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Abstract

The terms ‘idiopathic short stature’ (ISS) and ‘small for gestational age’ (SGA) were first 
used in the 1970s and 1980s. ISS described non-syndromic short children with undefined 
aetiology who did not have growth hormone (GH) deficiency, chromosomal defects, 
chronic illness, dysmorphic features or low birth weight. Despite originating in the pre-
molecular era, ISS is still used as a diagnostic label today. The term ‘SGA’ was adopted by 
paediatric endocrinologists to describe children born with low birth weight and/or length, 
some of whom may experience lack of catch-up growth and present with short stature. GH 
treatment was approved by the FDA for short children born SGA in 2001, and by the EMA 
in 2003, and for the treatment of ISS in the US, but not Europe, in 2003. These approvals 
strengthened the terms ‘SGA’ and ‘ISS’ as clinical entities. While clinical and hormonal 
diagnostic techniques remain important, it is the emergence of genetic investigations that 
have led to numerous molecular discoveries in both ISS and SGA subjects. The primary 
message of this article is that the labels ISS and SGA are not definitive diagnoses. We 
propose that the three disciplines of clinical evaluation, hormonal investigation and genetic 
sequencing should have equal status in the hierarchy of short stature assessments and 
should complement each other to identify the true pathogenesis in poorly  
growing patients.

Introduction

Normal human linear growth results from an evolutionary 
process expressing the sum effect of multiple genes linked 
to survival (1). Throughout the growing phase of life, 
increase in height is both an indicator of good health 
and a sensitive marker of illness (2). Understanding the 
physiology of linear growth initially focused on the growth 
hormone (GH)-insulin-like growth factor (IGF)-1 axis as 
the key regulatory process (3). However, the development 
of genetic studies in growth physiology, notably next 
generation sequencing technology, is identifying new 
molecular mechanisms, particularly in genes involved 
in growth plate physiology and chondrogenesis,  

that modulate growth and when disturbed may lead to 
short stature (4, 5).

The factors influencing linear growth can be 
categorised in various ways, but we favour a category of 
factors playing a role within the growth plate vs factors 
acting on the growth plate from elsewhere in the body. 
This categorisation leads to two groups, that is, primary 
and secondary growth disorders (4, 5, 6). The majority 
of primary growth disorders consists of clinically defined 
syndromes and skeletal dysplasias caused by variants 
of genes associated with growth plate physiology 
such as rare variants with a large effect, for example, 
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achondroplasia caused by a heterozygous variant in 
FGFR3. It is noteworthy that also less rare variants with 
a moderate effect (7) or common variants with a small 
effect (as demonstrated in genome-wide association 
studies (GWAS)) (8) have been associated with body 
stature. Population GWAS studies recently identified 3290 
near-independent SNPs associated with height, including 
1185 height-associated SNPs located within loci not 
previously identified. The near-independent genome-
wide significant SNPs explained ∼24.6% of the variance 
of height in a population of 700,000 European individuals 
(9). In the international classification of paediatric 
endocrine diagnoses (www.icped.org) (6), short children 
born small for gestational age (SGA) is classified under 
primary growth disorders according to the absence of a 
known factor outside of the growth plate, and thus the 
expectation that the cause may reside in the growth plate.

The second set of factors includes hormones, 
nutrition, inflammatory cytokines and extracellular 
fluid, and can be congenital or acquired. The best known 
example of an endocrine growth disorder is a defect of 
the GH–IGF-1 axis, but other hormonal factors include 
thyroxine, glucocorticoids and sex steroids, sometimes in 
interaction with each other (10). Nutritional deficits are 
known to cause growth faltering (2), as well as increased 
concentrations of inflammatory cytokines (e.g. in juvenile 
arthritis or Crohn disease) (2) or disorders of extracellular 
fluid (e.g. renal tubular acidosis).

From the clinical perspective, the child referred 
with short stature statistically has a height more than 
1.6 standard deviations (s.d.) below the mean of the 
population or of the family, using the Hermanussen and 
Cole definition of target height (11). In practical terms, 
the perception by the child or parents that height is 
below average is sufficient to warrant a specialist referral. 
Similarly, children with unexplained shifts in growth 
percentiles may need evaluation. Therefore children 
referred to a paediatric endocrinologist can have highly 
variable degrees of ‘short stature’ or growth failure and 
equally wide ranges of potential aetiologies from complete 
normality to a growth pattern which will lead to adult 
height below the target height range, that is, less than 1.6 
s.d. below the mid-parental height.

Early investigation and diagnosis of short stature is 
important (12). The investigation protocol combines 
clinical skills of history-taking, and observation with 
laboratory tests aimed to identify non-endocrine causes 
or hormonal abnormalities which can allow the clinician 
to commit to a diagnosis and thereby explain the child’s 
growth pattern (13). Paediatric endocrinologists need 

to be trained in the clinical skills of history-taking 
and phenotyping. The inclusion of genotyping in the 
investigation process in certain situations has led to 
important discoveries, which have not only identified new 
causes of short stature, but also clarified the physiology of 
human growth regulation (14, 15, 16, 17) and in some 
cases indicated the correct therapeutic approach (18). 
Clinicians need to understand the genetic tools available 
and their interpretation. A strategy that combines 
the three disciplines of clinical assessment, endocrine 
evaluation and genetic sequencing, each having the same 
degree of importance, is required to probe and identify 
the pathogenesis in cases with uncertain aetiologies.

Idiopathic short stature

The term ‘idiopathic short stature’ (ISS) was applied 
to short children without a known aetiology over 35 
years ago, before the era of molecular investigation. A 
current definition of ISS will be discussed subsequently. 
However, ISS is not a definitive diagnosis; Its original 
use as a description of children with short stature, who 
did not have GH deficiency, served a purpose in its day, 
but now clinicians need to take the investigation of such 
children further, with new opportunities presenting a 
realistic chance of identifying causative pathogeneses. As 
precision medicine attempts to personalise diagnosis and 
therapy, new genetic discoveries in the GH–IGF-1 axis and 
growth plate chondrogenesis need representation in the 
diagnostic protocol. The practice of labelling children as 
having ISS, after initial clinical, endocrine and radiological 
assessment, without further observation, evaluation and 
delineation of pathogenesis, is failing to optimise short 
stature management.

The origin of the ISS designation

The diagnosis of GH deficiency in children entered 
clinical practice in the late 1960s with the demonstration 
of GH release following stimulation by insulin-induced 
hypoglycaemia (19) or acute administration of glucagon 
and other GH secretagogues (20). GH stimulation tests 
permitted diagnosis of GH deficiency, and thereby 
separated GH deficient patients from those with 
similar appearance but normal GH secretion. Towards 
the end of the era of administration of pituitary hGH, 
which terminated in 1985 due to the Creutzfeldt–
Jakob epidemic, the anticipation of the availability 
of recombinant hGH (rhGH), first synthesised in 
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1979 (21), led to short- and long-term studies of hGH 
therapy in subjects with so-called ‘normal variant short 
stature’ (22) or labelled as ‘short normal’ children 
(23). Interestingly, the heterogeneity of ‘short normal’ 
children was clear at that time as judged by their wide 
variability of growth responses to hGH therapy (24, 
25). A conference, convened at the NIH in November 
1983 to discuss the future use of rhGH in short children 
without GH deficiency, concluded that in a society that 
‘values tallness’, controlled research studies of rhGH in 
such patients were authorised (26). At that meeting, ISS 
as a diagnostic group acquired scientific respectability.

ISS as an indication for rhGH therapy

When rhGH was approved by the FDA in October 
1985 for use in children with ‘inadequate GH’, 
this was contingent on the establishment of post-
marketing surveillance. Genentech, the makers of 
the approved rhGH, Protropin, set up the National 
Cooperative Growth Study (NCGS), within which ISS 
was a designated diagnostic group (27). ‘Idiopathic 
short stature’, thus became an established label for 
short children with normal GH secretion, normal birth 
weight and absence of chromosomal defects or chronic 
illness and was soon adopted throughout the paediatric 
endocrinology community. Alternative terms were 
proposed such as ‘idiopathic growth failure’ (IGF) or 
‘growth failure of unknown aetiology’ (GFUE) to change 
the emphasis from ‘stature’ to ‘growth’ or growth rate 
(2). However, ISS prevailed and 35 years later, remains a 
popular designation for short children with no defined 
aetiology. Of note, patients with ‘normal variant short 
stature’ specifically those with familial short stature and 
constitutional growth delay were not excluded from the 
‘ISS’ designation.

Randomised clinical trials with rhGH were led by 
industry and produced positive growth-promoting results 
(28, 29), and ISS was soon referred to as ‘a condition 
termed idiopathic short stature’ (28) or a ‘diagnostic 
category’ (30). Positive data confirmed the effects of rhGH 
therapy, even compared with placebo-treated controls 
(29). Predictably, these results lead to approval of ISS by 
the FDA in 2003 as an indication for rhGH therapy, under 
the criteria of height <−2.25 s.d. without evidence of 
underlying disease or GH deficiency and short expected 
adult height. This decision had major implications on 
clinical practice as suddenly 400,000 children in the USA 
were eligible for rhGH therapy (31). Similar applications 
to the European Medicines Agency were unsuccessful, 

largely due to the absence of data showing a positive 
effect on quality of life (32).

The FDA approval for GH therapy of ISS consolidated 
this category of patients in the minds of paediatricians with 
data on efficacy and safety accumulating in international 
databases such as the Kabi international growth study 
(KIGS) and NCGS (33). Results of cohorts of ISS subjects 
were, and still are, being regularly analysed and published 
(34, 35), and are used as the basis for management 
guidelines (5, 36). ISS is also used as a diagnostic category 
in the International Classification of Pediatric Endocrine 
Disorders (www.icped.org) (6). Notably, the ISS patients 
treated with rhGH responded inconsistently and in 
particular, growth during year 1 of therapy did not predict 
the response in year 2, which emphasised the marked 
heterogeneity of patients carrying the ISS label (37).

Current definition of ISS and its sub-classification

The definition of ISS is clinically important because 
inclusion of a patient within this designation may, in 
certain societies where ISS is approved for rhGH therapy, 
provide an indication for this treatment. ISS is currently 
defined as short stature with height <−2 SDS, normal 
birth size (birth weight and length >−2 SDS), absence of 
abnormal physical features and normal general screening 
investigations, normal body proportions and absence of 
major dysmorphic features (38).

The components of ISS were critically appraised in 
two reviews by Wit  et al. in 2008 (39, 56). A Consensus 
Statement on ISS management was also published in 2008 
(40). ISS is subdivided into familial short stature (FSS) with 
normal or delayed bone age and non-familial short stature 
(NFSS) with normal or delayed bone age (38, 39, 40, 41). 
The definitions proposed for FSS and NFSS are based 
on the calculation of ‘conditional’ target height (cTH), 
which is adjusted for the correlation between maternal 
and paternal heights, so-called assortative mating, and for 
the correlation between children’s height SDS and mid-
parental height SDS (11). The definition of FSS is height 
SDS = cTH SDS ± 1.6 and of NFSS, height SDS < cTH SDS 
−1.6 based on the fact that 95% of healthy children have 
height SDS = cTH SDS ± 1.6 (the TH range).

It is likely that in most subjects with FSS their short 
stature is related to inheritance of polygenic variants 
from both parents with multiple small negative effects 
on height. However, a copy number variant (CNV) or 
monogenic defect is also possible, particularly if there is 
a pattern of dominant inheritance. The inheritance of 
multiple variants in the same or different growth-related 
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pathways may occur (17). In children with NFSS and a 
slow tempo of constitutional delay of growth and puberty 
is statistically the most likely diagnosis, particularly if 
bone age is delayed and the family history is positive 
for delayed puberty. However, also a recessive or de novo 
pathogenic gene variant or CNV should be considered. 
It is in the NFSS group that defects associated with an 
adult height below parental target height are most likely  
to occur.

In the time when GH was considered as the major 
factor in growth regulation, ‘ISS’ was used to describe 
children who fall between GH deficiency and GH 
insensitivity in the GH–IGF-1 axis continuum model. 
According to this model, ISS subjects should have a 
normal physiological equilibrium between GH sensitivity 
and GH deficiency, which is the case with those with FSS, 
where no endocrine defect in the child or parents has 
been identified. However, since the discovery that most 
genes associated with growth have no direct relationship 
with the GH–IGF-I axis (9), it appears more useful to 
think in terms of another conceptual framework for 
understanding short and tall stature that is centred not on 
the GH–IGF-1 axis, but rather on the growth plate (4). In 
the 21st century, 35 years after its inception, ISS describes 
a highly heterogeneous group of short patients and no 
longer qualifies as a single final diagnosis.

Short stature related to birth size small for 
gestational age (SGA)

The majority of infants born SGA, defined as birth weight 
and/or length <−2 SDS for gestational age (42) show 
spontaneous catch-up growth into the normal range  
(i.e. height >−2 SDS) by the age of 2 to 3 years (43). By 
the age of 8 years, approximately 90% of SGA children 
have reached a normal height (44). However, the 10% 
who remain short have a high risk of adult short stature 
with height below their target height range, particularly if 
their birth length was <−2 SDS (45). These subjects require 
referral to a paediatric endocrinologist (42) and will 
comprise approximately 20% of all short stature referrals 
(46). In paediatric endocrine publications, the term ‘SGA’ 
has gradually transformed from the description of low 
birth size (birth weight and/or length) into a diagnostic 
label indicating a ‘short individual born SGA’ (42).

Although originally clinicians may have thought that 
the low birth size can be considered the ‘cause’ of short 
stature in childhood and adulthood, it now appears more 
likely that a short child born SGA should be viewed as 

a child with an unspecified growth disorder of prenatal 
onset. SGA is therefore similarly inherent ‘idiopathic’ as 
ISS. Indeed, a continuum of ‘non-syndromic short stature’ 
has been demonstrated in a study of children born SGA 
(n = 45) or with appropriate gestational age (n = 137) 
(47), so the distinction between short SGA and non-SGA 
children is artificial. An umbrella term ‘non-syndromic 
short stature’ has been used for short SGA and non-SGA 
children without dysmorphic features (14). We suggest 
that in a future revision of the International Classification 
of Pediatric Endocrine Diagnoses, short children born 
SGA should be classified in the same group as ISS.

Returning to our primary message, the designation 
of SGA is not a diagnosis and further investigations are 
needed to identify the precise aetiology where possible 
leading to optimal clinical management (48). These 
further investigations are essentially genetic studies.

Endocrine abnormalities in patients initially 
considered ISS or SGA

In the 1980s and 1990s, the study of childhood linear 
growth focused on the function of different components 
of the GH–IGF-1 axis, and enormous progress in the 
understanding of this axis was made (10). The original 
somatomedin hypothesis, published in 1957 (49), 
was up-dated 50 years later (3) showing that the IGF 
system played a key role in growth regulation with both 
circulating and peripherally produced IGF-1 having 
individual roles (50). IGF-1 deficiency was reported 
to occur in a proportion of short patients with normal 
GH secretion (51), which placed some ISS patients in an 
intermediate position between GH deficiency and GH 
resistance, although some overlap existed.

Evidence was accumulating that some ISS patients 
had a degree of functional GH insensitivity (52) with a 
broad range of generation of IGF-1 in response to GH. The 
important study by Cohen   et  al. in 2007 reported that 
high doses of rhGH were needed to reach a serum IGF-1 
concentration of +2 s.d. (53). Evidence of subnormal 
generation of IGF-1 was also demonstrated in the elegant 
studies by Buckway and Selva of responses in the IGF-1 
generation test (IGFGT). Compared to normal control 
subjects, ISS patients had basal IGF-1 levels in the lower 
half of the normal range and after GH stimulation on 
days 5 and 8 of the IGFGT, IGF-1 levels were significantly 
lower than normal, regardless of GH dose (54, 55). 
These hormonal findings challenge the definition of ISS 
which states that there is no endocrine abnormality.  
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The molecular basis of these results was not apparent at 
that time.

Variants in genes regulating GH action with 
phenotypes consistent with ISS or SGA

ISS patients may have variable GH sensitivity and IGF-I 
concentrations (39) and consistent with this, a proportion 
have a diminished response to rhGH therapy (56, 57). 
Therefore, it has been suggested that less deleterious GHR 
gene defects may cause ISS associated with features of 
GH insensitivity (58). Numerous studies of ISS cohorts 
have reported heterozygous GHR variants occurring with 
a frequency ranging from 5 to 15.5% (59). It has also 
been noted that GHR sequence changes are common in 
children with ISS, with many also identified in control 
subjects and normal stature family members (60).

Since the start of genetic investigations of short stature 
phenotypes in the late 1980s, a number of pathogenic 
variants have been discovered in children labelled as 
having ISS or SGA. In 2019, Storr   et  al. published an 
extensive review of mild or ‘non-classical’ abnormalities 
of GH action (60). Mild forms of GH insensitivity can be 
broadly divided into three categories; (i) aberrations of 
GH signalling caused by homozygous or heterozygous 
variants of genes encoding the GH receptor (GHR) or signal 
transducer and activator of transcription 5B (STAT5B) (59, 
60, 61, 62, 63, 64); ii) defects of IGF-I secretion (IGF1), 
transport (IGFALS) and bioavailability (PAPPA2) (65, 66, 
67, 68, 69, 70, 71, 72) and iii) IGF-I insensitivity (IGF1R) 
(73). Most patients with GH1, GHR and STAT5B defects 
are born with a normal birth size, most patients with IGF1 
and IGF1R variants with a low birth size, while mean birth 
weight of patients with IGFALS defects is approximately 
−2 SDS (73). A paternally transmitted heterozygous 
variant of IGF2 is one of the genetic causes of Silver–
Russell syndrome (74). A summary of phenotypic and 
endocrine features of genetic defects consistent with ISS 
is shown in Table 1.

Gene variants affecting growth plate 
chondrogenesis with phenotypes consistent 
with ISS or SGA

Genetic defects which impair chondrogenesis are likely 
to cause some degree of body disproportion; however, 
this may be mild and not noticed by the clinician, 
resulting in the child being labelled as ISS or SGA (48). 
Out of the multiple reported genes (14), we discuss  
four examples. Ta
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SHOX haploinsufficiency

Pathogenic variants of the gene encoding short stature 
homeobox (SHOX), located at the tip of the X and Y 
chromosome, and deletions or duplications of the SHOX 
enhancer regions, impair chondrocyte differentiation 
in the growth plate. A gene dose effect is apparent as 
homozygous or compound heterozygous inactivating 
SHOX variants cause Langer mesomelic dysplasia, while 
heterozygous variants cause a milder skeletal dysplasia, 
Leri–Weill dyschondrosteosis, with the classical Madelung 
deformity of the wrist, or present clinically as ISS. SHOX 
haploinsufficiency is caused more frequently by CNVs 
than by single nucleotide variants (75), and is reported to 
account for 2–15% of children presenting with ISS (14, 76). 
In a series of 521 patients with short stature due to SHOX 
haploinsufficiency, treated under the licence for rhGH, 
44% were documented to have non-syndromic short 
stature (77). The extent of the SHOX haploinsufficiency 
phenotype is not yet well defined (77, 78).

Fibroblast growth factor (FGF) signalling

Several FGFs and their receptors play a role in the growth 
plate. The FGF receptor 3, encoded by FGFR3, acts as a 
negative regulator of chondrogenesis, so heterozygous 
activating variants impair bone elongation resulting 
in short-limbed skeletal dysplasia (14). There is a 
range of phenotypes, from classical achondroplasia to 
hypochondroplasia presenting as a relatively mild skeletal 
dysplasia, even with normal body proportions (79) and 
showing some response to rhGH therapy (80).

CNP-NPR2 pathway

C-natriuretic peptide (CNP) encoded by NPPC is a 
local, positive regulator of growth plate function (14). 
Homozygous inactivating variants of NPR2, which encodes 
the main CNP receptor, cause severe skeletal dysplasia, but 
relatives who are heterozygous for these mutations have 
a relatively mild growth defect with phenotypes similar 
to SHOX deficiency (81). Heterozygous NPR2 variants are 
thought to account for 2–6% of cases of ISS (82, 83).

ACAN mutations

The growth plate is situated between the epiphysis and 
metaphysis of the long bones, and chondrogenesis 
proceeds with osteoblasts, osteoclasts and blood vessels 

transforming the newly formed cartilage into bone. 
Aggrecan is the most abundant proteoglycan in hyaline 
cartilage and crucial to the structure and function of 
the growth plate. Variants in ACAN which encodes for 
aggrecan are associated with a range of growth defects 
which may be severe or mild, that is presenting as ISS 
or SGA (14). Patients carrying heterozygous variants of 
ACAN can reach an adult height of 150–152 cm without 
further dysmorphic features (84). Hauer et al. performed 
sequence analyses in 428 families with short stature, and 
the results showed that heterozygous nonsense variants 
of ACAN were identified in six families, that is 1.4%. 
The mean height SDS value of the affected subjects was 
−3.2 s.d., that is consistent with a label of ISS (85). In a 
study of WES of 200 short stature patients, Hauer et  al. 
also identified heterozygous carriers of recessive skeletal 
dysplasia alleles in 3.5% of cases. These were notably 
ACAN and NPR2 defects, with ACAN being the most 
commonly mutated known short stature-associated gene 
with a frequency of 2.5% (86).

Diagnostic approach and investigations of 
patients with ISS or SGA

Clinical assessment

Schemes for the clinical assessment of ISS or SGA patients 
have been published in a number of reviews (13, 39) 
and in the 2008 Consensus Statements on management 
of ISS (40) and SGA (42). A general scheme for short 
stature assessment in patients labelled as ISS or SGA is 
shown in Fig. 1. Clinical skills are crucial in eliciting a 
detailed family history, including consanguinity, heights 
of parents, grandparents and siblings. Birth weight and 
length, gestation, and developmental milestones need to 
be documented, and potential symptoms from the major 
body systems need to be elicited by direct questioning. 
SGA is a highly heterogeneous state, with potential 
influences from geographical, maternal, paternal, 
placental, environmental and foetal factors (48). The 
diagnostic approach to the SGA child should similarly 
start with a search for clues for a primary or secondary 
growth disorder. Key primary growth disorders associated 
with SGA are clinically defined syndromes associated with 
growth failure such as Silver–Russell, Noonan, Prader–Willi, 
Bloom, 3M and neurofibromatosis type 1 syndromes and 
skeletal dysplasias (growth plate chondrogenesis disorders) 
such as ACAN, FGFR3, NPR2 and SHOX mutations (14). 
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IGF-1 receptor (IGF1R) defects have been categorised 
under secondary growth disorders (6). A careful medical 
history, including details of maternal life-style, such as 
smoking and alcohol, environmental conditions during 
pregnancy are essential to elicit. Post-natal developmental 
delay, feeding difficulties and behaviour problems are also 
important to probe for by direct questioning.

Physical examination should include measurement 
of height, sitting height, sitting height/height ratio SDS, 
arm span and head circumference (13). Documentation 
of dysmorphic features which may be subtle, as in 
3M syndrome and IGF1R variants, is important. Body 
asymmetry and disproportion, microcephaly or relative 
macrocephaly, heart murmur, cryptorchidism and 
muscular hypertrophy should be sought. Accurate height 
measurement with documentation of severe short stature 
(height <–3 SDS) and height SDS similar to one parent are 
also relevant clues (13).

General paediatric screening tests

The suggested scheme for laboratory screening tests for 
exclusion of general paediatric pathology, including 
thyroid function, IGF-1, IGFBP-3 and karyotype in girls 
proposed in the 2008 ISS Consensus Statement (40) was 
challenged in 2013 by Sisley  et al. who reported that in 
232 short patients who were healthy and had normal 
physical appearance, 98.7% had normal screening tests 
(87). The message was that in healthy short children 
screening tests were not cost-effective. To some extent 
this view was perpetuated in the recent GRS ‘Guidelines’ 
article (5) which stated that ‘Laboratory tests should 
be guided by clinical features rather than routinely 
applied to all patients with short stature ... Clinical 
discretion should be applied to the scope of testing for  
non-endocrine disease’.

In the context of ISS and unexplained SGA, it is 
essential that routine haematological and biochemical 
screening tests are performed (Fig. 1). Chronic illnesses 
such as coeliac and Crohn’s disease need to be excluded 
as do sex chromosome defects such as mosaic Turner 
syndrome (2). The ISS group with NFSS are most likely to 
have occult illness, being shorter than their parental target 
height, so pathological causes need to be excluded before 
endocrine assessment. Exclusion of underlying pathology 
is essential before therapy with GH is considered (13).

In short children born SGA, rhGH therapy may 
be prescribed in many of these children and normal 
renal, liver and haematological status are important to 
document before this therapy is initiated. Laboratory 
screening should consist of full blood count, ESR, IGF-1,  
FT4, TSH, test for coeliac disease, electrolyte and renal 
and liver function tests, calcium, phosphate and alkaline 
phosphatase (13, 40). A hand/wrist bone age X-ray with 
examination for features of skeletal dysplasia should be 
performed in all referred short children. A karyotype or 
SNP array analysis (for detecting Turner syndrome, and 
with the latter tool also for copy number variants and 
uniparental disomy) in all girls with height <–2 SDS 
or height SDS <TH SDS –1.6 should also be performed 
(13). If serum IGF-1 is low, a GH stimulation test or 
an IGFGT is further options for identification of an  
endocrine aetiology.

Investigation of the GH-IGF-1 axis

Hormonal assessment should follow the guidelines, 
published previously (40) and reviewed in the recent 
GRS Consensus Statement (5). Important messages are 

Figure 1
Scheme for investigation of ISS and ‘idiopathic’ SGA giving equal status to 
clinical assessment, endocrine evaluation and genetic investigations (12, 
91). CVS, cardiovascular system; Anti-TTG, anti-tissue transglutaminase; 
IGF-I-GT, IGF-I generation test; CGH-array, comparative genomic 
hybridisation; CNV, copy number variation.
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highlighted in this publication such as an IGF-1 assay 
with reliable reference data with ranges for paediatric 
ages should be used, and serum IGF-1 is influenced by 
many factors such as assay methodology, age, nutrition 
and chronic illness (88). An IGF-1 level >0 SDS at any 
age makes GHD less likely but not impossible (5, 88). 
The GH stimulation test (GHST) has been criticised over 
the years for not a physiological stimulus and for lack of 
reproducibility. Examination of the timing of peak GH in 
certain tests such as the arginine and levodopa test will 
increase their sensitivity (89) (Fig. 1).

The GHST remains of key importance in the assessment 
of short children potentially labelled as ISS or SGA. An 
abnormal GHST, with a peak GH level of <7 or <10 μg/L 
in the US (5) and auxological features consistent with 
GHD, immediately removes a patient from an ‘idiopathic’ 
category. A low IGF-1 value without knowledge of GH 
status cannot distinguish GHD from GH insensitivity (51). 
Longitudinal observation and monitoring may lead to 
re-evaluation of the GH-IGF-I axis in some inadequately 
growing children that may involve repeat GHST. Once the 
distinction between GHD and non-GHD short stature has 
been made, further investigations to define aetiology such 
as measurements of IGFBP-3, ALS and an IGFGT, with its 
recognised disadvantages (90), are options. However, the 
designations of FSS or NFSS still apply, now with GHD or 
non-GHD added, but genetic investigations are indicated 
to identify a causative genetic pathogenesis and thereby 
remove the patient from the undefined category of  
ISS or SGA.

Genetic studies for the further evaluation 
of aetiology

Genetic testing was briefly mentioned in the 2008 ISS 
Consensus Statement (39), but advances in genetic 
techniques and particularly next generation sequencing 
have resulted in increasing yields of positive genetic 
diagnoses in short children labelled ISS with and without 
SGA (14, 15). A range of genetic techniques are available, 
but those should be prioritised which can provide positive 
causative answers. Targeted evaluation of a single gene 
(candidate gene sequencing) is recommended for a child 
who shows characteristic clinical or laboratory features of 
a well-known genetic syndrome. However, in most cases 
there is not a strong suspicion for a certain syndrome (e.g. 
children presenting with mild GHI or minor dysmorphic 
features), so that the candidate gene approach has largely 
been overtaken by exome sequencing (ES), using targeted 
gene panels, supplemented by chromosomal microarray 

to detect both sequence variants and CNVs (91, 98). ES is 
likely to identify many novel genetic variants of uncertain 
causative significance (91), and functional studies will be 
required to assess pathogenicity (92). When the genetic 
variant is rare or novel, incorporating phenotype/
genotype correlation and familial segregation is critical 
in the interpretation of causation. Support from the bio-
informatic and genetic experts may be required (5).

 Using a combination of targeted genetic testing and 
exome sequencing (ES), Hauer  et al. reported a diagnostic 
yield of 33% in 565 cases of unexplained short stature 
(85, 86). A change in the paradigm of growth assessment 
has been proposed, prioritising genetic testing in favour 
of the relatively low yield of endocrine assessment (17). 
However, in our view, genetic testing is an integral part 
of the assessment of short stature and should be given 
equal status to clinical and endocrine assessment (Fig. 1). 
Schemes and indications have been proposed in a number 
of recent reports (14, 15, 17, 91, 92, 93).

Which short patients should have 
genetic investigations?

Short children with normal or low birth size are clinically 
heterogeneous and may harbour a range of molecular 
aetiologies for their short stature in up to 40% of cases 
(91, 93, 94, 95, 96). In general, genetic investigations 
are indicated if there are positive clinical diagnostic 
clues for a monogenic disorder. Examples of such clues 
include severe short stature, microcephaly or relative 
macrocephaly, dysmorphic features, disproportion, a 
positive family history, and a low birth size (SGA) (13). In 
general, patients with a clinical suspicion of monogenic 
disorders in whom a clear diagnosis will enhance clinical 
management in terms of explanation, prognosis, choice 
of therapy or genetic counselling, are good candidates 
for genetic testing. Examples include soft dysmorphic 
features suggestive of Noonan syndrome, patients with 
possible mild GH insensitivity (60) and patients with 
borderline body disproportion suggestive of SHOX, ACAN 
or NPR2 genetic variants (4, 97).

Regarding the implications for the choice of therapy, 
the principal aim of genetic investigations is to identify 
monogenic disorders having a significant effect on 
growth (17). In children with ISS, one would expect 
that these defects would be found mainly in the NFSS 
subjects, where either parents with normal stature may 
be carriers of a recessive gene or the patient carries a  
de novo pathogenic gene variant. An example of apparent 
NFSS of genetic origin is the pseudoexon GHR variant 
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which can present with mild short stature and normal  
IGF-1 levels (63).

Many of the FSS patients are likely to have polygenic 
short stature having inherited common gene variants of 
small effect size (91). However, if dominant inheritance 
of short stature is traceable in one or more generations, 
monogenic defects as in NPR2 (91) and SHOX mutations 
(14), dominant negative GHR mutations (61) and Noonan 
syndrome defects (94) are likely.

In short children born SGA the frequency of genetic 
causes appears to be higher than in ISS, although direct 
comparative studies are awaited. Extreme examples include 
genetic defects in fundamental cellular processes, which 
can produce severe global growth deficiencies known as 
primordial dwarfism where pre- and post-natal growth 
is severely affected. A more extensive overview of gene 
variants associated with SGA was reviewed by Finken  et al. 
(48). As with ISS, the primary aim of genetic studies in SGA 
subjects is to identify monogenic defects. These may be 
predicted by the use of clinical scoring systems, such as the 
Netchine–Harbison system for Silver–Russell syndrome 
(99), the recently published scoring system for IGFR 
mutations (73) and concordance with characteristics of 
ACAN variants (97, 100, 101) or Madelung deformity which 
is pathognomonic for SHOX haploinsufficiency. Positive 
scores can be followed up by candidate gene sequencing 
or, preferably using a hypothesis-free approach, with a 
genome-based targeted gene panel, including a check for 
copy number variations and uniparental disomy.

In a study of 55 unexplained cases of short SGA 
subjects, sequencing using a targeted gene panel or ES 
gave a positive diagnostic yield of 15% (16). Heterozygous 
pathogenic or likely pathogenic genetic variants in 8 of 
the 55 patients, were identified in genes already associated 
with growth disorders. Four of the genes were associated 
with growth plate development, IHH (n = 2), NPR2 
(n = 2), SHOX (n = 1), and ACAN (n = 1), and two with the  
RAS/MAPK pathway, PTPN11 (n = 1) and NF1 (n = 1) (16). 
In the case of a dysmorphic SGA child where the diagnosis 
is uncertain, ES was particularly helpful in identifying the 
mutation in the BLM gene confirming the diagnosis of 
Bloom syndrome (102). In special cases where a novel 
monogenic disorder is suspected, ES in a ‘trio’, that is 
patient and both parents, can be performed. It is likely 
that future bio-informatic analyses of next generation 
sequencing technology will show that in many cases 
SGA is caused by a combination of multiple (epi)genetic 
variants (103).

We believe that a case can be made for genetic 
assessment of short children born SGA, because the pre-test  

likelihood of detecting a genetic condition is high (in 
the order of 30–40%), particularly if a child presents with 
additional features as summarised previously. Another 
reason is that it is important to be sure that the child 
does not has a syndrome for which rhGH treatment is 
contraindicated (e.g. Bloom syndrome) (102) or debatable, 
such as NF-I (105). A third reason is that the diagnosis of 
IGF1R haploinsufficiency or genetic syndromes affecting 
growth plate function (e.g. SHOX haploinsufficiency) 
implies that a higher dosage of rhGH is indicated to 
generate an appropriate growth response.

Which short patients should not have 
genetic investigations?

It is reasonable to assume that when the label of ISS or SGA 
is given to a child with short stature, a detailed auxological 
examination would have been performed to exclude body 
disproportion and major dysmorphic features. Similarly, 
endocrine investigations to exclude GH deficiency and 
GH insensitivity (GHI) should have been performed. So, 
the decision about genetic testing must be made by the 
clinician responsible for the child’s care by subjectively 
weighing the diagnostic clues for a primary growth 
disorder and their severity (13). In general, the greater the 
severity of short stature, the more likely is it that there 
is an identifiable genetic defect (5, 91), but the number 
and severity of any additional congenital anomalies or 
dysmorphic features, evidence of a skeletal dysplasia, 
associated intellectual disability, microcephaly or relative 
macrocephaly should be added to the interpretation (13, 
17, 91). This agrees with the recommendation that not 
all short children should have genetic investigations (5). 
Specifically, children with mild familial short stature 
without any additional abnormal clinical features should 
not be tested. Similarly, children with delayed bone age 
with expected adult heights within the normal range 
with a positive family history for delayed puberty for the 
family should in general not be tested as they may have 
constitutional delay of growth and puberty.

Labelling a child as ISS or SGA without further 
attempts to clarify aetiology can be damaging 
to clinical outcome

In clinical medicine, ‘diagnosis’ generally means that 
the aetiology of a condition has been identified. As we 
stated previously, ISS and SGA are not final diagnoses 
and the designation ‘idiopathic’ (explicit in ISS, implicit 
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in SGA) means that no aetiology has been identified. We 
accept that ISS and SGA are terms that will continue to be 
used. The FDA licences for rhGH therapy in ISS and SGA 
increases the temptation for clinicians to use these labels 
in order to prescribe rhGH either as short-term or long-
term therapy.

This approach can be both psychologically damaging, 
when an over-optimistic height prognosis is attached 
to such therapy and also counterproductive when a 
pathogenesis supporting alternative therapy such as 
rhIGF-1 would be more effective. A case in point is the 
molecular disorder of PAPPA2 mutations. Affected children 
have mild short stature with subtle dysmorphic features. 
If labelled as ISS or SGA, hGH therapy might well have 
been prescribed. In fact, identifying and understanding 
the pathogenesis will lead to therapy with rhIGF-1, as the 
mutation results in deficiency of free IGF-1, and positive 
responses to rhIGF-1 therapy have now been reported (18, 
104). The same argument applies to mild GHR mutations, 
where responses to rhIGF-1 have also been documented 
(63), in contrast to lack of evidence of responses to rhGH. 
Genetic identification of IGF1R defects can be compared 
to published experience of rhGH therapy in such patients 
(73) rather than to non-specific responses to hGH in 
idiopathic SGA subjects.

The new development of C-type natriuretic peptide 
analogues, such as Vosoritide, and the long-acting form 
of TransCon CNP, which are currently being assessed for 
treatment of growth plate defects would, if shown to be 
effective, be a further example of the inappropriate use of 
rhGH in patients (106, 107). It should be mentioned that 
patients receiving new research preparations such as the 
CNP analogues should be followed in specialist centres 
with experience of paediatric bone disorders.

Conclusions

The challenge of identifying the accurate aetiology in a 
child with short stature focuses on three key disciplines; 
(i) clinical skills, (ii) evidence-based endocrine assessment 
and (iii) genetic testing and data interpretation. The 
clinician plays a vital role in eliciting an accurate history, 
carefully documenting the phenotype and observing 
subtle clinical characteristics. The endocrine assessment is 
arguably less precise with decisions made on the basis of 
somewhat empirical deviations from normative data and 
unphysiological dynamic tests. Genetic investigations 
provide the hope of accurate causative findings which may 
clarify physiological mechanisms. These three disciplines 

should be mutually complementary. We accept that labels 
such as ISS and SGA are useful and will continue to be used. 
However, they should not be the end-points of evaluation 
of the patient. The use of the previous three disciplines 
is available and indicated in children with unexplained 
short stature with the aim of accurately categorising their 
pathogeneses, and thereby gradually eroding the large 
groups of patients currently carrying the labels ‘idiopathic 
short stature’ or ‘SGA’.
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