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ABSTrAcT

Growth is one of the most important indicators of children’s health. Medical practitioners use 
specially designed charts for growth assessment. Stunting is diagnosed when the height of a child 
deviates by more than –2 standard deviations from the average of children’s height within the same 
age and gender category. Approximately 3% of children’s population has substantial delay in 
growth due to different reasons. The reason can involve either endocrine or non-endocrine disor-
ders. The important reason for stunting could be growth hormone deficiency, which is characterized 
by more prominent clinical manifestation of short stature. It constitutes about 8-9% of all children 
with short stature. Currently, it is believed that the growth hormone deficiency is associated with 
multiple disorders. Typically, those are fat excess, specifically in abdominal localization; muscle 
mass reduction; reduction of bone mineral density; physical tolerance; increased cholesterol levels 
and frequency of premature atherosclerosis development. It has been known that cardiovascular 
morbidity and mortality in hypopituitarism are 2-3 times higher than in general population. It is 
important to verify the suitability of accepted standards for anthropometric assessments in each 
region as the ethnical peculiarities can play a role and data can deviate. Summarizing the data in our 
observation, it was found that 3.3% of children had height lesser than –2 standard deviation scores. 
The obtained data from 1,500 school-aged children in Yerevan confirms the validity of applying the 
current method for anthropometrical assessment of children in Armenia.
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introdcution

Growth is one of the most important indicators 
of children’s health. Starting from fetal develop-
ment a variety of factors influence child’s growth: 
from conception to the termination of the physio-
logical process of growth [Kasatkina E., 1993]. 
Stunting, even of a temporary nature, can nega-
tively affect the finial growth indicators. Fre-
quently, stunting results in serious psychological 
problems and may become a cause of social mal-
adjustment [Burman P. et al., 1995].

Typically, medical practitioners use specially 
designed charts for growth assessment. They are 
based on either a series of smooth curves repre-

senting selected centiles of distribution of the mea-
surement of interest (weight or height, usually) in 
the reference population, plotted against age or 
standard deviation scores (SDS). At present, there 
are three basic schools proposing the choice of 
centiles, namely called European, North Ameri-
can, and World Health Organization (WHO). They 
are united by only one common principle: centiles 
should be symmetrical above and below the me-
dian (50th centile) curve. The European chart uses 
the 3rd, 10th, 25th, 50th, 75th, 90th and 97th cen-
tiles; North American chart uses 5th and 95th in-
stead of 3rd and 97th; and WHO’s system accentu-
ates extremes of growth status seen in the develop-
ing world and uses SDS instead of centiles (-1,-2,-
3,1,2,3 SDS bellow and above the median corre-
sponding to 0.14, 2.3, 16, 84, 97.7, and 99.86th 
centiles, respectively). Growth charts are subject 
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to debates and periodic updates. Given different 
approaches in choice of centiles exist because of 
different requirements. In order to standardize, re-
cently it has been recommended being guided by 
–2SDS, which is close to the 3rd centile. In this 
case, –3SDS is deposing to –2.67 SDS, which is 
corresponding to 0.4th centile [Cole T., 1994].

In 2000, in order to standardize the North 
American chart with European, the 3rd and 97th 
centiles were incorporated into it [Al-Mazrou Y. et 
al., 2000; Agarwal D., Agarwal K., 1994; Kucz-
marski R., 2008].

Based on accepted charts many countries devel-
oped their own standards with the consideration of 
ethnical features. The WHO’s standards are cur-
rently used for growth assessment in Armenia. 
However, there is no survey conducted so far to 
estimate its suitability in Armenia or Transcauca-
sia region.

Stunting is diagnosed when the height of a child 
deviates by more than –2SD from the average of 
children’s height within the same age and gender 
category [Lyskina G., 2001].

Approximately 3% of children’s population has 
substantial delay in growth due to different reasons 
[Marttila P., Stene M., 2001]. Most often stunting 
is due to constitutional peculiarities of growth and 
development.

The reason can involve either endocrine or non-
endocrine disorders. There are several non-endo-
crine factors that play a role in the growth process. 
Genetic and environmental factors are among the 
most important factors. However, some study re-
sults showed that the basic risk factor for preschool 
children’s stunting is not the hereditary but is the 
malnutrition and poor living conditions [Amigo H. 
et al., 2001]. It is found that the limiting caloric in-
take below the recommended standards leads to 
growth delay [Amador M. et al., 1990]. In this case, 
the stunning is frequently characterized by high 
concentration of basal and stimulated growth hor-
mone (GH) with the decreased insulin like growth 
factor 1 (IGF-1) concentration.

Severe chronic somatic diseases, either congeni-
tal or acquired, are frequently accompanied by the 
growth delay. Congenital heart disease and conges-
tive heart failure can lead to stunting as well. Since 
heart defects in children are mostly congenital, 
many newborns have concomitant dysmorphic signs 

and intrauterine growth retardation. Postnatal delay 
was mainly due to hypoxia and increased energy de-
mand in the heart [Amador M. et al., 1990].

Limited transfer of oxygen to tissues, increased 
energy utilization on hematopoiesis are considered 
as the main factors involved in the pathogenesis of 
anemia in chronic stunting [Xiaoliang Y. et al., 
2009; Smacchia M. et al., 2011]. Bowel disease as-
sociated with impaired absorption of protein can 
cause growth retardation in children [Cosnes J. et 
al., 2002]. Such nosology as cystic fibrosis, severe 
metabolic lung disorders should be considered in 
differential diagnosis of child stunting [Wolfsdorf 
J. et al., 1990; Umlawska W., Sussanne C., 2008; 
Umlawska W. et al., 2013].

Kidney disease, accompanied by impaired func-
tion, can lead to severe stunting. Factors involved 
in the pathogenesis of stunting include protein 
loss, chronic anemia, and metabolic acidosis 
[Zargar A., 1998; Bacchetta J. et al., 2012]. Con-
genital pathology of bone system in children is one 
of the common causes of short stature [Kanaka-
Gantenbein C., 2001].

In the above-mentioned examples of dwarfism 
signs of primary dysfunction of the endocrine glands 
are absent, and “bone” age, as a rule, corresponds to 
the chronological age. The symptoms of the main 
disease become apparent, which makes it easy to 
determine the cause of growth retardation.

Effect of intensive physical activity on the 
growth delay remains controversial. It was found 
that gymnasts’ stunting is due to selection of chil-
dren with reduced growth rate of the tibia, and 
gymnastics have no effect on growth in the future 
[Bass S. et al., 2000]. Interestingly, even psycho-
social environment in which the child is brought 
up may affect the growth. Lack of attention, emo-
tional and social discomfort can lead to stunted 
growth, even in case of normal nutrition. This con-
dition is known as growth retardation. Usually ex-
amination results of such children reveal transient 
or functional hypopituitarism and reduced growth 
hormone secretion. They are characterized by pica 
or voracity, incontinence, insomnia, whooping cry 
and sudden outbursts of anger. They are overly ag-
gressive or passive, and their intelligence is at the 
lower limit of normal or even below. When a child 
is moved to normal psychological environment, 
the big improvement in growth is noted [Stanhope 
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R. et al., 1994; Dedov I. et al., 1998]. Some studies 
prove the influence of socio-economic level that 
child belongs to [Downie A., 1997]. However, 
some other studies exclude such relationship [Luo 
Z. et al., 2001].

Other well-known reasons causing stunting in-
volve endocrine disorders. Postnatal growth retar-
dation is typical for children with congenital hypo-
thyroidism. Neonatal screening for congenital hy-
pothyroidism promotes early diagnosis and treat-
ment of congenital hypothyroidism, which prevents 
disturbance of child growth and future development. 
Stunting can be the manifestation of acquired hypo-
thyroidism, the cause of which is autoimmune thy-
roiditis in most cases [Soliman A. et al., 2012].

Excess glucocorticoids affect the growth pro-
cesses of a child, regardless of etiology of hyper-
corticoidism. It is believed that glucocorticoids act 
directly on the epiphyses, as the secretion of GH is 
maintained and insulin like growth factor 1(IGF-
1)/IGF-1 binding protein levels do not change 
[Mazziotti G., Giustina A., 2013].

One of the most common known causes of 
growth retardation among girls is Shereshevsky-
Turner syndrome. It is arising from pathology of sex 
chromosomes [Ranke M. et al., 1988]. Its incidence 
is 1 per 2,500 among newborn girls accompanied 
with cardiovascular, endocrine, reproductive, psy-
chosocial and other developmental disorders. One 
of the common problems leading to stunting is idio-
pathic short stature (ISS). According to the Euro-
pean Society for Paediatric Endocrinology (ESPE) 
classification definition ISS is the type of stunting 
at which all possible causes are excluded.

The other important reason for stunting could 
be GH deficiency, which is characterized with 
more prominent clinical manifestation of short 
stature. It constitutes about 8-9% of all children 
with short statute [Volevodz N., 2005]. Currently, it 
is believed that the GH deficiency is associated 
with multiple disorders. Typically, those are fat ex-
cess, specifically in abdominal localization; mus-
cle mass reduction; reduction of bone mineral den-
sity; physical tolerance; increased cholesterol lev-
els and frequency of premature atherosclerosis 
development. Growth hormone shortage incidence 
in newborn children varies in different studies 
from 1 per 10,000 to 1 per 15,000. Data from dif-
ferent authors indicate that the incidence of growth 

hormone deficiency is higher among boys than 
girls [Dedov I., Fofanova O., 2006].

MaterialS and MethodS

In order to identify the frequency of child stunt-
ing cases in Yerevan, the cohort of 1,500 children 
(698 girls and 802 boys) were selected for obser-
vation. Anthropometric measurements were car-
ried out using a calibrated mechanical stadiometer  
SECA ("SECA", Germany) with the accuracy of 
±0.1 centimeters (cm). In accordance with the ac-
cepted standards each measurement was done 
thrice after which the average was calculated. 
Measurements were done using the methodologies 
suggested by J. Hall [Hall J. et al., 1989].

Standing height is measured when a subject 
(child) stands with his/her back to the stadiometer, 
heels together, knees fully unfolded, and the head 
in such a position that the line connecting the cen-
ter of the auditory canal and the outer corner of the 
eye is parallel to the floor.

Parameters of physical development (height, 
growth speed), expressed in SDS, was assessed 
by standards of J. Tanner [Tanner J., White-
house R., 1976].

Statistical analysis was done using SPSS 17.0 
statistical software package.

reSultS

The average chronological age of observed 
children was 10.08±3.28 (5.8÷18.5). Among these 
children 53.5% (n=802) were boys and 46.5% 
(n=698) girls. The results of anthropometric mea-
surements showed that the average height of chil-
dren was 137.86 ±17.56 cm (102.0÷186.0), the av-
erage height among boys was 138.0±18.0 cm 
(102.0÷186.0), and among girls the average was 
137.0± 17.0 cm (102.0÷183.0).

Children’s height SDS were also calculated. It 
was found that 92.9% of children (n=1394) were 
within the adequate standards (–2 SDS to +2 SDS) 
in accordance with their age category. Fifty-six 
children (3.7%) had higher height more than +2 
SDS. Among them 46.4% were boys and 53.6% 
were girls. Stunting (height less than –2 SDS) was 
found in 3.3% (n=50) (Fig. 1). In this group 48% 
(n=24) of children were boys and 52% (n=26) were 
girls. Gender inequality was not statistically sig-
nificant in this population (p>0.05).



71

The New ArmeNiAN medicAl JourNAl, Vol.8 (2014), No 4, p. 68-72 mArkoSyAN r.l. et al.

puBlicATioN of youNg ScieNTiSTS AccordiNg To diSSerTATioN workS

vard’s standards that were used in Saudi Arabia for 
the growth assessment were found not applicable, 
because the growth median for Saudi children’s 
population from 0 to 5 years is statistically higher 
than that used in the standards. The population sur-
vey conducted in India also revealed that the curve’s 
median for height and weight indicators of children 
from 0 to 6 years were significantly lower in com-
parison with the European standards, which neces-
sitated the development of own national standards.

Summarizing the data in our observation in this 
cohort, it was found that 3.3% of children had height 
less than –2 SDS. There was no statistically signifi-
cant difference in growth standard deviations be-
tween girls and boys. The obtained data from 1,500 
school-aged children in Yerevan confirms the pro-
priety of applying the current method for anthropo-
metrical assessment of children in Armenia.

figure 2. Standard deviation score distribution in ob-
served children different ages: a) boys, b) girls.
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More detailed assessment of children growth 
who had height within the normal range (–2 SDS 
- +2 SDS) showed that the height of boys 55.0% 
(n=554) and height of girls 45.0% (n=454) were 
within –1 SDS to +1 SDS interval. They compose 
72.3% of all observed children. There were chil-
dren (12.7%) which height was within –1 SDS to 
–2 SDS interval among which 46.9% (n=83) were 
boys and 53.1% (n=94). Also, there were 115 
(55.0%) boys and 94 (45.0%) girls that were in 
+1SDS to +2SDS interval which was about 15% of 
all observed children (Fig. 2a, b).

diScuSSion and councluSion

It is important to verify the suitability of ac-
cepted standards for anthropometric assessments in 
each region as the ethnical peculiarities can play a 
role and data can deviate. For instance, the Har-
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