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FSH may be a useful tool to allow early
diagnosis of Turner syndrome
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Abstract

Background: Ultrasensitive assays to measure pre-pubertal gonadotropins levels could help identify patients with
Turner syndrome (TS) in mid-childhood, but studies in this field are scarce. The aim of this study was to analyze
gonadotropins levels in girls with TS throughout childhood.

Methods: Retrospective longitudinal study conducted with 15 girls with TS diagnosed with < 5 years whose FSH
and LH measures were available since then. Hormones were evaluated in newborn/mini-puberty (< 0.5 years), early
childhood (0.5–5 years), mid-childhood (5–10 years) and late childhood/adolescence (> 10 years). In newborn/
mini-puberty and late childhood/adolescence pre-pubertal or pubertal gonadotropins were considered normal;
in early childhood and mid-childhood concentrations above the pre-pubertal range were considered abnormal.

Results: Abnormally high FSH alone was found in four of five patients in newborn/mini-puberty, 13 of 15 during early
childhood and nine of 15 during mid-childhood. In the group of 12 patients in late childhood/adolescence, the three
girls with spontaneous puberty had only normal levels; the remaining showed only post-menopausal concentrations.
In mid-childhood one patient exhibited only pre-pubertal FSH. Conversely, most LH measurements in early and
mid-childhood were normal.

Conclusion: Karyotyping of girls with short stature and high FSH levels would allow early diagnosis of Turner
syndrome in a significant number of patients, particularly when resources for chromosome study of all girls with
growth deficiency are limited.
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Background
Even now, in the genomics era, some genetic disorders re-
main a challenge to diagnosis due to wide phenotypic vari-
ability and/or lack of widespread availability of genetic tests,
particularly in developing countries. This is the case with
Turner syndrome (TS), which has an incidence of 1:2,130
female newborns [1] and is characterized by the presence
of a normal X chromosome and partial or total loss of the
other sex chromosome, X or Y. Although traditionally asso-
ciated with the 45,X karyotype, TS can also be due to mo-
saicism or structural abnormalities of sex chromosomes.

There are also strong indications that patients with a 45,X
karyotype are actually mosaics (cryptic mosaicism) [2].
The clinical picture varies widely, and includes dys-

morphic features of face, neck, chest and limbs. Cardio-
vascular and renal/collecting system anomalies may also
be found, as well as autoimmune thyroid disease. None-
theless, the most constant features are short stature and
primary hypogonadism due to gonadal dysgenesis [3].
Gonadal dysgenesis in TS is the result of massive apop-

tosis of the oocytes during fetal life [4–6]. Though the large
majority of women with TS have dysgenetic gonads, about
30% will undergo some spontaneous pubertal development,
and 2–5% may achieve spontaneous pregnancy [7, 8].
A study in the 1970’s revealed that plasma concentra-

tions of follicle-stimulating hormone (FSH) and luteinizing
hormone (LH) in TS patients show a biphasic pattern [9].
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In that study, mean basal plasma FSH level was strikingly
elevated from 2 days to 4 years; thereafter, a decline in
plasma FSH to pre-pubertal levels occurred between 4 and
10 years, followed by a rise after 10 years, reaching post-
menopausal levels some years later. The pattern of LH se-
cretion was qualitatively similar to that of FSH, though the
values for LH were 1/3 to 1/10 those for FSH. In that work,
however, gonadotropins concentrations were determined
by radioimmunoassay (RIA), which has low sensitivity.
The development of ultrasensitive immunochemilumi-

nometric and immunofluorometric assays in the 1980’s
and 1990’s demonstrated that pre-pubertal FSH and LH
levels are much lower than previously thought [10]. The
study of gonadotropins levels of girls with TS revealed
that they remained high even at pre-pubertal age, and it
was even suggested that measurement of gonadotropins
could help identify prepubertal patients with primary
gonadal failure [11].
However, a study of 68 girls with TS, 20 of them

followed over a period of 2 years, revealed normal FSH
and LH concentrations in 9 and 23.5% of patients be-
tween 0 and 5 years, respectively, and in 41 and 74% of
patients between 5 and 10 years, respectively [12].
As most available data were based on transversal stud-

ies, a retrospective longitudinal one was carried out with
70 girls aged 0 to 16 years; the median ages at TS diag-
nosis were 5.2 years in the group of patients with a 45,X
karyotype and 8.2 years in the group of patients with
other chromosome constitutions. Most patients, both
those with and without spontaneous pubertal develop-
ment, had at least one FSH and LH value within the ref-
erence range during mid-childhood [13].
Divergences among studies about various aspects of

TS phenotype are common [14]; they are due to the
wide karyotypic variability of TS, including mosaicism,
various structural abnormalities and different propor-
tions of normal and abnormal cell lines. The same must
apply to the extent of ovarian dysgenesis in these girls
and hence to differences in the levels of gonadotropins
in the pediatric age range. Thus, more data are needed
to draw definite conclusions about this matter.
The aim of this work was to analyze FSH and LH

levels in a sample of girls with TS who were diagnosed
in early childhood (0–5 years) and followed thereafter.

Methods
A retrospective longitudinal study was conducted with
patients with TS who were diagnosed since the mid-
1990’s with less than 5 years of age, and whose measures
of FSH and LH levels were available both in early child-
hood and in the following years, with routine follow-up
visits scheduled every 6 months. FSH and LH levels had
been measured using electrochemiluminescence assays
as part of their routine clinical follow-up since the time

of diagnosis; these data were obtained retrospectively
from patients’ files. In the absence of spontaneous pu-
berty, only gonadotropins levels measured prior to sex
hormone replacement therapy (HRT) were included.
FSH and LH levels were classified as pre-pubertal

(< 3.8 mUI/mL and < 1.4 mUI/mL, respectively), post-
menopausal (> 25.8 mUI/mL and > 7.7 mUI/mL, re-
spectively) or pubertal (those within the intermediate
range) according to reference values of the assays used in
our service (Roche Elecsys®). Gonadotropins levels were
evaluated according to age range: newborn/mini-puberty
(0–0.5 years), early childhood (0.5–5 years), mid-child-
hood (5–10 years) and late childhood/adolescence (>
10 years). In newborn/minipuberty and in late child-
hood/adolescence FSH and LH levels were considered
normal when they were within the prepubertal or pu-
bertal range, while in early and mid-childhood any con-
centrations above the pre-pubertal ones were regarded
as abnormal.
The SPSS for Windows software, version 20 (SPSS, Inc.,

Chicago, IL, USA) was used for data analysis. This study
was carried out in accordance with the Declaration of
Helsinki and the protocol was approved by the Research
Ethics Committee of the State University of Campinas
(931/2008; CAAE 0352.0.146.000–08). The study was ex-
empt from written informed consent from the subjects
due to its retrospective design and noninterventional na-
ture of the study protocol.

Results
Fifteen out of 186 patients diagnosed since the mid-
1990’s (8%) met the inclusion criteria (Table 1). Three of
them were followed only until mid-childhood and the
remaining until adolescence. Mean age at diagnosis was
1.7 years, and mean age at last hormonal evaluation
(that of the last visit – in prepubertal patients and those
with spontaneous puberty – or the last measurement
prior to initiation of HRT) was 11.4 years. The mean
follow-up was 10.7 years (range: 3.0–16.5 years), and
most patients had a 45,X karyotype.
Three patients had spontaneous pubertal development,

one of them with a 45,X chromosome constitution in 50
cells and two with mosaicism; two had already had me-
narche. Six had primary hypogonadism (absence of pu-
bertal signs and elevated gonadotropins levels) and had
already initiated HRT. Three were adolescents who
already had post-menopausal FSH levels but were not
under HRT (patients 1, 5 and 11); the remaining had not
reached adolescence at the time this study was con-
ducted, but in one of them a post-menopausal FSH level
was already detected. The number of gonadotropins
measurements per patient ranged from two to 21 (me-
dian: 10) (Table 1).
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Regarding FSH, four of the five patients whose gonado-
tropins were measured in the first 6 months of life had ab-
normally high levels; none of the five girls developed
spontaneous puberty. During early childhood, 13 out of 15
girls had no measurements in the normal pre-pubertal
range; moreover, nine of these 13 patients had at least one
measurement which was in the post-menopausal range.
During mid-childhood, six of the 15 girls had at least one
normal FSH concentration, but three of them also exhib-
ited at least one post-menopausal concentration in this
period; a single patient [8] exhibited only prepubertal FSH
levels. Ninety-three percent of the measurements per-
formed in early childhood and 80% of those performed in
mid-childhood were abnormal. In the group of 12 patients
> 10 years old, those without spontaneous pubertal devel-
opment showed only post-menopausal concentrations
(Fig. 1, Table 2 and Additional file 1).
Only one out of five girls had an abnormally high LH con-

centration detected in the first 6 months of life, and most
had at least one normal measurement in early childhood and
mid-childhood. Sixty-two percent of the measurements per-
formed in early childhood and 82% of those performed in
mid-childhood were in the normal pre-pubertal range. In late
childhood/adolescence, five patients had at least one pre-
pubertal or pubertal level, though two of them also had at
least one post-menopausal concentration, including one of
the girls with spontaneous pubertal development (patient 8);
all the remaining showed only post-menopausal concentra-
tions (Fig. 1, Table 2 and Additional file 1).

FSH levels in this sample expressed the biphasic age pat-
tern: they were high in newborn/mini-puberty and early
childhood, declined in mid-childhood, though rarely
reaching the normal pre-pubertal range, and then in-
creased again in late childhood/adolescence. In compari-
son, the pattern of LH, though also biphasic, revealed
much higher levels in late childhood/adolescence than in
newborn/mini-puberty and early childhood. In addition,
in mid-childhood the decline of LH compared to the pre-
vious period was less striking than that of FSH, and pre-
pubertal levels were often seen (Fig. 1 and Table 2).

Discussion
Gonadotropins levels in this sample expressed the same bi-
phasic age pattern found by Conte et al. [9]; however, the
use of an ultrasensitive assay in the present study revealed
that, different from what was observed by those authors,
the decline in plasma FSH seldom reaches pre-pubertal
levels in early and mid-childhood. The significantly high
mean FSH levels found in pre-pubertal TS girls in this sam-
ple were similar to those found by others [12]. Thus, our
results indicate that many girls with TS could be diagnosed
earlier if FSH measurements were routinely done in girls
with unexplained short stature.
The results of our study differ from the other retro-

spective longitudinal study found in literature [13], in
which most patients had at least one FSH and LH value
within the reference range during mid-childhood. How-
ever, comparison between these studies is difficult. In fact,

Table 1 Description of the sample: age, karyotype, puberty and results of gonadotropins measurements

Patient Age at
diagnosis

Age at last
hormone
evaluationa

Karyotype Pubertal status Abnormal measurements/total number of measurements

FSH LH

1 NB/MP LC/A 45,X Pre-pubertal 9/10 2/10

2 NB/MP LC/A 45,X Induced puberty 11/11 3/12

3 NB/MP LC/A 45,X/46,X,+mar (SRY -) Induced puberty 16/17 10/17

4 NB/MP LC/A 45,X Induced puberty 10/11 6/9

5 NB/MP LC/A 45,X Pre-pubertal 12/12 3/12

6 NB/MP LC/A 45,X Spontaneous pubertyb 5/14 0/14

7 NB/MP LC/A 45,X Induced puberty 10/10 8/10

8 EC LC/A 45,X/46,XX Spontaneous pubertyb 0/21 4/21

9 EC MC 45,X Pre-pubertal 3/3 2/3

10 EC LC/A 45,X Induced puberty 10/11 4/10

11 EC LC/A 45,X Pre-pubertal 6/6 1/6

12 EC LC/A 45,X/46,XX Spontaneous puberty 2/10 0/8

13 EC MC 45,X Pre-pubertal 2/2 1/2

14 EC LC/A 45,X Induced puberty 9/9 5/10

15 EC MC 45,X/46,X,i(Xq) Pre-pubertal 4/4 0/4

EC early childhood, LC/A late childhood/adolescence, MC midchildhood, mo month, NB/MP newborn/minipuberty, yr. year
a That of the last visit – in prepubertal patients and those with spontaneous puberty – or the last measurement prior to initiation of hormone
replacement therapy
b Menarche already occurred
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Fig. 1 Gonadotropins levels in different ages in girls with Turner syndrome. Hormone values are presented in the y-axis on a logarithmic scale.
The lines on the y-axis represent the lower and upper normal limits for a) FSH and b) LH concentrations. Levels above the upper limits were considered
post-menopausal and those below the lower limits were regarded as pre-pubertal
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age at diagnosis varied widely in that study (44 of the 70
girls were more than 12 years old at diagnosis) and longi-
tudinal samples could not be obtained in all cases; in
addition, length of follow-up was also variable.
A survey conducted in our university hospital in the be-

ginning of the 1990’s revealed that seven out of 38 girls
with growth deficiency (18%) had TS [15]. Another study
on this matter conducted with 353 subjects in China in
the same decade found a very similar figure: 19% of the fe-
males had TS [16]. However, in other studies this propor-
tion varied widely, from 4.5 to 81.7% [17–19].
Some authors have recommended routine karyotype

analysis for all of these girls [20, 21], while others sug-
gest that routine cytogenetic analysis should be re-
stricted to those with associated congenital anomalies
[19, 22], but this is still a matter of debate. In any case,
karyotyping is not always available; this is particularly
true in developing countries, in which the karyotype is
an expensive exam and rarely offered in public health
services. In addition, TS has wide phenotypic variability,
and some features may not be recognized unless specif-
ically sought [23]. As a consequence, TS may be diag-
nosed only in adolescence, when lack of pubertal
development manifests in addition to short stature. In
our institution, for instance, a recent survey revealed
that mean age at diagnosis is 12 years, due to late refer-
ral by primary health services [24].

It is currently known that up to 40% of TS girls may
have some degree of spontaneous pubertal development
and up to 19% may have complete puberty and menses
[7]; these figures may be even higher when the sample is
not biased towards patients with hypogonadism [25].
Thus, some patients with residual ovarian function may
have normal gonadotropins levels throughout childhood
and escape diagnosis when these hormones are measured.
The majority, however, would benefit from the inclu-

sion of FSH as an additional diagnostic tool to assess
girls with unexplained growth deficiency. It has already
been proposed that elevated FSH levels in childhood
should prompt cytogenetic evaluation [21]. Indeed, in
our sample normal measurements were uncommon both
in early childhood and in mid-childhood; in addition,
normal levels after 0.5 years were restricted to patients
with spontaneous pubertal development. On the other
hand, as most LH measurements in these age ranges
were normal, its usefulness is limited.
Even though FSH measurement is not always sensitive

for the diagnosis of TS in girls with unexplained short
stature, this widely available and highly specific test to
detect gonadal dysgenesis may lead to early diagnosis
and prompt treatment in a significant number of pa-
tients by giving priority to performing their karyotype
when this test is not accessible to screen all girls with
growth deficiency. Even though gonadal dysgenesis is

Table 2 Results of gonadotropins measurements according to age range in TS girls

measurements

Age
range

(years)

N mean range PP P PM Total Patients with at least one
normal level for agea

Patients with only normal
levels for agea

Patients with at least one
abnormal level for agea

FSH

0–0.5 5 52.05
±51.03

6.65–140.00 0 1 4 5 1 1 4/5
(80%)

0.5–5 15 52.09
±42.35

1.80–160.00 2 8 20 30 2 2b 13/15
(87%)

5–10 15 18.72
±32.87

0.30–201.00 13 42 11 66 6 1b 14/15
(93%)

> 10 12 65.16
±69.55

0.87–201.00 8 18 24 50 3 3b 9/12
(75%)

LH

0–0.5 5 3.16
±4.35

0.45–10.80 2 2 1 5 4 2 3/5
(60%)

0.5–5 15 3.07
±5.37

0.09–22.20 18 8 3 29 13 9 6/15
(40%)

5–10 15 2.60
±10.58

0.09–82.02 53 7 5 65 13 5 10/15
(67%)

> 10 12 12.97
±17.36

0.09–110.00 7 17 25 49 5 3 9/12
(75%)

FSH follicle-stimulating hormone, LH luteinizing hormone, N number of patients, P pubertal, PM post-menopausal, PP pre-pubertal
a 0–0.5 years: PP or P level; 0.5–5 years and 5–10 years: PP level; > 10 years: PP or P level
b only patients with spontaneous pubertal development
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also a feature of other disorders of sex development,
these conditions are usually not associated with short
stature. This is the case of complete gonadal dysgenesis,
either 46,XY (which may be due to mutations in SRY gene,
among others) or 46,XX (which may be due to mutations
in FSH receptor gene, among others). Thus, in some cases
a normal karyotype may be found and lead to further in-
vestigations on the origin of high FSH levels.
Some of the strengths of this study are early age of

diagnosis (less than 5 years in all cases), which avoids
bias caused by pubertal delay as the main feature leading
to clinical suspicion, and significantly long-term follow-
up conducted in the same service. On the other hand,
sample size is small due to definition of early age at
diagnosis as an inclusion criterion.

Conclusion
In summary, follow-up of 15 girls with TS from early in-
fancy on revealed that most FSH measurements were
above the normal range for age before late childhood/
adolescence. These results indicate that inclusion of this
test in the guidelines for the evaluation of girls with un-
explained short stature would allow early diagnosis and
treatment in a significant number of patients by priori-
tizing their cytogenetic evaluation, particularly when re-
sources for chromosomal studies of all girls with growth
deficiency are limited.

Additional file

Additional file 1: Results of gonadotropins measurements according to
age in TS girls. (DOCX 20 kb)

Abbreviations
FSH: Follicular stimulating hormone; HRT: Sex hormone replacement therapy;
LH: Luteinizing hormone; TS: Turner syndrome

Acknowledgements
The authors are grateful to the Main Clinical Laboratory of the University
Hospital and to the Cytogenetics Laboratory of the Department of Medical
Genetics of State University of Campinas (Unicamp).

Funding
This work was supported by the National Council for Scientific and Technological
Development (CNPq/PIBIC).

Availability of data and materials
All data generated or analysed during this study are included in this published
article and its supplementary information file.

Authors’ contributions
SC contributed to the design of the work, acquisition, analysis and
interpretation of data, drafting the work and final approval of the version to
be published. AC contributed to acquisition of data, revising the work
critically for important intellectual content and final approval of the version
to be published. SL-M contributed to acquisition, analysis and interpretation
of data, revising the work critically for important intellectual content and final
approval of the version to be published. GG-J contributed to acquisition, analysis
and interpretation of data, revising the work critically for important intellectual
content and final approval of the version to be published. AM-G contributed to
the design of the work, analysis and interpretation of data, drafting the work,

revising it critically for important intellectual content and final approval of the ver-
sion to be published. All authors agree to be accountable for all aspects of the
work in ensuring that questions related to the accuracy or integrity of any part of
the work were appropriately investigated and resolved.

Ethics approval and consent to participate
The work was approved by the Research Ethics Committee of Medical
Science Faculty – University of Campinas (UNICAMP). Number 931/2008,
CAAE 0352.0.146.000–08. The study was exempt from written informed
consent from the subjects due to its retrospective design and
noninterventional nature of the study protocol.

Consent for publication
Not applicable.

Competing interests
The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential
conflict of interest.

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

Author details
1Department of Pediatrics, Faculty of Medical Sciences (FCM), State University
of Campinas (Unicamp), São Paulo, Brazil. 2Post-Graduate Program in Child
and Adolescent Health, FCM, Unicamp, São Paulo, Brazil. 3Department of
Medical Genetics, FCM, Unicamp, Rua Tessalia Vieira de Camargo, 126,
Campinas, SP 13083-887, Brazil.

Received: 14 July 2017 Accepted: 1 February 2018

References
1. Nielsen J, Wohlert M. Chromosome abnormalities found among 34,910

newborn children: results from a 13-year incidence study in Arhus,
Denmark. Hum Genet. 1991;87:81–3.

2. Fernández-García R, García-Doval S, Costoya S, Pásaro E. Analysis of sex
chromosome aneuploidy in 41 patients with Turner syndrome: a study of
“hidden” mosaicism. Clin Genet. 2000;58:201–8.

3. Bondy CA. Care of girls and women with Turner syndrome: a guideline of
the Turner syndrome study group. J Clin Endocrinol Metab. 2007;92:10–25.

4. Modi DN, Sane S, Bhartiya D. Accelerated germ cell apoptosis in sex
chromosome aneuploid fetal human gonads. Mol Hum Reprod. 2003;9:219–25.

5. Singh RP, Carr DH. The anatomy and histology of XO human embryos and
fetuses. Anat Rec. 1966;155:369–83.

6. Reynaud K, Cortvrindt R, Verlinde F, De Schepper J, Bourgain C, Smitz J.
Number of ovarian follicles in human fetuses with the 45,X karyotype. Fertil
Steril. 2004;81:1112–9.

7. Pasquino A, Passeri F. Spontaneous pubertal development in Turner’s
syndrome 1. J Clin Endocrinol Metab. 1997;82:1810–3.

8. Kawagoe S, Kaneko N, Hiroi M. The pregnancy outcome of Turner
syndrome: case report and review of the literature. In: Hibi I, Takano K,
editors. Basic and clinical approach to Turner syndrome. Amsterdam:
Elsevier Science Publishers B.V; 1993. p. 101–5.

9. 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;40:670–4.

10. Neely EK, Hintz RL, Wilson DM, Lee PA, Gautier T, Argente J, et al. Normal
ranges for immunochemiluminometric gonadotropin assays. J Pediatr. 1995;
127:40–6.

11. Ropelato MG, Escobar ME, Gottlieb S, Bergadá C. Gonadotropin secretion in
prepubertal normal and agonadal children evaluated by ultrasensitive time-
resolved immunofluorometric assays. Horm Res. 1997;48:164–72.

12. 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;65:261–6.

13. 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

Carpini et al. BMC Endocrine Disorders  (2018) 18:8 Page 6 of 7

https://doi.org/10.1186/s12902-018-0236-4


of 70 Turner girls with or without spontaneous puberty. Hum Reprod. 2010;
25:3134–41.

14. Hook EB, Warburton D. Turner syndrome revisited: review of new data
supports the hypothesis that all viable 45,X cases are cryptic mosaics with a
rescue cell line, implying an origin by mitotic loss. Hum Genet. 2014;133:
417–24.

15. Viguetti NL, Maciel-Guerra AT. Short stature and Turner syndrome: an
association more frequent than expected. J Pediatr. 1994;70:172–4.

16. Lam WFF, Hau WLE, Lam TSS. Evaluation of referrals for genetic
investigation of short stature in Hong Kong. Chin Med J. 2002;115:607–11.

17. Temtamy SA, Ghali I, Salam MA, Hussein FH, Ezz EH, Salah N. Karyotype/
phenotype correlation in females with short stature. Clin Genet. 1992;41:147–51.

18. Gicquel C, Gaston V, Cabrol S, Le Bouc Y. Assessment of Turner’s syndrome
by molecular analysis of the X chromosome in growth-retarded girls. J Clin
Endocrinol Metab. 1998;83:1472–6.

19. Moreno-García M, Fernández-Martínez FJ, Miranda EB. Chromosomal
anomalies in patients with short stature. Pediatr Int. 2005;47:546–9.

20. Sävendahl L, Davenport ML. Delayed diagnoses of Turner’s syndrome:
proposed guidelines for change. J Pediatr. 2000;137:455–9.

21. Saenger P, Wikland KA, Conway GS, Davenport M, Gravholt CH, Hintz R, et
al. Recommendations for the diagnosis and management of Turner
syndrome. J Clin Endocrinol Metab. 2001;86:3061–9.

22. Eggert P, Pankau R, Oldigs HD. How necessary is a chromosomal analysis in
growth-retarded girls? Clin Genet. 1990;37:351–4.

23. Miguel-Neto J, Carvalho AB, Marques-de-Faria AP, Guerra-Júnior G, Maciel-Guerra
AT. New approach to phenotypic variability and karyotype-phenotype correlation
in Turner syndrome. J Pediatr Endocrinol Metab. 2016;29:475–9.

24. Carvalho AB, Guerra-Júnior G, Baptista MTM, Marques-de-Faria AP, de
Lemos-Marini SHV, Maciel-Guerra AT. Turner syndrome: a pediatric diagnosis
frequently made by non-pediatricians. J Pediatr. 2010;86:121–5.

25. Carpini S, Carvalho AB, Guerra-Júnior G, Baptista MTM, Lemos-Marini SHV,
Maciel-Guerra AT. Spontaneous puberty in girls with early diagnosis of
Turner syndrome. Arq Bras Endocrinol Metabol. 2012;56:653–7.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Carpini et al. BMC Endocrine Disorders  (2018) 18:8 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusion
	Additional file
	Abbreviations
	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

