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ABSTRACT

Idiopathic short stature (ISS) is characterized by a height more than two standard deviations below the
corresponding mean height of a given age, sex, and population group without evidence of systemic, endocrine,
nutritional, or chromosomal abnormalities, and normal stimulated growth hormone levels. While growth is
influenced by genetic, nutritional, hormonal, and environmental factors, ISS remains a diagnosis of exclusion
after ruling out systemic, endocrine, or chromosomal disorders. Although multiple genes have been linked to
be associated with linear growth, they account only for a small proportion of cases of short stature. Advances in
genetic testing, including whole-exome sequencing and copy number variant analysis, have improved diagnostic
precision, yet the yield remains low. Mutations in genes SHOX, ACAN, natriuretic peptide receptor-B, and insulin-
like growth factor 1 receptor along with epigenetic factors have been implicated in ISS. Identifying pathogenic
variants aids in personalized management, early detection of comorbidities, and genetic counseling. This review
compiles current insights into genetic basis of ISS, emphasizing the need for further research to unravel its
complex etiology and improve management strategies for affected individuals.
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INTRODUCTION

Idiopathic short stature (ISS) refers to unexplained growth impairment in an otherwise healthy
child, characterized by height standard deviation score (SDS) below —2 SDS for age and gender
on appropriate growth charts. Several factors influence linear growth, including prenatal maternal
health, nutrition, endocrine regulation, environmental exposures, and genetic predisposition.
While some cases of short stature arise from identifiable conditions such as celiac disease,
inflammatory bowel disease, hypothyroidism, or growth hormone (GH) deficiency, many remain
unexplained, leading to a diagnosis of ISS. Common contributors include constitutional delay of
growth and puberty (CDGP) and familial short stature (FSS); however, the precise etiology in
ISS often remains undetermined. Genetic factors play a significant role in growth regulation, with
variations in genes associated with growth plate chondrogenesis, extracellular matrix formation,
and paracrine signaling pathways contributing to ISS.!"! Growth regulation is a complex process
involving growth plate chondrocytes and key signaling pathways, such as insulin-like growth
factors (IGFs), C-type natriuretic peptide (CNP), fibroblast growth factors, parathyroid hormone-
related protein (PTHrP), Indian hedgehog, bone morphogenetic proteins, and WNT signaling!?
[Table 1]. Recent studies indicated that up to 50% of children with severe short stature (height SDS
< —3) may have an underlying genetic cause. However, despite advancements in genetic testing, the
diagnostic yield of methods like exome sequencing remains limited (<30%)."*! Identifying a genetic

This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
©2025 Published by Scientific Scholar on behalf of Journal of Pediatric Endocrinology and Diabetes

Journal of Pediatric Endocrinology and Diabetes « Volume 5 « Issue 1 « January-April 2025 | 12


https://dx.doi.org/10.25259/JPED_19_2025

Kaur, et al.: Genetic diagnosis of idiopathic short stature

Table 1: Various factors regulating growth.
Paracrine Factors affecting Factors affecting cellular
signal extracellular growth
matrix protein
synthesis
IGE-2 Type II collagen Transcriptional factors —
SHOX
CNP Type IX collagen Rasopathies (disorder of
Ras-MAPK pathway) -
PTPN11, SOS1, NF1, HRAS,
SPREDI, RAFI
FGF Type X collagen Microtubule stabilization -
CUL7, CCDC8
PTHrP Type XI collagen DNA damage repair
syndrome — BLM1
WNT Aggrecan Regulator of a DNA damage
signaling response signaling cascade
- ATR
BMP Fibrillin 1 snRNA function and splicing
signaling core - RNU4ATAC, PCNT
MATN3
COMP
IGF: Insulin-like growth factor, CNP: C-type natriuretic peptide,
FGF: Fibroblast growth factor, PTHrP: Parathyroid hormone-related
protein, BMP: Bone morphogenetic protein, MATN3: Matrilin-3,
COMP: Cartilage oligomeric matrix protein, MAPK: Mitogen-activated
protein kinase

basis for ISS offers multiple benefits, including personalized
management, early detection of associated comorbidities,
prediction of GH response, and genetic counseling. In cases
where children exhibit neurological involvement and/or
syndromic features, chromosomal microarray (CMA) or
whole-exome sequencing (WES) may help in identifying
pathogenic variants. Despite thorough clinical and laboratory
evaluations, a definitive diagnosis remains elusive in 50—
90% of cases, necessitating further advancements in genetic
research and diagnostic strategies. In this review, the authors
shall be discussing in detail the genetic factors implicated in
ISS.

CASE SCENARIOS
Case 1l

An 8-year-old male child was brought to outpatient
department with the complaint of poor growth from the age
of 4 years. He was born at term, appropriate for gestational
age (birth weight 3 kg). There was no history indicative of
any systemic illness, previous hospitalizations, or long-term
medication use, such as steroids. On examination, the child
exhibited short stature with no signs of dysmorphism or
micronutrient deficiency. Anthropometric measurements
revealed a weight of 15.2 kg (-2.45 SDS), height of 102.6 cm

(—3.36 SDS), upper segment to lower segment ratio (US:
LS) of 0.9:1, body mass index (BMI) of 14.47 kg/m? (-0.39
SDS), and mid-parental height of 160 cm (-1.78 SDS). The
baseline workup, including hemogram, liver and kidney
function tests, celiac serology, and thyroid profile, was within
normal limits. Skeletal maturity was assessed to be 5 years.
GH stimulation tests demonstrated normal peak responses
(15 ng/mL with insulin and, 18 ng/mL with clonidine) with
two agents. The child was diagnosed with ISS and offered
GH replacement therapy; however, the family was unable to
afford the treatment.

Case 2

A 10-year-old girl presented with short stature relative to
her peers. She has consistently been shorter than her age-
matched peers since early childhood, with a height below the
3 percentile (-2.5 SDS) for her age and gender. Her weight
was within the normal range for her height. Both parents
exhibited short stature, with heights below the 5% percentile
for their respective genders. There was no significant medical
history, chronic illnesses, or genetic disorders in the family.
Physical examination revealed no dysmorphic features or
signs of chronic illness, and her development and cognitive
function were within normal limits. Routine tests such as
complete blood count (CBC) and hormonal evaluations
were all within normal ranges. A bone age assessment was
consistent with her chronological age. Based on her growth
trajectory, familial background, and unremarkable laboratory
findings, the patient was diagnosed with FSS. The parents were
counseled that children with FSS generally attain a final adult
height within their genetically determined potential. However,
in cases where height is markedly low (below —2.25 SDS) as
in this case, the predicted adult height may fall significantly
below the mid-parental height (MPH) range. GH stimulation
testing revealed a peak GH level of 11 ng/mL. Consequently,
GH therapy was initiated at a dosage of 33 ug/kg/day.

Case 3

A 13-year-old male child initially presented at 8 years of age
with the parental concerns of inadequate weight and height
gain since past 3 years. He also had complaints of chronic
constipation at presentation; however, his intellect was
average for his age. He had no other systemic complaints and
had normal head circumference and attained all milestones
slightly delayed for age. He was born by normal vaginal
birth at term at home; appearance was “small”’; however,
exact birth weight was not documented; cried immediately
after birth; and had normal perinatal transition. According
to parents, child attained all milestones with a delay of
around 5-6 months as compared to elder sibling. At initial
presentation, he had weight of 14 kg (-4.4 Z score), height
of 106 cm (—6.4 Z score), and head circumference of 47.5 cm
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(<—2 standard deviation [SD] for population) and sexual
maturity rating (SMR) stage-1. He had no affected sibling
and parents had normal height (MPH 164.2 cm), with
thyroid function tests (TFT), and tissue transglutaminase
IgA (tTg-IgA) of 2 U/mL. In the baseline investigations,
he had microcytic hypochromic anemia, hypocalcemia
secondary to vitamin D deficiency and was started on
supplements. Wrist X-ray had shown delayed bone age at
this point of 2-3 years. TFT and tTg-IgA were normal; and
GH stimulation test showed a peak value of 14.84 ng/mL at
90 min, and hence, child was classified as ISS. GH therapy
was also started at that time.

At the time of enrolment, he was 13 years-old on follow-up
assessment with weight of 28 kg (3"-10" centile, —1.99 SDS),
height of 128.5 cm (<3 centile, —3.29 SDS) attained while on
GH therapy and BMI of 17.08 kg/m? (25"-50" centile, —0.43
SDS). However, there was no significant phenotypic trait
and X-rays were also normal. This child had significant arm
span (AS): height difference of 3.5 cm between the two and
abnormal US: LS ratio for age. On genetic analysis for short
stature, he was found to have a heterozygous deletion of exon
5, 6 of SHOX gene on Xp22.

HOW DO YOU DEFINE ISS?

ISS is characterized by a height that falls more than 2 SDS
below the mean for a childs age, sex, and population,
without any underlying systemic, endocrine, nutritional,
or chromosomal abnormalities. ISS encompasses children
with familial and non-familial short stature as well as those
with genetic defects affecting growth. GH-IGF axis plays a
significant role in ISS by regulating growth and development.

WHAT ARE THE KEY POINTS TO CONSIDER IN
THE HISTORY AND CLINICAL EVALUATION OF
A CHILD WITH SHORT STATURE?

To evaluate a child with short stature, first assess the details
such as family history, history of consanguinity, birth history,
any past illnesses, medications, and nutritional issues. Growth
measurements for children < 5 years should be plotted on
the World Health Organization growth charts™ while for
children older than 5 years Indian Academy of Pediatrics
2015 growth charts should be used.”! Physical examination
should focus on growth failure, body proportions, and
dysmorphic features. The laboratory investigations include
CBC, TFT, bone age X-ray, and karyotype in girls. GH
testing is recommended if GH deficiency is suspected,
particularly with low height velocity (<25 centile). IGF-1
levels are crucial for evaluating short stature, while insulin-
like growth factor-binding protein 3 (IGFBP-3) is helpful in
children under 3 years for diagnosing GH deficiency (GHD).
Hypothalamic-pituitary magnetic resonance imaging is

recommended for confirmed GHD or suspected intracranial
lesions.!*!

IS GENETIC TESTING NECESSARY FOR
DIAGNOSING ISS?

The reduced stature in many individuals with ISS is often
linked to genetic factors which could be monogenic or
polygenic. Genome-wide association studies (GWAS) have
explained 27% of adult height variation, identifying 780
variants in a population of 711,428 healthy individuals. In
addition, the age at menarche, which likely reflects the timing
of pubertal onset, also has a genetic basis, with 397 genetic
variants identified.”! Establishing a precise diagnosis can
significantly aid treatment decisions and can put an end to
unnecessary investigations. Furthermore, getting a diagnosis
can help in early detection of associated comorbidities. For
example, in a small for gestational age (SGA) child where
GH therapy is planned and next-generation sequencing
(NGS) reveals a DNA repair defect syndrome, GH therapy
is contraindicated due to the heightened risk of malignancy.
Genetic insights can help guide dosing strategies or determine
whether recombinant human growth hormone (rhGH)
or recombinant human IGF-1 (rIGF1) would be the more
appropriate strategy to improve stature. Another important
aspect of genetic testing is genetic counseling; with a definitive
genetic diagnosis, risk of recurrence in next pregnancy and
prenatal genetic testing in next pregnancy can be offered in
form of chorionic villus testing and amniocentesis.

WHAT ARE THE GENETIC FACTORS
ASSOCIATED WITH 1SS?

Height is a complex polygenic trait regulated by multiple
genetic factors with hereditary influences accounting for
approximately 80-90% of adult height variation.® Various
genetic, epigenetic, and environmental factors have role
in etiopathogenesis of short stature. The use of advanced
molecular genetic approaches such as copy number variation
(CNV) analysis, WES, and single-gene testing have helped
identify genetic causes of ISS in approximately 25-40% of
cases.”! Specific genetic defects, including mutations in
the SHOX, ACAN, FGFR3, natriuretic peptide receptor-B
(NPR2), and GH/IGF-1 axis genes, have been linked to ISS.[""!
We will be hereby discussing the various genetic etiologies
implicated in ISS.

Monogenic causes
GH/IGF-1 axis

The GH receptor (GHR), a transmembrane protein, belongs
to the cytokine-GH-prolactin receptor family. Mutations
in the GHI gene can cause GH deficiency or impaired
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G\e‘a/
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Insulin-like growth factor 1 (IGF-I)

—— > Insulin-like growth
factor | receptor (IGF1R)

Figure 1: Growth hormone-insulin-like growth factor 1 axis pathway.

signaling. Defects in GHR, signal transducer and activator
of transcription 5B (STAT5B), and inhibitor of nuclear factor
are considered disorders of the “proximal” GH-IGF-1 axis,
while mutations in IGFI and insulin-like growth factor-
binding protein, acid-labile subunit (IGFALS) affect the
“distal” part [Figure 1]. STAT5B and IKBKB mutations can
also lead to GH resistance and immune dysfunction. A peak
GH concentration below 7 ng/mL has been linked to GH
deficiency. Measuring IGF-1 levels is strongly recommended
in the evaluation of short stature. GH insensitivity is suggested
in patients with low GH-binding protein (GHBP) levels, low
IGF-1, and elevated GH levels. Other gene mutations, such as
those in the transcription factors PROP1 and POU domain,
class I, transcription factor 1 (POU1F1), are associated with
severe growth failure and classical GH deficiency.!'" Mild
mutations in the GHR gene contribute to approximately 5%
of ISSI*?! cases with abnormal GHR signaling also implicated.
IGF-1 haploinsufficiency and mutations in the IGFALS
and insulin-like growth factor I receptor (IGFIR) genes are
linked to ISS.! IGF1 defects manifest as low IGF-1 levels
with normal IGFBP-3. IGFALS mutations result in very low
IGF-1 and IGFBP-3. IGFIR mutations are associated with
microcephaly, cardiac defects, and developmental delays.!""!

Recent studies have identified variations in the pregnancy-
associated plasma protein A2 (PAPP-A2) gene, leading to
severe short stature due to reduced IGF-1 availability [Table 2].
PAPP-A2 mutations result in high GH, IGF-1, IGF-2 IGFBP-3,
and IGFBP-5 levels but low or undetectable PAPP-A2.[%]

SHOX gene

The SHOX gene, in the pseudoautosomal region 1 of the
X and Y chromosomes (Xp22.3), is essential for skeletal
development. SHOX haploinsufficiency is a well-recognized
cause of short stature, leading to a spectrum of phenotypic
variations following an autosomal dominant inheritance
pattern."” Variations in the SHOX are frequently linked
with conditions such as Leri-Weill dyschondrosteosis,
Madelung deformity, and Turner syndrome."”! SHOX
mutations contribute to approximately 2-4% of cases of
ISS,M with some studies suggesting a prevalence of 3-15%
in ISS patients. While haploinsufficiency of SHOX is more
commonly caused by deletions/duplications than point
mutations, deletions in the SHOX enhancer region have
been identified as a significant cause of short stature. Patients
with SHOX enhancer deletions generally have a better
response to GH therapy compared to those with SHOX
haploinsufficiency, highlighting the importance of genetic
screening in identifying the underlying causes of short
stature.['”)

FGFR3 gene

FGFR3 plays a crucial role in skeletal development
by acting as a negative regulator of growth plate
chondrogenesis.*”) However, a variation in the FGFR3 gene
can also lead to proportionate short stature, which contrasts
with its usual function.
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Table 2: Common syndromes presenting with short stature.

brachydactyly

Noonan syndrome
and dysmorphism

Silver-Russell syndrome
feeding difficulties

Prader-Willi syndrome

obesity later on

Pseudohypoparathyroidism

Laron syndrome
IGF-1, increased GH

Bloom syndrome
microcephaly and malignancies

Syndromes Salient clinical features Genetic etiology

Turner syndrome Short stature, delayed puberty, amenorrhea, webbed =~ Monosomy X
neck, renal and cardiac anomalies

Floating harbor syndrome  Short stature, early puberty, intellectual disability,and SRCAP, AD

Short stature, pulmonary stenosis, pectus deformity,

Short stature, SGA at birth, body asymmetry, and

Short stature, hypotonia, cryptorchidism, feeding
difficulty in infancy followed by hyperphagia and

Short stature, cataract and dental anomalies
Short stature, delayed bone age, delayed puberty, low

ASS Short stature, delayed puberty, and shawl scrotum

Short stature, photosensitivity, intellectual disability,

RAS-MAPK genes, AD

Hypomethylation of the paternally inherited allele
(ICR1) at chromosome 11p15 (30-60% cases)
Maternal uniparental disomy of chromosome 7
(5-10% of cases)

Deletion of the paternally inherited 15q11.2-q13
region

Uniparental disomy of the maternal chromosome
15q11.2-q13 region (UPD 15)

Imprinting center deletion or epimutation

Methylation abnormalities, maternal deletions,
uniparental disomy of chromosome 20

GHR, AR

FGD1, XLR
RECQL3, AR

SGA: Small for gestational age, IGF: Insulin-like growth factor, GH: Growth hormone, GHR: Growth hormone receptor, ASS: Aarskog-Scott syndrome,
RECQL3: recq protein-like 3, FGD1: fyve, rhogef, and ph domain-containing protein 1, XLR: X-linked recessive, SRCAP: snf2-related cbp activator protein,
AD: autosomal dominant, Ras-MAPK: mitogen-activated protein kinase, AR: autosomal recessive

ACAN gene

The ACAN (aggrecan) gene has role in cartilage and skeletal
development. Recent studies have linked ISS with ACAN
haploinsufficiency, recognizing it as a significant contributor to
ISS.2! The short stature and advanced bone age can be a clue to
ACAN gene variation. Heterozygous mutations in ACAN have
been identified as a cause of ISS in about 1.4% of cases, making it
the second most common genetic factor after SHOX defects.™

NPR?2 gene

Heterozygous variants in the NPR2 gene, which encodes
the receptor for CNP, have been identified as a cause of
short stature in individuals without a distinct phenotype.
The NPR2-CNP signaling pathway plays a crucial role
in chondrocyte development and growth and has been
recognized as a key regulator of skeletal growth by
modulating FGFR3 signaling.® NPR2 variations are found
in up to 6% of children with ISS.1*

Copy number variations (CNV)

CNVs are implicated in approximately 10% of ISS cases.® A
study of 119 Chinese ISS children detected five pathogenic

or potentially pathogenic CNVs, yielding a diagnostic rate
of 2.5%.%1 Another study of 19 patients (height < -2 SD)
identified three patients having CNVs associated with genes
linked to short stature.? These findings suggest that CNVs
contribute to a small but significant proportion of ISS cases.
Dauber et al. (2011) found high incidence of CNVs in short
stature patients, particularly for deletions with a frequency
below 5%, with rare deletions being significantly more
common in these individuals.”!

Epigenetic factors

Epigenetic modifications, including imprinting disorders,
are important in the context of ISS. Silver-Russell syndrome,
caused by chromosome 7 maternal uniparental disomy
(UPD) or hypomethylation of paternal allele at 11pl5,
leads to suppressed IGF-2 transcription. Prader-Willi
syndrome, resulting from deletions or UPD of chromosome
152 and pseudohypoparathyroidism, caused by
methylation or UPD of chromosome 20, are also associated
with short stature.’” Temple syndrome, due to maternal
UPD of chromosome 14, presents with features such as short
stature and early puberty.’! In addition, epigenetic changes,
such as DNA methylation and histone modification, can
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alter growth-determining genes and should be considered in
ISS diagnosis.

WHAT ARE THE DIFFERENT GENETIC
TESTING MODALITIES THAT CAN BE
CONSIDERED FOR A CHILD WITH SHORT
STATURE?

Chromosomal microarray (CMA)

CNVs are gains or losses of genomic DNA segments, ranging
from kilobases to megabases in size. CMA can be an essential
tool for evaluating children with ISS, as they may uncover
a more specific genetic diagnosis, such as a deletion of a
chromosomal segment that houses a critical gene. American
College of Medical Genetics and Genomics recommends
CMA analysis as a first-tier diagnostic test for children with
short stature especially in cases where phenotypic evaluation
does not reveal any recognizable syndrome.® The diagnostic
yield for identifying CNVs associated with short stature is
estimated at 5-10%.°) CMA is a high-resolution genetic
testing technique that detects CNVs. The process begins
with the extraction of DNA from a patient’s blood or tissue
sample, which is then labeled with fluorescent tags. This
labeled DNA is hybridized onto a microarray chip, which
contains thousands of probes that correspond to various
regions of the genome. After hybridization, the microarray
is scanned to measure the fluorescence intensity at each
probe. This intensity reflects the presence or absence of
specific genomic sequences, helping identify regions of
gain (duplication) or loss (deletion) in the patients DNA
compared to a reference genome. The data are then analyzed
using various bioinformatic tools and databases. As a result,
CMA is an effective method for diagnosing genetic disorders,
including those associated with ISS, developmental delays,
and other syndromes related to CNVs. A study by Dauber
et al. found that individuals with short stature (height SD
score <—2) had a 1.26-fold increase in copy number variant
length, particularly for deletions, with rare deletions being
2.3 times more frequent in this group.?” In a cohort of
200 individuals with short stature, 20 patients (10%) with
presumed pathogenic CNVs, including duplications and
deletions, some linked to known syndromes and genes
related to stature were identified.™

Next-generation sequencing (NGS)

NGS could serve as an important and advanced diagnostic
tool in the evaluation of children with ISS, though results
may vary depending on the clinical context and phenotype.
NGS testing in the evaluation of short stature is indicated
for patients with profound short stature (<-3 SD), SGA
without catch-up growth, FSS (parental height < -2 SD),
or cases where ISS is associated with additional syndromic
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features or suspected monogenic causes.* It is also
considered in cases of parental consanguinity or when
associated with intellectual disability, microcephaly, skeletal
abnormalities, or facial dysmorphism. The process begins
by extracting DNA from a sample, which is then fragmented
into small pieces. These fragments are ligated with adapters
and amplified, creating a library. The library is loaded onto
a sequencing platform, where each fragment is sequenced
in parallel, generating millions of short DNA sequences.
Bioinformatic tools are used to align these sequences to
a reference genome, enabling the identification of genetic
variations such as mutations, insertions, deletions, and
CNVs. NGS is widely used for genetic testing, allowing
for comprehensive analysis of gene panels, exomes, or the
entire genome in conditions such as short stature, where
genetic causes may be suspected. WES offers the advantage
of focusing on the coding regions of DNA, thereby
narrowing the data set. The diagnostic yield of WES was
found to be 36% in a cohort of 14 patients with severe ISS.
Subsequent studies have demonstrated the utility of WES,
with diagnostic yields ranging from 16.5% in patients with
isolated SS to 21% in those with associated syndromic
features.™ A key limitation is the identification of variants
of uncertain significance (VUS), making interpretation
challenging.

Genome-wide approach

Genome-wide association studies (GWAS) typically focus on
identifying genetic variations associated with specific traits
by comparing the genomes of individuals with short stature
to those of healthy controls. These studies use statistical
methods to detect associations between genetic variants,
such as single-nucleotide polymorphisms (SNPs), and the
phenotype of interest. The EPIGROW study examined 232
candidate genes related to growth using NGS in a cohort
of 263 patients with ISS and SGA. This study identified
specific SNPs in genes like ZBTB38, which were significantly
associated with short stature.*

Epigenetic studies

These studies explore how gene expression is regulated by
factors such as DNA methylation, histone modifications, and
non-coding ribonucleic acid (RNA), without changes in the
DNA sequence. In ISS, these studies can reveal how growth-
related genes, such as IGFI and SHOX, may have altered
expression through epigenetic mechanisms. Common
tests include DNA methylation, histone modification
analysis, non-coding RNA profiling, and chromatin
immunoprecipitation, which help identify epigenetic
influences on growth regulation and potential causes of short
stature.’”]
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WHAT IS THE DIAGNOSTIC APPROACH IN A
CHILD WITH ISS?

The diagnosis of ISS relies on the depth of growth parameters
and skeletal assessments. Accurate measurement of body
proportions — including arm span, US: LS ratio, and head
circumference — along with a skeletal survey, can help
identify children for whom targeted genetic testing may be
beneficial. Genetic and/or epigenetic testing is recommended
for individuals with profound short stature (<-3 SDS or >3
SDS below MPH), a strong family history of short stature,
disproportionate growth patterns, SGA with inadequate
catch-up growth, syndromic features, developmental delays,
congenital anomalies, suspected monogenic causes (e.g.,
SHOX deficiency and GHI mutations), or those unresponsive
to GH therapy.©¥

In addition, population-specific normative data are
available to aid in diagnostic evaluations.” In cases where
phenotypic or biochemical indicators are absent, increasing
the molecular diagnostic yield can be achieved through

EEEd

targeted gene panels associated with growth disorders or
high-resolution CMA. Further genetic testing, such as NGS,
with proper pretest and post-test counseling by a trained
medical geneticist should be done for patients displaying
features indicative of a potential monogenic cause for short
stature. These features include the presence of dysmorphism
and multisystem involvement as skeletal or neurological
features, positive family history, or consanguinity up to third
degree. The yield of exome sequencing in cases of syndromic
short stature with negative CNV analysis has been seen as
high as 16.5-46%.1"") The combination of CNV analysis and
NGS can provide a diagnostic yield of 25-40% in cases of
children with short stature. The flowchart below summarizes
the diagnostic approach in a child with ISS [Figure 2].

CAN GENETIC TESTING GUIDE THE
TREATMENT PLAN IN ISS?

GH therapy was first used in ISS in the early 1980s."" The
threshold for treatment typically ranges from -2 to —3 SD,
with the optimal initiation age between 5 years and early

=
=

ol

l
[

Figure 2: The diagnostic approach in a child with idiopathic short stature.
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Table 3: Response of therapy in various mutations.

Gene Response to GH treatment
NPR2 rhGH - Favorable
SHOX rhGH - Favorable
ACAN rhGH - Favorable

IHH rhGH - Favorable
IGFALS rhGH - Less favorable
IGFIR rIGF-1 - Favorable
GHR rIGF-1 - Favorable
STAT5B rIGF-1 - Favorable

NPR2: Natriuretic peptide receptor-B, IHH: Indian hedgehog,
GH: Growth hormone, rIGF-1: receptor insulin-like growth factor 1,
rhGH: recombinant human growth hormone

puberty.”) The recommended rhGH dose in ISS is 45
ug/kg/day, higher than in GH deficiency due to possible GH
insensitivity. Response varies by genetics [Table 3], patients
homozygous for NPR2 mutations show little benefit, while
heterozygous cases respond well."?! IGFIR mutations may
justify thGH use to overcome receptor defects, but can cause
hypoglycemia and disproportionate organ growth (e.g.,
spleen and kidneys).

The 1*-year response predicts long-term outcomes. A good
response includes height SDS gain >0.3-0.5, 1*-year height
velocity increase >3 cm/year, or height velocity SD > +1.
GH therapy typically increases height by ~5 cm/year,
with an adult height gain of 3.5-7.5 cm over 4-7 years.*’]
Treatment can be stopped when height velocity drops <2 cm/
year or bone age reaches 216 years (boys) or 214 years
(girls) or when height surpasses —2 SD. Patients need
monitoring every 3-6 months for height, weight, puberty,
and side effects. Regular checks should screen for scoliosis,
tonsillar hypertrophy, papilledema, and slipped capital
femoral epiphysis. Alternative treatments include androgen
therapy for boys with delayed puberty. GH combined with
gonadotropin-releasing hormone agonist (GnRHa) can be
useful if used for at least 3 years. Aromatase inhibitors may
help by slowing bone age advancement through estrogen
suppression. Some of the genetic variations are not responsive
to GH therapy and alternative options such as recombinant
IGF-1 (rIGF-1) or newer drugs like vosoritide may be offered
as therapeutic options in these situations.

Treatment and management

The landscape of ISS treatment is evolving with advances in
genetics, molecular biology, and targeted therapies. While
GH therapy remains the standard, newer approaches such as
CNP analogs, gene editing, and endocrine modulators hold
promise for personalized and more effective interventions.
Future research and clinical trials will be critical to validating

these emerging therapies and integrating them into clinical
practice.

CONCLUSION

The genetics of ISS is complex and multifactorial, involving a
combination of monogenic mutations, polygenic influences,
and epigenetic modifications. A deeper understanding of
the genetic basis of ISS can improve diagnostic accuracy,
allowing for better stratification of patients who may benefit
from targeted therapies such as GH treatment. Future
research, including large-scale GWAS and functional
analyses, will be essential in uncovering novel genetic
contributors and refining therapeutic approaches. Ultimately,
integrating genetic insights into clinical practice can enhance
personalized treatment strategies and improve outcomes for
individuals with ISS.
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