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profile of children with severe short stature evaluated at a tertiary Pediatric
Endocrinology centre in Istanbul.
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Amag: Arastirmamizin amaci Istanbul’da i¢iincii basamak bir Pediatrik Endokrinoloji
merkezinde izlenen adir boy kisaligi olgularinin etiyolojik profilini ve karakteristiklerini
incelemektir.

Yéntem: Rastgele secilen 500 agir boy kisaligi (boy SDS <-35D) vakasindan izlem siire-
si 12 ay ve lizeri olan 320 hasta ¢alismaya alinmistir.

Bulgular: Vakalarin %94.1’inde patolojik boy kisaligi saptanmustir. Patolojik boy kisa-
hiklarinda en sik etiyolojik neden endokrin bozukluklar (%50,9) olarak saptanmistir.
Bunu sirasiyla spesifik sendromlar ve kromozom anomalileri (%13,2), orantisiz boy
kisaliklar1 (%12,8), kronik hastaliklar ve malndiitrisyon (%12,8), catch-up biyimeyi
yakalayamayan gebelik yasina gére kiigiik (SGA) vakalar (%3,8) ve psikososyal boy
kisaligi (%0,6) izlemektedir. Endokrin bozukluklar igcinde en sik etiyolojik neden biiyiime
hormonu eksikligidir (%95,2).

Sonug: Agir boy kisaligi olan ¢ocuklarda patolojik boy kisaligi nedenleri dislanmalidir.
Arastirmamiz agir boy kisaligi olgularinda en sik etiyolojik nedenin endokrin bozukluk-
lar oldugunu géstermistir. Gerek tiim olgularda gerek de endokrin bozukluklar iginde
en sik etiyolojik neden biiyiime hormonu eksikligi olarak saptanmistir.

Anahtar kelimeler: Adir boy kisaligi, ¢ocuklar, etiyoloji, biiyiime hormonu eksikligi
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INTRODUCTION

Short stature is a common pediatric endocrine prob-
lem. There are reports, showing that it is one of the
chief complaints for pediatric endocrine clinic admis-
sions in Turkey @,

Growth depends on environmental factors, such as
nutrition, psychosocial and hygienic conditions
together with genetics and hormonal influences ©@.
Normal growth is regarded as a sign of a child’s
physical and mental well-being. Various factors inter-
fere with the normal linear growth of a child; such as
systemic diseases, nutritional and psychosocial
deprivation, endocrinological problems, various dys-
morphologies, metabolic disorders and chromo-
somal abnormalities ©. Normal (non-pathological)
variants of growth; familial short stature and consti-
tutional delay of growth and puberty are the most
common causes of short stature >*®, These diagno-
ses are classified as idiopathic short stature accord-
ing to the recent European Society for Paediatric
Endocrinology (ESPE) classification ©,

In 2000, the American Academy of Pediatrics
acknowledged the importance of growth, by recom-
mending regular monitorization of growth during
childhood until the age of 21 years 9. The growth
rate should be measured at certain intervals to avoid
unnecessary, non-cost effective laboratory investiga-
tions; without causing a delay in diagnosis.

Short stature is defined as a height below the 3rd
centile or less than -2 standard deviation score (SDS)
of children of the same sex, age and race, whereas
severe short stature is defined as a height below
-3SD of children of the same sex, age and race. The
likelihood of finding an organic cause of short stature
in children with a height between -2 and -3 SDS is
only 10%; whereas when height is below -3 SDS,
organic causes may constitute up to 58% of all etiolo-
gies %13 There are several reports conducted on
children with a height between -2SDS and -3 SDS,
which show that the most common etiological causes
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for short stature in Turkish children are normal vari-
ants of growth (419,

In this study, we aimed to describe the characteris-
tics and the etiological profile of children with severe
short stature (height SD <-3SDS) evaluated in a pedi-
atric endocrinology clinic of a tertiary center.
Auxological, demographic data and laboratory results
were presented.

MATERIALS AND METHODS

This retrospective study was conducted at Pediatric
Endocrine Clinic of Istanbul University, Istanbul
Faculty of Medicine. Five hundred patients with the
diagnosis of severe short stature (height SD<-35DS)
were randomly selected. Among them, 320 patients
with at least 12 months of follow-up were included
in this study.

Data collection

Personal identity records (birth dates, addresses,
phone numbers), the presence of parental consan-
guinity, mother’s age at menarche, history of short
stature and/or pubertal delay in the family, other
familial diseases, history of precocious puberty,
heights of both mothers and fathers, the chief com-
plaint of the patient at admission, mode of delivery,
gestational age, anthropometric values at birth, birth
complications, nutritional history, neuromotor devel-
opmental history, additional diseases and previous
medications were all recorded from patients’ files.

The anthropometric measurements, physical examina-
tion and pubertal findings as well as bone ages at
admission and follow-up were recorded from the files.

Onset of puberty was defined based on development
of breasts in females and a testicular volume of over 4
ml in males. Puberty was considered to be delayed
with no sign of puberty at the age of 14 in males and
at the age of 13 in females 7). Pubertal development
was assessed by Marshall and Tanner staging (829,
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Patients were divided into 2 groups according to
Tanner staging to be used in Tables; as Stage 1 (pre-
pubertal) and Stage >1 (pubertal).

The ages of all patients at admission were calculated
and recorded as decimal years. Patients were divided
into three groups according to their ages at admis-
sion (< 5 years, 5-10 years and >10 years).

Anthropometric measurements

¢ Height, weight and head circumference

All data regarding height, weight and head circum-
ference at admission were collected from patients’
files. The height measurements of the children and
their parents were done according to the standard
measurement rules by using a Harpenden stadiom-
eter by the same auxologist (MS). Weight measure-
ments were done by using a scale which is sensitive
to 100 grams. Body mass indicies (BMIs) of the
patients were calculated by dividing weight of the
patients by square of their height (kg/m?). Height,
weight and BMI SDS scores were calculated accord-
ing to Turkish standards proposed by Neyzi et al 2022
(Blylyorum v1.3 programme was used for calcula-
tions). According to BMI SDS, patients were divided
into 4 groups as recommended by World Health
Organization (WHO) ?*?% as underweight (< -2SD),
normal (between -2SD and +1SD), overweight
(between +1SD and +2SD) and obese (>+2SD).

Weight for height percentages for each patient were
calculated and divided into 4 groups as recommend-
ed by McLaren and Read ®): Malnutrition (< 90%),
normal (90-110%), overweight (111-120%) and
obese (>120%).

The SDS of birth weight, height and head circumfer-
ence were calculated according to the revised Fenton
growth chart. For calculation, the Peditools Fenton
2013 program was used (9,

Patients were divided into three groups; appropriate
for gestational age (AGA), small for gestational age

(SGA) and large for gestational age (LGA). Birth weight
and/or length were between -2SD and +2SD in AGA, less
than -2SD in SGA and greater than +2SD in LGA groups.

¢ Target height calculation

Target height values for patients, of whom parental
height values were available were calculated accord-
ing to Tanner method . The SDS of these values
were calculated by using Turkish standards %22,

e Predicted adult height calculation

The predicted adult height (PAH) for each patient
was calculated with Bayley-Pinneau method by using
Greulich-Pyle atlas ?”). The predicted adult height
could not be calculated in males with a bone age
below 7 years and in females with a bone age below
6 years. The SDS of predicted adult height values
were calculated according to Turkish standards (2°-22),

Formation of etiology groups

The etiology groups for short stature were designat-
ed according to the classification recommended by
the recent ESPE classification list and by Neyzi et al
©17) which were further divided into 8 main groups
to be used in comparison tables according to the
recent ESPE classification list ©.

Group 1: Idiopathic short stature

Group 2: Disproportionate short stature (skeletal
dysplasias, irradiation, rickets)

Group 3: Small for gestational age (SGA) with failure
of catch-up growth and no specific underly-
ing etiology found

Group 4: Specific syndromes and chromosomal
abnormalities

Group 5: Endocrine disorders

Group 6: Psychosocial disorders

Group 7: Chronic diseases and malnutrition

Group 8: Undiagnosed

Since smaller number of patients were included in
Group 6, and Group 8 constituted of undiagnosed
cases due to insufficient data, these groups were not
used in comparison tables.
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The definition of idiopathic short stature was based
on the exclusion of other likely causes of short stat-
ure, and inclusion of the following criteria; normal
size at birth (> —2 SDS) for gestational age, normal
body proportions, lack of any evidence of chronic
organic disease, psychiatric disorder, severe emo-
tional disturbance, and hormonal deficiency., normal
food intake.The tempo of growth throughout the
growth process may either be slow or normal ©. This
group includes familial short stature with normal or
delayed puberty and non-familial short stature with
normal or delayed (constitutional delay of growth
and puberty) puberty.

Laboratory tests and methods

Calculation of bone age and bone age delay
Calculation of both the bone age and the bone age
delay was performed using Greulich-Pyle atlas. The
delay in bone age was divided into 2 main groups to
be used in comparison tables; bone age delays as <2
and > 2 years.

Laboratory tests for short stature

Routine laboratory tests performed for the evalua-
tion of short stature were recorded from patients’
files including: complete blood count, biochemical
tests (blood urea nitrogen, creatinine, alanine amino
transferase, aspartate amino transferase, albumin,
electrolytes, blood glucose), erythrocyte sedimenta-
tion rate, urinalysis, stool sample analysis (stool pH,
steatocrit, stool reducing substance), thyroid func-
tion tests (free thyroxine-fT4 and thyroid stimulating
hormone-TSH), antigliadin IgA, antiendomisium IgA
and G, tissue transglutaminase (if available) serum
prolactin, cortisol, luteinizing hormone (LH), follicule
stimulating hormone (FSH), estrogen, testosterone
values, karyotype, spesific molecular analysis, endo-
scopic findings, pituitary and/or cranial computed
tomography (CT) and/or magnetic resonance imag-
ing (MRI) findings, pelvic, abdominal or thyroid ultra-
sonographic findings, echocardiography, bone min-
eral density, skeletal graphies and growth hormone
stimulation test results.
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Hormonal tests and methods

Serum IGF-1 values

The IGF-1 values were recorded from patients’ files.
In our clinic, Liaison® IGF-1 (313231) CLIA (chemilu-
minescent immunoassay) test (DiaSorin, Sallugia,
Italy) is used to assess the IGF-1 values in ng/ml. The
SD scores of the results were calculated using instruc-
tion manual of the kit.

Serum IGFBP-3 values

The IGFBP-3 values were recorded from patients’
files. In our clinic, IMMULITE® test (Siemens, Malvern,
PA, USA) is used to assess the IGFBP-3 values in ng/
ml. The SD scores of the results were calculated
using instruction manual of the kit.

Growth hormone provocation tests

GHD was defined as a serum peak GH concentration
<10 ng/mL on provocation at two separate stimula-
tion tests. GH stimulation tests were performed with
various stimuli, such as insulin, L-dopa, clonidin, and
glucagon. In prepubertal boys over 11 years, intra-
muscular testosterone depot injections were per-
formed 7-10 days before GH testing; and in prepu-
bertal girls over 10 years, oral conjugated estrogen
was prescribed for 3 days before testing.

Statistics

For statistical analysis SPSS 21.0 programme was
used. Pearsons’s chi-square and Fisher’s exact tests
were applied to sets of categorical data.Paired t-test
was performed for comparison and comparisons
among groups were performed using analysis of vari-
ance. LSD test was used to find out the group that
differs from the others. Differences were regarded as
significant when P value was <0.05.

RESULTS
Five hundred (253M/247F) patients with the diagno-

sis of severe short stature (height SDS <-35D) were
selectedforthisstudy. Amongthese, 320 (168M/152F,
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mean age 8.4+4.5 years) patients followed up for at
least 12 months were included in this study. The
mean follow-up period of the patients was 4.9+3.4
years (1-20.9 years).

Birth records of the patients revealed that the mean
gestational age of 312 of 320 patients was 39.1+2.4
weeks. The mean birth weight of 258 of 320 patients
was 2803.7+761.6 grams and the mean birth weight SD
score was -1.1+1.8 SD. We could only reach the birth
length records of 114 patients and the mean SD score
of birth height was -1.3+1.9 SD. There were only birth
head circumference data of 9 patients. No statistical
difference was found when patients’ genders were
compared for gestational age, birth weight SDS, birth
height SDS and birth head circumference SDS (p>0.05).

More than half (56.6%) of 258 patients with known
birth weight records were found to be AGA, 36.8% of
them were SGA and 6.6% of them were LGA. There was
no statistical difference in birth weights adjusted for
gestational age distribution between genders (p>0.05).

History of parental consanguinity was found in 39.7%
of 320 patients, which was slightly higher among
female patients (p=0.052).

When patients were classified according to their
short stature etiologies, 94.1% of them had patho-

n:3
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na1 [ |16
n2 12.8% M| 3%  nat
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e 3 g5,
n:42
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Figure 1. Distribution of etiology in short stature (n, %).
*Idiopathic short stature: Non-pathological short stature
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B GROUPS:

B GROUP6:

BGROUP 7:
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logical causes in origin (Figure 1). Endocrine disor-
ders constituted the major cause with a percentage
of 50.9. Specific syndromes and chromosomal abnor-
malities were the second most common cause.
(13.2%) GHD was found to be the most common
cause of short stature in the group of endocrinologi-
cal disorders (95.2%) (Figure 1 and Table 1).

Female children were more numerous than male
children in the group of Specific syndromes and
chromosomal abnormalities’ (p=0.045). There was
no statistical difference in other etiology groups
(p>0.05).

The age at admission was found to be below 5 years
in etiology groups of ‘Disproportionate short stature
(skeletal dysplasias, irradiation, rickets)’ and ‘SGA
with failure of catch-up growth’. ‘Endocrine disor-
ders’ group tended to be admitted over 5 years of
age whereas ‘Chronic diseases and malnutrition’
group tended to be referred relatively late with an
age at admission over 10 years (p<0.05).

There was no statistical difference in the distribution
of parental consanguinity among short stature etiol-
ogy groups (p>0.05).

The mean gestational age at birth of ‘Specific syn-
dromes and chromosomal abnormalities’ group was

Idiopathic short staturé

Disproportionate short stature

Small for gestational age (SGA) with failure of catch-up growth
Specific syndromes and chromosomal abnormalities
Endocrine disorders

Psychosocial disorders

Chronic diseases and malnutrition

Undiagnosed
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Table 1. Subgroup distributions among short stature etiology groups.

Subgroup
n %
GROUP 1: Idiopathic short stature 16
e  Familial short stature with normal pubertal onset 5 31.2
e  Familial short stature with delayed pubertal onset 1 6.3
e Non-familial short stature with delayed pubertal onset (constitutional growth of delay and puberty) 3 18.8
e Non-familial short stature, onset of puberty not yet known 7 43.7
GROUP 2: Disproportionate short stature 41
Skeletal dysplasias 39
e Achondroplasia 11 26.9
e Hypochondroplasia 7 17.1
e Metaphyseal and epiphyseal dysostosis 10 24.4
e Others 10 24.4
Irradiation 1 2.4
Rickets 2 4.8
GROUP 3: SGA with failure of catch-up growth 12
GROUP 4: Specific syndromes and chromosomal abnormalities 42
Chromosomal abnormalities 6
e Down syndrome 3 7.2
e Turner syndrome 1 2.4
e Others 2 4.8
Specific syndromes 36
e  Cornelia de Lange syndrome 1 2.4
e Russell-Silver syndrome 5 11.2
e Robinow syndrome 1 2.4
e Noonan syndrome 6 14.4
e Rothmund-Thomson syndrome 1 2.4
e Prader-Willi syndrome 1 2.4
e  Seckel syndrome 2 4.8
e Others 19 45.1
GROUP 5: Endocrine disorders 163
e Growth Hormone Deficiency (GHD) 155 95.2
e Primary hypothyroidism 6 3.6
e Cushing’s disease 2 1.2
GROUP 6: Psychosocial disorders 2
GROUP 7: Chronic diseases and malnutrition 41
Malnutrition 7 17.2
Chronic diseases 34
e  Gastrointestinal system disorders 5
Crohn’s disease 1 2.4
Celiac disease 2 4.9
Short bowel syndrome 2 4.9
e Renal disorders 10
Congenital anomalies 2 4.9
Chronic glomerulonephritis 3 7.3
Pyelonephritis, obstructive uropathy 3 7.3
Renal tubular acidosis 2 4.9
e Chronic liver diseases 1 2.4
e Cardiac diseases 2
PDA 1 24
VSD 1 2.4
e Chronic anemias 3 7.3
e Metabolic disorders 9 22
e Pulmonary disorders 3 7.3
e Others 1 2.4
GROUP 8: Undiagnosed 3

SGA: small for gestational age, PDA: patent ductus arteriosus, VSD: ventricular septal defect
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Table 2. Anthropometric data comparisons between groups.

Group 1 Group 2 Group 3 Group 4 Group 5 Group 7 F p df
Gestational week 38.7+3.3  39.3+1.5 39.5+1.7 37.8+3.7 39.1+2.2  39.3+1.9 2669 0.022 2>4
(meanSD) 3>4
5>4
6>4
Birth weight SDS 0.2+2.1 -1.1+1.3 -3.311.4 -1.6+2.2 -0.9+1.7 -0.5+1.5 6.878 0.000 1>2
(meanSD) 1>3
2>3
4>3
5>3
6>3
1>4
5>4
6>4
1>5
Birth lenght SDS -0.840.3 -1.3+1.7 -2.9¢1.6 -2.9+2.5 -0.7#1.4  -0.4#1.2 6.656 0.000 5>3
(meanSD) 6>3
2>4
5>4
6>4
Height SDS at admission -3.440.3 -4.3+1.2 -4.1+1.0 -4.2+1.1 -4.140.9  -4.1£1.3 1.689 0.137
(meanSD)
Weight SDS at admission -2.611.4 -2.611.2 -3.8+1.3 -3.5¢1.8 -2.8¢1.3  -3.5%#1.4 3992 0.002 1>3
(meanSD) 2>3
5>3
1>4
2>4
5>4
1>6
2>6
5>6
Head circumference SDS at -1.9+0.4 -0.9+1.8 -2.6+2.1 -2.9+1.9 -1.9+1.4 -2.4+1.3 5.099 0.000 2>3
admission 2>4
(meanSD) 5>4
2>5
2>6
BMI SDS at admission -0.9+1.6 0.3%t1.5 -1.3+1.1 -1.2+2.2 -0.4+1.3 -1.2+1.4 7.062 0.000 2>1
(meanSD) 2>3
2>4
5>4
2>5
2>7
5>7
Weight for height percentage 100.4428.1 104.2+15.3 87.5+10.7 95.2+19.3 103.2#19.5 94.1+154 3.731 0.003 2>3
at admission 5>3
(meanSD) 2>4
5>4
2>7
5>7
Bone age delay at admission 2.2+1.0 1.5+1.2 1.8+1.5 2.1+1.6 2.9+1.5 2.8+1.5 4299 0.001 5>1
(meanSD) 7>1
Predicted adult height (PAH) SDS -1.2+1.4 -3.5¢1.9 -2.9+0.7 -2.9+1.5 -1.9+1.6 -1.6+1.8 3.262 0.009 1>2
at admission 5>2
(meanSD) 7>2
1>4
7>4
Target height (TH) SDS -1.7+0.9 -1.2+1.6 -1.7+0.4 -1.1+0.6 -1.5+0.8 -1.1+1.0 1.707 0.134
(meanSD)
Target height minus height -1.7+1.1 -3.2+2.0 -2.7+1.1 -3.1+1.4 -2.4+1.2 -2.9+1.7 3.266 0.007 1>2

SDS at admission
(meantSD)

SDS: standard deviation score, SD: standard deviation, BMI: body mass index
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statistically lower than those of other short stature
etiology groups (p<0.05) -except ‘ldiopathic short
stature’ group (Table 2).

The mean birth weight SD score of ‘Specific syn-
dromes and chromosomal abnormalities’ group was
statistically lower than the birth weight SD scores of
the groups of ‘Idiopathic short stature’, ‘Endocrine
disorders’ and ‘Chronic diseases and malnutrition’.
On the other hand, the mean birth weight SD score
of ‘Idiopathic short stature’ group was statistically
higher than the mean birth weight SD scores of the
groups of ‘Endocrine disorders’ and ‘Disproportionate
short stature (skeletal dysplasias, irradiation, rickets)
(p<0.001) (Table 2).

The mean birth length SD score of ‘Specific syn-
dromes and chromosomal abnormalities’ group was
statistically lower than those of ‘Disproportionate
short stature (skeletal dysplasias, irradiation, rick-
ets)’, ‘Endocrine disorders’ and ‘Chronic diseases and
malnutrition” groups (p<0.001) (Table 2).

The mean weight SD scores of ‘SGA with failure of
catch-up growth’, ‘Specific syndromes and chromo-
somal abnormalities’ and ‘Chronic diseases and
malnutrition” groups at admission were statistically
lower than those of other etiology groups (p=0.002)
(Table 2).

The mean head circumference SD score of
‘Disproportionate short stature (skeletal dysplasias,
irradiation, rickets)’ etiology group was statistically
higher than ‘SGA with failure of catch-up growth’,
‘Specific syndromes and chromosomal abnormali-
ties” and ‘Chronic diseases and malnutrition’ groups’
at admission. The mean head circumference SD
score of ‘Endocrine disorders’ was also found to be
statistically higher than ‘Specific syndromes and
chromosomal abnormalities’ etiology group’s at
admission (p<0.001) (Table 2).

The mean body mass index (BMI) SD score of
‘Disproportionate short stature (skeletal dysplasias,
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irradiation, rickets)’ etiology group was statistically
higher than those of other etiology groups at admis-
sion. The mean body mass index (BMI) SD score of
‘Endocrine disorders’ etiology group was statistically
higher than ‘Specific syndromes and chromosomal
abnormalities’” and ‘Chronic diseases and malnutri-
tion” groups’ at admission (p<0.001) (Table 2).

The mean weight for height percentage of both
‘Disproportionate short stature (skeletal dysplasias,
irradiation, rickets)’ and ‘Endocrine disorders’ etiol-
ogy groups were statistically higher than those of
‘SGA with failure of catch-up growth’, ‘Specific syn-
dromes and chromosomal abnormalities’ and
‘Chronic diseases and malnutrition’ groups at admis-
sion (p<0.05) (Table 2).

Patients within ‘Disproportionate short stature (skel-
etal dysplasias, irradiation, rickets)’, ‘Specific syn-
dromes and chromosomal abnormalities’, ‘Endocrine
disorders’ and ‘Chronic diseases and malnutrition’
groups were found to be normal according to their
interpreted BMI SD scores at admission (p<0.05).

Patients within ‘Disproportionate short stature (skel-
etal dysplasias, irradiation, rickets)’ and ‘Endocrine
disorders’ groups were found to be also normal
according to their interpreted weight for height per-
centage values at admission. However patients with-
in ‘Specific syndromes and chromosomal abnormali-
ties” group had malnutrition according to their
weight for height percentage values at admission
(p<0.05).

Patients in ‘Idiopathic short stature’ group were
more likely to be in pubertal stage of 2 and over at
admission (p:0.001).

The mean bone age delay at admission among
‘Endocrine disorders’ and ‘Chronic diseases and mal-
nutrition” groups; were found to be higher than
other etiology groups’ (p:0.001) (Table 2).

The mean predicted adult height (PAH) SD scores of
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‘Idiopathic short stature’ and ‘Chronic diseases and
malnutrition” groups at admisson were statistically
higher than those of ‘Disproportionate short stature
(skeletal dysplasias, irradiation, rickets)’ and ‘Specific
syndromes and chromosomal abnormalities’ groups.
Moreover, the mean PAH SD score of ‘Endocrine dis-
orders’ group was statistically higher than
‘Disproportionate short stature (skeletal dysplasias,
irradiation, rickets)’ group’s (p<0.05) (Table 2).

There were no significant statistical difference among
etiology groups according to mean target height SD
scores (p>0.05) (Table 2).

The mean SD scores gathered after extraction
between target height SD scores and height SD
scores at admission revealed that the mean extract-
ed SD score of ‘Idiopathic short stature’ group was
statistically higher than that of ‘Disproportionate
short stature (skeletal dysplasias, irradiation, rick-
ets)’ group (p<0.05) (Table 2).

Bone age delay below 2 years was more common in
‘Disproportionate short stature (skeletal dysplasias,
irradiation, rickets)’ group; whereas bone age delay
of 2 years and over was more common in ‘Endocrine
disorders’ group (p<0.05).

Mean IGF-1 SD score of ‘Disproportionate short
stature (skeletal dysplasias, irradiation, rickets)’
group was found to be higher than that of, Chronic
diseases and malnutrition’ group. Additionally it was
statistically higher in ‘Specific syndromes and chro-
mosomal abnormalities’ group thanthatin ‘Endocrine
disorders’ group (p<0.05).

Mean IGFBP-3 SD scores of ‘Disproportionate short
stature (skeletal dysplasias, irradiation, rickets)’,
‘Specific syndromes and chromosomal abnormali-
ties’ and ‘SGA with failure of catch-up growth ‘groups
were statistically higher than those of ‘Endocrine
disorders’ and ‘Chronic diseases and malnutrition’
groups. ‘Disproportionate short stature (skeletal dys-
plasias, irradiation, rickets)’ group’s score was also

higher than those of ‘Idiopathic short stature’ and
‘Specific syndromes and chromosomal abnormali-
ties’ groups (p<0.001).

DISCUSSION

Our study showed that children with a height SDS
less than -3SDS had mostly pathological short stat-
ure and the most frequent etiological cause was
endocrine disorders. Furthermore, GHD was the
most common diagnosis among endocrine disorders.
Our results reflect the etiologies of severe short stat-
ure in patients referred to tertiary center. The find-
ings may change according to the study center. The
endocrinological causes outnumber non-endocrino-
logical causes based on research data at a tertiary
endocrinology units, whereas normal variants of
growth constitute the leading causes of short stature
in general pediatric population and/or community-
based researches 4152836 The results of different
studies are shown in Table 3.

This study has some similarities with the study by
Zargar et al. ®® in terms of having a relatively long
follow-up period, dealing with cases with a height
below -3SD and being held at a tertiary centre. Like
them, we showed that the most common single etiol-
ogy of severe short stature was GHD. However our
GHD percentage was higher than that of Zargar et al
%, Moreover pathological causes of short stature was
found to be responsible from 94.1% of all cases in this
study. This rate is higher than those of any other stud-
ies. The most common non-endocrinological causes
of pathological short stature in our study population
were specific syndromes and chromosomal abnor-
malities. There are studies showing renal tubular aci-
dosis (RTA) #3359 and celiac disease ©¥**” as the most
common non-endocrinological causes of pathological
short stature. This could be related to the referral pat-
tern of patients to our endocrinology clinic. Those
non-endocrinological cases might directly be referred
to related specialists.

In this study, non-familial short stature with unknown
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Table 3. Etiological distribution of short stature in different studies.
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Study Patient Year study  Study population Study type M:F Study centre Most common Normal variants Pathological
collection conducted (number of etiology of growth (%) causes (%)
participants)
Lindsay et al. 22 <3rd centile 1992 555 out of Prospective 2.7:1 Community-based FSS (37%) 85.9 14.1
123,948 prevalence
Song et al. ¢ <-3SDS/>-3SDS  2010-2012 356 out of 3,371 Retrospective 0.93:1 Tertiary pediatric GHD (20.8%)/FSS 44.7 (32.6/49.4) 54.2
(101/255) (0.74:1/1.02:1) centre (25.1%) (67.4/50.6)
Strufaldi et al. ¢ <5th centile 1997-2001 99 out of 152 Descriptive 1.71:1 Tertiary pediatric FSS+CGD (58%) 58 29
centre
Demirel et al. 9 <-2SDS 2002-2004 385 Retrospective 1.02:1 Tertiary endocrine  Normal variants of 71.1 28.9
centre growth (71.1%)
Shiva et al. 2 <-2SDS 2005-2006 379 Descriptive- 1.02:1 Tertiary endocrine  Normal variants of 53.3 35.2
analytic and centre growth (53.3%)
prospective
Moayeri et al. 3 <-2SDS 1995-2001 426 Prospective and 1.76:1 Tertiary endocrine  Normal variants of 53 47
descriptive centre growth (53%)
Lashari et al. ®4 <-25DS (73% 2007 100 Descriptive cross 1.08:1 Tertiary endocrine  Normal variants of 55 45
<-2.67SDS) sectional centre growth (55%)
Zargar et al. 9 <-35DS 1987-1996 193 Retrospective 1.12:1 Tertiary endocrine GHD (22.8%) 18.7 74.6
centre
Papadimitru et al. ©® <-3SDS />-3SDS  2007-2008 295 (35/260) Prospective 1.2:1 Tertiary endocrine GHD (%36.1)/FSS 40/80.8 60/19.2
(2.5:1/1.1:1) centre (41.2%)

FSS: familial short stature, SDS: standard deviation score, GHD: growth hormone deficiency, CGD: constitutional delay of growth and puberty.

onset of puberty was found to be the most common
cause of idiopathic short stature (43.7%), which in
fact was not a consistent finding with the literature.
Indeed familial short stature with normal or delayed
pubertal onset is the most common cause of idio-
pathic short stature indicated in the literature %39,

This study showed that skeletal dysplasias (98.2%)
are the most common causes of disproportionate
short stature, and achondroplasia was found to be
the leading cause (28.2%) among skeletal dysplasias
as a consistent finding with the literature ©3),

Noonan (14.4%)
(11.2%) were the most common specific syndromes

and Russell-Silver syndromes

and chromosomal abnormalities in this study. The
relatively less likelihood of finding Turner syndrome
in our study population might be linked to the
awareness of this syndrome among both pediatri-
cians and the society. These cases might be referred
with a height between -2 and -3 SDS.

Metabolic disorders (22%) and malnutrition (17.2%)
were the most common causes among chronic dis-

eases and malnutrition cases in this study. In Utah
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study @), protein-energy malnutrition (PEM) and
malabsorption syndromes constituted 10% of short
stature cases. However, they consisted 3.8% of our
study population. The reason of this finding might
also be related to differences in study centres. Those
cases with malnutrition might be directly referred to
pediatric gastroenterologists. Additionally, 16% of
320 cases were diagnosed as ‘underweight’ accord-
ing to their interpreted BMI SD scores in our study
population. On the other hand, 32.8% of our cases
were diagnosed as having malnutrition according to
their interpreted weight for height percentages. The
likelihood of having malnutrition increases when
measures are interpreted based on weight for age
and/or height for age percentages in our study popu-
lation. Weight for height percentage is a measure to
identify acute malnutrition and there is a two-fold

’

difference between ‘underweight ’ cases in our
study population. So it might be of a concern, that
there is a need for additional data related to cases
with short stature to assess malnutrition in a more

objective way.

Some research data demonstrate that male admis-
sions are more common 2, There are even data
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claiming that the higher incidence of male admis-
sions is more likely to be linked to the perception of
tall men as being more successful, having prestigious
jobs and higher incomes in the society ?. However
other recent data also claim that there is a decline
in male to female ratio because of the perception in
social media that thin and tall women are also more
successful Y, In this study, the male to female ratio
was 1.1:1. This finding is consistent with the findings
of Zargar et al. (35) (1.12:1) and Papadimitriou et al.
(36) (1.2:1). But it should also be kept in mind that
our findings don’t represent the general population.

A 39.7% of 320 our cases had a history of parental
consanguinity, which was higher than the average
rate in general Turkish population (approx. 20-25%)
(8 The statistically higher proportion of female gen-
der in the specific syndromes and chromosomal
abnormalities group might be related to the higher
incidence of SHOX deletions on X chromosome than
those seen on Y chromosome 9,

In this study, analysis of the distribution of age
groups at admission revealed that cases with dispro-
portionate short stature (skeletal dysplasias, irradia-
tion, rickets) and SGA with failure of catch-up growth
present at an age below 5 years. This finding could
also be regarded as statistically significant for spe-
cific syndromes and chromosomal abnormalities
group. On the other hand, endocrine disorders pres-
ent after 5 years of age and cases with chronic
diseases&malnutrition, and also idiopathic short
stature present after 10 years of age. Moayeri et al.
3 found that the mean age at admission of cases
with skeletal dyplasias and rickets was lower than
other etiology groups. The lower mean age at admis-
sion of our disproportionate short stature popula-
tion is consistent with the literature. Song et al. %
found that the mean age at admission of familial
short stature group was statistically higher than that
of pathological short stature etiology group. Similiar
to their results, the mean age at admission of idio-
pathic short stature group was statistically higher
than that of other etiology groups in our. -except

chronic diseases and malnutrition group-

In our study, AGA births in idiopathic short stature
group and SGA births in specific syndromes and
chromosomal abnormalities group were statistically
significantly more numerous. These findings are con-
sistent with the findings of Strufaldi et al. %, They
showed that, patients with familial/constitutional
delay of growth were more likely to have birth
weight values over 3000 grams and genetic short
stature cases have birth weights below 2500 grams.
The mean gestational age at birth in specific syn-
dromes and chromosomal abnormalities group was
statistically lower than other short stature etiology
groups —except idiopathic short stature groups- The
mean birth height SD scores of endocrine disorders
and chronic diseases and malnutrition etiology
groups were statistically higher than SGA with failure
of catch-up growth and specific syndromes and chro-
mosomal abnormalities groups’ in this study.
Moreover cases with disproportionate short stature
had higher birth height SD scores relative to specific
syndromes and chromosomal abnormalities cases in
this study. These findings support the argument that,
normal intrauterine growth is mostly independent
from fetal pituitary hormones - unlike the critical
role of endocrine system in postnatal growth ¢4,

Zargar et al. ¥ didn’t find a statistical difference in
mean height SD scores at admission between normal
variants of growth and growth hormone deficiency
cases with severe short stature. Like them, we
couldn’t also find a statistical difference in mean
height SD scores at admission between short stature
etiology groups.

The mean head circumference SD score of dispro-
portionate short stature etiology group in our study
was found to be statistically higher than that found
in other groups —except idiopathic short stature eti-
ology group- This finding supports relative macro-
cephaly, which is a component of skeletal dysplasias
42 Additionally, the mean head circumference SD
score
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of endocrine disorders etiology group was statisti-
cally higher than that of specific syndromes and
chromosomal abnormalities group, which might be
linked to the presence of syndromes accompanied
with microcephaly in our study population.

Cases with disproportionate short stature and endo-
crine disorders were found to be normal according
to body weight SDS, BMI SDS and weight for height
percentages. BMI SD scores of cases with specific
syndromes, chromosomal abnormalities, chronic
diseases and malnutrition were found mostly within
the normal range. This finding might be related to
the lower number of malnutrition cases in our
chronic diseases and malnutirition group.

In our study, the mean bone age delay (in years)
values of endocrine disorders and chronic
diseases&malnutrition groups at admission were
statistically higher than those of other groups.
Papadimitriou et al. ®® investigated the mean
bone age delay between familal short stature,
constitiunal delay of growth and growth hormone
deficiency groups. In that study, the mean value
was statistically lower in cases with familial short
stature. Likewise Song et al. ®® found the mean
bone age delay of familial short stature cases to
be lower than those of cases with constitiunal
delay of growth and pathological short stature. In
this study, non-familial short stature with unknown
pubertal onset and familial short stature with nor-
mal pubertal onset cases constituted the majority
of our idiopathic short stature population and
growth hormone deficiency cases constituted the
vast majority of our study population with endo-
crine disorders, which was consistent with the lit-
erature findings.

The mean predicted adult height SD scores of idio-
pathic short stature and chronic diseases and malnu-
trition groups were statistically higher than those of
disproportionate short stature and specific syn-
dromes and chromosomal abnormalities groups.
Moreover the score of endocrine disorders was sta-
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tistically higher than that of disproportionate short
stature. This might be linked to highest bone age
delay values seen in endocrine disorders and chronic
diseases&malnutrition cases. Our findings were con-
sistent with the literature in this respect %39,

According to two major designated Tanner staging
groups, idiopathic short stature cases had a statisti-
cally higher distribution in the Tanner stage of 2 and
over. This finding might be related to the lack of an
underlying endocrine pathology and a relatively late
presentation of cases.

In this study, the mean IGF-1 SD scores of the
patients with endocrine disorders and chronic dis-
eases and malnutrition were relatively lower as
expected. This was true for IGFBP3 as well. It was
noteworthy that SGA with failure of catch-up growth
had higher mean IGFBP-3 SD score than endocrine
disorders group. Song et al. (30) found that the mean
serum IGF-1 level of pathological short stature was
statistically lower than others’ and there was no sta-
tistical difference in the mean serum IGFBP-3 level
between etiology groups in the same study. On the
other hand, Papadimitriu et al. ®® found that the
mean serum IGF-1 level of the group with constitu-
tional growth delay was statistically lower compared
to other groups. But it should also be kept in mind
that, serum IGF-1 and IGFBP-3 levels change accord-
ing to age and sex. So making comparisons by just
looking at the serum levels may lead to wrong inter-
pretations.

According to our study, AGA children presenting over
10 years of age with no history of parental consan-
guinity have found to be least likely to have patho-
logical causes of short stature

CONCLUSION

This study is the first study, which deals with only
severe short stature cases and their etiological pro-
file in Turkey and it shows that, majority of severe
short stature cases have underlying pathologies.
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Among pathological short stature cases, endocrine

disorders were the most common causes.
Furthermore, growth hormone deficiency was the
most common cause among endocrine disorders.
The likelihood of diagnosing a pathological cause
among children with severe short stature is high. So
it would be a reasonable choice to run tests without
any delay to identify the underlying etiology. It
would be desirable to lower the age of diagnosis in

endocrine disorders.
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