Management of a girl with delayed puberty and elevated gonadotropins
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Abstract

A girl presenting with delayed puberty and elevated gonadotropins may have a range of
conditions such as Turner Syndrome (TS), Primary Ovarian Insufficiency (POI) and
46,XY DSD. An organized and measured approach to investigation can help reach a
timely diagnosis. Management of young people often requires specialist multidisciplinary
input to address the endocrine and non-endocrine features of these complex conditions,
as well as the psychological challenges posed by their diagnosis. Next generation
sequencing within the research setting has revealed several genetic causes of POI and
46,XY DSD which may further facilitate an individualized approach to care of these
young people in the future. Pubertal induction is required in many and the timing of this
may need to be balanced with other issues specific to the condition (e.g., allowing time
for information-sharing in 46,XY DSD, optimizing growth in TS). Shared decision-making
and sign-posting to relevant support groups from the outset can help empower young
people and their families to manage these conditions. We describe three clinical
vignettes of girls presenting with delayed puberty and hypergonadotropic amenorrhea

and discuss their clinical management in the context of current literature and guidelines.

Keywords: Turner syndrome, primary ovarian insufficiency, 46,XY DSD, ovary development, primary
amenorrhea, delayed puberty, estrogen, support groups
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Introduction

Girls with delayed puberty and absent periods can present to a wide range of health
professionals. Endocrinologists frequently play a central role in establishing an
appropriate diagnosis and management plan. Primary amenorrhea is defined as an
absence of periods after 15 years of age in girls with a degree of breast development or
after 13 years of age in those with complete absence of pubertal signs. Delayed puberty
is often self-limiting, but occasionally it is the presenting feature of a wide range of
underlying conditions, many of which have life-long management implications. With this
in mind, engaging the young person in a sensitive manner and gaining their confidence

from the outset is extremely important.

The initial consultation with the young person and appropriate family members needs to
include a careful history to establish key features of the presentation and any past
medical and family history that may provide insight into an underlying diagnosis. Any
examination should be performed sensitively, with the young person’s consent and
understanding of why it is necessary and with a chaperone present as appropriate.
Assessment should be made of weight and height in relation to mid-parental height and
pubertal stage, pubertal development using Tanner stages, the presence of any
potentially relevant associated features such as virilization, and blood pressure. Dignity
should be maintained and invasive examination avoided. Virilizing conditions are rare
and can be assessed by external genital examination for clitoromegaly if suspected. If an
intimate examination is required, then it is not essential that this takes place on the first

visit and it can be postponed until a relationship with the clinical team has developed *.

For this review, we focus on the girl with absent (delayed) puberty and elevated
gonadotropins (hypergonadotropic amenorrhea), and use three case scenarios to
highlight key points specific to the individual diagnoses, followed by a discussion on
management considerations that are related to conditions presenting with
hypergonadotropic hypogonadism. Figure 1 illustrates how this scenario fits in with other

causes of primary amenorrhea.
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Case 1 - Turner Syndrome

A 14 year-old girl presented with short stature, primary amenorrhea and delayed
puberty. Her height was on the 3" centile (mid-parental height 75" centile) and weight
on the 10" centile. Pubertal staging demonstrated Tanner breast stage 2 with no signs
of virilization. There was a history of early feeding difficulties and otitis media up to the
age of five but no current reported hearing loss. Parents were non-consanguineous and
there were no difficulties at school, although she was feeling increasingly-isolated from

friendship groups because of her delayed puberty.

Blood pressure was normal for height. Investigations showed normal thyroid function, LH
25 IU/L, FSH 62 IU/L, and AMH 0.5 pmol/L. A karyotype showed 45,X, consistent with
Turner Syndrome. Transabdominal ultrasound revealed a small, prepubertal uterus and
very small, 0.2cm? ovaries bilaterally with no follicle activity. Bone age was delayed (11
years 8 months). Subsequent investigations included an echocardiogram that showed a
tricuspid aortic valve and normal dimensions of the ascending aorta. A renal ultrasound
was normal. Other recommended screening tests were unremarkable other than a
formal hearing test which revealed mild conductive hearing loss. Treatment was started
with growth hormone and titrated up to achieve an insulin-like growth factor 1 (IGF-1)
within the high-normal range. Pubertal induction was commenced using one fourth of a
25 mcg 174 estradiol patch changed twice weekly. Contact was made with a Turner
Syndrome support group as well as psychology services within the endocrine
multidisciplinary team. Fertility expectations with pregnancy using oocyte donation was

discussed shortly after diagnosis.

Turner syndrome (TS) affects 1 in 2500 girls and women and results from complete or
partial loss of one X chromosome. Karyotypes associated with Turner syndrome include
monosomy X (45,X), 45,X mosaicism (45,X/46,XX, mosaicism with Triple X, or
45,X/46XY), isochromosome Xq, and ring X chromosome. The phenotype of TS is
variable and can present at different stages in life but classically TS is characterized by
POI and extra-gonadal features, including short stature, hypothyroidism, and cardiac
defects such as coarctation of the aorta. POl in TS tends to be early-onset (50-85%),
presenting with delayed puberty, primary amenorrhea, and hypergonadotropic
hypogonadism. Turner syndrome is thought to account for 10% of females presenting

with primary amenorrhea. However, the reproductive phenotype of TS can vary, with
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approximately 30% of girls with TS having spontaneous thelarche, 15% presenting with
secondary amenorrhea and a further 3-5% having ongoing spontaneous menstrual
cycles and even achieving spontaneous pregnancies ™. The mechanisms underlying
this variability is not clear, although X chromosome dosage likely plays a role: mosaic TS
is associated with an increased rate of spontaneous pubertal development and fertility
> Alternative explanations include altered X inactivation patterns, haploinsufficiency of
pseudoautosomal region genes, or genomic variability in key X-chromosome genes
modifying the reproductive phenotype of TS "%,

The presence of Y chromosome material, i.e., 45,X mosaicism involving an Y cell line,
on karyotype or FISH analysis represents a particular challenge as it confers a risk of
gonadoblastoma in approximately 10% of these individuals °. Prophylactic gonadectomy

is recommended in all individuals with TS who have detectable Y chromosome material
9

There are clear international consensus guidelines on how best to diagnose and
manage TS °. These cover genetic testing, growth, puberty, fertility counselling,
cardiovascular health, and health surveillance for comorbidities such as hearing
impairment, diabetes, and dyslipidemia. This presentation of an adolescent with TS
raises several issues. There may be relief or frustration that past medical issues are now
explained by the diagnosis of TS. Input from a psychologist may include liaison with the
school for educational review and support needs. Specific to this age group is the
conflict between promoting growth with growth hormone and ensuring timely pubertal
progression with exogeneous oestrogen °. Estrogen at high doses has the potential to
accelerate closure of the long bone epiphyses, compromising growth and raising the
guestion of whether pubertal induction should be delayed for a period to allow growth
hormone take effect. Earlier studies found that relatively high doses of estrogen
compromised final adult height and advocated for a delay in oestrogen introduction **.
Later trials, however, demonstrated that low dose oestrogen used in tandem with growth
hormone at or after the age of 12 did not have a significant impact on final height >4,

Pubertal induction, and specific considerations in girls with TS, are discussed below.
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Case 2 — Primary Ovarian Insufficiency

A 14 year-old girl presented to her primary care doctor due to concern that puberty had
not yet started. She was otherwise completely well and excelled academically. A
maternal aunt had autoimmune hypothyroidism but there was no other relevant family
history. Her parents were first cousins and she had two brothers who had entered
puberty at an expected age. Her mother had her menarche at 12 years-old, had no
difficulty conceiving, and was not menopausal at the age of 50. Pubertal staging
revealed no breast development (B1), sparse pubic hair (P2) and no axillary hair (Al).
Height and weight were on the 50" centile with a mid-parental height on the 75" centile.
Examination was otherwise normal. Investigations revealed positive thyroid peroxidase
(TPO) antibodies, markedly raised gonadotropins (LH 42 IU/L; FSH 96IU/L), and an

undetectable serum estradiol concentration.

Further testing at a reproductive medicine unit two months later demonstrated similar
gonadotropin concentrations, a 46,XX karyotype, weakly positive TPO antibodies,
negative adrenal (ACA/210H) antibodies, normal thyroid function, and a negative Fragile
X screen. A diagnosis of Primary Ovarian Insufficiency (POI) was confirmed. Puberty
was gradually induced with 174 estradiol transdermal patches (see Pubertal Induction).
This girl was devastated by the diagnosis of POI and developed depression requiring
medication. She benefitted from clinical psychology input and from a POI support group.
She was frustrated by the lack of explanation for her condition and joined a research
study looking at genetic causes of POI. Trio exome sequencing revealed a pathogenic
homozygous variant within STAG3, a gene required for normal human meiosis that has

been previously associated with POI.

POI arises from an inherent defect within the ovary that results in estrogen deficiency
and infertility secondary to depletion of the follicle pool *>*°. POI affects 1% of females
and rarely can be early-onset, presenting in adolescence with primary amenorrhea, early
secondary amenorrhea, or delayed/arrested puberty. POI is diagnosed in those

presenting before the age of 40 years with raised FSH (>25IU/L) on two occasions at
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least a month apart; biochemical estrogen deficiency; and amenorrhea for a least four
months "8, AMH measurement and ovarian ultrasound are of limited diagnostic use in

POI and are not routinely indicated clinically *’.

Several causes of POl have been identified. latrogenic causes, such as chemotherapy,
radiotherapy, and surgery, explain up to 30% of POI diagnoses in some clinical
populations **%. This is likely to rise as survivorship of pediatric cancer continues to
improve. Autoimmune mechanisms have also been implicated in the pathogenesis of

POl in up to 30% of women 2%

, and autoimmune conditions in general are more
frequent in women with POl . Common autoimmune associations include
hypothyroidism, autoimmune polyglandular syndrome, Addison’s disease, celiac
disease, and pernicious anemia ?*. Anti-ovarian antibodies can be positive in varying
proportions of women with POI (4-69%), but the role of these antibodies in the
pathogenesis of POl is unclear ?*. Current European Society of Human Reproduction
and Embryology (ESHRE) guidelines suggest that measuring anti-TPO, adrenocortical,
and 21-hydroxylase antibodies can be considered at diagnosis if the clinical picture
suggests an autoimmune etiology; if positive, these antibodies can be useful markers of

autoimmunity in women with POI *'.

There is also a significant genetic component to the pathogenesis of POI, supported by
the high incidence of familial POI (up to 30%) particularly within consanguineous families
% and the association of POI with several syndromes (see Table 1). The most common
associated clinical features are short stature (Turner syndrome) and deafness (Perrault
syndrome). Taking a careful family history and performing a systematic clinical
examination at the time of presentation is important. X chromosome abnormalities as
well as copy number variants of key X chromosome region genes (DACH2, XPNPEP2,
POF1B, DIAPH?2), are a recognised cause of POI in 2-5% of women with this condition.
FMR1 premutations, associated with Fragile X, accounts for approximately 3% of
women with POI but rarely presents with primary amenorrhea #°. In recent years, next
generation sequencing approaches within a research context have identified a variant
possibly contributing to a POI diagnosis in up to 50% of women within these studies **

% _However, the functional evidence for the pathogenicity of these variants varies.
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Establishing causality is further hindered by small pedigrees and a remarkably
heterogeneous genetic architecture; variants in over 100 genes have been implicated in
the pathogenesis of POI with several postulated modes of inheritance including oligenic
and polygenic inheritance patterns. Table 2 outlines genes within which pathogenic
variants have been clearly demonstrated to cause POI in humans. Over recent years
these variants have highlighted the importance of developmental processes such as
oogenesis and meiosis to normal ovarian function. Abnormalities within genetic
mechanisms required for meiosis have emerged in recent years as a significant
underlying cause of POI . Meiosis is a complex series of events beginning in fetal life,
when homologous chromosomes form the synaptonemal complex. STAG3 encodes for
one of the cohesion proteins that stabilize this complex. Meiotic homologous
recombination follows, a process for which DNA repair is essential. Accordingly,
pathogenic variants in DNA repair genes (e.g., BRCA2, MSH4, MSH5, MCM8, MCM?9,
ZSWIMTY) are amongst those implicated in the pathogenesis of POI (Table 2).

Some countries offer panel-based sequencing approaches to selected women (e.g., via
the National Genomics Test Directory in the UK), but, broadly, expanded genetic testing
beyond karyotyping and Fragile X screening is not currently recommended in clinical
practice *’. The diagnosis of POI remains unexplained in 50-80% of women which can

be frustrating and impedes an individualized approach to management.

Case 3 -46,XY DSD

A girl was referred just after her 15" birthday because she had not started puberty. Her
parents had also had late puberty so did not worry initially. On examination, there was
no breast development (B1), minimal pubic hair (P2), no signs of genital or systemic
virilization, and no other notable features such as hyperpigmentation. No inguinal
gonads were palpable. Her height and weight were on the 25" percentile in keeping with
delayed puberty (mid-parental height 50-75" centile). Her blood pressure was normal
(110/65 mmHg). Basal gonadotropins were elevated (LH 44 1U/L, FSH 77 1U/L) and

electrolytes normal (sodium 140 mmol/L, potassium 4.1 mmol/L).
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After discussion with the parents and young person, further tests were undertaken. The
karyotype was 46,XY; a transabdominal ultrasound suggested a possible very small
“Miillerian structure” and intraabdominal gonad on the right; and adrenal investigations
were normal (basal cortisol, basal ACTH, co-syntropin stimulation test, urine steroid
profile analysis). Basal tumor markers were negative (a-fetoprotein, S-hCG). Abdominal
magnetic resonance imaging showed a small vestigial uterus and small bilateral
intraabdominal streak-like gonads. A likely diagnosis of complete gonadal dysgenesis

was made (“Swyer syndrome”).

Further sharing of information was undertaken with specialist psychology input and
multidisciplinary team discussion. It was felt that her gender identity was female and she
wanted to start estrogen replacement for induction of puberty. After counseling, a clinical
genetic gene panel for “DSD” was done which identified a de novo hemizygous
missense variant in the HMG-box of SRY. With informed consent, vaginal examination,
vaginoscopy and laparoscopy was performed under anesthetic. A typical clitoris, vagina
and cervix was seen, and small uterus. During the same procedure, bilateral streak-like
gonads were removed, as 'had been discussed and consented for in advance.
Cryopreservation of gametes was not felt to be an option. Histology showed a streak
gonad on the left and a slightly larger severely dysgenetic gonad with well-contained
gonadoblastoma on the right. Ongoing support was given and pubertal induction
undertaken, which resulted in progressive uterine growth on ultrasound imaging one

year later.

The mostly likely diagnosis in a 46,XY girl presenting with absent puberty and elevated
gonadotropins is complete gonadal (testicular) dysgenesis (sometimes known as Swyer
syndrome) °®, However, complete blocks in androgen synthesis such as Leydig Cell
Hypoplasia (LHCG receptor) and complete combined 17a-hydroxylase/17,20-lyase
deficiency (17aOHD) must not be overlooked, especially if LH is higher than FSH.
17aOHD is a rare form of congenital adrenal hyperplasia (CAH) associated with

hypertension and hypokalemia, so checking blood pressure and serum electrolytes at
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presentation in all 46,XY girls or women is important ®. Measurements of progesterone,
a urine steroid profile and ACTH-stimulation test should be performed if there is any
clinical suspicion of 17aOHD or if the diagnosis is otherwise unclear, especially when
testes are identified or when LH is dominant. The presence of virilization in a 46,XY girl
(often with some breast development and mildly elevated gonadotropins) expands the
differential diagnosis to include 17B-hydroxysteroid dehydrogenase deficiency type 3
(17BHSD), 5a-reductase deficiency type 2 (5aRD), defects in NR5A1 (also known as
SF-1) and very rarely partial gonadal dysgenesis and partial androgen insensitivity
syndrome, although these latter conditions would usually be diagnosed earlier with
atypical genitalia in infancy. Of note, women with complete androgen insensitivity
syndrome (CAIS) usually have breast development and gonadotropins are not usually
significantly elevated (especially FSH), so usually would not present with absent puberty
with elevated gonadotropins (Fig. 1). A full clinical examination and consideration of
associated features is warranted given that up to a fourth of infants with 46,XY DSD
have an associated anomaly, and sometimes these individuals may first present in
teenage years with renal issues (e.g., WT1/Frasier syndrome) "°. Prior history is also
important, such as primary adrenal insufficiency due to congenital lipoid adrenal
hyperplasia (e.g., steroidogenic acute regulator protein, CYP11A1l), especially if a

karyotype was not done previously .

A transabdominal pelvic ultrasound is an essential initial investigation of 46,XY DSD and
can help identify a diagnosis. Imaging is very important in order to identify and
characterize any gonads present and to define uterine structures, but is often not straight
forward. Although transabdominal pelvic/inguinal ultrasound is a useful initial
investigation, magnetic resonance imaging can be more useful in delineating complex
anatomy in teenage years. Mullerian structures are usually present on imaging in
complete gonadal dysgenesis but the uterus and upper vagina are absent in conditions
affecting androgen synthesis (e.g., 17a0OHD, 17HSD, 5aRD).

Importantly, 46,XY DSD conditions such as complete gonadal dysgenesis can be
associated with a risk of gonadoblastoma and malignancy of up to 40%, depending on

underlying diagnosis and age ">"3. A prophylactic gonadectomy should be performed in
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any child with a Y chromosome who has a streak or dysgenetic intraabdominal gonad ™.

Biomarkers (e.g., a-fetoprotein, B-HCG) may suggest gonadoblastoma but are more
reliable in the context of established germ cell tumours and ultimately a diagnosis can
only be made on histopathological analysis after gonadectomy. Ascertaining the correct
timing and approach to gonadectomy requires informed conversations with the child,
family, and involved healthcare professionals . An additional consideration is
deciding whether or not to attempt experimental cryopreservation of small gonads in
selected young people. Cryopreservation will usually not be possible for 46,XY girls
presenting with complete gonadal dysgenesis and elevated gonadotropins. Sometimes,
the appropriateness of cryopreservation needs to be decided upon intra-operatively with
prior consent in place. A new diagnosis of 46,XY DSD in children and adolescents
requires that the need for age-appropriate, paced information sharing is balanced with
the need to address medical issues with a degree of urgency .

Genetic testing in the setting of 46,XY DSD has become increasingly available with
reasonable turnaround times in recent years in many countries ’’. Variants and copy
number variants in many genes have been implicated in DSD pathogenesis (SRY,
NR5A1) and the number of associated genes is increasing ®. Overall, a diagnosis can
be achieved for about 25% of individuals with complete gonadal (testicular) dysgenesis,
but much higher where there is clear evidence of a steroidogenic defect . Identifying a
pathogenic variant can cement the diagnosis and can yield important information for the
wider family; for example, variants in NR5A1 (SF-1) be associated with a range of
phenotypes within a pedigree, including POI in 46,XX girls and women **. Genetic
testing, as always, needs to be approached with care and with appropriate counseling.

Discussion

These three clinical vignettes outline three key differential diagnoses to consider when
approaching the management of a young person with absent puberty and elevated
gonadotropins. Taking a full history and performing a sensitive, systematic examination

can help reach a diagnosis.
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A karyotype must be performed early on in the diagnostic process; the finding of a
complete or partial X chromosome deletion prompts full workup for TS, and the finding of
any Y chromosome material requires planning for a gonadectomy to manage tumor risk.
Pelvic imaging and AMH measurement are useful when investigating 46,XY DSD,
possibly helpful when considering fertility options in TS, and of no significant benefit in
POI. Other investigations may be appropriate depending on the likely diagnosis. Figure 1
shows how the presentations of primary amenorrhea discussed in this review can be
approached using a diagnostic algorithm. Several issues that arise in clinical practice are
not reflected by this simplified diagram. For example, breast development is not often a
clear binary characteristic; limited breast development may be seen in some girls with
elevated gonadotropins, especially if they are overweight. Regarding uterine imaging, a
uterus that has never been exposed to oestrogen can be so small as to appear absent
even to MRI scanning — a “clandestine uterus” %%, Inthe presence of estrogen
deficiency, an absent uterus can only be declared after several months of estrogen

administration and repeat imaging.

The clinical scenarios discussed-above highlight several important management
principles when planning the care of a girl presenting with absent puberty and

hypergonadotropic gonadal insufficiency. We expand on some of these further below.

Pubertal induction

Regardless of cause, young people presenting with delayed or arrested puberty require
pubertal induction. Careful liaison with a pediatric endocrinologist is needed to maximise
breast and uterine development using as physiological an approach as possible %,
Studies of serum estradiol concentrations in puberty show that levels begin to rise from
the age of 10 with the median age of menarche being 13 years. To mimic this
physiology, induction of puberty ideally should take place at 11-12 years of age over two
to three years with the dose of estradiol increasing from about 10% of the adult dose to a
full physiological dose *’. There are several pubertal induction regimens which vary by

country 8% A common approach in Europe is to gradually increase transdermal
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estrogen patches from one fourth of a 25mcg patch worn for four days of the week, to a
full patch changed twice weekly ®. This dose can be titrated against individual variable
response, assessed either by Tanner staging or by transabdominal ultrasound of the
uterus, and dose adjustments departing from fixed regimen can be made accordingly .
The combined oral contraceptive pill (COCP) is not recommended for use in pubertal
induction: it contains supraphysiological doses of synthetic estrogen which is'‘associated

with greater risks of hypertension, thrombosis, and dyslipidemia %"~%.

Progestogens should be commenced for uterine protection after at least two years of
unopposed oestrogen or once breakthrough bleeding occurs *’. The timing of the
introduction of progesterone can be further guided by ultrasound assessment of
endometrial thickness. The average age of presentation of primary amenorrhea is
usually over the age of 14 and often as late as 18 years. In such circumstances the dose
of estrogen may need to be increased at a faster pace than usual, according to
individual response and preferences and considering optimal psychological benefit %.
Pubertal induction in TS can pose specific challenges, including balancing adequate
estrogen replacement with optimizing growth, as discussed above °. All individuals on
estrogen replacement should have regular follow-up consultations to review the goals of

treatment, psychosexual well-being, and hypoestrogenic symptoms.

Once pubertal induction is complete, individuals with hypergonadotropic hypogonadism
require ongoing hormone replacement with estrogen and progesterone at physiological
doses (HRT) until approximately the age of natural menopause. Maintenance HRT
needs to be tailored to the individual patient’s needs, preferences, and hypoestrogenic
symptoms. HRT regimen can use cyclical progesterone with withdrawal bleeds or
continuous progesterone with no bleeds. Estrogen replacement can be administered
transdermally, orally, or topically; oestradiol esters and 17f3 oestradiol are most often
used. There is no evidence that HRT confers an increased risk of breast cancer in
women using lifelong estrogen replacement therapy up to the age of natural menopause

Y Therefore, no change to standard breast cancer screening is required.
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Bone health

Bone is an important target organ for estrogen, and estrogen deficiency is acknowledged

to cause impaired bone mineral density (BMD) and an increased risk of fractures %,

BMD should be measured at diagnosis and at 5 yearly intervals throughout life *"%,
Supraphysiological doses of oestrogen may be considered for those with low bone
density below the age of 50 years. Factors associated with a low BMD in the setting of
ovarian insufficiency include low vitamin D, suboptimal calcium intake, primary
amenorrhea, and low body mass index (BMI) **°. The importance of bone protection in
the setting of ovarian insufficiency needs to be discussed from diagnosis: optimal dietary
calcium and vitamin D intake, maintaining a healthy weight, weight-bearing exercise, and

not smoking %",

Fertility options

Fertility options will be limited for women with hypergonadotropic gonadal insufficiency
but nevertheless a full discussion of the topic is important soon after diagnosis. This
discussion should be revisited at intervals throughout follow up, as the technology and

opportunities in this field are evolving.

Assisted conception with donated oocytes has been used to achieve pregnancy for over
20 years and remains the main fertility treatment option for the majority of women
presenting with raised gonadotropins '®°. The availability of donated oocytes varies from
country to country and this option is not acceptable for some people. Adoption is also a
commonly chosen route to family life. In the oncology setting, a small number of
pregnancies have been achieved internationally using ovarian tissue cryopreservation
approaches *°'. Despite possible discordance between gonadal type and gender identity,
pregnancies from cryopreserved gonadal tissue in vitro maturation (IVM) of sperm may
be possible for individuals with 46,XY DSD in the future, the latter avoiding the potential

risk of reintroducing tissue carrying a malignancy risk "°. Even when follicular apparatus
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is found, fertility preservation is not usually possible for women with POl who have
raised FSH. However, cascade genetic screening of family members of women with POI
may allow pre-symptomatic intervention for women at risk of POl who have yet to
develop it. Young women with mosaic TS and persistent ovarian function are potential
candidates for oocyte cryopreservation; however, in the main, oocyte donation is the
main fertility option for women with TS 12, Pregnancies in TS need to be carefully
monitored by an expert multidisciplinary team given the increased morbidity and

mortality risks conferred by pregnancy in these women (aortic dissection, hypertension)
9,103

Sexual function

In many countries a significant proportion of girls have sexual intercourse before the age
of 18. This topic has to be approached cautiously but not neglected. If possible, an
adolescent gynecologist should be available early in the young person’s journey so that
they can then be a familiar advisor when required. Several endocrine aspects are
relevant in this area. For example, in post-pubertal girls who have reached sexual
maturity, vaginal estrogen may be required for adequate vaginal lubrication and
testosterone may be added later if libido is low'*.

The chances of spontaneous fertility should also be discussed, even with those
presenting with primary amenorrhea: spontaneous conceptions do occur in POl and TS
in approximately 1-5% of adult women with these conditions 239527 There are no
corresponding data for adolescents, although their chances of conception are likely to be
much lower. It is important to address the possibility of pregnancy, however remote, as

contraception is required for those not desiring to conceive.
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Psychological considerations

Diagnoses associated with hypergonadotropic hypogonadism can be very difficult life
experiences for both the young person and parents and signposting reliable information

sources is essential from the outset.

A TS diagnosis in a young person is associated with specific psychological issues,
including an increased risk of anxiety, social isolation, reduced self-esteem, and
shyness. These problems can manifest in school and, later, in the workplace. Support of
a clinical psychologist can help deal with these issues. Most women with TS have IQs in
or above the normal range; 10% have learning difficulties, especially with 45,X/46,X,r(X)
karyotype, and neuropsychological review at key transition points during schooling is
recommended. Timely pubertal induction and management of any hearing impairment
can promote psychosocial wellbeing. Support groups can be very useful (e.g., TSSS, the
Turner Syndrome Support Society UK).

A diagnosis of POl is challenging psychologically and in adults has been associated with
increased risk of depression, low levels of self-esteem, and negative effects on sexuality
108.109 1t is a particularly difficult diagnosis in a young person, and access to a clinical
psychologist and support groups (e.g., The Daisy Network (UK)) is helpful. Regular
specialist follow-up is recommended so that young people have access to accurate and
up to date fertility information and so that the need for psychology support can be
reassessed at intervals. Often crises arise some years after the original diagnosis, for

instance when a near relative achieves a pregnancy.

Early specialist psychological input from the time of presentation is also essential for a

girl with 46,XY DSD. These young people often have delayed puberty and may be more
immature than their peers, requiring graded information sharing balanced with the need
to progress pressing medical issues, as discussed above. Open dialogue is paramount

and the young person needs be involved with decision-making processes and feel
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connected with the team; often, children can give appropriate consent or assent
depending on the legal framework of the jurisdiction. Repeated assessment of gender
identity is essential, especially when considering induction of puberty and other
endocrine interventions. Consideration of different cultural backgrounds and preferences
is also important. A DSD diagnosis can be challenging for parents and caregivers too,
who have a lot to take in within a short space of time. Again, in addition to clinical
psychology, there are resources for information sharing and support groups available
(e.g., dsdfamilies, www.dsdteens.org).

Conclusion

A range of diagnoses, including Turner Syndrome, POI, and 46,XY DSD, may explain
the presentation of delayed puberty and raised gonadotropins in a young girl. A judicious
investigation plan, beginning with a karyotype, facilitates a timely diagnosis. These are
rare conditions and an awareness of relevant international consensus guidelines and
research developments are useful when planning and directing clinical care.
Multidisciplinary input, open communication, shared decision-making, and dedicated
support groups can help young people and their families.

Data availability

No original data are included in this manuscript.

220z AInp Gz uo Jesn uopuo 8bs|j0 Alsieaiun Ag £91€£99/80 LoBAG/OSPUSI/QLZL 01 /I0p/elolie-8ouBApe/sal/woo dnoolwepeoe//:sdiy woly papeojumod



References

1. Ahmed SF, Achermann J, Alderson J, Crouch NS, Elford S, Hughes IA, Krone N,
McGowan R, Mushtaq T, O'Toole S, Perry L, Rodie ME, Skae M, Turner HE. Society for
Endocrinology UK Guidance on the initial evaluation of a suspected difference or
disorder of sex development (Revised 2021). Clin. Endocrinol. (Oxf.) 2021;95(6):818-
840.

2. Hovatta O. Pregnancies in women with Turner’s syndrome. Ann. Med.
1999;31(2):106-110.

3. Cameron-Pimblett A, La Rosa C, King TFJ, Davies MC, Conway GS. The Turner
syndrome life course project: Karyotype-phenotype analyses across the lifespan. Clin.
Endocrinol. (Oxf.) 2017;87(5):532-538.

4, Tanaka T, Igarashi Y, Ozono K, Ohyama K, Ogawa M, Osada H, Onigata K,
Kanzaki S, Kohno H, Seino Y, Takahashi'H, Tajima T, Tachibana K, Tanaka H, Nishi Y,
Hasegawa T, Fujita K, Yorifuji T, Horikawa R, Yokoya S. Frequencies of spontaneous
breast development and spontaneous menarche in Turner syndrome in Japan. Clin.
Pediatr. Endocrinol. 2015;24(4):167-173.

5. Bernard V, Donadille B, Zenaty D, Courtillot C, Salenave S, Brac de la Perriére
A, Albarel F, Fevre A, Kerlan V, Brue T, Delemer B, Borson-Chazot F, Carel J-C,
Chanson P, Léger J, Touraine P, Christin-Maitre S, CMERC Center for Rare Disease.
Spontaneous fertility and pregnancy outcomes amongst 480 women with Turner
syndrome. Hum. Reprod. 2016;31(4):782-788.

6. Castronovo C, Rossetti R, Rusconi D, Recalcati MP, Cacciatore C, Beccaria E,
Calcaterra V, Invernizzi P, Larizza D, Finelli P, Persani L. Gene dosage as a relevant
mechanism contributing to the determination of ovarian function in Turner syndrome.
Hum. Reprod. 2014;29(2):368-379.

7. Heard E, Turner J. Function of the sex chromosomes in mammalian fertility. Cold
Spring Harb. Perspect. Biol. 2011;3(10):a002675.

220z AInp Gz uo Jesn uopuo 8bs|j0 Alsieaiun Ag £91€£99/80 LoBAG/OSPUSI/QLZL 01 /I0p/elolie-8ouBApe/sal/woo dnoolwepeoe//:sdiy woly papeojumod



8. Fiot E, Zénaty D, Boizeau P, Haignere J, Dos Santos S, Léger J, French Turner
Syndrome Study Group. X chromosome gene dosage as a determinant of congenital
malformations and of age-related comorbidity risk in patients with Turner syndrome, from
childhood to early adulthood. Eur. J. Endocrinol. 2019;180(6):397-406.

9. Gravholt CH, Andersen NH, Conway GS, Dekkers OM, Geffner ME, Klein KO,
Lin AE, Mauras N, Quigley CA, Rubin K, Sandberg DE, Sas TCJ, Silberbach M,
Soderstrom-Anttila V, Stochholm K, van Alfen-van derVelden JA, Woelfle J, Backeljauw
PF, International Turner Syndrome Consensus Group. Clinical practice guidelines for the
care of girls and women with Turner syndrome: proceedings from the 2016 Cincinnati
International Turner Syndrome Meeting. Eur. J. Endocrinol. 2017;177(3):G1-G70.

10. Lee MC, Conway GS. Turner’s syndrome: challenges of late diagnosis. Lancet
Diabetes Endocrinol. 2014;2(4):333-338.

11. Chernausek SD, Attie KM, Cara JF, Rosenfeld RG, Frane J. Growth hormone
therapy of Turner syndrome: the impact of age of estrogen replacement on final height.
Genentech, Inc., Collaborative Study Group. J. Clin. Endocrinol. Metab.
2000;85(7):2439-2445.

12. Sas TC, de Muinck Keizer-Schrama SM, Stijnen T, Jansen M, Otten BJ,
Hoorweg-Nijman JJ, Vulsma T, Massa GG, Rouwe CW, Reeser HM, Gerver WJ, Gosen
JJ, Rongen-Westerlaken C, Drop SL. Normalization of height in girls with Turner
syndrome after long-term growth hormone treatment: results of a randomized dose-
response trial. J. Clin. Endocrinol. Metab. 1999;84(12):4607-4612.

13. Ross JL, Quigley CA, Cao D, Feuillan P, Kowal K, Chipman JJ, Cutler GB.
Growth hormone plus childhood low-dose estrogen in Turner’s syndrome. N. Engl. J.
Med. 2011;364(13):1230-1242.

14. van Pareren YK, de Muinck Keizer-Schrama SMPF, Stijnen T, Sas TCJ, Jansen
M, Otten BJ, Hoorweg-Nijman JJG, Vulsma T, Stokvis-Brantsma WH, Rouwé CW,
Reeser HM, Gerver W-J, Gosen JJ, Rongen-Westerlaken C, Drop SLS. Final height in
girls with turner syndrome after long-term growth hormone treatment in three dosages
and low dose estrogens. J. Clin. Endocrinol. Metab. 2003;88(3):1119-1125.

220z AInp Gz uo Jesn uopuo 8bs|j0 Alsieaiun Ag £91€£99/80 LoBAG/OSPUSI/QLZL 01 /I0p/elolie-8ouBApe/sal/woo dnoolwepeoe//:sdiy woly papeojumod



15. De Vos M, Devroey P, Fauser BCJM. Primary ovarian insufficiency. Lancet
2010;376(9744):911-921.

16. Nelson LM. Clinical practice. Primary ovarian insufficiency. N. Engl. J. Med.
2009;360(6):606-614.

17. European Society for Human Reproduction and Embryology (ESHRE) Guideline
Group on POI, Webber L, Davies M, Anderson R, Bartlett J, Braat D, Cartwright B,
Ciftkova R, de Muinck Keizer-Schrama S, Hogervorst E, Janse F, Liao L, Vlaisavljevic V,
Zillikens C, Vermeulen N. ESHRE Guideline: management of women with premature
ovarian insufficiency. Hum. Reprod. 2016;31(5):926-937.

18. Luborsky JL, Meyer P, Sowers MF, Gold EB, Santoro N. Premature menopause
in a multi-ethnic population study of the menopause transition. Hum. Reprod.
2003;18(1):199-206.

19. Maclaran K, Panay N. Premature ovarian failure. J Fam Plann Reprod Health
Care 2011;37(1):35-42.

20. Koyama H, Wada T, Nishizawa Y, lwanaga T, Aoki Y. Cyclophosphamide-
induced ovarian failure and its therapeutic significance in patients with breast cancer.
Cancer 1977;39(4):1403-1409.

21. La Marca A, Brozzetti A, Sighinolfi G, Marzotti S, Volpe A, Falorni A. Primary
ovarian insufficiency: autoimmune causes. Curr Opin Obstet Gynecol 2010;22(4):277-
282.

22. Welt CK. Primary ovarian insufficiency: a more accurate term for premature
ovarian failure. Clin. Endocrinol. (Oxf.) 2008;68(4):499-509.

23. Wilson C. Autoimmunity: autoimmune Addison disease and premature ovarian
failure. Nat. Rev. Endocrinol. 2011;7(9):498.

24. Wheatcroft NJ, Salt C, Milford-Ward A, Cooke ID, Weetman AP. Identification of
ovarian antibodies by immunofluorescence, enzyme-linked immunosorbent assay or

immunoblotting in premature ovarian failure. Hum. Reprod. 1997;12(12):2617-2622.

220z AInp Gz uo Jesn uopuo 8bs|j0 Alsieaiun Ag £91€£99/80 LoBAG/OSPUSI/QLZL 01 /I0p/elolie-8ouBApe/sal/woo dnoolwepeoe//:sdiy woly papeojumod



25. van Kasteren YM, Hundscheid RD, Smits AP, Cremers FP, van Zonneveld P,
Braat DD. Familial idiopathic premature ovarian failure: an overrated and
underestimated genetic disease? Hum. Reprod. 1999;14(10):2455-2459.

26. Rossetti R, Ferrari |, Bonomi M, Persani L. Genetics of primary ovarian
insufficiency. Clin. Genet. 2017;91(2):183-198. do0i:10.1111/cge.12921.

27. Huhtaniemi |, Hovatta O, La Marca A, Livera G, Monniaux D, Persani L, Heddar

A, Jarzabek K, Laisk-Podar T, Salumets A, Tapanainen JS, Veitia RA, Visser JA,
Wieacker P, Wolczynski S, Misrahi M. Advances in the molecular pathophysiology,
genetics, and treatment of primary ovarian insufficiency. Trends Endocrinol. Metab.
2018;29(6):400-419.

28. Chow J, Rahman J, Achermann JC, Dattani MT, Rahman S. Mitochondrial
disease and endocrine dysfunction. Nat. Rev. Endocrinol. 2017;13(2):92-104.

29. Conway GS, Payne NN, Webb J, Murray A, Jacobs PA. Fragile X premutation
screening in women with premature ovarian failure. Hum. Reprod. 1998;13(5):1184-
1187.

30. Rossetti R, Moleri S, Guizzardi F, Gentilini D, Libera L, Marozzi A, Moretti C,
Brancati F, Bonomi M, Persani L. Targeted Next-Generation Sequencing Indicates a
Frequent Oligogenic Involvement in Primary Ovarian Insufficiency Onset. Front.
Endocrinol. (Lausanne) 2021;12:664645.

31. Bestetti I, Castronovo C, Sironi A, Caslini C, Sala C, Rossetti R, Crippa M,
Ferrari |, Pistocchi A, Toniolo D, Persani L, Marozzi A, Finelli P. High-resolution array-
CGH analysis on 46,XX patients affected by early onset primary ovarian insufficiency

discloses new genes involved in ovarian function. Hum. Reprod. 2019;34(3):574-583.

32. Eskenazi S, Bachelot A, Hugon-Rodin J, Plu-Bureau G, Gompel A, Catteau-
Jonard S, Molina-Gomes D, Dewailly D, Dodé C, Christin-Maitre S, Touraine P. Next
generation sequencing should be proposed to every woman with “idiopathic” primary
ovarian insufficiency. J. Endocr. Soc. 2021;5(7):bvab032.

33. Bouilly J, Beau I, Barraud S, Bernard V, Azibi K, Fagart J, Févre A, Todeschini
AL, Veitia RA, Beldjord C, Delemer B, Dodé C, Young J, Binart N. Identification of

220z AInp Gz uo Jesn uopuo 8bs|j0 Alsieaiun Ag £91€£99/80 LoBAG/OSPUSI/QLZL 01 /I0p/elolie-8ouBApe/sal/woo dnoolwepeoe//:sdiy woly papeojumod



multiple gene mutations accounts for a new genetic architecture of primary ovarian
insufficiency. J. Clin. Endocrinol. Metab. 2016;101(12):4541-4550.

34, Franca MM, Funari MFA, Lerario AM, Santos MG, Nishi MY, Domenice S,
Moraes DR, Costalonga EF, Maciel GAR, Maciel-Guerra AT, Guerra-Junior G,
Mendonca BB. Screening of targeted panel genes in Brazilian patients with primary
ovarian insufficiency. PLoS One 2020;15(10):e0240795.

35. Patifio LC, Beau I, Carlosama C, Buitrago JC, Gonzalez R, Suarez CF,
Patarroyo MA, Delemer B, Young J, Binart N, Laissue P. New mutations in non-
syndromic primary ovarian insufficiency patients identified via whole-exome sequencing.
Hum. Reprod. 2017;32(7):1512-1520.

36. Rouen A, Rogers E, Kerlan V, Delemer B, Catteau-Jonard S, Reznik Y, Gompel
A, Cedrin I, Guedj A-M, Grouthier V, Brue T, Pienkowski C, Bachelot A, Chantot-
Bastaraud S, Rousseau A, Simon T, Kott E, Siffroi J-P, Touraine P, Christin-Maitre S.
Whole exome sequencing in a cohort of familial premature ovarian insufficiency cases
reveals a broad array of pathogenic or likely pathogenic variants in 50% of families.
Fertil. Steril. 2022;117(4):843-853.

37. Arnhold 13, Lofrano-Porto A, Latronico AC. Inactivating mutations of luteinizing
hormone beta-subunit or luteinizing hormone receptor cause oligo-amenorrhea and
infertility in women. Horm. Res 2009;71(2):75-82.

38. Aittoméki K, Lucena JL, Pakarinen P, Sistonen P, Tapanainen J, Gromoll J,
Kaskikari R, Sankila EM, Lehvaslaiho H, Engel AR, Nieschlag E, Huhtaniemi |, de la
Chapelle A. Mutation in the follicle-stimulating hormone receptor gene causes hereditary
hypergonadotropic ovarian failure. Cell 1995;82(6):959-968.

39. Dixit H, Rao LK, Padmalatha V, Kanakavalli M, Deenadayal M, Gupta N,
Chakravarty B, Singh L. Mutational screening of the coding region of growth
differentiation factor 9 gene in Indian women with ovarian failure. Menopause
2005;12(6):749-754.

40. Dixit H, Rao LK, Padmalatha VV, Kanakavalli M, Deenadayal M, Gupta N,
Chakrabarty B, Singh L. Missense mutations in the BMP15 gene are associated with
ovarian failure. Hum. Genet. 2006;119(4):408-415.

220z AInp Gz uo Jesn uopuo 8bs|j0 Alsieaiun Ag £91€£99/80 LoBAG/OSPUSI/QLZL 01 /I0p/elolie-8ouBApe/sal/woo dnoolwepeoe//:sdiy woly papeojumod



41. Zhao H, Chen Z-J, Qin Y, Shi Y, Wang S, Choi Y, Simpson JL, Rajkovic A.
Transcription factor FIGLA is mutated in patients with premature ovarian failure. Am. J.
Hum. Genet. 2008;82(6):1342-1348.

42. Bhangoo A, Buyuk E, Oktay K, Ten S. Phenotypic features of 46, XX females
with StAR protein mutations. Pediatr Endocrinol Rev 2007;5(2):633-641.

43. Bestetti |, Barbieri C, Sironi A, Specchia V, Yatsenko SA, De Donno MD, Caslini
C, Gentilini D, Crippa M, Larizza L, Marozzi A, Rajkovic A, Toniolo D, Bozzetti MP,
Finelli P. Targeted whole exome sequencing and Drosophila modelling to unveil the
molecular basis of primary ovarian insufficiency. Hum. Reprod. 2021;36(11):2975-2991.

44, Lourenco D, Brauner R, Lin L, De Perdigo A, Weryha G, Muresan M, Boudjenah
R, Guerra-Junior G, Maciel-Guerra AT, Achermann JC, McElreavey K, Bashamboo A.
Mutations in NR5A1 associated with ovarian insufficiency. N. Engl. J. Med.
2009;360(12):1200-1210.

45, Harris SE, Chand AL, Winship IM, Gersak K, Aittomaki K, Shelling AN.
Identification of novel mutations.in FOXL2 associated with premature ovarian failure.
Mol. Hum. Reprod. 2002;8(8):729-733.

46. Franca MM, Han X, Funari MFA, Lerario AM, Nishi MY, Fontenele EGP,
Domenice S, Jorge AAL, Garcia-Galiano D, Elias CF, Mendonca BB. Exome sequencing
reveals the POLR3H gene as a novel cause of primary ovarian insufficiency. J. Clin.
Endocrinol. Metab. 2019;104(7):2827-2841.

47, Carlosama C, Elzaiat M, Patifio LC, Mateus HE, Veitia RA, Laissue P. A
homozygous donor splice-site mutation in the meiotic gene MSH4 causes primary
ovarian insufficiency. Hum. Mol. Genet. 2017;26(16):3161-3166.

48. Guo T, Zhao S, Zhao S, Chen M, Li G, Jiao X, Wang Z, Zhao Y, Qin Y, Gao F,
Chen Z-J. Mutations in MSHS5 in primary ovarian insufficiency. Hum. Mol. Genet.
2017;26(8):1452-1457.

49. Pu D, Wang C, Cao J, Shen Y, Jiang H, Liu J, Wu BL, Zhang W, Wu J.
Association analysis between HFM1 variation and primary ovarian insufficiency in
Chinese women. Clin. Genet. 2016;89(5):597-602.

220z AInp Gz uo Jesn uopuo 8bs|j0 Alsieaiun Ag £91€£99/80 LoBAG/OSPUSI/QLZL 01 /I0p/elolie-8ouBApe/sal/woo dnoolwepeoe//:sdiy woly papeojumod



50. Caburet S, Heddar A, Dardillac E, Creux H, Lambert M, Messiaen S, Tourpin S,
Livera G, Lopez BS, Misrahi M. Homozygous hypomorphic BRCA2 variant in primary

ovarian insufficiency without cancer or Fanconi anaemia trait. J. Med. Genet. 2020.

51. Zhen X, Sun Y, Qiao J, Li R, Wang L, Liu P. [Genome-wide copy number scan in
Chinese patients with premature ovarian failure]. Beijing Da Xue Xue Bao
2013;45(6):841-847.

52. McGuire MM, Bowden W, Engel NJ, Ahn HW, Kovanci E, Rajkovic A. Genomic
analysis using high-resolution single-nucleotide polymorphism arrays reveals novel
microdeletions associated with premature ovarian failure. Fertil. Steril. 2011;95(5):1595-
1600.

53. Caburet S, Arboleda VA, Llano E, Overbeek PA, Barbero JL, Oka K, Harrison W,
Vaiman D, Ben-Neriah Z, Garcia-Tuién |, Fellous'M, Pendas AM, Veitia RA, Vilain E.
Mutant cohesin in premature ovarian failure. N. Engl. J. Med. 2014;370(10):943-949.

54. Zangen D, Kaufman Y, Zeligson S, Perlberg S, Fridman H, Kanaan M,
Abdulhadi-Atwan M, Abu Libdeh A, Gussow A, Kisslov |, Carmel L, Renbaum P, Levy-
Lahad E. XX ovarian dysgenesis is caused by a PSMC3IP/HOP2 mutation that
abolishes coactivation of estrogen-driven transcription. Am. J. Hum. Genet.
2011;89(4):572-579.

55. Mandon-Pépin B, Touraine P, Kuttenn F, Derbois C, Rouxel A, Matsuda F,
Nicolas A, Cotinot C, Fellous M. Genetic investigation of four meiotic genes in women
with premature ovarian failure. Eur. J. Endocrinol. 2008;158(1):107-115.

56. Tenenbaum-Rakover Y, Weinberg-Shukron A, Renbaum P, Lobel O, Eideh H,
Gulsuner S, Dahary D, Abu-Rayyan A, Kanaan M, Levy-Lahad E, Bercovich D, Zangen
D. Minichromosome maintenance complex component 8 (MCM8) gene mutations result
in primary gonadal failure. J. Med. Genet. 2015;52(6):391-399.

57. Wood-Trageser MA, Gurbuz F, Yatsenko SA, Jeffries EP, Kotan LD, Surti U,
Ketterer DM, Matic J, Chipkin J, Jiang H, Trakselis MA, Topaloglu AK, Rajkovic A.
MCM9 mutations are associated with ovarian failure, short stature, and chromosomal
instability. Am. J. Hum. Genet. 2014;95(6):754-762.

220z AInp Gz uo Jesn uopuo 8bs|j0 Alsieaiun Ag £91€£99/80 LoBAG/OSPUSI/QLZL 01 /I0p/elolie-8ouBApe/sal/woo dnoolwepeoe//:sdiy woly papeojumod



58. Weinberg-Shukron A, Renbaum P, Kalifa R, Zeligson S, Ben-Neriah Z, Dreifuss
A, Abu-Rayyan A, Maatuk N, Fardian N, Rekler D, Kanaan M, Samson AO, Levy-Lahad
E, Gerlitz O, Zangen D. A mutation in the nucleoporin-107 gene causes XX gonadal
dysgenesis. J. Clin. Invest. 2015;125(11):4295-4304.

59. QinY,Guo T, Li G, Tang T-S, Zhao S, Jiao X, Gong J, Gao F, Guo C, Simpson
JL, Chen Z-J. CSB-PGBD3 Mutations Cause Premature Ovarian Failure. PLoS Genet.
2015;11(7):e10054109.

60. Smirin-Yosef P, Zuckerman-Levin N, Tzur S, Granot Y, Cohen L, Sachsenweger
J, Borck G, Lagovsky |, Salmon-Divon M, Wiesmdller L, Basel-Vanagaite L. A biallelic
mutation in the homologous recombination repair gene SPIDR is associated with human
gonadal dysgenesis. J. Clin. Endocrinol. Metab. 2017;102(2):681-688.

61. Feng R, Sang Q, Kuang Y, Sun X, Yan Z, Zhang S, Shi J, Tian G, Luchniak A,
Fukuda Y, Li B, Yu M, Chen J, Xu Y, Guo L, Qu R, Wang X, Sun Z, Liu M, Shi H, Wang
H, Feng Y, Shao R, Chai R, Li Q, Xing Q, Zhang R, Nogales E, Jin L, He L, Gupta ML,
Cowan NJ, Wang L. Mutations in TUBB8 and human oocyte meiotic arrest. N. Engl. J.
Med. 2016;374(3):223-232.

62. Caburet S, Todeschini A-L, Petrillo C, Martini E, Farran ND, Legois B, Livera G,
Younis JS, Shalev S, Veitia RA. A truncating MEIOB mutation responsible for familial
primary ovarian insufficiency abolishes its interaction with its partner SPATA22 and their
recruitment to DNA double-strand breaks. EBioMedicine 2019;42:524-531.

63. McGlacken-Byrne SM, Le Quesne Stabej P, Del Valle |, Ocaka L, Gagunashvili
A, Crespo B, Moreno N, James C, Bacchelli C, Dattani MT, Williams HJ, Kelberman D,
Achermann JC, Conway GS. ZSWIM?7 is associated with human female meiosis and
familial primary ovarian insufficiency. J. Clin. Endocrinol. Metab. 2022;107(1):e254-e263.

64. McGlacken-Byrne SM, Del Valle I, Quesne Stabej PL, Bellutti L, Garcia-Alonso L,
Ocaka LA, Ishida M, Suntharalingham JP, Gagunashvili A, Ogunbiyi OK, Mistry T,
Buonocore F, GOSgene, Crespo B, Moreno N, Niola P, Brooks T, Brain CE, Dattani MT,
Kelberman D, Vento-Tormo R, Lagos CF, Livera G, Conway GS, Achermann JC.
Pathogenic variants in the human m6A reader YTHDC2 are associated with primary
ovarian insufficiency. JCI Insight 2022;7(5):e154671.

220z AInp Gz uo Jesn uopuo 8bs|j0 Alsieaiun Ag £91€£99/80 LoBAG/OSPUSI/QLZL 01 /I0p/elolie-8ouBApe/sal/woo dnoolwepeoe//:sdiy woly papeojumod



65. Qin Y, Choi Y, Zhao H, Simpson JL, Chen Z-J, Rajkovic A. NOBOX homeobox

mutation causes premature ovarian failure. Am. J. Hum. Genet. 2007;81(3):576-581.

66. Zhao S, Li G, Dalgleish R, Vujovic S, Jiao X, Li J, Simpson JL, Qin Y, Ivanisevic
M, Ivovic M, Tancic M, Al-Azzawi F, Chen Z-J. Transcription factor SOHLH1 potentially
associated with primary ovarian insufficiency. Fertil. Steril. 2015;103(2):548-53.€5.

67. Huang C, Guo T, Qin Y. Meiotic recombination defects and premature ovarian
insufficiency. Front. Cell Dev. Biol. 2021;9:652407.

68. Hughes IA, Houk C, Ahmed SF, Lee PA, LWPES Consensus Group, ESPE
Consensus Group. Consensus statement on management of intersex disorders. Arch.
Dis. Child. 2006;91(7):554-563.

69. Maheshwari M, Arya S, Lila AR, Sarathi V, Barnabas R, Rai K, Bhandare VV,
Memon SS, Karlekar MP, Patil V, Shah NS, Kunwar A, Bandgar T. 17a-
Hydroxylase/17,20-Lyase Deficiency in 46,XY: Our Experience and Review of Literature.
J. Endocr. Soc. 2022;6(3):bvac011.

70. Cox K, Bryce J, Jiang J, Rodie M, Sinnott R, Alkhawari M, Arlt W, Audi L,
Balsamo A, Bertelloni S, Cools M, Darendeliler F, Drop S, Ellaithi M, Guran T, Hiort O,
Holterhus P-M, Hughes I, Krone N, Lisa L, Morel Y, Soder O, Wieacker P, Ahmed SF.
Novel associations in disorders of sex development: findings from the 1-DSD Registry. J.
Clin. Endocrinol. Metab. 2014;99(2):E348-55.

71. Buonocore F, Maharaj A, Qamar Y, Koehler K, Suntharalingham JP, Chan LF,
Ferraz-de-Souza B, Hughes CR, Lin L, Prasad R, Allgrove J, Andrews ET, Buchanan
CR, Cheetham TD, Crowne EC, Davies JH, Gregory JW, Hindmarsh PC, Hulse T, Krone
NP, Shah P, Shaikh MG, Roberts C, Clayton PE, Dattani MT, Thomas NS, Huebner A,
Clark AJ, Metherell LA, Achermann JC. Genetic analysis of pediatric primary adrenal
insufficiency of unknown etiology: 25 years’ experience in the UK. J. Endocr. Soc.
2021;5(8):bvab086.

72. van der Zwan YG, Biermann K, Wolffenbuttel KP, Cools M, Looijenga LHJ.
Gonadal maldevelopment as risk factor for germ cell cancer: towards a clinical decision
model. Eur. Urol. 2015;67(4):692-701.

220z AInp Gz uo Jesn uopuo 8bs|j0 Alsieaiun Ag £91€£99/80 LoBAG/OSPUSI/QLZL 01 /I0p/elolie-8ouBApe/sal/woo dnoolwepeoe//:sdiy woly papeojumod



73. Cools M, Looijenga LHJ, Wolffenbuttel KP, T'Sjoen G. Managing the risk of germ
cell tumourigenesis in disorders of sex development patients. Endocr Dev 2014;27:185-
196.

74. Cools M, Nordenstrom A, Robeva R, Hall J, Westerveld P, Flick C, Kohler B,
Berra M, Springer A, Schweizer K, Pasterski V, COST Action BM1303 working group 1.
Caring for individuals with a difference of sex development (DSD): a Consensus
Statement. Nat. Rev. Endocrinol. 2018;14(7):415-429.

75. Islam R, Lane S, Williams SA, Becker CM, Conway GS, Creighton SM.
Establishing reproductive potential and advances in fertility preservation techniques for
XY individuals with differences in sex development. Clin. Endocrinol. (Oxf.)
2019;91(2):237-244.

76. Finlayson C, Johnson EK, Chen D, Dabrowski E, Gosiengfiao Y, Campo-
Engelstein L, Rosoklija I, Jacobson J, Shnorhavorian M, Pavone ME, Moravek MB,
Bonifacio HJ, Simons L, Hudson J, Fechner PY, Gomez-Lobo V, Kadakia R, Shurba A,
Rowell E, Woodruff TK. Proceedings of the Working Group Session on Fertility
Preservation for Individuals with Gender and Sex Diversity. Transgend. Health
2016;1(1):99-107.

77. Achermann JC, Domenice S, Bachega TA, Nishi MY, Mendonca BB. Disorders
of sex development: effect of molecular diagnostics. Nat. Rev. Endocrinol.
2015;11(8):478-488.

78. Elzaiat M, McElreavey K, Bashamboo A. Genetics of 46,XY gonadal dysgenesis.
Best Pract. Res. Clin. Endocrinol. Metab. 2022;36(1):101633.

79. Buonocore F, Clifford-Mobley O, King TFJ, Striglioni N, Man E, Suntharalingham
JP, Del Valle I, Lin L, Lagos CF, Rumsby G, Conway GS, Achermann JC. Next-
Generation Sequencing Reveals Novel Genetic Variants (SRY, DMRT1, NR5A1, DHH,
DHX37) in Adults With 46,XY DSD. J. Endocr. Soc. 2019;3(12):2341-2360.

80. Michala L, Aslam N, Conway GS, Creighton SM. The clandestine uterus: or how
the uterus escapes detection prior to puberty. BJOG 2010;117(2):212-215.

220z AInp Gz uo Jesn uopuo 8bs|j0 Alsieaiun Ag £91€£99/80 LoBAG/OSPUSI/QLZL 01 /I0p/elolie-8ouBApe/sal/woo dnoolwepeoe//:sdiy woly papeojumod



81. Berglund A, Burt E, Cameron-Pimblett A, Davies MC, Conway GS. A critical
assessment of case reports describing absent uterus in subjects with oestrogen
deficiency. Clin. Endocrinol. (Oxf.) 2019;90(6):822-826.

82. Nordenstrom A, Ahmed SF, van den Akker E, Blair JC, Bonomi M, Brachet C,
Broersen LHA, Claahsen-van der Grinten HL, Dessens A, Gawlik A, Gravholt CH, Juul
A, Krausz C, Raivio T, Smyth A, Touraine P, Vitali D, Dekkers OM. Pubertal induction
and transition to adult sex hormone replacement in patients with congenital pituitary or
gonadal reproductive hormone deficiency. An Endo-ERN clinical practice guideline. Eur.
J. Endocrinol. 2022;186(6):G9-G49.

83. Matthews D, Bath L, Hogler W, Mason A, Smyth A, Skae M. Hormone
supplementation for pubertal induction in girls. Arch. Dis. Child. 2017;102(10):975-980.

84. Donaldson M, Kristrém B, Ankarberg-Lindgren C, Verlinde S, van Alfen-van der
Velden J, Gawlik A, van Gelder MMHJ, Sas T,

on behalf of the European Society for Paediatric Endocrinology Turner SyndromeWorkin
g Group. Optimal pubertal induction in girls with Turner Syndrome using either oral or
transdermal estradiol: A proposed modern strategy. Horm. Re.s Paediatr.
2019;91(3):153-163.

85. Klein KO, Rosenfield RL, Santen RJ, Gawlik AM, Backeljauw PF, Gravholt CH,
Sas TCJ, Mauras N. Estrogen replacement in Turner syndrome: literature review and
practical considerations. J. Clin. Endocrinol. Metab. 2018;103(5):1790-1803.

86. Burt E, Davies MC, Yasmin E, Cameron-Pimblett A, Mavrelos D, Talaulikar V,
Conway GS. Reduced uterine volume after induction of puberty in women with
hypogonadism. Clin. Endocrinol. (Oxf.) 2019;91(6):798-804.

87. Cameron-Pimblett A, Davies MC, Burt E, Talaulikar VS, La Rosa C, King TFJ,
Conway GS. Effects of estrogen therapies on outcomes in Turner syndrome:
assessment of induction of puberty and adult estrogen use. J. Clin. Endocrinol. Metab.
2019;104(7):2820-2826.

88. Vinogradova Y, Coupland C, Hippisley-Cox J. Use of hormone replacement
therapy and risk of venous thromboembolism: nested case-control studies using the
QResearch and CPRD databases. BMJ 2019;364:k4810.

220z AInp Gz uo Jesn uopuo 8bs|j0 Alsieaiun Ag £91€£99/80 LoBAG/OSPUSI/QLZL 01 /I0p/elolie-8ouBApe/sal/woo dnoolwepeoe//:sdiy woly papeojumod



89. Langrish JP, Mills NL, Bath LE, Warner P, Webb DJ, Kelnar CJ, Critchley HOD,
Newby DE, Wallace WHB. Cardiovascular effects of physiological and standard sex
steroid replacement regimens in premature ovarian failure. Hypertension
2009;53(5):805-811.

90. Burt E, Yasmin E, Davies MC, Creighton S, Brain C, Ruff C, Learner H, Williams
L, Cameron-Pimblett A, Talaulikar V, Conway GS. Variability of response to early
puberty induction demonstrated by transverse uterine diameter measurement and a
novel method of 3D breast imaging. Clin. Endocrinol. (Oxf.) 2022;97(1):91-99.

91. Sirola J, Kroger H, Honkanen R, Jurvelin JS, Sandini L, Tuppurainen MT,
Saarikoski S, OSTPRE Study Group. Factors affecting bone loss around menopause in
women without HRT: a prospective study. Maturitas 2003;45(3):159-167.

92. Banks E, Reeves GK, Beral V, Balkwill A, Liu B, Roddam A, Million Women
Study Collaborators. Hip fracture incidence inrelation to age, menopausal status, and
age at menopause: prospective analysis. PLoS Med. 2009;6(11):e1000181.

93. Kanis JA, McCloskey EV, Johansson H, Cooper C, Rizzoli R, Reginster JY,
Scientific Advisory Board of the European Society for Clinical and Economic Aspects of
Osteoporosis and Osteoarthritis (ESCEO) and the Committee of Scientific Advisors of
the International Osteoporosis Foundation (IOF). European guidance for the diagnosis
and management of osteoporosis in postmenopausal women. Osteoporos. Int.
2013;24(1):23-57.

94. Popat VB, Calis KA, Vanderhoof VH, Cizza G, Reynolds JC, Sebring N, Troendle
JF, Nelson LM. Bone mineral density in estrogen-deficient young women. J. Clin.
Endocrinol. Metab. 2009;94(7):2277-2283.

95. Bachelot A, Rouxel A, Massin N, Dulon J, Courtillot C, Matuchansky C, Badachi
Y, Fortin A, Paniel B, Lecuru F, Lefrére-Belda M-A, Constancis E, Thibault E, Meduri G,
Guiochon-Mantel A, Misrahi M, Kuttenn F, Touraine P, POF-GIS Study Group.
Phenotyping and genetic studies of 357 consecutive patients presenting with premature
ovarian failure. Eur. J. Endocrinol. 2009;161(1):179-187.

96. Conway GS, Kaltsas G, Patel A, Davies MC, Jacobs HS. Characterization of
idiopathic premature ovarian failure. Fertil. Steril. 1996;65(2):337-341.

220z AInp Gz uo Jesn uopuo 8bs|j0 Alsieaiun Ag £91€£99/80 LoBAG/OSPUSI/QLZL 01 /I0p/elolie-8ouBApe/sal/woo dnoolwepeoe//:sdiy woly papeojumod



97. Christianson MS, Shen W. Osteoporosis prevention and management:

nonpharmacologic and lifestyle options. Clin. Obstet. Gynecol. 2013;56(4):703-710.

98. Management of osteoporosis in postmenopausal women: 2010 position

statement of The North American Menopause Society. Menopause 2010;17(1):25-54.

99. Rizzoli R. Nutrition: Its role in bone health. Best Pract. Res. Clin. Endocrinol.
Metab. 2008;22(5):813-829.

100. Luisi S, Orlandini C, Regini C, Pizzo A, Vellucci F, Petraglia F. Premature ovarian
insufficiency: from pathogenesis to clinical management. J. Endocrinol. Invest.
2015;38(6):597-603.

101. Donnez J, Dolmans M-M, Pellicer A, Diaz-Garcia C, Sanchez Serrano M,
Schmidt KT, Ernst E, Luyckx V, Andersen CY. Restoration of ovarian activity and
pregnancy after transplantation of cryopreserved ovarian tissue: a review of 60 cases of
reimplantation. Fertil. Steril. 2013;99(6):1503-1513.

102. Schleedoorn MJ, Mulder BH, Braat DDM, Beerendonk CCM, Peek R, Nelen
WLDM, Van Leeuwen E, Van der Velden AAEM, Fleischer K, Turner Fertility Expert
Panel OBOT. International consensus: ovarian tissue cryopreservation in young Turner
syndrome patients: outcomes of an ethical Delphi study including 55 experts from 16
different countries. Hum. Reprod. 2020;35(5):1061-1072.

103. Karnis MF. Fertility, pregnancy, and medical management of Turner syndrome in
the reproductive years. Fertil. Steril. 2012;98(4):787-791.

104. Islam RM, Bell RJ, Green S, Page MJ, Davis SR. Safety and efficacy of
testosterone for women: a systematic review and meta-analysis of randomised
controlled trial data. Lancet Diabetes Endocrinol. 2019;7(10):754-766.

105. van Kasteren YM, Schoemaker J. Premature ovarian failure: a systematic review
on therapeutic interventions to restore ovarian function and achieve pregnancy. Hum.
Reprod. Update 1999;5(5):483-492.

106. Sauer MV. Spontaneous pregnancy in women awaiting oocyte donation. J.
Reprod. Med. 1995;40(9):630-632.

220z AInp Gz uo Jesn uopuo 8bs|j0 Alsieaiun Ag £91€£99/80 LoBAG/OSPUSI/QLZL 01 /I0p/elolie-8ouBApe/sal/woo dnoolwepeoe//:sdiy woly papeojumod



107. Bidet M, Bachelot A, Bissauge E, Golmard JL, Gricourt S, Dulon J, Coussieu C,
Badachi Y, Touraine P. Resumption of ovarian function and pregnancies in 358 patients
with premature ovarian failure. J. Clin. Endocrinol. Metab. 2011;96(12):3864-3872.

108. Schmidt PJ, Luff JA, Hag NA, Vanderhoof VH, Koziol DE, Calis KA, Rubinow DR,
Nelson LM. Depression in women with spontaneous 46, XX primary ovarian
insufficiency. J. Clin. Endocrinol. Metab. 2011;96(2):E278-87.

109. Groff AA, Covington SN, Halverson LR, Fitzgerald OR, Vanderhoof V, Calis K,
Nelson LM. Assessing the emotional needs of women with spontaneous premature
ovarian failure. Fertil. Steril. 2005;83(6):1734-1741.

220z Ainp gz uo Jasn uopuo] 8b9)|0) Ausieniun Ag €911£99/80 L oBAG/OSPUBI/QLZ L 0L /I0P/3]o1e-2ouBApPE/Sal/W 09 dno-olwapede//:sdiy wouy papeojumoq



Table 1. Selected syndromic forms of POl with summary of ovarian phenotype.

Syndromic POI and clinical synopsis including ovarian
phenotype

Chromosome anomaly/gene
variants

Turner Syndrome and variants

Short stature, web neck, renal anomalies, otitis media,
bicuspid aortic valve, coarctation, hypothyroidism. NB
45,X/46,XX mosaicism associated with milder phenotype and
late presentation.

Karyotype 45,X, 45,X/46,XX or
45,X/46,XY mosaicism, mosaic
ring X, isodicentric Xq, and other
X chromosome variants

Autoimmune polyendocrinopathy syndrome type |

Mucocutaneous candidiasis, hypoparathyroidism, and
Addison disease. POI affects up to 50% of females, rarely
before menarche.

AIRE

AR - Finland, Iranian Jewish
community, Sardinia

Woodhouse-Sakati Syndrome

POl usually presenting as primary amenorrhea followed by
diabetes, hypothyroidism, alopecia, extrapyramidal
movements, sensorineural hearing loss.

DCAF17

AR — strong founder effect in
Saudi Arabia and Qatar

Perrault syndrome

Sensorineural deafness, short stature and POI, the majority
with primary amenorrhea.

HSD17B4, HARS2, LARS?2
CLPP C10o0rf2, CLDN14+
SGO02, KIAA0391, ERAL1
account for 50% of cases

AR
Blepharophimosis, ptosis, epicanthus inversus syndrome FOXL2
(BPES)

AD
Type 1 variant associated with POI, usually secondary
amenorrhea. Narrow eyelid opening and ptosis may be
evident at birth.
Galactosemia GALT
POI (>80% of females) presents with primary (50%) or AR
secondary amenorrhea (50%) after neonatal metabolic
presentation.
Pseudohypoparathyroidism type 1a PHPla

220z Ainp gz uo Jasn uopuo] 8b9)|0) Ausieniun Ag €911£99/80 L oBAG/OSPUBI/QLZ L 0L /I0P/3]o1e-2ouBApPE/Sal/W 09 dno-olwapede//:sdiy wouy papeojumoq



Childhood onset hypocalcemia, high phosphate, cataracts,
seizures. ~50% delayed puberty. POI caused by partial
gonadotropin resistance.

AD

Ovarioleucodystrophy

EIF2B2, EIF2B4

Early onset ataxia with white matter disease. POI with primary | AR

or secondary amenorrhea and ovarian atrophy.

Ataxia telangiectasia ATM
Early onset ataxia <2 years followed by telangiectasia. POI; AR
rare pregnancies recorded.

Premature aging syndromes WRN, ANTXR1
Scleroderma-like skin change from adolescence. POl usually | AR
as secondary amenorrhea. Diabetes mellitus in 80%. Rare
pregnancies reported.

Progressive external ophthalmoplegia POLG
Primary amenorrhea in ~50%. Presentation with AR

ophthalmoplegia and ptosis but rare POI with no other
features

Fanconi anaemia

POl usually presents at >20 years of age. Also associated
with developmental delay, short stature, cardiac defects,
genitourinary and gastrointestinal abnormalities, craniofacial
abnormalities, VACTERL association, radial ray
abnormalities.

FANCA, FANCM, FANCL
FANCD1/BRCAZ2,
FANCU/XRCC2

AR

Rossetti et al, 2017 %°, Huhtaniemi et al, 2018 %’ Chow et al, 2017 %

POI — primary ovarian insufficiency, AD — autosomal dominant, AR — autosomal

recessive
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Table 2. Selected examples of genes in which pathogenic variants have been

associated with non-syndromic Primary Ovarian Insufficiency (POIl), grouped by

the main mechanism of action.

Mechanism

Genes

Ovarian stimulation and function

LHCGR?®, FSHR*®, GDF9*, BMP15%,
FIGLAY

Steroidogenic defect

STAR*, CYP17A1*%, CYP19A1*

Ovarian development

NR5A1* FOXL2* POLR3H*

Meiosis and DNA repair

MSH4% MSH5%, HFM1°, BRCA2*,
RECS8*3, SMC1B*, SYCE1®!, CPEB1%,
STAG3>, PSMC3IP**, DMC1°®, MCM8°°,
MCM9°®’, NUP107°%, CSB-PGBD3,
SPIDR®’, TUBB8®, MEIOB®?, ZSWIM7,
YTHDC2%

Primary germ cell maintenance

NOBOX®®, SOHLH15°
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Figure Legend

Figure 1: Simplified flow diagram of the pathway of diagnosis of hypergonadotropic amenorrhea
and related conditions presenting with primary amenorrhea. CAH, congenital adrenal
hyperplasia; CAIS, complete androgen insensitivity syndrome; MRKH, Mayer-Rokitansky-
Kister-Hauser syndrome.
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