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INTRODUCTION
Scientific studies emphasize the important role of the micro 
elemental status of the human body in the functioning of 
all organs and systems [1]. Particular attention is paid to 
the study of the effect of essential micronutrients (EM) on 
human health, and children with growth retardation in 
particular [2]. The regular intake of food or water with mi-
croelements that are part of enzymes, vitamins, hormones 
and other biologically active substances, is necessary for 
human vital functions. Children, due to the growth pro-
cesses activity, are particularly sensitive to dietary mineral 
deficiencies [3]. For a child’s growing and developing body, 
some of the chemical elements are essential. Among them, 
copper deserves special attention. The literature data high-
light the role of copper deficiency and characterize copper 
deficiency states, which lead to the violation of embryonic 
development [4, 5]. Copper deficiency during pregnancy 
leads to death of a fetus, a high percentage of intrauterine 
anomalies of the internal organs (heart defects, anomalies 
of blood vessels), growth and fetal  hemopoiesis  distur-
bances. Despite the increased concentration of copper 
in the blood of pregnant women and active transplacen-
tal transport, the symptoms of its failure in newborns and 
infants occur quite often. It manifests as muscle hypotonia, 

impaired blood circulation, changes in bone tissue, hepato-
splenomegaly, that is, that means systemic dysplasia of the 
connective tissue. The lack of copper is associated with a 
delay in psychomotor development in the postnatal period 
[6]. Low levels of zinc, copper, and iron are important risk 
factors for osteoporosis [7].

With the lack of copper in chondro- and osteoblasts, the 
activity of enzyme systems decreases and protein metabo-
lism slows down, resulting in a retardation of bone tissue 
growth [8]. Metabolism of copper in the human body is 
presented in Figure 1.

THE AIM
Aim – to investigate the level of copper in the blood plasma 
of children with different types of short stature.

MATERIALS AND METHODS
It the first stage, a comprehensive survey of 258 school 
children aged 7-11  was carried  out in  Chernivtsi  to  as-
sess the prevalence of short stature children of school-age. 
Graders were selected on an occasional basis. It the second 
stage, a comparative case-control study was conducted. We 
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ABSTRACT
The aim: to investigate the copper content in blood serum of children with different short stature types.
Materials and methods: In the first stage, a comprehensive survey of 258 school children aged 7-11 was carried out in Chernivtsi to assess the prevalence of short stature 
children of school-age. In the second stage, a comparative study of 42 children aged 3 to 15 years with different types of short stature was conducted. Research: anthropometry, 
determination of growth hormone, TSH, IGF-1, and copper level in blood plasma.
Results: The largest growth rate in children with somatotropic insufficiency, the syndrome of a biologically inactive growth hormone ranged from 4.1 cm/year to 1.6 cm/year, 
the ones with a family constitutional low-growth – from 5.7 cm/year to 3.3 cm/year. In 57 cases, that makes 1% of children with short stature, the blood plasma level of copper 
made less and rated 0.89 ± 0.04 μg / ml, which is believed to be lower (pу0,001) the average copper in children of the control group – 1.07 ± 0.02 μg / ml. Indices of copper in 
blood plasma in children with somatotropic insufficiency were the lowest and averaged 0.75 ± 0.03 μg / l, p<0.05.
Conclusions: The lack of copper in the blood plasma is observed in most children with short stature, which indicates the need for appropriate correction.
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Table I. Physical development of the examined children

Centiles
Absolute number of children Relative number of children

Girls Boys Total Girls Boys Total

Less than 3 4 3 7 1,5 1,2 2,7

3–10 8 16 24 3,1 6,2 9,3

10-25 25 18 43 9,7 7,0 16,7

More 25 77 107 184 29,9 41,4 71,3

TOTAL 114 144 258 44,2 55,8 100

Table II. Distribution of children who participated in the study
Nosology Number of patients (boys / girls) %

Somatotropic insufficiency is complete 10 (8/2) 23,8

Somatotropic insufficiency is partial 12 (8/4) 28,5

Inactive hormone growth syndrome 4 (3/1) 9,5

Family-constitutional short stature 14(8/6) 33,3

Genetically determined short stature 2 (1/1) 4,7

TOTAL 42 100,0

Fig. 1. The normal pathway for copper absorption. 
Copper dietary intake in 24 hours is 1.5 mg; 0.5 mg per day of this copper is absorbed from duodenum and transported to the liver through the portal system. 
In the liver, the copper is structurally incorporated into ceruloplasmin (Cp) by the copper pump ATP7B. Normal values of Cp are >20 mg/dL; the concentrations 
of non-Cp copper and urinary copper after an overnight fast are <1.6 μmol/L. Red box indicates the hepatocyte. A still unknown reductase protein reduces 
Cu2+ to Cu+, which is then imported into the cell by human copper transporter 1 (hCTR1). Once in the cell, copper is carried by cytochrome C oxidase assembly 
homolog (COX17) to the mitochondria, by the copper chaperone for superoxide dismutase (CCS) to the superoxide dismutase (SOD) and by the antioxidant 
protein 1 homolog (ATOX1) to the ATP7B. In the trans-Golgi network (TGN), the ATP7B protein loads copper into nascent apo-Cp to form active holo-Cp. [9].
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examined 42 children being under supervision in the chil-
dren’s endocrinology department of the Chernivtsi Oblast 
Children’s Hospital during 2011-2018, aged 3 to 15 years 
(average age of 8.96 ± 0.19). Among them 28 boys (66.7%) 
and 14 girls (33.3%) with different types of short stature. 
Criteria for inclusion in the research: growth retardation, 
age from 3 to 15 years, residence on the territory of Cher-
nivtsi region. Exclusion criteria: the presence of acute in-
fectious disease, chronic somatic pathology, malabsorption 
syndrome, metabolic diseases, genetic and mental illnesses, 
residence outside the Chernivtsi region, absence of parental 
informed consent for examination. The control group con-
sisted of 44 children aged 3-15 years, with an average age 
of 9.16 ± 0.45 years, boys – 24 (54.5%), girls – 20 (45.4%). 
These patients had no growth retardation, normal sexual 
development, and absence of somatic, genetic and endocrine 

pathology. Before the survey, patients and their parents 
gave informed consent to take part in the study and use the 
data obtained. All children were clinically examined, that 
included anthropometry  (measurements of height using 
the “System Dr. KellerJ.” stadiometer, body mass measure-
ments using the SECA electronic scales, find the standard 
deviation score (SDS) for growth and body weight using 
percentile curves, speed growth rate (SR), SDS growth 
rate, bone age (BA), bone age retardation, ossification co-
efficient (CO), body mass index (BMI)). Normally, the gap 
was minus 1SDS plus 1SDS (M ± 1SDS). Delay 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. The atlas of W. 
W. Greulich, S. P. Pyle (1993) was used to determine the bone 
age. To detect the degree of BA from the passport age retar-

Fig.2. Distribution of the examined children by the standard deviation score (SDS).

Fig. 3. Levels of copper in plasma of blood of examined children, (р<0,001).

Fig.4. Distribution of children with short stature by the level of copper in blood plasma.
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dation, CO was determined - the ratio of the X-ray age to the 
passport. All children underwent ultrasound examination of 
thyroid glands and thyroid hormones levels were measured.

The growth hormone (GH) level in blood plasma was 
determined by the immune-chemiluminescence method 
on IMMULITE 2000XPi, Siemens Healthcare Diagnostics 
Inc, USA, using the standard kit (basal level, somatotro-
pic hormone release peak during a clonidine assay, and 2 
hours after nocturnal release 2 hours after falling asleep). 
Levels of stimulated secretion of GH in standard samples 
10 ng/ml and higher were taken as the norm. In healthy 
children, the release of GH after the test increased at least 
5 times in comparison with the background indices. The 
content of IGF-1 was measured in blood in the morning 
using a solid phase sandwich enzyme-linked  immuno-
sorbent method with 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 measurement of  the chemical 
elements in blood plasma content method (MVB  081 / 
12-0468-07). To detect copper in blood plasma not less 
than 1.0 ml of venous blood was used. 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 size of the prob-
ability (p <0,05).

The research  is based  on the main provisions of the 
ICH GCR and the Helsinki Declaration of the World Med-
ical Association for Biomedical Research, involving human 

subjects (World Medical Association Declaration Helsinki 
1964, 2000, 2008), the Council of Europe Convention on 
Human Rights and Biomedicine (2007.)

RESULTS AND DISCUSSION
Data on anthropometric indices of schoolchildren are 
given in Table I. In the population of schoolchildren, we 
found 2.7% short stature children, and 26% with growth 
rates lower than average. In calculating the growth SDS, 
30 children had slight growth retardation (-1 -2 SD), one 
child had subnanizm (-2.2 SD).

A large number of children with short stature dictates 
the need for the active introduction of preventive measures 
and the accentuation of pediatricians’ attention to assessing 
the dynamics of anthropometric indices and timing the ini-
tiation of the diagnostic search. The distribution of children 
in inpatient care and their participation in the second stage 
of the study is presented in Table II and Figure 2.

During the examination of children, the attention was 
paid to body proportions, features of the face, the presence 
of  dysembryogenesis  stigmas, condition of hair, skin, 
voice  timbre, body weight, genital organs development, 
and psychomotor status. The diffuse goiter was found in 10 
cases (23.8%), autoimmune thyroiditis – in 2 cases (4.7%), 
primary hypothyroidism – in 1 case (2.3%).

The main complaint of patients was the growth retardation 
1-3 cm per year over the past few years. In 5 (11.9%) chil-
dren growth retardation was observed from birth. The larg-
est growth rate in short stature children, depending on the 
retardation cause was the following: in case of  somatotro-
pic  insufficiency, the syndrome of a biologically inactive 

Table III. Indices of height, body weight, BMI, bone age in patients with short stature, (M ± m)

Index Children with 
somatotropic insufficiency

Children with a family-
constitutional short stature

Children of the control 
group

Growth, cm 111,89±1,15 123,98±1,09 134,3±1,71*

BMI, kg / m2 17,03±0,21 19,91±0,28 22,18±0,57*

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

SDS -2,91±0,08 -2,13±0,07 -

Note. * - p<0,05, the probability of changes in the indices compared to control group (BMI - body mass index, BA- bone age, GR - growth rate,  
SDS - standard deviation score).

Table IV. Indicators of GH and IFR-1 in children

Index

Age (years)

3-6 7-12 13-15
Control Group

1 2 3 1 2 3 1 2 3

GH, ng / ml 2,1±
0,1

11,9±
0,4

18,1±
1,3

2,0±
0,1

12,5±
1,4

16,6±
1,1

2,1±
0,1

13,1±
0,1

18,4±
0,5

2,4±
0,1*

14,9±
1,2*

21,2±
1,0*

IGF-1, ng / ml 70,4± 8,1* 139,7±15,1* 198,2±18,7* 231,4±11,5

Note. 1 - basic; 2 - night spontaneous peak; 3 - Clonidine test. * - p<0,05, the probability of changes in the indices compared to the control group  
(IGF-1 - insulin-like growth factor 1,  GH - growth hormone).
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growth hormone – from 4.1 cm / year to 1.6 cm / year (on 
average 3.4 ± 0.9 cm / year), 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 clinical examination 
results, a different degree of retardation – from physical 
development delay (minus 1.05 SDS) to nanism (minus 
3-6.0 SDS) was detected with the proportional body struc-
ture and lack of  dysembriogenesis  stigmas background. 
The observed body mass deficiency was proportional to 
growth retardation. BMI in the majority of cases was with-
in the mean values and reached 11.5-24.9 kg / m2, only in 
children (9.5%) it exceeded 25 kg / m2. In the study of bone 
age, the retardation of the skeleton maturation for 5,5 ± 0,4 
years is established. In all children with short stature, signif-
icant growth retardation in all age groups was detected to 
be greater than minus 2.5 SDS and a probable decrease in 
mean growth rates compared to the control group (p <0,01, 
Table III). Children of elementary-school age have regis-
tered a significantly lower bone age (BA) in boys than girls 
(p<0.05). The average retardation in the BA of this group’s 
children was more substantial in boys than in girls (p<0.05).

Indices of GF and IGF-1 in short stature children and 
ones in comparison groups are presented in Table IV.

According to the results of the study, it was detected that 
in more than half of children with short stature (57, 1%) the 
level of copper in blood plasma is decreased. The average 
level of copper in the blood plasma of children with short 
stature was 0.89 ± 0.04 μg / ml, which is lower (p<0.001) 
compared to the control group – 1.07 ± 0.02 μg / ml (Fig. 
3). In all age groups, there was a significant decrease in 
copper in blood plasma compared with the corresponding 
age group of the control group.

Zinc level was significantly low in 20 (47.6%) cases, in 
4 (9.5%) cases it was very low and in the remaining 18 
(42.8%) it had the lowest boundary values (Fig. 4). At the 
same time, children in the comparison group did not show 
a decrease in copper levels, however, 20 children (45.4%) 
had a lower limit of the norm. Indicators of copper in blood 
plasma in children with somatotropic insufficiency were 
the lowest and averaged 0.75 ± 0.03 μg / l, p<0.05.

The results of the copper levels analysis, depending on 
the nosological group, revealed its probable decrease in 
the blood plasma in children with  somatotropic  insuf-
ficiency and  family-constitutional  malnutrition, but no 
gender differences were found. The following parameters, 
such as the activity of the superoxide dismutase enzyme, 
serum levels of ceruloplasmin, serum copper levels, daily 
excretion of copper and urine, and the concentration of this 
trace element in the hair, can be used in assessing the trace 
elemental status of the body with respect to copper. The 
recent studies suggest the need to organize research on the 
detection of  deficiencies of essential micronutrients in 
children, correction of detected short stature, in particular, 
food [10] and expediency of drugs containing essential 
elements (iron, iodine, copper, manganese, zinc, cobalt , 
molybdenum, selenium, chromium, fluorine) inclusion, to 
the schemes of complex treatment of many endocrine dis-
eases of the child and adolescence (eg. obesity [11]). WHO 

proposed standards for the use of essential micronutrients 
[12]. Studies [13] conducted in Poland have shown that 
more than 20,000 children in Poland have problems with 
growth impairment. The results showed no statistically 
significant differences between the copper concentration 
and age, body weight and height, but demonstrated statisti-
cally significant differences between the content of essential 
metals in the body fluids of short stature children and 
healthy children. The authors suggest that changes in the 
content of metals and their interaction can play an import-
ant role in the pathogenesis of short stature. It is advisable 
to recommend to pregnant women a complete, balanced 
diet enriched with the necessary micronutrients, since pre-
mature babies have a marked deficiency of trace elements, 
especially in case of intrauterine growth retardation [14].

CONCLUSIONS
The lack of copper in the blood plasma is observed in most 
children with short stature, which indicates the need for 
appropriate correction.

RESTRICTION OF RESEARCH
Blood collection in most patients  was conducted  in 
the spring-summer period, which may not adequate-
ly show the content of copper in other seasons.
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