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ABSTRACT
Introduction. The research carried out confirms the great importance of zinc in the processes of children’sgrowth
and development.
Aim. To investigate the zinc content in blood serum of children with short stature.
Methods. We examined 42 children under supervision in the children’s endocrinology department of the Chernivtsi
Oblast Children’s Hospital during 2011-2018, aged 3 to 15 years. The control group consisted of 44 children aged
3-15 years. Determined the level of growth hormone (GR), IGF-1 and zinc in the blood plasma.
Results. It has been detected that the level of zinc in blood plasma is reducedin 90, 4% of children with short stature.
On average, zinc level in the blood plasma of children with short stature was 0.71 ± 0.03 μg/ml, which is significantly
lower (p˂0.001) than the mean zinc level in children in the control group - 1.11 ± 0.02 μg/ml . In all age groups, there
was a significant decrease in zinc values in plasma compared to those in the corresponding age group of the control
group. In 28 (cases the level of zinc was quite low, in 10 cases it was very low and in the rest of the cases it had
boundary indices. Indices of zinc in blood plasma in children with somatotropic insufficiency were the lowest and
averaged 0.66 ± 0.03 μg/l, p˂0.05. Age and gender dependency of zinc level in blood plasma was not found.
Conclusions. Zinc deficiency in plasma is observed in most children with short stature. Necessary for zinc deficiency correction in patients with short stature by diet expansion incorporating food enriched with the microelement
or the designation of appropriate zinc preparations. Diet expansion may be the subject of further research.
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Abbreviations
EM – essential micronutrients, GH – growth hormone, SDS - standard deviation, GR – growth rate, BA – bone age, OC – ossification
coefficient, BMI – body mass index, GH-IGF – growth hormone-insulin growth factor, IGFBP-3 – insulin growth factor binding protein-3,
GHD – growth hormone deficiency, IFG-1 – insulin growth factor 1

INTRODUCTION
The problem of growth retardation in children is
one of the most timely in pediatrics due to the high
medical and social significance, the disabling nature
of the pathology as well as the poor response to therapy. The key role of the microelements in the function-

ing of all human organs and systems is pointed out in
scientific studies [1-4]. A special emphasis is paid to
the study of essential micronutrients (EM) impacton
human health, and children with growth retardation in
particular [5-7]. Zinc is one of these EM [8], being a
part of more than 300 metal enzymes, it is involved in
cellular metabolism, immune system functioning [9],
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growth and reproduction processes as well as having
a membrane-stabilizing activity and has low accumulation ability [10-12]. The population frequency of
zinc deficiency in Ukraine is unknown, because such
studies were not conducted. Human growth is an integral health index as well as harmonious
systems’interaction indicator. However, there are
many reasons that can cause a deviation in the growth
of the childby violating this natural harmony [13]. A
key feature of the mineral metabolism in children is
that the entering and the elimination of mineral substances in the body processes are unbalanced [14]. It
was detected that the lack of zinc inhibits the growth
of long bones in the embryos of mice. A shortening of
diaphyses, narrowing of the chondrocyte zone, increasing the number of osteoblasts, ripening of chondrocytes with an increase in osteoclastic activity were
detected [15, 16]. The scientists proved that zinc content is even more important for the bone matrix formation during fetal development, than mineralization
of bone matrix. Zinc deficiency is embryoptic in vivo,
embryos have a small length and significant delay in
the development of organs; adding zinc to the diet of
rats significantly reduces this negative effect [17-18].
The conducted scientific researches confirm the
great importance of zinc in the processes of growth
and development of children [19-24].
Zinc deficiency could be related to overactivity of
the enzyme Cu/Zn Superoxide Dismutase in these individuals. As a result of this overactivity, individuals
with growth deficit are in a state of continuous Oxidative Stress [25,26]. Energy and micronutrient deficiency remain prevalent among children. The fortified
juice drink was effective in reducing the prevalence of
growth deficit and improved the zinc status of children [27,28]. Zinc is an important nutrient which is
critical for normal immune function and physical
growth. Zinc deficiency seems to be common in developing countries and that makes children in those
countries prone to infectious diseases. In countries
where zinc deficiency is common; zinc supplementation has been shown to reduce the rates of diarrhea
and to enhance the physical growth of children at risk
of stunting [29-30].
According to the “Consensus Guidelines for Diagnosis and Treatment of Growth Hormone (GH) Deficiency in Childhood and Adolescents: Summary
Statement of the GH Research Society” (1999), the
short stature is classified as follows:
– primary growth disorders caused by internal
defects of the bones and connective tissue as a
result of a genetic defect or prenatal damage are
often accompanied by dysmorphic features and
disproportionate body structure;
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– secondary growth disorderscaused by factors
that are manifested outside the bone and connective tissue – systemic, endocrine, metabolic,
iatrogenic and psychogenic disorders;
– idiopathic low-growth diagnosed in cases
where the child has a normal body weight and
height at birth, proportional body structure, has
no endocrine or organic disorders, psychosocial problems and eats properly. Familial and
non-familialshort stature are also detected in
the case. Non-familial short staturecombined
with latent puberty are defined as constitutional
growth and maturationretardation.

AIM
To investigate the zinc content in blood serum of
children with short stature.

METHODS
42 children under supervision in the children’s endocrinology department Chernivtsi Oblast Children’s
Hospital during 2011-2018 aged 3 to 15 years old (average age of 8.96 ± 0.19) were screened. Among them
28 boys (66.7%) and 14 girls (33.3%) with different
forms ofshort stature. Criteria for inclusion in the research wereshort stature, age from 3 to 15 years, residence on the territory of Chernivtsi region. Exclusion
criteria were acute infectious disease, chronic somatic
pathology, malabsorption syndrome, metabolic diseases, genetic and mental illnesses, residence outside
the Chernivtsi region, parental refusal for examination. The control group consisted of 44 children aged
3-15 years, whose average age was 9.16 ± 0.45 years,
24 (54.5%)boys, 20 (45.4%)girls.These patients did
not have any growth and sexual development retardation, somatic, genetic and endocrine pathology. Before the start of the survey, patients’ and their parental
consent were obtained to participate in the study and
use the data. Ageneral clinical study, anthropometry
(measurements of height with the help of the “System
Dr. KellerJ.” Stadiometer, body mass measurements
using SECA electronic weights, standard deviation
score (SDS) for growth and body weight for the use of
percentile curves, growth rate (GR), SDS of growth
rate, bone age (BA), bone marrow retardation, ossification coefficient (OC), body mass index (BMI))were
conducted for all children. Normally, the gap was between minus 1SDS and plus 1SDS (M ± 1SDS). Retardation in physical development was diagnosed if
the gap ranged from minus 1 to minus 2 SD; subnanizm - from minus 2 to minus 3 SD; Nanism - from
minus 3 SD and more. Atlas of W. W. Greulich, S. P.
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Pyle (1993) was used to determine bone age. To determine the degree of BAretardation from the passport
age, OC was determined which is the ratio of the Xray age to the passport one. All children hadthyroid
gland ultrasound and thyroid hormoneswere determined.
The level of the growth hormone (GH) in blood
plasma was determined by the immune-chemiluminescence method on IMMULITE 2000XPi, Siemens
Healthcare Diagnostics Inc, USA, using the standard
set (basal level, somatotropic hormone release peak
during a clonidine assay, and nocturnal release2 hours
after falling asleep). Levels 10 ng / ml and higherwere
established as a norm of stimulated secretion of GH in
standard samples. The release of GH after the test increased at least 5 timesin healthy childrenin comparison with the background value. The content of IGF-1
was determined once in the morning blood test by a
solid-phase enzyme-linked immunosorbent sandwich
method using a set of reagents “DRG” (Germany).
The content of zinc in blood plasma was determined using an X-ray fluorescence spectrometer «ElvaX-med» (Ukraine) based on the method of performing measurements of the content of chemical elements
in blood plasma (MVB 081 / 12-0468-07). For zinc in
the plasma, a venous blood sample was carried out in
an amount not less than 1.0 ml. The sample was dried
in a drying cabinet.
The results of the study are statistically processed
using the packages of computer programs “Statistica”
for Windows 8.0.0. (SPSS I.N.C.; 1989-1997), Statistics V.6.0 (Statsoft Inc., 1984-1996). The likelihood of
the difference was taken into account by the magnitude of the probability (p <0,05).
The research is based on the main provisions of the
ICH GCR and the Helsinki Declaration of the World
Medical Association for Biomedical Research, where
the person is their object (World Medical Association
Declaration Helsinki 1964, 2000, 2008), the Council
of Europe Convention on Human Rights and Biomedicine (2007).

RESULTS
The distribution of children who participated in
the study is presented in Table 1 and Figure 1.
The body proportions, features of the face, the
presence of stigmas diesembriogenesis, condition of
hair, skin, voice of voice, body weight, state of genital
organs, psychomotor development of a child were examined. The diffuse goiter was found in 10 children,
autoimmune thyroiditis - in 2 children, primary hypothyroidism - in 1 child.

TABLE 1. Distribution of children who participated in the
study
Nosology
CompleteSomatotropic insufficiency
PartialSomatotropic insufficiency
Inactive hormone growth syndrome
Family-constitutional short stature
Genetically determined short stature
TOTAL

Number
of patients
(boys/girls)
10 (8/2)
12 (8/4)
4 (3/1)
14(8/6)
2 (1/1)
42

%
23.8
28.5
9.5
33.3
4.7
100.0

FIGURE 1. Distribution of the examined children by the
standard deviation score (SDS)

The patients’ main complaint was the inhibition of
the growth rate to 1-3 cm per year over the past few
years. In 5 children, the growth rate has been low
since their birth. The maximum growth rate in children with short stature, depending on the cause of the
retardation, was in cases of somatotropic insufficiency, the syndrome of a biologically inactive growth
hormone - from 4.1 cm/year to 1.6 cm/year (on average 3.4 ± 0.9 cm / year), with a family-constitutional
short stature - from 5.7 cm/year to 3.3 cm / year (an
average of 4.5 ± 1.0 cm/year). According to the results
of the clinical examination, in patients with growth
retardation, a different degree from physical development delay (minus 1.05 SDS) to nasal fixation (minus
3-6.0 SDS) was recorded against the background of
proportional body structure and lack of dysembriogenic stigma. The observed body mass deficiency was
proportional to growth retardation. BMI in most children was within the mean values and amounted to
11.5-24.9 kg/m2, only 4 children exceeded 25 kg/m2.
In the study of bone age, the lagging of the skeletal
maturation for 5.5 ± 0.4 years is established. In all
children with short stature, a significant lag in growth
in all age groups was found to be greater than minus
2.5 SDS and a probable decrease in mean growth rates
in comparison to the control group (р˂0.01, Table 2).
A significantly lower BA in boys than girls (p<0.05)
have been detected in primary school children age.
The average lag in the BAin children of this age group
was probably more pronounced in boys than in girls
(р˂0.05).
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TABLE 2. Indices of height, body weight, BMI, bone marrow in patients with short stature,
(M ± m)
Children with somatotropic
Children with a familyChildren of the
insufficiency
constitutional short stature
control group
Growth, cm
111.89±1.15
123.98±1.09
134.3±1.71*
17.03±0.21
19.91±0.28
22.18±0.57*
BMI, kg/m2
BA, years
6.23±0.21
8.19±0.32
9.8±0.3*
BA retardation, years
2.39±0.06
1.74±0.15
GR, cm
3.12±0.04
4.59±0.19
-2.91±0.08
-2.13±0.07
SDS
Note. * - p<0.05, the probability of changes in the indicators relative to the comparison group
Index

TABLE 3. Indicators of GH and IGF-1 in children with short stature rates
Index
GH,
ng / ml
IGF-1, ng / ml

1
2.1±
0.1

3-6
2
11.9±
0.4
70.4±8.1*

3
18.1±
1.3

Age (years)
7-12
13-15
1
2
3
1
2
3
2.0±
12.5±
16.6±
2.1±
13.1±
18.4±
0.1
1.4
1.1
0,1
0.1
0.5
139.7±15.1*
198.2±18.7*

Control Group
2.4±
0.1*

14.9±
21.2±
1.2*
1.0*
231.4±11.5

Note. 1-background; 2 - night spontaneous peak; 3 - Clonidine test. * - p<0.05, the probability of changes in the indicescompared to the control group.

Indicators of GH and IGF-1 in children with short
stature rates and control groups are presented in
Table 3.
According to the results of the study, it was detected that the level of zinc in the blood plasma is reducedin 90.4% of children with short stature. On average, the zinc level in the blood plasma of children

with short stature was 0.71 ± 0.03 μg/ml, which is
significantly lower (p˂0.001) for the mean zinc level
in the children of the control group - 1.11 ± 0.02 μg/
ml (Fig. 2). In all age groups, a significant decrease in
zinc values in plasma compared to those in the corresponding age group of the control group was detected.

FIGURE 2. Zinc levels in the blood plasma
of examined children (p<0.001)

FIGURE 3. Distribution of children with short
stature by the level of zinc in blood plasma
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In 28 children the level of zinc was significantly
lower, in 10 cases it was very low and in the rest of the
cases it had lower bound values (Fig. 3). At the same
time, in children of the control group, the reduction in
zinc level occurred only in 2 children, very low rates
were not recorded. Indices of zinc in blood plasma in
children with somatotropic insufficiency were the
lowest and averaged 0.66 ± 0.03 μg/l, p˂0.05.
The probable difference in the zinc level in blood
plasma of children with short stature, depending on
the gender, was not found in neither group of children
with growth retardation nor in the control group.
We have analyzed the zinc level in blood plasma
of children depending on SDS (Table 4).
TABLE 4. The level of zinc in blood plasma in children with
short stature depends from the degree of growth retardation
SDS
-0.5-1.99, n = 12
-2.0-2.99, n = 24
-3.0-6.0, n = 6
Control Group, n = 44

Zinc level in blood plasma
(M ± m, μg/ml)
0.70±0.03*
0.72±0.04*
0.65±0.03*
1.03±0.03

Note. * - p<0.05, the probability of changes in the indices compared
to the control group

The lowest levels of zinc were observed in the
group of children with the maximum growth retardation, but no significant differences in zinc level in
blood plasma between these subgroups were observed.

DISCUSSION
Zn is important for the metabolic activity of more
than two hundred enzymes. It is essential for cell replication, and deoxyribonucleic acid (DNA) and protein synthesis. Zn deficiency in humans is widespread
throughout the world. This could be explained by the
fact that intakes of animal products and animal protein are very low due to low socio-economic status of
the population. Zn deficiency is reported to be associated with impairment of growth, testicular functions,
appetite, and sense of taste, delay in wound healing,
immune resistance and memory. Zn deficiency interferes with the metabolism of thyroid hormones, androgens and growth hormone [31]. It is not known
what mechanism is responsible for growth retardation
in Zn deficiency and how Zn therapy stimulates
growth in children. The principal regulator of growth
in the body is the GH-IGF system [32].
The relationship between Zn and GH-IGF system
and how Zn therapy stimulates growth in children has
not been clearly defined in humans. Controversy ex-

ists about the effect of zinc on growth and the GHIGF system. Zinc supplementation has been shown to
stimulate linear growth in zinc-deficient children.
However the mechanism of this effect has not been
well characterized. It appears that Zn supplementation
has positive effects on growth and IGF-1 levels in
various groups of Zn-deficient children. However, the
exact mechanism of Zn deficiency and the mechanism
by which Zn supplementation affects GH secretion
and IGF-1 levels is not well delineated. Furthermore,
the effect of Zn supplementation on the GH-IGF axis
in non Zn-deficient short children is not known. Some
studies have reported positive effects of Zn supplementation on growth in various groups of Zn-deficient
children [33-34]. However, in some studies, this effect was not observed [35-36]. We aimed to assess
GH-IGF-Zn axis in short children. We found a
low zinc level to be common in children with idiopathic short stature, whereas actual zinc deficiency
was rare. However, other as yet unknown mechanisms
not associated with the growth hormone (GH)-IGF-1
axis could be involved in growth retardation in idiopathic short stature.
According to the results of the study [37]. Zn supplementation increased basal IGF-I, IGFBP-3, alkaline phosphatase and osteocalcin without changing
GH response to clonidine. Zinc supplementation did
not affect sensitivity to exogenous GH as tested by
IGF-I and IGFBP-3 generation test. These results suggest a direct stimulatory effect of zinc on serum IGFIGFBP-3, alkaline phosphatase and osteocalcin. Cesur et al, 2009 [38] found that serum IGF-1 and
IGFBP-3 were below normal reference ranges in
96.6 % and 100 % of their short children with Zn deficiency which is close to our findings (90,4% and
100 % respectively).
On the other hand, an experimental study in rats
[39] showed that restoration of normal circulating
levels of IGF-1 and IGFBP-3 by recombinant IGF-1
infusion failed to reverse the growth retardation induced by Zn deficiency. They suggested that growth
retardation related to Zn deficiency is caused not only
by low serum IGF-1 concentrations, but also by inhibition of the anabolic actions of IGF-1. Moreover, it
has been shown that Zn deficiency also leads to alterations in the distribution of serum IGFBPs, in addition to lower circulating IGF-1 concentrations [40].
This theory was further supported by the strong positive correlations between serum Zn and each of IGF1, IGF-1 SDS and IGFBP-3 levels reported in our
study. In addition, other studies [41] suggested a state
of GH resistance rather than GHD in case of Zn deficiency.
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Need to planned a prospective study is to assess
the effect of zinc supplementation on growth parameters in children.

CONCLUSIONS
Zinc deficiency in the blood plasma was observed
in most children with short stature (90.4%), and 10
cases of them have a very low zinc level. Age and
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gender dependency in blood zinc contents were not
detected. The lowest level of zinc in the blood plasma
was observed in the group of children with the greatest growth retardation. The results of the study indicate the urgent need for zinc deficiency correction in
patients with short statureby diet expansion incorporating food enriched with the microelement or the
designation of appropriate zinc preparations. Diet expansionmay be the subject of further research.
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