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Abstract 

Background:  For chronic congenital endocrine conditions, age at diagnosis is a key issue with implications for opti‑
mal management and psychological concerns. These conditions are associated with an increase in the risk of comor‑
bid conditions, particularly as  it concerns growth, pubertal development and fertility potential. Clinical presentation 
and severity depend on the disorder and the patient’s age, but diagnosis is often late.

Objective:  To evaluate age at diagnosis for the most frequent congenital endocrine diseases affecting growth and/or 
development.

Patients and Methods:  This observational cohort study included all patients (n = 4379) with well-defined chronic 
congenital endocrine diseases—non-acquired isolated growth hormone deficiency (IGHD), isolated congenital 
hypogonadotropic hypogonadism (ICHH), ectopic neurohypophysis (NH), Turner syndrome (TS), McCune-Albright 
syndrome (MAS), complete androgen insensitivity syndrome (CAIS) and gonadal dysgenesis (GD)—included in the 
database of a single multisite reference center for rare endocrine growth and developmental disorders, over a period 
of 14 years. Patients with congenital hypothyroidism and adrenal hyperplasia were excluded as they are generally 
identified during neonatal screening.

Results:  Median age at diagnosis depended on the disease: first year of life for GD, before the age of five years for 
ectopic NH and MAS, 8–10 years for IGHD, TS (11% diagnosed antenatally) and CAIS and 17.4 years for ICHH. One third 
of the patients were diagnosed before the age of five years. Diagnosis occurred in adulthood in 22% of cases for CAIS, 
11.6% for TS, 8.8% for GD, 0.8% for ectopic NH, and 0.4% for IGHD. A male predominance (2/3) was observed for IGHD, 
ectopic NH, ICHH and GD.
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Introduction
For chronic congenital endocrine conditions, age at diag-
nosis is a key issue with implications for optimal man-
agement and psychological concerns. These conditions 
are associated with a high risk of comorbid conditions, 
affecting growth, pubertal development and fertility 
potential, in particular. Clinical presentation and sever-
ity depend on the disorder and the patient’s age, but 
diagnosis is often late. There are several registries for 
endocrine disorders, but age at the detection of chronic 
congenital conditions has never been studied systemati-
cally [1]. Reports have been published for single centers 
and single conditions, but no information is available for 
large cohorts of patients with rare chronic congenital 
endocrine disorders. Early diagnosis and treatment have 
been shown to have a positive impact on the outcome of 
patients with congenital hypothyroidism and congeni-
tal adrenal hyperplasia. Most patients with these condi-
tions are now diagnosed within the first three weeks of 
life, thanks to the introduction of neonatal screening pro-
grams [2, 3].

Reference centers for rare diseases were established in 
France under the Rare Disease Plan, which began in 2004 
[4]. Their principal missions are to improve care and 
healthcare equality for all patients with rare conditions, 
and to decrease the time-to-diagnosis and the number 
of cases of undiagnosed disease. They have helped to 
improve our knowledge and expertise in the study and 
treatment of rare diseases, with potential implications 
for improving outcome. A large national database (the 
Cemara database) including cases of rare diseases from 
all the reference centers in France and using standardized 
data collection methods has been established, with the 
aim of improving our understanding of the epidemiology 
of rare diseases and promoting research activities [5].

The aim of this study was to evaluate age at diagnosis in 
rare congenital endocrine diseases affecting growth and/
or development, based on the database of our reference 
center.

Patients and methods
Patients
This observational cohort study included all patients (n 
= 4379) diagnosed with seven well-defined chronic con-
genital endocrine diseases included in the database of 
a single reference center for rare endocrine growth and 
developmental disorders. This multisite reference center 

includes five academic pediatric and adult endocrinol-
ogy departments in the Paris area, and the data consid-
ered covered a period of 14 years, between January 2006 
(when this group of departments qualified as a reference 
center for rare diseases) and December 2019. Patients 
with congenital hypothyroidism and adrenal hyperplasia 
were excluded, as these conditions are generally diag-
nosed during neonatal screening.

Patients were considered eligible for the study if they 
were included in the database of our reference center 
during this period and had non-acquired idiopathic and 
isolated growth hormone deficiency (IGHD), ectopic 
neurohypophysis (ectopic NH), isolated congenital hypo-
gonadotropic  hypogonadism (ICHH), Turner syndrome 
(TS), McCune-Albright syndrome (MAS), or disorders of 
genital development, such as complete androgen insen-
sitivity syndrome (CAIS) and gonadal dysgenesis 45X, 
46XY (GD).

Study protocol
We analyzed this reference center database, which 
includes clinical information extracted from the medical 
records of all patients with these rare congenital endo-
crine diseases. The demographic characteristics recorded 
included date of birth, sex, age and year at diagnosis.

The study protocol was approved by the Paris Nord 
Ethics Review Committee for Biomedical Research Pro-
jects (CEERB) (No. 12-029). All the patients’ files were 
included in the CEMARA database. This national data-
base has been declared to the French data protection 
agency (Commission Nationale de l’Informatique et des 
Libertés (CNIL), No. 909474 in 2010). In compliance with 
French law, each of the patients included expressed their 
non-opposition to the collection and use of personal 
data.

Methods
The total number of patients was recorded for each 
condition and each year during the study period. We 
recorded the number of new patients and the num-
ber of patients with long-term care. New patients 
were defined as any patient not previously seen by the 
healthcare provider. Patients were classified into two 
groups, with seven subgroups, on the basis of their 
chronic pathological endocrine conditions: (1) pitui-
tary insufficiency, with the subgroups non-acquired 
idiopathic isolated growth hormone deficiency, ectopic 

Conclusion:  The early recognition of growth/developmental failure during childhood is essential, to reduce time-to-
diagnosis and improve outcomes.
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neurohypophysis and isolated congenital hypogon-
adotropic  hypogonadism; (2) syndromic or gonadal 
disorders, with the subgroups Turner syndrome, 
McCune-Albright syndrome, complete androgen insen-
sitivity syndrome and gonadal dysgenesis.

Each rare disease had specific features based on clini-
cal, hormonal, cytogenetic, molecular and imaging evalu-
ations. Patients with IGHD had growth failure caused by 
isolated GH deficiency, with no identifiable etiology and 
no structural hypothalamic pituitary abnormalities on 
magnetic resonance imaging (MRI). Biochemical mark-
ers included low serum IGF-I levels and GH peaks < 6.7 
ng/ml in two independent GH stimulation tests. Patients 
with ectopic NH were diagnosed mostly on the basis of 
hypoglycemia, midline abnormalities and/or short stat-
ure and, in addition, for male patients, micropenis and/
or cryptorchidism. In all cases, MRI findings showed 
an ectopic location of the posterior lobe of the pituitary 
gland, with low serum IGF-I levels and, in most cases, a 
GH peak < 6.7 ng/ml in at least one GH stimulation test. 
Patients with ICHH were identified either during infancy, 
on the basis of cryptorchidism, micropenis, familial or 
syndromic presentation, or later in life, on the basis of 
an absence of sexual maturation and/or infertility, with a 
biochemical profile of low concentrations of sex steroids 
in a context of gonadotropin deficiency. Patients with 
TS were defined on the basis of their karyotype, with a 
monosomic or other chromosomal aberration for the X 
chromosome, determined before or after birth, in female 
individuals mostly with unexplained growth failure or 
delayed puberty, cardiac or morphological abnormalities 
or infertility. Patients with MAS, arising from somatic 
gain-of function mutations of the GNAS gene leading 
to mosaic Gsα activation, were identified clinically, on 
the basis of a variable combination of fibrous bone dys-
plasia, café-au-lait skin pigmentation, and hyperfunc-
tioning endocrinopathies, mostly peripheral precocious 
puberty in early childhood. Patients with CAIS have 
normal female external genitalia with a 46, XY karyo-
type and undescended testes, due to a complete absence 
of response to androgens. Patients with GD were defined 
on the basis of a 45, X/46, XY karyotype, with abnormal 
genitalia.

Patients were classified into age groups: antenatal, 
[0–1), [1–2), [2–5), [5–8), [8–11), [11–18), [18–25), [25–
40), [40–60) and ≥ 60 years, and into group on the basis 
of age at diagnosis: ≤5 years, [5–11) years, [11–18) years 
and ≥ 18 years.

Two periods, from 2006 to 2012, and from 2013 to 
2019, were considered, for an analysis of trends in diag-
nosis over time. The influence of sex on age at diagno-
sis was also studied for patients with IGHD, ectopic NH, 
ICHH and GD.

Statistical analysis
The results are expressed as numerical values (percent-
ages) for categorical variables and as medians (interquar-
tile range) for continuous variables. The Wilcoxon test 
was used for comparisons by sex. The chi-squared test 
was used to assess temporal trends in age at diagnosis 
between the two time periods considered. A p-value less 
than 0.05 was considered statistically significant. Data 
were analyzed with R software version 4.0.2.

Results
The median (interquartile range) age at diagnosis, and 
the distribution of age at diagnosis by congenital endo-
crine disease, age group and sex are shown in Figs. 1, 2 
and Table 1.

IGHD (mostly followed exclusively at pediatric endo-
crine centers) and TS were the most frequent congeni-
tal endocrine conditions in our cohort, accounting for 
70.1% (n = 3071) of the patients. ICHH and ectopic 
NH accounted for 17.4% (n = 761) and 8.3% (n = 364), 
respectively. MAS, CAIS and GD were very rare, each 
accounting for less than 2% of our cohort.

Due to its effects on genital development, GD was 
mostly diagnosed antenatally or before the age of one 
year. More than 60% of the patients with ectopic NH and 
MAS were diagnosed before the age of five years. Median 
age at diagnosis was 8.4 years for IGHD, 9.0 years for TS, 
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Fig. 1  Median age at diagnosis in patients with gonadal dysgenesis 
(n = 68), ectopic neurohypophysis (n = 364), McCune-Albright 
syndrome (n = 38), isolated and idiopathic GH deficiency (n = 
1593), Turner syndrome (n = 1478), complete androgen insensitivity 
syndrome (n = 77), and isolated congenital hypogonadotropic 
hypogonadism (n = 761). The horizontal line represents the median, 
the box indicates the interquartile range (50% of values), and the 
whiskers show the range of the data, excluding the outliers. ND: not 
determined



Page 4 of 9Kallali et al. Orphanet J Rare Dis          (2021) 16:469 

9.3 years for CAIS and 17.4 years for ICHH, which was 
mostly diagnosed during adolescence (31.1% of cases) or 
in adults (46%). Unexpectedly, diagnosis occurred late, 
during adulthood, in a few patients with other condi-
tions, such as GD in 8.8% of cases, ectopic NH in 0.8%, 
and IGHD in 0.4% of cases, and for conditions involv-
ing amenorrhea and infertility, such as TS and CAIS, 
in 11.6% and 22.1% of cases, respectively. Interestingly, 
10.8% of patients with Turner syndrome were diagnosed 
antenatally.

The sex ratio differed between endocrine diseases, with 
a male predominance for IGHD (61.5%), ectopic NH 
(61.3%), ICHH (60.7%) and GD (72.1%). As expected, a 
female predominance was observed in MAS (94.7%) and, 
by definition, all the patients with TS and CAIS were con-
sidered female. Age at diagnosis was determined by sex 
for IGHD, ectopic NH, ICHH and GD (Table 2). Despite 
an absence of difference between the sexes for each dis-
ease per se, male predominance was observed in almost 
all age groups for IGHD and ICHH (Fig. 2). For patients 
with ectopic NH, a balanced sex ratio was observed for 
patients under the age of 5  years, but male predomi-
nance was observed for older patients (Fig. 2). The effect 
of sex on median age at diagnosis also differed between 
endocrine disorders, with earlier diagnosis for female 
patients than for male patients for ectopic NH, and for 
male patients than for female patients for IGHD {2.50 
(0.83–4.83) vs. 4.00 (0.50–8.27) years, p = 0.001} and 
{8.83 (4.33–11.25) vs. 8.17 (4.50–11.42) years, p = 0.07; 
for female and male patients, respectively}.

No temporal trend in age at diagnosis was observed 
in comparisons between the 2006–2012 period and the 
2013–2019 period, for any of the conditions studied (data 
not shown).

Discussion
We report the largest regional multicenter cohort study 
to date evaluating the epidemiology of congenital endo-
crine conditions followed at academic pediatric and adult 
endocrinology centers. This study demonstrates differ-
ences in age at diagnosis for seven congenital chronic 
endocrine diseases, according to the underlying diagnosis 
and sex. Most patients with these congenital endocrine 
disorders were diagnosed during the pediatric period, 
but large differences were found between groups and 
between patients within the same etiological group.

Age at diagnosis has been analyzed separately in some 
chronic congenital conditions. For the most frequently 

studied conditions, such as IGHD, ectopic NH and TS, 
considerable attention has been paid to age at the start of 
GH treatment, which is generally considered to be close 
to age at diagnosis [6, 7]. In our study, the median age 
at IGHD diagnosis was similar to the values previously 
reported, which range from 6.1 to 10.8 years [8–11]. For 
patients with ectopic NH, diagnosis occurred earlier, as 
reported in most studies, probably reflecting the more 
severe phenotype of this condition relative to IGHD 
in terms of the severity of growth hormone deficiency, 
resulting, in most cases, in a greater height deficit with 
respect to mid-parental target height, hormonal deficits 
affecting two or more additional pituitary hormones, 
and clinical symptoms early in infancy, including hypo-
glycemia, prolonged jaundice and/or micropenis and/or 
cryptorchidism in male patients and/or associated extra-
pituitary midline malformations leading to cerebral MRI 
examinations revealing developmental disorders of the 
hypothalamic pituitary axis [12–15]. Our estimate that 
more than one quarter of our patients with ectopic NH 
were diagnosed during the first year of life is consistent 
with this greater severity.

Another interesting finding for IGHD and ectopic NH 
was the male predominance observed in both these sub-
groups, consistent with previous findings [6, 7, 9, 10, 13, 
15, 16]. However, female patients with ectopic NH were 
diagnosed earlier than male patients with this condition, 
suggesting that the disorder was at least as severe in girls 
as in boys [13, 15]. The observed male predominance is 
therefore probably less likely to be due to symptoms or 
greater growth impairment during the pediatric period, 
and more likely to be due to referral bias, greater concern 
about short stature in boys and/or more frequent pre-
scription of GH treatment [10, 17].

Late diagnosis was clearly confirmed for patients with 
TS, relative to previous reports in which median age at 
diagnosis ranged from 6.6 to 15 years [6, 7, 18–24]. We 
found that 10.8% of TS patients were diagnosed ante-
natally, reflecting recent increases in prenatal diagnosis 
relative to previous reports [25, 26]. Conversely, a failure 
to diagnose TS early in life, as in pediatric patients diag-
nosed after the age of 11 years (26.6%) and in patients 
diagnosed as adults (11.6%), may be attributed to a lack 
of concern about short stature and/or pubertal delay in 
girls, depriving patients of appropriate management and 
potentially leading to greater morbidity and mortality, 
a lower quality of life and psychosocial deficits [27–29]. 
Increasing awareness, to favor the earlier diagnosis of 

Fig. 2  Age and sex distribution at diagnosis in patients with seven chronic congenital endocrine diseases affecting growth/development: isolated 
and idiopathic GH deficiency (n = 1593), ectopic neurohypophysis (n = 364), isolated congenital hypogonadotropic hypogonadism (n = 761), 
McCune-Albright syndrome (n = 38), complete androgen insensitivity syndrome (n = 77), gonadal dysgenesis (n = 68), and Turner syndrome (n = 
1478).

(See figure on next page.)
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Turner syndrome, remains a matter of high priority, not 
only in girls with a short stature, but also in those with a 
mild phenotype, delayed puberty or secondary amenor-
rhea [30]. Clinical expertise and algorithms for optimiz-
ing the early detection of abnormal growth in children, 
thereby reducing time-to-diagnosis for TS and GH defi-
ciency, should be developed to improve the health and 
outcomes of these patients [31, 32].

As expected, most patients with isolated congenital 
hypogonadotropic hypogonadism were diagnosed during 
adolescence or early childhood, as this disorder is char-
acterized by an absence of puberty and by infertility [33]. 

Unlike previous reports, boys in our cohort were diag-
nosed significantly earlier than girls [34]. About 12% of 
patients with this condition, mostly boys, were diagnosed 
within the first year of life on the basis of other develop-
mental abnormalities, cryptorchidism, micropenis or a 
familial form of the disorder.

For other rare and complex diseases, such as gonadal 
dysgenesis and CAIS with differences of sex development 
(DSD) due to atypical genital phenotypes with respect 
to genotype, diagnosis often occurred in early infancy. 
However, more than half the patients with CAIS and one 
third of those with gonadal dysgenesis were diagnosed 

Table 1  Age at diagnosis for seven congenital endocrine diseases, by age category

Values are expressed as median ± quartiles, or number (%)

*Antenatal diagnosis in Turner syndrome: n = 160 (10.8%)

**Median age of patients with Turner syndrome diagnosed postnatally: 10.83 (7.00–15.00) years

Number 
of patients 
(Female%)

Missing data
N (%)

Median age 
at diagnosis 
(years)

Patients 
diagnosed
< 5 years 
old

Patients 
diagnosed
[5–11) 
years old

Patients 
diagnosed 
[11–18)
years old

Patients 
diagnosed
≥18 years 
old

Idiopathic isolated growth hormone 
deficiency

1593
(38.5%)

97
(6.1%)

8.42
(4.42-11.33)

418
(26.2%)

637
(40%)

435
(27.3%)

6
(0.4%)

Ectopic posterior pituitary syndrome 364
(38.7%)

0 3.42
(0.50-7.50)

230
(63.2%)

90
(24.7%)

41
(11.3%)

3
(0.8%)

Isolated congenital hypogonadotropic 
hypogonadism

761
(39.3%)

48
(6.3%)

17.42
(14.00-25.00)

105
(13.8%)

21
(2.8%)

237
(31.1%)

350
(46%)

Turner syndrome* 1478
(100%)

38
(2.6%)

9.00**
(0.67-13.69)

478
(32.3%)

397
(26.9%)

393
(26.6%)

172
(11.6%)

McCune-Albright Syndrome 38
(94.7%)

1
(2.6%)

4.67
(2.50-6.58)

23
(60.5%)

12
(31.6%)

2
(5.3%)

ND

Complete androgen insensitivity 
syndrome

77
(100%)

7
(9.1%)

9.25
(0.21-16.00)

33
(42.8%)

3
(3.9%)

17
(22.1%)

17
(22.1%)

Gonadal dysgenesis 46,XY/45,X 68
(27.9%)

3
(4.4%)

0.00
(0.00-9.25)

45
(66.2%)

6
(8.8%)

8
(11.8%)

6
(8.8%)

Table 2  Age at diagnosis, by sex, in patients with isolated growth hormone deficiency, ectopic neurohypophysis, isolated congenital 
hypogonadotropic hypogonadism and gonadal dysgenesis

Values are expressed as median (interquartile range), or number

Female
Median age (interquartile range), in 
years

Male
Median age (interquartile range), in 
years

p

Isolated growth hormone deficiency 8.83
(4.33–11.25)
n = 614

8.17
(4.50–11.42)
n = 979

0.073

Ectopic posterior pituitary syndrome 2.50
(0.83–4.83)
n = 141

4.00
(0.50–8.27)
n = 223

0.001

Isolated congenital hypogonadotropic hypogonadism 18.50
(16.00–26.00)
n = 299

16.00
(11.88–23.00)
n = 462

< 0.001

Gonadal dysgenesis 46,XY/45,X 0.00
(0.00–0.08)
n = 19

0.00
(0.00–11.6)
n = 49

0.026
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after the age of five years, with some not diagnosed until 
adulthood, due to the considerable variability of clinical 
presentations related to specific aspects of these disor-
ders [35–38].

Finally, although MAS is equally frequent in girls 
and boys, a female preponderance was observed in our 
cohort of patients followed in endocrinology depart-
ments, consistent with the findings of previous studies 
[39, 40]. Gonadal involvement is much more frequent 
in girls than in boys, with peripheral precocious puberty 
and metrorrhagia due to estrogen secretion from ovar-
ian cysts occurring in early childhood. Furthermore, 
diagnosis may be difficult in boys, in whom fibrous bone 
dysplasia in isolation or in combination with additional 
features of MAS may be the key to diagnosis. For these 
reasons, this condition is typically recognized mostly in 
girls during early childhood. The management of boys by 
orthopedists/surgeons rather than endocrinologists may 
account for the female preponderance found in our endo-
crinology departments.

One of the major strengths of this study is its inclu-
sion of all the patients from a defined population from 
a reference center for rare diseases including pediatric 
and adult academic clinical departments for whom age 
at diagnosis and etiology were known, over a 14-year 
period. It was, therefore, possible to evaluate subgroups 
of individuals with different disorders, with a large num-
ber of patients in each group. The method used to iden-
tify diagnoses was sufficiently sensitive in most cases. 
However, this study also had several inherent limitations, 
due to its observational nature and the heterogeneity of 
study subjects, who were diagnosed at various ages, from 
the neonatal period into adulthood. Unfortunately, with 
the method used, we were able to obtain information 
only about age at diagnosis and sex. No information was 
available concerning the clinical symptoms leading to the 
diagnosis of each disorder. This study cannot, therefore, 
provide further insight into the mechanisms underlying 
late diagnosis in some patients, particularly for patients 
diagnosed in adulthood. It was also impossible to con-
trol for potential familial cases within this cohort, which 
might have affected age at diagnosis due to the poten-
tially greater concern of the parents. We attempted to 
minimize selection bias by assessing a broad population 
of patients, but some selection bias may have remained 
and may have affected the accuracy of median age at 
diagnosis estimates, as patients not followed at endocri-
nology centers were not evaluated. We cannot, therefore, 
rule out the possibility that there was a residual selection 
bias due to the non-inclusion of patients not followed at 
endocrinology centers, particularly for boys with MAS, 
who are mostly followed for non-endocrine manifesta-
tions of the disease. Finally, our study includes patients 

recruited from academic departments in a single region 
of France. This may also have affected the results, due to 
the omission of affected individuals followed in decen-
tralized healthcare structures. Moreover, given that 
our institution is a tertiary referral center, there may be 
a selection bias for patients at higher risk, and it was 
unknown whether the patients had been seen at another 
institution before evaluation at our center.

Conclusion
This study provides further insight into age at diagnosis 
and its relationship to sex for several major congenital 
endocrine disorders. These original findings have impor-
tant clinical implications for patient management, as they 
highlight the need for the early recognition of features 
associated with chronic endocrine disorders of child-
hood onset, potentially improving their long-term out-
comes. The potential sex bias in some of these conditions 
requires further exploration, but our findings highlight 
the utility of developing algorithms for facilitating the 
identification of patients at an early age, due to the inher-
ently high risk of these patients developing comorbid 
conditions. Future studies should also explore the value 
of these algorithms for application in the primary care 
setting and improvements in healthcare organization to 
reduce the time-to-diagnosis for heterogeneous groups 
of patients with rare conditions. Continuous monitoring 
of standardized data collection in databases such as the 
one used here is required, to follow trends and to facili-
tate large-scale multicenter studies.

Abbreviations
IGHD: Isolated growth hormone deficiency; Ectopic NH: Ectopic neurohypo‑
physis; ICHH: Isolated congenital hypogonadotropic hypogonadism; TS: Turner 
syndrome; MAS: McCune–Albright syndrome; CAIS: Complete androgen 
insensitivity syndrome; GD: Gonadal dysgenesis.

Authors’ contributions
WK contributed to the analysis and interpretation of data and drafted the 
manuscript. CM, RS carried out the statistical analyses. SL contributed to the 
analysis and interpretation of data and critically reviewed and revised the 
manuscript. MV, JD, MN contributed to data acquisition and revision of the 
manuscript. DS, MH, BD, CC, GDF collected data, contributed to the interpreta‑
tion of data and critically reviewed and revised the manuscript. JCC, SCM, PT, 
IN, MP conceptualized and designed the study, contributed to the interpreta‑
tion of data and critically reviewed and revised the manuscript. JL conceptual‑
ized and designed the study, coordinated and supervised data collection and 
analysis, contributed to data interpretation, and supervised the writing of the 
manuscript. All authors read and approved thefinal manuscript.

Funding
The authors are members of the French Reference Center for Growth and 
Development Endocrine Diseases (http://​crmerc.​aphp.​fr), which is funded by 
the French Ministry of Health (Rare Disease Plan). Data collection, analysis and 
interpretation, and the decision to submit the paper for publication were the 
responsibility of the authors alone. The funding sources had no role in study 
design, data collection, data interpretation, data analysis, or the writing of the 
report.

http://crmerc.aphp.fr


Page 8 of 9Kallali et al. Orphanet J Rare Dis          (2021) 16:469 

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval
The study protocol was approved by the Paris Nord Ethics Review Committee 
for Biomedical Research Projects (CEERB) (No. 12-029).

Consent for publication
All the authors have approved the submitted version.

Competing interests
The authors declare that they have no competing interests

Author details
1 Pediatric Endocrinology‑Diabetology Department, Reference Center 
for Growth and Development Endocrine Diseases, Robert Debré University 
Hospital, Assistance Publique-Hôpitaux de Paris, Université de Paris, 48 Bd 
Sérurier, 75019 Paris, France. 2 Banque Nationale de Données Maladies Rares, 
DSI‑I&D, APHP, Paris, France. 3 Pediatric Endocrinology, Gynecology and Dia‑
betology Department, Reference Center for Growth and Development 
Endocrine Diseases, Necker University Hospital, Assistance Publique-Hôpitaux 
de Paris, Université de Paris, 75015 Paris, France. 4 Pediatric Endocrinology Unit, 
Reference Center for Growth and Development Endocrine Diseases, Trous‑
seau University Hospital, Assistance Publique-Hôpitaux de Paris, Sorbonne 
Université, 75012 Paris, France. 5 Endocrinology Department, Reference Center 
for Growth and Development Endocrine Diseases, Saint Antoine Univer‑
sity Hospital, Assistance Publique-Hôpitaux de Paris, Sorbonne Université, 
75012 Paris, France. 6 Endocrinology Department, Reference Center for Growth 
and Development Endocrine Diseases, La Pitié Salpétrière University Hospital, 
Assistance Publique-Hôpitaux de Paris, Sorbonne Université, 75013 Paris, 
France. 

Received: 9 June 2021   Accepted: 24 October 2021

References
	1.	 Ali SR, Bryce J, Cools M, Korbonits M, Beun JG, Taruscio D, et al. The cur‑

rent landscape of European registries for rare endocrine conditions. Eur J 
Endocrinol. 2019;180:89–98.

	2.	 Léger J, Olivieri A, Donaldson M, Torresani T, Krude H, van Vliet G, et al. 
European Society for Paediatric Endocrinology consensus guidelines on 
screening, diagnosis, and management of congenital hypothyroidism. J 
Clin Endocrinol Metab. 2014;99:363–84.

	3.	 Coulm B, Coste J, Tardy V, Ecosse E, Roussey M, Morel Y, et al. Efficiency of 
neonatal screening for congenital adrenal hyperplasia due to 21-hydroxy‑
lase deficiency in children born in mainland France between 1996 and 
2003. Arch Pediatr Adolesc Med. 2012;166:113–20.

	4.	 French_National_Plan.pdf [Internet]. [cited 1 Apr 2021]. Available from: 
https://​www.​orpha.​net/​actor/​Europ​aNews/​2006/​doc/​French_​Natio​nal_​
Plan.​pdf

	5.	 Choquet R, Landais P. The French national registry for rare diseases: an 
integrated model from care to epidemiology and research. Orphanet J 
Rare Dis. 2014;9(Suppl 1):O7.

	6.	 Ranke MB, Lindberg A, on behalf of the KIGS International Board. 
Observed and predicted total pubertal growth during treatment with 
growth hormone in adolescents with idiopathic growth hormone 
deficiency, Turner syndrome, short stature, born small for gestational age 
and idiopathic short stature: KIGS analysis and review. Horm Res Paediatr. 
2011;75:423–32.

	7.	 Child CJ, Zimmermann AG, Chrousos GP, Cummings E, Deal CL, 
Hasegawa T, et al. Safety outcomes during pediatric GH therapy: final 
results from the prospective GeNeSIS observational program. J Clin 
Endocrinol Metab. 2019;104:379–89.

	8.	 Carel J-C. Adult height after long term treatment with recombinant 
growth hormone for idiopathic isolated growth hormone deficiency: 

observational follow up study of the French population-based registry. 
BMJ. 2002;325(7355):70–70.

	9.	 Darendeliler F, Ranke MB, Bakker B, Lindberg A, Cowell CT, Albertsson-
Wikland K, et al. Bone age progression during the first year of growth 
hormone therapy in pre-pubertal children with idiopathic growth 
hormone deficiency, Turner syndrome or idiopathic short stature, and in 
short children born small for gestational age: analysis of data from KIGS 
(Pfizer International Growth Database). Horm Res Paediatr. 2005;63:40–7.

	10.	 Ranke MB, Lindberg A, Tanaka T, Camacho-Hübner C, Dunger DB, Gef‑
fner ME. Baseline characteristics and gender differences in prepubertal 
children treated with growth hormone in Europe, USA, and Japan: 25 
years’ KIGS® experience (1987–2012) and review. Horm Res Paediatr. 
2017;87:30–41.

	11.	 Zborovski S, Palmert MR, Harrington J. Limited utility of biochemical 
screening for pituitary deficiencies and adverse effects in idiopathic GH 
deficiency. J Endocr Soc. 2019;3:1022–30.

	12.	 Tauber M, Chevrel J, Diene G, Moulin P, Jouret B, Oliver I, et al. Long-
term evolution of endocrine disorders and effect of GH therapy in 35 
patients with pituitary stalk interruption syndrome. Horm Res Paediatr. 
2005;64:266–73.

	13.	 Simon D, Hadjiathanasiou C, Garel C, Czernichow P, Leger J. Phe‑
notypic variability in children with growth hormone deficiency 
associated with posterior pituitary ectopia. Clin Endocrinol (Oxf ). 
2006;0:060222010233011.

	14.	 Gascoin-Lachambre G, Brauner R, Duche L, Chalumeau M. Pituitary stalk 
interruption syndrome: diagnostic delay and sensitivity of the auxo‑
logical criteria of the Growth Hormone Research Society. PLoS ONE. 
2011;6:e16367.

	15.	 Bar C, Zadro C, Diene G, Oliver I, Pienkowski C, Jouret B, et al. Pituitary 
stalk interruption syndrome from infancy to adulthood: clinical, hormo‑
nal, and radiological assessment according to the initial presentation. 
PLoS ONE. 2015;10:2354.

	16.	 Reynaud R, Albarel F, Saveanu A, Kaffel N, Castinetti F, Lecomte P, 
et al. Pituitary stalk interruption syndrome in 83 patients: novel HESX1 
mutation and severe hormonal prognosis in malformative forms. Eur J 
Endocrinol. 2011;164:457–65.

	17.	 Grimberg A, Huerta-Saenz L, Grundmeier R, Ramos MJ, Pati S, Cucchiara 
AJ, et al. Gender bias in US pediatric growth hormone treatment. Sci Rep. 
2015;5:11099.

	18.	 Massa G. Trends in age at diagnosis of Turner syndrome. Arch Dis Child. 
2005;90:267–8.

	19.	 Stochholm K, Juul S, Juel K, Naeraa RW, Højbjerg Gravholt C. Prevalence, 
incidence, diagnostic delay, and mortality in Turner syndrome. J Clin 
Endocrinol Metab. 2006;91:3897–902.

	20.	 Schoemaker MJ, Swerdlow AJ, Higgins CD, Wright AF, Jacobs PA. Mortality 
in women with Turner syndrome in Great Britain: a national cohort study. 
J Clin Endocrinol Metab. 2008;93:4735–42.

	21.	 Fiot E, Zenaty D, Boizeau P, Haigneré J, Dos Santos S, Léger J, et al. 
X-chromosome gene dosage as a determinant of impaired pre and 
postnatal growth and adult height in Turner syndrome. Eur J Endocrinol. 
2016;174:281–8.

	22.	 Vincent AJ, Nguyen HH, Ranasinha S, Vollenhoven B. Increased detection 
of co-morbidities with evaluation at a dedicated adult Turner syndrome 
clinic. Climacteric. 2017;20:442–7.

	23.	 Woelfle J, Lindberg A, Aydin F, Ong KK, Camacho-Hubner C, Gohlke B. 
Secular trends on birth parameters, growth, and pubertal timing in girls 
with Turner syndrome. Front Endocrinol. 2018;9:54.

	24.	 Berglund A, Viuff MH, Skakkebæk A, Chang S, Stochholm K, Gravholt 
CH. Changes in the cohort composition of Turner syndrome and severe 
non-diagnosis of Klinefelter, 47,XXX and 47,XYY syndrome: a nationwide 
cohort study. Orphanet J Rare Dis. 2019;14:16.

	25.	 Baena N, De Vigan C, Cariati E, Clementi M, Stoll C, Caballín MR, et al. 
Turner syndrome: Evaluation of prenatal diagnosis in 19 European 
registries: prenatal diagnosis of Turner syndrome. Am J Med Genet A. 
2004;129A:16–20.

	26.	 Viuff MH, Stochholm K, Uldbjerg N, Nielsen BB, the Danish Fetal Medicine 
Study Group, Gravholt CH. Only a minority of sex chromosome abnor‑
malities are detected by a national prenatal screening program for Down 
syndrome. Hum Reprod. 2015;30:2419‑26.

	27.	 Ostberg JE, Conway GS. Adulthood in women with Turner syndrome. 
Horm Res Paediatr. 2003;59:211–21.

https://www.orpha.net/actor/EuropaNews/2006/doc/French_National_Plan.pdf
https://www.orpha.net/actor/EuropaNews/2006/doc/French_National_Plan.pdf


Page 9 of 9Kallali et al. Orphanet J Rare Dis          (2021) 16:469 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	28.	 Carel J-C. Growth hormone in Turner syndrome: twenty years after, what 
can we tell our patients? J Clin Endocrinol Metab. 2005;90:3793–4.

	29.	 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:G1-70.

	30.	 Lin AE, Prakash SK, Andersen NH, Viuff MH, Levitsky LL, Rivera-Davila M, 
et al. Recognition and management of adults with Turner syndrome: 
From the transition of adolescence through the senior years. Am J Med 
Genet A. 2019;179:1987–2033.

	31.	 Scherdel P, Matczak S, Léger J, Martinez-Vinson C, Goulet O, Brauner 
R, et al. Algorithms to define abnormal growth in children: external 
validation and head-to-head comparison. J Clin Endocrinol Metab. 
2019;104:241–9.

	32.	 Alexandrou E, Cabrera-Salcedo C, Labilloy G, Tyzinski L, Smolarek TA, 
Andrew M, et al. Algorithm-driven electronic health record notification 
enhances the detection of Turner syndrome. J Pediatr. 2020;216:227–31.

	33.	 Boehm U, Bouloux P-M, Dattani MT, de Roux N, Dodé C, Dunkel L, et al. 
European Consensus Statement on congenital hypogonadotropic hypo‑
gonadism—pathogenesis, diagnosis and treatment. Nat Rev Endocrinol. 
2015;11:547–64.

	34.	 Bonomi M, Vezzoli V, Krausz C, Guizzardi F, Vezzani S, Simoni M, et al. 
Characteristics of a nationwide cohort of patients presenting with 
isolated hypogonadotropic hypogonadism (IHH). Eur J Endocrinol. 
2018;178:23–32.

	35.	 Cheikhelard A, Morel Y, Thibaud E, Lortat-Jacob S, Jaubert F, Polak M, 
et al. Long-term followup and comparison between genotype and 

phenotype in 29 cases of complete androgen insensitivity syndrome. J 
Urol. 2008;180:1496–501.

	36.	 Khorashad BS, Roshan GM, Reid AG, Aghili Z, Hiradfar M, Afkhamizadeh 
M, et al. Sexual orientation and medical history among Iranian people 
with complete androgen insensitivity syndrome and congenital adrenal 
hyperplasia. J Psychosom Res. 2017;92:55–62.

	37.	 Lindhardt Johansen M, Hagen CP, Rajpert-De Meyts E, Kjærgaard S, 
Petersen BL, Skakkebæk NE, et al. 45, X/46, XY Mosaicism: phenotypic 
characteristics, growth, and reproductive function—a retrospective 
longitudinal study. J Clin Endocrinol Metab. 2012;97:E1540-9.

	38.	 Cools M, Wolffenbuttel KP, Drop SLS, Oosterhuis JW, Looijenga LHJ. 
Gonadal development and tumor formation at the crossroads of male 
and female sex determination. Sex Dev Genet Mol Biol Evol Endocrinol 
Embryol Pathol Sex Determ Differ. 2011;5:167–80.

	39.	 Albers N, Jörgens S, Deiss D, Hauffa BP. McCune-Albright syndrome–the 
German experience. J Pediatr Endocrinol Metab JPEM. 2002;15(Suppl 
3):897–901.

	40.	 Cho E-K, Kim J, Yang A, Ki C-S, Lee J-E, Cho SY, et al. Clinical and endocrine 
characteristics and genetic analysis of Korean children with McCune–
Albright syndrome: a retrospective cohort study. Orphanet J Rare Dis. 
2016;11:113.

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


	Age at diagnosis in patients with chronic congenital endocrine conditions: a regional cohort study from a reference center for rare diseases
	Abstract 
	Background: 
	Objective: 
	Patients and Methods: 
	Results: 
	Conclusion: 

	Introduction
	Patients and methods
	Patients
	Study protocol
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


