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Abstract
Short stature may be caused by a multitude of conditions, including genetic and non-genetic causes. Over the last decade, 
advances in genetic sequencing technologies have revolutionized our understanding of the underlying physiology of growth 
and greatly increased our ability to identify genetic etiologies of short stature. The current guideline provides a general 
overview of the approach to the evaluation of a child with short stature, followed by recommendations identifying 
factors in the medical and family history, physical examination, radiographic, and laboratory work up which increase the 
likelihood of identifying a genetic etiology. An algorithm is proposed for the genetic workup of individuals with short 
stature based on their clinical presentation. The benefits and risks of genetic testing are discussed as well.
Keywords short stature, growth, genetic causes, genetic syndromes, genome

Significance

This guideline is the first international consensus specifically addressing the use of molecular genetic testing in children with 
short stature of unknown cause. It represents an important step in redefining the evaluation of this common condition and is 
expected to have immediate impact on diagnostic practice, clinical decision-making, and counselling for many affected children 
and their families.

Introduction
Over the past two decades, the advancement and increased 
availability of genomic sequencing tools have provided numer
ous clinically significant insights into the etiology of short stat
ure (SS), transforming the diagnostic approach to growth 
disorders and a wide range of congenital conditions. This guide
line offers recommendations on the diagnostic evaluation of 
children with SS, focusing on indications for using currently 
available genetic tools. Recommendations are partly based 
on a systematic review and meta-analysis of the literature.1

Definitions and abbreviations used in this paper are shown in 
Boxes 1 and 2.

The traditional definition of SS is based on a statistical cut-off, 
ie, a height of more than 2 standard deviations below the mean 
for sex and age based on appropriate population reference data, 

commonly expressed as a height standard deviation score (SDS) 
of <−2.0 (2.3rd percentile). In this guideline, the term SS is used 
for the presence of at least one out of three manifestations of 
growth failure: a height below −2.0 SDS; a decreasing height 
SDS over time (growth faltering); or a height SDS below the ex
pected range around the sex-adjusted mid-parental height SDS 
(Box 3). The mid-parental height should not only be adjusted 
for parental sex (target height, TH4), but ideally also for assorta
tive mating and parent–offspring correlations (conditional target 
height, cTH2,5).

Human height is a polygenic and heterogeneous trait, with 
its heritability reported to be approximately 80% based on es
timates from twin studies.6 Both rare and common genetic 
variants concurrently affect human height. According to 
genome-wide association studies (GWAS), a combination of 
>12 000 independent single-nucleotide variants (SNVs) 
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(generally with a population allele frequency >1%), clustered 
within >7000 non-overlapping genomic segments, covering 
about 21% of the genome, determines an individual’s height 
potential.7 While each of these common genomic variants 
has a very small effect on one’s height (each contributing 
<2 mm), in aggregate, they can explain about half of the her
itability and nearly half of overall phenotypic variation in 
height (reviewed in8). Additionally, rare variants with a larger 
impact on height variability (ranging from approximately 1– 
4 cm) also contribute to height determination in the general 
population.8,9

In individuals with SS, the condition may result from a single 
pathogenic variant following a clear monogenic inheritance 

pattern, which is both necessary and sufficient to explain the ob
served phenotype. In other cases, it may be attributed to a com
bination of two or more rare variants (digenic or oligogenic 
inheritance) or the interaction of common variants in a classical 
polygenic manner.10-12

It is commonly assumed that if a child’s height SDS is close to 
(c)TH SDS, a polygenic etiology may be most likely, and this is 
considered a benign condition leading to an adult height that 
is close to (conditional) target height.13 However, monogenic 
causes can also be found in such patients, especially autosomal 
dominant gene variants if one or both parents are short.14

Another benign condition associated with SS in childhood and 
early adolescence is the slow maturation of the epiphyseal 

Box 1 Definitions

• In this guideline,
○ The word “child” is used for individuals between 0 and <18 years.
○ “Genetic testing” refers to any form of DNA sequencing, copy number analysis, karyotyping or methylation analysis.
○ A “genetic cause” includes any (likely) pathogenic chromosomal abnormality, structural variant (SV), copy number vari

ant (CNV) or balanced alteration (eg, translocation), DNA sequence variant, or methylation defect for which sufficient 
evidence exists to show a causal relationship with the individual’s symptoms.

○ “Short stature (SS)” is used for all manifestations of growth failure, ie, the presence of at least one out of three man
ifestations: a height below −2.0 SDS; a decreasing height SDS over time (growth faltering); or a height SDS below the 
lower limit of the statistically expected range around the sex-adjusted mid-parental height, expressed as the deviation 
from target height (TH) (height SDS-TH SDS < −1.5) or conditional target height (cTH, TH corrected for assortative mat
ing and parent-offspring correlations) (height SDS-cTH SDS < −1.6)2.

○ “Short SGA” individuals are defined as born small for gestational age (SGA) with persistent SS.
○ The term “isolated short stature” is used for short children born with a normal or low birth size in whom the diagnostic 

evaluation has not shown any additional clinical features.
○ “Chromosomal microarray (CMA)”, as used here, encompasses all types of array-based genomic copy number analyses, 

including array-based comparative genomic hybridization (aCGH) and single nucleotide polymorphism (SNP) arrays3. 
CNVs can also be detected by software programs in genome sequencing data.

• The “standard deviation score (SDS)” of an individual’s height is defined as the number of standard deviations above or 
below the mean for age and sex on a reference chart derived from the most recent respective population study.

• “Small for gestational age (SGA)” is defined as a reported birth weight and/or birth length below −2 SDS for gestational 
age.

• “Next-generation sequencing (NGS)” is a massively parallel sequencing technology that reads multiple DNA fragments in 
parallel with each other. Exome sequencing (ES) examines only exon sequences and intronic sequences nearby, ie, only 
protein coding DNA sequences, that include approximately 2% of human DNA. Genome sequencing (GS) reads all the 
bases in DNA, ie, includes exons, introns and non-coding intervening sequences. Both technologies can be used to exam
ine single nucleotide variants (SNVs), small insertions and deletions, and copy number variations (CNVs) using different 
bioinformatic tools. GS can also detect other structural variants (SVs), such as balanced alterations (eg, translocations). 
However, some genomic rearrangements need to be confirmed using other methods [such as chromosome analysis, CMA, 
fluorescence in situ hybridization (FISH), optical genome mapping (OGM), or targeted sequencing of the breakpoints]. 
Both technologies can be used to sequence only a patient’s DNA or in so-called family context when samples of biological 
parents or siblings can be used as reference samples for comparison. Currently, ES and GS use short reads. In a research 
setting, long read GS is available, a form of NGS that has technical advantages over short-read sequencing for the detec
tion of specific types of genetic variations. It can sequence long strands of DNA or RNA without breaking them up into 
smaller fragments. Multiplex ligation-dependent probe amplification (MLPA) is a polymerase chain reaction (PCR) based 
method that uses probes to examine the copy number of a specific genomic region. Methylation-specific multiplex 
ligation-dependent probe amplification (MS-MLPA) is used, for example, in growth restricted imprinting disorders.
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growth plates. When this is combined with the late onset of pu
berty, it is termed “constitutional delay of growth and puberty 
(CDGP)”. This condition typically results in a normal adult 
height.15

Methods
International growth genetics guideline 
consortium
The work on this guideline was initiated by the Clinical Practice 
Committee of the European Society for Paediatric Endocrinology 
(ESPE). First, a small steering committee (A.D., A.A.L.J., M.D., 
J.M.W., and S.C.) was set up to design the format of the guideline 
and invite the methodologist (O.M.D.) and pediatric endocrinolo
gists and medical geneticists with special expertise in genetic 
testing of short children to participate in the International 
Growth Genetics Guideline Consortium (IGGGC) (early 2024). 
The Presidents of the European Society of Human Genetics and 
the American College of Medical Genetics were informed. The 
consortium (n = 34) consists of 21 pediatric endocrinologists, 
10 medical geneticists, 2 clinical laboratory geneticists, and 1 
clinical epidemiologist/endocrinologist. ESPE was the only spon
sor and funded all costs related to the initiative.

At the start of the guideline process, the guideline panel for
mulated two clinical questions regarding genetic testing of short 

children, resembling the questions that guide clinical decisions. 
The first is: “What is the diagnostic yield of genetic testing in chil
dren or adolescents with SS in a non-selected population of short 
children or in populations selected for an additional clinical fea
ture?” The following clinical features were chosen: estimated 
pattern of inheritance (autosomal dominant or recessive), re
stricted intrauterine growth (small for gestational age, SGA), 
microcephaly or relative macrocephaly at birth or at presenta
tion, neurodevelopmental disorders, severity of SS, dysmorphic 

Box 2 Abbreviations used ≥2 times

• AP, anterior-posterior
• BA, bone age
• CDGP, constitutional delay of growth and puberty
• CMA, Chromosomal microarray (see definition)
• CNV, copy number variant
• ES, exome sequencing
• GH, growth hormone
• GHD, growth hormone deficiency
• GS, genome sequencing
• IGF-1, insulin-like growth factor 1
• NGS, next-generation sequencing
• PCR, polymerase chain reaction
• QF-PCR, Quantitative Fluorescent Polymerase Chain 

Reaction
• rhGH, recombinant human growth hormone
• SDS, standard deviation score
• SGA, born small-for-gestational age
• SH/H, Sitting height/height ratio
• Short SGA, born small for gestational age (SGA) without 

catch-up growth
• SRS, Silver-Russell syndrome
• SS, Short stature (see definition)
• SV, structural variant

Box 3 Potential benefits and risks of genetic testing in 
children with SS

Potential benefits 
• Definitive diagnosis can be gratifying to patients and 

their families
• Allows for more accurate genetic counseling and pre

diction of recurrence in other children
• Obviates the need for further extensive diagnostic tests 

to determine the etiology of the child’s SS
• Enables earlier diagnosis by identifying a genetic condi

tion before full phenotypic expression, particularly im
portant in younger children (eg, in genetic GHD or 
hypopituitarism, where rhGH can be started at 3–6 
months of age without performing a GH stimulation 
test)

• Eliminates the need for GH stimulation tests
• Guides therapeutic decisions, eg, deciding on prescrib

ing growth stimulating medication
• Detects diagnoses for which rhGH is contraindicated or 

should be given with caution
• Highlights the need to screen for significant comorbid

ities associated with the underlying condition and refer 
to other specialties as needed

• Informs testing of additional family members allowing 
for earlier recognition of additional cases in the family

• Detects secondary genetic variants with potential to 
prevent adverse outcomes for the patient and their 
relatives

Potential risks 
• A false positive genetic diagnosis leads to incorrect as

sumptions about the cause of disease, resulting in un
necessary anxiety, mismanagement, and inappropriate 
testing and treatment.

• Uncertainties arising from variants of uncertain signifi
cance reported.

• Secondary findings, even if accurate, can lead to anx
iety in the affected family and, if erroneously classified, 
expose individuals to unnecessary surveillance or diag
nostic testing.

• Secondary findings can affect certain types of insur
ance coverage. Laws vary by region.
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features, or abnormal body proportions. A subcommittee of 
IGGGC (O.M.D., A.D., J.M.W, O.N., and J.H.D., chaired by 
A.A.L.J.), in collaboration with staff members of A.A.L.J. and 
A.D., performed a systematic review on this clinical question.

Based on this systematic review,1 the diagnostic yield of gen
etic testing in cases of SS of undefined cause varies according to 
both the methodology employed and the patient’s phenotypic 
characteristics. Specifically, single-gene testing shows a diagnos
tic yield of 4.4% (95% CI 3.3%–5.7%), gene panels 21.6% (95% CI 
15.1%–28.9%), chromosomal microarray (CMA) 16.3% (95% CI 
8.1%–26.4%), and exome sequencing (ES) 33.3% (95% CI 
26.4%–40.6%). Regarding phenotype, the diagnostic yield ranges 
from 15.1% (95% CI 10.4%–20.6%) in children labeled as idio
pathic SS, to 50.8% (95% CI 43.2%–58.4%) in syndromic cases, 
and up to 69.8% (95% CI 61.1%–77.9%) in patients with clinical 
features suggestive of skeletal dysplasia. In the paragraphs of 
the guideline where the diagnostic yield of genetic testing in chil
dren with isolated or non-isolated SS is discussed, the results of 
ES are provided according to Scalco et al.1

The second clinical question was: “Will genetic testing in SS 
improve the outcomes of individual patients?” For this question, 
another subcommittee of IGGGC (J.A., J.B., P.C., Y.H.J, O.N., 
chaired by J.H.D.) was set up, which performed a literature 
search on a slightly reformulated version of this question 
(“What are the clinical consequences of genetic findings in chil
dren with isolated SS?”), using ten prevalent genetic causes of 
children presenting with isolated SS. The literature search fo
cused on clinically relevant endpoints, including quality of life, 
adult height, risk of malignancy, management, and treatment. 
This clinical question formed the basis for a detailed convention
al clinical review, presented as Information S4 to the guideline.

Based on the planned format of the guideline, nine working 
groups were formed, chaired by O.M.D., O.N., J.A., A.A.L.J., 
J.M.W., I.N., M.T.D., A.D., and A.L., to formulate draft recommen
dations and rationales. The reports of the working groups were 
combined into several consecutive versions of the guidelines, 
which were discussed and revised electronically. During the pro
cess, all participants completed conflict of interest forms, sum
marized in Conflict of Interest.

A semi-final version served as a discussion document for an 
8-hour hybrid meeting in May 2025 with all available mem
bers of the consortium, where all recommendations and ra
tionales were discussed and revised. Consensus was 
reached upon discussion and in some cases by voting. 
Minority positions were considered in the rationale behind 
recommendations.

Target groups and aims
The guideline has been developed for pediatric endocrinolo
gists, adult endocrinologists, medical geneticists, clinical la
boratory geneticists, and general pediatricians who care for 
children with growth disorders. The overall purpose of this 
guideline is to provide clinicians with practical guidance on 
the diagnostic approach to children with SS. In clinical prac
tice, both the recommendations and the clinical judgement of 
treating physicians should be considered. Recommendations 
are not meant to replace clinical acumen and may need 
adaptation to local circumstances. We acknowledge that in 

low-resource settings, financial and other restrictions may 
prevent clinicians from following all the recommendations.

Summary of methods used for guideline 
development
For this guideline, we used “Recommendations, Assessment, 
Development, and Evaluation” (GRADE) as a methodological ba
sis to inform the recommendations.16 Recommendations were 
not only informed by the quality of the evidence, but also by po
tential desirable and undesirable effects, values, and preferen
ces.16,17 National contexts were also considered.

The recommendations are worded as “recommend” (strong 
recommendation) and “suggest” (weak recommendation). The 
quality of evidence behind the recommendations is classified 
as very low (⊕○○○), low (⊕⊕○○), moderate (⊕⊕⊕○), and 
strong (⊕⊕⊕⊕). A strong recommendation implies that virtually 
all well-informed stakeholders—including clinicians, patients, 
and policymakers—are expected to favor the proposed course 
of action. In contrast, a weak recommendation indicates that al
though the majority may follow the suggested management, a 
notable proportion may reasonably opt for an alternative ap
proach.18 Statements derived primarily from clinical expertise 
and consensus within the working group, rather than from sys
tematic evidence appraisal, are categorized as “good clinical 
practice” and are not assigned a formal grade. 
Recommendations that lack both a clear evidence base and 
consensus-derived clinical rationale are not graded. Formal evi
dence assessment and grading were applied only to 

Figure 1 Overview of the purpose and flow of the guideline.

European Journal of Endocrinology, 2026, Volume 194, Issue 2                                                                                                                                                                                     R21

D
ow

nloaded from
 https://academ

ic.oup.com
/ejendo/article/194/2/R

17/8427429 by guest on 27 June 2026

http://academic.oup.com/ejendo/article-lookup/doi/10.1093/ejendo/lvag013#supplementary-data


recommendations directly addressing the predefined clinical 
questions. The recommendations are divided into seven sec
tions, as summarized in Figure 1.

Review process
In October 2025, a draft of the guideline was reviewed by four ex
perts in the field (“designated reviewers”, see “Acknowledgments’ 
section), the International Clinical Guideline Committee (ICGC) 
of the International Consortium of Pediatric Endocrinology 
(ICPE), regional societies of pediatric endocrinology, and 
regional societies of human/medical genetics. All comments 
and suggestions were then discussed and implemented as 
thought appropriate by the IGGGC (see Table S6). After incorpor
ation of comments from reviewers and various societies, formal 
endorsement was obtained from the European Society for 
Paediatric Endocrinology (ESPE), Pediatric Endocrine Society 
(PES), Latin American Society of Pediatric Endocrinology (SLEP), 
Chinese Society of Pediatric Endocrinology and Metabolism 
(CSPEM), Japanese Society for Pediatric Endocrinology (JSPE), 
European Society of Human Genetics (ESHG), Japan Society of 
Human Genetics (JSHG) and Human Genetics Society of 
Australasia (HGSA). All authors approved the submitted version 
of the manuscript.

Recommendations
Recommendation regarding the use of a 
diagnostic classification of SS (R1)

R1. We suggest using a descriptive classification after the initial 
assessment of the child with SS, followed by an etiological 
classification after complete evaluation.

Rationale
The clinician is expected to have a basic knowledge of the most 
prevalent and clinically relevant causes of SS and the diagnostic 
workup, including the available facilities for genetic testing. With 
a full initial clinical evaluation of the short child, consisting of 
a detailed medical and family history, physical examination, 
laboratory screening, and radiographic assessment, most sec
ondary growth disorders,19 such as celiac disease and hypothy
roidism, can be diagnosed, as well as Turner syndrome in girls 
(Information S1, part 1).

When this initial clinical evaluation has not led to a diagnosis, 
we suggest categorizing short children into two main classes: (1) 
isolated SS (irrespective of birth size) and (2) non-isolated SS. 
Non-isolated SS can be further subcategorized into: 2a) sus
pected skeletal dysplasia; 2b) suspected defect in the growth 
hormone/Insulin-like growth factor-1 (GH/IGF-1) axis; and 2c) 
syndromic SS, including neurodevelopmental disorders (devel
opmental delay, intellectual disability, autism spectrum dis
order), microcephaly, congenital anomalies, facial and other 
dysmorphisms and major malformation (Information S1, part 1).

When the diagnostic workup is completed, the patient can be 
classified according to an etiological classification (Information 
S1, part 2). If no etiology has been found, the first subclassifica
tion is between isolated versus non-isolated SS, followed by Ta
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further subclassification according to birth size. We suggest la
beling the two subgroups of isolated SS of unknown origin (nor
mal and low birth size) “Idiopathic isolated SS” [previously called 
“idiopathic SS (ISS)” according to the 2008 ISS consensus defin
ition]2,5 and “idiopathic isolated short SGA”, respectively.

Recommendations on genetic 
investigation in clinical practice (R2–R7)
In recent decades, numerous molecular techniques have been 
developed to analyse genetic and epigenetic variants. Many of 
these have been incorporated into the clinical evaluation of pa
tients suspected of having a genetic condition, including children 
with SS. Clinicians must be familiar with the primary indications 
for each technique, as well as their limitations. They must also 
remain informed about regionally available genetic testing. 
Table 1 summarizes the types of genetic variants detected by cur
rently available genetic diagnostic tools, including their limita
tions and comparative cost, and highlights their applications. 
The availability and cost of genetic tests vary significantly be
tween countries. 

R2. We recommend close collaboration between clinical la
boratory geneticists, medical geneticists, and pediatric en
docrinologists in the indication for genetic tests and 
interpretation of their results; genetic counseling is recom
mended for every family undergoing genetic testing. 
(Good clinical practice)

Rationale
Ideally, there is close collaboration between pediatric endocri
nologists, clinical laboratory geneticists, and medical geneticists 
for the interpretation of genetic testing results in the context of 
clinical presentation. When requesting a genetic test, it is import
ant to provide the patient’s phenotypic data and family history in 
as much detail as possible to allow for a more accurate and ef
fective analysis. When skeletal dysplasia is suspected, involve
ment of a pediatric radiologist is also crucial. A 
multidisciplinary clinic would be the ideal setting for communi
cating and discussing the results and implications of a genetic 
test with patients and their parents. The level of evidence of 
the association of a gene with a given phenotype is discussed 
in Information S2. 

R3. We recommend that variant pathogenicity be classified by 
the clinically accredited laboratory according to published 
guidelines (ACMG/ACGS). (Good clinical practice)

Rationale
Guidelines for genetic variant interpretation incorporate multiple 
lines of evidence. The laboratory must classify genetic variants 
according to accepted guidelines, such as those of the 
American College of Medical Genetics and the Association for 
Molecular Pathology (ACMG/AMP) recommendations, and make 
sure to use the most recent version (see Information S2).20 It is 
essential that the classification of any identified variant is expli
citly contextualized in relation to the relevant phenotype and 
mode of inheritance. This information should be clearly 

presented in the report to allow for clinical interpretation and ap
propriate medical decision-making (see Information S2). 
However, for many variants identified in children with SS, it is dif
ficult to definitively assign pathogenicity. Segregation analysis 
may be helpful (see R4) but is confounded by multiple factors, 
including assortative mating (the fact that short individuals 
tend to partner with other short individuals), incomplete pene
trance, variable expressivity, and the existence of phenocopies. 
Thus, in vitro functional characterization can serve as a valuable 
adjunct tool to provide supporting evidence regarding the patho
genicity of a variant, when such data are available. This is not an 
easy task in the diagnostic setting, but it is important when treat
ment is available, or the child may be able to participate in a clin
ical trial, depending on the interpretation of the variant, or for 
preimplantation genetic testing for severe monogenic syndromic 
disorders.

Over the last few years, diagnostic laboratories have started to 
perform rapid functional assays where the results can influence 
variant interpretation in the clinical report,21 although so far, 
this is rarely performed in clinical practice. These assays may in
clude testing the effect of variants on splicing or the determin
ation of a reduction or increase of RNA expression using 
quantitative real-time polymerase chain reaction (PCR) assays, 
and are only feasible when the gene is expressed in the most eas
ily accessible tissues, such as blood or urine, or, if necessary, skin 
biopsies.

Additionally, for certain conditions, it is possible to identify a 
characteristic methylation profile (DNA methylation episignatures, 
Table 1) that defines the disease. This may provide supportive evi
dence for variant pathogenicity,22 or gene expression signatures 
that can characterize a condition and indicate impact on function
al pathways.23

R4. We recommend that segregation analysis should be per
formed in patients where it may alter the classification of 
the variant’s pathogenicity. (Good clinical practice)

Rationale
Segregation analysis in parents and/or relatives can be helpful as a 
criterion for changing the classification of a Variant of Uncertain 
Significance (VUS) to likely pathogenic or benign. Therefore, in 
such patients, testing of other family members should be consid
ered. However, especially in the context of a dominant inheritance 
model, variable expression and lack of penetrance must also be 
kept in mind when interpreting the segregation analysis. 

R5. We recommend that testing of other family members 
should be considered when the identification of the same 
pathogenic variant in relatives could influence healthcare 
management and/or enable more precise genetic counsel
ing (Good clinical practice).

Rationale
The decision to pursue familial analysis should consider the spe
cific gene involved, the predicted inheritance pattern, and the as
sociated phenotypes. Diagnostic variant screening in children 
should only be conducted if it provides a potential health benefit 
for the child.24 This process should always be preceded by thor
ough genetic counseling, including a discussion of the potential 
benefits, limitations, and projected outcomes of testing. 
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R6. If the patient develops new clinical features, reanalysis of 
available genetic data should be performed. In children 
with persistently unexplained SS in whom genetic testing 
was previously performed, we recommend that reanalysis 
of genetic data be considered periodically, taking into con
sideration bioinformatic improvements and new genetic 
discoveries (Good clinical practice).

Rationale
Reanalyzing exome or genome data is recommended periodical
ly due to the progression of genetic knowledge and technol
ogy.25,26 Since the annotation of variants has improved after 
establishing vigorous quality control measures for ES around 
2018,27 resequencing should be considered for DNA samples 
tested before that time from patients with a high likelihood of 
a genetic cause but a previous negative test result. Additional re
sources for such re-evaluation of results over time should be pro
vided by payers. This recommendation is based on the potential 
for new gene–disease associations, refinements in the classifica
tion of variants, and advancements in bioinformatics that can en
hance diagnostic yield. 28,29

R7. We recommend that the benefits and risks of the genetic 
investigation in a child with SS should be carefully discussed 
with the family on an individual basis in a pre-test appoint
ment (Good clinical practice).

Rationale
Prior to embarking on genetic testing, one should carefully con
sider the potential benefits and risks of pursuing genetic investi
gations, summarized in Box 3. For a more detailed discussion on 
this topic, see Information S3 and the results of the literature re
view on the clinical consequences of ten prevalent genetic 
causes encountered in children with isolated SS (Information S4).

Recommendations regarding assessment 
of relevant diagnostic clues for a genetic 
cause of SS from the medical and family 
history (R8–R12)
In this and the three following sections (Figure 1), we present 
recommendations regarding diagnostic clues from the medical 
and family history (section C, R8-12), medical examination 
(section D, R13-16), radiographs (section E, R17-19) and la
boratory investigations (section F, R20-22) that have been as
sociated with an increased likelihood of a genetic cause and/or 
indicate a specific genetic cause of SS. These findings may 
guide the choice of test and the interpretation of results. We 
also summarize the evidence on whether the presence of these 
clinical features in fact increases the diagnostic yield of genetic 
testing.1

A proper medical assessment of a child with SS includes a de
tailed medical and family history, clinical examination, radio
logical assessment, and laboratory investigation. This should 
assist the clinician in preparing a differential diagnosis ranked 
according to the likelihood of a primary or secondary growth dis
order [intrinsic or extrinsic to the growth plate, respectively, 

(Information S1)]. For general characteristics of these categories, 
see Information S5 and S6.

While for most secondary growth disorders, monogenic 
causes are rare, a monogenic cause can be relatively fre
quently found in primary growth disorders. Thus, after exclu
sion of a non-genetic secondary growth disorder, the clinician 
faces the challenge of estimating the likelihood of a genetic 
cause of the patient’s SS. All genetic syndromes associated 
with SS (6037 entries in OMIM, May 2025) are associated 
with their own phenotypic profiles. These phenotypes have 
been expanding with the increasing use of next-generation 
sequencing (NGS), identifying more mildly affected individu
als, leading to numerous syndromes with partially overlap
ping phenotypes. 

R8. We recommend searching for diagnostic clues for a primary 
or secondary growth disorder from the medical history of 
the child and family, including a three-generation pedigree 
(Good clinical practice)

Rationale
A thorough medical history (including review of systems) and 
family history of the short child can offer important clues to 
the etiology. Secondary growth disorders (Information S6) can 
usually be suspected based on the clinical assessment and la
boratory screening and confirmed through targeted laboratory 
testing. Identifying clinical information that increases the likeli
hood of a primary growth disorder of genetic origin 
(Information S5) can help guide genetic testing. 

R9. In children born SGA with persistent isolated or non- 
isolated SS for whom no cause could be identified, we rec
ommend thorough clinical evaluation for imprinting disor
ders, followed by specific DNA methylation testing where 
suspected. (⊕⊕○○)

Rationale
The underlying mechanism leading to being born SGA can in
volve maternal, placental, and/or fetal factors.30 Therefore, 
SGA refers to a heterogeneous group of children with different 
etiologies and clinical outcomes. Most SGA-born children experi
ence catch-up growth and achieve a height within their TH range, 
whereas approximately 5%-10% have persistent SS (“short 
SGA”).31

Children with short SGA and clinical features suggestive of an 
imprinting disorder (such as Silver-Russell syndrome or Temple 
syndrome) should be investigated by DNA methylation testing. 
The decision to test should be guided by the Netchine- 
Harbison clinical scoring system (NH-CSS). Initial testing should 
include methylation analysis of imprinted loci on chromosomes 
11p15, 7, and 14q32.32,33 If negative, and if suspicion of a genetic 
syndrome remains, a family exome sequencing (ES) or genome 
sequencing (GS) trio is recommended to identify syndromic con
ditions with SS, including upd(14)mat. 

R10. In children born SGA with persistent isolated or non- 
isolated SS for whom no cause could be identified and in 
whom recombinant human growth hormone (rhGH) treat
ment is considered, we recommend comprehensive genetic 
testing for diagnostic purposes (see algorithm) and to 
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identify rare genetic conditions in which rhGH treatment is 
contraindicated. (⊕⊕⊕○)

As some etiologies of short SGA may increase cancer risk due to 
defects in DNA damage repair or replication34, it is important to clin
ically evaluate all children with unexplained short SGA and perform 
genetic testing prior to rhGH initiation, especially when associated 
with microcephaly, dysmorphic features, developmental delay, 
and/or learning disability. A chromosomal breakage test with assess
ment of sister chromatid exchange can be used in such patients to 
screen for chromosomal instability disorders that have increased 
cancer risk, such as Bloom syndrome, Ataxia Telangiectasia, 
Fanconi anemia, and Nijmegen breakage syndrome.35

In a child with isolated SS, SGA status does not increase the 
likelihood of identifying a genetic etiology.1 However, many chil
dren with syndromic growth disorders may also be born SGA, 
leading to higher rates of genetic diagnoses in the larger short 
SGA population.36 An estimate of the diagnostic yield of genetic 
testing in short SGA through a conventional literature review is 
shown in Information S7. The current list of genetic causes asso
ciated with SS and increased cancer risk is presented in 
Information S8. In such patients, the risks and benefits should 
be carefully weighed and discussed thoroughly with the patient, 
allowing for shared decision-making as to whether to proceed 
with rhGH treatment. 

R11. We recommend genetic testing in a short child with major 
malformations and/or neurodevelopmental disorders. 
(⊕⊕⊕○)

Rationale
With a detailed medical history, symptoms of any organ or 
system dysfunction (eg, brain, heart, lung, kidneys, ears, eyes, 
skeleton, immune system, hemostasis) can be identified, 
and information can be collected on the presence of a neurode
velopmental disorder [developmental delay (DD), intellectual 
disability (ID) or neurological/behavioral symptoms, eg, autism 
spectrum disorder]. A neurodevelopmental disorder is an estab
lished indication for genetic testing irrespective of height.37 A 
search of the OMIM database identified 1967 entries with SS 
and neurodevelopmental delay in the clinical synopsis (May 
2025).

Based on the systematic review,1 the diagnostic yield of genet
ic testing by ES is 15.1% (95% CI 10.4%-20.6%) in isolated SS, 
50.8% (43.1%-58.4%) in syndromic SS, including those with neu
rodevelopmental disorders, and 69.8% (61.1%-77.9%) in skeletal 
dysplasias. For an estimate of the diagnostic yield of genetic test
ing in children presenting with various other potential diagnostic 
clues, see Information S9. 

R12. We recommend genetic testing in a short child if the family 
history suggests autosomal dominant, autosomal recessive, 
X-linked, or mitochondrial inheritance, or if the child’s 
height SDS is much shorter than that of both parents. 
(⊕⊕⊕○)

Rationale
Evaluation of the inheritance pattern can help distinguish mono
genic from polygenic causes. A three-generation pedigree, with 

information about parental consanguinity and heights of sib
lings, parents, grandparents, aunts and uncles, may help identify 
patterns of inheritance such as recessive, dominant, X-linked, or 
mitochondrial, or may raise the possibility of an imprinting dis
order (for details, see Information S5 and S10). In a child with 
no family history of SS, genetic etiologies should still be consid
ered. The cause of mild familial isolated SS is likely polygenic in 
most individuals.38

An autosomal dominant growth disorder is suspected if one 
parent has a similar height SDS as the short child. As noted earl
ier, due to assortative mating, autosomal dominant growth dis
orders may also be found if both parents are short. Recessive 
growth disorders are more commonly found in consanguineous 
families or in small and isolated communities but should also 
be suspected in non-consanguineous families when two or 
more affected siblings are born to unaffected parents. If 
maternal-side male relatives are short and the patient is a boy, 
X-linked inheritance of SS should be suspected. If no other family 
members are affected, an autosomal recessive, X-linked reces
sive, or de novo dominant inheritance should be considered.

Five studies have shown that having a family history of SS rep
resented by at least one parent with height SDS < −2 significantly 
increases the diagnostic yield.1

Recommendations regarding assessment 
of relevant diagnostic clues for a genetic 
cause of SS from the physical examination 
(R13–16)

R13. We recommend performing a detailed clinical examin
ation before referring for genetic testing. (Good clinical 
practice)

Rationale
A thorough physical examination (deep phenotyping) is essential 
in the clinical workup of a child with SS. Diagnostic clues for pri
mary and secondary disorders are summarized in Information S5
and S6, respectively. The focus should be on the anthropometric 
assessment, which, in addition to height and weight measure
ments, should include head circumference, arm span, and sitting 
height. The pubertal stage should be evaluated. Assessing the 
presence of dysmorphic features, skin abnormalities, skeletal 
anomalies, and congenital malformations is also crucial for es
tablishing clinical diagnoses, guiding genetic studies, and identi
fying potential candidate genes. 

R14. We recommend assessing for Turner syndrome including 
its mosaic form by a validated genetic test in a girl with clin
ical features suggestive of Turner syndrome, as well as in 
any girl with unexplained SS. (⊕⊕⊕⊕)

Rationale
In textbooks and guidelines, it has been advised that karyotyping 
from peripheral blood should be performed in all girls with unex
plained SS. This is based on observations that SS can be the only 
presenting sign of Turner syndrome and on the important clinical 
consequences of establishing the diagnosis.39 If karyotyping is 
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used, a minimum of 30 metaphases should be analysed. Other 
validated methods besides karyotyping may be employed in cer
tified laboratories, such as SNP-array or structural variant (SV) 
analysis in ES or GS based panels.

The diagnostic yield of this approach in girls with characteris
tic clinical features is assumed to be high. In contrast, the diag
nostic yield of karyotyping in otherwise asymptomatic short 
girls has been reported as 2.5% in two small studies.40,41 In a 
population-based epidemiological study, the age- and sex- 
specific cumulative incidence from birth until 16 years of age 
was 52 per 100 000.42

R15. We recommend genetic testing in a short child if the auxo
logical assessment shows one of the following: severe SS 
(height < −3 SDS); microcephaly; macrocephaly (absolute 
or relative); or body disproportion (sitting height/height or 
arm span/height outside ±2.5 SDS). (⊕⊕⊕○)

Rationale
Measurement of various auxological parameters (height, head 
circumference, and body proportions) is essential in the assess
ment of a short child. Although no studies have been reported 
where the impact of severe SS, microcephaly, or disproportion
ate SS has been investigated in isolation, circumstantial evidence 
from the literature suggests that the diagnostic yield of genetic 
testing of SS is increased with increasing severity of shortness 
or additional clinical features (Information S5).

Severe SS (height < −3 SDS)
While the presence of dysmorphic features or skeletal changes is 
probably the most important predictor of a genetic condition, 
the literature suggests that adults and children with severe iso
lated SS have an increased likelihood of establishing a genetic 
cause.1 However, the presence of other clinical features in the re
ported patient cohorts,43,44 does not allow for accurate quantifi
cation of the effect of the severity of SS.

Microcephaly and relative macrocephaly
The presence of microcephaly in a short child (irrespective of the 
severity of SS) may increase the diagnostic yield of genetic test
ing45 and also points to specific etiologies, such as a heterozy
gous pathogenic IGF1R variant, cell cycle defect, or a DNA 
repair syndrome.46 In two studies (heterogeneous in terms of pa
tient characteristics), the presence of microcephaly in children 
with syndromic SS increased the diagnostic yield from 44% to 
56%45 and 25% to 83%47.

Relative macrocephaly at birth is commonly seen in infants 
with Silver-Russell syndrome, Temple syndrome, 3M syndrome, 
and hypochondroplasia, among other genetic diseases. In most 
children with achondroplasia, relative macrocephaly progresses 
to true macrocephaly before the age of 2 years. No information is 
available on the impact of this feature on the diagnostic yield of 
genetic testing.1

Body disproportion
Several studies have reported that the presence of body dis
proportion (irrespective of the severity of SS) increases the 
diagnostic yield of genetic testing in short children, particular
ly in genes responsible for skeletal disorders. Unfortunately, 

most of these reports did not define or quantify body dispro
portion.48-51 Body disproportion may become more evident 
as the child ages.

In short children with mild skeletal anomalies, significant dif
ferences were observed for sitting height/height (SH/H) SDS in 
patients with an identified pathogenic variant in bone 
dysplasia-associated genes (ie, ACAN, IHH) compared to those 
without.52 In short children tested for SHOX haploinsufficiency, 
a SH/H ratio SDS >253-55 or [SH/H > 1 SDS or arm span ≥3 cm be
low height]56 may be useful predictive factors, although normal 
body proportions do not exclude SHOX haploinsufficiency. In 
three studies focused on single genes involved in growth plate 
cartilage regulation—SHOX (in two studies) and NPR2 (in one)— 
an elevated SH/H SDS (>+2) was associated with a marked in
crease in diagnostic yield. Reported yields rose from 3.1% to 
13.8%54, 5.7% to 40%57, and 17.6% to 28.3%55, respectively.1

R16. We recommend genetic testing in a short child with clinic
al features suggestive of an underlying syndromic condition. 
(⊕⊕⊕⊕)

Rationale
Several studies have reported an increased diagnostic yield in 
short children who show features suggestive of a broader syn
dromic (genetic) disorder, either identified while taking the med
ical history (eg, neurodevelopmental disorders) or at physical 
examination (facial dysmorphism and/or one or more congenital 
malformations, eg, congenital heart disease).1 For example, in a 
large cohort of 304 patients with SS who underwent ES, those 
with syndromic features (defined as a systemic abnormality), 
as compared to those with isolated SS, had a higher yield of gen
etic diagnoses (34% vs 11%).58 In short SGA children, a prominent 
forehead and triangular face point to Silver–Russell syndrome.59

Recommendations regarding assessment 
of relevant diagnostic clues for a genetic 
cause of SS from the radiographic 
assessment (R17–19)

R17. We recommend performing a radiograph of the hand and 
wrist for bone age (BA) assessment in any child presenting 
with SS. Hand and wrist radiographs allow for the identifica
tion of anatomical variants, which may guide genetic inves
tigation (Good clinical practice).

Rationale
A radiograph of the (left) hand and wrist provides information on 
the degree of BA delay or advancement. A delayed BA is typical 
for a secondary growth disorder [eg, juvenile hypothyroidism 
or growth hormone deficiency (GHD)] or for a general matur
ational delay, which may later present with delayed pubertal on
set (then termed constitutional delay of growth and puberty, 
CDGP), considered a subclass of idiopathic isolated SS.5 BA has 
limited utility below the age of 3 years.
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Most primary growth disorders present with a normal or 
delayed BA, but in prepubertal children with heterozygous 
pathogenic variants in ACAN60 or GNAS61, an advanced BA is fre
quently observed.

The same radiograph can also provide information about ana
tomical abnormalities associated with genetic disorders. This 
can guide genetic investigations, particularly in children with iso
lated SS, who may carry defects in genes associated with growth 
plate function.62 For example, the presence of a Madelung de
formity is suggestive of SHOX haploinsufficiency. However, the 
radiological indications of skeletal dysplasia can be subtle, often 
making it difficult to recognize relatively mild forms of genetic 
skeletal disorders.63 For examples, see Information S11. 

R18. We recommend performing a skeletal survey (a series of 
radiographs that examine representative parts of the skel
eton) in short children suspected of having a skeletal dis
order, especially in the presence of disproportionate SS, 
bone deformities, or bone mineralization abnormalities.

Rationale
The evaluation of skeletal surveys in childhood in combination 
with other clinical findings (eg, clinical photographs and growth 
charts) should ideally be performed by an experienced pediatric 
radiologist or clinician trained to recognize the characteristic 
radiographic patterns associated with a specific skeletal dyspla
sia or group of skeletal disorders.64-66 Diagnosis of a genetic skel
etal disorder can often be suggested by particular radiographic 
findings, so-called radiographic pattern recognition, but the final 
diagnosis should be confirmed by genetic testing. Ideally, reports 
should include systematized terms such as those described in the 
Human Phenotype Ontology (HPO), allowing incorporation into 
ES/GS analyses for variant and gene prioritization.

To date, more than 770 distinct genetic skeletal disorders have 
been described, which may result in various anomalies in the 
shape and size of specific bones in the skeleton.64 Good clinical 
indicators for a skeletal dysplasia include disproportionate SS, 
brachydactyly, pathological fractures, cranial nerve palsies 
(in the absence of a neuromuscular disorder), limb asymmetry, 
severe/progressive kyphoscoliosis, restricted or increased joint 
mobility, and waddling gait.

The following radiograms are recommended for a comprehen
sive survey: anterior–posterior (AP) and lateral view radiographs 
of the skull and spine, AP views of the pelvis and all four extrem
ities (unilateral, if no asymmetry), and AP views of the hands and 
feet. A more tailored approach may be warranted in certain sit
uations. The radiation dose of such a skeletal survey is relatively 
low.67 To further minimize the effects of radiation in the new
born, a “babygram” (AP and lateral views) is advised.68

R19. We recommend genetic testing in a short child with clinic
al or radiographic skeletal abnormalities. (⊕⊕⊕⊕)

Rationale
The presence of clinical or radiological skeletal abnormalities 
(Information S11) increases the diagnostic yield of genetic testing 
in short children.1,43,45,69-71 For details of skeletal findings associ
ated with specific skeletal dysplasias, see Spranger et al.72

Recommendations regarding assessment 
of relevant diagnostic clues for a genetic 
cause of SS from laboratory investigations 
(R20–22)

R20. We recommend that each child with SS should undergo a 
laboratory evaluation, either as a screening procedure or 
guided by clinical features. (Good clinical practice)

Rationale
The purpose of laboratory evaluation in short children, either in 
the form of a standardized screening or guided by clinical fea
tures, is to detect indications of a primary or secondary growth 
disorder. Similar to any other screening procedure, the benefit 
of diagnosing a treatable condition at an early stage (effective
ness) must be weighed against the costs. Pediatric textbooks 
and guidelines have suggested that laboratory screening of short 
children should be performed by a general pediatrician, so that 
easily diagnosable and treatable conditions (eg, hypothyroidism, 
celiac disease) would be detected and treated as early as pos
sible.5,73 Others have suggested that laboratory tests should be 
guided by clinical features rather than routinely applied to all pa
tients with SS.74 A list of potentially useful laboratory screening 
tests is shown in Information S12. 

R21. We recommend genetic testing using next-generation se
quencing [exome/genome (ES/GS) testing or a targeted 
gene panel] in a short child with severe growth hormone de
ficiency (GHD) and/or anatomical abnormalities of the hypo
thalamus/pituitary area known to be associated with 
genetic causes. (Good clinical practice)

Rationale
GHD may be isolated (IGHD) or combined with other hormone 
deficiencies (combined pituitary hormone deficiency, CPHD). 
Both belong to a spectrum of disorders under the umbrella of 
congenital hypopituitarism (CH), a heterogeneous and complex 
disorder associated with highly variable clinical phenotypes ran
ging in severity. Over the last four decades, pathogenic variants 
have been identified in numerous genes encoding hormones and 
their receptors, or developmental proteins, including transcrip
tion factors implicated in hypothalamo-pituitary (HP) develop
ment.75-77

Affected patients manifest different CH phenotypes, CPHD and 
IGHD being the most frequent. Less common phenotypes include 
septo-optic dysplasia (SOD) and holoprosencephaly (HPE) 
(Information S13, Table S3). Whilst some of the variants show 
classical autosomal recessive, autosomal dominant, and 
X-linked recessive inheritance, many of the variants are monoal
lelic and associated with variable penetrance. Carriers of the 
variant, often in the same family as the index patients, may mani
fest a milder clinical phenotype than the proband or no abnor
malities. We therefore recommend caution in the interpretation 
of genetic findings that are not recessively inherited, particularly 
novel variants identified in genes with variable penetrance (see 
Information S13).
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Table S4 summarizes the genes currently associated with CH 
and their mode of inheritance. The clinical and neuroimaging 
phenotypes associated with CH are extremely heterogeneous, 
with unpredictable endocrine deficiencies often evolving, par
ticularly in patients with SOD or pituitary stalk interruption syn
drome (PSIS),78,79 making monitoring challenging and treatment 
complicated. Due to the increasing number of CH-related genes 
and the variability in phenotypes, next-generation sequencing 
(ES/GS or a panel-based approach) is currently the most efficient 
approach in identifying causative pathogenic variants and inves
tigating the possibility of oligogenicity.80,81

Establishing the genetic cause of CH can have important clin
ical benefits. For example, the identification of Type 2 GHD due to 
an autosomal dominant pathogenic GH1 variant should make the 
clinician aware of the potential appearance of other pituitary 
hormone deficiencies (ACTH, TSH, and gonadotropins).82

Additionally, the identification of pathogenic variants in PROP1 
in patients with a pituitary mass can avert surgery, as this 
mass is likely to involute at a later stage.83 Further, a mild “partial 
isolated GHD” (MIM 615925), characterized by slow growth and 
low, borderline, or even normal serum GH responses to a GH 
stimulation test, can be caused by a monoallelic pathogenic 
GHSR variant. Such patients show adequate catch-up growth 
on rhGH treatment.84

R22. We recommend a targeted gene panel or first-line candi
date gene approach in the short child with characteristic 
clinical and laboratory features of insensitivity to growth 
hormone or IGF-1. (⊕⊕○○)

Rationale
SS due to GH/IGF-1 axis defects is associated with varying de
grees of GH insensitivity (GHI). Carriers of some of these gene de
fects (eg, in IGF1R) present with IGF-1 insensitivity. The clinical 
features range from extreme pre- and post-natal growth failure 
with other physical and laboratory abnormalities to milder clin
ical phenotypes (Information S14). Many other genetic SS syn
dromes can also present with features of GHI, for example, 
RASopathies.85,86 Furthermore, a similar clinical presentation 
(mild growth failure in combination with a borderline low serum 
IGF-1 and a normal serum GH response to a GH stimulation 
test) can also be caused by conditions with normal GH 
sensitivity.84,87,88

Developing a detailed pedigree is mandatory (R8), as genetic 
cases may be autosomal recessive or dominantly inherited. 
When the physical examination, laboratory assessment, and 
radiological findings are consistent with a severe, “classical” or 
typical, GHI presentation (decreased serum IGF-1 and normal 
or high result of a GH stimulation test),89,90 a targeted gene panel 
approach is recommended, including GHR, IGF1, IGFALS, PAPPA2, 
QSOX2, STAT3, and STAT5B. If analysis directed at candidate 
genes does not identify causal variants, depending on the avail
ability of resources and the degree of clinical suspicion for a gen
etic condition, consider expanding to ES or GS. Patients with 
heterozygous defects of IGF1R or carrying a 15q26.3 deletion 
are usually born SGA and present with (relatively) small head cir
cumference. Serum IGF-1 is usually above the mean for age and 
sex at baseline and/or elevated during rhGH treatment.91

A milder or atypical GHI phenotype makes clinical diagnosis 
more difficult. ES/GS allows for testing a broader range of genes, 
along with the potential for novel gene discovery. Less than half 
of atypical GHI patients are genetically confirmed via targeted 
gene panel testing,92 indicating that a broader SS gene panel 
may be more cost-effective. Additional information is provided 
in Table S5.

General recommendations regarding 
positive and negative indications to 
perform genetic testing in children with SS 
(R23–24)

R23. We recommend that genetic testing for SS (beyond la
boratory screening, including testing for Turner syndrome 
in girls) is not indicated in a child with isolated SS suspected 
of constitutional delay of growth and puberty (CDGP) or with 
a strong suspicion of a polygenic origin. (Good clinical 
practice).

Rationale
Children who present with mild to moderate SS (a height SDS −2 
to −2.5 SDS), slow growth, delayed BA, but a growth trajectory 
within the TH range when corrected for BA can be considered 
“slow maturers”. There is often a family history of pubertal delay. 
These patients often show delayed pubertal onset in adoles
cence (females >13 years, males >14 years) and are subsequent
ly labelled as CDGP. Since slow growth and delayed or absent 
puberty in girls are also characteristic signs of Turner syndrome, 
this should be excluded before the diagnosis of CDGP in a girl can 
be accepted (see R14). By definition, CDGP is a diagnosis of ex
clusion. Once puberty has started, growth progresses normally 
and may also be prolonged. Several gene variants have shown 
to be associated with delayed pubertal timing,93 but so far, 
such genetic findings do not have consequences for clinical 
management.

Currently, a polygenic origin of SS cannot yet be confirmed in 
the clinic, but we postulate that the likelihood of a monogenic 
cause is low in a child with mild and isolated SS with borderline 
short and non-syndromic parents, no indication of autosomal 
dominant inheritance, and a height SDS close to the target height 
SDS (<10%). We assume that a polygenic origin is more likely in 
such patients. 

R24. We recommend considering genetic testing in any child 
with SS in whom information from personal and family med
ical history, physical examination, radiological or laboratory 
findings suggests an increased likelihood of a genetic cause 
(defined as a monogenic condition, chromosomal aberra
tion, CNV or methylation disorder, not a polygenic origin). 
(⊕⊕⊕⊕)

Rationale
Each child presenting with SS deserves a full medical assess
ment, with special attention to all known diagnostic clues for a 
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primary or secondary growth disorder. Current literature sug
gests that in children in whom a non-genetic growth disorder 
has been excluded and who present with one or more clinical 
or laboratory features known to increase the likelihood of a gen
etic cause, the diagnostic yield of genetic testing is sufficient to 
warrant genetic testing.1

Genes with the strongest evidence of association with isolated 
SS in the absence of other specific clinical findings are ACAN, 
COL2A1, FBN1, FGFR3, GH1, GHR, GHSR, IGF1R, IHH, NF1, NPR2, 
PTPN11, and SHOX.1 This can thus be considered a minimum 
list of genes recommended for evaluation in children with iso
lated SS. Depending on the expertise of each center and advan
ces in the field, additional genes may be considered. Variants in 
genes typically associated with syndromic SS or skeletal dyspla
sia should be interpreted with caution in patients lacking charac
teristic features.

Figure 2 shows the algorithm summarizing this recommenda
tion. In most countries, ES with virtual panel analysis, or analysis 
of the entire exome, is the most commonly used strategy. 
Genome sequencing use is expected to expand in the future. 
We recognize that in resource-limited countries, genetic investi
gations may not be available or reimbursed.

Future perspectives
NGS, with the use of large gene panels, ES, and GS, has revo
lutionized the diagnostic approach to the short child with SS, 
as it has in many other areas of medicine. However, ES pro
vides information only on protein-coding genes, which cor
respond to approximately 2% of the genome. Genetic 
testing can currently identify a monogenic cause in fewer 
than 15% of children with isolated SS, whereas up to 80% 
of children with syndromic SS or suspected skeletal dysplasia 
may receive a genetic diagnosis.1 We assume that there are 
still further genes or novel genetic variants causing SS to be 
identified.

Current testing limitations will likely accelerate the adoption 
of GS to increase detection sensitivity for causative genetic var
iants. A recent study on genomes of a large cohort of families 
with suspected rare monogenic diseases has shown an incre
mental diagnostic yield of GS of approximately 8% for those 
who had previously undergone ES.94 The main limitations to 
the large-scale use of GS are the higher analytical burden due 
to the millions of noncoding and structural variants that can 
be identified. Previously, high cost was also a limitation, but 

Figure 2 Algorithm for the diagnostic workup of children with short stature. After a full clinical evaluation and exclusion of non-genetic secondary 
growth disorders, further diagnostic investigations depend on the clinical presentation, with the following categories: isolated short stature, skeletal 
dysplasia, defects in the GH/IGF axis, and syndromic short stature. * Absence of neurodevelopmental disorder, body disproportion, dysmorphisms, or 
abnormal findings on radiographic or laboratory evaluation. ** In the (near) future, genome sequencing (short read or long read) will most likely become 
the standard approach in many countries, making targeted panels obsolete. Most panels are currently performed in silico, ie, genetic laboratories 
generate gene lists to analyse exome or genome sequencing data. *** In selected cases, the first line of molecular analysis should be methylation 
assessment of specific regions related to an imprinting disorder. **** Analysis of each case and the availability of resources should be considered in 
determining the best approach: exome sequencing (ES) or genome sequencing (GS); singleton, trio, or family analysis. In many cases, the use of ES 
incorporating CNV analysis can establish the diagnosis, but there is a growing application of genome sequencing (short and long read), which may 
become the preferred approach. The introduction of long-read genomic sequencing may also provide gene methylation information, allowing for the 
diagnosis of short stature disorders due to imprinting defects.
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currently, the cost of the combination of ES and CMA is similar to 
the cost of GS, so that several laboratories are currently using GS 
as a first-line test.95 We expect that the progressive use of artifi
cial intelligence and reduction of costs will lead to more wide
spread use of GS as a first-line single test. In the future, we 
anticipate that the integration of multi-omic approaches facili
tated by long-read sequencing will allow for the identification 
of additional genetic etiologies of growth disorders. Compared 
with other sequencing technologies, long-read GS offers greater 
accuracy in characterizing structural variants, detecting repeat 
expansions, and providing epigenetic information (eg, methyla
tion). It also facilitates the phasing of compound heterozygous 
variants without the need for parental analysis. For these rea
sons, long-read GS has the potential to become the leading se
quencing approach in the future, driven by decreasing costs 
and advances in AI-assisted analytical methods. As these ap
proaches are integrated into clinical practice, diagnostic rates 
will improve.96

With the growing discovery of regulatory and non-coding var
iants, understanding their transcriptomic impact will become in
creasingly important. We anticipate that RNA-sequencing will be 
incorporated into clinical practice to understand the potential 
impact of genetic variants on gene (mRNA) expression and that 
methylation signatures may play an increasing role in identifying 
genetic syndromes.

Digenic or oligogenic inheritance, where interaction of two or 
more genes located at different loci is observed, may account for 
a non-conventional pattern of inheritance underlying some 
forms of SS,97 as shown in a subset of patients with Noonan syn
drome.98 A systematic search for the phenotype resulting from 
the interplay between two or more genetic variants (epistasis) 
has become feasible only with modern machine learning meth
ods.99 The importance of the multiple gene effect on the growth 
process has been further emphasized by the development of 
polygenic risk scores for predicting familial SS100,101 and adult 
height,102 showing an accuracy of 0.84–0.94. A polygenic risk 
score may help distinguish children with a benign, polygenic pre
disposition to SS101 and also identify those who may have an 
underlying monogenic cause.102

In addition to sequence variants causing growth disorders, 
there is mounting evidence that epigenetic changes play a major 
role in the growth process. Epigenetic changes may directly af
fect transcriptional machinery or cause alterations in chromatin 
structure, making chromatin less or not accessible to transcrip
tion factors. The epigenetic processes that stably alter gene ex
pression patterns (and/or transmit the alterations at cell 
division) include DNA (cytosine) methylation, post-translational 
modification of histone proteins, and remodeling of chromatin, 
and RNA-based mechanisms. Each of these epigenetic changes 
may have an impact on growth and is discussed in Information 
S15. Undoubtedly, with ongoing advances in genetic investiga
tive technologies, the importance of genetic testing in the diag
nostic workup of SS will continue to increase.
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