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Objective: Estrogen replacement therapy (ERT) for Turner syndrome (TS) is a widely 
discussed topic; however, the optimal model of ERT for patients with delayed diagnosis 
and/or initiation of therapy is still unclear, mainly due to insufficient data. We present 
the results of a prospective observational single-center study in which the efficacy of 
late-onset puberty induction by one-regimen transdermal ERT in TS girls was evaluated.

Methods: The analysis encompassed 49 TS girls (63.3% with 45,X) with hypergonad-
otropic hypogonadism in whom unified transdermal ERT protocol was used for puberty 
induction (first two months 12.5  μg/24  h, thereafter 25.0  μg/24  h until breakthrough 
bleeding). Clinical visits for examination and therapy modification took place every 
3–6 months. Transabdominal pelvic ultrasound examinations were performed at least 
twice: at the beginning and at the end of follow-up.

results: The mean (SD) age at ERT induction was 15.1 (1.3) years. The duration of 
follow-up was 2.4 (1.1) years. Half of all the patients had at least B2 after 0.57 years, 
B3 after 1.1 years, B4 after 1.97 years, and menarche after 1.82 years from ERT initia-
tion. With earlier initiation of ERT (≤14 years), B2 (p = 0.059) was achieved faster and 
B4 (p = 0.018) significantly slower than with the later start of ERT. Thirty-four (94.4%) 
patients had at least stage B3 at menarche. The karyotype, initial weight, and body 
mass index had no impact on puberty tempo during ERT. The uterine volume increased 
significantly during ERT in all the study group (p < 0.0001), and in half of the patients, 
the increase was at least 12.4-fold. It did not correlate with the duration of treatment 
(p = 0.84) or the dose of estradiol per kilogram (p = 0.78), nor did it depend on karyotype 
(p = 0.71) or age at ERT initiation (p = 0.28). There were no differences in ΔhSDS during 
ERT (p = 0.63) between the two age groups (ERT ≤14 and >14 years).

conclusion: The presented easy-to-use fixed-dose regimen for late-onset puberty 
induction allowed for a satisfactory rate of achieving subsequent puberty stages and did 
not influence the growth potential.

Keywords: Turner syndrome, puberty induction, menarche, estrogen therapy, transdermal estrogen therapy, 
puberty, karyotype 45,X
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inTrODUcTiOn

It is estimated that from 20 to almost 50%, Turner syndrome 
(TS) girls present some degree of pubertal development, with 
menarche in approximately 16–20%; however, this occurs nine 
times less frequently in girls with 45,X than in girls with a mosaic 
karyotype (1–3). Regular menstrual cycles are observed in 6% 
of the TS population (1) and only 2–5% achieve spontaneous 
pregnancy (4). Thus approximately 90% of TS girls and women 
require or will require estrogen replacement therapy (ERT) to 
initiate, progress, or maintain pubertal development. It is recom-
mended that TS women should receive estrogen and progestin 
replacement, known to have long-term effects on puberty, fer-
tility, bone health, metabolism, and psychological functioning  
(5, 6). The first-choice ERT regimen to initiate and progress 
pubertal development, and at the same time to mimic physiol-
ogy and minimize risks, is still being discussed. The latest 
international guidelines recommend initiating ERT at the age 
of 12 years in the absence of spontaneous puberty and/or if the 
follicle-stimulating hormone levels are elevated (2, 7). In order 
to imitate natural development, an incremental increase in the 
dose is recommended over a period of 2–3 years until an adult 
dose has been reached. Although there is no evidence as to the 
superiority of any one ERT regimen, the transdermal route seems 
to be the most desirable (7).

The use of transdermal estradiol (E2) facilitates a more 
physiologic mode of delivery, without first-pass effects in the 
liver, avoiding unphysiological changes and hormone activ-
ity. Transdermal E2 results in faster bone accrual at the spine, 
increased uterine growth, and greater final height (8, 9). It also 
seems that transdermal E2 is safer in the context of thrombotic 
risk: thrombin generation is increased in postmenopausal women 
using oral estrogens. It could be mediated by the hepatic first-pass 
metabolism of estrone, the main metabolite of oral E2 (10).

In the absence of products designed specifically for puberty 
induction, the transdermal method offers the possibility to cut 
and modify the size of the patch in order to facilitate dose adjust-
ment, although this is not recommended by the producers.

The form of ERT in girls with hypogonadism should mimic the 
physiology, preserve the growth potential, and, at the same time, 
minimize the risk of side effects. The 2017 guidelines recommend 
starting ERT at 11–12  years of age, with a dose increase every 
6 months over a period of 2–3 years (7).

The most controversial, mainly due to lack of data, is the ERT 
model for TS girls with delayed diagnosis and/or the initiation 
of estrogen treatment. We present the results of a prospective 
observational single-center study in which the efficacy of late-
onset puberty induction by one-regimen transdermal ERT in TS 
girls was evaluated.

PaTienTs anD MeThODs

The study encompassed 62 consecutive TS girls who, between 
September 1997 and 2017, were treated with transdermal ERT 
at the Department of Pediatric Endocrinology in Katowice, 
Poland, using the same study protocol. The data of 13 patients 
were excluded from the analysis: eight girls were followed up for 

less than 1 year, three girls with spontaneous puberty presented 
premature ovarian failure symptoms, one girl initiated ERT in 
another clinical center, and one had incomplete clinical data. The 
final analysis encompassed 49 TS girls with hypergonadotropic 
hypogonadism in whom ERT was used for puberty induction. In 
all cases, TS was diagnosed based on a cytogenetic analysis using 
peripheral lymphocytes and was confirmed by karyotyping with 
routine G-banding according to the recommendations of the 
American College of Medical Genetics. In 31 girls (63.3%), 45,X 
karyotype was confirmed. Four girls with karyotype 45,X/46,XY 
had undergone gonadectomy due to the risk of malignant 
transformation (GK, TK). Forty-five (91.8%) had been treated 
with recombinant growth hormone (rGH). No data concerning 
the duration of rGH were available in four girls, and in one, the 
growth-promoting therapy was still ongoing.

Throughout the study, all the patients underwent two to four 
routine visits per year, during which a thorough clinical exami-
nation, including pubertal staging according to the method of 
Tanner (11) and anthropometric measurements, was performed 
by a single pediatric endocrinologist (AG).

Weight was measured with a precision to 100 g and height with 
Harpenden stadiometer to 0.1 cm. The body mass index (BMI) 
was calculated as weight (kg)/squared height (m). Height was 
expressed as standardized values (hSDS—height standard devia-
tion score) based on the growth chart for healthy Polish girls (12). 
hSDS was calculated using the following formula: hSDS = child’s 
height − height for 50 pc/0.5 × (height 50 pc − height 3 pc).

In addition, the patients’ bone age (BA) was determined based 
on the X-ray of the non-dominating hand using the Greulich–
Pyle Atlas (13).

Transabdominal pelvic ultrasound (US) examinations were 
performed at least twice, at the beginning and at the end of 
follow-up, using a 5-MHz convex transducer (Siemens Acuson 
Antares 5.0, Acuson Sequoia and Acuson 128 XP) (AD-C, KW). 
The uterine volume was determined using the formula V = a × 
b × c × 0.5 (a—diameter of longitudinal section, b and c—two 
diameters of transverse section) (14).

erT regimen
Hypergonadotropic hypogonadism was diagnosed (2) in all 
our study patients. A unified protocol of transdermal ERT was 
applied: for the first 2 months, 12.5 µg of estradiol transdermally 
per 24 h (half of the patch releasing 25 µg or one-fourth of the 
patch releasing 50 µg), subsequently 25 µg of estradiol/24 h trans-
dermally until breakthrough bleeding occurred, at which point 
the therapy was changed to cyclic estrogen–progesterone. The 
patch was replaced every 3.5 days (twice a week) (5). Compliance 
and side effects were assessed during every visit.

In order to assess the impact of karyotype and age at ERT ini-
tiation on the dynamics of puberty, the patients were arbitrarily 
divided into subsets with puberty induction of ≤14 or >14 years 
and with karyotype 45,X or non-45,X.

statistics and Data analysis
Statistical analyses were performed with STATISTICA version 13.

Comparisons between two groups were performed with two- 
sided Student’s t-test or Fisher’s exact test, as appropriate. Kaplan– 
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Table 2 | Clinical data of the 49 Turner syndrome patients grouped by age.

Karyotype  
45,X; non-45,X n (%) 

erT start ≤14 years (n = 10)  
8 (80%); 2 (20%)

erT start >14 years (n = 39)  
23 (59%); 6 (41%)

p-Value

Mean (sD)/(range) Mean (sD)/(range)

Age at the first visit (years) 6.1 (4.4)/(04–13.6) 10.8 (4.1)/(1.1–17.6) 0.002
Age at ERT start (years) 13.3 (0.7)/(11.7–14.0) 15.5 (1.0)/(14.1–17.8) 0.000
Duration of follow-up (years) 3.4 (1.7)/(1.1–6.2) 2.2 (0.8)/(1.0–4.6) 0.048
Weight (kg) 45.1 (9.4)/(31.0–58.5) 47.2 (8.8)/(30.0–73.7) NS
BMI at ERT start (kg/m2) 20.9 (3.4)/(16.3–25.9) 21.2 (3.0)/(17.1–30.0) NS
BMI at the last visit (kg/m2) 21.5 (3.0)/(17.8–25.4) 23.0 (2.9)/(18.5–30.4) NS
hSDS at ERT start −2.36 (1.05)/(−4.58 to −1.00) −2.56 (1.20)/(−5.30 to −0.60) NS
hSDS at the last visit −1.87 (0.98)/(−3.75 to −0.30) −1.95 (1.00)/(−5.23–0.23) NS
ΔhSDS 0.50 (0.77)/(−0.80–2.20) 0.61 (0.66)/(–0.75–2.40) NS
BA at ERT start (years) 12.25 (0.82)/(11.0–14.0) 12.7 (0.9)/(10.0–14.0) NS
Uterus volume at ERT start (ml) 1.54 (1.56)/(0.12–5.30) 1.41 (1.97)/(0.14–8.80) NS
Uterus volume at the last visit (ml) 13.8 (14.3)/(1.7–40.4) 9.6 (5.1)/(2.2–22.1) NS
Increase of uterus volume during ERT  
(volume at the last visit/volume at ERT start)

14.3 (9.8)/(1.1–31.1) 20.1 (19.0)/(1.05–58.8) NS

n, number of patients; ERT, estrogen replacement therapy; BMI, body mass index; hSDS, height standard deviation score; BA, bone age; NS, not significant.

Table 1 | Clinical data of the 49 Turner syndrome patients [45,X—31 (63.3%) 
and non-45,X—18 (36.7%)].

n = 49 Mean (sD)/(range)

Age at ERT start (years) 15.1 (1.3)/(11.7–17.8)
Age of the last visit (years) 17.5 (1.0)/(14.1–19.1)
Weight (kg) 46.7 (8.8)/(30–73.7)
BMI at ERT start (kg/m2) 20.6 (4.5)/(16.3–30)
BMI at the last visit (kg/m2) 26.8 (11.4)/(17.8–30.4)
hSDS at ERT start −2.52 (1.16)/(−0.60 to −5.30)
hSDS at the last visit −1.93 (0.99)/(0.23 to −5.23)
ΔhSDS 0.59 (0.67)/(−0.80–2.40)
BA at ERT start (years) 12.63 (0.92)/(10.0–14.0)
Uterus volume at ERT start (ml) 1.44 (1.87)/(0.12–8.8)
Uterus volume at the last visit (ml) 10.2 (7.3)/(1.7–40.4)
Increase of uterus volume during ERT (volume at 
the last visit/volume at ERT start)

19.2 (17.8)/(1.05–58.8)

n, number of patients; ERT, estrogen replacement therapy; BMI, body mass index; 
hSDS, height standard deviation score; BA, bone age.
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Meier analysis was applied to analyze the time course of breast 
development and menarche stimulation during treatment. 
Gehan’s Wilcoxon test was used to test the difference between 
groups in Kaplan–Meier analysis. Data are presented as means 
and SDs, medians, and ranges, and percentages, and unless 
stated otherwise, are presented in the text as mean (SD)/(range). 
P-values of <0.05 were considered to be significant.

The study was conducted in accordance with the Declaration 
of Helsinki and was approved by the Ethical Committee of 
Medical University of Silesia. Written informed consent was 
obtained from all patients aged over 16 and from their parents 
or legal custodians.

resUlTs

clinical Presentation
The mean (SD)/(range) age at TS diagnosis and/or of the first 
visit at the study center was 9.8 (4.5)/(0.4–17.6) years old. The age 

at the induction of transdermal ERT was 15.1 (1.3)/(11.7–17.8) 
years old. The duration of ERT follow-up was 2.4 (1.1)/(1.0–6.2) 
years. Before ERT induction, eight (16.3%) girls presented breast 
development at a stage higher than B1: B2 was observed in six 
girls, while B3 was observed in two girls. The duration of rGH 
therapy was 5.1 (2.8)/(1.1–10.9) years.

The clinical data of the 49 girls, also grouped by age and 
karyotype, are presented in Tables 1–3.

Dynamics of breast Development  
during erT
All but three (6.1%) girls presented breast development with 
progression to at least B3. At the end of follow-up (during the last 
visit), stages 4 and 5 were observed, respectively, in 25 (52%) and 7 
(14.3%) girls. The Kaplan–Meier curves showed that 50% of all the 
girls had at least B2 after 0.57 years, B3 after 1.1 years, and B4 after 
1.97 years of ERT (Figure 1). A tendency in patients with earlier 
ERT initiation (≤14 years) to progress faster to B2 (Figure 2A, 
p = 0.059) and significantly slower to B4 (Figure 2B, p = 0.018) 
than in patients with late-onset ERT initiation (>14 years) was 
observed. The karyotype had no impact on the dynamics of 
achieving consecutive breast development stages during ERT.

No breast tissue response to ERT was observed in three (6.1%) 
girls, with B1 at the last examination. All three girls belonged to 
the late-onset therapy group (>14 years), and two had karyotype 
45,X. The distribution of B stages at ERT initiation and at the last 
visit is presented in Figure 3.

Menarche during erT
Menarche was observed in 36 (73.5%) girls during ERT, and it 
occurred after 1.5 (1.0)/(0.3–4.6) years. Based on the Kaplan–
Meier curve, half of the patients were after their first menstrua-
tion at 1.82 years from the start of ERT (Figure 4). There were no 
differences in the time to menarche between girls with different 
karyotypes and with different age at therapy initiation. Most 
patients, 34 (94.4%), had at least stage B3 of breast development at 
menarche (B3, B4, and B5 in 17, 15, and 2 patients, respectively).
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FigUre 1 | Kaplan–Meier plots showing the time course of B2, B3, and B4 development in the observed TS patients.

Table 3 | Clinical data on the 49 Turner syndrome patients grouped by karyotype.

45,X (n = 31) non-45,X (n = 18) p-Value

Mean (sD)/(range) Mean (sD)/(range)

Age at the first  visit (years) 9.4 (5.0)/(0.4–16.7) 10.5 (3.6)/(4.6–17.6) NS
Age at ERT  start (years) 14.8 (1.3)/(11.7–17.3) 15.5 (1.2)/(13.0–17.8) NS
Duration of  follow-up (years) 2.7 (1.2)/(1.0–6.2) 2.0 (0.8)/(1.0–3.8) 0.038
Weight (kg) 47.5 (9.7)/(30.0–73.7) 45.5 (7.2)/(31.0–59.6) NS
BMI at ERT  start (kg/m2) 21.5 (3.5)/(16.3–30.0) 20.6 (2.3)/(17.4–25.4) NS
BMI at the last  visit (kg/m2) 22.8 (3.0)/(17.8–30.4) 22.5 (2.9)/(18.6–28.8) NS
hSDS at  ERT start −2.46 (1.25)/(−5.30 to −0.60) −2.63 (1.01)/(−4.58 to −1.08) NS
hSDS at the  last visit −1.82 (1.00)/(0.23 to −5.23) −2.12 (0.97)/(−4.00 to −0.50) NS
ΔhSDS 0.64 (0.72)/(−0.80–2.40) 0.51 (0.59)/(−0.75–1.59) NS
BA at ERT  start (years) 12.52 (0.97)/(10.00–14.00) 12.83 (0.80)/(11.5–14.00) NS
Uterus volume  at ERT start (ml) 1.00 (1.17)/(0.12–6.32) 2.33 (2.67)/(0.14–8.80) NS
Uterus volume  at the last visit (ml) 10.4 (8.2)/(1.7–40.4) 10.0 (5.3)/(2.2–21.8) NS
Increase of uterus  volume during ERT  
(volume at the last visit/volume at ERT start)

18.4 (15.8)/(1–48.7) 20.8 (22.1)/(1.4–58.8) NS

n, number of patients; ERT, estrogen replacement therapy; BMI, body mass index; hSDS, height standard deviation score; BA, bone age; NS, not significant.
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The girls’ initial weight or their BMI had no impact on the 
time of menarche.

Dynamics of Uterine Development  
during erT
The uterine volume at ERT initiation was comparable in the two 
age groups (ERT ≤14 and >14 years, p = 0.84) and was larger in 
non-45,X girls than in 45,X (p = 0.09). The initial uterine size did 
not correlate with the girls’ weight or hSDS (p = 0.78; p = 0.37). 
The uterine volume increased significantly during ERT in all the 
study group (p < 0.0001), in half at least 12.4-fold (Table 1). It did 
not correlate with the duration of treatment (p = 0.84) or the dose 
of estradiol per kilogram of the initial body weight (p = 0.78), and 

it was not dependent on karyotype (p = 0.71, Table 3) or age at 
ERT initiation (p = 0.28, Table 2).

height
There were no differences in ΔhSDS during ERT (p  =  0.63, 
Table 2) between the two age groups (ERT ≤14 and >14 years).

side effects of erT
No estrogen-related adverse events were reported.

DiscUssiOn

In this paper, we presented the results of a prospective observa-
tional study with 49 TS girls in whom the same model of ERT 
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FigUre 2 | Kaplan–Meier plots showing the comparison between younger (≤14 years) and older (>14 years) patients with respect to B2 (a) and B4  
(b) development.
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initiation was used. The mean age at pharmacological puberty 
initiation in our study group was over 15 years, and only one-fifth 
of the girls started ERT before the age of 14 years. In view of the 
recommendations, this is recognized as late-onset puberty induc-
tion. The use of a 2- to 3-year model for the induction of puberty 
in such conditions does not seem to be optimal, especially from 
the patient’s point of view.

Delayed ERT induction in our patients was mostly the result of 
late TS diagnosis and, consequently, of late onset of rGH therapy; 
in some cases, it was caused by the patient’s and/or her family’s 
reluctance for fear of adverse impact of estrogen on the final 

height. The age at the first visit in our center for girls with ERT 
initiation of >14 years old was significantly higher compared to 
that in girls with ERT before 14  years old. The karyotype, and 
thus, indirectly, the severity of phenotype presentation, had no 
impact. In most girls, the BA at the time of ERT initiation was 
assessed at 13 years of age.

Our observational study focused on the dynamics of puberty 
advancement during ERT. The applied protocol of transdermal 
therapy was the authors’ original concept (AG) and was not mod-
eled on any previous studies. Our center was one of the first to 
start transdermal estradiol therapy in TS girls, almost 20 years 
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FigUre 3 | Distribution of breast development stages (B) at ERT initiation 
and at the last visit.

FigUre 4 | Kaplan–Meier plots showing the time course of menarche in the observed TS patients.

ago. We found that half of all the treated girls had at least Tanner 
stages B2, B3, or B4 after 0.57, 1.1, and 1.97 years of treatment. 
Girls with ERT initiation  of ≤14 years tended to achieve B2 
faster and B4 significantly slower than girls with late-onset ERT 
initiation. At the end of the follow-up, stages 4 and 5 of breast 
development were observed, respectively, in 52 and 14.3% of the 
girls. Menarche occurred in more than 70% of the girls. Half of 
the girls were after their first menstruation at 1.82 years from the 
start of ERT.

A review of the literature showed studies presenting different 
schemes of ERT for puberty induction, some related to puberty 
progression (8, 15–20). Each of these regimens was different and 

difficult to compare, also due to the different age at ERT initiation. 
In the study by Nabhan et al., transdermal estradiol therapy in 
14-year-old patients was compared to conjugated estrogen. It was 
characterized by a quite high and fast increase in dose, even in 
comparison to our protocol. By using this 1-year protocol (first 
6 months, 25  μg/day transdermally, thereafter next 6 months, 
37.5 μg/day), the breast stage increased more progressively than 
in our study, and after 1 year, TS patients were of Tanner stage 3 
or 4. Breakthrough bleeding occurred in four of their six girls, and 
it took place earlier than in our study (8).

Other studies were even less comparable with regard to the 
study protocol and the age at pharmacological puberty induction. 
Bannink et al. used increasing doses of oral estradiol at the mean 
age of 12.7 years and observed breast development comparable 
to normal with a 2-year delay (17). A Dutch study showed that 
treatment with micronized E2 started at a mean age of 12.7 years 
facilitated reaching B2 just before 13 years and B4 at a mean age 
of 14.8 years (16). A 2-year treatment with oral E2 (47 girls, age 
13–14), monitored by a Spanish Turner working group showed 
that using either a fixed or an individualized dose allowed to 
attain B4 or B5 in 2 years. In the fixed-dose model, a shorter time 
was needed (2.0 vs. 2.2 years), and a tendency to a higher propor-
tion of girls with a minimum B4 at the study end was observed 
(65 vs. 42%) (19). Piippo et  al. used percutaneous E2 gel for 
puberty induction in 23 girls of a median age of 13.6 years, with 
the development of secondary sexual characteristics and uterine 
growth proceeding gradually, mimicking natural puberty. At the 
end of the 5-year treatment, all girls reached at least B4. In three 
patients, spontaneous bleeding occurred after 6 months, and in 
one after 1.25 years (20).

Despite the different ERT regimens used in the cited studies, 
the dynamics of breast development was similar to our study: 

http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive


7

Gawlik et al. Late-Onset Puberty Induction in TS

Frontiers in Endocrinology | www.frontiersin.org February 2018 | Volume 9 | Article 23

reFerences

1. Pasquino AM, Passeri F, Pucarelli I, Segni M, Municchi G. Spontaneous 
pubertal development in Turner’s syndrome. Italian Study Group for Turner’s 
Syndrome. J Clin Endocrinol Metab (1997) 82(6):1810–3. doi:10.1210/
jc.82.6.1810 

2. Hankus M, Soltysik K, Szeliga K, Antosz A, Drosdzol-Cop A, Wilk K, et al. 
Prediction of spontaneous puberty in Turner syndrome based on mid- 
childhood gonadotropin concentrations, karyotype and ovary visualization.  
A longitudinal study. Horm Res Paediatr (2017).  doi:10.1159/000485321

3. Hagen CP, Main KM, Kjaergaard S, Juul A. FSH, LH, inhibin B and estradiol 
levels in Turner syndrome depend on age and karyotype: longitudinal study 
of 70 Turner girls with or without spontaneous puberty. Hum Reprod (2010) 
25(12):3134–41. doi:10.1093/humrep/deq291 

4. Hovatta O. Pregnancies in women with Turner’s syndrome. Ann Med (1999) 
31(2):106–10. doi:10.3109/07853899908998785 

5. Gawlik A, Hankus M, Such K, Drosdzol-Cop A, Madej P, Borkowska M, et al. 
Hypogonadism and sex steroid replacement therapy in girls with Turner 
syndrome. J Pediatr Adolesc Gynecol (2016) 29(6):542–50. doi:10.1016/j.
jpag.2016.03.005 

6. Gawlik A, Malecka-Tendera E. Transitions in endocrinology: treatment of 
Turner’s syndrome during transition. Eur J Endocrinol (2013) 170(2):R57–74. 
doi:10.1530/EJE-13-0900 

7. Gravholt CH, Andersen NH, Conway GS, Dekkers OM, Geffner ME, Klein KO,  
et al. 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):G1–70. doi:10.1530/
EJE-17-0430 

8. Nabhan ZM, Dimeglio LA, Qi R, Perkins SM, Eugster EA. Conjugated oral 
versus transdermal estrogen replacement in girls with Turner syndrome: a 
pilot comparative study. J Clin Endocrinol Metab (2009) 94(6):2009–14. 
doi:10.1210/jc.2008-2123 

9. Soriano-Guillen L, Coste J, Ecosse E, Léger J, Tauber M, Cabrol S, et  al.  
Adult height and pubertal growth in Turner syndrome after treatment 
with recombinant growth hormone. J Clin Endocrinol Metab (2005) 90(9): 
5197–204. doi:10.1210/jc.2005-0470 

10. Bagot CN, Marsh MS, Whitehead M, Sherwood R, Roberts L, Patel RK, et al.  
The effect of estrone on thrombin generation may explain the different 
thrombotic risk between oral and transdermal hormone replacement therapy. 
J Thromb Haemost (2010) 8(8):1736–44. doi:10.1111/j.1538-7836.2010. 
03953.x 

11. Marshall WA, Tanner JM. Variations in pattern of pubertal changes in girls. 
Arch Dis Child (1969) 44(235):291–303. doi:10.1136/adc.44.235.291 

12. Palczewska I, Niedzwiecka Z. Wskazniki rozwoju somatycznego dzieci i 
młodziezy warszawskiej. Med Wieku Rozw (2002) 2(supl. I). 

13. Greulich WW, Pyle SI. Radiographic Atlas of Skeletal Development of Hand and 
Wrist. 2nd ed. Stanford: Stanford University Press (1959).

14. Haber HP, Mayer EI. Ultrasound evaluation of uterine and ovarian size 
from birth to puberty. Pediatr Radiol (1994) 24(1):11–3. doi:10.1007/BF02 
017650 

stage B2 during the first months and B4 after approximately 2 
years. This is comparable to spontaneous puberty. In some girls, 
resistance to estradiol therapy was noticed (8). In our study, this 
occurred in three girls, interestingly, all with late onset of therapy 
induction.

A unique schedule of ERT was presented by a Swedish group. 
In the study by Ankarberg-Lindgren et  al., with the nocturnal 
application of transdermal estradiol (0.08–0.12 µg/kg), stage B2 
occurred at 3–6 months from the first-night administration of 
patches in most of the 15 patients with hypogonadism; B3 was 
observed in seven girls after 3.5–29 months. However, similar to 
our observation, the authors did not find a correlation between 
the given dose per kilogram and the rate of progression of breast 
development (18).

One of the most important issues in the context of ERT is 
uterine development, both as a marker of therapy effectiveness 
and as a chance for future in  vitro fertilization procedures. 
According to Bakalov and McDonnell, TS women may develop 
a normal uterus even at a late start of HRT, given the adequate 
duration of treatment and regardless of karyotype (21, 22). This 
is in contrast with other studies. Doerr et al. found that only TS 
women with karyotype 45,X/46,XX had a normal uterine size, 
whereas approximately 18 and 25% of TS women with karyotype 
45,X had a uterine volume and length below −2 SD (23). In a 
Danish study, the mean uterine volumes by MRI and US in fully 
matured TS girls were lower than in controls despite appropri-
ate hormonal therapy in TS (24). Transdermal ERT seems to be 
more effective in uterine size increase compared to conjugated 
estrogens (8). By using estradiol gel, the uterine volume increased 
from 5.5 to 31.5 ml with a range of 8.2–82.8 ml (20). Our results 
were in line with the literature. The initial uterine size did not 
depend on the girls’ weight or height, and girls with 45,X tended 
to present smaller uterine dimensions. Using fixed transdermal 
therapy, we observed a marked increase in the uterine volume: at 
least 12.4-fold in half of our patients. Interestingly, the increase 

did not correlate with the duration of treatment or the dose of 
estradiol per kilogram of the initial body weight. Moreover, it did 
not depend on the age at ERT initiation. Similar to previously 
published results, the increase in uterine size did not depend on 
the karyotype (8, 25).

Ideally, ERT should mimic physiology, facilitating normal-
pace puberty and promoting growth. This is possible if TS is 
diagnosed early. However, there are no data to support the 
specifics of ERT timing and doses in cases of delayed diagnosis 
and puberty induction. The decision is individual and based on 
the doctor’s experience. In this paper, we presented a model for 
late-onset puberty induction which resulted in a satisfactory rate 
of achieving subsequent puberty stages and which did not influ-
ence the growth potential. What is important, in the context of 
compliance, this regimen was easy to use and was well tolerated 
by the patients.

aUThOr cOnTribUTiOns

AG and MH designed the study, analyzed the database, and 
wrote the manuscript. KS, TG and KS prepared and analyzed 
the patients’ database and wrote the manuscript. AD-C and 
KW participated as gynecology consultants. EM-T, AA, GK, 
and TK collaborated in designing the work and drafting the 
manuscript.

acKnOWleDgMenTs

The authors wish to thank all patients and their families for par-
ticipating in this study. The authors also specially thank Sandra 
Lindon for the proofreading of this manuscript.

FUnDing

Statutory work from the Medical University of Silesia.

http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1210/jc.82.6.1810
https://doi.org/10.1210/jc.82.6.1810
https://doi.org/10.1159/000485321
https://doi.org/10.1093/humrep/deq291
https://doi.org/10.3109/07853899908998785
https://doi.org/10.1016/j.jpag.2016.03.005
https://doi.org/10.1016/j.jpag.2016.03.005
https://doi.org/10.1530/EJE-13-0900
https://doi.org/10.1530/EJE-17-0430
https://doi.org/10.1530/EJE-17-0430
https://doi.org/10.1210/jc.2008-2123
https://doi.org/10.1210/jc.2005-0470
https://doi.org/10.1111/j.1538-7836.2010.03953.x
https://doi.org/10.1111/j.1538-7836.2010.03953.x
https://doi.org/10.1136/adc.44.235.291
https://doi.org/10.1007/BF02017650
https://doi.org/10.1007/BF02017650


8

Gawlik et al. Late-Onset Puberty Induction in TS

Frontiers in Endocrinology | www.frontiersin.org February 2018 | Volume 9 | Article 23

15. Cakir ED, Saglam H, Eren E, Ozgur T, Tarim OF. Retrospective evaluation 
of pubertal development and linear growth of girls with Turner syndrome 
treated with oral and transdermal estrogen. J Pediatr Endocrinol Metab (2015) 
28:1219–26. doi:10.1515/jpem-2014-0007 

16. van Pareren YK, de Muinck Keizer-Schrama SM, Stijnen T, Sas TC, Jansen M,  
Otten BJ, et  al. 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) 88:1119–25. doi:10.1210/jc.2002-021171 

17. Bannink EM, van Sassen C, van Buuren S, de Jong FH, Lequin M, Mulder PG,  
et al. Puberty induction in Turner syndrome: results of oestrogen treatment 
on development of secondary sexual characteristics, uterine dimensions and 
serum hormone levels. Clin Endocrinol (2009) 70:265–73. doi:10.1111/j. 
1365-2265.2008.03446.x 

18. Ankarberg-Lindgren C, Elfving M, Wikland KA, Norjavaara E. Nocturnal 
application of transdermal estradiol patches produces levels of estradiol 
that mimic those seen at the onset of spontaneous puberty in girls. J Clin 
Endocrinol Metab (2001) 86:3039–44. doi:10.1210/jcem.86.7.7667 

19. Labarta JI, Moreno ML, López-Siguero JP, Luzuriaga C, Rica I, Sánchez-
del Pozo J, et  al. Individualised vs fixed dose of oral 17β-oestradiol for 
induction of puberty in girls with Turner syndrome: an open-randomised 
parallel trial. Eur J Endocrinol (2012) 167:523–9. doi:10.1530/EJE- 
12-0444 

20. Piippo S, Lenko H, Kainulainen P, Sipilä I. Use of percutaneous estrogen gel 
for induction of puberty in girls with Turner syndrome. J Clin Endocrinol 
Metab (2004) 89:3241–7. doi:10.1210/jc.2003-032069 

21. Bakalov VK, Shawker T, Ceniceros I, Bondy CA. Uterine development in Turner 
syndrome. J Pediatr (2007) 151:528–31. doi:10.1016/j.jpeds.2007.04.031 

22. McDonnell CM, Coleman L, Zacharin MR. A 3-year prospective study to 
assess uterine growth in girls with Turner’s syndrome by pelvic ultrasound. Clin 
Endocrinol (Oxf) (2003) 58:446–50. doi:10.1046/j.1365-2265.2003.01737.x 

23. Doerr HG, Bettendorf M, Hauffa BP, Mehls O, Partsch CJ, Said E, et  al.  
Uterine size in women with Turner syndrome after induction of puberty with 
estrogens and long-term growth hormone therapy: results of the German 
IGLU Follow-up Study 2001. Hum Reprod (2005) 20:1418–21. doi:10.1093/
humrep/deh764 

24. Cleemann L, Holm K, Fallentin E, Skouby SO, Smedegaard H, Møller N,  
et al. Uterus and ovaries in girls and young women with Turner syndrome 
evaluated by ultrasound and magnetic resonance imaging. Clin Endocrinol 
(Oxf) (2011) 74:756–61. doi:10.1111/j.1365-2265.2011.03995.x 

25. Elsedfy HH, Hamza RT, Farghaly MH, Ghazy MS. Uterine development in 
patients with Turner syndrome: relation to hormone replacement therapy 
and karyotype. J Pediatr Endocrinol Metab (2012) 25:441–5. doi:10.1515/
jpem-2012-0040 

Conflict of Interest Statement: The authors declare that there is no conflict of 
interest that could be perceived as prejudicing the impartiality of the study.

Copyright © 2018 Gawlik, Hankus, Szeliga, Antosz, Gawlik, Soltysik, Drosdzol-Cop, 
Wilk, Kudela, Koszutski and Malecka-Tendera. This is an open-access article distrib-
uted under the terms of the Creative Commons Attribution License (CC BY). The 
use, distribution or reproduction in other forums is permitted, provided the original 
author(s) and the copyright owner are credited and that the original publication in 
this journal is cited, in accordance with accepted academic practice. No use, distribu-
tion or reproduction is permitted which does not comply with these terms.

http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1515/jpem-2014-0007
https://doi.org/10.1210/jc.2002-021171
https://doi.org/10.1111/j.
1365-2265.2008.03446.x
https://doi.org/10.1111/j.
1365-2265.2008.03446.x
https://doi.org/10.1210/jcem.86.7.7667
https://doi.org/10.1530/EJE-12-0444
https://doi.org/10.1530/EJE-12-0444
https://doi.org/10.1210/jc.2003-032069
https://doi.org/10.1016/j.jpeds.2007.04.031
https://doi.org/10.1046/j.1365-2265.2003.01737.x
https://doi.org/10.1093/humrep/deh764
https://doi.org/10.1093/humrep/deh764
https://doi.org/10.1111/j.1365-2265.2011.03995.x
https://doi.org/10.1515/jpem-2012-0040
https://doi.org/10.1515/jpem-2012-0040
http://creativecommons.org/licenses/by/4.0/

	Late-Onset Puberty Induction by Transdermal Estrogen in Turner Syndrome Girls—A Longitudinal Study
	Introduction
	Patients and Methods
	ERT Regimen
	Statistics and Data Analysis

	Results
	Clinical Presentation
	Dynamics of Breast Development 
during ERT
	Menarche during ERT
	Dynamics of Uterine Development 
during ERT
	Height
	Side Effects of ERT

	Discussion
	Author Contributions
	Acknowledgments
	Funding
	References


