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Short stature is defined by height more than 2 stan-
dard deviation scores below the mean observed in 
age and sex reference population (height SDS <-2) 
and, by definition, affects 2.3% of children. The ma-
jority of children with short stature are healthy and 
do not present any alteration in clinical or laboratory 
exam that could elucidate the cause of their growth 
impairment (1). These children are classified according 
to their birth weight and length as having idiopathic 
short stature (ISS) or born small for gestational age 
(SGA), which can also be called as non-syndromic or 
isolated short stature.

Human height is a high heritable trait (2). Several com-
mon variants (with a minor allele frequency greater than 
5%) located throughout the genome explain around 
25% oh height variability in general population (3). Each 
of these frequent variants has an impact of 1-2 mm on 
height. Additionally, rare variants (with frequency less 
than 1%) may exert an effect of 10 to 20 times greater 

(4-6). Although short stature can be caused by a combi-
nation of common genetic variants with a small impact 
on growth in a polygenic inheritance, especially in mild 
and isolated cases, several monogenic defects have 
been appointed as cause of the growth impairment in 
children with ISS or born SGA (7). Multiple studies have 
applied multigene sequencing analysis [whole exome 
sequencing (WES) or targeted gene panel] to inves-
tigated children with isolated short stature. A recur-
rent observation of these studies is that approximately 
1.5% of children with isolated short stature are the 
mildest clinical presentation of Noonan syndrome or 
neurofibromatosis type 1 (8-10). Additionally, defects in 
several genes were associated with short stature and 
unspecific or absence of additional clinical symptoms 
and/or signals.

Defects located in genes related to somatotropic 
axis, as intuitively expected, were identified in several 
children classified as ISS or born SGA. The growth 

hormone (GH) and insulin-like growth factor 1 (IGF-
1) are the key components of the somatotropic axis, 
which is recognized as the main endocrine regulator of 
longitudinal growth. For this reason, defects in genes 
that participate in the GH/IGF-1 pathway have always 
been the target of researches looking for genetic 
causes of short stature. These gene defects (summa-
rized in Table 1) can disrupt from the synthesis of GH 
to the action of IGF-1. Although typical alterations in 
laboratory tests may indicate a candidate gene, some 
affected individuals have subtle findings of GH/IGF-1 
deficiency or resistance and are classified as having 
ISS or SGA.

Longitudinal bone growth occurs due to endochon-
dral ossification process that takes place in the 
growth cartilage. Proliferation and differentiation of the 
chondrocytes are part of that process, as well as the 
synthesis of extracellular matrix. Endochondral ossi-
fication is regulated by endocrine, paracrine and auto-
crine factors. Defects in genes that encode or regulate 
the expression of these factors have been recognized 
as cause of several skeletal dysplasias. More recent-
ly, it has increased the number of genes related to 
growth plate which are also associated with ISS or 
SGA (summarized in Table 1). Some affected indivi- 
duals may have mild disproportionate short stature 
and/or nonspecific skeletal abnormalities.

Defects in the most genes described in Table 1 were 
firstly associated with extreme phenotypes and/or 
syndromic forms of growth disorders. Over the past 
years, with the greater availability of next-generation 
sequencing (NGS) techniques, it has become possible 
to identify an increasing number of genetic causes of 
short stature in children with the mildest spectrum of 
the diseases.

As a rule, the diagnoses of genetic conditions associat-
ed with short stature are realized based on clinical and 
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laboratory findings. In these cases, where the diag- 
nosis was made based on the patient's phenotype, 
genetic testing is generally targeted for a particular 
gene or genetic defect, a candidate gene approach. 
This strategy mainly serves to confirm the diagnosis 
and subcategorization. In this scenario, genetic tests 
become especially important in mild or atypical cases 
where the clinical diagnosis is difficult. However, this 
candidate gene approach is not feasible when there 
are no specific findings to guide the recommendation 
of the specific genetic test, it is the case of most chil-
dren with ISS or SGA.

In the absence of a particular phenotype that helps 
in the indication of a specific genetic testing, a broad 
evaluation of the genome is the logical choice to con-
duct a genetic investigation. In the Figure 1 there is a 
suggestion on how to proceed to genetic evaluation of 
a child with isolated short stature. The candidate gene 
approach may be useful if there is a characteristic fin-
ding, but a multiple-gene testing approach is generally 

preferable. The option of using a targeted gene panel 
or WES is dependent on availability, but with the gra- 
dual reduction in cost, it is likely that WES will soon be 
the most used methodology, and the analysis will be 
guided by knowledge of the genes capable of gene- 
rating phenotype of isolated short stature.

Identifying the genetic etiology of short stature has im-
portant consequences:

1. Enables accurate genetic counseling

2. Allows the identification of other affected mem-
bers of the family fast and at a lower cost

3. Provides information that should guide patient fo-
llow-up and treatment

The proportion of ISS and SGA children with an identi-
fied monogenic defect is relatively small (approximate-
ly 15%) and information on specific approaches is still 
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Gene Additional features
Year of first 
association 

with ISS
Ref

Genes related to the GH/IGFs axis

GHR Laboratory evaluation suggests partial GH insensitivity 1995 (11)

GH1 Low growth velocity and delayed bone age 2003 (12)

IGF1R
Children usually were born small for gestational age, have microcephaly 
and have high levels of IGF-1 (basal and/or during GH therapy)

2003 (13)

IGFALS Very low levels of IGF-1 and IGFBP-3 with mild short stature 2004 (14)

GHSR
ISS and DGH phenotype within the same family; delay in puberty in some 
children

2006 (15)

IGF1 Birth weight and birth length in the lower limit of the normal range 2012 (16

PAPPA2 High levels of IGF-1 and IGFBP-3 2016 (17)

STAT5B
Laboratory evaluation suggests partial GH insensitivity; elevated IgE and 
eczema 

2018 (18)

Genes related to the growth plate

SHOX Abnormal body proportion; presence of Madelung deformity in relatives 1997 (19)

NPR2
Nonspecific skeletal abnormalities; some children have abnormal body 
proportion

2013 (20)

ACAN Advanced bone age, poor pubertal spurt and early-onset osteoarthritis 2014 (21)

FGFR3 Normal body proportion was described in only one family 2015 (22)

NPPC Small hands; only six affected individuals from two families were described 2018 (23)

IHH
Abnormal body proportion in most cases; shortening of the middle 
phalanx of the 5th finger 

2018 (24)

COL2A1, 
COL11A1/2

Abnormal body proportions and nonspecific skeletal abnormalities 2021 (25)

Table 1. Genes associated with isolated short stature.
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limited. However, it is expected that new protocols will 
be proposed aiming at a more accurate approach to 
treat growth disorders based on their genetic cause.
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