been shown to have beneficial effects on BMD in women following premenopausal
surgical oophorectomy. In a placebontrolled study of 58 women (mean age 48 years, followed for an average

of 9 years) after oophorectomy, mestranol reddib®ne loss with less reduction in vertebral body helightisay

et al, 1980. Similarly, in 33 women (mean age 45 years) taking conjugated equine estrogen (0.6mg, with calcium
supplementationjor one year after oophorectomy, spine BMD did not fall significattly%) whereas it fell by

6.1% in women taking medroxyprogesterone acefater, et al, 1997. Estrogen treatment also suppressed the

rise in bone resorption mkers folbwing oophorectomy.

An openlabel, randomized controlled crossover pilot trial compared physiological sex steroid replacement (pSSR:
transdermal E2, 16050mcg/day, with vaginal progesterone for 2 weeks per month) wittcdngbined oral
contraceptive pi{COCHn 34 women with POI. The women had a range of aetiologies, including Suntireme

and chemotherapynduced as well as idiopathROl,and only 18 completed the studZrofton et al, 2010.

Lumbar spine BMDcreased during pSSR treatment, but not significantly during COCP treatment. There were also
differences in bone turnover markers, with bone formation markers increasing during pSSR treatment but
decreasing during COCP treatment. Bone resorption maitkersased in both groups.

Oral estrogen (0.625mg/day conjugated estrogen with cyclical dydrogesterone) has also been investigated in a
prospective study of young women with(R8dana, et al, 201). HRT increased lumbar spine BMD in all groups

of women. The age at which adult replacement was initiated was inversely related to the increment in BMD
achieved.

Estradiol replacement may have a more beneficial effect on BMD compagtiurtglestradiolas in the COCP,
although the data are limitedeesection 12.3a

Pharmacological approaches

The bisphosphonates alendronate, etidronate and risedronate, the selective estrogen receptor modulator
raloxifene and the parathyroid hormone derivative teriparatide all reduce the risk of vertebral fracture in
postmenopausal women with osteoporogiStevenson et al, 2005. Combined calcium and vitamin D
supplements in a daily dose of 150 g and 40Q800 IU, respectively, are generally recommended in patients
receiving antosteoporosis therapy, since most randomised controlled trial evidenceahéorefficacy of
interventions is based on @wministration with calcium and vitamin D supplements.

The bisphosphonate group of drugs act by reducing bone resorption by being selectively taken up and adsorbed
to mineral surfaces in bone, where they inéeef with the action of the bonegesorbing osteoclasts. This increases
BMD, and there is good evidence that they reduce vertebral fracture risk@3%6@nd notvertebral fractures

by 20-30% in women with osteoporogiStevensonet al, 2009. Inaddition to daily administration, these drugs

are effective when taken once weekly, and are also effective when administered asrdreveridoudreatments.

There are no trials of bisphosphonates in women with B@l there is evidence that they are befitial in
preventing chemotherapgssociated bone loss in women aged >40 years(§ngpirg et al, 201J).

Bisphosphonates remain incorporated in bone for a long period of time, which has led to concern over use in
young women, and particularly in relation to future pregnancy. There is no direct evidence but it is regarded as
prudent to withdaw oral bisphosphonate therapy for at least 1 year in women planning pregnancy. Risedronate
has shorter retention in bone thaoledronate.
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Before starting bisphosphonate therapy in younger women it should also be kept in mind that the relation between
low BMD and fracture risk depends very much on(BgeLaetet al, 1997 Kanis, 200

Selective estrogen receptor modulators (SERMS)

Selective estrogen receptor modulato&ERMshave mixed functional estrogen receptgonist or antagonist

activity, depending on the target tissue, and this varies between drugs. Raloxifene reduces bone loss and the risk
of vertebral (but not notvertebral) fractures by 30 to 36 in postmenopausal women with osteopor@sisnger,

et al, 1999. It increases th&equency of hot flushes and is associated with increased risk of venous thrombosis,
but with reduced risk of invasive breast cancer. Other SERMS include bazedoxifene, which also reduces fracture
risk in postmenopausal osteoporosis without stimulating $ire endometrium(Silverman et al, 2008.
Tamoxifen, like other SERMS, is beneficial for bone health in women who are estrogen deficient.

Other treatments for osteoporosis

Teriparatide is gen by daily injectiorior up to 2 yearsand reduces the risk of vertebral and nartebral
fracture. Strontium ranelate also reduces both vertebral and-vestebral fracture risk in postmenopausal
women, although the mechanism of action is uncl&mntium ranelateshould only be used in patients with
severe osteoporosis and a high risk of fractures in the absence of alternative treatment options. Furthermore,
strontium ranelateshould never be prescribed to patients with a history of heart or ctoylaroblems (based

on recommendations of the European Medicines Agency).

Recent developments in understanding of the genetic and biological mechanisms involved in bone resorption has
revealed new therapeutic targets for antiresorptive treatments. Sewdrtlese new drugs act by targeting
specific pathways within the osteoclastic cells. These include denosumab, a receptor activator -afiliRiteis L
whichgiven every 6 months subcutaneousipproves bone mineral density apteventsnew vertebral and non
vertebral fractures with a similar efficacy to alendronate. Other approaches, such as cathepsbitors and
antibodies against sclerostin, are in phase lll clinical trials.

Conclusion and considerations

There are a number of mdible risk factors associated with fracture risk that are of potential relevance to young
women with POI. These include smoking, lack of exercise, calcium and vitamin D status and alcohol consumption
and low body weighfChristianson and Shen, 2013$ome of these have been associated with low BMD if not
fracture risk in women with PQiopat et al, 2009. There appears no reason that the association between these
factors and fracture risk would not apply to women with POI, thus it appears appropriatwite of these
modifiable risk factors.

HRT in postmenopausal women increases BMD and reduces fradtuEstriggerreplacement appears to have
similar beneficial effects on BMD in POI of all causes althoughettesi@wvdata on its effect on fracture riskhe
combined oral contraceptive pil widely used and frequently assumed to provide adequate banegtion but
the evidence for this is uncledsee sectiori2.39

Currently there are no data on the use of Amrmonal treatments for osteoporosis in POI.

Recommendations

Women should maintain a healthy lifestyle, involwwegjghtbearing
exerciseavoidance ofmoking andmaintenance of normal body weigf GPP
to optimize bone health.
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A balanced diet will contain the recommendetike of calcium an1|
vitamin D. Dietary supplementation may be required in women

inadequate vitamin D status and/or calcium intalte] may be of value C
women with low BMD.

Estrogen replacement is recommended to maintain bone healtt C
preventosteoporosis; it is plausible that it will reduce the risk of fracf

The combined oral contraceptive pilhy be appropriate for some wom C

but effects on BMD are less favourable

Other pharmacological treatments, including bisphosphonates, g
only be considered with advice from an osteoporosis specialist. Pal C
caution applies to women desiring pregnancy.

7.3 Monitoring bone health in POI

KEY QUESTIOMOW SHOULD BONE HEABE MONITORED INMEN WITH POI?

Clinical evidence

DuatEnergy Xay Absorptiometry (DEXA) is the key investigation in the diagnosis and management of women

with suspected osteoporosis. Other techniques include quantitative ultrds@@bS), quantitative computed
tomography (QCT) applied both to the appendicular skeleton and to the spine, peripheral DEXA;rdjgital X

NI} RA23INF YYSGONE YR 2GKSNJ NFRA23INFILIKAO (SOKyAldzSad 2 KA
measurenent, it has limitations including (very low) use of ionizing radiation, large size of the equipment, high

cost, and limited availability. The use of ultrasound assessment in fracture risk prediction has been demonstrated
(Moayyerj et al, 2012, but it is currently used only as a gereening tool, requiring subsequent diagnosis
confirmation by DEXA: importantly, ultrasound may be normal iergativith osteoporosien DEXAPisanj et

al,, 2013.

FRAX® is a computeaised algorithmhtp://www.shef.ac.uk/FRAXhat calculates the 1@ear probability of a

major fracture (hiplumbarspine humerus.or wrist fracture) and the 1@ear probability of hip fracture from age,

body mass index and dichotomized risk factors. BMD data can also be added to improve predictive accuracy.
Because fracture probability differs markedly by geography, FRAX is edltiordhose countries where the
epidemiology of fracture and death is known (currently 45 countries) but the lower age for which this tool is
applicable is currently 40 years.

Biochemical markers of bone turnover have been suggested to be useful foedhetipn of fractures and rapid

bone loss, and for monitorirthe treatment of osteoporosis. The use of bone turnover markers to aid assessment
of response to treatment is based on their more rapid response (typically within 3 months) than changes in BMD.
Significant associations between shirtm decrease in markers of bone turnover and reduction in risk of fracture
with the use of antiesorptive agents have been reported but lack of standardization complicatésagdearan
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et al, 2017 Johanssopet al, 2019 and they are currently not recommended in clinical pradfitech et al,
2014).

Initial assessment of bone health may include DEXA scan to provide a baseline measurement. However, if the
duration of POI is short and estrogen therapy is initiated, it is unclear wheXér $hould be performed ail

women. Long duration of estrogen deficiency or other risk factors (e.g. history of low impact fractures) should lead
to DEXA assessment. If a baseline DEXA is performed, and BMD is within the nornitisrangkear whether

BMD measurement shoultk routinely rechecked. DEXA involveays, which should be avoided unless there is

a specific indication, although radiation exposure fradMis very low.

HRT induced improvements in BMD are relatively gapgroximately 2 % per yeavhen comparedo the error
of repeat measiaments(1¢2 %) Therefore the interval betweeepeatmeasuremenmust befairlylonganda
5-year interval has been suggested in European guidgmes et al, 2013. However, when there is suspicion
of continuing bone loss due to secondéagtors e.g., antihormonal therapy in breast cancer patients the
initial phase of treatment of women with moderate to severe osteopaqrissstime interval should be shortened.

Conclusion and Considerations

Based on several studies showing thamea with POI have reduced BMD (see section 7.1), BMD measurement
may be considered.

DuatEnergy Xay Absorptiometry (DEXA) is the most reliable assessment for BMD and the amount of ionising
radiation used is very small. When repeat measurementéndreated, intervals of several years are required
based on the limitations of DEXA for measuring small changes in BMD

Furthermore, BMD testing may be considered useful if the results will influence a management decision, i.e.
change in treatment.

Reconmendations
It is important to consider bone health at diagnosis in POI, and ( GPP
ongoing care.
Measurement of BMD at initial diagnosis of POI should be conside C
all women, but especially where there are additional risk factors.
If BMD is normal and adequate systemic estrogen replacerisl GPP

commenced, the value of repeated DEXA scan is low.

If a diagnosis of osteoporosis is made and estrogen replacement o
therapy initiated, BMD measurement should be repeatihin 5 years,
A decrease in BMD should prompt review of estrogen replacel GPP
therapy and of other potential factors. Review by a speciali
osteoporosis may be appropriate.
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8. CARDIOVASCULAR HEANTHNOMEN WITROI

Introduction

{AyO0S (KS SyR 2F GKS mMoppnQa Al Kra 0SSy NBO23yrasSR
premenopaual oophorectomy(Robinsonet al, 1959 Parrish et al, 1967. It has been postulated that women

with POl may be at higher risk for cardiovascular disease (CVD) and death due to lasanofumedion and
subsequent deficiency @ndogenousestrogens. Several studies evaluating cardiovascular problems in women
with POI or Turner Syndrome are summarised in the first part of this chapter.

Whether cardiovascular disease and mortality mapreeented by estrogen replacement therapy or screening
and monitoring of risk factors is explored in the second part of the chapter.

8.1 POI and consequences for the cardiovascular system

KEY QUESTIOMHAT ARE THE CONSHMLES OF POl FOROARDIOVASCBR 8YSTEM?

Clinical evidence

Many cohort studies have shown that women with natural POI before the age of 40 years have earlier onset of
coronary heart diseasg\tsma et al, 2006 and increased CVD mortal{tyan der Schouwet al, 1996 Cooper

and Sandler1998 Hu, et al, 1999 Jacobsenet al, 1999 de Kleijn et al, 2002 Jacobsenet al, 2003 2004

Mondul, et al, 2005 Lokkegaardet al, 2006 Hong et al, 2007 Baba et al, 201Q Gallagheret al, 2011).

A metaanalysis involving 10 observational studies comprising 190,588 women followegirfgedrs found POI

an independent though modest risk factor of ischemic heart disease and overall CVD, but not ¢(Restrizke

van Lennepet al, 2019. This association between POI and ischemic heart disease was significant in Western
populations and not in Asian populations. A different impact of POl is also reported by Shamgkaisitealth

Study with CVD mortality being only rgignificantly increase@Vu, et al, 2019.

Women undergoing prophylactic bilateral oophorectomy before the age of 40 consistently showed an increased
risk for cardiovascular disea@ekkegaardet al, 2006 Roccaet al, 2006 Parker et al, 2009 BarrettConnor,

2013. A populatiorbased prospective study fro Japan showed that womexperiencingnenopause before

the age of 40 are at an increased risk of cerebral infar{ffiaba et al, 2010.

In the study of van der Schouw and colleagues, the distinction was made between early natural and surgical
menopause with @ HR of 1.67 (95% €I16:2.40) for CVD muality in women with early natural menopause
compared to women with menopause > 51 ydaes) der Schouwet al, 1996.

It is possible that increase@rdiovascular risk factors mlispose to an earlier age at menopause, perhaps via an
effect on ovarian blood flow. Kok and colleagues found a link between heart disease risk and age at natural
menopause in the Framingham Heart Study cofiark et al, 20089. It is difficult to know if these findings extend

to women with spontaneous POI as only three women had cessation of periods under the age of 40 years in the
cohort considered, wiise age at study entry ranged from 38 to 55 years.

Cardiovascular effects gfontaneous and surgical POI
Women with premenopausal estrogen deficiency develop earlier signs of endothelial dysfuretemaridoy
et al, 2009 and premature atherosclerodi€larkson, 2007

Early menopause has been newly identified as a risk factor fegroordurallyrelated venous thromboembolism
(Canonicoet al, 2019.
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After correction for age, body mass index, and smoking, women with POI presented with reignifigher
triglyceride and marginally lower HDL levels than controls of the same age range not using oral contraceptives
(Knauff et al, 2008.

Surgical menopause (hysterectomy and bilateral oophorectomy for benign conditionsjriamqmpausal women
(aged 4653 years) induced an increase in total, LDL cholesterol, and lipiogadteithin the next 3 months;
HDL cholesterol decreased significantly during 3 md@thischj et al, 1996.

In a group of recently menopausal women, specific platelet functions and concentrations of circulating activated
cell membranederived procoagulant microvesiclehanged with individual components of the metabolic
syndromeg(Jayachandraret al, 2017). The prevalence of the metabolic syndrome increases with menopause and
may also contribute to the acceleration of CVD thereafter.

Alteration of haemostatic factors and markers of platelet function was observed in another group of
premenopausal women 6 wks after surgical menopaugep et al, 1997.

A smaller study in 26 females with POl and 31 healthy controls suggests that QT dynamicity is impaired in patients
with POI despite the absence of overt cardiovascular involvef@enpolat et al, 2013.

TurnerS/ndrome

Womenwith TurnerSyndrome have a higher prevalence of aortic coarctation (11%) and bicuspid aortic valve
(16%), thus being at higher rigk infective endocarditis and, over time, the bicuspid aortic valve may deteriorate
leading to clinically significant aortic stenosis or regurgitaimndy, 2008p A bicuspid aortic valve is also
associated with aortic wall abnormalities including ascending aortic dilatation, aneurysm formation, and aortic
dissection. There seems to be generalized dilatation of major vessels in wom&uoméhSyndrome, including

the brachial and carotid arteries as well as the aorta. Estrogen deficiency contributes to greatemedima
thickness and altered wall dynamics, but not to increased calibre of vigsstsrg et al, 2003.

Adults with TurnerSyndrome have a high prevalence of electrocardiographic conduction and repolarization
abnormalities, right axisleviation, Twave abnormalities, accelerated atrioventricular conduction, and QTc

prolongation(Lin et al, 1998§.

A major concermi TurnerSyndrome(TS)emains the rare but often fatal aortic dilatation, dissection or rupture
in relatively young individuals. The prevalence of aortic dilatation increases with age but dilat@&tamialfeady

be present in the second decade of lftharma et al, 2009. Systemic hypertension is commonTi8and,
therefore, may be the most importanteiatable risk factor for aortic enlargement and dissec{®ondy and
Turner Syndrome Study Group, 2R07

In addition to the brden of congenital heart defects, women witBare twice as likely to develop coronary heart
disease and/or cerebrovascular disease as the general popyfatimvholi et al, 1999. Women withT Shave an

excess of several cardiovascular risk factors including hypertension, obesity, impaired glucose tolerance, and
hyperlipidaemigTurtle, et al, 2013. In 1400 women withg CVD mortality was four tes higher compared to

healthy women(Swerdlow et al, 200J).

Conclusion and considerations

Women with POI show increased cardiovascular morbidity and mortality regardless of the cause of the ovarian
insufficiency.

Patients with TurneByndrome have a higher prevalence of aortic coarctation and bicuspid advéctias being

at higher risk for infective endocarditis and development of clinically significant aortic stenosis or regurgitation;
they also have a more than doubled chance of developing coronary heart and cerebrovascularatisease
increased riskf aortic dilatation and rupture
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All patients with newly diagnosed Turr@mdrome should be evaluated by a cardiologist with expertise in
congenital heart disease (baseline ECG and echocardiography and/or CT or MRI) and periodically monitored.
Periodicscreening of the aortic diameter appears to be justified also in individuals without congenital heart disease
(Bondy,20089. Monitoring frequency and treatment modalities hawebe decided on an individual basis until

more information on outcomes becomes available. Annual screening of cardiovascular risk factors is mandatory.

Recommendations

Women with POI are atcreasedisk of cardiovascular disease and sh|
be advised frisk factors that they can modify through behavioural ch
(e.g. stopping smoking, taking regular weiggdring exercise, healt
weight).

All women diagnosed with Turn8yndrome should be evaluated by|
cardiologist with expertise in congenital heart disease.

8.2 Estrogen replacement and cardiovascular risk factors in POI

KEY QUESTIOSNIESTROGEN REPLASENCARDIEROTECTIVE?

Clinical evidence

Spontaneous anslirgical POI

Oophorectomy and early menopause are associated with a markedly increased incidence of coronary heart
disease in young womdivianson, 1994 Premenopausal women with premature coronary artery disease have
significantly lower plasma estradiol concentrations compared with cofittalge et al, 1997.

In experimental animalshé most robust inhibition of postmenopausal atherosclerotic progression was found in
animals given contraceptive steroids premenopausally and subsequently given conjugated equine estrogens
postmenopausall{Clarkson, 1994 There are inadequate prospective data regarding hormone therapy in women
with POI. Most reports suggesting an increased risk of CVD in women with POI also suggest a protective effect of
hormone therapy. Existing data regarding hormone therapy in womemnierpi&g menopause at normal age
should not be extrapolated to women experiencing POI and initiating hormone therapy at th@ diese 2008

The risks attributable to hormone therapy used by these young women are likely smaller and the benefits
potentidly greater than those in older women who commence hormone therapy beyond the typical age of
menopausgUtian, et al, 2009. Recent studies suggest that the increased CVD morbidity and mortality observed
after the menopause cannot be fully explained by changes in plasma lipoproteins only, and support the concept
that sudden ovarian horame deprivation has a widespread impact on the cardiovascular system with a direct
harmful effect on vessel wall physiolgq&ercuro, et al, 2009. Similarly, Kalantaridou and colleagues reported

that young women with premature ovariansufficiency(age range 230 years) have significant endothelial
dysfunction (Kalantaridoy et al, 2009. Oral estrogen/progestogen cyclic treatment for 6 months restor
endothelial function in these patients. However, the risks and benefits of HRT in women with natural or surgical
premature menopause have not been studied in i@ trials(Hendrix, 2005Kalantaridouet al, 2009.

In an observational Danish female nurses siudkkegaardet al, 2009, an increased risk of ischemic heart
disease was found amg women having their ovaries removed before the age of 40 compared with those having
their ovaries removed after the age of 45, as well as among women who had spontaneous menopause before age
40 compared with those after the age of 45. For the group ofmevp experiencing menopause after
oophorectomy, a threefold increase in ischemic heart disease was observed among never users compared to ever
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users of hormone therapy (however, based on few cases). The effect of hormone therapy was most pronounced
for the subgroup of current users in 1993 and among women who started treatment within 1 year of menopause.

Estrogens have effects on ventricular myocyte contractile fun¢fen et al, 2003 and a intracellular C&
kinetics in coronary endothelial cells thus having antiarrhythmic effects in cardiac myb@iesma et al,
1999. There is also evidence that estrogens decrease insulin resi¢tamomo et al, 2003 and protect against
lipid peroxidation(Ayres et al, 1999.

During menopause, plasma lipids change in an unfavourable way to a more atherogenic pattiecreeited
total and LDicholesterol and decreased HDL cholesterol concentrations. There is evidence tharah®iRT
beneficially affects plasma lipids and reverses some of these chi@agset al, 1994 Rajman et al, 1996
Darling et al, 1997.

Due to the complexity of estrogen and progegnreceptor sgtems, there may be different effects of HRT in
younger and healthier women (e.g. women with early menopause starting treatment within 3 years of their final
menstrual period), in comparison with older women (e.g. women with age at menopause higher, ttanisg
treatment 10 years after thefinal menstrual periodfAtsma et al, 2006 Ouyang et al, 2006. A higher level of
enzymes involved in estrogen metabolism and higher expression of the estrogen receptors have been observed
in the vascularmooth muscle cells obtained from the aortas of women with mild atherosclerosis than in the cells
obtained from the aortas of women with severe atherosclerf$iscamura et al, 2005. These observations
agree with experimental data from different animal models indicating that estrogen administration protects
against atherosclerosis only if vessels are healthy without esstatdlatheroscleros{€larkson, 1994Mikkola and
Clarkson, 2008n more advanced stages of atherosclerasil, estrogen administration can have negative effects

on the cardiovascular system via its prothrombotic effects possibly contributing to plague ingtakititgon,

1994 Walsh et al, 2000. In comparison with a IPhonth standard regimen, physiological -steroid
replacement therapy (transdermal estradiol 290+ vaginal progesterone) in a randomized, controlled crossover
study resulted in lower blood pressure, better renal function, and lésstan of the renirangiotensin system

in 18 women aged 199 years with PQLangrishet al, 2009.

In a groupof 25 young hypogonadal women (mean age 31.9 years; rangd2.8)5increasing doses of hormone
NB LI I OS Y Sy (i -esiriisl Mi1rage 2mg, namdi 4mg) resulted in a reduction of carotid intimedia
thickness along with increased serum HDL and demilgalasma glucog®stberg et al, 20079.

TurnerSyndrome

Shortterm studies of HRT in adult women with TurBardrome have failed to show a favourable effect on lipid
profile (Gravholt et al, 1998 Elsheikhet al, 2000. The lack of effect on serum lipids suggests that the effects of
HRT on aortic compliance may be mediated by improvement in endothelial function.

Conclusion ashconsiderations

Hormone therapy in POI has beneficial effects on plasma lipids, blood pressure, insulin resistance, and endothelial
function. There is an urgent need for laigmle longerm randomized prospective studies to determine the
optimal routesand regimens of HRT. In the absence of-teng randomized prospective data, treatment should

be individualized according to choice and risk factors.

Recommendation

Despite lack of longitudinal outcome data, hormone replacement the
with early initiatbn is strongly recommended imomen with POI to
control future risk of cardiovascular disease; dusth be continued a
least until the average age of natural menopause

C

79



8.3 Monitoring of cardiovascular risk factors

Introduction

Although theabsolute CVD risk in women at middle age is still relatively low, premature estrogen deficiency adds
G2 0K YSOR TS5 NRal] Ay 62YSyo

Conventional risk stratification for cardiovascular disease using various charts (e.g. SCORE based on gender, age,
smoking status, systolic blood pressure and total cholesterol or the ratio of total cholesterol/HDL) may fail as POI
women may be classified falsalylow risk because they are young. The SCORE chart currently suggested by the
guidelines from the Europeam@ety of Cardiology (ESC) is not available for age groups younger than 40 years
(Perk et al, 2019. However, women with POI are at high relative risk for cardiovascular disease compared with
individuals of the same age, as explored in section 8.1.

KEY QUESTIGOULD CARDIOVASKWRI&EK FACTORS BEIVIORED

Clinical evidence

Spontaneous and surgical POI

Among standard coronary risk factors such as serum cholesterol, blood pressure, and obesity, only serum
cholesterol increases at the time of menopause, and this is related to the increase in coronaryskasg d
observed after menopause. Women with early menopause have a higher prevalence of coronary heart disease
than those experiencing late menopause. This is partly related to the exposure to higher serum cholesterol levels
for a longer period than in tlse experiencing late menopause. The increase in serum cholesterol at the time of
menopause is greater than that after menopause (from early to laterpesbpause). This is consistent with the
finding that menopause affects serum cholesterol, but not B\lystolic blood pressure (B@kahoshiet al,

2001). In the study of Knauffo$s of ovarian function at a very early agd( years) was associated with higher
triglycerides and marginally lower H@lauff et al, 2009.

Glucose metabolism may be abnormal in women with POl and autoimmunity may contribuseyath extent,

both to type 1 diabetes and POI. In a study of patients with POl and normal karyotype, a high prevalence of
coexisting endocrine disease was found but only 2.5% had glucose abnormalities, which were attributed to
autoimmune mediated betaell dysfunction. Unfortunately, antibody testing was not perfornfiéan et al,

1997,

The presence of cardiovascular risk factors in elderlyan@hows a need for specific indicators of health. Women
over 65 show a steadily increasing trend for the next years. A change in lifestyle during menopausal years and in
the presence of cardiovascular risk factors can reduce morbidity and mortalitydmveacular disease, also in

elderly women(Perk et al, 2019.

TurnerS/ndrome

In addition to the burden of congenital heart defects, women with TuBpedrome have an excess of several
cardiovascular risk factors including hypertension, obesity, impaired glucose tolerance, and hyperlipidaemia.
Annual screening for these risk factors should be performed and, if relevant, smoking cessation should be
discused (see Summary TalBel for cardiovascular risk factors). Standardized multidisciplinary evaluation is
effective; girls with TurneB/ndrome benefit from a careful transition to ongoing adult medical Garziks et

al., 2019.

Hypertension has been reported in up to 50% of adults and a quarter of adolescents wittSfnoneme. There

are no clear recomendations orblood pressureRBP thresholds or targets for the treatment of hypertension in
women with TurneByndrome. Some authors suggest that BP should be lower than in healthy \oumigs et

al., 2013. Other authors have alternatively suggested introducing antihypertensive therapy based on the presence
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of two of the three risk factors for aortic dissection, which include hypertension, a bicuspid aortic valve and dilated
aortic root, aiming for a systolBR<140 mmHg with a tricuspid aortic valve<dr20 mmHg with a bicuspid aortic
valve(Conway et al, 2010. There is no evidence to suggest which antihypertensive &gembst effective in
reducing BP, or which might be favoured for delaying aortic dilatation. Women with Bymdesme may have

an activated reniangiotensin system so an angiotersamverting enzyme inhibitor (ACEI) or an angiotensin
receptor blockerARB) may be logio@lurtle, et al, 2013. Betablockers are an appropriate alternative because
resting tachycardia is a common clinical finding, but they may further increase the risk of glucose intolerance
(Dahlof et al, 2009.

Women with TurneByndrome have a 50% risk of developing impaired glucose tolerance and a fourfold increase
in the relative risk of developing tygzdiabeteqGravholi et al, 1999. Impaired glucose tolance is thought to

result from a combination of insulin deficier{®gakaloy et al, 2009 and insulin resistanc&algin et al, 2009,

and both are independent of body composition although, if obesity is present, it will further aggravate insulin
resistance. A moretlaerogenic lipid profile is usually found in women with TuByadrome compared with those

who have a normal karyotype and POI (elevation of LDL and triglycerides).

Conclusion and considerations
There are no validated tools for screening risk for CV@nmen with POI or Turner Syndrome.

Conventional screening tools are not suitable for women with POI as they are at increased relative risk for
cardiovascular disease as compared toragéched healthy women. Estrogen deficiency at young age adds to the

WFS GAYSQ NRal F2N / +5d CdzNIKSNIX¥2NBI &SNHzy OK2f Saids!
natural menopause.

However, screening for cardiovascular risk factotBagnosis may be indicated as lifestyle measures during pre
menopause immve health in later yearsThe GDG considered that blood pressure, weight (with height) and
smoking habit should be monitored annually as a minimum, with lipids, fasting glucose and HbA1c being assessed
if indicated.

Women with Turner Syndrome have anesg of several cardiovascular risk factors, including hypertension,
obesity, impaired glucose tolerance, and hyperlipidaemia. Therefore, annual screening for cardiovascular risk
factors should be performed, and if relevant, smoking cessation should hess#idc There are no clear
recommendations on BP thresholds or targets for the treatment of hypertension in women with Turner Syndrome,
but somewhat lower target values are believed to be desirable.

Recommendations

Cardiovascular risk should be assess&bmen diagnosed with POI.
least blood pressure, weight and smoking status should be mon] GPP
annually with other risk factors being assessed if indicated.

In women with TurneB8yndrome, cardiovascular risk factors shoulc
assessed at diagnosied annually monitored (at least blood press| C
smoking, weight, lipid profile, fasting plasma glucose, HbA1c)
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9. QUALITY OF LIFREWOMEN WITROI

Introduction
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QOL scales pertain to measure, and multiple methods exist. The World Health Organisation (WHO) defines QOL
&4 GKS A Y R ptds Bf dzeirfpeifion af LifiSilNtReSontext of the culture and value system in which they
fAGS FTYR AY NBflIGA2y G2 {Skub/ipNiocalZor thed\YorldaHedltly ®baNdRiEon | Y R
project to develop a Quality of Life assessment instrument (WHOQOL), TROIWHO Hsacreated a scale with

six domains: physical health, psychological state, levels of independence, social relationships, environmental
features, and spiritual concerns. Similar domains are constructed for most QOL scales. The domain scores are
usually addedip to yield an overall QOL score. The usefulness of a composite QOL score is debatable in health
research, since few health conditions or interventions would claim such widespread impact as to include
environmental and spiritual effects. This issue hanlvaised for POI resear@otz et al, 2009.

9.1 POI and consequences for quality of life

KEY QUESTIOMHAT ARE THE CONSB(CES OF POl ONOPEX.OGICAL WELLBERAND
QUALITY OF LIFE?

Clinical evidence

The term QOL is often used interchangeably with psychological wellbeing and has become something of a cliché
(Utian, 200%. Within the POI literature on QOL, few studies had set out to specifically and systematically examine
QOL patterns and their physical and psychosocial predictors.

The criticism goes beyond the validity of the QOL measure used. POI is not a homogenous and fixed state. Distinct
aspects of POI such as the absence or presence of previous cancer diagnosis/risk increase, concurrent unrelated
health problems, vasomotor sytoms, as well as current treatment (e.qg. fertility treatment) nmagactupon

different QOL domains in distinctive ways. These effects may be mitigated by a number of variables, such as the
absence or presence of a stable and satisfying relationshiprastdfdren, and prdOl mental health.

Importantly, social and economic status is associated with access to social privileges and can powerfully influence
quality of life domains, so that the confounding effects of educatioapation,and income may nekto be
controlled for. For example, a retrospective study with women who had undergone prophylactic salpingo
oophorectomy found that younger women were at a higher risk for poorerté&ongwellbeing outcomes, and

that sport participation and a stable bt had a protective effe¢i oubou] et al, 2011). However, the potential
confounding effe of educational level and executive occupatipmarkers of soci@conomic success and
privilege- weremeasured and reporteds resuls rather thanconsideredor their potentially overriding influence

on wellbeing outcome.

The researclon POI and quality of lifeas not yet reached the stage of being able to map specific aspects of POI
across different dimensions of QQlhereforethis chapter wilconcentrate on psychological wellbeing where it
is a specific focus &Olresearch.

Longterm conditions

In general, longerm medical conditions are associated with a higher prevalence of psychological and mental
health dfficulties (Depression in Adults with a Chronic Physical Health Problem: Treatment and Management
2010. Poorer mental health is known to detentally affect capacity to setianage health maintenance regimes

and lifestyle changes leading to poorer health outcome and higher usage of healthcare iceg Access
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to Psychological Therapies, 200BHowever,psychologicatesearch has focused mainly upon more common
chronic diseases. Itésirrently unclear to wét extent PGaffected women compare to other medical populations
in terms of distress and wellbeingith these limitations in mindtudies of varying quality and scale appear to
point to a higher prevalence of psychological distress.

POI

POl is said to be associated with an increased lifetime risk for major depi&ssiond; et al, 201). An early
crosssectional observational study using standardliggestionnaires with clinic attendees at a premature ovarian
insufficieny clinic found that the women reported high levels of depression and perceived stress and lower levels
of selfesteem and life satisfaction, compared to normative datz et al., 2000. A more recent crossectional
opportunistic descriptive study invalg clinic patients and support group members also suggestecempoor
psychosocial adjustment in women wiDI(Mann, et al, 20123.

A number of comparative studies can also be identified in the literalin one of them a higher risk of depression

and anxiety waseported bywomen who had had a hysterectomy with oophorectomy compared to without
oophorectomy(Farquhar et al, 2009, although the groups were not entirely comparable in terngesurgery
depression(Shifren and Avis, 20RMore recently, a large scale telephone interview follpastudy of women

who had undergone bilateral oophorectomy before the onset of menopause for-eameer indication found

the participants to be at an éneased londerm risk of depressive and anxiety symptoms compared to an age
matched referent grougRoccaet al, 2009. This report highlighted that a reduction in psychological wellbeing is

not always accountabie terms of cancer diagnosis and risk. Likewise, a study that compared women who have
experienced natural and surgical menopause for benign conditions found that HRQOL was worse for women who
have had a surgical menopauéattacharya and Jha, 2010

A strong predictor of posturgical menopause mental health is previous mental héaltiiren and Avis, 2007t

is important for future studies to control for this factor, if the reshascabout identifying psychological sequelae.
In terms of clinical managememtomen with a previous mental health histomay benefit from additional pre
surgical counselling

It has been hypothesised that for some women, the association between P@medsion may be suggestive

of an overlapping pathophysioloffychmidi et al, 2017). Psychosocial explanations have also been put forward.

A study found that scores dliness Uncertainty, Purpose in Life and Stigma were significantly implicated in scores

on Anxiety and Depression, whilst scores on Goal Reengagement and Purpose in Life were associated with scores
on Positive AffecDavis et al, 2010. A further study found significant positive relationships between spiritual

and functional welbeing(Ventura € al., 2007.

Infertility

Few clinicians would dispute the high level of distress in women affected by infertility. Clinical observations are
borne out by extensive qualitative reseaf€hishansky, 1996It has been argued that emotional responses to
infertility should be understood within a bereavement mo@aime, 1997 Women and men often choose to

keep their fertility problena secret(Slade et al, 2007, andtherebyselflimit their access to social support. This

may partlyaccount for the lowevels of social supporeported bypeople with fertility problem¢Orshan et al,

2009. Fertility concerns were reported by 71% of the sample in a descriptive stotlyrig clinic patients and
support group memberdut a strong relationship witbelfreports of psychosocial functioning measures was not
demonstratedMann, et al, 20123.

Vasomotor symptoms

The pevalence of hot flushes and night sweats and their impaetellbeings most studied in natural menopause
(see for examplé=reeman and Sherif, 20))7Vasomotor symptomare associated with sleep problems, which
may affect mood states, social participation and work performance, as well as overaltdlatdthquality of life
(Utian, 200%. Research in natural menopause further suggests there are important cogaitiogonal,and
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behavioural vaations in symptom experience and reporting, so that their impact on women can be expected to
be highly variabléHunter and Mann, 2000

Research suggests that surgical menopause is associated witkawere climacteric symptoni8enshushanet

al., 2009, although the surgery and natural groups of women differed in age and other potentially confounding
parameters. Vasomotor symptoms were reported by a third of women in a recent opportunisti¢\éturaly et

al., 20129, but the presence of symptoms explained only a small amount of the variance in psychosocial
functioning.

Conclusion and Considerations

The limited evidence would suggest that women with POI report lower leysigabfological wellbeing compared
to women in the general population. Currently it is far from certain whether this constitutes the psychological
sequelae of having a chronic conditioriggparticular to POper se

Authoritative data is needed to confidgninform service users and providers about the wellbeing trajectories of

the key aspects d?Ol. Meanwhile, the use of doctand patientfriendlywellbeing screening tools mayompt
discussion and signpost to supportive resources is a crucial adpelatical services for long term medical
conditions in general and POI in particular, so that patient distress does not go unnoticed and unmanaged. Many
simple and acceptable tools already exist.

Recommendation

A diagnosis of POI has a significagativeimpact on psychologic
wellbeing and quality of life

9.2 Interventions fomprovingquality of life inrvomen withPOI

KEY QUESTIOWHAT ARE THEANAGEMENT OPTIONSRFREDUCED QUALIFYLEEFE
ASSOCIATED WITH?POI

Clinical evidence

POl is a physical health condition that affects multiple body systems so that some impact erelatatttyuality

of life may be expected at some time point. The effect may be mild or moderate, transient or prolonged,
depending on a wide range of variedl It does not always follow that every woman reporting a reduction in
quality of life should be medically or psychologically treated. Psychological distress in response to (aspects of) POI
is normal. Coping with a level of adversity across the lifesjiatnimsic to human development. In some situations,

a caring professional attitude may be the best form of clinical management. A telephone interviebhasedly

on findings from focus groups suggested that the manner in which patients are informedrediodiagnosis

could significantlyaffect their level of distress, and that patients expressed a need for clinicians to spend more
time with them and provide more information about their condit{@Gmoff, et al, 2005.

Medical interventions

One of the rare reviews that focused specifically on the effects of hormone interventions on quality of life in
surgically postmenopausal women pointed out a number of methodolafgifielencies in the literaturéotz et

al., 2006. Theauthors concluded that estrogen with or without testosterone may improve generabened in

some surgically menopausal women for whom the level of serum estrogen was within a premenopausal range.
They further observed that adding testosterone to estrotjerapy may provide additional improvements in well

being in some women but only at sugraysiological levels of total testosterone and physiological levels of free
testosterone. Since then however, there has been a report based on a randomized, -platedited, parallel
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design investigation of 128 women with 46,XX spontaneous POI ovenanit? period(Guerrierj et al, 2019.

The research team concluded that augmentation of standard estrogen/progestin therapy with physiologic
testosterone in young women with POI did not change reported quality of life @ssedfm and had minimal
impact on mood. It wasuggested that othepathwayswere likely tobe involvedin any mood alterations
associated with POI.

Vasomotor symptoms could be implicated in a reduction of quality of life for some women. For women who need
or wish to avoid hormone therapy, there is @ed for additional targeted therapies, validated by results from
controlled clinical trials that are safe, efficacious,-effgctive, and well tolerated by symptomatic wongefian,

2005. Nonthormonal drugs including selective serotonin reuptake inhibitors (SSRIs) and serotonin
norepinephrine reuptake inhibitor (SNR&pnidine, and gabapentin have produced moderate rédas in hot

flush and night sweat frequency, averaging 37% across trials, although they appear to have little effect on quality
of life measureg¢Radaet al, 2010.

Psychological interventions

For some women diagnosed with POI, psychological wellbeing may be particularly compromised at specific time
points, such as the time of diagnosis, when physical symptoms are most acute, when fertility treatments are being
pursued, at the beginning or endiof an important relationship, or when a number of physisgichosociagnd

economic factors converge to exacerbate distress. The approach taken would depend on the presenting
complaint, the therapeutic orientation of the psychologialician, and ervice constraints. To date however,

there is no authoritative evaluative research in psychological interventions specific to a diagnosis of POI. This is
partly because psychological interventions tend not to target medical diagnoses as such, but agisgtchol
problem (e.g. health anxiety), which may be related to an aspect or multiple aspects of a condition (e.g. infertility)
rather than to the diagnosis per se (e.g. POI).

From the 1980s, the evaluation of psychological treatments for hot flushes dricswigats (HFNS) began to
appear in the literature, mainly as an alternative to hormone replacement therapy (HRT) for midlife menopause.
The highest level evidence to date comes from a randomised controlled trial of a simplified form of cognitive
behavioual therapy (CBTMann, et al, 2012h. The report suggested that both CBT asdal care resulted in a

38% reduction in HFENS frequency. However, compared with the usual care group, the women in the CBT group
showed statistically significant and lasting reductions in subjective problem rating of HFNS and improvements in
quality of lfe. Although the trial was carried out with patients with breast cancer unable to use HRT for symptom
control, there is no a priori reason why the benefits would not apply to women who suffer from HFNS for other
medical reasons.

The psychosocial effects 6BT/relaxation, physical exercise, and a combination of the two interventions were
compared in a RCT involving 422 breast cancer patients reporting tredtrdanédvasomotorsymptomgDuijts

et al, 2019. Both interventions, separately and in combination had positive health and wellbeing effects.
However, treatment adhereee was not optimalRurther development may be required and with different POI
clinical populations beforese interventiongould be incorporated as standard care provision for POI.

Where infertility is centrally implicated in a significant reductibwellbeing, several hundreds of reports have
pointed to psychological interventiof8oivin, 2008 However, very few specific recommendations have been
made as to what the goals and metisoshould be, let alone how to evidence the effects. A wide range of
psychological approachés infertility have been described that may tedevant in supporting adjustment to the
diagnosis of POI. In one revigiaoivin, 200} twentyfive studies were classified into three categories of
intervention: 1) counselling; 2) focussed education (including sex therapy, coping training, support and stress
reduction, autogenic training and prepsoey information); and 3) comprehensive educational programmes
(including a mixed range of coping and relaxation techniques). Therapy offered was betbrsh@2 weeks)

and longterm (32 weeks) and formats varied including group, couple and individual work. The author reported
that on the whole, the interventions were more effective in reducing negative affect than in changing
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interpersonal functionin¢e.g. social or marital mionships)and that group interventions which had an emphasis

on education and skills training were more effective across a range of outcomes than those that required more
emotional expression of thoughts and feelings in relation to infertiligne ofthese studies were specific to
women with a definitive diagnosis of POI or quality of life as an outcome. However, the review was useful in
signposting a need for all psychological interventions to be more clearly specified and accountable, rather than
refSNNBR G2 Fa WOaldyhaeptf t AyIQ & + OF G§OK

Managing a stigmatised identity can be expected to be a central psychological task for many women diagnosed
with POI. Struggles with stigma may manifest themselves in terms of avoidance to discuss Rih elose

family members and friends. Stigmatisation is generally believed to predispose people to poorer mental health.
Studies with women (and men) presenting with fertility problems have confirmed the association between
degrees of stigmatisation amsychological distre¢Slade et al, 2007 Davis et al, 2010. Interestingly, distress

was negatively associated with goakregagement despite continued preoccupation with the (@ssvis et al,

2010. Whilst supportive counselling could be first line psychological input, for some women there may be a need
to extend such input to help patients to renegotiate life geatcessfully

Group interventions can directly help women to reduce social isolation and there is robust evidence for cognitive
behavioural group interventions for overcoming problems ofestdiem (Morton, et al, 2019, should this be
AYLX AOFGSR Ay |y AYRAGARMZ f Qa NBRdAzOSR ljdzZ tAde 2F fAFS

An educated patient has a better chance of becoming a healthier one. Opexlisuifilinary education forums

to facilitate learning and processing of the multiple aspects of the condition are-effeative way of meeting

this need, reducing sociloltion, and improving patient experience. However, research is needed to evaluate
their impact ondifferent dimensions oduality of life.

It is important to bear in mind that for many diagnosed women, POI is not the only challenge to their wellbeing,
or even the most important one. The influence of past and (con)current psychosocial vulnerabilities should not be
overlooked. Therefore, where psychological distress is significant and prolonged, a potential referral to specialist
psychological or mental healtlare pathways should be discussed.

Conclusion and Considerations

How a woman approaches her situation will depend on both intrinsic and extrinsic factors, including physical
health, current and past psychological health, age, parity, personal valupseferences, and access to social
resources such as work, education, and supportive relationships. An offer of intervention should be based on a
thorough and holistic assessment of the presentation, and 4disttiplinary skills may be required. Once the
hormoneprofile is adjusted, there is no evidence that additional medical interventions directly lead to significant
psychological benefits. Psychological interventions for problems that are associated with POI can lead to positive
benefits on quality offe, although the evidence does not come from POI per se.

Recommendation

Psychological and lifestyle interventions should be accessible to

with POI B
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10. SEXUAIAND GENITFORINARFUNCTION IN
WOMEN WITIPOI

Introduction

Sexual experiences and their interpretation and reporting are complexbahd experiences. Observations
within a purely biomedical knowledge framework are inevitably incomplete. POl may have direct or indirect
effects on sexuality. The current literatwwannot confidently answer questions on female sexuality and POI in
ways that are helpful to affected women and close others. Detailed exploration of the potential sexuality effects
of POI can only be achieved via mniéthod studies with directly relevasamples and preferably without pre
emptive search for medical interventions. This kind of patientred primary research is sparse in the clinical
literature.

10.1 POI and consequences for sexuality
KEY QUESTIOMHAT ARE THE CONSEQLES OF POI FERWBALITY?
Clinical evidence

Direct studies of POI and sexuality are lim{tedaziottin and Basson, 200Most of the available research has
been withwomen with natural midlife menopause. There are studies on surgical menopause but almost all on a
single dimensiog sexual desire, with very limited engagement with the multiple dimensions of female sexuality.
The effects of life cycle stage, for exanipteaffected adolescent and young adult women, are virtually unknown.

There are similarities between natural and surgical menopause, in terms of the prevalence of vasomotor
symptoms and potential attendant sleep disturbance or fatigue, as well as vagmaésdand dyspareunia.
However, studies with these two populations can introduce confounding variables, rendering them at best
partially comparable and generalizable to spontaneous POI. In the case of natural menopause, any sexual effect
may be ageelated (for the women and their sexual partners). In the case of oophorectomy with hysterectomy
prior to menopause, the effects may be influenced by the shortening of the vagina, loss of sensitivity and the
emotional sequelae of the threat of the illness thatimecessitated major surgefiRodriguezet al, 2012).

Neither of these scenarios is directly applicable to spontaneous POI.

In terms of research with women presenting with POI, any significant sexual problems could be a primary effect
of the physiological changes, or secayda the attendant emotional burden of the diagnosis, perhaps especially
infertility (King, 2008 which can be expected to have consequences oregalfiations and relationships for

many women and, for some, evéadditional) economic hardship as a result of marital ineligibility. Fertility
treatment comes with unpredictability and uncontrollability aath be expected to haves own emotional and

sexual impac(Slade et al, 1997. Therefore, the question of the sexual effects of POl on women is far from
straightforward

Two components fosexual problems have been identified for normal menopause: 1) uncomfortable or painful
intercourse from vaginal dryness that becomes more common as menopause progresses; and 2) sexual changes
not definitively strongly associated with hormonal changesh sas altered libido and arousal, which are
recognised to be associated also with changes in personal, social and economic cqhditiah30h

The Cochrane review on concomitant prophylactic oophonegtat elective hysterectomy failed to identify
significant negative psychological or sexual effects on adequately estrogenised premenopausglGxonien

et al, 2008. This aspect of the overall conclustosleemed tentative by the authors, was partially supported by

a case controlled study of sexual function in young women with spontaneous 46,KalR@bridou et al,

2008). In this rare report that is directly relevant for spontaneous POl and sexuality, the women with POI reported
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relatively normal sexual function on the DES¥ a widely usedealuation tool. Serum total testosterone levels
were significantly correlated with the DISR composite score. However, whilst the proband group scored lower
than a control group of menstruating women, there was no statistically significant differetheennmber of
probands with composite scores below the second centile.

A casecontrol study evaluating sexual wbd#ing in women with POI concluded that women with POI have
diminished general and sexual wadiing and are less satisfied with their seuak than control women. Of the
women with POI, 59% used HRT. There was no difference in sextmdimgelbr satisfaction between women
taking HRT and women not taking HRT. Fjrtalyauthors did not find an association between lower androgen
levels ad sexual functioninfyan der Stegeet al, 2008.

In contrast,a smaller study of women with spontaneous|P€ported a much higher prevalence of sexual
dysfunction(62.1% comparedto agematched contrad (OR 2.78, IC 1.29 TO 5.98, P<0.05), using a different
validated assessment tool, the Female Sexuality Function IndeXdE3fh)eidaet al, 2011). There are several

key differences in study design that could explain these discrepant findings. Women had to be séxadlly ac

be included in the latter study but not the former one. The FSFI was completed at an interview with a psychologist,
whereas the DISER is a seffssessment questionnaire. Finally, the prevalence of sexual dysfunction in the
control group appearsotbe high (38%) in the study by de Almeida and colleagues, although this reflects the
definition of sexual dysfunction used.

It is important to note that not all women identified by medical researchers as presenting with hypoactive sexual
desire disorde(HSDDBavaluef I RSy (SN KSI @giafte O2yiSaitSR o0& | OFRSYAO
have low testosterone levels, and no single testosterone level predicts low female sexual (@nbticamkhagen

and Studd, 2000 Therefore, a number of other factors are likely to be relevant, suattiaogy life stage, and

relationship quality.

An earlier study assessed the psychosexual wellness (as opposed to sexual function, a more pelfasednce
construct) with a group of women aged 19 to 40 with @@k et al, 2000. Diminished psychosexual wellness
was identified using several of the Mwdtmensional Sexuality Questionnaire subscales. Compared to the MSQ
norms, the patient populatioryielded lower scoreson Sexual Esteem, Sexual Assertiveness, and Sexual
Satisfaction, and higher on Sexual Anxiety and Sexual Depression.

Conclusion and considerations

Female sexuality may well be affected by POI, probably at least pathotignal burden especially wffertility
consequent upon it. Givethe absence of intedisciplinary coherence to inform question formulation, findings

on the sexual consequence$ BOI should be interpreted prudently. It is highly unlikely that any finding is
ISYSNItATFo6tS G2 62YSy ONR&a | 3S INRdAzLIA | yR Odz ( dzNT ¢
determine will profoundly shape their sexual outlook in retatmPOIl and generally.

Research on sexuality is dominated by a focus on treatment development. This may have contributed to the
absence of a rich and nuanced clinical description of the relationship between POI and multiple aspects of female
sexuality, ad an authoritative knowledge of the mitigating mechanisms and factors based on biological,
psychological, and social differences between women. Furthermore, whilst most studies acknowledge multiple
factors in sexual experiences, from hormonal to spititttedre is a lack of commitment to collect quality
information from socially diverse samples within a coherent-itariplinary framework.

Recommendation

Routinely inquire about sexual wellbeing and sexual function in w

with POI. GPP
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10.2 Interentions for sexuality in POI

KEY QUESTIOWHAT ARE THE MANAGENW OPTIONS FOR BHEECTS OF POI ON
SEXUALITY?

Clinical evidence

A number of known and potential factors contribute to sexuality and sexual experiences, rendering sexual
difficulties as muchJa @ OK2 a2 OA L f a4 LIKe@aAOoltz KSyOS G(KS 2F(GSy dzaS

Estrogen

Estrogen is important for the health and function of the geuifoary system and dyspareunia will affect sexual
function and desire. The treatments for this are reviewesection10.3 Estrogen may also be important for

other components that contribute to female sexuality, possibly affecting peripheral as well as central
neurotransmissior{Sarrel, 1987Rubinow et al, 1999. However, factors other thamstrogen may influence
sexuality in POA small Brazilian case control study of 36ua#ly active women with spontaneous POl aged 18

to 40 years who were taking HRT still had lower scores on the Female Sexual Function Index (FSFI) than did age
matched normal control§acellg et al, 2013. Scores in all domains of the FSFI were lower in the POI group,
including reporting more pain and poorer lubrication. This was despite normal vaginal flora and hormonal vaginal
cytology,suggesting the causeight not be estrogemelated. The authors reported a lower score for the POI

group in a subjective vaginal health index, which included assessing vaginal mucosa elasticity, epithelial integrity,
fluid secretionpH,I Y R & K dz¥Hough aisthgledelinicidn assessed all participants, the study was not blinded
and the vaginal health index scores did not correlate with the pain and lubrication domains of the FSFI.

Testosterone
Clinical research has focused almost exclusively on thaf tesstosterone for low sexual desire, even though the
relationship between the two is not certaifhis is as true for women in general as for those diagnosed with POI.

From about 2000, a series of randomised, plaesidrolled trials of testosterone gbches with
oophorectomised women have been carried out, usinguga@stosterone patches daily for 24 weeks, in the
form of a twice weekly patch worn on the abdon{ghifren et al, 200Q Braunstein et al, 2005 Buster, et al,

2005 Simon et al, 2005 Davis et al, 2006 Davis et al, 2008 Panayet al, 2010. All of the sudies have declared
conflicts of interest, in terms of involvement from the pharmaceutical industry in study design, statistical analysis
and in some cases assistance with the manuscript. Some review papers of testasasamheterventions also
presentconflict of interes{Alexander et al, 2004 Kingsberget al, 2009. Overall effectiveness is reported for
improved sexual function as assessed byreplirts on psychometric scales and sexual activity logs alike, over
andabove a large placebo effect. All of the studies involved-siiort treatment and followup. Whilst adverse
events were reported as mild or minimal (always from tie$e: NOK S NE Q LJaeknyhgaltahd @S g 0 = f 2
remains unknown.

A large number ofactors caution against routine recommendation of testosterone therapy. First of all, a large
number of exclusion criteria were deployed in the research, which may restrict the applicability of the findings
within clinical practice, where women with POlynmesent with a range of issues that have been excluded.
Secondly, studies tend not to report the number of eligible women who decline treatment, rendering the level of
acceptability to patients unknown (for example, many women may prefemealical treéments). Evaluation

of patient preferences and experiences by an independent assessor is seldom provided. Thus far the most
intensively studied population is Caucasian (and presumably heterosexual) women, making the evidence not yet
applicable to other pagations. The most frequently treated sexuality dimension is libido, or what the researchers
called HSDD, limiting the applicability to other sexual problems. Finally, the small increase in the number of
satisfying sexual activities per month renders th@aal significance of treatment rather debatable.
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Testosterone patchesere used in most of the quoted trials, libey areno longer available, requiring off label
use of testosterone gels at 1/5th to 1/10th the male dosage.

Nonmedical approaches

A rarge of dedicatedprofessional servicesxist to provideassessment and treatment of sexual difficulties
reported bymen and womerin the general populatianThis mirrors a broad acknowledgement of the role of
complex interactions between the anatomical, gibjogical, psychological,and social factors in sexual
preferences, activitiegxperiencesand their interpretations. Currently there is limited knowledge as to what
type of intervention works best, for what, in what way, and for whénowledge needotimprove significantly

to enable women with POI to make a truly informed choice.

Nonmedical approaches for women and couples affected by POI have received stantific attention.

Psychda SEdzl f F LILINRI OKS& | AY (2 pBysidbljicdlfand Zekuallldholvlad§e/and Q | y I
attitudes. Cognitive and behavioural strategies further assist sexually distressed patients to overcome unhelpful
thoughts and feelings and encourage realistic goals to overcome problems or access preferred exfieriences

Kuile et al, 2010). Research is underway to evaluate mindfuldessed approache@rotto and Basson, 204

The trialling of these approaches are however at their infancy.

Conclusion and considerations

Without a clear conceptual framewofor describing and making sense of clinical anddfinital observations,
treatment studies can be said to be premature, and findings are likely to be confusing. Adequate estrogen
replacement, with additional local treatment if necessary for dyspaaeshould be ensured in women with POI

and sexual dysfunction.

Partnered (especially Caucasian) women who are medically and psychologically uncomplicated, who prior to POI
had a satisfying sexual life and are currently distressed about low sexual desire despite adequate estrogen
replacement, may benefit from sheirm use of testosterone patches of 30§ daily, with the understanding

that longterm risks are unknown.

For these and other women who have expressed a preference famedital interventionsvhich are so far
under researched, low risk approaches suclpgghosexual therapies may be of value and may be more
acceptable to more women with or without partners.

Recommendations

Adequate estrogen replacement is regarded as a starting poir
normalising sexual function. Local estrogen may be required to C
dyspareunia.

Women with POI should receive adequate counselling about the pos
of using testosterone supplementation so that they can make an infa B
choice, in the knowledge that logrm efficacy and safety are unknov‘
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10.3Genitourinary symptoms in POI

KEY QUESTIOMHAT TREATMENTS AREILABLE FOR GENJRINARY SYMPTOMBQN?

Clinical evidence

Prolonged hypoestrogenemia may lead to vulvovaginal atrophy. The prevalence cligeaipsymptoms in
spontaneous POl hainbeen reported. In women with iatrogenic POI after breast cancer treatment the
prevalence of moderate to severe dyspareunia and vaginal dryness was 42% ardp&8tyel\Leining et al,

2006). Vaginal lubricantsmoisturizersand HRT (both systemic and topical) are used to treat geriitary
symptoms, such as vaginal dryness, irritation, urinary frequency and incontinence. There are few trials relating
specifically to POI and therefore evidence derived from memsgpat a regular age has also been used.

Vaginal lubricantandmoisturizers

Vaginal lubricantand noisturizersmay be used when there is a need for local treatmentreitmystemic
treatment is contraindicated, or if women still experience genritonary symptoms despite afn appropriate

dose of HRT. In a small study of 36 women with POI using HRT (estradiol 1mg or 2mg plus norethisterone acetate
(n=21) or conjugated estrogen 0.625mg plus medroxyprogesterone acetate (n=15)), it was identified that these
women still had worse sexual performance with more pain and poorer lubrication compared with women with a
normal gonadal functioriVaginal trophism, assessed through vaginal cytology, vaginal pH and vaginal health
index, was worse according to vaginalltremdex; however, in both groups the scores were troffhicello et

al., 2013.

A small doubkblind randomised controlled trial (36 pigipants) compared a gel containing hyaluronic acid to a
placebo gel over a-Bonth period. Both treatments were found to improve vaginal atrophy scores, erythema,
and dryness when compared with baseline and the group using the gel containing hyalcicbaiso had an
improvement in burning and itching compared with baseline. However, when the groups were compared directly
no significant differences were foun(@srimald] et al, 2012). Another doubléblind RCT involved 62
postmenopausal women with vaginal atrophy and compared the use of a gelfstghytoestrogen) vaginal
pessary with the use of a hyaluronic acid vaginal pessary daily for 15 days a month for three months. Both
treatments improved genital symptom scores, colposcopic and cytological features from baseline, although
genistein was wre effective on genital symptom score (p<0.001 vs. hyaluronic acid; other comparisons between
the groups not significanfL.e Donneet al, 2017).

Local HRT

The 2006 Cochrane Review on local estrogens for vaginal atrophy included 19 trials with 4162 postmenopausal
women(Sucklinget al, 2009. To date, two very smaBg and 30 participants) opdabel trials have assessed a
non-hormonal vaginal moisturizer versus vaginal estrogen, both over a 12 week period. In both trials, similar
improvements were seen in both group&chtigall, 1994Bygdeman and Swahn, 199@aginal estrogen cream
significantly improved vaginal health index score as opposed to moisturizing gel in one of the trials: vaginal dryness
(weighted mean difference [WMD] 4.46, 95% CI 0.76 to 6.16), vaginal moisture (WMI3% @l 0.77 to 1.31),

vaginal fluid volume (WMD 1.04, 95% CI 0.74 to 1.34) and vaginal elasticity (WNIB5%.00 0.79pBucklinget

al.,, 2009. When compgng the efficacy of differergstrogenic preparationsn(ithe form of creens, pessaries,

tablets and theestradiotreleasing vaginal ring) in relieving the symptoms of vaginal atrophy, results indicated
significant findings favouring the cream, ring, and tablets when compared to placebo ahdrmamal gel
(Sucklinget al, 2009.

Systemic HRT:

There are no randomised controlled trials assessing the use of HRT in the treatment afrgearyosymptoms
specifically in POI. The two largest studies in this area addtesagsk of selective estrogen receptor modulators
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(SERMs). However, there is no indication for SERMs in the clinical context of POI due to -tféaictsicaf
vasomotor symptom@achmannet al, 2010.

There are two observationatudies that assess genitminary symptoms, amongst other outcomes, in women

with POI who chose to take H®Thot. In one study, of 31 women with menopause because of chemotherapy
prior to stem cell transplantation, 16 chose to take HRT. At baseline, examination revealed genital atrophy in all
31 women on examination; 54% had sympsgoaf vulvovaginal atrophy (dyspareunia, itch, burning sensation)

and 42% had urinary tract symptoms (dysuria, urinary frequency, mild urinary incontinence). With systemic HRT
(various preparations were used), 53% of patients had improvement of vulvoeagiphy after 5 weeks (range,

4¢12) and 53% had resolved genitonary disturbances after 5 weeks (range8){Piccionj et al, 2009. The

other study was a questionnaire study of 450 women (mean ages in the three gretfissdbigh risk of ovarian

cancer. Women were either premenopausal at the time of prophylactic bilateral satmipbarectomy (BSO),

or were premenopausal at assessment (undergoing gynaecological screening). Of the participants who had BSO
(36%), 47% were taking HRT (HRT users). In the BSO group, HRT useraisers ngported similar sexual
function as measured by theasure, discomfort, and habit scales of the Sexual Activity Questionnaire. Amongst
the BSO group, women on HRT had higher levels of sexual discomfort due to vaginal dryness and dyspareunia
compared with norBSO group (p<0.0@Yladalinskaet al, 2009 (table 10.1).

These findings of improved genitoinary symptoms with HRT are supported by studies in olderewoirhe
National Institute of HealtiNIH) European Menopause and Andropause Society (EMiAS)nternational
Menopause Society (IMBcommend estrogen treatment for vaginal dryn@sgH, 2005 Skouby et al, 2005
(Sturdee et al, 2010. EMAS recommends using both systemic and topical estrogen initially if symptoms are
severe, followed by just topical treatment, for which no Hegn risks have been identifiggkoubyet al, 2005.

Table 10.1 Prevalence of vaginal dryness, dyspareunia, and loss of libido in women after prophylactic bilateral
salpingeoophorectomy (BSO) using HRT or not, compared to premenopausal women undergoing gynaecological
screenindMadalinska, et al., 2006

BSO p-value
BSCGHRT user BSGO;HRT user
Premenopausal
HRT user HRT non use versus versus BSCHRT
premenopausal nonuser

Vaginal dryness 13% 24 % 2% 0.002 ns

Dyspareunia 12% 17% 3% 0.008 ns

Loss of libido 16% 22% 4% 0.002 ns

Conclusion and considerations

Genitourinary symptoms, such as vaginal dryness, irritation, urinary frequency, and incontineaseparated

with hypoestrogenism. The exact prevalence of these symptoms in women with POI is not known. Vaginal
lubricants moisturizersand HRT (both systemic and topical) can be used to treat gaimtary symptoms.
Vaginal lubricantand noisturizersmay be used when there is a need for local treatment where systemic
treatment is contraindicated, or if women still experience genritonary symptoms despite an appropriate dose

of HRT. Both local and systemic HRT seem to be effective in relievingugeaitp symptoms, although RCTs
involving women with spontaneous POI have not been undertaken.
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Recommendations

Local estrogens are effective in treatment of geniiaary symptoms. A

Clinicians should be aware that despite seemingly adequate sy
hormone replacement therapydiR), women with POl may experien
genitourinary symptoms. Local estrogens may be given in additi
systemic HRT.

Lubricantsare useful for treatment of vaginal discomfort and dyspare
for women not using HRT.

References

Alexander JL, Kotz K, Dennerstein L, Kutner SJ, Wallen K, Notelovitz M. The effects of postmenopausal hormone theepissxarafe
functioning: a review of doublelind, randomized controlled trialslenopause2004;11: 743765.

Bachmann GA, Komi JO, Ospemifene Study G. Ospemifene effectively treats vulvovaginal atrophy in postmenopausal wdroemaresults
pivotal phase 3 studf¥lenopause201017: 480486.

Braunstein GD, Sundwall DA, Katz M, Shifren JLr BEs&mon JA, Bachman G, Aguirre OA, Lucas JD, Rodenberg C, Buch A, Watts NB. Safety
and efficacy of a testosterone patch for the treatment of hypoactive sexual desire disorder in surgically menopausal andwenizad,
placebaecontrolled trial Archintern Med2005165 15821589.

Brotto LA, Basson R. Group mindfulAessed therapy significantly improves sexual desire in woB®rav Res Th201457: 43-54.

Buster JE, Kingsberg SA, Aguirre O, Brown C, Breaux JG, Buch A, Rodenberg CA, Wekselman K, Casson P. Testostevaexpaltch for |
desire in surgically menopausal women: a randomized@fgitet Gynec@005105 944952.

Bygdeman M, Swahn ML. Red versus dienoestrol cream in the symptomatic treatment of vaginal atrophy in postmenopausal women.
Maturitas 199623: 259263.

Davis SR, Moreau M, Kroll R, Bouchard C, Panay N, Gass M, Braunstein GD, Hirschberg AL, Rodenberg C, Pack S, koah $tutitbufareg
J, Team AS. Testosterone for low libido in postmenopausal women not taking edr&gehJ Mef008359 20052017.

Davis SR, van der Mooren MJ, van Lunsen RH, Lopes P, Ribot C, Rees M, Moufarege A, Rodenberg C, Buch A, Purdie B¥efyféEacy a
a testosterone patch for the treatment of hypoactive sexual desire disorder in surgically menopausal women: aa@ngtaoebe
controlled trial Menopause200613: 387-396.

de Almeida DM, Benetlinto CL, Makuch MY. Sexual function of women with premature ovarian fddumepause201118: 262266.
Graziottin A, Basson R. Sexual dysfunction in women with prenmaémopauseMenopause00411: 766777.

Grimaldi EF, Restaino S, Inglese S, Foltran L, Sorz A, Di Lorenzo G, Guaschino S. Role of high molecular weigidtinyzdstoreoepausal
vaginal discomforMinerva Ginecd201264: 321-329.

Kalantaridu SN, Vanderhoof VH, Calis KA, Corrigan EC, Troendle JF, Nelson LM. Sexual function in young women with spontaneous 46,XX
primary ovarian insufficienclertil Steri200890: 18051811.

King RB. Subfecundity and anxiety in a nationally representatiygesSoc Sci MeP00356: 739751.

Kingsberg SA, Simon JA, Goldstein |. The current outlook for testosterone in the management of hypoactive sexual disire disor
postmenopausal womed. Sex Me@0085 Suppl 4182193; quiz 193.

Le Donne M, Caso C, Mancuso A, Costa G, lemmo R, Pizzimenti G, Cavallari V. The effect of vaginally administered genistein in comparison
with hyaluronic acid on atrophic epithelium in postmenopadseh Gynecol Obst2011283 13191323.

Leining MG, Gelber S, RoserhR, Przypyszny M, Winer EP, Partridge AH. Menopgusalymptoms in young breast cancer survivans
Oncol200617: 17771782.

Liao KL, Wood N, Conway GS. Premature menopause and psychologieihgélPsychosom Obstet Gyna@@il021: 167-174.

Madalinska JB, van Beurden M, Bleiker EM, Valdimarsdottir HB, Hollenstein J, Massuger LF, Gaarenstroom KN, Moujéa KRB, Varhei
Dorst EB, van der Putten H, van der Velden K, Boonstra H, Aaronson NK. The impact of hormone replacement rthemapgusal
symptoms in younger higlisk women after prophylactic salpinrgophorectomyJ Clin Onc@00624: 35763582.

Nachtigall LE. Comparative study: Replens versus local estrogen in menopausaFedihsterill99461: 178180.

97



NIH. NIH tate-of-the-Science Conference Statement on management of menopealated symptomsNIH Consens State Sci Statements
200522: 1-38.

Orozco LJ, Salazar A, Clarke J, Tristan M. Hysterectomy versus hysterectomy plus oophorectomy for premenopauSathremeen.
Database Syst R2008: CD005638.

Pacello PC, Yela DA, Rabelo S, Giraldo PC,-BertettCL. Dyspareunia and lubrication in premature ovarian failure using hormonal therapy
and vaginal healtiClimacteri?013.

Panay N, Adzzawi F, Bouchafd, Davis SR, Eden J, Lodhi |, Rees M, Rodenberg CA, Rymer J, Schwenkhagen A, Sturdee DW. Testosterone
treatment of HSDD in naturally menopausal women: the ADORE Glinaycteri?01013: 121-131.

Piccioni P, Scirpa P, D'Emilio |, Sora F, Scarcigbaneénti L, De Matteis S, Sica S, Leone G, Chiusolo P. Hormonal replacement therapy after
stem cell transplantatiotMaturitas200449: 327-333.

Rodriguez MC, Chedraui P, Schwager G, Hidalgo L;LBpezzFR. Assessment of sexuality after hysterectsing the Female Sexual
Function IndexJ Obstet Gynaecp01232: 180-184.

Rubinow DR, Schmidt PJ, Roca CA. Estsagetonin interactions: implications for affective regulatiiol Psychiatr$99844: 839-850.
Sarrel PM. Sexuality in the middle nge®bstet Gynecol Clin North A®8714: 49-62.
Schwenkhagen A, Studd J. Role of testosterone in the treatment of hypoactive sexual desireMesnirites 200963: 152159.

Shifren JL, Braunstein GD, Simon JA, Casson PR, Buster JE, Redmond GP, Burki RE, Ginsburg ES, Rosen RC, Lekiiyivi8&rCékamelli
Transdermal testosterone treatment in women with impaired sexual function after oophore®demgl J MeB000343 682-688.

Simon J, Braunstein G, Nachtigall L, Utian W, Katz M, Miller S, Waldbaum A, Bouchard C, Derzko C, Buch A, Rodedb&gus, Sucas

Testosterone patch increases sexual activity and desire in surgically menopausal women with hypoagitidessexulisorderd Clin
Endocrinol Metal200590: 52265233.

Skouby SO, Azzawi F, Barlow D, Cafd$ina Erdogan Ertungealp J, Gompel A, Graziottin A, Hudita D, Pines A, Rozenberg S, Samsioe G,
Stevenson JC, European M, Andropause S. ClimactelimimeeEuropean Menopause and Andropause Society (EMAS) 2004/2005 position
statements on periand postmenopausal hormone replacement therdpsturitas200551: 8-14.

Slade P, Emery J, Lieberman BA. A prospective, longitudinal study of emotioraiandhigls in irvitro fertilization treatmentHum Reprod

199712: 183190.

Sturdee DW, Panay N, International Menopause Society Writing G. Recommendations for the management of postmenopausal vaginal
atrophy.Climacteri01013: 509522.

Suckling J.ethaby A, Kennedy R. Local oestrogen for vaginal atrophy in postmenopausal @oofeane Database Syst R&06:
CD001500.

ter Kuile MM, Both S, van Lankveld JJ. Cognitive behavioral therapy for sexual dysfunctions iRsyoham.Clin North A291033: 595
610.

van der Stege JG, Groen H, van Zadelhoff SJ, Lambalk CB, Braat DD, van Kasteren YM, van Santbrink EJ, Apperlodhit, WEijmar Sc
Hoek A. Decreased androgen concentrations and diminished general and sexbalngelh women wittpremature ovarian failure.
Menopaus€00815: 23-31.

98



11.NEUROLOGICAL FUNCTMOWOMEN WITROI

Introduction

Neurologicafunctionhere was definedor the purpose of this revieas objectively assessed cognitive function

including nemory,dementia,; YR t I NJ Aya2y Qa8 RA&SI & 8on cardidv@®dquldr héalth RA & Odz
in POI. There are only very few studies available which have directly investigated POI and effects on neurological
function. Clinical evidence was dividatbispontaneous POI, including genetic disorders and unknown causes
(idiopathic), and iatrogenic POI, including oophorectomy and following treatments for breast cancer. Additional
indirect evidence includes experimental modelling of POI in studies ia@stiGGnRH agonist treatment in
premenopausal women.

11.1 POI and consequences for neurological function

KEY QUESTIOMHAT ARE THE CONSHQMLES OF POl ON NBEUBGICAL FUNCTION?

Clinical evidence

Genetic disorders and POl/early menopause

Cognitive function has been assessed in women with particular genetic disorders reported to have increased
likelihood of POI. Women with Turner Syndrome, on average, have worse emotional recognition and lower
visuospatial, attentional, working memory aneteutive function compared to controls matched for age, height,

total IQ and socioeconomic stat{igoss et al, 2009.

FragileX syndrome is anliked inherited condition caused by a mutation of the FMR1,gesalting irmental
retardation, especially in maleblale carriers of the Frdmutation arealso at risk offragileX-associated
tremor/ataxia syndrome (FAS), a late onset neurological probletmaracterised byataxia, visuospatial
problems, and hypofrontalitf/omenare less affectedJacquemontet al, 2007 Hagerman and Hagerman,
2013. Femalecarriers of the FMR1 premutatipie. those at risk for developing Pdi,not suffer from mental
retardation andshowed similar 1Q and cognitive profile as compared to confBasnettq et al, 200%
Wittenberget et al, 2007. Women with thefull mutationhad significantly lowdg,spatial ability, visual memory
and executive functionin¢put not verbal memory) in comparison tiee premutation carriers and contr®l
Differences were smaller in comparison withm@tched control§Bennettq et al, 2007).

Trisomy X (47, XXX) is often associated with POI and learning difficulties, such as language and motor (hypotonia)
developmental delays, and attentional/executive and seniotional behavioural problem@artaglia et al,

2010.

¢tg2 addzRASa F2dzyR GKFG Ay 62YSYy 6A0GK 526yQa a@YyRNRYS:
associated with an increased risk of an earlier onset of dem@atiaupf et al, 2003 Coppuset al, 2010. Data

on POI were not available.

As the cognitive impairments in these disorders occur beformtreopause and apparently do not respond well
to estrogen treatment, they probably reflect the genetic abnormalities, rather than a lack of organizational effects
of sex steroids.

Spontaneous idiopathic POI
No studies were identified that directly investigd neurological function in women with spontaneous POI
(without interferences of estrogen treatment)
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Onecrosssectional observational stugpmpared cognitive function @omen with POI (spontaneous POI with
normal karyotypes, who were all treated wHRTWwith women matched for IQ, education and age and women
with TS(Ross et al, 2009. Overall women with POperformed similaron the cognitive testscompared to
controls; onlyverbal memory functions were slightly but reignificantly lower in POl womeéiNomen with TS,
despiteapparently adequate estrogereatment,had relative difficulty with measures of spatial/perceptual skills,
visuakmotor integration, affect recognition, visual memory, attention, and executive function.

Indirect evidence from observational studies suggests that an earlier natural menopgldeerassociated with

an increased risk for dementia and cognitive impairnfieong et al, 200 McLay et al, 2003 Hogervorst et

al., 2017). However, not all studies found an early menopause or a different type of menopause (surgical vs.
natural) to be aignificant risk factor for Alzheim@mdisease (AD)Amaducci et al, 1986 Broe et al, 1990
PaganinHill and Henderson, 1998awaset al, 1997 Baldereschi et al, 1998 Waring et al, 1999, while some

even found the reversgseerlingset al, 2007).

Observational data on neatrogenic POI thus could not be found and the association between natural early
menopause and later life dementia risiay be confounded by childhood and/or lifetime deprivation and/or
genetic programming affecting cognitive reserve as well as ovarian r@8arverdset al, 1999 Whalley et al,

2004 Kok et al, 2006 Velez et al, 2010).

latrogenic POI after oophorectomy

Several retrospective observational studies suggested that surgical menopause may, when untreated with
SAaGNR3ISY NBLX FOSYSylGs NBadzZ i Ay ttof 1.68fiaadata SR 1.688 a1 F 2 N
95%CI 1.062.67) (Rocca et al, 200§ and cognitive impairment/dementia risk by almost a factgHR 1.46;

95%CIl 1.13.90)(Rocca et al, 2007 Phung et al, 2010 Bove et al, 2019. These studies all found that the

earlier the age at surgical menopause, the higher the risk of neurological functional dechieeekianother

systematic reviewon the effectof surgical menopausén pre and postmenopausal womemn cognitive
functioningreported thatsome studies suggest a detrimental effect on cognition, while others found no effect.

The reviewers commented thall trials on this topic have substantial methodological probigmsrncombe

and Pachana, 2009

Data from the Mayo clinic with a 15 to 52 year follguwreported that oophorectomy for nemalignant reasons
(n=1489) increased the risk of cognitive impairment by 46Rd (46;95%CI 1.131.90) (Rocca et al, 20079.
Oophorectomy before age 38 increaskis risk by a factor 2.89 (F2R89;95%CI11.86-4.48)(Roccaet al, 2007.
Women undergoinginilateral oophorectomy were younger and separate analyses of this group showed an
overall increased risk of cognitive impairment by 64% (HR 95834C1.20-2.23).When unilateral oophorectomy
occurred before agdl, this risk was almost factor 2 highr (HR 1.98; 95@4 1.263.11), and before age 34 it
was4.61 times higher (HR 4.61; 96%2.528.43) The risk of Parkinsonism was also increased after untreated
unilateral oophorectomy with hysterectonmgfore age of 41 (HR 3.58; 96%4.6%7.98)(Roccaet al, 2009.
However, small numbers in sabalysis could have led to an overestimation of the risk. In addition, most (70%)
of women undergoing unilateral oophorectomy had also undergone hysterectomy leading to POI.

In a Chinese study, uaiéral oophorectomy (with or without hysterectomy) performed before age of natural
menopause was also associated with worse word recall, one of the first markers of déatentiat al, 201J).

In a Nationwide Historical Cohort StudyDienmark, hysterectomy with or without ocophorectomy was shown to
modestly increase the risk for dementia with onset before the age of 50: hysterectomy only (CF%5%.33
1.07¢1.78), hysterectomy with unilateral oophorectomy (OR ;29%%Cl 1.28.45), and with bilateral
oophorectomy (OR.33; 95%Cl1.44¢3.77)(Phung et al, 2010.

These data only pertained tarly onset dementia and cognitive impairmefstrecent USbhased longitudinal
studyinvestigatedlder women without dementia at baseline (n=1884, mean age 78 years at assessi®@nt, n
had undergone surgical menopausa)d with a followup up to 18 yearszach year of earlier surgical menopause
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was similar to the cognitive effects associated with 6 months of aging. An earlier age at time of surgical menopause
also significantly deeasedepisodic memoryp(= 0.0003) and semantic memopyH0.002), often early indicators

2F | {1 dis®dseAS darlier age at surgical menopause wasasdsociated with a higher burdenadlobal

measure of AD neuropathology£ 0.038) in particular oheuritic plaquesg = 0.013) Analyses were adjusted

for age, education and smokirg.this study, there was no association between age at natural menopause and
cognitionat follow-up. Data on type of surgery were not reporigobve et al, 2019.

Several smaller prospective studies also showed that sung@madpause has an acute detrimental effect on
cognitive (in particular verbal memory) function, although these studies werimitgd to womenwho had
undergonesurgical menopause before the age of(8@erwin, 1988Nappi et al, 1999. The negative effect on

verbal memory was worse when surgery occurred at a youngdiNagei et al, 1999. Another prospective 6

month followup gudy of women (average age 41 years, n=53), undergoing surgical menopause indicated a
decline in global cognitive function, whereas controls had stable function ove(Ftimeg et al, 2002.

In summary, data specific for POI are lacking, but indirect evidence points to the conclusion that hysterectomy
with or without oophorectomy for benign reasons before the natural age of menopause increases dementia risk
and its markers. This risk seeméb#oincreased with younger age at the time of surgery.

latrogenic POI after breast cancer treatment

A systematic review summarized studies investigating cognitive function after chemotimehagsd
menopause associated with breast cancer treatméwearncombe and Pachana, 200WNo consistent
conclusions cdd be drawn from the included studies as only few considered menopausal status as a possible
contributor to cognitive dysfunction after chemotherapy and setiapa,and results are mixed.

Conclusions and considerations

Acutely, iatrogenic POI may be asated with a sharp decline in verbal memory functions. Several kerger
prospective and retrospective observational studies suggest that women with POI after hysterectomy and
oophorectomy without hormoneeplacementtreatment had accelerated cognitivéecline and a higher
increased risk fordementtay R t F NJ] Ayaz2yQa RAaSlIaSo

Differences in findings and the lack of strong conclusions may be explained by experimental design of the studies;
not stratifying for age at induction, not including women withnitbge impairment or too young an age at
assessment, not recording whether hormone treatment was given up to age 50, and whether or not hysterectomy
had also been performed.

Recommendation

The possible detrimental effect on cognition should be discussed
planninghysterectomy and/obophorectomyunder the age of 50 year D
especially for prophylactic reasons.

11.2Interventions for improving neurological function in POI

Introduction

Hormone treatment for neurological function after menopause at any age is a much debated and highly
contentious issuek-or older women (> ag@0 year$ the health risksof treatmentexceedthe benefits In an
ancillary study of the WHpostmenopausal wonmeusing HRT had an increased risk for a diagnosis of probable
dementia as compared to placebontrols (HR 2.05; 95% CI 1248)(Shumakeret al, 2003. However, the
guestion remains whether younger women with POl might benefit from estrogemmiagato help reduce
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cognitive impairment and the risk of dementia in later (ifearncombe and Pachar209 Hogervorst, 2013
Henderson, 2014Roccacet al, 2019.

l R@201 GSa 2F GNBFGYSYyd LRAyG G2 GKS | odzyRFyOS 2F ol aa
the aging brain (i.e. there is biological plausibiliidgervorst et al, 20093, and some (but not all) limited
observational data showing increased risk of cognitive impairment after early (surgical) menopause, which in

these studés and several small randomised controlled trials was reversed by estrogen treatment.

KEY QUESTIOWHAT ARE THE MANAGEN OPTIONS FOR HHEECT OF PON
NEUROLOGICAL FUNNTIO

Clinical evidence

Hormone treatment faspontaneou#Ol

The effect of different treatments on neurological function in Turner Syndrome girls has been reported in several
studies from the same research group. Only one study was found directly comparing women with POI (n=89) to
women with TurnerSyndrome (TS) (194) and premenopausal controls (n=96) matched for verbal IQ and
socioeconomic status, and of similar age. POl and TS women both received estrogen treatment. Women with POI
overall had similar performance as controls (but hadsignificant lower immediateerbal recall performance).
However, despite hormone treatment, women with TS performed worse on visuospatial tests, nonverbal
memory, emotional recognition, and attentional/executive func{®osset al, 2009.

The effect of different treatments on neurologi function in Turner Syndrome girls has been reported in several
studies from the same research grolgstrogen replacement (ethimgtradiol, 12.550 ng/kg.day) improved
motor speed and nonverbal processing time compared to platebted TS girls (agel012 years).); the
estrogentreated TS group resembled normal conti@isss et al, 1999. Comparable results were obtained for
verbal and norverbal memoryfRosset al, 2000.

The effect of androgen replacement therapy was investigated in TS girls, aged 10 to 14 years; 64 TS girls were
randomized to receive oxandrolone or placebo for 2 years. The oxandtodated group had improved
performance on the working memory domain score after 2 years compared to the placebomroQp8).),

although not at shorter time poin{®osset al, 2003.

Finally, neurocognitive function was assessed a secondary outcomein a study on the effect of growth
hormone (GH) treatment (1 to 7 years) on final adult height in TS girls. In this study, GH treatment effects did not
affect nonverbal neurocognitive functi¢Ross, 2006

Overall, these limited data suggest that estrogen treatment is adequate and necessary to prevent cognitive
decline or low cognitive function in spontaneous POI, but may be less effective in women with TS where some
cognitive dysfunction may remain desgiteatment.

Modelling POI using GnRH analogues
POlor acute estrogen deficiency can be modelled by administration of GnRH analogues.

One RCT used atbéick therapy of low dose conjugated equine estrogen (0.625 mg) after chemical menopause
induction using leuprolide acetate in 19 young worf@rerage age 34 yeat yearywith a fibroid uterus. This

study showed a decline in verbal memperformance which was reversed by estrogen treatmasitagsessed

by Paragraph recalbut not seen onDigit span or visual memotgsts (Sherwin and Tulandi, 19p&imilar
findings were reported by other studi@sraig et al, 2007 Craig et al, 2009.

In contrast, Owens and colleagues reported that 4 months of GnRH &gdnistd ovarian suppression had no
effect on cognitive performance measures in 16 aggmatic healthy premenopausal womédwens et al,
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2002. Similarly, Schmidt and calgues found no evidence for a decline in measures of cognitive performance in
young women after GnRH agonist (Lup#ioduced ovarian suppressiofhey also did not findnaestradiol
related improvemenin cognitive test performancéno changes in measured attention, concentration, or
memory function (either verbal or visuglpchmidf et al, 2013. More research needs to be done in this area to
model POI.

Hormone treatment for POI after oophorectomy

Indirect evidencdrom RCTén early surgicanenopause (women aged mid to late forties) suggtwsit the

decline in verbal memory and some other functions (abstract thinking, speed of information processing) was
reversed when using high dose intramuscular estradiol or testosterone compared toopl@bebwin, 1988

1994 Hogervorst and Bandelow, 2Q1These findings were consistent with a small study stgpan average of

10 words more recalled after a high dose intramuscular injection of estradiol or testost®rame/in, 1988 In

another RCT from thggoup,verbal memory remained stable with estradiol treatment, whereas it declined in the
placebo grougPhillips and Sherwin, 1992

In the observational studies mentioned above investigating risk for cognitive impairment/dementia, estrogen
treatment up to age 5FRocca et al, 2007 or for 10 years within the 5 years around that natural age of
menopausgBove et al, 20149 eliminated the risk of cognitive impairment and dementia, which was worse with

a younger age at menopause.the study by Bove and colleagues, there was no significant effect of hormone use
on023yAGADBS RSOtAYS Ay GKAA addzRe gA0K udH@dSMNnor@S NE dza Y
use in this study was associated with slower decline in global cognition when administered withiredine
perimenopausal window.

This beneficial effect of hormone replacement in women who had undergone surgical menopause was not always
found in one systematic reviancluding women undergoing surgery paed postmenopausal (without separate
analysis)Vearncombe and Pachana, 200Hlowever, women in the included RCTs who did not respo

hormone treatment were all older than 50 years of age. The lack of effect in this group was also described by
Rocca and colleagu@occaet al, 2011 Roccaetal, 201).¢ KS W2 A Yy RRIBdzZ2 X & LILRS2 NE Q & dz0o
by observational and basic sciences data also suggests that effects of estrogens are most beneficial when given
before or around the natural age at menopause, especially for women undergoing an earlier menopause
(Hogervorstet al, 20093.

Finally, two observational studies reported that women with surgical menopause who were still using hormone
therapy adecade after natural menopause (around age 60) actually had worse memory function than those
untreated with hormones(File et al, 2009 n=36 age 5¥2 years{KritzSilverstein and Barre@onnor, 200p

n=885 age>60 years), although another small (n=35) cross sectional study of women with bilateral salpingo
oophorectomy (BSO) and hysterectomy aged over 65 years showed that those who were taking hormone
treatment performed better on verbal and constructioradility than non-users (Verghese et al, 2000
suggesting against this theodowever, another large study (n=6110; n=441 BSO; age 45 to 64 years) also
showed that former, but not current hormone users who had undergone surgical menopause had betfer verba
fluency (a type of verbal memory test) at a 3 year folipathan treated and untreated controls who had
undergone natural menopaug8zklo et al, 1999. No baseline data were given in this study.

Hence, the majority of these studies suggest that hormone treatment up tagd®f 50 may be beneficial for
neurological function in women who have undergone an early (surgical) menopause with hysterectomy and that
this does not increase risk for dementia. Hormone treatment at an older age (>60 years of age) may confer added
riskfor dementia and vascular disease.

Hormone treatment for dementia

Two Cochrane reviews have suggested that neither transdestnatlml nor conjugated equirestrogens have
any positive effects on cognition in women without deme(itithaby et al, 2008 Hogervorst et al, 2009).
However, somahort-term positive effects on cognition (for up to 4 months) with either type of estrogen were
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reported in women with dementi@dogervorstet al, 20090). Whether these data can be extrapolated to POI is
currently unknown.

Conclusions and considerations

There is a relatively weak quality of evidence with contrasting conclusions ranging from nofef&tiaigen
treatment (Vearncombe and Pachana, 2)® possibly some effec{Hogervorst and Bandelow, 2010
Hogervorst, 201320 asubstantiakffect and risk for cognitive impairment/dementia withéermonetreatment
(Rocca et al, 2017 Roccaet al, 2019. Differences in metanalysis conclusions may be due tauffisient
analyses of differences in metho@&arncombe and Pachana, 2008 selective reportingRoccaet al., 201%
Rocca et al, 2019 and differen methods used for case contfobhort studies, including retrospective
assessment which is unreliable regarding reports of age at menopause and a lack-offollow

Some prospective data exist and sevehairtterm small RGEBhowed significant effects of chemical and surgical
menopause on verbal memory function, whichlddue reversedby estradiol or testosterone.

Insufficient data may exist for firm recommendations, but limited data in POI from two observational studies and
indirect data suggesting acute effects of chemical and surgical menopause, which can be rgvessedén
treatment when given up to age 50. There is no evidence of adverse effects of estrogen replacement therapy on
brain function before the age of natural menopause (at age 50) but this may not be true after the age of natural
menopause.

Hormone tratment should probably be part of a lifestyle change to reduce risk for vascular disorders associated
with later life agerelated cognitive impairment and dementia, such as lowering abdominal fat, hypertension,
hyperlipidaemiaand insulin resistance rigkmidlifeby cessation of smoking, exercising and eating a healthy diet

(Clifford, 209).

Recommendations

Estrogen replacement to reduce the possible risk of cognitive impai
should be considered in women with RDleast until the averageage of C
natural menopause

Women with POI should be advised to take lifestyle meagergs
exercise, cessation of smoking, maintaining a healthy weigtafluce] GPP
possible riskfor cognitive impairment.
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12. HORMONE REPLACEMBENHRAPY

This chapter focuses on treatment with sex steroids, Hormone Replacement Therapy (HRT), for women with POI.
A summary of thendications for use of HRT in these women is given, each of which were described in full detail
in previous chapters (chaptersld). An overview of possible adverse effects of HRT use in women with POI is
provided. The next section reviews the choice @ftierg preparations, regimen, route of administration, dosage,

and recommendations of treatment duration. The final part of this chapter focuses on special indications and
high-risk women within the POI group.

12.1. Indications for HRT

Vasomotor symptoms

The occurrence of vasomotor symptoms is a major reason for women with POI to use hormone replacement
therapy (HRT). Data derived from studies in women with iatrogenic POI support the use of HRT for relief of
vasomotor symptom@\bsolom et al, 2009. A study of 31 women with chemotherajpyluced POI investigated

the effect of HRT in those women who weiidlingto take it (15/31)Piccionj et al, 2009. Compared with those

that did not take HRT, this group had a significant reduction in hoteBushsomnia, and psychological and
emotional changes (all improved in 66%). Another retrospective cohort study in 164 women after prophylactic
bilateral salpingaophorectomy showed that the prevalence of hot flushes and night sweats was significantly
lower in 87 women using HRT (any type), as compared to women not using HRT (hot flushes (20% vs. 41%) and
night sweats (25% vs. 39%jaddinska et al, 2006. Notably, previous studies of HRT use among women
experiencing natural menopause have demonstrated larger reductions in vasomotor sy gnnan

Alastair et al, 2009.

Whilst there is little evidence on the efficacy of HRT for vasomotor symptoms in women with spontaneous POI,
clinical experience is that vasomotor symptoms in women v@thr&pond rapidly to systemic HRT. Therefore,
HRT is widely used for this indication.

Life expectancy

POI is associated with increased risk of premature death from cardiovascular disease. Both iatrogenic and
spontaneous POI are implicated. The risk neagrbeliorated by estrogen replacement therapy, but the quality

of evidence is poor and limited to two studies. One study reported increased mortality mainly in those women

with POl who had not received estrogen up to the age of 45 yeansra et al, 2009. The second study, the
22YSyQa 1SIHEGK LYAGAFGAGS & dzBignificard, Kfead & RRTIwithi)208yéakso £ S LIN
of menopause for cardiovascular disease and dgatksouwet al, 20079.

Bone health

The beneficial effects of estrogen on bone health have long been recognized, and likewise the adverse effect of
natural menopause on bone loss, mineral density and fractur@iigkorg et al, 2007, Sirola et al, 2003 Banks

et al, 2009. Estrogen has a major effect on batbrtical and trabecular bone turnover through stimulatory
effects on osteoblast and inhibitory effects on osteoclast differentiation, activity and cell siuteivalagaset

al., 2013. Women with POI v reduced bone mineral density, and this has been associated with the presence,
degree and duration of estrogeteficiency(Bachelof et al, 2009 Leite-Silva et al, 2009. The prealence of
osteoporosis in women with POl appears to be in the rard®&Bachelot et al, 2009 Popat et al, 2009. In

a group of 150 women with Turner syndrome (mean age 31 years) undergoing standardized multidisciplinary
assessment, 12% were found to have osteoporosis, with a further 52% having ost@epeiiaet al, 2011.

Large, randomized trials have shown that estrogen therapy in postmenopausal women can improve bone mineral
density and reduce vertebral angHracture ris\Wells et al, 2002 Cauley et al, 2003. Evidence is limited on
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the effect of HRT on fracture risk in women with PQlebtiogen replacement has been shown to have beneficial
effects on bone mineral density in women with Bibr, et al, 1997 Crofton et al, 2010, and Turner Syndrome
(Kodamaet al, 2019.

Prevention of cardiovascular disease

Women with POI are at increased risk for impaired endothelial fungtdantaridoy et al, 2004, early onset

of coronary heart dieasgAtsma et al, 2006 and increased cardiovascular mortafilioqer and Sandler, 1998
Jacobsenet al, 1999 de Kleijn et al, 2002 Jacobsenet al, 2003 Mondul, et al, 2005. Women undergoing
prophylactic bilateral oophorectomy before the age of 40 consistently showed an increased risk for cardiovascular
disease(Lokkegaardet al, 2006 Rocca et al, 2006 Parker et al, 2009 BarrettConnor, 2018 Premature
atherosclerosis(Clarkson, 2007 increased risk for neprocedurallyrelated venous thromboembolism
(Canonicpet al, 2014, and unfavourable lipid profil§gnauff et al, 200§ has been identified in women with

both spontaneous and surgical POI.

There are no RCTs on the effect of HRT on eastalar function in women with POI. However, observational
and nonrandomised intervention studies have shown a decrease in myocardial infarcti@aniskt al, 198,
improved endothelial functiorfKalantaridoy et al, 2009, and no increased risk of ischemic heart disease
(Lokkegaardet al, 2009 or cardiovascular diseasssociated mortalitfRivera et d., 2009 in those using
estrogen replacement.

Quality ofife

The limited available evidence would suggest that women with POI report lower levels of psychological wellbeing
compared to women in the general population. The evidence for improvement of quality of life following HRT
usage is limited, and shows thesttrogen with or without testosterone may improve general-veilhg in some
surgically menopausal women, for whom the level of serum estrogen achieved a premenopausg@gloange.

al., 2006. The authors reported an additional positive effect of adding testosteroreettréatment regimen,

which was not detected in a recent RGTierrier] et al, 2014. The latter study condlied that augmentation of
standard estrogen/progestin therapy with physiologic testosterone in young women with POI did not change
reported quality of life or sefisteem and had minimal impact on mood.

As vasomotor symptoms could be implicated in a rednaif quality of life for some women with POI, relief of
these symptoms with HRT, as described above, may have an indirect positive effect on quality of life.

Sexual function and genitminary symptoms

Evidence on the optimal treatment for women with B@d sexual dysfunction is scarce and commercially biased
towards androgens. Adequate estrogen replacement should be ensured as estrogen is important for the health
of the geniteurinary system, sexual function, and desire.

Genitourinary symptoms, such &aginal dryness, irritation, urinary frequency, and incontinence, are associated
with hypoestrogenism and therefore prevalent in women with POI. Vaginal lubrivaigtirizersand HRT (both
systemic and topical) can be used to treat geniioary symptems. Vaginal lubricants may be used when there
is a need for local treatment where systemic treatment is ceintifecated, or if women still experience genito
urinary symptoms despite of appropriate dose of fIRTDonneet al, 201% Grimaldj et al, 2012 Pacellg et

al., 2013. Both local and systemic HRT seem to be effective in relieving-genaoy symptomgNachtigall,

1994 Bygdeman and Swahn, 19%8ccionj et al, 2004 Madalinskaet al, 2009.

Neurological function

The evidence on the effect of hormone treatment on the cognitive function in women with POI is relatively weak
with contrasting conclusions rangimgrh no effect of estrogen treatment to possibly some effect, to a substantial
effect and risk for cognitive impairment/dementia without hormone treatnfeetirncombe and Pachana, 2009
Hogervorsaind Bandelow, 203®occaet al, 2011 Roccaet al, 2012 Hogervorst, 2013 The effect of different
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