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Abstract

Objective. Short stature can be caused by a great variety of congenital and acquired conditions, some of which present
with additional symptoms and signs. Overall, the number of patients seeking medical attention for short stature may be
considered as the tip of the iceberg. The objective of this study was to determine the pattern and etiological factors of
short stature in children.

Methodology. A cross-sectional study was carried out in the Department of Endocrinology at a tertiary care health
center in north India from August 2012 to June 2015. Four hundred and fifty one children (280 boys and 171 girls),
ranging from 4 to 18 years presenting with short stature were studied. Anthropometric measurements were plotted on
Indian standard growth charts.

Results. In this study, the male to female ratio was found to be 1.6:1, with mean chronological age of 11.6+3.2 years,
and mean bone age of 7.8+2.8 years. The common etiologic factors in the order of frequency were constitutional delay
in growth and puberty (41.2%), familial short stature (15.9%), type 1 diabetes mellitus (9.9%), and hypothyroidism
(8.6%) while growth hormone deficiency (2.4%) was a relatively uncommon cause. The most common pathological
cause for proportionate short stature was type 1 diabetes and for disproportionate short stature was hypothyroidism.
Hypothyroidism caused the maximum retardation of bone age while the least bone age retardation was noticed in
familial short stature.

Conclusion. Physiological/normal variants outnumbered the pathological causes of short stature. Endocrinological
causes were found in almost one fourth of children with short stature; however, growth hormone deficiency was found

in only 2.4% of the children.
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INTRODUCTION

Normal growth requires adequate nutrition along with
various hormonal stimuli. Hormones important for growth
and development are: growth hormone (GH), insulin-like
growth factor (IGF-1), thyroid hormones, sex steroids and
other growth factors' Factors affecting growth may be due
to constitutive intrinsic growth defects or any of the
extrinsic factors which are required for normal growth.!

Short stature (SS) is defined as height below 3t percentile or
less than two standard deviations (SDs) below the median
height for that age and sex according to the population
standard; or even if the height is within the normal
percentiles but growth velocity is consistently below 251
percentile over 6-12 months of observation.??
Approximately 3% of children in any population will be
short, amongst which half will be physiological (familial or
constitutional) and half will be pathologic. The age of onset
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of puberty varies in different population and it correlates
more with the bone age (BA) than chronological age (CA).23

Children with short stature have increased rate of social
aversion, anxiety and attention problem.* Short stature
may be regarded as a manifestation of many diseases
rather than “a disease” itself and so, early diagnosis and
treatment are imperative for the final outcome.5 Factors
implicated in the pathogenesis of short stature in
developing from developed
countries because of the differences in race and lifestyles
along with nutritional,
factors. In contrast to developed countries, the data
addressing the frequencies of different causes of short
stature in India are very limited, though there are a few
studies focusing on the individual diseases.?’ In this
perspective, the present study was contemplated with the
objective to ascertain the pattern of SS, and to find out the
etiological profile of SS.

countries are different

cultural and socio-economic

Corresponding author: Manish Gutch, MD (Medicine), DM (Endocrinology)
Assistant Professor

Department of Medicine, King George’s Medical College

Lucknow, Uttar Pradesh, India, 226003

Tel. No.: 05222257242

E-mail: manish07gutch@gmail.com

www.asean-endocrinejournal.org 23



24 Manish Gutch, et al

Etiology of Short Stature in Northern India

STUDY
PROTOCOL

513 children’s presented with short stature

INCLUSION CRITERIA

(1} Age below the 18 years;

(2} Height more than 2 5D below the
mean (< 3 rd percentile), growth
failure (< 4 cm/yr), or small for
the midparental size

(3} Adequate follow-up (at least

""-\.\;\ EXCLUSION CRITERIA
(1} Height less than 2 5D below the mean (> 3
rd percentile) with normal growth rate;

(2} Known severe somatic disease (e.g.,
rheumatoid arthritis or major thalassemia);
(3} Inadequate follow-up.

for six months). v
451 children’s participated in the study [280
L males (62%), 171 females (38%]]

ETIOLOGICAL EVALUATION
Perinatal and postnatal history

Clinical examination

X Ray for bone age (TWZ2 method), Hemogram, LFT, Ca, PO4,
ALP, FBS, TSH, T4

OPTIOMNAL TESTS

Clonidine stimulation test (4mcg/kg)/ITT for GHD, 8:00 AM
cortisol, Prolactin, FSH, LH, Testosterone, |gG-Anti Tissue
Transglutaminase (anti-TTG), Serum and urine pH, Ammonium
chloride challenge test, karyotype, MRI Brain

62 children’s did not follows the inclusion
criteria, and were excluded

Children’s Height, weight, growth velocity and parents height were measured and the stages
of puberty were determined according to the classification of Marshall and Tanner. Standard
deviation score (SDS) was measured in all subjects.

il

o]

‘ CDGP ‘ ‘ FSS ‘ ‘ GHD ‘ | Type 1 DM ‘

‘ Hypothyroidism

‘ ‘ Systemic disorder ‘ ‘ Turner’s syndrome ‘

Figure 1. Summary
included subjects).

METHODOLOGY
Sampling and design of the study

A cross-sectional analytic study was carried out in the
Department of Endocrinology at a tertiary care health center
in north India from August 2012 to June 2015. The study
was approved by the institutional ethics board and all
patient-identifying information remains confidential. A total
of 513 children with short stature were evaluated, 62
children did not follow the inclusion criteria so the
remaining 451 children participated in the study. There
were 280 males (62%) and 171 females (38%)] were
identified as having short stature, with mean chronological
age of 11.68+3.2 years. The study subjects were selected on
the basis of the following inclusion criteria: (1) age below 18
years; (2) height more than 2 SD below the mean (<3rd
percentile), growth velocity (<4 cm/yr), or small for the
midparental size; and (3) adequate follow-up (at least for six
months). The exclusion criteria were: (1) height less than 2
SD below the mean (>3rd percentile) with normal growth
rate; (2) known severe somatic disease (e.g., rheumatoid
arthritis or major thalassemia); and (3) inadequate follow-
up. The study protocol is shown in Figure 1.

Anthropometry and body composition

All subjects were residents of North India referred to the
endocrine clinic of a tertiary care health center. All patients
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of the study protocol and procedure for work-up and classification of subjects, N=513 (with 451

were examined by two endocrinologists, including one
pediatric endocrinologist. An extensive history was taken
and physical examination was performed. Anthropometric
measurements were taken and the puberty staging was
done according to Marshall and Tanner classification.
Standard deviation score (SDS) was calculated in all
subjects. Patients were followed every 3-6 months interval
for anthropometry assessment. Data were collected on age,
sex, parental heights, and the age of puberty for each
parent. Primary screening tests including routine and
complete blood count, ESR, renal function test, Ca, P, Alk.
P, T4, TSH, stool exam, urinalysis, and bone age
radiographs were performed in all the subjects. Bone age
was determined by Tanner and Whitehouse system 2.

Chromosomal study was performed in females with
significant short stature (height more than 3 SD below the
mean) and with unknown etiology, with other stigmata of
Turner Syndrome. Growth aberrations were grouped as:
(1) physiological/normal variants of growth and (2)
pathologic short stature. The pathologic group was
subdivided into proportionate and disproportionate
subgroups by assessing the upper to lower segment ratio.

Physiological and pathological causes of short stature

Physiological/normal variants of short stature included
constitutional delay in growth and puberty (CDGP) (i.e.,
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Figure 2. Approach to evaluation of short stature.

proportionate short stature with a normal growth rate,
delayed skeletal maturation often with a family history of
delayed pubertal development, or late adolescent growth
spurt) and familial short stature (FSS) (i.e., proportionate
short stature with a normal growth rate, skeletal age
similar to chronologic age, absence of significant medical
disorders, and short parents).

Non-endocrine systemic disorders were diagnosed by
history, examination and appropriately selected laboratory
tests. Primary hypothyroidism was identified by a low
thyroxine level and an elevated thyrotropin level. The
diagnosis of Turner syndrome was made on the basis of
physical signs and confirmed by the chromosomal study.”

After excluding other causes of short stature, growth
hormone deficiency (GHD) was considered if a child had
severely short stature (height more than 3 SD below the
mean), a subnormal growth rate (a 1-year height velocity
more than 1 SD below the mean) or height more than 1.5
SD below the midparental height (average of mother’s and
father’s height), delayed bone maturation, and was
confirmed by the peak growth hormone concentration less
than 10 ng/mL with two provocative tests done one week
apart (clonidine and insulin).®

Vol. 31 No. 1 May 2016

A diagnosis of idiopathic short stature was considered in
children with short stature, a subnormal growth rate,
delayed bone age, no apparent medical cause for growth
failure, and normal growth hormone response to
provocative testing. Skeletal dysplasia was confirmed by
skeletal surveys.

Approach to evaluation of short stature is shown in Figure 2.
STATISTICAL ANALYSIS

All categorical variables were expressed as frequencies
and percentages and all continuous variables were
expressed as mean + standard deviation. All p values <0.05
were taken as significant. Statistical analysis was
performed by using software SPSS version 17.

RESULTS

A total of 513 children with short stature were evaluated,
out of which 62 children did not meet the inclusion criteria,
so the remaining 451 children participated in the study. Two
hundred eighty males (62%) and 171 females (38%) were
identified as having short stature, with mean chronological
age of 11.68+3.2 years, mean bone age of 7.88+2.8 years, the
minimum and maximum height measured was 96 cm and

www.asean-endocrinejournal.org
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Table 1. The average of bone age, child and parent’s
heights and SDS scores in two sexes

Characteristics Male (n=280) Female (n=171)
Chronological age (yr) 11.65+3.2 11.78+3.1
Bone age (yr) 7.86+2.8 7.92+2.67
Child height (cm) 121.65+12.24 114.54+13.53
Father’s height (cm) 162.43+12.43 161.87+11.78
Mother’s height (cm) 156.67+12.41 156.23+11.87
SDS -3.89+1.1 -4.1+1.2

Table 2. Diagnoses of the 451 short children and
adolescents, separated by gender

Diagnosis Boys Girls Total
n=280 n=171 n=451
Normal Variants (N = 258) N (%) N (%)
CDGP 127 (45.3) 59 (34.5) 186 (41.2)
FSS 43 (15.3) 29(16.9) 72(15.9)

Pathological variants (n=193)
Proportionate causes of short stature

GHD 08 (2.8) 03 (1.7) 11 (2.4)
Systemic diseases 26 (9.2) 22 (12.8) 48 (10.6)
Panhypopituitarism 06 (2.1) 02 (1.1) 08 (1.7)
Type 1 Diabetes 31(11.07) 14 (8.1) 45 (9.9)
Tumer's syndrome e 06 (3.5) 06 (1.3)
ISS 11 (3.9) 01 (0.5) 12 (2.6)
Disproportionate causes of

short stature

Hypothyroidism 12 (4.2) 27 (15.7) 39 (8.6)
Skeletal dysplasia 05 (1.7) 03 (1.7) 08 (1.7)
Rickets 10 (3.5) 02 (1.1) 12 (2.6)
Pseudohypoparathyroidism 01 (0.3) 03 (1.7) 04 (0.8)
Total 280 (100) 171 (100) 451 (100)

CDGP = Constitutional delay in growth and puberty; GHD = Growth hormone deficiency;
FSS = Familial short stature; ISS = Idiopathic short stature.

Table 3. Category wise distribution of various short
stature cases

Diagnosis Boys Girls
No. (%) No. (%)
Normal variants (n=258)
CDGP 127 (45.3) 59 (34.5)
FSS 43 (15.3) 29 (16.9)
Pathological variants (n=193)
Proportionate
GHD 08 (2.8) 03 (1.7)
Systemic diseases 26 (9.2) 22 (12.8)
Panhypopituitarism 06 (2.1) 02 (1.1)
Tumer's syndrome e 06 (3.5)
Type 1 Diabetes 31(11.07) 14 (8.1)
ISS 11 (3.9) 01 (0.5)
Disproportionate
Hypothyroidism 12 (4.2) 27 (15.7)
Skeletal dysplasia 05 (1.7) 03 (1.7)
Rickets 10 (3.5) 02 (1.1)

CDGP = Constitutional delay in growth and puberty; GHD = Growth hormone deficiency;
FSS = Familial short stature; ISS = Idiopathic short stature.

Etiology of Short Stature in Northern India

141 cm. The average height of children and their paternal
and maternal heights were 119.34+12.66, 162.13+12.03, and
156.51+12.22 cm respectively. There was no significant
difference in chronological age, bone age and parent’s
heights; however, a statistically significant difference was
noticed in the children’s height and standard deviation
score between the two sexes (Table 1).

With consideration of children’s age, height, growth curve,
bone age and test results, the common causes of short
stature were constitutional delay in growth and puberty
(41.2%), familial short stature (15.9%), type 1 diabetes
mellitus  (9.9%), primary hypothyroidism (8.6%) and
systemic disorders (including chronic liver disease, chronic
renal disease, cardiac disorder, tuberculosis, nephrotic
syndrome) (10.6%) while growth hormone deficiency (2.4%)
was a relatively rare phenomenon (Table 2).

With consideration to various category wise distribution of
short stature, the physiological causes for short stature
(constitutional delay in growth and puberty and familial
short stature) were found in 57.2% of short children and
pathologic causes in 42.8% of short children. In pathologic
variety of SS, majority (67.4%) belonged to proportionate
category without discernable in gender
distribution between proportionate and disproportionate
Within the proportionate variety, systemic
disorders (including chronic liver disease, chronic renal
disease, cardiac disorder, tuberculosis, nephrotic syndrome)
and type 1 diabetes mellitus were the leading causes of
short stature. However, within the disproportionate
category, significantly higher numbers of girls and boys
were found to have hypothyroidism (Table 3).

difference

varieties.

Furthermore, comparing the mean of SDS, bone age,
chronological age, height age and growth velocity in 451
short children and adolescents, the youngest patients (3-5
years) referred to endocrine clinic for short stature had
rickets and skeletal dysplasia. Late referrals (15-16.5 years)
were due to systemic disorders and Turner syndrome;
children with CDGP and FSS presented around the age of
13.28 years and 13.34 years respectively. On comparing the
bone age of children with short stature, hypothyroidism
causes the maximum bone age retardation followed by
growth hormone deficiency while
retardation was noticed in familial short stature (Figure 3).

least bone age

Table 4. The mean of SDS, bone age, chronological age, height age and growth velocity in 451 short children and adolescents

Diagnosis Mean of Mean of Mean of Mean of Mean of growth
chronologic age height age bone age SDS velocity (cm/yr)

CDGP 13.28 10.12 9.5 -2.9 4.6

FSS 13.34 11.8 13.0 -2.2 6.1

Hypothyroidism 12.8 7.9 6.2 -6.12 2.1

Type 1 Diabetes 11.5 9.2 9.4 -2.3 52

Tumer's syndrome 16.21 11.2 10.4 —4.6 3.2

Skeletal dysplasia 4.1 21 1.8 -5.9 3.7

Panhypopituitarism 12.7 9.43 8.1 -5.4 2.8

GHD 10.34 7.2 7.0 -6.1 24

Systemic diseases 15.64 11.34 9.8 -3.2 3.8

Rickets 5.2 2.9 24 —4.23 2.7

CDGP = Constitutional Delay in growth and Puberty; GHD = Growth hormone deficiency; FSS = Familial short stature; ISS = Idiopathic short stature; SDS = Standard deviation score

www.asean-endocrinejournal.org
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Figure 3. The mean of SDS, bone age, chronological age,
height age and growth velocity in 451 short children and
adolescents.

Figure 4a. X ray wrist showing bone age of 10 years
(chronological age 16 years) 1. Epiphysis of pisiform just
appearing 2. lrregular ossification of growth plate 3.

Sclerotic band at radial metaphysis 4. Soft tissue
thickening 5. Pencil thin cortex; Figure 4b. X ray of the
knee showing heterogeneous epiphysis with irregular
ossification of growth plate.

DISCUSSION

In this study, we presented characteristics and distributions
of various diagnoses of short stature in children who
visited a referral endocrinology clinic due to short stature
over the period of 3 years. To facilitate the detection of
growth disorders, growth monitoring implying regular
measurements of weight and height is essential; failure to
do so leads to undetected and untreated short stature in
children. Short stature may be considered as the tip of the
iceberg of many treatable disorders. Therefore, the early
diagnosis of short stature is of paramount importance and
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treatment for the short stature would be effective only
before epiphyseal fusion.!420

The mean age of children evaluated for short stature was
11.65+3.2 years for males and 11.78+3.1 years for females,
which corresponds to data reported by Song KC et al. in
their studies. There was no significant difference in
chronological, bone age and parental height; however,
statistically significant differences were noticed in the
children’s height and standard deviation scores between
two sexes which also correspond to the above-mentioned
study.!”

The bulk of the studies worldwide had shown that
constitutional delay in growth and puberty, familial short
stature, and growth hormone deficiency are the most
common causes of short stature.>!*!! In our study the most
common causes found were constitutional delay in growth
and puberty (41.2%), followed by familial short stature
(15.9%), systemic diseases (10.6%), type 1 diabetes mellitus
(9.9%) and hypothyroidism (8.6%), while growth hormone
deficiency (2.4%) was found to be a less common cause of
short stature. It is worth noting that other studies from the
Indian subcontinent also show lower prevalence of growth
hormone deficiency.!213

Fortunately, most of the children with short stature have
normal growth variants''!” (i.e.,, constitutional delay in
growth and puberty, and familial short stature), these
normal variants of short stature need no medical
treatment, reassurance and growth monitoring is usually
sufficient. On the other hand, many serious and treatable
diseases also cause short stature alone or with other
stigmata of that particular disease. These pathological
processes need immediate recognition and
treatment, to ensure normal height gain. Short stature has
been studied very extensively worldwide, but such work
is scanty in Northern India. 2!

timely

In this study, 26% of short stature children have endocrine
causes (type 1 diabetes mellitus [9.9%], hypothyroidism
[8.6%], rickets [2.6], growth hormone deficiency [2.4%] etc)
while non-endocrine causes contributed only 16.2%
(systemic diseases [10.6%)], skeletal dysplasia [1.7%],
Turner syndrome [1.3%], idiopathic short stature [2.6%]).
Studies from the different parts of the world also showed
that 20-30% of short children have endocrine causes.”!013
Higher frequency of endocrine causes especially type 1
diabetes mellitus and hypothyroidism may be due to the
referral nature of the endocrine center where the study
was done. In our study, GHD contributed only 2.4%, in
contrast to almost one third as reported by Bhadada et al.
(7.4%).1? This might be due to lower prevalence of growth
hormone deficiency in the Northern Indian population.
Type 1 diabetes mellitus has recently gained importance as
a cause of growth retardation and short stature in the
Indian subcontinent and in some studies, it constitutes
about 16-20% of children with short stature.?

www.asean-endocrinejournal.org
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However some studies found non-endocrine causes for
growth failure to be more common, and the frequency of
endocrine disorders were found to be less than 5%.1516

A disproportionate
immediately —apparent on physical examination.
Therefore, anthropometric measurements such as
upper/lower segment (U/L) ratio, sitting height, and arm
span must be measured when evaluating a patient with
short stature. Within the proportionate variety, systemic
disorders (10.6%) and type 1 diabetes mellitus (9.9%)
were the leading causes of short stature. However,
within the disproportionate category, significantly higher
number of girls and boys were found to have primary
hypothyroidism (8.6%) rather than skeletal dysplasia
(1.7%). The present study very well correlated with the
studies done by Moayeri H et al. and Song KC et al.>”

body habitus may not be

Interestingly, besides delayed bone age, characteristic x-
rays were noted in about 75% of the hypothyroid patients
(Figure 4).

In this study, there was a significant difference in GHD
prevalence between genders, with boys outnumbering
girls (2.6:1). Other independent reviews on growth
retardation revealed that boys outnumbered girls by 2.5:1,
and 2:1"1° which are compatible with the results obtained
in this study. Thus, it appears that GHD may be more
common in boys. The height SDS and growth rate were
found to be significantly different between the two sexes;
it may be because of male sex dominance in the
community, early referral and better nutritional status of
male children in the developing world.

CONCLUSION

Thus, from the clinical point of view, some points to
remember: (1) The most common causes of short stature
are physiological rather than pathologic (2) Determination
of height velocity is the most critical factor in evaluating
the growth of a child; therefore careful anthropometric
measurements (height and weight) need to be made,
recorded and plotted accurately on growth chart and
should be based upon
observations of growth and calculations of growth rate at
an interval of not less than 6 months or preferably 12
months. (3) Treatment for the short stature would be
effective only before epiphyseal fusion.

decision-making careful
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