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ABSTRACT

Idiopathic short stature (ISS) is defined by a height
standard deviation score (SDS) < -2.25 (<1.2nd
percentile) in pediatric patients for whom diagnostic
evaluation has excluded other causes of short stature,
and growth hormone levels are above 10 nanograms
per milliliter in response to physiologic/pharmacologic
stimulation. This definition, while comprehensive, is
static and does not consider the importance of
longitudinal follow up of growth, and consideration of
evolving causes of growth hormone deficiency in
these children. Using three illustrative cases, we
highlight the importance of longitudinal evaluation of
children with short stature to establish a growth
pattern, identifying evolving causes of GH deficiency
which may not be apparent on the initial work up, as
well as exclusion of non-growth hormone related
factors that affect growth including malabsorptive
diseases, familial short stature, constitutional delay in
puberty, Turner's syndrome, and SHOX Gene
haploinsufficiency to accurately make a diagnosis of
growth failure of unknown etiology (GFUE).

INTRODUCTION

In the 1980s, data on growth outcomes on patients
who received growth hormone treatment were

reported in an observational study (1); this included
children who had a normal peak growth hormone
response to stimulation, a group that was termed
“constitutional short stature”. The term, idiopathic
short stature (ISS), was later adopted to describe such
patients (2). Guidelines for the use of growth
hormone in children published by the Pediatric
Endocrine Society defined ISS by a height standard
deviation score (SDS) <-2.25 (<1.2nd percentile) in
pediatric patients for whom diagnostic evaluation
excludes other causes of short stature, and with
growth hormone levels above 10 nanograms per
milliliter in response to physiologic/pharmacologic
stimulation (3). The evaluation of children with short
stature includes observation over a prolonged period
to establish a growth pattern as well as the exclusion
of non-growth hormone related factors that affect
growth (4, 5). To monitor children's growth patterns in
the United States, the Center for Disease Control
(CDC) chart utilizes percentiles, with the 3™ and 95th
percentiles serving as the defined limits. Across the
globe, the World Health Organization (WHO) charts
are used to track a child's growth progression, and the
limits are setat 2.3rd and 97.7th percentiles (5). There
are wide variations in normal growth patterns and an
even greater variety of conditions that manifest with
growth abnormalities. Various factors contribute to the
etiology of short stature, and this includes normal
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variants of growth such as familial short stature,
constitutional delay in growth and puberty, as well as
systemic conditions such as malabsorptive diseases,
Turner's syndrome, and SHOX Gene
haploinsufficiency, among others (Table 1).
Diagnostic tests at initial presentation by pediatric
endocrinologists focus on elucidating the underlying
cause of poor growth (Table 2). Globally, malnutrition
remains the main cause of poor growth (5).

In 2003, the Food and Drug Administration (FDA)
approved the use of growth hormone (GH) for children
with ISS. Two decades later, growth hormone therapy
for idiopathic short stature remains controversial. ISS
is not universally accepted as an indication for
treatment with GH. This medication was approved for
ISS in US, Canada, and Latin America, but not in the
European Union or Japan (6). Along with other
investigators, we have expressed concerns about the
definition of ISS (7). The Pediatric Endocrine Society
consensus statement did not specifically exclude
patients with normal variants of growth such as
constitutional growth delay and familial short stature

(3). The definition focuses on stature, rather than
growth and growth failure, therefore making GH
treatment of such patients open to criticism for its use
as only a height enhancer. In addition, as we have
previously argued, a child whose height decelerates
from the 75 to the 25th percentile without any known
cause would also be of concern even though the
height would not fit the ISS definition (7). If no cause
is found after clinical, appropriate biochemical and
radiologic evaluation, such a patient may have what
we would prefer to term idiopathic growth failure (IGF).
In as much as those initials are already in use for
Insulin Like Growth Factor, we prefer the term GFUE,
or growth failure of unknown etiology, thereby
emphasizing the concern about growth failure, not just
stature.

To illustrate the potential dilemmas in diagnosis, we
present three patients with similar patterns of growth
and a normal response to initial growth hormone
stimulation testing with 2 provocative agents; each of
these children may have been called ISS but
demonstrate radically different outcomes.

Table 1. Common Causes of Short Stature and Growth Failure

Normal variants of growth

Familial short stature

Constitutional delay in growth and puberty (CDGP)

Systemic disorders

Endocrine

Growth hormone deficiency

Hypothyroidism

Cortisol excess (endogenous or exogenous)

Non-endocrine Malnutrition

Malabsorptive diseases

Genetic syndromes: Turner's syndrome, Noonan’s syndrome,
Achondroplasia, SHOX gene haploinsufficiency

Chronic
diseases)

inflammatory conditions

(e.g.: Inflammatory bowel

Chronic medical conditions (e.g.: asthma on inhaled steroids)
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Failure of Unknown Etiology

Table 2. Diagnostic Tests at Initial Investigation of Idiopathic Short Stature and Growth

CBC, ESR

Urinalysis

Basic metabolic panel- BUN, creatinine, electrolytes

Celiac screen

Karyotype

TSH, Free T4

IGF1, IGFBP3

Bone age x ray

PATIENT 1

A boy aged 12 years and 5 months was evaluated for
poor growth; both the father and paternal uncle were
“late bloomers”. The height was at the 6th percentile,
weight at 9th percentile, and Body Mass Index or BMI
(weight in Kg divided by the square of height in meters)
was at 32nd percentile, and his growth velocity was
3.8 cm per year. Clinical examination indicated Tanner
stage 1 pubertal development with testes volume of 2-
3mL bilaterally. Laboratory tests performed by the
referring pediatrician before endocrine consultation
showed normal thyroid function tests, sedimentation
rate, C-Reactive protein, and no thyroid
autoantibodies. A radiological bone age study
confirmed delayed skeletal maturation, with a bone
age of 10 vyears. No additional tests were
recommended at the Pediatric endocrinology clinic,
and he was observed clinically.

At 14 years of age, the patient showed no signs of
puberty. Figure 1 shows his longitudinal growth during
follow up. His height was the 2nd percentile, weight at
the 6th percentile, BMI at the 31st percentile, and
growth velocity remained at 3.8 cm per year. Delayed
puberty in males is defined as the absence of testicular
growth at an age that is 2 to 2.5 SD later than the

reference population, which usually is around 14 years
of age. (7) Laboratory results revealed low IGF-1
levels (-1.8 SDS for age and gender), while LH levels
were close to pubertal levels, and testosterone levels
remained prepubertal. A growth hormone (GH)
stimulation test with the provocative agents, arginine
and clonidine, was conducted due to the declining
growth velocity and the low IGF-1 levels. Upon
stimulation, peak GH level was 15 ng/ml. At 14 years
and 6 months old, the patient's height was at the1st
percentile and growth velocity had decreased to 1.9
cm per year. The laboratory tests at that visit showed
that IGF-1 levels had increased to 226 ng/mL and
testosterone was now 45.7 ng/dL, consistent with
Tanner stage 2 pubic hair, and 4 ml testicular volume
noted on examination. A bone age study confirmed
delayed skeletal maturation, with a bone age of 10
years and 6 months. Since the patient had not
progressed in puberty at the age of 14 years and 6
months, testosterone priming at a dose of 100 mg
intramuscularly, once in 4 weeks for 3 months was
initiated. At 15 years of age, his growth velocity had
accelerated to 16.4 cm per year and his height was at
the 5th percentile. Laboratory tests performed at 15.5
years showed that testosterone level was 301 ng/dL
with a LH of 0.57 mlU/ml and IGF-1 levels had
increased to 340 ng/ml. A bone age study showed the
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development had advanced with Tanner stage 3-4 for

bone age to be consistent with 14 years and 6 months
old. At 16 years and 11 months of age, the patient's
height had reached the 36th percentile. Pubertal

pubic hair development and testicular volume of 15mL

bilaterally.
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Figure 1. Patient 1 growth chart: Longitudinal growth chart in patient 1 before and after sex hormone

priming.
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DISCUSSION PATIENT 1

This patient’s height at presentation met the criteria for
the diagnosis of Idiopathic Short Stature (ISS) since
the patient's height was below -2.25 SD (8). However,
with longitudinal follow-up, patient 1 ultimately proved
to have constitutional growth delay (Figure 1). The
diagnostic approach employed for this patient
centered on monitoring. Once testosterone priming
was employed, puberty progressed, and he reached
his expected adult height. Through a targeted
endocrine evaluation and longitudinal monitoring, the
patient's condition was successfully managed without
growth hormone treatment. This case underscores the
importance of judicious use of testing.

The onset of puberty differs between boys and girls. In
girls, 95% manifest at least one sign of puberty by 13
years of age whereas boys should begin signs of
puberty by 14 years of age. In patients with delayed
puberty and slow growth, a careful family history may
be consistent with constitutional delay of growth and
puberty. There often may be a history of a family
member who also did not begin puberty until late into
the teenage years, as in the case with the proband’s
father and uncle. These patients can be difficult to
diagnose because they may appear to be slowing in
growth as they cross growth percentiles around the
time of the anticipated pubertal growth spurt. Patients
with constitutional growth delay fall behind their peers
initially but have increased growth velocity later when
puberty progresses and most reach adequate adult
heights. Patients with constitutional growth delay have
delayed bone ages and do not require treatment with
growth hormone.

PATIENT 2
A boy presents at 12 years 9 months of age with

growth failure and short stature. The patient's height
had declined from 25th percentile to 10th percentile
over 1.5 years, BMI was 40th percentile, growth
velocity was 3.8 cm per year, and he was prepubertal.
The parental target height was 176.7 cm (50th
percentile). Laboratory tests showed that the
testosterone level was 12 ng/dL, IGF-1 level was
125ng/mL (-2.06 SD), and bone age study was
consistent with 12 years of age. Because of the low
growth velocity and IGF1 level, the patient had a
growth hormone (GH) stimulation test with provocative
agents, arginine, and clonidine. The results showed a
peak GH level of 16.9 ng/ml. At 13.5 years old, the
patient’s height further declined to be at -2.25 SD and
growth velocity was 2.84 cm per year. Figure 2 shows
patient 2’s growth trajectory during follow-up. His
testicular volume was 6mL bilaterally while tests
showed IGF-1 to be114 ng/mL (-2.21 SD), thyroid
function tests were normal, early morning cortisol level
was 15.2 ug/dL, prolactin was 10 ng/ml, testosterone
level 79 ng/dL, the luteinizing hormone was 3.2
mlU/mL, and the follicle-stimulating hormone was 2.1
mIU/mL, all consistent with pubertal progression. As
puberty progressed, the growth velocity did not
increase leading to a decline in height standard
deviation. In the setting of this growth deceleration
despite pubertal progression, a second growth
hormone stimulation test with arginine and L-dopa was
performed. The GH stimulation test revealed a peak
GH level of 5.4 ng/ml. This low peak GH level is
consistent with growth hormone deficiency (GHD). On
pituitary magnetic resonance imaging, the pituitary
gland appeared normal but small. The patient was
treated with daily recombinant human growth hormone
for 4.8 years. He reached an adult height at the 90"
percentile (1.3 SDS), slightly above mid parental
height (Figure 2)
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Figure 2. Patient 2 growth chart: Longitudinal growth chart in patient 2 before and after growth hormone
therapy. GH denotes growth hormone. MPTH denotes mid-parental target height.

DISCUSSION PATIENT 2

This patient's referral to a pediatric endocrinologist
stemmed from decline in height, subpar growth
velocity considering stage of puberty, and low levels of
insulin-like growth factor 1 (IGF-1). Based on his
normal response to the first growth hormone (GH)
stimulation test, the patient’s diagnosis was consistent
with Idiopathic Short Stature (ISS). With continued
monitoring, it was apparent that further growth

deceleration occurred despite advent and progression
of puberty. With an additional growth hormone (GH)
stimulation test, the patient was ultimately diagnosed
to have evolving growth hormone deficiency. GHD can
be congenital or acquired, developing over time. The
mechanism of idiopathic GHD might be due to a
functional, transient decrease in somatomedin
secretion insufficient to maintain growth as puberty
sets in. Isolated GHD can be diagnosed using a
combination of measuring growth factors, bone age X-
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rays, and growth hormone stimulation testing (9).
Long-term monitoring as children progress into
puberty is essential to uncover these instances of
evolving GHD (9). It is imperative to emphasize the
significance of prolonged follow-up and repeated
testing to ensure the accurate diagnosis of GHD,
rather than classifying the patient under the category
of ISS or constitutional delay in growth and puberty
(CDGP). In this case, physicians employed a
meticulous approach of closely observing the decline
in height and height velocity as puberty advanced,
alongside screening tests such as IGF-1
measurement and multiple growth  hormone
stimulation tests. This comprehensive methodology
allowed for the accurate diagnosis of GHD.

Despite the recognition of their many flaws, including
poor reproducibility, non-physiologic assessment, and
practical considerations, provocative tests remain part
of the comprehensive evaluation of growth and are
essential for the diagnosis of GHD (10). For GH
stimulation testing, two agents that provoke GH
secretion from the pituitary (L-dopa, clonidine,
arginine, glucagon) are administered following an
overnight fast. These provocative agents are not
physiological and do not replicate normal secretory
dynamics. In this patient with short stature, the clinical
picture of low growth velocity as puberty progressed
plus low IGF-1 levels are indicative of late, or evolving
GHD.

PATIENT 3
A girl aged 13 years and 6 months was referred to a

pediatric endocrinology clinic to evaluate her short
stature. The patient had a medical history of ADHD

diagnosed at the age of 7 years, and multiple surgeries
for strabismus in both eyes. Her mid-parental height
was at the 5™ percentile. Axillary hair developed at 11
years of age and breast development started around
10-11 years. At age 13.5 years, the height was at the
1st percentile (-2.27 SD), weight was at <1 percentile,
and BMI was at the 6th percentile. Tanner stage of
breast development was 3 and pubic hair had been
shaved. The patient had small hands and feet,
bilateral fifth finger clinodactyly, brachydactyly, and a
slightly increased carrying angle. The bone age
was12.5 years old with shortening and broadening of
the metacarpals which raised concerns for
hypochondroplasia. Chromosomal analysis showed a
normal female karyotype, 46XX. SHOX gene analysis
did not reveal mutations or deletions. This patient had
a normal response to growth hormone stimulation test
with provocative agents, arginine, and clonidine; peak
growth hormone level was 18 ng/ml. The patient was
referred to a medical geneticist to undergo further
genetic testing to explain her short stature. Repeated
chromosome analysis counting 50 cells, had normal
female karyotype of 46XX excluding mosaic Turner
Syndrome. The microarray results found gain in a 1.5
Mb copy at 10p15.3. The Fragile X test was negative,
it did not reveal FMR1 CGG repeat expansions. A

genetic testing panel for skeletal dysplasia
investigated twenty-nine genes associated with
skeletal dysplasia and the results showed no

mutations or deletions. Whole exome sequencing did
not reveal any variant in disease genes possibly
associated with a short stature phenotype. In this
patient with height -3 SDS and low mid parental height,
treatment with growth hormone resulted in modest
gains in height SDS. Figure 3 shows this patient’s
growth before and after growth hormone therapy.

www.EndoText.org 7


http://www.endotext.org/

NFERBIBLBLIBUCBRIBGERVBIANGERIIGRLIFIITS AN

(w)aumeys

5

883385888

]

1]

~HH HHHHHHHHHHHHHB AN HHHHHH
L P et Al Mg Al A S A A N p e g LA b AL a4l gia LA R - =
— - E b R adh o — —1 e e ad eadiendian thaaiiaal al —— E = -
REREIRIREN HIK REEI RN AR RS AR RRRRIERERIRERRIRINEIRERRARIRIR LD RIRIRRIRERER
~rvetrerer a E FITITI T T T TITTT Y TTY T Y niadad sdndninisdad s -1 ™ -
~+HHHH \ - BHHHHHHH tHHHHHHHHHHHHHH HHHHHH
~HHHHH H\- 4 ra, N 18 lJ_._.lI. % tHHHHHHHHHHHHHH HHHHH

+
R r ’L”JlL”JY”TT Illrtl s bs ¢ . 4 - p e o e el = e - =

N N N et
HERRIRIRAS N H NN R R HRRERRH R RHE R HHHBHH

ST S R YN
NN ) NG NN
- — = — - oy e bt w2t bt e bt b B g e o = —
R T TR RS ™

% - 4].u1MHAUIL IJIL II] Hr_llr[vnll sdsdadsdsdndnindsdsdns — - - —

e HHHHHH TR NG BN H HH HHHHHHH HHHHHH

w m T NN Iu N Il’.

- : F T HHHH T H A HRERENS N  dsindntntsnsass HHHHHH

) w N 2 & N TN U

Q. NN [N N 3

e 8 .m w o bt A et A A A A A A Vunmnrn IUI ru I” e S e .y 4 ‘g

o) ©

<0 w § i HHHAHHHHR HH AR R N R HUHL

— D

S o W .m RETH N, Ivuwnz

D.-w Q _Wo pod =gt ) ey gy pd gy ey ey gy g gy por foy Py o aliads s ” ‘|I I“IW -] = = =

= O\ N N

S m HHHHHHHHHHHHAR R R HRRR A » ) HHHHHH

= m w SUNIONG

=5 1. ;

SG m fl o L[ALLIAIL[L -l.l.lIlA .4 . .II b b rT- .IW_IA [rT Il b 'y b . T
8 8 © R 8 8 8 8 ¢ ¢ 8 8 & R ¢ ¢ 8 8 &8 8 8 8 » R
- - - - - - - - - L o - - - - - - - -

(wo)ainyeyg

19 20

13 14 15 16 17 18

12
Age(yr)

Date Soerce Deveioped by e Netora! Corter ur Mealbh Stataics » alatomaon wih

9 10

g

| growth chart

Pe Notara! Conter for Chvone Dmsase Preveston and Health Promoton |2

Figure 3. Patient 3 growth chart

tient 2 before and after growth hormone

in pa

ina

Longitud

therapy. GH denotes growth hormone.

www.EndoText.org


http://www.endotext.org/

DISCUSSION PATIENT 3

The cause of this patient's short stature was not
apparent despite extensive testing; thus, the diagnosis
remains Growth Failure of Unknown Etiology, (GFUE)
or Idiopathic short stature (ISS). After repeated
genetic testing and thorough whole exome
sequencing the etiology of the patient’s growth failure
remained elusive. Case three presents the roadmap
for a proper diagnosis of GFUE/ ISS using diagnoses
of exclusion. The patient's height declined below
>2.25 SD score below the mean height for a given age
and sex, and through extensive genetic testing, there
were no abnormalities found. Through a rigorous
process of extensive evaluations and the systematic
elimination of alternative causes for short stature,
including malabsorptive diseases, familial short
stature, constitutional delay in puberty, Turner
syndrome, and SHOX Gene haploinsufficiency, the
patient ultimately received a diagnosis of GFUE or
idiopathic short stature.

ISS or GFUE may exist as a primary diagnosis alone
or may be subcategorized to include ISS with familial
short stature or constitutional delay of growth and
puberty. Patients with ISS are often predicted to have
an adult height below that expected based on mid
parental height. It is thought that GH may increase the
adult height of patients with ISS by 3.5 to 7.5 cm when
compared with controls (11). GH-treated children with
ISS have also been reported to achieve height gain
similar to patients with isolated GHD (6). Additional
considerations for treatment in conjunction with GH
include gonadotropin- releasing hormone (GnRH)
analogs and aromatase inhibitors. Both classes of
medications seek to decrease bone age maturation
while allowing the child to continue to grow. These
agents are still considered experimental when used for
improving growth and more studies are needed (12,
13). IGF-1 has received some attention recently as a
potential treatment for ISS. Currently, IGF-1 is only

approved for those patients with proven IGF-1
deficiency (IGF-1 levels -3 SD from the mean) with
heights below -3 SD from the mean for age and
normal stimulated GH levels. There is a lack of
prospective studies that show clear benefit of IGF-1 for
ISS. IGF-1 has also been associated with potential
side effects, including hypoglycemia, headaches,
lymphoid tissue hypertrophy, and coarsening of facial
features (4). Further studies must be performed
before IGF-1 can be considered a treatment option for
GFUE/ISS.

The concept that short stature alone is a problem that
must be treated often leads to patients seeking
treatment for cosmetic, rather than medical reasons to
attain an adult height the patient or family feel is
appropriate. It is important to stress that short stature
itself is not necessarily a medical problem. However,
a pattern of growth consistent with growth failure
(decreasing growth velocity, growth velocity
consistently <50 percentile) regardless of height
percentile should be evaluated further. If an underlying
cause of growth failure cannot be found, we propose
that it is appropriate to use a term such as “idiopathic
growth failure” or “growth failure of unknown etiology”
(GFUE) rather than “idiopathic short stature.” These
terms take the focus off stature as the overriding
problem, placing it into an element that all can agree
needs investigation and, if persistent, needs
intervention for its reversal. Height predictions always,
but especially in the face of subnormal growth rates,
are likely to be inaccurate and should be provided with
a great deal of caution (5). We believe that familial
short stature and constitutional delay of growth and
puberty should be removed from the current overall
category of “ISS” and placed under the category
“normal variant.”

A child should be labeled as GFUE/ISS only after an
in depth evaluation for other etiologies has been
performed (7). As Next Generation Sequencing (NGS)
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and other diagnostic techniques become established,
the number of patients with unidentified causes for
growth failure is likely to diminish.

CONCLUSION

The three illustrative cases above help to show the
significance of comprehensive testing, thorough
evaluations, and rigorous longitudinal monitoring, to
exclude currently known causes of short stature.
Every effort should be made to avoid any bias in
referral and evaluation of short stature based on
gender, ethnic or racial differences (14). With these
guidelines, two of the three patients initially presented
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