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PUBLIC HEALTH SERVICES: IMPLEMENTATION OF HEALTHCARE TECHNOLOGIES

Abstract. This paper summarizes the arguments and counterarguments within the scientific discussion on the
factors that influence public health service. The main purpose of this research is to determine the expected indicators
of pathogenic and sanogenic effects on significant risk factors of pathology among children. For achieving the research
goal, the authors substantiated the models of final results for the modification of risk factors. Investigation of antenatal
and genealogical factors in healthy and ill children groups was performed using a specially compiled expert
assessment card and parents' interviews. The systemic population modeling methods were applied to develop and
substantiate population health management models (early diagnosis and primary prevention). Evaluation of the
expected effectiveness of the N-factor program of primary prevention was carried out on a set of genealogical and
antenatal factors. Conducted logical analysis of the methodology of quantitative and qualitative determination of health
and the gathered experience in that respect were taken into account in developing population models of preventive
effects. This study provides the identified priority directions for realizing the regional and population programs to
implement them further. The authors presented the example of calculating the expected effectiveness of children's
health management by eliminating the investigated factors. The authors determine the priority directions for realizing
the regional and population programs pathology based on the influence on the various elements to improve the public
health services system. An example of calculating the expected effectiveness of children's health management by
eliminating these factors is given. The obtained results could be used to further research the issues associated with
a prospective assessment of the program's effectiveness in reducing the impact of antenatal and genealogical factors
on children's health.

Keywords: children health, prevention, risk factors, efficiency assessment.

Introduction. An integrated accounting of potential risk factors for bronchopulmonary dysplasia (BPD)
and dysplastic pathology (DP) of the bronchopulmonary system (BPS) in children that allows development
strategies and tactics for their prevention (Gubler, 1965; Dogle and Radionova, 1986; Shipko, 2015;
Demikhov et al., 2020) is an issue of modern medicine (preventive and social medicine) concern. Existing
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many scientific treatizes on the pathogenetic aspects of investigated diseases raise the necessity to
develop and improve medical and organizational support and adaptation (reorganization) of existing
family, women, newborns and older children models for care (Shipko, 2015; Demikhov et al. 2020). The
determination of the impact of different factors on the children's health status is difficult because of the
relatively weak methodological elaboration. Thus, the development of the methodology of population
health analysis, sanologic and pathometric approach to individual assessments of health level should play
an essential role in solving this issue (Patent 56066; Patent 56864; Patent 56865; Patent 56866). In terms
of quantity, the individual assessments should be billed as a single integrated index that reflects different
facets of individual and public health. Therefore, the comprehensive of children's health indicators and
conditions and factors driving within it determine the synthetic nature of individual and population health
assessments (Patent 56066; Patent 56864; Patent 56865; Patent 56866).

Literature Review. The contemporary view of comprehensive health evaluation is based on synthetic
(complex, integrated, multidimensional) indicators. The requirement for them is the need to consider
various (by origin and methods for obtaining) indicators of health or «ill health» at the individual, population
and regional levels (Patent 56066).

The systematization of scientific background indicated that many methodological methods had been
developed recently to obtain a comprehensive qualitative and quantitative assessment of the actual state
of a person's health. However, there is no one-size-fits-all approach to the problem solution. Thus, a
developing generalized qualitative-quantitative assessment remains the essential methodological task of
modern theoretical and practical medicine (Gubler 1965; Gubler 1990; Patent 56066; Patent 56864; Patent
56865; Patent 56866).

In addition, to model and verify the results of this study, the works of the economic and interdisciplinary
direction were studied (Dzwigol, 2020; Kharazishvili et al. 2020; Khomenko et al. 2020; Kondratenko et al.
2020; Lakhno et al. 2018; Lyulyov et al. 2020).

This study aims to elaborate a methodology for evidence-informed prevention programs and an
algorithm for assessing their performance on the example of dysplastic pathology of the
bronchopulmonary system using antenatal and genealogical factors information.

Methodology and research methods. This article provides a comparative analysis of the frequency
of antenatal and genealogical risk factors for BPD and DP bronchopulmonary system by groups of children
(252 persons — with BPD and 252 persons — without BPD). Then, the further determination of each factor
and their prognostic value in the population risk assessment system were conducted. A personalized
analysis of existing antenatal and genealogical factors was performed for 116 children with
bronchopulmonary dysplasia and 136 children with dysplastic pathology of the bronchopulmonary system
in two administrative regions of Ukraine (SPG1 - the first stratified population group), 252 healthy children
(SPG2 - the second stratified population group).

Investigation of antenatal and genealogical factors in groups of healthy and ill children was performed
using a specially compiled expert assessment card with data on the presence of BPD or DP
bronchopulmonary system for each child, as well as information (obtained from parents through a
documented interview using a closed questionnaire) on the studied factors. The systemic population
modeling methods were applied to develop and substantiate population health management models (early
diagnosis and primary prevention). This methodology is based on the study of health (in this case of the
child population) as a multifactorial system that could be in different states of orderliness (entropy) or
disorganization (negentropy) under the influence of antenatal and genealogical factors, in particular.

Conducted logical analysis of the methodology of quantitative and qualitative determination of health
and the gathered experience in that respect were taken into account in developing population models of
preventive effects. Notably, the concept mentioned above models is based on a multifactorial
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pathometric/sanologic approach to obtain children's health indicators based on information theory.
(informational pathology law by E.V. Gubler) (Gubler, 1965; Gubler, 1990).

Results. The implementation of information entropy-based analysis for characterizing children's health
is based on the concept of information pathometric-base assessments of individual and population health.
In the investigation frame, the authors conducted a clinical and population analysis of possible factors in
forming children's health and risk of DP and BPD to obtain the mentioned estimates (Shipko, 2015;
Demikhov et al., 2020). The strength of influence and informativeness is determined for each of the
significant factors. Therefore, it was identified the most pathometrically and sanologically valuable factors
out of a significant number of population signs of BPD risk. Further, they would be the basis of
multidimensional assessment and analysis of health factors of healthy and sick children. It allowed
determining the forecast indicators of pathogenic and sanogenic influence of the most significant
genealogical and antenatal factors of dysplastic pathology of the bronchopulmonary system among
children (Fig. 1).
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Figure 1. The forecast indicators (pat) of pathogenic and sanogenic influence of the most
significant genealogical and antenatal factors of dysplastic pathology of the bronchopulmonary
system among children

Source: developed by the authors.
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Considering the population health as a multifactorial indicator (N — factor model), there is a need to
use a large pool of factors from different backgrounds (e.g., factors of the antenatal gestation period,
constitutional and biological factors, genealogical factors etc.) (Patent 56066; Patent 56864; Patent 56865;
Patent 56866; Shipko, 2015).

Table 1. Absolute entropy (bits) of children's health in the population and differentiated
prophylactic potential by eliminating the influence of the most informative genealogical and
antenatal factors
Analyzed signs Il people Healthy people
(factors) *Hi Rall *Hhealthy “Hhealthy
Cigarette smoking
by mother during
the initial period
(Xa6)
Junctional zone
pathology of the 0,500 0,352 0,311 0,151 0,148 0,160
mother (Xs7)
Cardiovascular
diseases in the 0,490 0,384 0,295 0,176 0,106 0,119
mother (X42)
Junctional zone
pathology of the 0,520 0,431 0,358 0,220 0,089 0,139
father (Xa0)
Digestive diseases
of the mother (Xss)
Cigarette smoking
by the father (Xa7)
Previous abortions
(Xa3)
Early or late
toxemia of 0,342 0,502 0,515 0,498 0,160 0,016
pregnancy (Xss)
Complicated
previous 0,151 0,498 0,352 0,502 0,347 0,150
pregnancies (Xa1)
Feeding type (X43) 0,485 0,403 0,286 0,530 0,082 0,244
Average entropy 0,440 0,442 0,373 0,339 0,127 0,113
(nx=10) +0,039 +0,27 +0,32 +0,54 +0,032 | +0,024

I‘l’g’;' entropy (nx 4,397 4421 | 3732 | 338 | 1267 | 1131

PPi PPhealthy

0,473 0,298 0,269 0,115 0,175 0,154

0,519 0,498 0,355 0,307 0,022 0,047

0,524 0,530 0,462 0,431 0,006 0,030

0,393 0,525 0,529 0,456 0,132 0,072

Note: PPu — the preventive potential of ill people with DP bronchopulmonary system; PPreaihy — the
preventive potential of patients of healthy children; for each factor, its dichotomic frequency is considered
(existence or absence)

Source: developed by the authors
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The predicted indicators of pathogenic and sanogenic effects were studied based on the concept of
risk factors (Fig. 1). In turn, the most influential (p<0.05) antenatal and genealogical factors were identified.
Reducing these factors' impact could significantly affect the risk of the bronchopulmonary system in
childhood. It stands to mention (Shipko, 2015; Demikhov et al., 2020) that the genealogical predicament
of several diseases, pathological conditions and pre-nosological disorders depends on several leading
factors. Besides, on the one hand, these factors have pathogenic influence, while on the other hand - (in
the absence or modification) — sanogenic.
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Figure 2. The comparison of prophylactic potential (bits) of population groups of healthy and
sick children depending on the available antenatal and genealogical risk factors (NX =10)
Source: developed by the authors.
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It is customary that researchers investigating antenatal and genealogical factors emphasize their
negative (pathogenic) influence. However, there are no studies devoted to the sanogenic influence of
factors that substantiate regional prevention programs (in this case, BPD). Therefore, to justify such
programs, this study provides the evaluation method of order: information entropy of the multifactorial
system of gaining in the health of the ill children with risk factors (+NILL), ill children without risk factors (-
NILL), healthy children with risk factors (+ NHL) and healthy children without risk factors (-NHL) (Shipko,
2015; Demikhov et al., 2020). The view of information theory and modeling allowed determining the
patterns of children's population health mentioned above groups. Moreover, it made it possible to predict
the effectiveness of prevention programs for the DP bronchopulmonary system in childhood, aiming to
eliminate these factors' impact and justify priority areas programs (including family physicians,
obstetricians, gynecologists, pediatricians and prospective parent). Analysis of the information entropy-
based model of antenatal and genealogical factors' influence on the children health in the population allows
calculating the contribution of each analyzed element (Fig. 2) to the overall disorganization of the
population health system. Besides, it enables determining the expected effect (forecast) of government,
regional and municipal programs of population (primary) prevention of DP of the bronchopulmonary
system among children. The N-factor model of primary prevention of DP (Fig. 3) does not consider the
negative impact of factors, but their sanogenic impact (factor preventive potential) with the appropriate
rank depending on the potential preventive indicators of relevant risk factors (-NHL) (Shipko 2015). Using
an N-factor plan of primary prevention involves considering certain factors' control, drawing up plans for
specific measures.

It stands to notice that using the developed model to reduce the risk level allows focusing on the
expected efficiency (reducing the entropy of the child population, in percent).

Figure 3 demonstrates the application example of an N-factor plan of primary prevention of the
bronchopulmonary system's dysplastic pathology by a complex of genealogical and antenatal risk factors.
Thus, using one of the plan options to reduce the risk of DP, it is necessary to increase the frequency of
breastfeeding (X43) not less than (65.1 + 3.0)%, which reduces entropy by 10.5%; reduce the frequency
of complicated pregnancy by (11.1 + 2.0)% and less (X31) reduces entropy by 8.1%, while reducing the
percentage of women with abortions by (33.7 £ 3.0)% and less (X33) reduces entropy by 6.8%. In general,
the enrollment of these measures to individual and group programs allows achieving sanological efficiency
by 25.4% (reducing the entropy of children’s health on preventing DP BPD from 6,214 bits to 4,636 bits).

Conclusions. The obtained results present the expected indicators of pathogenic and sanogenic
influence of the most significant antenatal and genealogical risk factors of dysplastic-dependent pathology
of the bronchopulmonary system among children.

The authors substantiated models of final effects on elimination or modification of risk factors. The
paper provides the justified expected impact of the N-factor program of primary prevention of dysplastic
pathology of the children's bronchopulmonary system by a set of antenatal and genealogical factors.

In the study frame, the authors determine the priority directions for realizing the regional and population
programs to prevent dysplastic pathology of the bronchopulmonary system based on the influence on the
managed antenatal and genealogical factors. An example of calculating the expected effectiveness of
children's health management by eliminating these factors is given.
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N-factor plan of primary prevention of||The preventive maintenance efficiency
dysplastic pathology of the bronchopulmonary || (medical  component) on the level
system decrease/factors' elimination
X 1% 1x health quality expected entropy
Xio | Xa [ Xes | Xas | Xar Xa7 | X3 | improvement influence system
S (%) effect (%) change
+10,5 10,5 6,214
+8,1 18,6 5,810
+8,0 26,6 5,312
+6,8 334 4,810
+6,2 39,6 4,285
+4,0 43,6 3,754
+2,7 46,3 3,257
+2,1 48,4 2,825
+1,8 50,2 2,441
+1,3 51,5 2,143

(X3s) smoking cessation during pregnancy
(Xs7) | DP level of women to (11,1+2,0)% and less
(Xs2) | Cardiovascular diseases in women to (23,4+2,7)%
and less
(Xa0) | level of DP among men to (29,8+2,9)% and less
(Xss) | frequency of digestive diseases of women to (29,4+2,9)% and
less
(Xx7) | frequency of cigarette smoking by men to (57,1+3,1)% and less
(X33) | % of women with abortions to (33,7+3,0)% and less
(Xss) | frequency of toxemia of pregnancy to (29,0+2,9)% and less
(Xs1) | frequency of complicated pregnancies to (11,1+2,0)% and less
(Xu3) 1 frequency of breastfeeding no less than to (65,1+3,0)%
Figure 3. Modeling of final effects on modification of antenatal and genealogical risk factors and
their expected impact

N-factor program of primary prevention of dysplastic pathology of the bronchopulmonary system in
children
Source: compiled by the authors.

The obtained results could be used for further research on the issues associated with a prospective
assessment of the program'’s effectiveness in reducing the impact of antenatal and genealogical factors
on children's health, particularly with dysplastic pathology of the bronchopulmonary system.
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A.9. lllunko, dokmop MeduyHuX HayK, [HinponemposcsKuli pegioHanbHul iHcmumym depxasHozo ynpaeninHs (Ykpaia);

C.11. LWknsap, dokmop medudHux Hayk, npoghecop, Xapkigcbka MeduyHa akademis nicisdunnomHoi oceimu (Ykpaika);

0.1. femixoe, kaHOudam Hayk 3 OepxaeHo20 ynpaeniHs, Cymcokuli depxasHull yHisepcumem (YkpaiHa);

X. [3sizonb, 0okmop ekoHoMiYHUX Hayk, npoghecop, Cinesbkull mexHonoziyHull yHisepcumem (Monbuwa)

Cnyx6u OXOpOHU 300POB'SA: YNPOBaXKEeHHS TEXHONOr OXOPOHU 3A0POB'SA

Cmamms y3aealibHioe apa2yMeHmu ma KoHmpapayMeHmu 8 Mexax Haykoeoi QUCKYCi 3 numaHHs eniiugy OKpemux chakmopie
Ha cmaH 300p08 1 dumsa4020 HaceneHHs. OCHO8HOI Memot AOCTIOKEHHS € BU3HAYEHHS OYiKy8aHUX NOKa3HUKIE 8nnusy Halbinbw
3HayuMUX chakmopia pu3UKy 3axeopiosaHb ceped dumsyoeo HaceneHHs. [ns docseHeHHs nocmagneHoi Memu y xo0i docniOxeHHs
obzpyHmosaHo Modeni KiHuesux pesynbmamig w000 Mmoducbikauii cbakmopie pusuky. BugyeHHsi aHmeHamanbHux ma
2eHearoeiyHUX hakmopig y epynax 30opogux ma xgopux Oimeli 6yno 3diticHeHo 3a 00NOMO20K KapmKu ekcnepmHoI oyiHKkU ma
iHmepe'to 3 bambkamu. [ns po3pobnexHs ma obrpyHmysaHHs nonynauitiHux modenel ynpaerniHHs 300po8 aM (paHHbOI
OiaeHocmUuKu ma nepeurHoi npocbinakmuku) y A0CiOXeHHi 3acmocosaHo Memodu CUCMEMHO20 NONYAAYiiHOZ0 MOOESTH8aHHS.
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OuiHka oyikysaHoi ehekmueHocmi N-chakmopHoi npozpamu nepeuHHOI npoghinakmuku 30ilicHeHa 3a KOMNIEKCOM 2eHearnoaidHuX
ma aHmeHamanbHUX ¢hakmopie. Y pamkax cmammi aemopu 8u3Hauunu npiopumemHi HanpsaMKu peanizauii npozpam
npogbinakmuku ducnmacmuko3anexHoi namosnoeii 6poHxXone2eHesoi cucmeMu 3a PaxyHoK 8niusy Ha KepogaHi aHmeHamarbHi Ha
2eHeanoeiyHi hakmopu. Lle OocriOXeHHs OKpecsioe npiopumemHi HanpsMKu peanidauii peioHanbHux ma demozpagiyHux
npozpam 0ns ix nodanbwoao 8nposadxeHHs. Asmopu npedcmasuiu npukiad po3paxyHky o4ikysaHoi eheKmugHoCmi ynpagniHHs
300pos’am Oimell wnsxom ycyHeHHs docnidxysaHux chakmopig. BusHayeHi npiopumemHi HanpsMKu peanisauii pezioHanbHux ma
OemozpachidHUX npoepam Ha OCHOBI 8NJIUBY Ha PI3Hi eneMeHmu cucmemu 0XopoHu 300pos’s. HagedeHo npuknad po3paxyHKy
oyikygaHoi eghekmusHOCMI ynpagriHHs 0XopOHOK 300p08’s Gimell WISXoM yCyHeHHs Uux ghakmopis. Y cmammi npedcmasseHo
npuknad po3paxyHKy ouikysaHoi ecbekmueHocmi ynpaesniHHa 300pogM OUMSY020 HaceneHHs 3a PaxyHoK  emimiHauil
docnidxysaHux chakmopie. Ompumani pesynsmamu Moxyme 6ymu eukopucmaHi 0ns nodanbliux docnioxeHb npobnemamuku
wodo npocnekmuBHOI OUiHKU egheKmuBHOCMI NpoepaMu 3MEHWEHHS 8NIUSY aHMeHamarnbHUX ma 2eHearnoeiyHux (hakmopie Ha
cmaH 300pos’s 0imeli, 30kpema 3 ducnIacmuKo3aexHoK namorioaieto GPOHX0Ie2eHesol cucmemu.
KntoyoBi croBa: 300pPOB s AUTAYOTO HACeNeHHs!, MpodhinakTyka, (hakTopu prsnKy, oLiHka eqeKTUBHOCTI.
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