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he children's population res-
iding in areas adjacent to the
Chornobyl zone lives in extre-
mely adverse conditions cha-
racterized by irregularity of ra-
dioactive contamination of so-
ils, a high rate of uptake of
137Cs by plants, biotopical fea-
tures of a region (deficiency in
micro— and macroelements in
the setting of iodine endemic
disease), alteration of food ra-
tions, depressed economy of
the region and low living stan-
dards [1-4]. In this context, it is
important to study the physical
growth and development (PGD)
of children as one of the most
important indicators of health
of a growing child.

It was found that changes in
the PGD by means of a deficit in
or an excess of body weight in
children may result from the
pathological condition of both
internal organs and the neuro-
endocrine system and predispo-

se the development of a number
of somatic diseases.

There are various methods for
assessing the PGD of children.
Most of them are based on
anthropometric data, the main
of which are weight (W) and bo-
dy length or height (H). In practi-
ce, the most widely used
method is a non-parametric
centile method of analysis of
anthropometric data (body
weight, body length and chest
circumference).

In case of mass preventive
examinations, there is a need for
application of screening tests
which can significantly reduce
both time and financial costs as-
sociated with testing and at the
same time allow to receive time-
ly information on the PGD of a
child in order to establish and
carry out correction measures in
time. Therefore, it can be promi-
sing to pass from the definition
of measures characterizing the
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LunTta4e HacesieHHs, siKe NMPOXUBAaEe Ha rMPuierfinx
210 YopHObBWIbCbKOI 30HM TepuTopisx, nepebyBae
y HaA3BMYariHO HECIPUSIT/INBUX YMOBAaX,

LLJO XapaKkTepu3yrTbCs HEPIBHOMIPHICTIO
panioakTMBHOro 3abpyaHEHHS IPYHTIB, BUCOKUM
koe@ilieHTOM HaaxomxeHHs1 137Cs n0 pOoC/vH,
6ioTOnNIYHMMMN 0COB/IMBOCTAMMU MICLIE€BOCTI
(AeiunTt MIiKpo- | MakpoesIeMEHTIB Ha TJ1i MOAHOI
eHaemii), aepopmadiero paLioHiB xap4yBaHHS,
AErnpecyBHUM XapakTepoM PO3BUTKY EKOHOMIKU
ParioHiB Ta HU3bKUM PIBHEM XUTTS JIIOLEN.

Y 3B'93Ky 3 UM BKpai BaXJIMBUM € BUBYEHHS
@isnyHoro po3sutky (PP) aitevi Sk 0o4HOro

3 HaBaXKJINBILLINX MOKa3HUKIB 310POB '
3pOCTaK40ro opraHiamy.

MeTa gocnigxeHHs1 — oLiHka ®P cinbCbkuX OiTel,
SIKi [POXWBAIOThb Ha PaaioakTUBHO 3a0pyAHEHNX
BHaciaok YopHobWIbCbKOI KaTacTpopu parioHax
KuniBcbkoi 061acTi, 3a A4OMOMOror iHAEKCIB Macu
Tina i Popepa.

Marepiann Ta metoaun. [locniaxyBanocs ANTa4e
HacesieHHs BIkoM 6-17 pokiB, IKe MpOXnBae

B IBaHKiBCbKOMY Ta [1os1iCbKOMY parioHax,

11j0 6e3rnocepenHb0 MEXYKTb 3 30HOIO
Bia4yxeHHsi. OCHOBOIO AJ151 BABHEHHS OY/n
aHTPOMNOMETPUYHI AaHi, OTPUMAHI y pamMkax
rpoBeAeHOoro noryinbs1eHOro 06CTEXEeHHS AiTen

i mignitkiB parioHiB y 2014-2015 pokax. AHanizaom
oxorieHo 1275 wkonspis: 630 xnon4ukis

i 645 giB4aToK. B IKOCTi CKPUHIHIM-TECTIB OLiHKU
BiaxwieHb y PP BUKOpCTOBYBa iHAEKC Macu
Tina vi inaekc Popepa. BuByeHHs1 cTateBOo-BiKOBUX
ocobnmBocTer P npoBoaniocs 3a OAHOPIYHUMU
BiKOBMMMY rpynamu 1a 3a ykpyrnHeHumu: 6-9 pokis,
10-14 pokis Ta 15-17 pokis. CtaHgapTom dOP
AiTen ciyryBasiv HoOpMaTuBHI 3Ha4Y€HHSI IHAEKCIB
macw Tina 3a cTaTTio Ta BikOM, pO3p06IeHi

B IHCTUTYTI rpOMazsCcbKoro 340pP0B's

im. O.M. Map3eesa HAMH Ykpainn. MatematunyHa
06pobka 3airicHIoBanacs 3a A0rnoMororw Tabavlb
Microsoft Excel 2010.

Pe3ynbraTtn. [lokasaHo, L0 cepes 0O6CTEXEHUX

B YCIX BIKOBUVIX rpyrnax rpeBasitoioTh XJI0MYNKU

i AiBYaTka 3 BEJIMYNHOI IHAEKCIB, LLO TPaKTYIThbCS
K Hopma. Yactota AncrapMOHIiHO PO3BUHEHNX
Aitevi BapitoBana y mexax 32,0-41,0% 3anexHo
Bif cTarti i BiKY, & TaKOX CKPUHIHI-TECTY,

L1j0 BuKopucToByBaBcs. Cepen AncrapMOHINHUX
BapiaHTiB ®P y 1uKk015pIB IBaHKIBCLKOro

i lMonicbkoro pavioHis nepesaxkaav BUNaagku

3 Ha4/IMLLIKOM Macw Tina, 0Co6MBO y [iBYATOK.
ity MO10ALLOro Ta CTapLLUOro LUKIJIbHOrO BIiKY

€ HaribinbL Hebnarornony4yHumMu 3a OP i BuMmararoTb
PETEesIbHOrO CrIOCTEPEXEHHS Ta MPUAHSTTS
KOpUryBasibHVIX 3axoAiB [4J151 MONepeaKeHHs
PO3BUTKY 3aXBOPIOBAHb.

Knro4osi cnoBa: ¢pi3andHni po3BUTOK, CisibCbKi
Aaitn, YopHobunbcbka KatacTpoga.
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Table 1

Normative values of the BMI for boys aged 6-17 years, (kg/m?)

Age,

Group

years

Cachexia

Underweight

Normal Weight

Overweight

Obesity

11.91-13.16

13.17-14.41

14.42-16.93

16.94-18.18

18.19-19.43

11.96-13.38

13.39-14.82

14.83-17.70

17.71-19.13

19.14-20.56

11.52-13.12

13.13-14.74

14.75-17.98

17.99-19.59

19.60-21.21

12.76-14.16

14.17-15.58

15.59-18.42

18.43-19.83

19.84-21.25

12.04-13.64

13.65-15.24

15.25-18.46

18.47-20.07

20.08-21.68

12.97-14.67

14.68-16.38

16.39-19.81

19.82-21.52

21.53-23.24

10.67-12.94

12.95-156.22

15.23-19.79

19.80-22.07

22.08-24.35

14.44-15.93

15.94-17.44

17.45-20.45

20.46-21.95

21.96-23.46

13.49-15.36

15.37-17.24

17.25-21.02

21.03-22.91

22.92-24.79

13.13-15.50

15.51-17.88

17.89-22.65

22.66-25.04

25.05-27.42

13.15-15.28

15.29-17.42

17.43-21.71

21.72-23.85

23.86-26.00

14.29-16.35

16.36-18.43

18.44-22.59

22.60-24.66

24.67-26.74

Table 2

Normative values of the BMI for girls aged 6-17 years, (kg/m?)

Age,

Group

years

Cachexia

Underweight

Normal Weight

Overweight

Obesity

6

11.54-12.80

12.81-14.07

14.08-16.63

16.64-17.90

17.91-19.17

11.28-12.70

12.71-14.13

14.14-16.99

17.00-18.42

18.43-19.85

11.78-13.24

13.25-14.71

14.72-17.66

17.67-19.13

19.14-20.60

11.96-13.58

13.59-15.22

15.23-18.50

18.51-20.13

20.14-21.77

10.76-12.84

12.85-14.93

14.94-19.12

19.13-21.21

21.22-23.30

12.32-14.00

14.01-15.68

15.69-19.06

19.07-20.75

20.76-22.43

12.73-14.56

14.57-16.40

16.41-19.79

20.10-21.92

21.93-23.76

13.37-15.24

15.25-17.12

17.13-20.89

20.90-22.77

22.78-24.65

14.77-16.25

16.26-17.73

17.74-20.72

20.73-22.20

22.21-23.69

13.96-15.82

15.83-17.69

17.70-21.43

21.44-23.29

23.30-25.16

14.79-16.60

16.61-18.41

18.42-22.05

22.06-23.86

23.87-25.68

12.64-14.87

14.88-17.11

17.12-21.59

21.60-23.83

23.84-26.07

Table 3

Division of examined school children aged 6-17 years
into the groups depending on the BMI value (%, P£tm)

Group

Age, years;
(number)

Cachexia

Underweight

Normal
Weight

Overweight

Obesity

1.72+1.21

6.03+2.21

69.83+4.26

13.79+3.20

8.62+2.61

0.93+0.93

16.82+3.62

69.16+4.46

6.54+2.39

6.54+2.39

0.89+0.89

16.96+3.55

60.71+4.61

8.93+2.69

12.50+3.13

0.00

13.64+3.27

62.73+4.61

10.91+2.97

12.73+3.18

n=106

12.73+3.18

13.21+3.29

66.98+4.57

11.32+3.08

6.60+2.41

n=119

2.52+1.44

24.37+£3.94

53.78+4.57

9.24+2.65

10.08+2.76

n=119

0.84+0.84

11.76%2.95

62.18+4.45

10.08+2.76

15.13+3.28

6.42+2.35

22.09+£3.97

42.20+4.73

9.17+£2.76

20.18+3.84

n=123

3.5%£1.60

11.38+2.86

42.28+4.45

26.83+4.00

16.26+3.33

n=110

3.64+1.79

13.64+3.27

54.55+£4.75

21.82+3.94

6.36+2.33

10 ( )
11( )
12( )
13 (n=109)
14 ( )
15 ( )
16 ( )

n=102

0.00

5.88+2.33

69.61+4.55

14.71+3.51

9.80+2.94

17 (n=42)

0.00

4.76+3.29

45.24+7.68

28.57+6.97

21.43+6.33

6-17

(n=1275)

1.96+0.39

13.88+0.97

58.75%£1.38

13.65+0.96

11.76+0.90

PGD and the assessment of its
level and normality to the index
system. As it is known, an index
is a measure that reflects the re-
lationship between several
(usually two) measures. With re-
spect to the present context, the
indices of the PGD should be re-
garded as the reflection of rela-
tions between various anthropo-
metric measures that will help to
identify deviations from the
norm and a risk group and carry
out its in-depth examination.

Based on the above, the aim of
this study was to assess the PGD
of school children from rural ar-
eas radioactively contaminated
as a result of the Chornobyl ac-
cident using the body mass in-
dex and Rohrer's index.

The subject of the study was
the child population aged 6-17
years living in lvankov and Poles-
ie districts that directly border
the Exclusion Zone. The results
of the routine clinical examina-
tion of children and adolescents
from these areas carried out in
2014-2015 served as the basis
for the study of the chosen qu-
estion. A single-step analytical
examination covered 1275
school children (the average age
of whom was 11.2 + 0.09): 630
boys (49.4%) and 645 girls
(50.6%). All examined children
were distributed into the same
year age groups taking into ac-
count their calendar age.

The study of age peculiarities
of the PGD of children was also
performed in enlarged groups: a
younger group — 6-9 years, that
corresponds to the primary
school age, a middle group —
10-14 years (secondary school
age) and a senior group — 15-
17 years — adolescents. Anato-
mical and physiological features
of a child, social status and the
degree of adaptation to environ-
ment associated with the speci-
ficity of the child's care and up-
bringing were taken as criteria
for forming age groups [5].

Anthropometric measures
(length and body weight) were
studied in compliance with stan-
dard conditions and using stan-
dardized anthropometric mea-
surement techniques [6, 7], as
well as following the rules of bio-
ethics and with the signature of
informed parental consent for
each child.

The most available and infor-
mative body mass index (BMI)
was calculated as a criterion for
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CKPVHVHIOBAS OLIEHKA ®U3NYECKOIro
PA3BUTWS CEJIbCKUX AETEW, TPOXUBAROLLINX
BBJIN3U1 YEPHOBbIJIbCKOW 30HbI

Ay6oeasa H.®., Banpgaxesckuii K0.U.

JleTckoe HaceneHne, npoxuvBarnLlee

Ha npuneramLmx K YepHobbl/IbCKOK 30He
TEPPUTOPUSIX, HAXOAUTCS B YPE3BbIHANHO
Heb1aronpusITHbIX YC10BUSIX, XapakTepu3yLUNXCS
HEepaBHOMEPHOCTbIO PaANOAKTUBHOIO 3arpPs3HEHNS
Mo4B, BbICOKUM KOSMDPULNEHTOM MOCTYIIEHHS
137Cs B pacteHusi, 6GUOTONMNYECKNMU
0COBEHHOCTSIMU MECTHOCTU (AE€PUUNT MUKPO-

M MAKpO3JIEMEHTOB Ha (POHE OAHOM SHAEMUM),
aepopmanmeri paLumMoHOB NUTaHWS, AErpPeCCUBHbIM
XapakTepom pa3BuTns 9KOHOMUKN PAiOHOB

U HU3KUM YPOBHEM XU3HW Jlo4en. B aTovi cBs3n
KpaviHe BaxKHbIM SIBJISETCS U3y4eHne puan4eckoro
passutus (DOP) neteri kak 0OAHOIO U3 BaXXHELLINX
riokasaresnevi 340P0Bbs PACTYLLEro OpraHn3ma.
Lenb nccnegosaHns — oveHka ®P cenbckmx
JeTer, MPOXUBaKoLUNX B PAANOAKTUBHO
3arpsi3HEHHbIX BCe4CTBME HYepHOObl/IbCKOM
karacTpogsi parioHax Knesckori obnactu, ¢
MOMOLLIbIO UHAEKCOB Macchl Tesia v Popepa.
Martepuanbl u MmeToabl. ViccnenoBasnock 4ETCKOE
HacesieHue B Bo3pacTte 6-17 net, npoxwvsaioLiee

B VIBaHKOBCKOM u [Tonecckom parvioHax, KOTopble
HernocpeaCcTBEHHO rpaHn4ar ¢ 30HOV OTHYXXAEHUSI.
OcCHOBOW AJ151 U3YHEHUST MOCYXUIIN
aHTPOMNOMETPUYECKMNE AAHHBIE, MOJTyYEHHbIE

B paMkax rpoBeAeHoro yriybeHHoOro
obcnenoBaHws AETeEN U NoAPOCTKOB ParioHOB

v

B 2014-2015 ropax. AHann3om oxBavyeHo 1275
LkosibHUKoB: 630 Mmasib4ukoB 1 645 geBo4vek.

B kayecTBe CKPUHUHI-TECTOB OLIEHKM OTKJIOHEHWI
B ®P 1crnosb30Bannck MHAEKC Macchl Tena

v nHgekc Popepa. VIdydeHne nosio-Bo3pacTHbIX
ocobeHHocTel OP npoBoanoCk 1o 0AHOrOANYHbIM
BO3PAacCTHbIM rpyrnnam v ro ykpyrnHeHHbIM: 6-9 sier,
10-14 net u 15-17 net. CraHgapTom ®P aeteii
CJIYXKWJIN HOPMAaTUBHbIE 3HAY€HUST HAEKCOB MaccChl
Tesa o roJsy v Bo3pacrTy, pa3paboTaHHbIe

B VIHCTUTYTE 06LLEeCTBEHHOIO 30P0BbS

um. A.H. Map3seesa HAMH YkpauHsbi.
Marematnyeckasi o06paboTka OCyLLEeCTBsS1aCh

¢ nomoLybto Tabany Microsoft Excel 2010.
Pe3ynbtarsl. [lokazaHo, 410 cpeau
06cs1e0BaHHbIX BO BCEX BO3PACTHbIX rpyrnnax
rnpeBannpoBaIn MaabyvKu v €BOYKU C BEJINHUHOM
WHAEKCOB, TPaKTyeMbIx kak Hopma. Yactota
ANCrapMOHNYHO Pa3BUTLIX 4ETEN BapbupoBasia

B npeaenax 32,0-41,0% B 3aBUCUMOCTH OT noa

M BO3pacTa, a TakXXe UCrosib3yemMoro CKpPUHUHI -
Tecta. Cpeav amcrapMOHUYHbIX BapuaHToB OP

Yy LLIKOJIbHMKOB MIBaHKOBCKOro u lNosnecckoro
parioHoB ripeobnaganu csydan ¢ n30bITKOM Macchl
Tesa, o0cobeHHO y AeBoYek. ety mnagLuero

M CTapLUEro LLKOJIbHOro BO3pacTa sIBJIsiloTCS
Hanbonee Hebarornosny4HbiMu 1o P n Tpebyrot
TLaTe/IbHOr0 HabI0AEHNS N MPUHSATUS
KOPPEKTUPYIOLLINX MEP /151 NPEAYNPEXAEHNS
pa3BuTs 3ab0s1eBaHWIA.

Knrodessbie cnioBa: ¢pusnyeckoe passutue,
cesibckne getun, YepHoObIIbCckas kaTacTpoga.

the assessment of the PGD [8].
The BMI is defined as the body
mass in kilograms divided by the
square of the body length in
metres — a measure that helps
to assess whether the human
weight is appropriate to the
height, and thus indirectly to de-
fine whether someone is un-
derweight, of normal weight or
overweight.

The normative values of the
BMI by sex and age developed
by the Institute of Hygiene and
Medical Ecology named after
A.N. Marzeev of the National
Academy of Medical Sciences of
Ukraine and presented in tables
1-2 were taken as standard of
the PGD of children [9]. These
normative values of the BMI al-
low to give findings on the PGD
of a child and the assessment of
its normality and determine its 5
levels: normal PGD, abnormal
PGD due to a deficit in or an ex-
cess of body weight, severely
abnormal PGD due to cachexia
or obesity.

The assessment of normality
of PGD was also performed with
the help of a weight-height
Rohrer's index calculated accor-
ding to the formula: Rohrer's in-
dex (RIl) = weight (kg) / body
length3 (m). The normal or mo-
derate PGD of children was di-

agnosed if the index value varied
from 10.7 kg/m3 to 13.7 kg/m3,
the PGD was assessed as low if
the RI value was less than
10.7 kg/m3, a high level of the
PGD was stated with the Rl value
of more than 13.7 kg/m3 [10].

Mathematical processing was
performed using Microsoft Excel
2010 spreadsheets.

The normality assessment
carried out using the BMI nor-
mative values made it possible
to determine the structure of

the PGD abnormalities and cal-
culate the ratio of each of the
age group of school children
(table 3).

The school children with the
BMI level interpreted as the
norm were found to prevail in all
age groups, their proportion va-
ried from 42.2% to 69.8%, am-
ounting to 58.75 + 1.38% in the
sample. Among the abnormal
cases of the PGD in children, the
abnormality caused by over-
weight and obesity dominated in

Fig. 1

Assessment of normality of physical growth and development
in school children from Ilvankiv and Polesie districts
of Kiev region according to the BMI with regard to age, %
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most cases. This group of chil-
dren statistically significantly
(t=6.02, p<0.05) was 1.6 times
larger than the group of school
children with abnormal PGD due
to cachexia and underweight
(25.4% versus 15.9%).

Severely abnormal PGD was
observed in 13.7% of the exami-
ned children. The proportion of

v

the group of school children with
severely abnormal PGD due to
obesity ranged from 6.36% to
21.43%, on an average — 11.76
+ 0.90%, and significantly
(p<0.05) was higher than the
proportion of school children
with severely abnormal PGD due
to cachexia. Among all the exa-
mined children, the proportion
of children with cachexia ranged
from 0% to 6.4% (depending on
age), on the average 1.96 *
0.39% in the sample.

The analysis of PGD of school
children in enlarged groups
showed that with age, the pro-
portion of children with normal
PGD is statistically significantly
decreasing as a result of the inc-
rease in the proportion of chil-
dren with overweight (fig. 1).
Thus, when normal PGD was re-
corded in 65.6% of cases

Fig. 2

Distribution of school children from Ilvankov and Polesie
districts of Kiev region with abnormal physical growth
and development due to overweight by gender and age
(according to the BMI), %

BBoys

%%
40 vy

OGinls

A 38.8

Age group of 6-¢ Age group of 10~  Age g@roup of 15-

years

14 years

17 years
Fig. 3

Assessment of normality of physical growth and development
of school children from Ilvankiv and Polesie districts
of Kiev region aged 6-17 years according to the Rohrer’'s
index with regard to gender, %

Normal

Lligh

among younger school children
and the proportion of children
with overweight was 20.2%, at
the same time among the older
school children, normal PGD
was found in 59.1% of the exa-
mined children and 30.3% of
children were overweight.

In the group of children with
abnormal PGD due to over-
weight, girls statistically signifi-
cantly prevailed, while in the
group with abnormal PGD due to
underweight the proportion of
boys was higher but statistically
significantly did not differ from
values of girls (fig. 2). It should
be noted that among all exami-
ned children the lowest figures
of normality of PGD and the
highest incidence of abnormal
cases of PGD were seen among
school children aged 10-14 ye-
ars, both among boys and girls.

The Rohrer's index (RI) was
calculated to receive a more ac-
curate assessment of PGD of
children and adolescents. The
measure has a number of ad-
vantages, namely: it does not
require special tables with nor-
mative values that need to be
updated every five years and
may be different in different re-
gions. It does not depend on
gender, age and body length of
children and can be widely used
during screening preventive
examinations when only child’'s
body weight and height are me-
asured. Moreover, it enables to
identify borderline cases which
frequently during the use of only
centile weight and height charts
appear to be in the range of ave-
rage values.

The assessment of calculated
Rl values showed that 68.2% of
examined school children, both
boys and girls, showed values
indicating normal PGD (fig. 3).

The frequency of abnormal
(low and high) PGD was 31.8%.
Furthermore, the school chil-
dren with high PGD (with over-
weight) 2.1-3.4 times significan-
tly exceeded the proportion of
children with low PGD (with un-
derweight).

The analysis of frequency of
age-related figures of PGD of
children according to the Rl pro-
ved that in comparison with
school children aged 6-9 years,
there was a slight rise in the per-
centage of children with normal
development in the age group of
10-14 years and 15-17 years
(fig. 4). The proportion of un-

No 12016 Exvicoxsevr & Mg 34
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derweight children significantly
increases with age (p<0.05): a
decrease by 1.5 times in the
frequency of overweight children
in the group of children aged 10-
14 years and 15-17 years was
statistically unreliable (p>0.05).

The age structure of PGD of
boys and girls according to the Rl
presented in tables 4-5 indicates
the high frequency of overweight
children among boys and girls
aged 6-9 years and among girls
in the age group of 15-17 years.

Conclusions. Thus, the obtained
results show that the school chil-
dren with normal physical growth
and development comprise the
highest proportion among the
examined children from Ivankov
and Polesie districts.

The frequency of children with
abnormal physical growth and
development ranged from 32.0-
41.0% depending on sex and
age, as well as the applied scre-
ening test. Among cases of ab-
normal physical growth and de-
velopment, cases of overweight,
especially in girls, prevail. The
children of primary and senior
school ages are the most troub-
led in terms of physical develop-
ment and require careful moni-
toring; also corrective measures
to prevent the development of
diseases must be adopted.

v
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Table 4 Table 5

Division of boys aged 6-17 years
into the groups of physical development
according to the Rohrer's index (%, Mtm)

Division of girls aged 6-17 years
into the groups of physical development
according to the Rohrer’'s index (%, M£+m)

Age, years Physical QFOW;PSSSSdGVewpme”t Age, years Physical growth and development of girls
Low Normal High Low Normal High
6-9 (n=219) 2.7+1.10 |65.3+3.22|32.0+3.15 6-9 (n=226) 1.8+1.77 | 704+ 3.04 | 27.8+2.98
10-14 (n=286) [ 12.2+1.94 (70.3+2.70|17.5+2.25 10-14 (n=290) | 12.8 £+ 1.96| 66.9+2.76 | 20.3 +2.36
15-17 (n=125) [ 18.4 £ 3.47 |68.8 £ 4.14|12.8 + 2.99 15-17 (n=129) | 4.7+ 1.85 |s67.4£4.13| 27.9+3.95
6-17 (n=630) | 10.2+1.20|68.3+1.85|21.5+1.64 6-17 (n=645) | 7.3+1.02 | 68.2+1.83 | 24.5+1.69
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