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Abstract

Background: Data on adrenarche and pubarche in girls with Turner syndrome (TS) are inconsistent in the literature.

Methods: The cohort consisted of 94 girls and young women with TS born between 1971 and 2001 (age range:
3.1–23.2 yrs.), who were treated with human growth hormone and regularly presented at our outpatient clinic
every 4 to 6 months.The longitudinal data of all patients were ascertained retrospectively from patient charts. The
data collection ended in January 2016. Adrenarche was assessed by serum DHEAS levels and pubertal status by
Tanner stages. Pubarche was defined as the appearance of pubic hair (PH2), whereas spontaneous puberty was
defined as Tanner stage B2. The patients were retrospectively subdivided in two groups with regard to pubertal
development: group 1 (n = 21) with spontaneous puberty and group 2 (n = 70) with induced puberty. Since blood
samples were not taken at every visit, we generated seven groups according to the age of the children at
which the blood samples were taken: 3–5, 5–7, 7–9, 9–11, 11–13, 13–15, and 15–17 yrs. Serum DHEAS and
follicle-stimulating hormone (FSH) levels were measured by chemiluminescence immunoassay and compared
with those of a control group of healthy girls.

Results: Adrenarche started in TS girls between 5 and 7 years. TS girls had higher DHEAS levels than the
control group, with statistically significant differences in the age groups 7 to 17 years. No differences were determined
between the TS girls with spontaneous puberty and those with POI. TS girls in group 2 reached the Tanner stages PH2
(p < 0.04), PH3 (p < 0.01), PH4 and PH5 (p < 0.001) markedly later than TS girls in group 1.

Conclusions: The onset of adrenarche in girls with TS undergoing GH therapy does not differ from that in healthy
girls. However, adrenarche is more pronounced in girls with TS. There is no difference in DHEAS levels between the TS
girls with spontaneous puberty and the TS girls with primary ovarian insufficiency (POI), while the tempo of pubarche
is markedly slower in the girls with POI.
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Background
Turner syndrome (TS) affects approximately 1 in 2500
live-born females. It is characterized by loss or structural
anomalies of an X chromosome. Multiple organ systems
are affected but the main clinical features are short stat-
ure and gonadal dysgenesis associated with gonadal

failure [1–3]. Data on spontaneous puberty with normal
menarche are inconsistent in the literature and varied
from 10 to 31% [4, 5].
Adrenarche defines the start of the physiological secre-

tion of adrenal androgens, whereas the term pubarche
describes the phenotypic result of adrenarche. The best
markers of adrenarche are the increasing serum con-
centrations of dehydroepiandrosterone (DHEA) and its
sulfate conjugate DHEAS, typically at 5 to 6 years of
age in healthy girls. Many factors have been identified
in the regulation of adrenarche in the past, such as
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normal ACTH secretion, increasing adrenal 17,20-lyase
activity and serum IGF-1 (Insulin-like Growth Factor 1)
concentrations [6–8]. Changes in insulin sensitivity and
adiposity might also be involved in adrenal androgen
synthesis [9]. It has also been speculated that treatment
with growth hormone (GH) might affect adrenarche. A
case report suggested that GH excess may result in pre-
mature adrenarche [10], whereas no changes in DHEAS
levels were found in children with GH deficiency after
6 months of GH therapy [11], or in boys with non-GH
deficient short stature [12]. However, there are still
many unknown factors in the regulation of adrenarche.
Gonadarche and adrenarche are regarded as processes

that are independent of each other [13–15]. Therefore,
adrenarche should not be affected in girls with TS and pri-
mary ovarian insufficiency (POI). Data on adrenarche in
the literature are scarce and inconsistent. Markedly elevated
DHEAS concentrations suggest an exaggerated adrenarche
in TS girls [16]. Both normal adrenarche [15, 17] and early
adrenarche with delayed pubarche [18] were found in TS
girls with POI. No details regarding GH treatment of the
girls with TS are found in the paper by Martin et al. [18].
The aim of the present study was to examine the course

of adrenarche and pubarche in girls with TS during therapy
with GH, both those with spontaneous onset of puberty
and those without spontaneous puberty due to ovarian
insufficiency.

Methods
The whole cohort consisted of 94 girls and young
women with TS born between 1971 and 2001. 52% of
the girls had karyotype 45 X. All patients were treated
with human growth hormone (GH) and regularly pre-
sented at our outpatient clinic every 4 to 6 months. GH
therapy was started at age 8.2 ± 3.3 (mean ± SD) years
(age range: 3.1–21.3 yrs.) and ended at age 14.6 ± 1.61
years (age range: 9.4–23.2 yrs.). The mean duration of
therapy was 6.0 ± 2.7 years. The mean initial GH dose
was 0.31 ± 0.04 mg/kg body weight and week (range:
0.14–0.44 mg/kg body weight and week).
The longitudinal data of all patients were ascertained

retrospectively from patient charts. Data collection ended
in January 2016. The aim of the study was to analyze the
course of adrenarche and pubarche in girls with TS during
therapy with growth hormone. Therefore, the patients were
divided retrospectively into two groups regarding pubertal
development: group 1 (n = 21) with spontaneous onset of
puberty and group 2 (n = 70) with induced puberty due to
primary ovarian insufficiency (POI). Assessment of pubertal
stage was not possible in three girls at the time of analysis
due to their their young age. Since blood samples were not
taken at every visit, we generated seven groups according
to the age of the children at which the blood samples were
taken: 3–5, 5–7, 7–9, 9–11, 11–13, 13–15, and 15–17 yrs.

BMI assessment was based on German data [19]. Pubertal
maturation stage was documented according to Marshall
and Tanner [20]. Pubarche was defined as the appearance
of pubic hair (PH2); spontaneous puberty was defined as
breast development Tanner stage B2. TS girls with POI had
no spontaneous breast development and markedly elevated
serum FSH levels. The BMI of the girls with TS lay between
the 10th and 90th percentile during GH therapy: hence, it
was possible to use the data of the German nationwide rep-
resentative longitudinal and cross-sectional study on the
health of children and adolescents (KIGGS Report) as the
reference cohort for age assessment at the different stages
of pubic hair in the TS girls [21].
All blood samples were analyzed in the same laboratory.

Serum DHEAS concentrations and follicle-stimulating
hormone (FSH) levels were measured in the TS girls using
an automated chemiluminescence immunoassay system
(Immulite, DPC Biermann GmbH, Germany) and calcu-
lated in μmol/L (ng/mL × 0.0027 = μmol/L). Our own data
on DHEAS levels from 178 healthy female Caucasian chil-
dren aged 3–17 years, measured with the same method,
were used as control group [22].

Statistics
The statistics software SPSS, Version 21 by IBM was used
for data analysis. We used GraphPad Prism™ software ver-
sion 7.00 for presentation. All tests were two-tailed tests;
the level of significance was defined as p ≤ 0.05. In descrip-
tive statistics, the Mean, Standard Deviation (SD), Median,
Minimum and Maximum were calculated. We used the
Kruskal-Wallis test together with Dunn’s Multiple Com-
parison Test to compare the DHEAS levels between both
groups of girls with TS and the girls in the control group.
The Mann-Whitney U test was used to compare the ages
at which the different Tanner stages of pubic hair were
reached in the girls with TS.

Results
DHEAS
DHEAS levels are shown in Fig. 1. The DHEAS values
(mean ± SD) in group 1 (spontaneous puberty) were
1.2 ± 1.5 μmol/L in the age group 5–7 years, 2.4 ±
2.3 μmol/L in the age group 7–9 years, 3.2 ± 2.5 μmol/L
in the age group 9–11 years, 4.4 ± 2.5 μmol/L in the age
group 11–13 years, 6.2 ± 3.1 μmol/L in the age group
13–15 years and 7.7 ± 3.5 μmol/L in the age group 15–
17 years. Levels in group 2 (primary ovarian insufficiency,
POI) were 1.5 ± 0.9 μmol/L in the age group 7–9 years,
2.8 ± 1.5 μmol/L in the age group 9–11 years, 4.3 ±
2.2 μmol/L in the age group 11–13 years, 5.9 ± 2.7 μmol/L
in the age group 13–15 years and 6.4 ± 3.0 μmol/L in the
age group 15–17 years. DHEAS levels in the girls in group
1 were slightly higher than those in group 2. DHEAS
levels were elevated in all TS girls aged ≥5 years compared
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with the reference cohort. The TS girls in both groups
showed significantly higher DHEAS levels in the age
group 7–17 years than in the reference cohort. DHEAS
levels in the TS girls in group 1 (spontaneous puberty)
were significantly higher in the age groups 5–7 years
(p < 0.05), 7–9 years, 9–11 years, 11–13 years, 13–15
years (p < 0.01), and age group 15–17 years (p < 0.05)
than in the reference cohort. Significant differences be-
tween the TS girls in group 2 (induced puberty) and the
control group were found in the age groups 7–9 years
(p < 0.05), 9–11 years, 11–13 years, 13–15 years, and
15–17 years (p < 0.01).

FSH
At Tanner B2, the serum FSH levels (mean ± SD) of the
TS girls in group 1 were 6.34 ± 3.12 IU/L, whereas the
TS girls without spontaneous puberty had significantly
elevated FSH levels in the age group 11–13 years with
85.8 ± 35.4 IU/L.

Puberty
Spontaneous puberty (Tanner B2) started in the TS girls
in group 1 on average at 11.9 ± 1.2 (SD) years of age.
Puberty was induced with estrogens in the girls in group
2 (POI) at the age of 13.7 ± 1.3 (mean ± SD) years, and
Tanner B2 was reached significantly later (p < 0.001) at
14.3 ± 1.5 years. Menarche occurred earlier in group 1 at
13.7 ± 1.3 years of age than in group 2 at 15.5 ± 1.5 years
(p < 0.001).
The age of the TS girls on reaching Tanner PH 2 to

PH 5 is shown in Table 1. Pubarche occurred on average

at the age of 10.5 years in the group of TS girls with
spontaneous puberty and at 11.3 years in the group of
TS girls with POI. The TS girls in group 1 with spontan-
eous puberty reached the Tanner stages PH2 (p < 0.04),
PH3 (p < 0.01), PH4 and PH5 (p < 0.001) markedly earlier
than the TS girls in group 2. In normal-weight German
girls, the mean age was 10.2 years at PH2, 11.7 years at
PH3, and 12.2 years at PH4 and 13.5 years at PH5 [21].
Only the data of the TS girls in group 1 conformed to the
data of the KIGGS study [21].

Discussion
It has been shown that approximately 80% of girls with
Turner syndrome (TS) show no spontaneous pubertal
development, due to gonadal dysgenesis associated with
gonadal failure [5]. The prevalence of spontaneous

Fig. 1 Serum DHEAS levels (mean ± SD) for age in Turner syndrome girls (black bars: group 1 with spontaneous puberty; hatched bars: group 2
with induced puberty; open bars: control group). The values are shown in μmol/L. For conversion to conventional units: μmol/L: 0,027 = μg/dL.
Level of significance is indicated by asterisks (* * p < 0.01; * p < 0.05)

Table 1 Chronological ages (years) of girls with Turner
syndrome at the different Tanner stages of pubic hair PH 2–5;
values given as mean ± SD, median (range)

Tanner stage Group 1 Group 2 Level of significance
group 1 vs. group 2

PH 2 10.5 ± 1.01
10.5 (9.0–12.0)

11.3 ± 1.62
11.0 (8.2–16.0)

P < 0.04

PH 3 11.8 ± 1.04
12.0 (10.4–13.4)

12.9 ± 1.96
12.6 (9.5–21.9)

P < 0.01

PH 4 12.4 ± 0.91
12.7 (10.9–13.6)

14.3 ± 1.82
13.9 (10.7–22.2)

P < 0.001

PH 5 13.8 ± 1.05
13.8 (11.9–15.4)

15.5 ± 1.61
15.2 (13.1–23.5)

P < 0.001

Group 1: spontaneous puberty; Group 2: induced puberty (primary
ovarian insufficiency)
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puberty varied in TS girls with karyotype 45 X between
6% [23] and 31% [4]. TS girls with primary ovarian failure
usually have markedly elevated serum FSH levels [24–26]
together with low serum anti-Mullerian hormone concen-
trations [27].
Since gonadarche and adrenarche are regarded as pro-

cesses that are independent of each other [13–15], it has
been assumed that adrenarche might not be affected in
girls with TS and primary ovarian insufficiency (POI). In
the literature data on adrenarche are scarce and incon-
sistent. For instance, 24-h urine samples showed ele-
vated DHEA levels in 22 girls with TS compared with
healthy girls [16], while Sklar et al. found normal serum
DHEAS levels in 39 girls with TS and POI [15]. Accord-
ing to a study from Tübingen, adrenarche occurs mark-
edly earlier in TS girls with POI (n = 45; median age: 8.3
yrs.) than in girls with spontaneous puberty (n = 22); me-
dian age: 10.5 yrs.) [18]. However, the study does not
state whether the girls received growth hormone (GH)
therapy.
It has also been speculated that treatment with growth

hormone (GH) might affect adrenarche. Analyses of ad-
renal cell cultures have shown that both GH and IGF1
cause an increase in adrenal steroid biosynthesis [28]
and IGF1 affects cell proliferation and reticular zone mi-
gration [29]. In the present study, all TS girls were
treated with GH; we did not include any TS girls who
did not undergo GH treatment.
The type of karyotype did not influence the time of

adrenarche/pubarche. Both in our study and in the
Tübingen cohort, adrenarche occurred in the TS girls in
the age group of 5–7 years. At this age, the TS girls with
spontaneous puberty and POI in our cohort already
showed higher DHEAS levels than the reference cohort.
However, significant differences between the TS girls in
both groups and in the reference cohort only emerged in
the age group 7–17 years. We did not find the significant
differences in DHEAS levels between the TS girls with
spontaneous puberty and POI in the age group of 9–15
years which were reported by Martin et al. [18].
In the literature the age at pubarche (PH2) varies in

healthy girls between 10.4 ± 1.2 years and 11.8 ± 0.98
years [30, 31]. In our cohort, pubarche occurred on aver-
age at the age of 10.5 years in the TS group with spon-
taneous puberty, and significantly later at 11.3 years in
the TS group with POI. The tempo of development of
pubic hair in TS girls with spontaneous puberty did not
differ from that in the reference cohort [21], whereas the
tempo of pubarche was different in TS girls with POI
who reached the relevant Tanner stages of pubic hair
(PH3 - PH5) markedly later. Our data on pubarche con-
firm the results from Tübingen, which report statistically
significant late pubarche at a mean age of 13.0 years in
TS girls with POI compared with 11.9 years in the group

with spontaneous puberty [18]. The authors suggest that
normal pubarche is the clinical manifestation of the
ovarian conversion of DHEAS to active androgens. We
could confirm the results on pubarche, but we did not
find any differences in the DHEAS levels measured.
The start of estrogen treatment (median age) in TS

girls with POI was similar in Erlangen (13.7 years) and
Tübingen (13.9 years), thus we exclude an estrogen effect
on pubarche. Some of the differences could be explained
by the reference cohorts used. However, the delayed de-
velopment of Tanner stages of pubic hair in TS girls with
POI suggests an ovarian effect on pubarche, as specu-
lated in the study by Martin et al. [18].

Conclusions
Some limitations of the present study should be considered.
First of all, we have no data on a group of TS girls without
GH treatment. Secondly, the sample size of the TS girls
with spontaneous puberty is relatively small. Our data show
that the onset of adrenarche in girls with TS undergoing
GH therapy does not differ from that in healthy girls. How-
ever, adrenarche is exaggerated in girls with TS. There are
no differences in DHEAS levels between the TS girls with
spontaneous puberty and the TS girls with primary ovarian
insufficiency (POI), while the tempo of pubarche is mark-
edly slower in the girls with POI.

Abbreviations
BMI: Body Mass Index; DHEA: Dehydroepiandrosterone;
DHEAS: Dehydroepiandrosterone sulfate; POI: Primary Ovarian
Insufficiency; TS: Turner Syndrome

Acknowledgements
Some of the used data have been the subject of a doctoral thesis. We
greatly appreciate the technical assistance of Mrs. Jutta Sigwart. We thank
Mrs. Joanna Voerste for linguistic editing.

Funding
This research did not receive any specific grant from any funding agency in
the public, commercial or not-for-profit sector.

Availability of data and materials
Not Applicable.

Authors’ contributions
HGD and TKMV contributed to the study design. Data collection was
performed by HGD, TP and MM. TP, MM and PO were involved in data
interpretation and in drafting the manuscript. MR was responsible for
hormone measurements. The final manuscript was prepared by HGD and
TKMV. All authors read and approved the manuscript for publication.

Ethics approval and consent to participate
The study was approved by the local ethics committee of the Dept. Pediatrics of
Erlangen [Chairman: Professor Dr. Dr. W. Rascher, Dept. Pediatrics, Loschgestr. 15,
91,054 Erlangen, Germany]. Growth-enhancing therapy with growth hormone in
girls with Turner syndrome (TS) is an improved indication in Germany since 1991.
All patients and parents gave their written informed consent after full explanation
of the purpose and nature of all procedures used. The girls with Turner Syndrome
were regularly presented at our outpatient clinic every 4 to 6months. Blood
sampling was performed only during routine follow-up controls of the children
on GH therapy.

Dörr et al. BMC Endocrine Disorders            (2019) 19:9 Page 4 of 5



Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Paediatric Endocrinology, University Hospital of Erlangen, Loschgestr. 15,
91054 Erlangen, Germany. 2Laboratory Medicine, University Hospital of
Erlangen, Loschgestr. 15, 91054 Erlangen, Germany. 3Department of
Paediatrics, and Paediatric Gynaecology, University Hospital of Erlangen,
Loschgestr. 15, 91054 Erlangen, Germany. 4Department of Gynaecology and
Obstetrics, University Hospital of Erlangen, Loschgestr. 15, 91054 Erlangen,
Germany.

Received: 25 September 2018 Accepted: 8 January 2019

References
1. Gonzalez L, Witchel SF. The patient with turner syndrome: puberty and

medical management concerns. Fertil Steril. 2012;98(4):780–6.
2. Saenger P. Turner's syndrome. N Engl J Med. 1996;335(23):1749–54.
3. Ranke MB. Turner syndrome. Eur J Endocrinol. 1999;141(3):216–7.
4. 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. 2018;89(2):90–7.

5. 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.

6. Belgorosky A, Baquedano MS, Guercio G, Rivarola MA. Adrenarche: postnatal
adrenal zonation and hormonal and metabolic regulation. Horm Res.
2008;70(5):257–67.

7. Williams RM, Ward CE, Hughes IA. Premature adrenarche. Arch Dis Child.
2012;97(3):250–4.

8. Voutilainen R, Jaaskelainen J. Premature adrenarche: etiology, clinical
findings, and consequences. J Steroid Biochem Mol Biol. 2015;145:226–36.

9. Guercio G, Rivarola MA, Chaler E, Maceiras M, Belgorosky A. Relationship
between the growth hormone/insulin-like growth factor-I axis, insulin
sensitivity, and adrenal androgens in normal prepubertal and pubertal girls.
J Clin Endocrinol Metab. 2003;88(3):1389–93.

10. Iwatani N, Kodama M, Seto H. A child with pituitary gigantism and
precocious adrenarche: does GH and/or PRL advance the onset of
adrenarche? Endocrinologia japonica. 1992;39(3):251–7.

11. Sklar CA, Ulstrom RA. Effect of human growth hormone on adrenal androgens
in children with growth hormone deficiency. Horm Res. 1984;20(3):166–71.

12. Leschek EW, Troendle JF, Yanovski JA, Rose SR, Bernstein DB, Cutler GB Jr, et
al. Effect of growth hormone treatment on testicular function, puberty, and
adrenarche in boys with non-growth hormone-deficient short stature: a
randomized, double-blind, placebo-controlled trial. J Pediatr. 2001;138(3):
406–10.

13. Counts DR, Pescovitz OH, Barnes KM, Hench KD, Chrousos GP, Sherins RJ, et
al. Dissociation of adrenarche and gonadarche in precocious puberty and in
isolated hypogonadotropic hypogonadism. J Clin Endocrinol Metab. 1987;
64(6):1174–8.

14. Tung YC, Lee JS, Tsai WY, Hsiao PH. Physiological changes of adrenal
androgens in childhood. J Formos Med Assoc. 2004;103(12):921–4.

15. Sklar CA, Kaplan SL, Grumbach MM. Evidence for dissociation between
adrenarche and gonadarche: studies in patients with idiopathic precocious
puberty, gonadal dysgenesis, isolated gonadotropin deficiency, and
constitutionally delayed growth and adolescence. J Clin Endocrinol Metab.
1980;51(3):548–56.

16. Teller WM, Homoki J, Wudy S, Schlickenrieder JH. Adrenarche is dissociated
from gonadarche--studies in patients with Turner's syndrome. Acta
Endocrinol Suppl (Copenh). 1986;279:232–40.

17. Lee PA, Kowarski A, Migeon CJ, Blizzard RM. Lack of correlation between
gonadotropin and adrenal androgen levels in agonadal children. J Clin
Endocrinol Metab. 1975;40(4):664–9.

18. Martin DD, Schweizer R, Schwarze CP, Elmlinger MW, Ranke MB, Binder G.
The early dehydroepiandrosterone sulfate rise of adrenarche and the delay
of pubarche indicate primary ovarian failure in turner syndrome. J Clin
Endocrinol Metab. 2004;89(3):1164–8.

19. Kromeyer-Hauschild K, Wabitsch M, Kunze D, Geller F, Geiß HC, Hesse V, von
Hippel A, Jaeger U, Johnsen D, Korte W, Menner K, Müller G, Müller JM,
Niemann-Pilatus A, Remer T, Schaefer F, Wittchen H-U, Zabransky S, Zellner
K, Ziegler A, Hebebrand J. Perzentile für den Body-mass-Index für das
Kinder- und Jugendalter unter Heranziehung verschiedener deutscher
Stichproben. Monatsschrift Kinderheilkunde. 2001;149:807–18.

20. Marshall WA, Tanner JM. Variations in pattern of pubertal changes in girls.
Arch Dis Child. 1969;44(235):291–303.

21. Kahl H, Schaffrath RA, Schlaud M. Sexual maturation of children and adolescents
in Germany. Results of the German health interview and examination survey for
children and adolescents (KiGGS). BundesgesundheitsblattGesundheitsforschung
Gesundheitsschutz. 2007;50(5–6):677–85.

22. Frenzel S, Biskupek-Sigwart J, Breuning U, Dörr HG.
Dehydroepiandrosteronsulfat (DHEAS) im Serum bei gesunden Kindern und
Jugendichen. Monatsschrift Kinderheilkunde. 1997;145(Suppl. 1):100.

23. 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.

24. Hosoda A, Fujieda K, Matsuura N, Okuno A, Yuri K. Age-related change of
pulsatile gonadotropin secretion in turner syndrome. PediatrRes. 1991;29(2):
196–200.

25. Conte FA, Grumbach MM, Kaplan SL. A diphasic pattern of gonadotropin
secretion in patients with the syndrome of gonadal dysgenesis. J Clin
Endocrinol Metab. 1975;40(4):670–4.

26. Chrysis D, Spiliotis BE, Stene M, Cacciari E, Davenport ML. Gonadotropin
secretion in girls with turner syndrome measured by an ultrasensitive
immunochemiluminometric assay. Horm Res. 2006;65(5):261–6.

27. Hagen CP, Aksglaede L, Sorensen K, Mouritsen A, Andersson AM, Petersen
JH, et al. Individual serum levels of anti-Mullerian hormone in healthy girls
persist through childhood and adolescence: a longitudinal cohort study.
Hum Reprod. 2012;27(3):861–6.

28. Balducci R, Toscano V, Larizza D, Mangiantini A, Galasso C, Municchi G, et al.
Effects of long-term growth hormone therapy on adrenal steroidogenesis in
turner syndrome. Horm Res. 1998;49(5):210–5.

29. Mesiano S, Katz SL, Lee JY, Jaffe RB. Insulin-like growth factors augment
steroid production and expression of steroidogenic enzymes in human fetal
adrenal cortical cells: implications for adrenal androgen regulation. J Clin
Endocrinol Metab. 1997;82(5):1390–6.

30. Buckler JM. A longitudinal study of adolescent growth. London: Springer; 1990.
31. Largo RH, Prader A. Pubertal development in Swiss girls. Helv Paediatr Acta.

1983;38(3):229–43.

Dörr et al. BMC Endocrine Disorders            (2019) 19:9 Page 5 of 5


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Statistics

	Results
	DHEAS
	FSH
	Puberty

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

