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Chapter 2

Growth Disorders

Riddhi Patel and Anurag Bajpai

Introduction

Growth is the fundamental characteristic of children that distinguishes them
from adults. Growth disorders may be the only manifestation of a severe
underlying disease highlighting the importance of their careful evaluation
and management.

Pathophysiology

Growth includes phases of rapid growth (intrauterine, infancy, and puberty)
interspersed with reduced growth (childhood, Fig. 1). Maximum growth
occurs in the fetal period, with an increase of 50 cm. The intrauterine
environment regulates fetal growth with a limited impact of growth hormone
(GH) and thyroxine. The fetus with growth failure due to adverse maternal
and placental factors usually catches up than those with intrinsic factors.
Infancy is associated with a gain of 30-35 cm (25 cm in the first year and 12
cm in the second). Nutrition drives growth during this period. An essential
feature of infancy is the switch from environmentally influenced birth size
to genetic potential. Crossing of percentile lines during infancy by the
genetic potential is not a cause of concern. Childhood growth contributes
significantly to adult height and occurs at a steady rate of 5-6 cm per year.
The crossing of two or more major percentile lines between the age of two
years and puberty is significant. Puberty accounts for 20-25 cm of growth.
Pubertal growth spurt starts at breast stage II in girls and testicular volume
of 10 ml in boys and lasts for two years. It peaks at breast stage IV just six
months before menarche with a rate of 9 cm/year in girls and a testicular
volume of 15 ml with a rate of 10.3 cm/year in boys.

Genetics explains a 60-80% variation in final height. Within this
framework, growth represents an interaction of nutritional and endocrine
factors. Nutrition plays a vital role in growth regulation. Deficiency of type
1 nutrients (vitamins, calcium, iodine, and magnesium) disrupts a unique
facet of normal overall growth. Type II nutrients are the building blocks of
the body (proteins, electrolytes, zinc, phosphorus, and sulfate).
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Endocrine regulators of growth include the GHRH-GH-IGF1 axis, sex
steroids, and thyroxine (Fig. 2). Growth hormone (GH) is secreted in a
pulsatile fashion, limiting the use of the basal hormone in diagnosing growth
hormone deficiency (GHD). Fasting, exercise, hypoglycemia, and
pharmacological agents stimulate GH release forming the basis of dynamic
growth hormone testing. GH acts on the liver to produce insulin like growth
factor 1 (IGF 1), which works on the type 1 IGF receptor on the growth plate
to induce growth. Malnutrition is a GH resistant state (high GH and low
IGF1), while obesity increases GH sensitivity (high IGF1 with low GH).

Fig. 1. Phases of growth and their regulation.
IGF 1 Insulin like growth factor 1

Fig. 2. Endocrine regulation of growth.
Er Estrogen; GH Growth hormone; GHR Growth hormone receptor; GHRH Growth hormone
releasing hormone; GHRHR Growth hormone releasing hormone receptor; IGF 1 Insulin like
growth factor 1; IGFBP Insulin like growth factor binding protein; IGFIR Type I insuline like
growth factor receptor
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Estrogen induces GH release in both boys and girls. Pre-pubertal children
without estrogen priming have an inadequate response to GH provocation
causing misdiagnosis of GHD.

SHORT STATURE

Short stature is one of the most frequent presentations to a pediatrician.
While most children with growth failure have physiological causes, growth
failure may be the only manifestation of severe underlying disease.

Etiology

Most children with growth failure have physiological causes with
pathological causes accounting for 20% of cases presenting to the
Pediatrician (Fig. 3).

Physiological Causes

Constitutional delay of growth and puberty (CDPG) is the most frequent cause
of growth failure. Growth is normal in the initial phase, with faltering by
seven years of age (Fig. 4). The child remains behind his peers despite a
normal growth rate. Final height is normal due to delayed bone age, and
growth continues for a more extended period than other children. Family
history of delayed puberty (delayed menarche in mother; late-onset of
shaving and continued growth in college years in father) is present. Growth

Fig. 3. Etiology of growth failure.
CDGP Constitutional delay of growth and puberty; GHD Growth hormone deficiency; PHP
Pseudohypoparathyroidism; SGA Small for gestational age
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failure, delayed puberty, absent pubic hairs, delayed bone age in a healthy
child suggest CDGP. Familial short stature is associated with normal bone
age and puberty. Early-onset growth failure, family history of short stature,
normal growth velocity, and compromised final height are characteristic.

Pathological Causes

These include intrinsic abnormalities in the growth plate or abnormalities
in nutrition or hormones. Skeletal dysplasia presents with disproportionate
short stature and skeletal abnormalities. Careful assessment of body
proportions is essential. FGFR3 defects are the most common defect and
present as achondroplasia and hypochondroplasia.

Turner syndrome is an essential cause of growth failure in girls. While clinical
features like webbing of neck, shield chest, brachymetacarpia, wide carrying
angle, and delayed puberty point to the diagnosis, girls with mosaic Turner
syndrome may have no apparent features.

Small for gestational age children catch up in 80% cases by two years of age;
no catchup by this age suggests the need for GH therapy. The growth
hormone should be initiated after the exclusion of all other causes. GH
provocative testing is not required.

Systemic illness is associated with growth failure. Key considerations include
gastrointestinal (celiac, inflammatory bowel disease, and giardiasis), liver

Fig. 4. Growth charts of children with CDGP and familial short stature.
CDGP Constitutional delay of growth and puberty
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and renal abnormalities, tubulopathy, renal tubular acidosis (RTA), chest
infections [tuberculosis (TB), cystic fibrosis], central nervous system (CNS)
infections, and psychological factors.

Endocrine causes  of growth failure include hypothyroidism, GHD,
pseudohypoparathyroidism, and Cushing syndrome. Hypothyroidism affects
the entire GH-IGF1 axis with low levels of GH, IGF, and Insulin like growth
factor binding protein 3 (IGFBP3). It also has a direct effect on the growth
plate leading to the stippled epiphysis and compromised final height. Given
the subtle nature of symptoms of hypothyroidism, FT4 and TSH should be
done in all children with growth failure. IGF 1 deficiency is associated with
severe growth retardation and delayed bone age. These children have
cherubic facies, micropenis, undescended testis, and abdominal obesity.
Isolated GHD is usually idiopathic but may be caused by a CNS pathology
or genetic cause. Multiple pituitary hormone deficiencies may be due to
genetic reasons, malformation, CNS insult, or tumor. MRI Hypothalamic
Pituitary region is mandatory in children with GHD to identify a CNS lesion.
Primary IGF1 deficiency is due to growth hormone resistance, IGF1 gene
deletion, or Type 1 IGF receptor defect.

Assessment

Critical aspects of the evaluation of a short child are to confirm short stature,
exclude physiological causes, differentiate nutritional from endocrine
etiology and identification of the cause.

Is the child short? Evaluation is required for very short (height less than 1st

percentile), short and not growing (height between first to the third
percentile with growth velocity less than 25th percentile), and not growing
children (crossing two or more major percentile lines between the age of
2 y and puberty).

Is it physiological or pathological? Differentiation of physiological and
pathological causes of growth failure requires evaluation of growth chart,
bone age, and pubertal status. Physiological growth failure is associated
with mildly delayed growth, puberty, and bone age with a positive family
history. X-ray of the non-dominant (conventionally left) hand and wrist
should be done for bone age assessment. Carpal bones are preferred in
infancy (up to 10 mo in girls and 14 mo in boys) followed by phalangeal
epiphysis (till two years in girls and three years in boys). A comparison of
the size of epiphysis to metaphysis is done in pre-puberty to early/mid
puberty.

Growth Disorders
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Is there a fundamental cause of growth failure?  These disorders are easy
to identify by careful assessment of body proportion, facies, and pointers
to diagnosis.

Is it nutritional or endocrine? Significant considerations in a short child
after the exclusion of physiological and syndromic causes are nutritional
(malnutrition, malabsorption, systemic illness, and infection) and endocrine
(growth hormone deficiency, hypothyroidism, Cushing syndrome, and
pseudohypoparathyroidism) causes. A more significant effect on weight
than height in this setting suggests nutritional etiology, while endocrine
causes are associated with more considerable height compromise.

What is the cause? A careful combination of clinical and laboratory workup
helps reach the cause of growth failure.

Clinical assessment: History should focus on gastrointestinal, hepatic, renal,
respiratory, and neurological features. Celiac disease is suggested by
diarrhea, constipation, abdominal pain, pica, and dietary preference to rice.
Hearing problems should raise the possibility of Turner syndrome or
pseudohypoparathyroidism. Rickets in a short child suggests celiac disease,
renal failure, or renal tubular acidosis (RTA). Examination of facial features,
digits, genitalia, neck, and body proportion (upper to lower segment ratio,
arm span, rhizomelic index) is vital.  Micropenis, undescended testis, and
midline defects suggest hypopituitarism. Pallor is indicative of renal failure
and celiac disease, while clubbing is observed in liver disease, celiac disease,
and chronic chest infection. Brachymetacarpia is characteristic of Turner
syndrome and pseudohypoparathyroidism (PHP).

Investigations: Screening tests include complete blood count (anemia),
erythrocyte sedimentation rate (infection and inflammatory pathology),
electrolytes (renal tubular acidosis and diabetes insipidus), calcium,
phosphorus and alkaline phosphatase (metabolic bone disease), blood sugar
[diabetes and glycogen storage disorder (GSD)], chest X-ray (tuberculosis,
chronic infections), creatinine (chronic kidney disease), alanine transferase
(liver disease) and free T4, TSH levels (hypothyroidism). Children with a
nutritional pattern of growth failure should undergo an estimation of IgA
and tissue transglutaminase levels (celiac disease) and blood gas (renal
tubular acidosis). Karyotype with 30 metaphases should be done in short
girls with no apparent abnormality on screening tests to identify Turner
syndrome.
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Assessment of the GH-IGF1 axis: GH-IGF1 axis evaluation should be done
only after the exclusion of all other causes of growth failure. Normal thyroid
and cortisol levels are essential.  Basal GH has no role in diagnosing GHD.
IGF1 and IGFBP3 are screening tests for GHD. GH stimulation test is the
gold standard for GHD. Sex steroid priming is recommended in girls older
than 10 y and boy above 11 y who are pre-pubertal and have predicted adult
height in the normal range. Commonly used stimuli include clonidine (5
mcg/kg to a maximum dose of 200 mcg), glucagon (30 mcg/kg with a
maximum dose of 1 mg), and insulin (0.1 unit/kg to induce hypoglycemia).
Complete GHD is defined as peak stimulated growth hormone lower than
5 ng/ml and partial GHD as levels between 5-10 ng/ml.

Approach

Work-up is guided by the severity of growth failure with no evaluation for
children above the 3rd percentile.  Children with a height between first to
third percentile should be followed up for 6-12 mo. Growth velocity greater
than the 25th percentile (4 cm/year) obviates the need for evaluation.
Children with a height below the first percentile or those with growth
velocity below 4 cm/year need evaluation. Initial assessment includes
screening tests and identification of genetic syndrome and skeletal
dysplasia. More significant effect on weight than height suggests nutritional
cause and prompt evaluation for celiac disease and RTA. Karyotype should
be done with girls with no identified cause of growth failure. Endocrine
evaluation should be restricted to children with a more significant effect on
height after the exclusion of other causes (Fig. 5).

Management

General measures include nutrition (protein, zinc, iron and calcium
supplementation) and physical activity. Specific actions include a gluten-
free diet in celiac disease, alkali in RTA, thyroxine in hypothyroidism and
supplements, and infection control in cystic fibrosis. Growth hormone
therapy is indicated in children with GHD (benefit of 20-25 cm), Turner
syndrome (10-15 cm), SGA without catchup (gain 7-10 cm), chronic kidney
disease planned for renal transplant, and Prader Willi syndrome with growth
failure. GH therapy is being increasingly used in children with idiopathic
short stature with a height below the first percentile. Delaying puberty
using gonadotropin releasing hormone (GnRH) analog and epiphyseal fusion
with an aromatase inhibitor to increase the duration of growth is
experimental and should be avoided.

Growth Disorders
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TALL STATURE

Tall stature is rare in children and is usually physiological, but may be a
harbinger of a severe underlying disease.

Etiology

Tall stature is caused by a combination of endocrine, paracrine, and genetic
factors (Fig. 6). Around 95% of children and adolescents with tall stature
have a physiological cause.

Physiological causes: Most children and adolescents with tall stature have
physiological causes, which should be excluded before extensive workup.
Constitutional tall stature represents the opposite growth spectrum of
constitutional delay of growth. These individuals have normal size at birth
with an upsurge from 4 y of age, causing tall stature in childhood (Fig. 7 A).
Bone age is advanced, resulting in high/standard adult height. Familial tall
stature presents with early-onset tall stature and increased adult height

Fig. 5. Approach to growth failure.
GH Growth hormone; IGF 1 Insulin like growth factor 1; TSH Thyroid stimulating hormone;
TTG Tissue transglutaminase
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(Fig. 7 B). Childhood obesity causes accelerated growth due to increased
free IGF1 levels in response to inhibition of IGFBP production by
hyperinsulinism. Increased estradiol levels due to adipocyte aromatase,
however, induce chondrocyte apoptosis, causing premature epiphyseal
fusion and normal adult height.

Fig. 6. Etiology of tall stature.

Fig. 7. (A) constitutional tall stature (B) familial tall stature

Pathological causes of tall stature include endocrine causes, overgrowth
syndromes, and dysmorphic syndromes. GH excess presents with
gigantism before the closure of epiphysis. The disorder is exceedingly

(A) (B)
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rare in children but challenging in terms of diagnosis and management.
GH excess can be due to increased growth hormone releasing hormone
(GHRH) production (ectopic or hypothalamic), GHRH effect (McCune
Albright syndrome), or GH production (pituitary adenoma). GH excess in
children and adolescents presents with dramatic tall  stature.
Thyrotoxicosis causes accelerated growth due to T3 effects on the
chondrocytes and increased GH and IGF1 action. The condition is evident
on examination. Precocious puberty causes increased growth due to the
estrogen effect on chondrocytes. Chondrocyte senescence, however,
causes advanced bone age and compromised final height if not treated
at the appropriate time. Delayed puberty causes short stature in childhood
with a lack of pubertal growth spurt. Continued growth due to delayed
epiphyseal fusion, however, causes increased final height.

Overgrowth syndromes are caused by paracrine dysregulation and are
associated with ante as well as postnatal overgrowth, asymmetrical
growth, and tumor risk. Beckwith-Wiedemann (BW) syndrome is an
imprinting disorder (uniparental disomy or methylation defect)
affecting the 11p15.5 region. The condition presents with neonatal
hypoglycemia,  large size at birth,  macroglossia,  ear pits,  and
omphalocele. Simpson-Golabi-Behmel syndrome (GPC3 defect) has a
similar  phenotype as BW syndrome ( increased birth weight,
macrocephaly, vertebral anomaly, coarse faces, polysyndactyly,
hypoglycemia, and tumor risk). Cerebral gigantism (Sotos syndrome,
N S D 1  d e f e c t )  presents with early-onset tal l  stat ure,  a  large
dolichocephalic head, high arched palate, and frontal bossing.
Clumsiness and mild developmental delay are characteristic.

Klinefelter syndrome (XXY in 90% and mosaic forms in other) is the most
frequent cause of hypergonadotropic hypogonadism (1 in 667 phenotypic
males). Tall stature usually begins from childhood prepubertally and mainly
involves the lower segment. XYY males present with tall stature, large
teeth, radio-ulnar synostosis, clinodactyly, tremors, attention deficit
hyperactivity syndromes, and incoordination. Marfan syndrome (fibrillin
gene; 15q21.1) causes tall stature, increased arm span, arachnodactyly,
pectus excavatum, dolichocephaly, prominent philtrum, and upward lens
dislocation. Homocystinuria (cystathionine beta-synthase defect)
presents with tall stature, increased arm span, downward lens dislocation,
thrombotic tendency, pectus excavatum, osteoporosis, and mental
retardation.



27

Assessment

Critical aspects of the evaluation of a child with tall stature include its
confirmation, differentiation of physiological from pathological causes, and
establishment of cause.

Is it tall stature? Tall stature is diagnosed in the presence of height SDS
above 2, height velocity above 90th percentile, or upward crossing of two
or more major percentile lines between the age of 2 y and puberty.

Is it physiological or pathological? Growth should be interpreted in the
context of parental expectations. Increased growth after four years of age
with advanced bone age and normal predicted adult height suggests tall
constitutional stature during average bone age and increased predicted
adult height points to familial tall stature.

What is the cause? This involves careful clinical and laboratory workup.

Clinical: Increased birth weight suggests overgrowth disorders (BW,
Simpson Golabi, and Sotos syndromes). Pointers to a diagnosis of tall stature
should be evaluated (Table 1).

Table 1. Pointers to the diagnosis of tall stature

Pointer Diagnosis

Large for gestational age BW syndrome, Simpson, Sotos

Cafe-au-lait MAS, GH excess

Lentigenes, myxoma Carney, GH excess

Macrocrania Sotos, GH excess

Mental retardation Sotos, Simpson

Pectus excavatum Margan, homocystinuria

Ear creases, lump BW syndrome

Gynecomastia Klinefelter, aromatase excess

Lens dislocation Margan, Homocystinuria

Teeth seperation, carpal tunnel GH excess

BW Beckwith-Wiedemann; GH Growth hormone; MAS McCune Albright syndrome

Investigations: Workup includes thyroid profile, cortisol, GH assessment,
and genetic studies. GH axis should be assessed after the exclusion of
other causes. IGF1 levels above +2 SDS for age and gender indicate GH
excess and should be confirmed by the GH suppression test (GH above 1
ng/ml 2 h after 1.75 g/kg oral glucose).

Growth Disorders
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Approach

The need for assessment in tall stature is decided according to height,
bone age, and parental expectation (Fig. 8).

Fig. 8. Approach to tall stature.
IGF 1 Insulin like growth factor 1; SDS Standard deviation score
[Adapted with permission from Patel R, Bajpai A. Tall stature. MedEClasses Online Course in
Pediatric Endocrinology. Available at: https://learning.growsociety.in/unit/tall stature.
Accessed 30 June 2020]

Management

Treatment options in tall children include high dose sex steroids to induce
epiphyseal fusion or epiphysiodesis. These therapies should be reserved
for the rarest of rare cases. High dose ethinyl estradiol (100 mcg/d) and
testosterone (500 mg/m2/mo) have been used with tall predicted adult
height (183 cm in girls and 198 cm in boys). GH excess is treated with
surgery, drugs (somatostatin receptor ligand and GH receptor antagonist),
and radiotherapy.

CASE VIGNETTES

Case 1: A 13-y-old boy with a height of 135 cm and a weight of 30 kg diagnosed
as growth hormone deficiency.

Assessment: The boy had height and weight below the third percentile and
parental expectation (Fig. a). Screening tests were normal. GHD was
diagnosed after the growth hormone stimulation test showed a peak GH
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of 3.2 ng/ml. Critical aspects of assessing
include pubertal status and bone age as the
severity of growth failure is more in lines of
constitutional delayed puberty and growth
and not GHD.

Results: The child was pre-pubertal with a
bone age of 11 y. The growth hormone test
was done without priming. Repeat
testosterone primed GH test showed a peak
value of 15.2 ng/ml, excluding GHD.

Diagnosis: Constitutional delay in growth and
puberty misdiagnosed as GHD.

Messages: Suspect CDGP in a pre-pubertal
boy with growth failure.

Case 2: A 10-y-old girl with a height of 120 cm
and a weight of 15 kg diagnosed as GHD.

Assessment: This girl had normal screening
tests, including TTG. GHD was diagnosed
based on low IGF1 and basal GH levels.
However, as seen from the growth chart
(Fig. b) weight age is more affected than
height age suggesting nutritional cause
(Fig. b). She gave a history of pica and anemia.
IgA levels were low. A biopsy was suggestive
of subtotal villous atrophy Gluten-free diet
resulted in dramatic improvement.

Diagnosis: Celiac disease masked by IgA
deficiency

Messages: Consider the nutritional cause of
growth failure with a more significant effect
on weight than height. IgA levels should be
performed if TTG is normal.

Case 3: An eight-year-old boy with a height of
100 cm and weight 18 kg diagnosed as celiac
disease.

Fig. a. Growth chart showing
height below 3rd percentile
and parental expectation.
Height age and weight age is
equal to 9 y.

Fig. b. Growth chart showing
weight age is more affected
than height age suggesting
nutritional pattern of growth
failure.

Growth Disorders



Practical Pediatric Endocrinology

30

Assessment: Elevated TTG level (32 IU/L) led
to the diagnosis of celiac disease. A gluten-
free diet was initiated without a duodenal
biopsy. As seen in the growth chart, height is
more affected than weight suggesting an
endocrine pattern of growth failure (Fig. c).
GH stimulation test showed complete GHD.

Diagnosis: GHD misdiagnosed as celiac
disease

Message: Consider endocrine causes in
short and plump children.

Case 4: A 14-y-old boy with tall stature and
chest pain.

Assessment: This boy had tall stature (height
184 cm) with arachnodactyly, pectus
carinatum, and increased arm span indicating
Marfan syndrome.

Follow-up: He presented three years later with acute chest pain. This, in
the setting of Marfan syndrome, raised the possibility of aortic dissection.

Diagnosis: Marfan syndrome with aortic dissection

Messages:

• Tall stature, pectus, arachnodactyly, and increased arm span points to
Marfan syndrome.

• Aortic size should be monitored in Marfan syndrome to allow
identification of root dilatation and initiation of prophylactic therapy.

Case 5: An 18-y-old boy with gynecomastia, tall stature, and small testis.

Plan: Late-onset gynecomastia with tall stature and small shotty testis
suggests Klinefelter syndrome. Further workup should include
testosterone, Luteinizing hormone (LH), and karyotype.

Assessment: He had low testosterone (60 ng/dl) and high LH levels (20
mU/L). Karyotype was suggestive of Klinefelter syndrome (47 XXY).

Diagnosis: Klinefelter syndrome

Fig. c. Growth chart showing
height age is more affected than
weight age suggesting endocrine
pattern of growth failure.
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Messages: Klinefelter syndrome should be considered in tall boys with
stalled puberty.
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