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Abstract

Background: Turner syndrome (TS) is a well-known genetic condition associated with increased morbidity and mortality in adult
patients. Accordingly, comprehensive guidelines for TS follow-up across the lifespan have been developed. However, the data about
their implementation in clinical practice need to be expanded. The present study aims to describe a cohort of adult East-European TS
patients and to highlight pitfalls in long-term medical care. Methods: Data from 45 TS women (18-53 years) were included in the
present retrospective study. Personal history of the patients along with anthropometric, cytogenetic, clinical, and laboratory parameters
were collected. Results: The median age of initial diagnosis was 15 years varying between one and forty-nine years, with nearly one-third
of patients being diagnosed as adults. TS women treated with growth hormone during childhood were, on average, 5 cm taller than the
non-treated patients (150.00 [147.00-155.00] vs. 145.00 [140.25-150.75], p = 0.055). Patients on hormone replacement therapy (HRT)
had higher high density lipoprotein (HDL) cholesterol levels (1.80 mmol/L [1.44-1.99] vs. 1.55 mmol/L [1.31-1.74], p = 0.041) and
lower follicle-stimulating hormone levels (33.70 IU/L [23.65 — 65.07] vs. 70.00 IU/L [46.90-79.39], p = 0.008) compared to non-treated
women. Adherence to HRT was suboptimal, with only 55.6% of hypogonadal women being on hormonal treatment. The presence
of comorbidities was increased as expected, but the percentage of hypertensive TS patients was lower than usually reported (11.1%).
Conclusions: Growth hormone and estrogen replacement therapy might exert different positive effects on TS patients. However, the late
diagnosis of TS and low adherence to treatment could limit the beneficial hormonal effects. A tendency for a more accurate diagnosis of
concomitant endocrine diseases compared to non-endocrine conditions in TS patients has been observed. These results support the need
for dedicated multidisciplinary teams focused on TS diagnosis and adult follow-up worldwide.
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1. Introduction The main objectives of medical care in TS chil-
dren and adolescents are growth improvement by growth
hormone treatment (GHT) and puberty induction [4,5].
In adulthood, major priorities include maintenance of
hormone-replacement therapy (HRT), counseling about fer-
tility and available assisted reproductive technologies, and
early identification and treatment of concomitant diseases
[4,5]. TS is associated with an increased prevalence of car-

diovascular, renal, gastrointestinal, metabolic, and autoim-

Turner syndrome (TS) is a well-known sex chromo-
some disorder/difference in sex development characterized
by premature ovarian failure with hypoestrogenism, short
stature, specific physical features, and increased prevalence
of comorbidities [1-3]. Total or partial loss and structural
abnormalities of the second X chromosome in phenotypic
females may be associated with variable severity of clinical
manifestations; therefore, TS might be diagnosed at differ-

ent stages of the lifespan [4]. Typically, patients with TS
are diagnosed in childhood and receive complex medical
care in pediatric settings per evidence-based recommenda-
tions [3—5]. However, the transition to adult healthcare ser-
vices is often associated with different hurdles, such as a
lack of a multidisciplinary approach, insufficient evidence
for the optimal treatment regimens, as well as significantly
reduced financial reimbursement of medical consultations
and investigations by local health insurance funds for older
women in comparison to children [6]. Additionally, some
patients are diagnosed with TS as adults, leading to delayed
hormonal treatment and possible long-term complications
[7.8].

mune disorders leading to increased mortality [4,5]. One of
the significant threats in TS women is fatal aortic dissection
or rupture, which could affect relatively young patients, es-
pecially in the presence of underlying risk factors such as
aortic abnormalities or hypertension [3]. The proper esti-
mation of disease burden in TS is possible only by targeted
standardized multidisciplinary evaluation; otherwise, many
disorders would be omitted [9].

In recent years, comprehensive guidelines for holis-
tic adult care have been developed [4,10]. However, most
pieces of evidence emerge from a few European countries
with national registers, such as Denmark, Sweden, and the
UK [10]. Conversely, data about adult TS care in other
countries are insufficient.
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Accordingly, the present study aims to describe a co-
hort of adult East-European TS patients and to highlight pit-
falls in long-term medical care.

2. Methods
2.1 Patients and Study Parameters

Adult patients with Turner syndrome (TS) who had
been consulted consecutively in a single tertiary Endocrine
department (USHATE “Acad. Iv. Penchev”, Medical
University-Sofia, Bulgaria) between 2002 and 2022 have
been included in the present retrospective, cross-sectional
study. Personal and family history of the patients along
with anthropometric, cytogenetic, clinical, and laboratory
parameters were extracted from the hospital’s electronic
database and/or paper files. Additionally, information
about imaging studies, treatment regimens, and comorbid-
ity of patients was collected from files generated at the first
clinical visit. The hormone replacement therapy of TS pa-
tients included estradiol hemihydrate or ethinylestradiol in
combination with different types of gestagens. Patients in
the early stages of puberty induction received only estro-
gens.

Patients with clinical symptoms of TS without docu-
mented cytogenetic studies were considered ineligible for
the study. Data from 45 TS female patients (18-53 years)
were selected for the final analyses. Laboratory parame-
ters (blood glucose, lipid profile, liver enzymes, creatinine,
etc.) were measured enzymatically by an automatic ana-
lyzer (Cobas Mira Plus; Hoffmann La Roche), as shown
previously [11]. Hypertension was defined as the presence
of office systolic blood pressure > 140, diastolic blood pres-
sure >90, or already prescribed antihypertensive treatment.

Cytogenetic studies were performed in licensed ge-
netic laboratories following national standards. Thyroid
and abdominal ultrasounds were performed routinely in the
Endocrine department. Since audiometry and echocardio-
graphy were not done routinely in the department for most
of the period, data about concomitant cardiovascular and
otological abnormalities were obtained from the patient’s
medical files based on the registered pathological findings.
Magnetic resonance imaging is not routinely provided and
reimbursed for TS patients according to local regulations,
and only one patient had been referred by the cardiologist
for magnetic resonance imaging of the heart, with no ab-
normal findings.

2.2 Statistical Analysis

Descriptive statistics and frequency analyses have
been used to describe patients’ characteristics. Addi-
tionally, x? and Fisher’s exact tests have been applied
to analyze dichotomous variables. The distribution of
most parameters differed from normal after a Kolmogorov-
Smirnov test for normality. Therefore, non-parametric
statistic tests have been used. Thus, all values are pre-
sented as median [interquartile range (IQR): Q1-Q3] or

as frequency (%). Differences between the two groups
have been established by a Mann-Whitney test. Similar re-
sults have been obtained by using parametric tests. A “p”
level of 0.05 was considered statistically significant. Cal-
culations were made with a MedCalc® Statistical Software
version 20.110 (MedCalc Software Ltd, Ostend, Belgium;
https://www.medcalc.org; 2022).

3. Results

3.1 Anthropometric Characteristics, History, Age at
Diagnosis, and Karyotype

The mean age of investigated patients was 24.00 years
(IQR 19.0-31.25), varying between 18 and 53 years. The
mean height was 148.00 cm (IQR 142.00-152.87 cm),
while the mean weight was 52.00 kg (IQR 46.75-60.75).
The mean body mass index (BMI) was 23.83 kg/m? (IQR
21.50-27.79), with 21 of the patients (46.2%) being over-
weight (BMI >25). The age of diagnosis varied widely be-
tween the neonatal and mature stages of lifespan, with a me-
dian of 15 years (IQR 12.0-19.0). More than one-third of
patients were diagnosed in adulthood (16 patients [35.8%]),
and the latest age at diagnosis was 49 years. A total of 25 pa-
tients (55.6%) carried monosomy 45, X, while the rest car-
ried mosaic karyotypes with or without structural chromo-
some abnormalities. Monosomic 45, X patients had been
diagnosed much earlier than patients with other karyotypes
(14 years [IQR 10.75-17.00] vs. 19 years [IQR 14.00—
23.50], p = 0.018). Four patients (8.9%) were carriers of
the Y-cell line, three of whom were gonadectomized, while
one patient diagnosed at the age of 19 refused the opera-
tion and subsequent follow-up. Two-thirds of patients (n =
30) demonstrated primary amenorrhea, while the rest (n =
15) complained of secondary amenorrhea. The median age
of menarche in the second group had been 14 years (IQR
14.00—-16.00 years); after that, the TS girls developed oligo-
or amenorrhea. In adulthood, TS patients were amenorrheic
with the hormonal constellation of hypergonadotropic hy-
pogonadism. Primary amenorrhea was more common in
monosomic patients compared to patients with mosaic kary-
otypes (22 of 25 patients (88%) vs. 8 of 20 patients (40%), p
=0.001). No pregnancies were observed, though some pa-
tients considered pregnancy by egg donation in the future.

3.2 Hormonal Treatment with Growth Hormone,
Estrogens, and Progestins

Growth hormone therapy during childhood was pro-
vided to 40.0% of patients, regardless of the specific kary-
otype (Table 1). All patients discontinued growth hormone
therapy at the age of 18 years, following national stan-
dards. Patients treated with growth hormone were, on av-
erage, 5 cm taller compared to non-treated patients (Ta-
ble 1). Growth hormone therapy was provided only to pa-
tients diagnosed with TS at an early age. Therefore, the
growth hormone-treated women were significantly younger
than non-treated individuals, which corresponded to a bet-
ter lipid profile.

&% IMR Press


https://www.medcalc.org
https://www.imrpress.com

Table 1. Differences in anthropometric and biochemical parameters according to the previous growth hormone (GH) treatment
(up to 18 years).

Patients without previous GH treatment ~ Patients on previous GH treatment

n Median [IQR: Q1-Q3] n Median [IQR: Q1-Q3] g
Age (year) 27 26.00 [20.00-37.50] 18 20.50 [18.00-25.00] 0.015
Age at diagnosis (year) 27 19.00 [15.00-23.75] 18 12.00 [5.00-14.00] <0.001
45, X (%, n) 27 51.9% [n = 14] 18 61.1% [n=11] 0.760°
Height (cm) 27 145,00 [140.25-150.75] 18 150.00 [147.00-155.00] 0.055
Weight (kg) 27 52.00 [48.50-63.75] 18 52.00 [44.00-59.00] 0.302
BMI (kg/m?) 27 26.02 [22.00-28.47] 18 22.48 [20.55-25.78] 0.072
Erythrocytes (x 109) 24 4.55[4.25-4.90] 17 4.40 [4.25-4.70] 0.244
Leucocytes (x 106) 24 6.70 [5.25-7.70] 17 6.40 [5.57-8.32] 0.947
Thrombocytes (x 109) 23 278.00 [224.5-305.75] 17 248,00 [231.25-345.25] 0.880
Cholesterol (mmol/L) 22 5.26 [4.75-5.70] 16 4.24 [3.98-5.00] 0.001
HDL-cholesterol (mmol/L) 19 1.61[1.31-1.79] 14 1.90 [1.66-2.15] 0.007
LDL-cholesterol (mmol/L) 18 3.34 [2.63-3.72] 14 2.13[1.58-2.69] 0.001
Triglycerides (mmol/L) 21 1.24 [0.82-1.36] 16 0.72 [0.60-0.85] 0.015
ALAT (IU/L) 22 18.10 [12.40-41.40] 14 16.85 [12.00-36.00] 0.685
ASAT (IU/L) 22 21.60 [17.60-28.40] 14 19.00 [17.00-24.00] 0.445
Glucose (mmol/L) 22 5.19 [4.70-5.52] 18 4.92 [4.50-5.34] 0.237
Creatinine (pmol/L) 21 48.00 [42.75-58.25] 16 50.00 [46.50-60.00] 0.471
HRT (%, n) 27 44.4% [n=12] 18 72.2% [n=13] 0.078°
FSH¢ (IU/L) 21 46.90 [27.17-70.27] 16 63.65 [33.00-77.80] 0.358

@ Mann-Whitney test; ® Fisher’s exact test; ¢ Obtained on different hormonal regimens.

IQR, interquartile range; BMI, body mass index; HDL, high density lipoprotein cholesterol; LDL, low density lipoprotein
cholesterol; ALAT, alanine aminotransferase; ASAT, aspartate aminotransferase; HRT, hormone replacement treatment;
FSH, follicle-stimulating hormone.

Table 2. Prevalence of different concomitant diseases in patients with monosomic and mosaic TS.

Patients with TS Monosomic TS Mosaic TS
Disease n=45 n=25 n=20 r*
% (n) % (n) % (n)

Age (years)? 24.00[19.00-31.25]  23.00 [19.00-32.75]  25.00 [19.00-29.00] 0.671¢
BMI (kg/m?)® 23.83[21.50-27.79] 22.98[21.24-26.26] 26.14 [21.93-28.37] 0.120¢
Prediabetes 11.1% (5) 20% (5) 0% (0) 0.056
DM type 2 6.6% (3) 4% (1) 10% (2) 0.577
Arterial hypertension 11.1% (5) 16% (4) 5% (1) 0.362
Cardiovascular diseases 24.4% (11) 40% (10) 5% (1) 0.012
Gastro-intestinal and liver diseases 17.8% (8) 16% (4) 20% (4) 1.000
Neurological diseases 15.6% (7) 16% (4) 15% (3) 1.000
Nephrological diseases 20.0% (9) 24% (6) 15% (3) 0.709
Hashimoto’s thyroiditis 55.6% (25) 60% (15) 50% (10) 0.557
Hypothyroidism (on L-T4 treatment) 20.0% (9) 16% (4) 25% (5) 0.481

@ Fisher’s exact test; ® Data presented as median (interquartile range: Q1-Q3); ¢ Mann-Whitney test.

TS, Turner syndrome; BMI, body mass index; DM, diabetes mellitus; L-T4, levothyroxine.

Thirteen patients (28.9%) were newly diagnosed with
TS in the department because of primary or secondary
amenorrhea. Other women with known TS were referred to
the clinic by adult specialists in primary care or transferred
from the pediatric endocrinology services after reaching the
age of 18 years. Nevertheless, just over half of the patients
were on systemic hormonal treatment for their apparent hy-
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pogonadism at the time of their first visit to the Endocrine
department, while the remaining 44.4% (n = 20) had not
begun or had discontinued hormonal treatment. Two pa-
tients discontinued hormone-replacement therapy because
of medical specialist advice (one because of mammary fi-
broadenoma and the other because of pancreatitis). Addi-
tionally, one patient refused treatment because of subjective


https://www.imrpress.com

side effects; however, the remaining patients did not report
any specific reasons for discontinuation of therapy.

Patients on estrogen therapy with or without progestin
had higher high density lipoprotein (HDL)-cholesterol lev-
els (1.80 mmol/L [1.44-1.99] vs. 1.55 mmol/L [1.31-1.74],
p=0.041) and lower FSH levels (33.70 IU/L [23.65-65.07]
vs. 70.00 TU/L [46.90-79.39], p = 0.008) compared to non-
treated patients, despite the similar age and BMI of both
groups (p > 0.05). No other significant differences in glu-
cose, creatinine, low density lipoprotein (LDL)-cholesterol,
triglycerides, or liver enzyme levels were observed (p >
0.05 for all).

Twenty-four percent (n = 6) of patients on hormonal
medication were still on estrogen-only therapy because of
the recent induction of pubertal development, while the re-
maining 20% (n = 5) received oral contraceptives, and 56%
(n = 14) were on combined hormone-replacement therapy.
Only 8% (n = 2) of patients used transdermal treatment,
while all the others were on oral medications.

3.3 Concomitant Endocrine and Non-Endocrine Diseases

The prevalence of different concomitant diseases in
patients with monosomic or mosaic TS was compared (Ta-
ble 2). Carbohydrate disturbances (prediabetes or diabetes
mellitus (DM)) were found in 24% (n = 6) of monosomic
and in 15% (n = 3) of mosaic TS patients (p = 0.709);
only one of the patients (with mosaic karyotype) presented
as type 1 DM. Half of the investigated patients (n = 38)
showed increased cholesterol levels regardless of the kary-
otype [monosomic 50% (n = 19) vs. mosaic 50% (n = 19),
p =1.000]. Cardiovascular diseases were found in approxi-
mately one-quarter of the patients, predominantly affecting
monosomic women. Arterial hypertension was diagnosed
in one-tenth of all cases (Table 2). Cardiovascular anoma-
lies included different valve abnormalities (bicuspid aortic
valve, n = 2; aortic dilatation, n = 2; aortic stenosis, n =
3; and other valve abnormalities, n = 3) as well as electro-
physiological disturbances, e.g., right bundle branch block,
supraventricular tachycardia (three patients, two with valve
abnormalities).

Various gastrointestinal and liver diseases were found
in TS patients: two patients suffered from congenital in-
testinal malformations, one from celiac disease, and one
from duodenal ulcer. Three patients demonstrated hepatic
steatosis, one was with pancreatitis, and one with cholelithi-
asis. One of the patients with steatosis showed strongly
increased liver enzymes; additionally, seven patients had
slightly increased transaminases. No significant differences
in age (25.50 years [19.00-30.00] vs. 23.00 years [19.00—
32.75], p = 0.834) or BMI (27.43 kg/m? [24.94-28.37] vs.
22.98 kg/m? [21.37-26.49], p = 0.063) were found between
patients with increased liver transaminases and other TS
women.

Nephrological disturbances (renal agenesis or
dystopia, nephrolithiasis, efc.) were found in 20% of

patients. Additionally, 15% of patients had a wide range
of neuro-psychiatric conditions such as neurinoma, menin-
gioma, epilepsy, and depression. One of the mosaic TS
patients suffered from diabetes insipidus. Additionally,
two patients complained of partial deafness (Table 2).

Autoimmune thyroid disease was diagnosed in more
than half of the TS women, with over one-third already hy-
pothyroid and on continuous levothyroxine treatment (Ta-
ble 2). Thyrotoxicosis was found in only one patient with
monosomic TS. Benign diseases of mammary glands were
reported by three patients (6.67%). None of the patients
suffered from any oncological illness. Only 19 patients
had available data about bone density status. According to
medical files, three women presented with already estab-
lished osteoporosis, while in seven patients, the available
dual-energy x-ray absorptiometry showed a lumbar spine
Z-score below —2.0. Two patients showed a Z-score above
0; both had started appropriate hormone replacement ther-
apy before 18 years of age and showed excellent adherence
to treatment. No osteoporotic fractures had been reported
by the patients.

4. Discussion

The presented results summarize the clinical charac-
teristics of an adult TS patient group in a single tertiary
East European endocrine center. More than one-third of
patients were diagnosed as adults despite their short stature,
pubertal delay, and additional symptoms. Most newly diag-
nosed adult women were referred for evaluation because of
menstrual disturbances. At the same time, growth and ad-
ditional symptoms were not considered as factors imposing
the search for endocrinological help by some patients, es-
pecially in families where most members were of relatively
short stature. Our results are in line with data from adult
Indian patients diagnosed with TS because of amenorrhea
in more than three-quarters of cases [12]. The evaluation of
growth based on personal anthropometric data and parental
height measurements may be a valuable tool for identify-
ing abnormalities not only in children, but adults as well
[13]. Thus, the auxological assessment should not be over-
looked in routine adult endocrinological practice, as some-
times happens.

The median age of diagnosis of our TS cohort was
15 years, akin to those established in extensive population-
based Danish studies [7,14] and, unsurprisingly, higher than
those reported by pediatric investigations from the same
and other countries [8,15]. Additionally, Bulgarian patients
with 45, X monosomy had been diagnosed approximately
five years earlier than patients with other karyotypes as in
Denmark, despite the significant differences in socioeco-
nomic status and health care organization of both countries
[7,14].

Fifty-five percent of our patients demonstrated mono-
somic TS, a percentage slightly higher than expected based
on the published prevalence. For instance, the prevalence
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of 45, X karyotype was 32.1% in a recent study of pediatric
TS patients of the same ethnic group [16]. Implementing
prenatal screening programs in different countries, includ-
ing ours, may account for decreased monosomic TS inci-
dence because of a high rate of prenatal detection and in-
duced abortions [14]. On the other hand, it might be as-
sumed that a predominance of patients with prominent clini-
cal features were referred to our tertiary center. Perhaps, the
follow-up of mosaic TS individuals with milder symptoms
was conducted by general practitioners, local endocrinolo-
gists, and gynecologists. The same suggestion could also
explain the zero-fertility rate in our group, along with other
factors, such as the financial and emotional burden of in
vitro procedures.

According to our results, GHT has been associated
with approximately 5 cm gain in final height. It should
be emphasized that some of the treated TS individuals had
started GHT with a substantial delay due to late diagnosis
leading to suboptimal results. Therefore, the growth hor-
mone effects in our cohort were slightly lower than those in
other countries. The largest recent retrospective Brazilian
study reported a mean height difference of 6.2 cm between
non-treated TS patients and those treated with GHT for ap-
proximately five years on a standard dose [17]. A meta-
analysis of nine randomized controlled trials using recom-
binant GHT concluded that treated TS girls were, on aver-
age, 7.2 cm taller than non-treated patients [18]. However,
in international clinical practice, the final height gain varies
widely between 2.10 cm and 10.69 cm, a gap attributable to
different ages at initiation and duration of GHT, individual
genetic features and adherence to therapy, as well as con-
comitant use of estrogens and oxandrolone [18-20].

Patients diagnosed with TS earlier than others tended
to be on GH and estrogen treatment. The differences in
mean age and estrogen use corresponded to a better lipid
profile in GH-treated women compared to non-treated. Ac-
cordingly, Irzyniec ef al. [21] found better lipid parame-
ters in adult TS patients treated with GH during childhood
compared to other TS women. In contrast to Polish data,
the blood count characteristics, including thrombocytes and
follicle-stimulating hormone levels, did not differ between
the two investigated groups in our study. The early age of
TS diagnosis leading to early GHT initiation has been con-
sidered a fundamental prerequisite for optimal GH effects
[22]. However, other factors may also influence access and
adherence to GH therapy and its efficiency, e.g., lower so-
cioeconomic status, emotional issues, and poor understand-
ing of drug therapy benefits and risks [23]. Thus, the posi-
tive influence of GHT in adulthood may reflect not only the
biological effects of GH but also the healthier habits and nu-
trition and easier access to healthcare services of TS women
with higher socioeconomic status.

Unfortunately, our results showed that 44% of hy-
pogonadal TS patients at 18 years or above either had not
started HRT or had discontinued it. The late TS diagnosis
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in amenorrheic women suggests that access to specialized
endocrinological and/or gynecological consultations should
be facilitated. On the other hand, the main factor associ-
ated with HRT self-discontinuation was not the develop-
ment of absolute contraindications or lack of endocrinolog-
ical evaluation but the poor understanding of therapy’s im-
portance. The percentage of estrogen-treated patients in our
country was twice as low as in Denmark and Italy, where
83% to 92.5% of adult TS patients received HRT or oral
contraceptives [24,25]. However, our data were similar to
those reported by an Australian study showing a lack of
hormonal treatment in 37% of adult TS patients [26]. The
proper education of TS women about HRT benefits is the
only way to ensure continuous adherence to therapy and
to achieve the long-lasting positive effects of estrogens on
bone, metabolism, and cognition [27]. As in other studies
[1,24,25], bone density in half of the investigated women
from our TS group was strongly decreased, corresponding
to the low estrogen exposure. Current European guidelines
recommend sufficient calcium intake, avoidance of vitamin
D deficiency, and monitoring of bone density every five
years in patients with TS or more frequently in case of esti-
mated abnormalities [4,28]. HRT is needed until the phys-
iological age of menopause not only for the prevention of
bone loss but also for improving the cardiovascular and sex-
ual health of TS women [4,28].

As expected, the evaluation of TS patients for con-
comitant diseases revealed a high prevalence of metabolic
disturbances. Dyslipidemia was established in 50% of in-
vestigated patients, while overt DM type 2 was found in
6.6% of patients. The prevalence of DM type 2 was close
to that reported by most studies (5%—10%) [4,26,29] but
lower than that observed in the USA (25%) [30]. The preva-
lence of thyroid diseases and hypothyroidism in our cohort
was similar to that of other European countries [1,31]. Car-
diological and renal comorbidity distribution was close to
expected [1,32]. Cardiological abnormalities were more
prevalent in monosomic compared to mosaic patients, as
in other studies [32,33].

In contrast, the established prevalence of hypertension
(11%) was much lower than expected based on international
reports, varying between 16% and 50% [1,25,29,34]. The
high percentage of hypertension in TS patients has been as-
sociated with hypoestrogenism leading to increased sympa-
thetic activity and with concomitant metabolic, cardiologi-
cal, and/or renal abnormalities [35]. Ethnic and lifestyle pe-
culiarities may explain the different prevalence of hyperten-
sion in distinct study cohorts, but increased blood pressure
could also be underdiagnosed [35-37]. Our results strongly
support current international recommendations suggesting
ambulatory 24-h blood pressure monitoring in all adult TS
patients at transition and at least once every five years after
that to diagnose nocturnal hypertension [37,38].
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5. Conclusions

In conclusion, our study confirmed that late diagno-
sis of TS in many patients leads to poor hormonal treat-
ment. Moreover, the data showed the imperative for better
education about evidence-based benefits and risks of HRT
in young hypogonadal women. Diagnosis of concomitant
endocrinological diseases in our TS patients, has been sig-
nificantly more accurate compared to non-endocrine condi-
tions. The main cause for the observed discrepancy is that
TS patients’ care has been provided primarily by local en-
docrinologists. These results support the worldwide need
for dedicated multidisciplinary teams focused on TS diag-
nosis and follow-up in adulthood [5,6,39]. Additionally, the
recommended laboratory investigations and imaging stud-
ies should be financially supported by local health insurance
funds as a condition sine qua non to achieve a similar level
of TS care in high-income and low-income countries.
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