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SYNTHESIZING OF DISCRIMINANT MODELS TO ASSESS
THE HEALTH OF CHILDREN DEPENDING
ON MORPHOFUNCTIONAL PARAMETERS OF BODY

Introduction. The analysis of the children’s health state shows that the age distribution of the
most rapid growth in health violations observed in the average school age. Thus, in this period the
depth preventive medical examination is only for children 11 and 14 years, other pupils are deprived
of such opportunity which makes it impossible to establish diagnoses in time and their corresponding
correction of health.

Purpose. The aim of the present study was to find a method of determining the presence of
chronic somatic diseases of children by functional indicators of the organism.

Methods. Comparison of the functional indicators in children with the presence and absence
of chronic somatic diseases with the presence and absence of chronic somatic diseases were compared
using Student s t-test. The values were considered to be statistically reliable at p < 0,05. For nominal
variables, the correlation was determined by correlation tables using the known Pearson's chi-
squared test (y’). For the prediction of the chronic physical illnesses presence for pupils, we used
discriminant analysis.

Results. Proved that there is a close relationship between health and functional abilities of the
children: physical condition index (y* = 12,21, p < 0,001), adaptive potential (x* = 19,69; p < 0,001),
double product index (x* = 15,27, p <0,001), changes to the standard exercises of heart rate and
minute volume of blood circulation (respectively, y* = 44,39, p < 0,001; > = 30,26, p < 0,001). After
were found valid integrated features of pupil’s functional state, most informative indicative of the
health of children. Are based on these functional parameters the classification functions have quite
high specificity (84,93 — 90,99%) and sensitivity (75,76 — 80,56 %). Adequacy of mathematical models
significant (F = 11,06 — 22,54) at the level p < 0,001.

Originality. The method of identifying children at "risk" appearance of chronic somatic
diseases only functional parameters of the body.

Conclusion. In the absence of annual preventive medical examinations in terms of secondary
schools, the use of the proposed classification functions help to find the detection of disease.

Propositions. The application submitted classification functions will help of planning health
measures, which are suspend not to increase the incidence of the younger generation.

Key words: schoolchildren, middle school age, health status, functional status, mathematical
model, illness.

Formulation of the problem. According to the Order of Ministry of Health in
Ukraine, number 682 "On improvement of health care for pupils of secondary schools" from
16.08.2010., of the secondary school age students the depth preventive medical examination
is only for children 11 and 14 years. Other pupils are deprived of such opportunity which
makes it impossible to establish diagnoses intime and their corresponding correction of
health. Therefore, given the serious situation from deteriorating health of modern school-age
children, particular attention needs thorough studying of health-care younger generation.

Analysis of the latest publications. In recent decades, in Ukraine marked
deterioration of pupils' health: the growing number of chronic diseases and morpho-
functional disorders, a combination of several diseases, age-dependent pathology
formation of a younger age [1 — 3]. From junior to high school increases the proportion of
pupils with different morphofunctional deviations and a formed chronic disease. The age
distribution of pupils shows that the most rapid growth in health violations observed in the
average school age [4 — 5].

According to the "Annual report on the state of health, sanitary and epidemiological
situation and the results of activity of the health care system in Ukraine 2015" deterioration of
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living conditions and reduce stability in society cause an increase stress conditions in
adolescents to a greater extent than in other age groups, which leads to an increase incidence
in them. Also, it is in adolescence, often appears the realization of a genetic predisposition to
pathological abnormalities [6]. Therefore, it is in this age period requires careful preventive
supervision of health. Because, the earlier will be carried out the necessary diagnostic testing
of physical condition of adolescent, the more effective will be the process of recovery.

At the same time important to note the significance of early diagnosis and early
prevention of deviations in the health. It is known that early detection of the disease helps avoid
complications, promotes faster recovery and prevents the transition of the disease in chronic
form [7 — 9]. Therefore, according to the current Order of Ministry of Health of Ukraine Ne 682,
in the average school age depth preventive medical examination conducted only in 11 and 14
years, it is important to lead in rapid diagnosis of health for students of other ages.

The aim of the study was to find identical depth medical examination approach to
assessing of the children’s health by functional parameters of basic physiological systems.

To achieve this goal it was necessary to solve the following problems:

1) to explore the features of the functional state of the secondary school age students
with the presence and absence of chronic somatic diseases;

2) based on the data, to find an adequate approach to assessing of the children’s health
by functional indicators to identify the "risk" persons of chronic physical illness’ occurrence.

Materials and methods

We used medical, biological and mathematical methods.

In the study involved 382 middle school age pupils, including 274 pupils who had a
history of chronic physical disease and were referred to the preparatory and were attributed to
the third health group and 108 pupils without disabilities in health.

For a detailed studying of the children’s health the functional parameters of the
cardiorespiratory system and integrated indicators are used that combine the results of
morphological and physiological research.

To assess the functional state of the cardiovascular system was used Martin test with
dosed physical activity as 20 sit-ups in 30 seconds, measured parameters of heart rate and
blood pressure before and after the exercise.

The percentage increase of heart rate and pulse pressure (due to dosed physical load)
was determined by comparing the data before loading and after (formula 1, 2):

(HR,HR,)
HRpl. = ————x100%
HR, (1)
(PPZ 7PP])
PPpl.=———x100%
PP, ()

where: HRpl. — increasing of heart rate after dosed physical load (%); PPpl. — increasing in
pulse pressure after dosed physical load (%); HR; — heart rate before the load (beats / Min.);
HR, — heart rate after the load (beats/Min.); PP; — pulse pressure before the load
(mm Hg. In.); PP, — pulse pressure after the load (mm Hg. In.).

During the evaluation of the functional state of the respiratory system were used absolute
figures and their value as a percentage relative to appropriate individual settings (in fact, at one and
the same calendar age, children have different indicators of total body size). The value of life index
(LI) — the deviation of actual vital lung capacity (vital lung capacity, measured by dry portable
spirometer) of appropriate one was determined by the following formula 3:

VLC

LI = x 100%
C

3)
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where: LI - living index (%) VLC — vital lung capacity (1); PVLC — proper lung capacity (1).
The proper vital lung capacity (PVLC) was calculated individually for each child:
- for boys who have a body length 1,0-1,65 m (formula 4)

PVLC = 1,53x BL—3,9; 4)

- for boys who have a body length of more than 1,65m (formula 5)
PVLC = 10x BL—12,85; (5)

- for girls (formula 6)
PVLC =375xBL—-3,15 (6)
where: PVLC proper vital lung capacity (1); BL — body length (m).
Adaptation potential (4P) was determined by the formula of Baevskyi, Bersenyeva

(formula 7):
AP =0,011x HR+0,014x SBP+0,008x DBP +0,014x 1+0,009x BW —(0,009x BL+0,27) (7)

where: AP — adaptive potential (in. Fr.); HR — heart rate (beats / Min.); SBP — systolic blood
pressure (mm Hg. In.); DBP — dyastolichnyy blood pressure (mm Hg. In.); 4 — age (years),
BW —body weight (kg); BL — body length (cm).

Physical condition index (PhCI) was calculated by the Pirogova’s formula 8:

700—3x HR—2,5% 1DP—27x 1+0.28x BW
PhCI = (8)
350-26x 1+0.21x BL

where: PhCI — physical condition index (in. Fr.); HR — heart rate (beats / Min.); BW — body
weight (kg); 4 — age (years); BL — body length (cm); ADP — the average dynamic pressure
determined by the Hikema’s formula (9):

ADP = ? + DBP )
where: ADP — average dynamic pressure (mm Hg. In.); PP — pulse pressure (mm Hg. In.);
DBP — diastolic pressure (mm Hg. In.).

Vegetative Index (V1) is determined by the formula 10:

VI - DBP

HR (10)
where: VI — vegetative index (in. Fr.); DBP — diastolic blood pressure (mm Hg. In.); HR —
heart rate (beats / Min.).

Using discriminant analysis, the classification functions were developed for the
prediction of the chronic physical illnesses presence for pupils of secondary school age. The
result measured: the adequacy of the obtained mathematical models (the criterion F and
significance level of p); the significance of the effect of individual factors on binary result (the
large p); specificity and sensitivity obtained predictive models.

For intermediate calculations used package Excel MS Office. The main part of
mathematical processing performed on a personal computer using a standard statistical
package STATISTICA 5.0.
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Results and discussion

The researches were based on certain relationships between the presence / absence of
chronic diseases on the one hand and functional parameters of the child on the other. In
particular, a close relationship between health and physical condition index was identified
(PhCI y*=12,21; p <0,001), adaptive potential (AP y*=19,69; p <0,001), efficiency of the
cardiovascular system (double product index or Robinson — DPI y?=15,27; p < 0,001) and its
reactivity (changes to the standard exercises of heart rate — HR and minute volume of blood
circulation — MVBC (respectively, y° =44,39, p <0,001; y*= 30,26, p < 0,001).

In further studies were found most informative integrated features of pupil’s functional
state from the presence and absence of chronic physical illnesses which arose as: adaptive
potential (4P), which reflects the adaptation and adaptive reactions of the whole organism;
physical condition index (PACI), which describes the physical condition of the child;
vegetative index (V1), which is used for evaluation of autonomic nervous system; living index
(LI), which evaluated the functionality of the respiratory system; percent of heart rate
increasing (HR) and pulse pressure (PP) after physical load (in the form of 20 sit-ups in 30 s),
which reflects the adequacy of the response of the cardiovascular system to the dosed load,
helping to identify the hidden disorders of the circulatory functioning system that due
compensation mechanisms are not detected.

Thereafter, using discriminant analysis, the classification functions were developed for
the prediction of the chronic physical illnesses presence for pupils of secondary school age,
that in the absence of annual preventive medical examinations, promote early diagnosis of
diseases. The obtained classification functions were as follows:

— for pupils of 11-12 years (specificity — 90,99 %, sensitivity — 75,76 %; F=22,54;
p <0,001)

¥, ==92108+0,12x,~42332x, +0,48x, +736,36x, + 16121 2x,~0,94x,

¥, ==90179+0,0002x,—41152x, +0,48x; +722,53x, +158439x,~0,75x, ,

— for pupils of 13-14 years (specificity — 84,93 %, sensitivity — 80,56 %; F =11,06;
p<0,001)

Y, ==73913+0,52x, —28144x, +0,79x, + 572,69x, + 122046x,~0,90x,

v, ==72409+0,41x,—27526x, +0,83x; +56288x, + 119697x; —0.74x,

where: y; — the assessment of the likely presence of chronic diseases; y, — the assessment of
the likely absence of chronic diseases; x; — HRpl. (%); x> — VI (in. Fr.); x3 — PPpl. (%); x4 —
AP (in. Fr.); x5 — PhCI (in. Fr.) x5 — LI (%).

These features allow classification to calculate the probability of chronic illnesses to
receive individual and the values of y; and y,, namely:

p = S5 %x100%

P! 2 x100%

where: p™ — to receive the reliability of chronic disease (%); p “* — the likely absence of
chronic disease (%).

The specificity and sensitivity obtained classification functions were quite high
(respectively, 84,93 — 90,99 % and 75,76 — 80,56 %) adequacy of mathematical models
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significant (F = 11,06 — 22,54) at the level (p <0,001), which allows with the high-probability

forecast to apply classification functions in practice.

For example, an 11-year girl has the following morphological characteristics: body
length — 1,40 m; body weight — 35 kg; heart rate before the physical load — 100 beats / Min.;
systolic blood pressure before the physical load — 87 mm Hg. In.; dyastolichnyy blood
pressure before the physical load — 56 mm Hg. In.; heart rate after the load — 140 beats / Min.;
systolic blood pressure after the load — 111 mm Hg. In.; dyastolichnyy blood pressure after
the load — 65 mm Hg. In.; vital lung capacity — 1,10 1.

As a result of calculations according to formulas presented above, we get the
following values: HRpl. — 40 %; VI — 0,87 in. Fr.; PPpl. — 48,39 %; AP —1,71 in. Fr.; PhCI —
0,611 in. Fr.; LI — 52,38 %.

Substitute obtained classification parameters in functions:
Vi=-921,08+0,12x40-423,32x0,87+0,48x48,39+736,36x1,71+1612,12%0,611-
0,94%52,38=929,59
V5=-901,79+0,0002x40-411,52x0,87+0,48 x48,39+722,53x 1,71+1584,39%0,61 1-
0,75%52,38=904,40

Calculate the probability of the chronic disease presence in the value of y; and y»:

p4=929,59/(929,59+904,40) x 100=50,69 %
P 1=904,40/(929,59+904,40) x100=49,31 %

Calculations showed that the result of probable presence of chronic disease (p™?) is
greater than the probable absence of disease (p ‘), so a girl we are examined relates to the
risk of chronic physical illnes and therefore require additional depth survey of experts in
terms of health-care setting.

We understand the conditionality of the evaluation of children's health but this method
will tentatively identify deviations that might not yet have an organic basis in the form of
severe structural damage, but as the absence of annual preventive medical examinations will
help to draw attention to the likely problems and provide perspective correction functional
state of resources and adaptation of pupils.

Conclusions

1. Based on the conducted studies it was confirmed that there is a link between health and
functional abilities of the secondary school age children.

2. On the basis of morphological and functional characteristics of children with different
state of health a method of determining the possible presence of chronic somatic diseases
of students of the secondary school age was developed.

3. Using the proposed classification functions built on the relationship functioning of the
basic physiological systems of health will help to detect the diseases of children in time
and as a result to plan the preventive health measures to suspend the increase of the
incidence of young generation.
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Anomauis. Ceemiosa 0. J]. Cunme3y8ants OUCKPUMIHAHMHUX Modeell 015 OWiHKU
cmany 300pos’s dimeil 8 3a1excHocmi 8i0 mopdhodynKkuionanvHuX napamempis opeanizmy

Bemyn. Aunanis cmany 300p0o8°s wikonapie NOKA3VE, WO HAlbinvuL CmpiMKe 3pOCMAHH
nopyuteHv 300p08°’1 GIOMIYAEMbCA CcaMe 6 CepeOHbOMY wKinbHoMy e6iyi. Ilpu yvomy, 6 oanomy
8iK0BOMY Nepiodi noziubieHoMy NPOQPIIAKMUYHOMY MeOUYHOMY 02110y nioaaearoms auue Oimu 11
ma 14 poxis, inuti wroaApi no36asieni MAaxol MONCIUGOCHI, U0 POOUMb HEMONCIUGUM CEBOEUCHE
BCMAHOBICHHS OideHO3I8 i, BION0GIOHO, YACHY KOPEKYII0 CIMAHY 300P08's.

Mema. Biouaiimu cnoci6é 6usHauyeHHs HAAGHOCMI XPOHIYHUX COMAMUYHUX 30X60PHGAHL Y
dimeti 30 PYHKYIOHATLHUMU NAPAMEMPAMU IX OPSAHIZMY.

Memoou. IlopisHanua yHKYiOHATbHUX NOKASHUKIE ) Oimedl i3 HAAGHICHIO Md GiOCYMHICHI0
XPOHIYHHUX COMAMUYHUX 3AXEOPIO6AHL NPOGOOUNUCS 3 GUKOpUcmAanHiIM t-kpumepito Cmuviooenma.
Suauennsn esaxcanucs cmamucmuyno oocmosipuumy npu p < 0,05. Jis HOMiMATbHUX 3MIHHUX
630€M036'930K GUIHAYABCS 30 MABIUYAMIU CAPANCEHOCHI 30 donomozoio kpumepis y -ITipcona. s
MPOCHO3Y — HASGHOCHI  XPOHIYHUX — COMAMUYHUX — 30XGOPIO6AHL 6  VYHIE  GUKOPUCHIOBYEABCS
OUCKPUMIHAHMHUT AHATI3.

Pesyaomamu. /logedeno iCHY8AHHA MICHO20 G3AEMO38 A3KY MINC CHIAHOM 300p08°1 ma
QyHryionanvHuMy  MmoNCIUBOCMAMY  Oimeli. iHOexcom Qpisuunozo cmawny (y*=12,21; p<0,001),

95



ISSN 2076-5835. Bicuuk Yepkacrkoro yHiBepcurety. 2017, Nel

adanmayitinum  nomenyiarom (y*=19,69; p<0,001), inoexcom noosiiinozo dobymxy (y*=1527;
p<0,001), 3pywennamu Ha cmaunoapmue Qi3uyHe HABAHMANCEHHSI NOKASHUKIE HACHOMU Cepyesux
CKOPOYeHb | XEUIUHHO20 00 €My Kkpoeoodicy (eionosiono, y*=44,39, p<0,001; x*=30,26, p<0,001).
Haoani 6ynu  eusnaueni 6anioHi Xapaxmepucmuxu QYHKYIOHATbHOZO CMAHY, AKi  HAOIbUL
inpopmamueno ceiouunu npo cmaun 300poe’a dimeil. Ilo6yoosani Ha OCHOGI YUX DYHKYIOHATLHUX
napamempie raacugpixayitini Qyuryii mamu oocums eucoxi cneyugivnicmo (84,93 — 90,99 %) ma
yymaugicmo (73,76 — 80,56 %). Adexeamuicmus ompumanux moodeneti s3uavuma (F= 11,06 — 22,54) na
pieni p < 0,001.

Hosu3zna. 3anpononogano memoouxy euaeiennsa oimeti 3 2pynu “pusuxy’’ nosaeu XpoHivHux
COMAMUYHUX 30X60PI0GAN b, TUULE 30 PYHKYIOHATLHUMU NAPAMEMPAMU OPESAHIZMY.

Bucnosok. 3a ymoeu giocymnocmi wopiunux npo@iiaxmuynux MeouyHux 02ia0ie 6 ymoeax
30201bHOOCEIMHIX HAGYANBHUX 30KNAOIE8, BUKOPUCMANHI 30NPONOHOBAHUX KIACUDIKAYITHUX DYHKYIT
00NOMOIHCE CEOEUACHOMY GUABIEHHIO NAMOA02IT Y Oimell.

Ilpono3uuii. 3acmocyeanna npeocmaeienux —kiacuixayiinux — Qyuryiti  cnpusmume
MIGHYBAHHIO  0300P0GHUX  30X00i6, CAPAMOGAHUX HA WNPUSYAUHEHHS 3POCHIAHHS 30X60PI0GAHOCHI]
niopoCmar 020 NOKOIIHHA.

Knarwuoei crnosa: wxonapi, cepedniti wkinbHuti 6ix, cmau 300p08's, (YHKYIOHANbHUI CMAH,
MaAMeMamu4Ha Mo0eisb, X60pooiL.

Yepracbkuil HanioHaNbHUH YHiBepcuTeT iMeHi bornana XmenbHuIIbKOTO

Onep:kaHO pemaKii€ero 07.12.2016
[pwuiinasaTo no mybmikamii 15.05.2017
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