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The “360° GH in Europe” meeting, which examined various aspects of GH diseases,
was held in Lisbon, Portugal, in June 2016. The Merck KGaA (Germany) funded meeting
comprised three sessions entitled “Short Stature Diagnosis and Referral,” “Optimizing
Patient Management,” and “Managing Transition.” Each session had three speaker pre-
sentations, followed by a discussion period, and is reported as a manuscript, authored
by the speakers. The first session examined current processes of diagnosis and referral
by endocrine specialists for pediatric patients with short stature. Requirements for
referral vary widely, by country and by patient characteristics such as age. A balance
must be made to ensure eligible patients get referred while healthcare systems are not
over-burdened by excessive referrals. Late referral and diagnosis of non-GH deficiency
conditions can result in increased morbidity and mortality. The consequent delays in
making a diagnosis may compromise the effectiveness of GH treatment. Algorithms for
growth monitoring and evaluation of skeletal disproportions can improve identification
of non-GH deficiency conditions. Performance and validation of guidelines for diagnosis
of GH deficiency have not been sufficiently tested. Provocative tests for investigation of
GH deficiency remain equivocal, with insufficient information on variations due to patient
characteristics, and cutoff values for definition differ not only by country but also by the
assay used. When referring and diagnosing causes of short stature in pediatric patients,
clinicians need to rely on many factors, but the most essential is clinical experience.
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INTRODUCTION

A pediatric patient with short stature and no clinically evident reason generally requires referral to
an endocrine specialist to identify the cause. The subsequent diagnosis may include one of several
conditions in which GH therapy has been approved for use. Guidelines for referral vary widely, but
should be sufficient to enable patients to receive appropriate treatment without over-burdening the
healthcare systems. For optimal efficacy of GH treatment, the appropriate diagnosis should be made
and treatment initiated as early as possible in the life of the patient (1). Published guidelines for diag-
nosis of conditions that require GH therapy are not universal or free from inaccuracies, varying with
both the immunoassays used (2, 3) and clinical factors such as the age and body mass index (BMI) of
the patient (4, 5). Cutoff values of GH provocation tests used to determine whether a patient receives
GH treatment also vary according to country-specific regulations and socioeconomic conditions.
While the majority of short stature cases treatable with GH involve idiopathic GH deficiency, the
cause must be identified as specifically as possible and there are a number of non-GH deficiency
short stature conditions that have approval in various countries and for individual GH formulations

Frontiers in Endocrinology | www.frontiersin.org 1

January 2018 | Volume 8 | Article 374


http://www.frontiersin.org/Endocrinology/
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2017.00374&domain=pdf&date_stamp=2018-01-11
http://www.frontiersin.org/Endocrinology/archive
http://www.frontiersin.org/Endocrinology/editorialboard
http://www.frontiersin.org/Endocrinology/editorialboard
https://doi.org/10.3389/fendo.2017.00374
http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
https://creativecommons.org/licenses/by/4.0/
mailto:tilman.rohrer@uks.eu
https://doi.org/10.3389/fendo.2017.00374
https://www.frontiersin.org/Journal/10.3389/fendo.2017.00374/full
http://loop.frontiersin.org/people/9473
http://loop.frontiersin.org/people/464534
http://loop.frontiersin.org/people/459824
http://loop.frontiersin.org/people/459823

Maghnie et al.

Diagnosis and Referral: Short Stature

(6, 7). The following report summarizes the first of the three ses-
sions from a meeting held in Lisbon, Portugal, funded by Merck
KGaA (Germany), which aimed to examine aspects of diagnosis
and referral for GH treatment. The reports from the sessions on
optimizing patient management and on transition from pediatric
to adult care are published in accompanying articles (8, 9).

CLINICAL INDICATIONS FOR REFERRAL
FOR SHORT STATURE

Short stature can be due to various etiologies and the cause may
be a primary or secondary growth disorder, or idiopathic (10).
Primary growth disorders are intrinsic to the growth plate and
include clinically defined syndromes, factors that result in being
born small for gestational age (SGA), and skeletal dysplasias.
Secondary growth disorders are believed to change the milieu of
the growth plate and include GH deficiency, disorders of the GH-
insulin-like growth factor (IGF)-I axis including IGF-I deficiency
or resistance, endocrine and metabolic disorders, organ system
disorders, malnutrition, psychosocial disorders, and iatrogenic
conditions. Patients with idiopathic short stature (ISS) have no
discernible cause, the condition is very heterogeneous and may
be either familial or non-familial. In all cases, an early diagnosis
is important and, therefore, height screening programs must be
sufficiently sensitive and specific to ensure timely detection and
treatment (11). The prevalence of pathological cases among chil-
dren referred for short stature has been reported to range from
1.3t0 19.8% (11), depending on the criteria for referral. There are
no indicators to suggest that pathological causes of growth failure
have different prevalence in different countries, except for growth
failure caused by malnutrition, which is obviously dependent on
socioeconomic circumstances.

After exclusion of clinical conditions that may result in short
stature, a diagnosis of the cause of growth failure and potential
need for GH treatment should be made by an endocrine spe-
cialist. Such patients require a referral, which may come from a
variety of sources within the healthcare system. Guidelines for
referral vary in different countries (12), but strict application
of criteria may lead to unnecessary referrals that over-burden
the healthcare system (13). A comparison of Dutch, Finnish,
and UK guidelines, based on height standard deviation score
(SDS), height SDS in relation to target height SDS, and height
SDS deflection, found sensitivities of 74, 78, and 57% for the
respective guidelines when using all three criteria (Table 1)
(14). However, the study indicated that up to 25% of children

with pathological growth failure may not be identified and other
factors need to be considered, such as clinical examination and
phenotype. There is a strong gender bias in referrals for short
stature, with girls much less likely to be referred than boys (15,
16) and an ethnic bias may also be present (16). In all cases, up-
to-date growth standards should be used, and wherever possible
they should be population specific. A study of Finnish girls with
Turner syndrome found a greatly increased sensitivity to detect
the condition when using population-specific Finnish standards
compared with use of WHO standards (17). Similarly, a study
of USA children with cystic fibrosis at age 2 years found growth
failure in 9% when using WHO standards compared with 26%
when using USA CDC prevention standards (18).

The algorithms required for referral for diagnostic work-up in
cases with short stature differ according to the age of the patient
(19, 20). For patients less than 3 years old, phases of catch-up
growth occur and repeated measurements of height SDS are
necessary. At that age, height measurements have high variability
and less accuracy, and the decision rules based on distance from
target height and/or height deflection have low-predictive value;
therefore, referral should be based on severe short stature (height
SDS <—3) or repeated measurements (height SDS <—2.5 repeated
within 1 year). For patients older than 3 years, in addition to height
SDS, multiple factors should be taken into consideration, such as
a history of being born SGA, body disproportion, dysmorphic
features, emotional deprivation or subnormal growth velocity,
and distance from target height. However, such algorithms are
only diagnostic tools and clinical judgment must be used in all
cases.

Efficacy of GH treatment is better when started at a young
age, and diagnosis should, therefore, be made as early as pos-
sible. Diagnostic delay was retrospectively examined in a cohort
of 21 patients with pituitary stalk interruption syndrome and
GH deficiency (21). The median age at diagnosis was 3.6 years,
but examination of auxological criteria, as defined by the GH
Research Society (22), indicated a median delay in diagnosis of
2.3 years. The most effective criterion was height SDS more than
1.5 below target height SDS, with 90% of the patients meeting this
criterion at median age of 1 year (21).

Similarly, a delay in diagnosis of children with celiac disease
and associated growth failure was observed (23); the study
found that growth monitoring could have identified children
with abnormal growth 2-3 years prior to the diagnosis of celiac
disease. However, no single factor provided sufficient sensitivity
and a combination of auxological factors was required. A delay
in diagnosis of children with Turner syndrome has also been

TABLE 1 | Comparison of country-specific guidelines for referral of short children for diagnostic work-up.

Auxological criteria Dutch guideline

Finnish guideline British guideline

Cutoff Sensitivity (%) Specificity (%) Cutoff Sensitivity (%) Specificity (%)

Cutoff Sensitivity (%) Specificity (%)

Height SDS <-25 48 99.1 <-2.2 74 98.4 <=2.7 30 99.4
Height SDS-target height SDS  <-1.6 70 99.1 <-2.2 61 94.4 <-2.0 39 99.0
Height deflection >1.0 SD 4 99.9 >2.2 SD 9 88.0 >1.3 SD 4 97.1
Any of the above criteria 74 98.5 78 83.7 57 95.8

Adapted from data reported by Stalman et al. (14).
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shown, and a combination of factors was also found to enable
identification at an early age (24, 25). The age of diagnosis of
Turner syndrome is typically older than 10 years, with 22% of
cases diagnosed at age >12 years; using factors of height SDS
<—2, height SDS minus target height SDS <—2, and growth rate
could have identified approximately 80% of patients with short
stature at age <5 years (25).

There is currently no consensus on which screening tests
should be performed when evaluating children with short stature.
The pathology detection rate in asymptomatic short children
remains low. In a retrospective review of 1,373 referrals for short
stature to a pediatric endocrine clinic, there were 235 children
with height less than the third percentile who were normal on
physical examination and had a normal growth velocity (>5 cm/
year) with no abnormal medical history (26). Only three of these
children had a newly diagnosed pathology, and almost 99% had
no evident pathology on laboratory or radiological screening and
were considered to be normal variant short stature, implying that
there is a very low incidence of pathology in healthy short children
growing at a normal rate. Of the three with pathology relating to
short stature, one had IGF-I resistance and two had celiac disease,
and celiac disease may be the underlying cause of short stature in
2-8% of cases, particularly when other causes are excluded.

Factors such as normal IGF-I and growth velocity >25th
percentile reduce the likelihood of GH deficiency as the cause
of short stature (27). Highly sensitive decision rules have been
suggested to identify which patients require GH testing (28).
Therefore, evaluations of such patients should be directed, based
on medical history and careful clinical examination. Algorithms
can be drawn up to enable identification of the causes of short
stature based on body proportions, prenatal growth, and IGF-I
levels (11, 29, 30). Such algorithms can be used to determine
whether genetic testing is required to detect causes of short stature
other than GH deficiency (29). Algorithms can also be integrated
into electronic records for automated growth monitoring and are
more efficient than standard monitoring, so they have become the
preferred option in current clinical practice.

DIAGNOSIS AND REFERRAL FOR NON-
GH DEFICIENCY DISORDERS

Height screening programs in primary healthcare are not univer-
sal, even in developed countries, which frequently results in late
diagnosis of growth disorders. In patients with Turner syndrome,
late diagnosis at a median age of 15 years was found to be associ-
ated with increased mortality and incidence of comorbidities
such as congenital heart defects and ovarian dysfunction (24).
Conversely, children born SGA are more often diagnosed early,
resulting in a longer duration of GH treatment and consequent
increased height gain.

In order to improve referral, collaboration between primary
and secondary healthcare providers should be promoted for
monitoring of growth of children. In the Netherlands, guidelines
for referral are based on screening parameters of height SDS,
height SDS relative to target height SDS, and height SDS deflec-
tion, but result in approximately 38% of all children requiring
referral (13). However, these evidence-based guidelines, based

on an algorithm for diagnosis, are considered to provide the
best sensitivity and specificity (11, 12). The algorithm includes
a parameter of disproportion or dysmorphic features, which can
indicate conditions such as short-stature homeobox (SHOX) gene
insufficiency and Noonan syndrome.

Turner syndrome occurs in about 1 in 2,000 live-born girls and
diagnosis is based on short stature, hypogonadism, and minor
anomalies (31). Where an X chromosome is completely or partly
missing, the condition may be associated with other anomalies
due to SHOX haploinsufficiency (30). Diagnosis can occur pre-
natally, in newborns with lymphedema, in small children with
short stature, at school age when associated with delayed puberty
or, in rare cases, precocious puberty (32), or in adolescents with
primary amenorrhea.

Skeletal disproportions can be detected by plotting the
extremities-to-trunk ratio against height, with a deviation >—1
SD indicating SHOX protein deficiency. Noonan syndrome is
an autosomal dominant inherited condition with prevalence of
approximately 1 in 2,000 live births (33). The condition is associ-
ated with mutations in the PTPNI11 gene and other genes in the
Ras/MAP kinase signaling pathway. Patients are characterized by
facial dysmorphology, heart defects, and short stature, although
GH is generally normal but GH sensitivity may be reduced.

Automated screening using electronic health records helps to
improve referrals for such patients with short stature. In Finland,
primary care nurses are trained in anthropometry techniques
and population-specific growth references are available (34, 35).
Screening rules are integrated into each child’s electronic records,
with automatic transfer of abnormal values to a pediatric endo-
crinologist. Testing of this automated growth monitoring over a
1-year period resulted in an increase in prevalence of detection
of growth disorders in the Finnish population from 5.9 to 13.4%
of referred children (35). In Germany, between the years 2000
and 2005 the CrescNet program developed at Leipzig University
enabled a reduction in age of identification of GH deficiency and
earlier initiation of GH treatment (36). This systematic screening
program now includes a large number of medical practices and
pediatric endocrinology centers, and mean age at GH start has
continued to decrease across the country.

The WHO growth standards are still used in approximately
125 countries, even though children in Finland were shown to
be 0.2-0.8 SD taller. Thus, use of the WHO standards would miss
about half of the patients with Turner syndrome (17). For screen-
ing of patients born SGA, who require monitoring for continued
short stature, software systems using population-specific neonatal
records are available (36-38). While laboratory evaluations for
multiple factors such as renal function, liver function, thyroid
hormone levels, karyotyping, and skeletal dysmorphism are
available, laboratory testing without specific diagnostic questions
is not cost-efficient (26). Ultimately, indiscriminate testing cannot
replace clinical skills in evaluation of patients with short stature.

GAPS IN THE DIAGNOSIS OF SHORT
STATURE DUE TO GH DEFICIENCY

A patient who is identified as having short stature is referred to an
endocrine specialist for investigation of the cause. The diagnosis
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is made from clinical and phenotype assessments with growth
monitoring and laboratory evaluations. Among conditions with
approval for GH therapy, the most frequently identified cause is
GH deficiency and evaluation of GH secretory status is required.
In cases with suspected hypopituitarism, hypothalamic-pituitary
imaging is advisable to exclude tumors and identify ectopic and
hypoplastic pituitary glands; targeted genetic analyses may also
be carried out. For patients thought likely to respond to GH in
terms of growth, treatment requires appropriate resources and
facilities to be in place, which will differ by country and also by
the socioeconomic environment for the particular patient situa-
tion. However, there appears to be a gender bias in GH treatment
of children with short stature in many countries; males are much
more likely to receive GH treatment, irrespective of the underly-
ing diagnosis of the cause of short stature (15, 39).

Guidelines for initiation of endocrine investigation and for
ensuring that children and adolescents with GH deficiency are
identified appropriately were published by the GH Research
Society in 2000 (22) and, more recently, by the Pediatric
Endocrine Society (40). However, the performance of the guide-
lines and the level of validation have never been tested, and the
guidelines start with the presumption that other causes of short
stature, such as hypothyroidism and chronic systemic diseases,
have been excluded. A recent systematic survey (19) of more than
1,500 publications with reported algorithms for growth monitor-
ing found no consensus on conditions that should be targeted.
The study identified six conditions that had been targeted (Turner
syndrome, celiac disease, cystic fibrosis, GH deficiency, renal
tubular acidosis, and SGA), but standardization of detection
tools was very low, none of the studies had internal validation,
and external validation was often incomplete. The information
implied that the evidence supporting growth monitoring is
suboptimal in most countries, which results in delayed diagnosis
of severe disorders and inappropriate referrals of children with
normal variants of growth. Therefore, while early detection of
underlying causes of growth disorders is warranted, there remains
a need for identifying priority target conditions and appropriate
detection tools.

A survey among pediatric endocrinologists around the world,
and specifically members of the European Society of Pediatric
Endocrinology, showed that growth monitoring was very variable
and laboratory investigations for diagnostic work-up were fre-
quently not applied in routine clinical practice (12). Laboratory
determinations to identify cases of GH deficiency include GH
stimulation tests, but these need to be carried out appropriately. In
a study designed to characterize possible causes of false-positive
diagnoses of GH deficiency, the effects of calorie intake were
examined (41). Insulin or arginine stimulation tests were carried
out before and after 3 days on a hypocaloric diet. The results
showed that GH response was significantly increased after the
hypocaloric diet. The strong influence of diet clearly contributes
to poor reproducibility of stimulation tests and a high incidence
of false positives.

In very young children, the GHRH-arginine test may not
conclusively differentiate GH deficiency from normal (42) and
the insulin tolerance test may result in hypoglycemia due to high
sensitivity to insulin (43). Accuracy of the glucagon test was

examined in a study of children younger than 6 years who had
GH deficiency confirmed by peak GH less than 10 pg/l in insulin
and arginine tests (44). The mean GH response to glucagon was
significantly greater than both the insulin and arginine tests,
indicating confusing diagnostic information depending on which
of the current stimulation tests is used. The peak GH response
to glucagon was correlated inversely with age of the patient,
although not with BMI. However, other studies have shown that
BMI significantly affects response to GH stimulation tests, with
reduced peak GH seen in obese children (5). Therefore, norma-
tive data for each stimulation test according to age, sex, and BMI
are required.

To define GH deficiency, a cutoff for peak stimulated GH
concentration below 10 pg/l was often used, as suggested by
the GH Research Society (22). However, cutoff values of 3 or
5 pg/l are also used and the cutoff remains somewhat arbitrary
(40, 45). In addition, the cutoff values for commercially available
immunoassay-based GH stimulation tests have been shown to
vary greatly, with little reference data available (2). A survey of 19
health centers in Germany found little agreement between results
(46) and an audit of current practices in Europe suggested that
cutoffs were based on tradition rather than assay characteristics
(47). In another study, cutofts of 4.3-7.8 pg/l were found for dif-
ferent assays, against a value of 7.1 ug/l for an automated system
validated against isotope-dilution mass spectrometry (3). Thus,
clinicians should ensure that they are familiar with the assay
being used in their local laboratory and should be aware of the
impact of factors such as age, nutritional status, BMI, sex, and
pubertal stage.

As well as biochemical tests, magnetic resonance imaging
(MRI) of the central nervous system is often used to classify
patients with GH deficiency. In a large observational study of
patients receiving GH treatment, there were 1,844 with a diagno-
sis of either ISS or born SGA (48). Pituitary abnormalities were
found on MRI in 151 of these patients, with pituitary hypoplasia
observed most frequently. Ectopic posterior pituitary was found
in 20 of the patients, which were equally distributed between
the diagnoses of ISS and SGA. This result suggested that there
was misclassification of patients based on the GH response to
stimulation testing. In a recent anecdotal case, a boy aged 8 years
and 8 months was diagnosed with GH deficiency at age 3 years,
based on short stature and severe hypoglycemia. An earlier MRI
showed no bright spot of the posterior pituitary, but no further
action was taken because no evidence of diabetes insipidus was
found. Examination of a second MRI showed that the patient had
anterior pituitary hypoplasia, pituitary stalk agenesis, and ectopic
posterior pituitary at the level of median eminence, which was
incorrectly measured as a 3-mm-thick pituitary stalk (personal
communication). Thus, MRI pitfalls in the diagnosis of structural
pituitary abnormalities in inexperienced hands suggest that MRI
is a factor that should be examined very carefully when making a
diagnosis in a patient with short stature.

DISCUSSION SESSION

Identifying the need to treat patients with GH remains chal-
lenging in a number of conditions, for instance IGF-I resistance.
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In such cases, the clinician must first rule out GH deficiency
and then assess the status of the IGF receptor, if considered
necessary. Algorithms for identifying growth disorders generally
assume normal weight, but an abnormal BMI can be used to
assess nutritional disorders or conditions such as cystic fibrosis.
In order to improve diagnosis of short stature in patients with
Turner syndrome, healthcare practitioners need to be given better
criteria for testing, and factors such as delayed puberty need to be
taken more seriously. Clinicians also need guidelines to identify
the need for referral for children with suspected Prader-Willi
syndrome. An international consensus has been reported (49)
and it was noted that in Germany there are published national
criteria and a methylation test is always performed in suspected
cases.

Small for gestational age is a heterogeneous condition and
the term “children born SGA” is essentially a description and not
strictly a diagnosis. The diagnosis of GH deficiency and pituitary
dysfunction may be missed in a number of patients (48) and there
is a high frequency of pituitary defects, leading to the question
of whether MRI should be used routinely in SGA. In general, it
would be recommended to look at the patient’s phenotype and
characteristics in cases of suspected GH deficiency and at IGF-I
status before performing an MRI. However, GH is often initiated
without sufficient testing, where patients may have conditions
such as a mid-line defect, and there are protocols to identify indi-
viduals who should have MRI assessment. Not all children born
SGA are followed up, and only children born less than 1,500 g are
routinely followed.

There remain defects in testing for GH deficiency and WHO
charts are not good for diagnosis in some conditions associated
with short stature. It was noted that currently in Australia diagno-
sis of short stature is based on auxology, with limited laboratory
testing (50), although there are no reports at present to indicate
whether this is cost effective. However, auxology criteria are
applied accurately and carefully in order to avoid over-treating
of patients. Additionally, automated electronic records are avail-
able for use in Australia (51), as well as in Finland (35) and a
number of other countries (19). National population reference
charts are needed, although the WHO weight charts are good for
identifying obesity in the first 2 years of life. WHO charts are
used in Australia for the first 2 years after birth, but CDC charts
are used subsequently; however, reference values may vary for
specific ethnic groups.

Evaluation of GH deficiency in the first 1-2 years of life is
difficult, since there is a lack of reference data. Some data do exist
using random GH tests in newborns (52); however, patients in
Germany may receive MRI testing if indicated. Genetic testing
may also be carried out if short stature is detected early in life.
Since the publication of the GH Research Society guidelines
in 2000 (22), task forces have been trying to identify the best
parameters for early diagnosis of GH deficiency. While guidelines
have been revised to some extent (40), evaluation during very

REFERENCES

1. Ranke MB, Lindberg A; KIGS International Board. Early-onset idiopathic
growth hormone deficiency within KIGS. Horm Res (2003) 60(Suppl 1):18-21.
doi:10.1159/000071221

early childhood has not been adequately addressed and there
remains a need for an update on consensus guidelines based on
recent knowledge. In Germany, neonatal length and weight data
are available (37); target height data are also determined and
used with electronic data to provide automatic referral for short
stature. Improved education is needed for all clinicians in order
to provide better referral and diagnosis. The current need is to
address the lack of links between primary and secondary medical
facilities, and the different specialties involved.

In summary, children with short stature require referral to
specialist centers for diagnosis of the cause of growth failure.
Guidelines for referral vary by country and patient characteristics,
but must be appropriate in order that healthcare systems are not
over-whelmed. The diagnosis and, where necessary, treatment
with GH should be initiated as early as possible. Algorithms have
been proposed for identification of patients that may benefits
from GH therapy for short stature, whether due to GH deficiency
or non-GH deficiency conditions. However, performance and
validation of guidelines for diagnosis have not been sufficiently
tested; biochemical tests for GH deficiency remain equivocal, with
inadequate information on effects of patient characteristics and
definitive cutoff values. Clinicians need to rely on many factors
for referral and diagnosis of causes of short stature in children,
in order to provide the correct treatment with GH. Therefore,
evaluations should be directed, based on medical history and
careful clinical examination.

AUTHOR CONTRIBUTIONS

All authors critically revised the current work for important
intellectual content and gave final approval of the version of
the publication to be published. All authors have agreed to be
accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of it are appropri-
ately investigated and resolved.

ACKNOWLEDGMENTS

Medical writing assistance was provided by Peter Bates,
Cambridge Medical Writing Services, UK, funded by Merck
KGaA, Darmstadt, Germany.

FUNDING

The 360° GH in Europe meeting was funded by Merck KGaA,
Germany. No payment has been offered or will be offered to the
authors for authoring this publication and no compensation
will be provided for the time they spend on the publication
development.

2. Bidlingmaier M, Freda PU. Measurement of human growth hormone by
immunoassays: current status, unsolved problems and clinical consequences.
Growth Horm IGF Res (2010) 20:19-25. doi:10.1016/j.ghir.2009.09.005

3. Wagner IV, Paetzold C, Gausche R, Vogel M, Koerner A, Thiery J, et al. Clinical
evidence-based cutoff limits for GH stimulation tests in children with a

Frontiers in Endocrinology | www.frontiersin.org

January 2018 | Volume 8 | Article 374


http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1159/000071221
https://doi.org/10.1016/j.ghir.
2009.09.005

Maghnie et al.

Diagnosis and Referral: Short Stature

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

backup of results with reference to mass spectrometry. Eur ] Endocrinol (2014)
171:389-97. doi:10.1530/EJE-14-0165

Eskes SA, Tomasoa NB, Endert E, Geskus RB, Fliers E, Wiersinga WM.
Establishment of reference values for endocrine tests. Part VII: growth hor-
mone deficiency. Neth ] Med (2009) 67:127-33.

Stanley TL, Levitsky LL, Grinspoon SK, Misra M. Effect of body mass index on
peak growth hormone response to provocative testing in children with short
stature. ] Clin Endocrinol Metab (2009) 94:4875-81. d0i:10.1210/jc.2009-1369

. Richmond E, Rogol AD. Current indications for growth hormone therapy for

children and adolescents. Endocr Dev (2010) 18:92-108. doi:10.1159/000316130
Navarro R, Dunn JD, Lee PA, Owens GM, Rapaport R. Translating clinical
guidelines into practice: the effective and appropriate use of growth hormone.
Am ] Manag Care (2013) 19(15 Suppl):s281-9.

Acerini C, Wac K, Bang P, Lehwalder D. Optimizing patient management and
adherence for children receiving growth hormone. Front Endocrinol (2017)
8:313. doi:10.3389/fendo.2017.00313

Hauffa BP, Touraine P, Urquhart T, Koledova E. Managing transition in patients
treated with growth hormone. Front Endocrinol (2017) 8:346. doi:10.3389/
fendo.2017.00346

Oostdijk W, Grote FK, de Muinck Keizer-Schrama SM, Wit JM. Diagnostic
approach in children with short stature. Horm Res (2009) 72:206-17.
doi:10.1159/000236082

Savage MO, Backeljauw PE, Calzada R, Cianfarani$, Dunkel L, Koledova E, etal.
Early detection, referral, investigation, and diagnosis of children with growth
disorders. Horm Res Paediatr (2016) 85:325-32. d0i:10.1159/000444525
Grote FK, Oostdijk W, de Muinck Keizer-Schrama SM, Dekker FW, Verkerk PH,
Wit JM. Growth monitoring and diagnostic work-up of short stature: an
international inventorization. J Pediatr Endocrinol Metab (2005) 18:1031-8.
doi:10.1515/JPEM.2005.18.11.1031

van Buuren S, Bonnemaijer-Kerckhoffs DJ, Grote FK, Wit JM, Verkerk PH.
Many referrals under Dutch short stature guidelines. Arch Dis Child (2004)
89(4):351-2. doi:10.1136/adc.2003.038208

Stalman SE, Hellinga I, van Dommelen P, Hennekam RC, Saari A, Sankilampi U,
et al. Application of the Dutch, Finnish and British screening guidelines in a
cohort of children with growth failure. Horm Res Paediatr (2015) 84:376-82.
doi:10.1159/000440652

Grimberg A, Huerta-Saenz L, Grundmeier R, Ramos MJ, Pati S, Cucchiara AJ,
et al. Gender bias in U.S. pediatric growth hormone treatment. Sci Rep (2015)
5:11099. doi:10.1038/srep11099

Yardeni D, Loewenthal N, Limony Y, Hershkovitz E. Ethnic and gender
inequalities in the evaluation of referred short children. Horm Res Paediatr
(2011) 76:50-5. doi:10.1159/000325705

Saari A, Sankilampi U, Dunkel L. Multiethnic WHO growth charts may not
be optimal in the screening of disorders affecting height: turner syndrome as a
model. JAMA Pediatr (2013) 167:194-5. doi:10.1001/jamapediatrics.2013.436
Machogu E, Cao Y, Miller T, Simpson P, Levy H, Quintero D, et al. Comparison
of WHO and CDC growth charts in predicting pulmonary outcomes in
cystic fibrosis. J Pediatr Gastroenterol Nutr (2015) 60:378-83. doi:10.1097/
MPG.0000000000000610

Scherdel P, Dunkel L, van Dommelen P, Goulet O, Salaiin JF, Brauner R, et al.
Growth monitoring as an early detection tool: a systematic review. Lancet
Diabetes Endocrinol (2016) 4(5):447-56. doi:10.1016/S2213-8587(15)00392-7
Grote FK, van Dommelen P, Oostdijk W, de Muinck Keizer-Schrama SM,
Verkerk PH, Wit JM, et al. Developing evidence-based guidelines for referral
for short stature. Arch Dis Child (2008) 93:212-7. d0i:10.1136/adc.2007.120188
Gascoin-Lachambre G, Brauner R, Duche L, Chalumeau M. Pituitary stalk
interruption syndrome: diagnostic delay and sensitivity of the auxological
criteria of the growth hormone research society. PLoS One (2011) 6(1):e16367.
doi:10.1371/journal.pone.0016367

Growth Hormone Research Society. Consensus guidelines for the diagnosis
and treatment of growth hormone (GH) deficiency in childhood and adoles-
cence: summary statement of the GH Research Society. GH Research Society.
J Clin Endocrinol Metab (2000) 85:3990-3. doi:10.1210/jc.85.11.3990

Saari A, Harju S, Mékitie O, Saha MT, Dunkel L, Sankilampi U. Systematic
growth monitoring for the early detection of celiac disease in children. JAMA
Pediatr (2015) 169:¢1525. doi:10.1001/jamapediatrics.2015.25

Stochholm K, Juul S, Juel K, Naeraa RW, Gravholt CH. Prevalence, incidence,
diagnostic delay, and mortality in Turner syndrome. J Clin Endocrinol Metab
(2006) 91:3897-902. doi:10.1210/jc.2006-0558

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Saari A, Sankilampi U, Hannila ML, Saha MT, Makitie O, Dunkel L. Screening
of turner syndrome with novel auxological criteria facilitates early diagnosis.
J Clin Endocrinol Metab (2012) 97:E2125-32. d0i:10.1210/jc.2012-1739
Sisley S, Trujillo MV, Khoury J, Backeljauw P. Low incidence of pathology
detection and high cost of screening in the evaluation of asymptomatic
short children. ] Pediatr (2013) 163:1045-51. doi:10.1016/j.jpeds.2013.
04.002

Cohen P, Rogol AD, Deal CL, Saenger P, Reiter EO, Ross JL, et al. Consensus
statement on the diagnosis and treatment of children with idiopathic short
stature: a summary of the Growth Hormone Research Society, the Lawson
Wilkins Pediatric Endocrine Society, and the European Society for Paediatric
Endocrinology Workshop. JClin Endocrinol Metab (2008) 93:4210-7.
doi:10.1210/jc.2008-0509

Duché L, Trivin C, Chemaitilly W, Souberbielle JC, Bréart G, Brauner R,
et al. Selecting short-statured children needing growth hormone testing:
derivation and validation of a clinical decision rule. BMC Pediatr (2008) 8:29.
doi:10.1186/1471-2431-8-29

Wit JM, Kiess W, Mullis P. Genetic evaluation of short stature. Best Pract Res
Clin Endocrinol Metab (2011) 25:1-17. doi:10.1016/j.beem.2010.06.007
Binder G. Short stature due to SHOX deficiency: genotype, phenotype, and
therapy. Horm Res Paediatr (2011) 75:81-9. doi:10.1159/000324105
Donaldson MD, Gault EJ, Tan KW, Dunger DB. Optimising management
in Turner syndrome: from infancy to adult transfer. Arch Dis Child (2006)
91:513-20. doi:10.1136/adc.2003.035907

Hong YH, Shin YL. Turner syndrome masquerading as normal early
puberty. Ann Pediatr Endocrinol Metab (2014) 19:225-8. doi:10.6065/
apem.2014.19.4.225

van der Burgt I. Noonan syndrome. Orphanet ] Rare Dis (2007) 2:4.
doi:10.1186/1750-1172-2-4

Saari A, Sankilampl U, Hannila ML, Kiviniemi V, Kesseli K, Dunkel L. New
Finnish growth references for children and adolescents aged 0 to 20 years:
length/height-for-age, weight-for-length/height, and body mass index-for-
age. Ann Med (2011) 43:235-48. doi:10.3109/07853890.2010.515603
Sankilampi U, Saari A, Laine T, Miettinen PJ, Dunkel L. Use of electronic
health records for automated screening of growth disorders in primary care.
JAMA (2013) 310:1071-2. doi:10.1001/jama.2013.218793

Hoepffner W, Pfiffle R, Gausche R, Meigen C, Keller E. Early detection of
growth disorders with the CrescNet system at the Leipzig treatment center.
Dtsch Arztebl Int (2011) 108:123-8. doi:10.3238/arztebl.2011.0123

Voigt M, Fusch C, Olbertz D, Hartmann K, Rochow N, Renken C, et al.
Analysis of the neonatal collective in the Federal Republic of Germany
12th report. Presentation of detailed percentiles for the body measurement
of newborns (in German). Geburtshilfe Frauenheilkd (2006) 66:956-70.
doi:10.1055/5-2006-924458

Hoffmann PE Jung AM, Stierkorb E, Monz D, Gortner L, Rohrer TR. Down
syndrome: gestational age-related neonatal anthropometrics for Germany.
Neonatology (2016) 109:195-202. doi:10.1159/000442812

RankeMB, Lindberg A, Tanaka T, Camacho-Hiibner C,Dunger DB, Geffner ME.
Baseline characteristics and gender differences in prepubertal children
treated with growth hormone in Europe, UAS, and Japan: 25 years’ KIGS
experience (1987-2012) and review. Horm Res Paediatr (2017) 87:30-41.
doi:10.1159/000452887

Grimberg A, DiVall SA, Polychronakos C, Allen DB, Cohen LE, Quintos JB,
et al. Guidelines for growth hormone and insulin-like growth factor-I treat-
ment in children and adolescents: growth hormone deficiency, idiopathic
short stature, and primary insulin-like growth factor-I deficiency. Horm Res
Paediatr (2016) 86:361-97. doi:10.1159/000452150

Maghnie M, Valtorta A, Moretta A, Larizza D, Preti P, Palladini G, et al.
Diagnosing growth hormone deficiency: the value of short-term hypoca-
loric diet. JClin Endocrinol Metab (1993) 77:1372-8. doi:10.1210/jcem.
77.5.8077335

Maghnie M, Salati B, Bianchi S, Rallo M, Tinelli C, Autelli M, et al.
Relationship between the morphological evaluation of the pituitary and the
growth hormone (GH) response to GH-releasing hormone plus arginine in
children and adults with congenital hypopituitarism. J Clin Endocrinol Metab
(2001) 86:1575-9. doi:10.1210/jc.86.4.1574

Husbands S, Ong KK, Gilbert ], Wass JA, Dunger DB. Increased insulin sen-
sitivity in young, growth hormone deficient children. Clin Endocrinol (Oxf)
(2001) 55:87-92. doi:10.1046/j.1365-2265.2001.01298.x

Frontiers in Endocrinology | www.frontiersin.org

January 2018 | Volume 8 | Article 374


http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1530/EJE-14-0165
https://doi.org/10.1210/jc.2009-1369
https://doi.org/10.1159/000316130
https://doi.org/10.3389/fendo.2017.00313
https://doi.org/10.3389/fendo.2017.00346
https://doi.org/10.3389/fendo.2017.00346
https://doi.org/10.1159/000236082
https://doi.org/10.1159/000444525
https://doi.org/10.1515/JPEM.2005.18.11.1031
https://doi.org/10.1136/adc.2003.038208
https://doi.org/10.1159/000440652
https://doi.org/10.1038/srep11099
https://doi.org/10.1159/000325705
https://doi.org/10.1001/jamapediatrics.2013.436
https://doi.org/10.1097/MPG.0000000000000610
https://doi.org/10.1097/MPG.0000000000000610
https://doi.org/10.1016/S2213-8587(15)00392-7
https://doi.org/10.1136/adc.2007.120188
https://doi.org/10.1371/journal.pone.0016367
https://doi.org/10.1210/jc.85.11.3990
https://doi.org/10.1001/jamapediatrics.2015.25
https://doi.org/10.1210/jc.2006-0558
https://doi.org/10.1210/jc.2012-1739
https://doi.org/10.1016/j.jpeds.2013.04.002
https://doi.org/10.1016/j.jpeds.2013.04.002
https://doi.org/10.1210/jc.2008-0509
https://doi.org/10.1186/1471-2431-8-29
https://doi.org/10.1016/j.beem.2010.06.007
https://doi.org/10.1159/000324105
https://doi.org/10.1136/adc.2003.035907
https://doi.org/10.6065/apem.2014.19.4.225
https://doi.org/10.6065/apem.2014.19.4.225
https://doi.org/10.1186/1750-1172-2-4
https://doi.org/10.3109/07853890.2010.515603
https://doi.org/10.1001/jama.2013.218793
https://doi.org/10.3238/arztebl.2011.0123
https://doi.org/10.1055/s-2006-924458
https://doi.org/10.1159/000442812
https://doi.org/10.1159/000452887
https://doi.org/10.1159/000452150
https://doi.org/10.1210/jcem.
77.5.8077335
https://doi.org/10.1210/jcem.
77.5.8077335
https://doi.org/10.1210/jc.86.4.1574
https://doi.org/10.1046/j.1365-2265.2001.01298.x

Maghnie et al.

Diagnosis and Referral: Short Stature

44,

45.

46.

47.

48.

49.

50.

Secco A, di Iorgi N, Napoli E, Calandra E, Ghezzi M, Frassinetti C, et al. The
glucagon test in the diagnosis of growth hormone deficiency in children with
short stature younger than 6 years. ] Clin Endocrinol Metab (2009) 94:4251-7.
doi:10.1210/j¢.2009-0779

Guzzetti C, Ibba A, Pilia S, Beltrami N, Di Iorgi N, Rollo A, et al. Cut-off
limits of the peak GH response to stimulation tests for the diagnosis of GH
deficiency in children and adolescents: study in patients with organic GHD.
Eur ] Endocrinol (2016) 175:41-7. d0i:10.1530/EJE-16-0105

Hauffa BP, Lehmann N, Bettendorf M, Mehls O, Dorr HG, Partsch CJ, et al.
Central reassessment of GH concentrations measured at local treatment cen-
ters in children with impaired growth: consequences for patient management.
Eur ] Endocrinol (2004) 150:291-7. doi:10.1530/eje.0.1500291

Juul A, Bernasconi S, Clayton PE, Kiess W, DeMuinck-Keizer Schrama S.
Drugs and Therapeutics Committee of the European Society for Paediatric
Endocrinology (ESPE). European audit of current practice in diagnosis
and treatment of childhood growth hormone deficiency. Horm Res (2002)
58:233-41. doi:10.1159/000066265

Maghnie M, Lindberg A, Koltowska-Héaggstrom M, Ranke MB. Magnetic
resonance imaging of CNS in 15,043 children with GH deficiency in KIGS
(Pfizer International Growth Database). Eur ] Endocrinol (2013) 168:211-7.
doi:10.1530/EJE-12-0801

Deal CL, Tony M, Héybye C, Allen DB, Tauber M, Christiansen JS, et al.
Growth Hormone Research Society workshop summary: consensus guidelines
for recombinant human growth hormone therapy in Prader-Willi syndrome.
J Clin Endocrinol Metab (2013) 98:E1072-87. doi:10.1210/jc.2012-3888
Hughes IP, Choong C, Rath S, Atkinson H, Cotterill A, Cutfield W, et al. Early
cessation and non-response are important and possibly related problems

in growth hormone therapy: an OZGROW analysis. Growth Horm IGF Res
(2016) 29:63-70. doi:10.1016/j.ghir.2016.04.006

51. Hughes I, Harris M, Cotterill A, Garnett S, Bannink E, Pennell C, et al.
Comparison of Centers for Disease Control and Prevention and World Health
Organization references/standards for height in contemporary Australian
children: analyses of the Raine Study and Australian National Children’s
Nutrition and Physical Activity cohorts. ] Paediatr Child Health (2014)
50:895-901. doi:10.1111/jpc.12672

52. Binder G, Weidenkeller M, Blumenstock G, Langkamp M, Weber K, Franz AR.
Rational approach to the diagnosis of severe growth hormone deficiency
in the newborn. J Clin Endocrinol Metab (2010) 95:2219-26. d0i:10.1210/
j€.2009-2692

Conflict of Interest Statement: MM reports grants and personal fees and lecture
fees from University of Genova outside the submitted work. JL reports grants and
personal fees from Merck outside the submitted work. EK is an employee of Merck
KGaA. TR reports grants and personal fees from University of Saarland lecture fees
outside the submitted work.

Copyright © 2018 Maghnie, Labarta, Koledova and Rohrer. This is an open-access
article distributed 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) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Endocrinology | www.frontiersin.org

January 2018 | Volume 8 | Article 374


http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1210/jc.2009-0779
https://doi.org/10.1530/EJE-16-0105
https://doi.org/10.1530/eje.0.1500291
https://doi.org/10.1159/000066265
https://doi.org/10.1530/EJE-12-0801
https://doi.org/10.1210/jc.2012-3888
https://doi.org/10.1016/j.ghir.2016.04.006
https://doi.org/10.1111/jpc.12672
https://doi.org/10.1210/jc.2009-2692
https://doi.org/10.1210/jc.2009-2692
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Short Stature Diagnosis and Referral
	Introduction
	Clinical Indications for Referral for Short Stature
	Diagnosis and Referral for Non-GH Deficiency Disorders
	Gaps in the Diagnosis of Short Stature Due to GH Deficiency
	Discussion Session
	Author Contributions
	Acknowledgments
	Funding
	References


