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ABSTRACT

Introduction: Turner Syndrome is a rare condition secondary to a complete or partial loss of one
X chromosome, leading to a wide spectrum of clinical manifestations. Short stature, gonadal dysgen-
esis, cardiovascular malformations, and dysmorphic features characterize its common clinical picture.
Areas covered: The main endocrine challenges in adolescent girls with Turner Syndrome are puberty
induction (closely intertwined with growth) and fertility preservation. We discuss the most important
clinical aspects that should be faced when planning an appropriate and seamless transition for girls
with Turner Syndrome.

Expert opinion: Adolescence is a complex time for girls and boys: the passage to young adulthood is
characterized by changes in the social, emotional, and educational environment. Adolescence is the
ideal time to encourage the development of independent self-care behaviors and to make the growing
girl aware of her health, thus promoting healthy lifestyle behaviors. During adulthood, diet and exercise
are of utmost importance to manage some of the common complications that can emerge with aging.
All clinicians involved in the multidisciplinary team must consider that transition is more than hormone
replacement therapy: transition in a modern Healthcare Provider is a proactive process, shared between
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pediatric and adult endocrinologists.

1. Introduction

Turner Syndrome (TS) is a rare condition, affecting 1 in 2500
live-born girls [1]. It is due to a complete or partial loss of one
X chromosome, leading to a wide spectrum of clinical man-
ifestations. Beyond the specific clinical picture, characterized
by short stature, gonadal dysgenesis, cardiovascular malfor-
mations, and dysmorphic features, TS is associated with
a wide range of abnormalities affecting multiple organs dur-
ing all stages of life, requiring a multidisciplinary care
approach.

Treatment of patients with TS is different according to age,
phenotype, and comorbidities (reassumed in Figure 1) [2].
During childhood and adolescence, most girls with TS
required treatments with growth hormone to increase their
final height and with estrogens to induce puberty. Both
growth and puberty are crucial aspects that should be com-
pleted when planning a transition of the patients from child-
hood to adulthood. Age of transition often corresponds to 2-
4 years after puberty, which is associated with several changes
in the psycho-physical state and in the social, emotional, and
educational environment of adolescents. The transition from
pediatric to adult care represents an important challenge for
young women with TS. All these aspects should be considered
by pediatric and adult endocrinologists and shared with

patients and their parents/caregivers to avoid the risk of drop-
ping-out the transition and future follow-up, leading to
increased morbidity and mortality.

In this expert opinion, we will discuss the most important
clinical and educational aspects that should be faced when
planning an accurate and seamless transition of girls with TS.

2. Genetics of turner syndrome

TS is one of the most common sex chromosomal abnormalities
and is caused by the complete or partial loss of one
X chromosome. It is recommended to consider TS in phenotypic
females with even one typical clinical findings [2]. The phenotype
is extremely variable and can range from the classic form with
a complete typical picture to a mild presentation. Diagnosis is
confirmed by chromosomal analysis, performed on a peripheral
blood sample, which shows complete X monosomy or different
forms of mosaicism [3]. Mosaicism, defined as the presence of
different karyotypes in the same person, develops after a meiotic
nondisjunction and contributes to phenotypic variability [4,5].
Prenatal diagnosis of TS can be performed with invasive testing
(chorionic villi or amniocytes) in case of advanced maternal age
or presence of ultrasonographic anomalies (as increased nuchal
translucency, cystic hygroma, left-sided cardiac defects) [6].
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Article highlights
o All Referral Healthcare Providers for rare conditions must adopt
a multidisciplinary group to offer the best-practice care to patients
with Turner Syndrome. The group should include endocrinologists
(both pediatric and adult physicians), relevant specialists (medical
geneticists, cardiologists, psychologists, gynecologists, ENTs, and so
on), and stakeholders (including patient’s association).

Several concerns might emerge in all teenagers because adolescence
is a complex time. The transition from pediatric to adult care should
be seamless, with appropriate involvement of girls and caregivers, in
order to avoid the risk of dropping-out.

Growth should start in early infancy (6-8 years old) and must be
completed before the transition; puberty should be induced at 11-
12 years of age in those patients with amenorrhea, and hormonal
replacement therapy should be continued until menopause.

An appropriate fertility counseling should be offered: controlled
ovarian stimulation and oocyte cryopreservation can increase the
chance of pregnancy. An adequate cardiovascular assessment must
be performed before pregnancy, since a high risk of complications.
Several factors in patients with Turner Syndrome enhance cardiome-
tabolic risk, increasing cardiovascular-related morbidity and mortality.
Therefore, we suggest increasing the awareness to adopt a healthy
lifestyle and to promote adherence to treatment and periodic follow-
up during transition.

Around 99% of fetuses with the complete loss of one
X chromosome will miscarry prematurely: it has been hypothe-
sized that patients with 45, X karyotype who survive may have
some degree of cryptic mosaicism [7]; therefore, karyotype
should be repeated after birth [2].

The most frequent karyotype in TS is complete monosomy
X (45, X), which is found in about 40-50% of cases, followed
by mosaicism karyotype with a normal cell line 45,X/46,XX
(15-25%) [2,8]. Other karyotypes are the mosaicism with an
abnormal second or third cell line, such as 45,X/47 XXX or 45,
X/46,XX/47 XXX, or the presence of structural variants of the
X chromosome, even in mosaicism, such as isochromosome
Xq or isodicentric Xp, partial deletions of Xp or Xq and ring

Main challenges in Turner Syndrome during life span

X. Y chromosome material may be detected in 10-12% of
patients with TS, including mosaic karyotype 45,X/46,XY [2,3].

Clinical severity is associated with the amount of
X chromosome deficiency: patients with complete monosomy
X show the highest morbidity and mortality, while those with
mosaic karyotype generally present a milder phenotype [9].
Mosaic karyotypes 45,X/46,XX and 45,X/47, XXX, are associated
with a better gynecological and reproductive outcome, or with
a lower probability of developing obesity and hypertension [8].
Monosomic patients have the highest prevalence of bicuspid
aortic valve, while the severity of left-sided congenital heart
defects is lower in patients with mosaicism and intermediate in
patients with Y material and isochromosome [8,10]. Also hearing
loss may be related to karyotype: the number of patients with 45,
X/46,XX or 45,X/46,XY, and ring X using hearing aids is lower than
those with a different karyotype [8]. Regarding the cognitive
aspect, the highest risk for neurocognitive or intellectual impair-
ment is associated with ring X chromosome [11].

The genetic background of the patient with TS should be
discussed during transition, with peculiar attention to those
aspects that can be a challenge in adolescents-young adults
(fertility, cognitive impairment, and cardiovascular risk).

3. Growth in girls with turner syndrome

Short stature characterizes patients with TS. Mean birth length
and weight in newborns with TS are close to the 10™-25%
percentile, suggesting a fetal growth retardation [12]. Height is
often within the normal range during infancy, and usually falls
below the 5™ percentile of the general population before 5 years
of age [13,14], and finally adult height is reduced [15]. The goal of
growth-promoting therapy is to facilitate the attainment of nor-
mal height during adolescence: recombinant human growth
hormone (rhGH) is the mainstay treatment. GH secretion is nor-
mal in patients with TS: GH stimulation testing is considered

short stature

()

g ®)

puberty induction

n fertility preservation RIegnancy
hypertension metabolic
ﬂ glucose metabolism syndrome
cardiovascular, otologic and renal autoimmunity skeletal
complications (thyroid, celiac disease)  disease
neurocognitive and behavioral support
»
>
Childhood Adolescence Adulthood

Figure 1. Health surveillance with some of the main aspects that must be considered in the multidisciplinary evaluation throughout the lifespan in patients with

turner syndrome (created with BioRender.com).



unnecessary [14]. Only recently the mechanisms that explain
a reduced adult height in TS have been described [1]. The
absence of a copy of the short-stature homeobox-containing
gene (SHOX) located in the distal pseudoautosomal region of
the X chromosome has been reported. The degree of SHOX
protein deficiency is different, according to karyotype [1,16].
The haploinsufficiency of SHOX is involved in the etiopathogen-
esis of short stature and of the disproportionate general appear-
ance, because mesomelic shortening of the extremities
compared with the trunk is a clinical hallmark of SHOX insuffi-
ciency, and rhGH therapy does not improve the height dispro-
portion [17]. The SHOX protein plays a role in several pathways of
the growth plate: decreased SHOX expression explains part of
the reduced linear growth in patients with TS [3,5]. In addition,
SHOX haploinsufficiency is generally associated with the pre-
sence of other phenotypic features of TS as scoliosis, micro-
gnathia, high-arched palate, cubitus valgus (50%), short fourth
metacarpal (35%), and reduced leg length [18]. SHOX deletions
are reported in 2-15% of individuals with idiopathic short sta-
ture, in 50-90% of individuals with Leri-Weill dyschondrosteosis,
and in almost 100% of girls with TS [19]. SHOX protein regulates
the proliferation and maturation of chondrocytes [18]. Some of
the main characteristics of SHOX deficiency that overlap with TS
presentation develop over time and can appear during adoles-
cence or transition phase [19].

GH treatment has been demonstrated to be effective in
increasing height and growth in patients with SHOX deficiency
by stimulating chondrocytes proliferation and maturation [20].
In clinical practice, the height target in girls with TS is within
the lower range for the female population. A meta-analysis in
2018 in 11 publications reported mean increase of 7 cm after
rhGH therapy [21]. A placebo-controlled trial (without rhGH
and estrogen, with only rhGH or estrogen, or with combined
rhGH and estrogen) in young children (mean 7-9years)
demonstrated that the overall effect of GH alone on final
height was 5cm; a modest synergy was documented in the
GH plus estrogen group (2.1 cm) [22]. Overall, 1cm of final
height gain per year of rhGH therapy is a reasonable expecta-
tion [2]. Recently, it has been reported that early age at rhGH
start with higher rhGH dose resulted in greater prepubertal
height gain, permitting early estrogen start and attaining
normal adult height at the age of transition [23].

A study of an international cohort of 686 prepubertal girls
with TS demonstrated that in the first year of GH treatment
the most influential variable for linear growth response was
the weekly rhGH dose; from the second to fourth year the
positive predictors were height velocity and weekly rhGH dose
(age was the only negative factors discovered) [24]. Treatment
with rhGH is safe: no blood pressure elevation, onset of cardi-
ovascular disease or glucose metabolism alterations, or
increase in mortality were observed [25,26]. The rapid increase
in linear growth stimulated by rhGH can partially explain the
observation that some rare complications (intracranial hyper-
tension, slipped capital femoral epiphysis, scoliosis progres-
sion) were more common in girls with TS [2].

The optimal time for GH treatment initiation has not been
established yet [2]; however, younger girls (starting from 6 years
of age) achieved a greater effect on final height [27]. Therapy
with rhGH should be offered to girls with growth failure (below
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the 50™ percentile of height velocity over 6 months) or with
a likelihood of short stature (short parents with reduced pre-
dicted adult height) [2]. The consensus recommended starting
rhGH around 4-6 years of age (preferably before 12-13 years)
with an initial rhGH dose of 1.3-1.5 mg/m?*/day (45-50 ug/kg/
day), with clinical monitoring of growth every 4-6 months [2].
The mean dose of 46 pug/kg/day [21] has been confirmed also in
a recent Brazilian paper (50 pg/kg/day) [28] and in an observa-
tional post-marketing surveillance study with a biosimilar rhGH
(36-50 pg/kg/day) [29]. In clinical practice, almost half of girls
with TS received GH doses below practice guidelines and label
recommendations [30], achieving an adequate final growth on
the standard dose of 30 ug/kg/day [31]. IGF-1 should be mea-
sured at least annually and should be no greater than two SDS
above the mean for age. Low or very-low estrogen supplementa-
tion to promote further growth is not suggested. Growth should
be completed before the transition from pediatric to adult care,
and rhGH treatment should be discontinued after the transition
[2]. A body composition study reports that the beneficial effects
on regional fat deposition of GH treatment may outweigh GH-
induced insulin antagonism: total and abdominal fat were
increased in GH-untreated TS; reduced fasting insulin, low insulin
secretion during oral glucose tolerance test, and improved glu-
cose tolerance were reported in GH-treated girls (mean age 14
years [32]. In authors’ opinion, a balanced diet combined with
physical exercise must be encouraged in all young adults with TS.

4. Puberty induction and sex hormone replacement
therapy

The puberty onset represents the beginning of adolescence:
physical and psychological changes characterize the transition
from childhood to adulthood. Spontaneous puberty and
menarche are occasionally seen in patients with TS and are
highly dependent on karyotype: only 6-9% of women with
45X karyotype and up to a third of women with mosaic TS
have a spontaneous menarche; however, most of them develop
premature ovarian insufficiency (POI) due to gonadal dysgen-
esis [33]. Therefore, most girls with TS will need estroprogestinic
replacement therapy to induce puberty and then to achieve
adequate peak bone mass and uterine growth (before preg-
nancy planning), to improve sexual function and quality of life,
and to prevent bone demineralization, metabolic disorders, and
cardiovascular disease. This is a crucial step in the life of girls
with TS and adequate information on features and aims of the
treatment and related psycho-physical changes should be
shared with patients and parents before starting the process.
Gonadotropins should be measured annually starting at 11
years or earlier to confirm hypergonadotropic hypogonadism
before pubertal induction. If gonadotropin levels are normal for
age, observation for spontaneous puberty is suggested; hor-
mone replacement therapy (HRT) should be initiated if gonadal
failure occurs and continued until the age of usual menopause.
Anti-Mullerian hormone (AMH) can be measured to evaluate
the ovarian reserve and the chance of fertility preservation [34].
Puberty should be induced at a ‘normal age’ in girls with TS,
between 11 and 12 years of age, ideally with a dosage regimen
that mimics the physiological increase of serum estradiol levels
during puberty [2]. According to TS guidelines [2], low doses of
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estrogens are the cornerstone treatment to induce puberty
without interfering with the growth potential related to rhGH
therapy, if ongoing [35]. Incremental doses of estrogen approxi-
mately every 6 months can mimic the normal progression of
puberty in girls, reaching adult doses after 2-3 years [36].

The optimal estrogen regimen to induce puberty is still
debated, but low-dose transdermal 17-3 estradiol (TDE) is now
considered the preferred treatment. The benefits of TDE use are
the more physiologic route of delivery, bypassing hepatic meta-
bolism, and avoiding the supraphysiologic concentrations of
estrogens in the liver observed after the oral administration.
By avoiding first-pass metabolism, TDE presents a better bioa-
vailability and a reduced induction of liver protein synthesis,
such as markers of inflammation, coagulation, and fibrinolysis,
compared with orally administered estrogens [371].

Previous studies did not show significant differences in
metabolic profile, bone mineral density, and uterine develop-
ment according to the route of administration and formula-
tion of estrogen, but solid evidence-based evidence is missing
[38,39]. Even the risk of breast cancer after long-term trans-
dermal or oral estrogen remains low in women with TS [40].

Availability of different preparations of TDE, as patch or gel,
differs among countries, and formulations dedicated to younger
patients are lacking. For example, in Italy, the lowest dose com-
mercially available is 25 ug TDE patch. When used to induce
puberty, the patch is initially cut into four or six parts and one
of these parts is applied on a healthy site of the skin (belly or
lower part of back) and changed every 3-4 days, releasing the
recommended starting dose of about 3-7 pug/day [2,36]. Dosage
is usually doubled every 6 months in accordance with the clinical
evaluation, including weight, height, blood pressure, Tanner
stage, and patient satisfaction. The usual adult dose of estradiol
is approximately 50-100 pg TDE patch or 2-4 mg by oral route.

During estrogen treatment routine monitoring of gonado-
tropins is not recommended, while estradiol measurement
could be useful to titrate the dosage, especially if it results in
the low range using an ultrasensitive assay. Pelvic ultrasono-
graphy before and during puberty induction allows to evalu-
ate uterine development, recommended for future fertility.

After 2 years of estrogen therapy or after the first break-
through bleeding, progestin supplementation should be
started to reduce the risks of irregular bleeding and endome-
trial hyperplasia or cancer due to prolonged unopposed estro-
gen [2,36]. Oral/vaginal natural micronized progesterone (100-
200 mg daily), and oral dydrogesterone (10 mg daily) can be
used at least 10-14 days per month [41].

After induction, HRT with estrogen and progesterone should be
continued using different regimens according to patients’
requests, clinical features, and contraindications. TDE remains the
first choice, cyclically associated with progesterone or a progestin
for 10-14 days. However, other options can be considered, such as
oral combined estroprogestinic formulations. Among oral contra-
ceptives with ethinyl-estradiol (EE), the combinations with the
third- or fourth-generation progestogens show a slightly higher
risk of venous thromboembolism in comparison to formulations
with the first- and second-generation components [42]. The recent
development of new combined oral contraceptives containing
natural estrogens (17-estradiol, 17-estradiol valerate, and estetrol)
seems to be a valid therapeutic alternative in patients with TS as

HRT, showing more favorable effects on metabolic profile and
coagulation cascade compared with EE [43]. Further studies are
needed to evaluate the impact on bone turnover and the long-
term safety of these new compounds in TS patients.

Routine screening for thromboembolic risk is not recom-
mended [2]. However, considering the increased incidence of
the most common mutations associated with thromboembo-
lism in TS, it is advisable to perform a complete thrombophilia
screening before starting HRT in girls with TS, especially in case
of thromboembolism history [44]. HRT should be continued at
least up to the physiological menopause age, at 50 years.

5. Thyroid disease in turner syndrome

Autoimmune thyroid diseases (ATDs) are detected in 60% of
patients with TS (median age of onset 22 years) [45]. The rate of
overt hypothyroidism (defined with increased TSH levels) detec-
tion was higher in girls with TS than matched controls with
positive ultrasound or autoantibodies, after 5 years of observa-
tion [46]. In particular, Hashimoto's thyroiditis (HT) is more fre-
quent than Grave's disease [45]. In a recent monocentric
prospective study on 134 patients with TS (mean age 9 years),
Wegiel et al. reported a high incidence of thyroid autoantibodies
(30%), combined with an earlier diagnosis of HT (13 years), estra-
diol exposure does not affect new-onset autoimmune diseases
[47]. In clinical practice, we suggest that the transition phase is
crucial to detect ATDs, especially those asymptomatic forms with
only positive autoantibodies: thyroid function and ultrasound
evaluation should be performed during the first visit of an
adult endocrinologist, then thyroid function should be assessed
yearly. Further studies are needed to establish the impact of
iodine prophylaxis campaigns in the development of ATDs [48].
Patients with isochromosome X karyotype had a higher risk of
developing ATDs than patients with monosomy or other karyo-
types (66% vs 37% vs 33%, respectively), lower incidence ATD is
reported in patients with mosaic karyotype 45,X/46,XY [8]. FOXP3
maps the short arm of X chromosome (Xp11.23) and is crucial for
T cells regulation. A missing Xp in 46,X,del(Xp) or 46,X,i(Xq) could
predispose to thyroid autoantibodies positivity [49].

Concerning the risk of thyroid cancer development in TS,
the studies are inconclusive: the high number of thyroid ultra-
sounds can detect also small cancers. Only one study reported
an increased diagnosis of papillary thyroid cancer with
a cumulative incidence of 5% and an incidence rate of
0.18 per 100 person-year [45].

6. Skeletal growth and disease in TS

The puberty transition is the age of skeletal maturation in
adolescents, which depends on a complex interplay of inherited
and acquired factors (genetics, diet, physical activity, environ-
ment, local paracrine, and endocrine milieu) [50]. Low or absent
estrogen levels partially explain low bone mass, irrespective of
karyotype [51]: GH-treated adolescents with TS show adequate
bone mineral density [52]. In clinical practice, we do not con-
sider normal bone mineralization in the decision regarding the
optimal time to initiate estrogen replacement [52]. A skillful
HRT, combined with rhGH, is necessary for most adolescents
with TS to achieve proper adult peak bone mass [5].



Despite optimal estrogen treatment and final growth
achievement with GH therapy, the fracture risk is still
increased in women with TS: a nationwide questionnaire sur-
vey in Denmark (collecting data from 322 patients and 1169
controls) reported an increased hazard ratio for fracture risk in
TS [53]. Observed fractures in patients with TS are more than
twice than expected (up to 22 times for metacarpal bone and
10 times for femoral fractures) [54] and have been reported
either in the cortical or in the trabecular bones. Women with
TS are short in height and it must be considered when areal
bone density is measured: females <150 cm are likely to be
misdiagnosed with osteoporosis, unless adjustments for body
size [55]. Moreover, the different bone sizes and geometry due
to SHOX deficiency may contribute to a falsely reduced bone
mineral density [55]. The HRT is effective in reducing fracture
risk: low bone mineral density and fractures were common in
patients with TS after 45 years of age, especially if they do not
receive HRT continuously [56].

Prepubertal-aged patients with TS (<13 years old) have nor-
mal bone density for height age, but significantly decreased
bone density of the wrist for chronological age, leading to an
increased prevalence of wrist fractures compared with healthy
girls [57]. Cortical density in patients with TS is reduced with
sparing of trabecular bone: a study with peripheral quantitative
computed tomography in 22 patients (mean age 13 years) trea-
ted with rhGH revealed a reduction in cortical bone mineral
density and thickness, leading to a biomechanical disadvantage
that predisposes to bone fragility and fractures [58]. Also trabe-
cular microarchitecture is compromised in adult women with TS:
bone volume per tissue volume is reduced, trabecular number
was lower resulting in higher trabecular spacing [59].

Reduced bone mineral density has been observed in TS with
induced puberty. The delay to start estrogen treatment is asso-
ciated with lower bone mineral density: in patients with primary
amenorrhea (83% of the cohort, 52% of those treated with rhGH)
spine and hip mineral content were inversely associated with age
commencing estrogen or years of estrogen deficiency, and
a measured reduction in Z-score of 0.12 and 0.09 at the spine
and hip, respectively, was calculated for every year of estrogen
therapy delay [60]. A 6-year longitudinal study revealed that
during HRT and calcium/vitamin D supplementation bone
mineral density remained unchanged at the forearm-ultradistal
radius-hip level, while it increased at the spine level [61]. During
adulthood, lumbar spine bone mineral density was 20% reduced
in women not taking HRT, with respective prevalence of osteo-
porosis and vertebral fractures of 38% and 19% [62].

In case of increased fracture risk, as osteoporosis diagnosis
during dual-energy X-ray absorptiometry or discovery of
a fracture, the treatment of a patient with TS is similar to the
general population. After puberty induction, the first screening
for reduced mineralization should be performed by bone
densitometry scan, and then repeated every 5 years. On the
hand of prevention, effective strategies and screening pro-
grams for osteoporosis should be started during childhood:
several factors in patients with TS increase the risk of fractures
(hypogonadism, bone morphology due to SHOX deficiency,
calcium, or vitamin D deficiency) [61,63]. Regarding bone
markers, bone ALP and osteocalcin levels were lower in sub-
jects with TS, and sclerostin or DKK-1 levels were higher than
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in the controls, correlated with HRT [64]. Women with TS have
decreased 25-OH vitamin D and increased parathyroid hor-
mone [63]. The role of vitamin D in preventing bone disease
is well known: vitamin D status should be assessed at first
between the ages of 9 and 11, and then every 2 years [65]. In
case of vitamin D deficiency, malabsorption and celiac disease
should be excluded, as well as vitamin B12 and iron status
should be assessed. Treatment with eldecalcitol (a new analog
of active vitamin D) is associated with a gain in bone mineral
density during HRT [66].

7. Cardiovascular and metabolic complications in
patients with TS

Cardiovascular-related mortality and morbidity are increased
in patients with TS: several factors enhance an unfavorable
cardiometabolic risk, predisposing to adverse cardiac and cer-
ebrovascular outcomes in young adulthood. Metabolic syn-
drome enhances per se cardiovascular risk, nonetheless in
patients with TS some key factors of metabolic syndrome
(hypertension, glucose metabolism impairment, dyslipidemia
[67-69] are more prevalent than in the general population.
A proactive management dedicated to increase the awareness
of patients with TS and their caregivers should consider efforts
to enhance all the preventive measures recommended in the
general population (physical activity, healthy diet, adequate
sleep, and avoiding smoking). The benefits of physical exercise
are widely recognized; thus, it is considered the best non-
pharmacological prevention tool for cardiovascular diseases.
In patients with TS, lower physical activity has been reported,
secondary to greater anaerobic stress during exercise than
control subjects, leading to increased muscle fatigue with
short bursts of activity [70].

Hypertension onset and development characterize patients
with TS during adolescence: increased blood pressure levels
are diagnosed in 21-40% of young women [71], worsening
with age [72]. The pathogenesis is multifactorial and largely
unknown: recent hypotheses include altered sympathetic
tone, vasculopathy (increased tendency for premature
derangement of arterial function), endocrine factors, over-
weight, and renal disease [69]. Blood pressure should be
measured in every outpatient visit, at least once a year, and
ambulatory 24-h blood pressure measurement is beneficial in
the detection of nocturnal hypertension, non-dipping profile
and to unveil white-coat hypertension. An echocardiogram,
with particular attention paid to the aortic root, should be
repeated during adolescence in hypertensive patients, even
without congenital heart defects.

The relative risk of both Type 1 and Type 2 diabetes melli-
tus is increased (respectively, 12 and 4 times [68].
Isochromosome Xq and ring X are more likely to develop
diabetes [8]. Prevalence of diabetes is increased up to 12%
in women with TS, with a mean age of onset of 38years:
glucose tolerance test is more sensitive than basal glucose or
HbA1c for the diagnosis [73]. In cross sectional-analysis, the
diagnosis of diabetes in children is rare, and the first discovery
of impaired fasting glucose levels occurs in adolescents and
young adults [71]: plasma glucose should always be checked
during transition phase, and then annually [2].
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Women with TS have a higher body mass index with pecu-
liar body composition: impaired waist-to-hip ratio, increased
total and visceral fat mass, and decreased skeletal muscle
mass [74]. Hepatosteatosis is associated with metabolic syn-
drome and insulin-resistance [75]. Hyperlipidemia is highly
prevalent in patients with TS (up to 50%) and is mainly unaf-
fected by age, except total cholesterol [2,67]. Lipid profile is
associated with body mass index, and similar in different
kariotypes, characterizing the atherogenic profile in adult
women with TS. Interestingly, HRT did not seem to affect the
lipid profile, especially after its discontinuation in the age of
natural menopause (51-53 years) [67].

8. Reproductive outcomes and fertility preservation
in TS

TS is often accompanied by difficulties in achieving successful
pregnancies due to a severe reduction of ovarian reserve with
POI [76,77], and cardiac or cardiovascular issues related to TS can
further complicate the pregnancy (hypertension, diabetes, car-
diac malformations [2,36,78,79]. Patients with TS undergo an
accelerated ovarian germ cell depletion before the birth and
the follicle loss continues postnatally, leading to POI [76]. The
main involved mechanism seems to be an accelerated apoptosis
of ovarian germ cells during the fetal life and some women with
TS have streaky ovaries at birth without follicles [2,80]. The rate of
follicle depletion is different and 5-10% of women with TS have
spontaneous puberty and also pregnancy [33,81]. The different
depletion rates of ovarian reserve have been related to the level
of aneuploidy [81]: monosomic 45,X is linked to a greater reduc-
tion of ovarian reserve than patients with mosaicism [81]. In
clinical practice, the rate of mosaicism in the ovarian cells can
be different from that of lymphocytes [82]. Patients with mono-
somic 45,X in lymphocytes with a severe reduction of the ovarian
reserve, mosaic in granulosa cells and normal karyotype in
oocytes have been described [82]. Genetic alterations of granu-
losa cells are not free from negative implications as they can
cause an impaired folliculogenesis [83] with higher risk of the
development of empty follicles or incompetent oocytes [84].

No guidelines are available for fertility preservation options
in patients with TS, but practical algorithmic approaches to
decision-making have been proposed [85]. The combination of
controlled ovarian stimulation and oocyte cryopreservation is
the first choice for fertility preservation, when feasible [85]. In
patients with TS, there is usually a negative outcome: the
possibility of no oocyte collection is higher than that of
women with normal karyotype and more ovarian stimulations
are required [86]. Patients who had spontaneous puberty,
regular menses, mosaic karyotype, and better ovarian reserve
indexes, have better fertility preservation results [81]. The only
feasible fertility preservation technique in prepubertal patients
is the ovarian tissue cryopreservation (OTC) [2,85]. Despite the
great development of this technique that led to more than
150 live births, there is still an Achilles heel to be addressed:
the follicles loss that occurs during the first days after trans-
plantation due to transitory ischemia [87]. Even if several
methods have been used to improve the vascularization of
the graft in order to minimize the ovarian reserve loss, up to 2/
3 of the harvested primordial follicles are lost after

transplantation [88] and this could lead to the nonfunctioning
of the graft in women with an initial reduced ovarian reserve.
While in women without TS the ovarian endocrine function is
restored in most patients, Rodriguez-Wallberg et al [76].
recently reported no regained ovarian functionality in none
of the transplanted patients with TS, neither after repeated
transplantations: it should be discussed during the counseling
[87]. As no studies evaluated if the unilateral oophorectomy in
patients with TS may impair the spontaneous puberty or may
cause an earlier menopause, should OTC be routinely recom-
mended in patients with TS since the possibility that no
follicles are present in the tissue is high [84]? As OTC is
performed in childhood in patients with TS, it will be many
years before these patients will come back to reuse the tissue.
In the meantime, one would hope that researches on the
in vitro activation and in vitro growth of the follicles will
achieve positive results [82].

In prepubertal, patients with TS ovarian reserve should be
monitored and OTC should be suggested when the ovarian
reserve is reduced. When the ovarian reserve is not exhausted in
post-pubertal patients with TS, oocyte cryopreservation should be
the first option, otherwise oocyte donation or adoption should be
discussed [85]. During the counseling, pre-implantation genetic
testing for aneuploidy should be discussed in patients with TS
using their oocytes [89].

In patients with TS, the risk of pregnancy complications (pre-
eclampsia and fetal growth restriction) is high [79]. Pregnancy
itself might be a life-threatening condition due to medical issues
related to TS, such as cardiovascular and metabolic complications
[79]. A recent retrospective study performed in the UK evaluated
the outcomes of 127 pregnancies in 81 women with TS [90]: there
were 17 miscarriages, 3 terminations of pregnancy, 2 stillbirths
(one at 25 weeks associated with early onset pre-eclampsia, and
the other one at 28 weeks complicated by early onset fetal growth
restriction) and 105 live births, 9% were preterm. The main results
were the high rate of cesarean section (67%) and the relatively low
rates of gestational diabetes mellitus, gestational hypertension,
and pre-eclampsia compared with other studies (7%, 10%, and
9%, respectively). However, there were three major adverse car-
diac events: two aortic dissection (one fatal) in 45,X karyotype with
bicuspid aortic valves, and ovum donation pregnancies; a third
patient required aortic root replacement within 6 months of deliv-
ery. Pregnancy in TS should always be considered at high risk,
especially for aortic dissection. Pregnancy itself causes structural
changes in the intima and media in the absence of aortic disease,
which could lead to aortic dilation and an increased risk of aortic
dissection during delivery. Cauldeweel et al. reported that 57% of
pregnancies performed cardiovascular imaging within the 24
months before conception [90]. The adequate cardiac surveillance
and treatment of cardiovascular risk factor is fundamental in all
women with TS before and during pregnancy, and the prevention
of cardiovascular disease, as well as diagnosis of cardiac malforma-
tion, should start early during adolescence (and re-assessed during
transition, especially in the view of a pregnancy). The manage-
ment of these women should always be performed in
a multidisciplinary team including a maternal-fetal medicine spe-
cialists, a cardiologist, and an endocrinologist [91]. Transthoracic
echocardiogram, cardiac magnetic resonance imaging, oral glu-
cose tolerance test, evaluation of thyroid function, weight



optimization, liver enzymes, and renal functions are needed to
verify the feasibility of the pregnancy and to correct preexisting
health issues before the pregnancy [91]. When there is
a contraindication for the pregnancy, adoption or gestational
carrier can be considered [85].

9. Unmet needs in patients with TS: an interview
with the President of the patient advocacy group

9.1. What is your role in patients with TS?

In the 30 years of activity of the Italian Association of Families
of Individuals with Growth Hormone Deficiency and other
Rare Diseases (AFaDOC) we have been able to observe many
girls, adolescents, and young adults with TS.

In all these patients, we have seen how the complexity and
multifactorial nature of TS can subtly but substantially affect
the quality of life of young patients and their families. For this
reason, according to our experience, these patients require
psychological, neuro-cognitive, and neuropsychiatric interven-
tions, starting from the first years of life.

9.2. What are the most important challenges in
adolescents with TS?

TS can affect ‘subtle’ aspects of cognitive, emotional, and
relational functioning, aspects that can have an impact on
the ability to grasp and process even social signals. We could
observe that the greatest difficulties are the processing of
non-verbal information and the execution of complex pro-
cesses, where the ability to be flexible and integrate different
information is fundamental. Poor cognitive flexibility induces
rigid responses to complex stimuli, increases the difficulty of
evaluating a point of view different from one’s own, and
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makes it difficult to adapt to constantly changing situations,
all aspects at the basis of the ability to manage the reciprocity
and complexity inherent in social relations.

For these reasons, we believe that greater attention must
be given to adequate psychological support of these subjects
from early childhood to adulthood, with particular attention
during adolescence, a period in which relational difficulties are
emphasized, especially if already encountered in childhood. In
Figure 2 we reported the most important psycho-social fea-
tures that increase with aging (from adolescence).

9.3. What activities are endorsed by the association for
adolescents?

Several activities are created for teenagers, such as summer
camps and meetings with the presence of health specialists
with skills in different fields answering questions from patients
and families. The activities are aimed to:

e Develop self-awareness for emotions, attitudes, and
thoughts that can facilitate or hinder interpersonal
relationships.

e Develop reflection on one’s interactive methods.

e Improve communication skills in the group.

e Promote the ability to compare and build rewarding
relationships.

e Encourage the learning of more assertive ways of relating.

9.4. What do you expect during transition?

It would be desirable that in the periodic checkup of girls with
TS, the clinician in collaboration with the psychologist would
also pay attention to the related psychological problems, with

Mood deflection

Performance anxiety

Social anxiety

School dropout

immaturity

Visual-spatial impairment

Somatization

Demotivation

Poor social skills

Social retreat

Low self-esteem

Figure 2. Psycho-social features of patients with TS, most of the aspects indicated are suggested in the interview with the President of the Patient Advocacy Group

and discussed in the paragraph 10 ‘expert opinion’ (created with Biorender.com).
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effective screening tools, such as the regular administration of
specific and standardized test for the early diagnosis of the
neurocognitive and psychological difficulties to which these
patients are predisposed. Interviews with the family and
instrumental investigations have to start from the diagnosis
communication, in order to identify families and patients at
higher risk and direct them toward therapies specific support.

10. Expert opinion and future perspectives: the
seamless transition from pediatric to adult care in
girls with TS

Adolescence is a complex time for girls and boys: several con-
cerns might emerge in all teenagers, not only in those with
chronic conditions. As indicated in the previous paragraph,
reporting the interview with the President of the Patient
Advocacy Group, patients and caregivers need guidance from
a psychologist. Therefore, not only endocrinologists (at least
pediatric and adult physicians) but all relevant specialists and
stakeholders (including patient’s association) must be involved,
to ensure that all patients with TS are appropriately transferred
from pediatric to adult care. It is largely accepted that a holistic
approach with an optimal model of transition is of utmost
importance; nevertheless, the widespread adoption of this best
practice remains elusive. The ideal age for transition has yet to be
defined, but it generally occurs at about 17-18 years of age in our
clinical practice and is shared with the patient and her caregivers,
after a gradual preparation toward the end of adolescence.
Pediatric endocrinologists are responsible for ensuring the con-
tinuation of care in adult clinics, and propose the outpatient visit,
accompanied by a summary sheet of the pediatric medical file.
Adult service for women with TS should offer all specialists
required for multidisciplinary care, able to ensure the continuity
of cure for any diseases diagnosed during childhood and detect-
ing any potential associated disorders during adulthood.
However, growing evidence suggests that young people
with chronic conditions are doubly disadvantaged during this

Table 1. Clinical practice monitoring in women with TS in Padova.

period of transition, affecting their global developmental pro-
cesses, comorbidities, psychosocial adjustment, and quality of
life [92]. Among risky behaviors, poor adherence to treatment
is commonly viewed by physicians and parents. Moreover, in
the absence of appropriate primary care or specialized adult
services, the risk of young people with chronic conditions is
dropping out of health care, with several health conse-
quences. In addition, the focus on a healthy diet, regular
physical activity, and refraining from the use of tobacco and
alcohol are just some of the aspects that should be reinforced
in adolescence.

Even the transition of girls with TS from the pediatric
endocrinologist to the adult team can be a challenge. The
transition should coincide with the end of puberty: it is the
start of an autonomous self-confidence of the patient, who
has been accompanied by her parents since childhood [92]. TS
is a chronic condition and requires lifelong clinical visits, with
routine intervals that expand from childhood (screening of
comorbidities, rhGH therapy, induction of puberty, study of
psycho-behavioral conditions) to the adolescents that grow
older (in adulthood visits are often less frequent despite life-
long health needs) [2]. Patients with TS have a peculiar neu-
rocognitive profile, characterized by poor adaptive skills,
impairments in visuospatial and memory areas, dyscalculia,
and deficits in attentional control [93]. If the transition phase
coincides with the high school, physicians must consider some
peculiar aspects of girls with TS [94]. Mathematical skills can
be impaired, and the difficulties with number recognition
result in reduced understanding of time and money concepts.
In early grade school, response time is longer and visual
perceptual is different: young women with TS tend to require
additional time and repetition to acquire specific math skills,
resulting in a mathematical learning disability [95]. Current
recommendations for young adults with TS include routine
neuropsychological assessments, especially at transition time
points from elementary to middle school, middle to high
school, and high school to postsecondary education [2].

Comorbidities Parameters

First screening Frequency of controls

Obesity
Hypertension
Thyroid function
Dyslipidemia
Diabetes mellitus
Liver alterations

Weight, waist circumference
Blood pressure
TSH, fT4 + anti-TPO antibodies and US
Total cholesterol, HDL cholesterol, triglycerides
Fasting glucose, HbA1c + oral glucose tolerance test
AST, ALT, gamma-GT, alkaline phosphatase Liver
ultrasound
IgA anti-transglutaminases, IgA total
25-hydroxyvitamin D
Spinal X rays
Bone densitometry scan
Electrocardiogram, transthoracic echocardiography

Celiac disease
Skeletal disorders

Osteopenia
Cardiovascular

abnormalities
Renal abnormalities
Infertility

Blood creatinine, renal ultrasound
FSH, LH, serum estradiol, AMH, pelvic ultrasound

Audiometric evaluation
Ophthalmological evaluation

Otological abnormalities
Ophthalmologic
abnormalities

Dental abnormalities Dental evaluation

Melanoma Skin examination
Neuropsychological Psychological consultation
disorders + psychometric tests

At diagnosis Every visit, annually
At diagnosis Every visit, annually
At diagnosis Every visit, annually
After 10 years of age Annually
After 10 years of age Annually
After 10 years of age Annually

As needed
At 2 years Every 5years
At diagnosis Every 3-5 years

As needed

After puberty Every 5 years

At diagnosis As needed, every 3-5 years if
low risk

At diagnosis As needed

After 12 years of age or after spontaneous  As needed

puberty

At diagnosis

At diagnosis As needed

At diagnosis As needed

At diagnosis Annually

At diagnosis As needed




Optimal care of patients with TS requires the participation
of several medical specialties, depending on the phenotypic
presentation: a regular follow-up and proactive screening of
comorbidities is depicted in Table 1. Since multimorbidity
occurs during adult life, the endocrinologist should act as
the ‘anchor’ physician during adult care and promote patient
education, ensuring that women with TS realize the need for
continued follow-up during adulthood [5].

Puberty induction starts in early adolescence (10-12 years) in
girls with POI: proactive counseling regarding reproductive
options should be offered. During adolescence or early adult-
hood, patients with TS with residual ovarian reserve, as in the
case of mosaicism, should be evaluated not only for fertility
preservation options but also for contraception. TS is also asso-
ciated with psychosocial risks, including cognitive, social, and
behavioral components. Age-appropriate social interactions
should be investigated and encouraged during adolescence.
Medical and psychological intervention should be considered
in case of psychosocial alterations to improve emancipation
from family and future career enhancement [96]. Some aspects
of socialization are different in women with TS, including diffi-
culties forming and maintaining social relationships and having
fewer close friends [94]. Therefore, an effort should be made to
provide appropriate support and guidance during adolescence:
a better understanding of strengths and weaknesses could
guide to offer a holistic approach to fully understand the social
challenges experienced by affected women [97]. If a social
difficulty appears to be a critical issue in girls with TS, an
appropriate counseling to patients and caregivers may prove
useful in advancing their social adaptation [98]. The use of
a validated questionnaire such as the Transition Readiness
Assessment Questionnaire (TRAQ) can be useful to start the
process of transition: it has been developed to assess teenagers’
and young adults’ transition readiness: it has good psycho-
metric properties and the best contributors of transition readi-
ness were older age and female gender [99].

It is essential to define the member of the pediatric care
team that will implement each core element and design an
office workflow to support transition. Helping the patients
with TS and their family to identify the adult endocrinologist
and the other required clinicians (such as gynecologist, car-
diologist, nephrologist, audiological physician, and psychol-
ogist) is recommended to ensure a continuity of follow-up
for any diseases diagnosed during childhood and detecting
any potential associated disorders during adulthood [96]. An
initial co-management between the pediatric and adult
endocrinologist may be helpful to share the key medical
elements and essential information that need to be
addressed: the two endocrinologists should share the same
access to the electronic health records. In case of different
Healthcare Providers, the distance should not preclude the
quality of the transition process. The use of telemedicine
platforms and dedicated websites with recommendations/
information may open the door to a novel transition strategy.
The development of national registries should be encour-
aged to improve our knowledge regarding the natural his-
tory of this rare condition. Reference centers in Italy offer free
treatments to patients with TS. They are usually included in
the European Reference Network for Rare Endocrine
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Conditions (Endo ERN), which is an important tool to connect
patients and healthcare providers across Europe, providing
knowledge and resources for diagnosis and treatment of rare
conditions.

In conclusion, optimal care of women with TS requires the
collaboration of several medical specialties. The transition of
girls with TS from the pediatric endocrinologist to the adult
team is a vulnerable time. It is necessary that a planned transi-
tion process shared between referring physicians, to encou-
rage patients to develop independent self-care behaviors and
to avoid the risk of dropping out of future follow-up.
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