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Abstract. Background. The purpose was stratification of factors that lead to the chronicity of inflammatory diseases
of the urinary system in children, as well as creation of a mathematical model for predicting their course. Materials and
methods. The research group consisted of 97 children (average age — 10.0 = 1.3 years). The main group was divided
into subgroups: the first one — 43 children with acute urinary tract infections (UTIs), the second one — 34 patients with
chronic UTIs. The control group consisted of 20 conditionally healthy children. The content of 1,25(0H) D, vitamin D-
binding protein, inducible nitric oxide synthase (NOS2), cystatin C, cathelicidin, hepcidin, lactoferrin, interleukins 6, 15
was investigated by immunoenzymatic analysis. The impact of factor characteristics on the process of UTI chronicity was
evaluated using factor and cluster analyses. A logistic regression equation was used to predict the probability of developing
chronic UTIs. The quality of the constructed model was assessed by its sensitivity and specificity, and receiver operator
characteristic (ROC) analysis was also used. Results. It was found that 6 factors had the greatest significance: the factor
of functional disorders of the urinary tract, the factor of comorbid conditions, the protective factor, the immune factor,
chronic foci of the disease, and the NOS2 factor. According to the results of logistic regression, the model for predicting
the probability of developing chronic UTI in children had the form of an equation that included 6 variables (early mani-
festation of the disease, vitamin D level, vesicoureteral reflux, dysmetabolic nephropathy, neurogenic bladder, UTI in the
mother in childhood). The classification ability of the model was determined based on the data of the training sample and
was 75.0 %. The sensitivity of the model was 78.3 %, and the specificity was 76.5 %. The area under the ROC curve that
corresponded to our mathematical model was equal to 0.776. The Gini index was 55.2 %, which corresponds to the good
quality of the model. Conclusions. The process of chronicity of the inflammatory process in the urinary system in children
occurs under the conditions of the interaction of some pathological factors. The leading risk factors for the chronicity of
the inflammatory process are the presence of functional disorders of the urinary tract, early manifestation of the disease,
the level of vitamin D, intestinal dysfunction, and the presence of UTI in the mother in childhood.
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Infroduction hospitalized [3]. The frequency of UTI recurrence ranges

According to the data of the Ministry of Health of
Ukraine, namely the Center of Medical Statistics of the
Ministry of Health of Ukraine, the negative dynamics of
the primary morbidity of the population is noted, particu-
larly due to genitourinary diseases [1]. Among children aged
0—18 years, the most common microbial and inflammatory
diseases of the genitourinary system are urinary tract infec-
tions (UTIs) [2]. More than 1 million children with a di-
agnosis of UTI visit the hospital annually, 500,000 visit the
emergency department, and more than 50,000 children are

from 8 to 30 % among children in high-income countries
[4]. Risk factors for UTI can be behavioral, anatomical, or
genetic and depend on both the population and the form
of disease. Understanding the risk factors associated with
the chronicity of UTIs can help physicians adapt preventive
strategies to effectively reduce the development of UTIs [5].
The purpose of the research was stratification of fac-
tors that lead to the chronicity of inflammatory diseases of
the urinary system in children, as well as the creation of a
mathematical model for predicting their course.
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Materials and methods

We examined 97 children aged 6 to 14 (on average
10.0 + 1.3) years who were receiving inpatient treatment
at the Zaporizhzhia Regional Clinical Children’s Hospital
of the Zaporizhzhia Regional Council in 2018—2020. The
main study group included 77 children with primary urinary
tract infections. Patients with urinary tract abnormalities,
as well as those who received antibacterial therapy prior to
the experiment, were excluded from the study. The children
were divided into groups taking into account the classifica-
tion and criteria for the diagnosis of UTI, according to the
2021 European Association of Urology guidelines (levels of
evidence I, IT) [6] and the order of the Ministry of Health of
Ukraine No. 627 dated 03.11.2008 [7].

The main group was divided into two subgroups. The
first one included 43 children with acute inflammatory di-
seases of the urinary system: 17 with acute pyelonephritis,
16 with acute cystitis, and 10 with unspecified urinary sys-
tem infections. The second subgroup included 34 patients
with chronic inflammatory diseases of the urinary system:
27 children were diagnosed with chronic pyelonephritis, and
7 children were diagnosed with chronic cystitis. The control
group consisted of 20 conditionally healthy children without
signs of inflammation of the urinary system.

The serum inducible nitric oxide synthase (NOS2),
cystatin C, cathelicidin, hepcidin, lactoferrin, interleukin
(IL) 6, IL-15, vitamin D-binding protein (DBP), as well as
1,25-dihydroxyvitamin D (1,25(OH),D,) concentrations
were evaluated by enzyme-linked immunosorbent assay
(ELISA) using commercial kits: ELISA Kit for Nitric Oxide
Synthase 2, Inducible (NOS2) (Cloud-Clone Corp., USA);
Cystatin C Human ELISA (BioVendor, Czech Republic);
LL-37, Human, ELISA kit (Hycult Biotech, Netherlands);
Hepcidin-25 (human) Enzyme Immunoassay Kit (H-sr,
pl): Extraction Free (USA); Human LTF/LF (Lactoferrin)
ELISA Kit (Elabscience, USA); Human IL-6 (Interleukin
6) ELISA Kit (Elabscience, USA); Human IL-15 (Inter-
leukin 15) ELISA Kit (Elabscience, USA); 1,25-Dihydroxy
Vitamin D EIA (Immunodiagnostic Systems, UK); Hu-
man DBP (Vitamin D Binding Protein) ELISA Kit (Elab-
science, USA).

Mathematical analysis and statistical processing of the
data were performed using the Statistica for Windows 13.0
(JPZ8041382130ARCN10-J) and IBM SPSS Statistics 23
licensed program. We used correlation analysis with deter-
mination of Spearman’s rank correlation coefficient. The
method of factor analysis was used to identify the signs
mostly associated with the development of urinary sys-
tem infections. Spearman’s correlation matrix was basis of
modeling for the selection of factor complexes, followed
by the determination of the factor loading of the studied
indicators. The Varimax raw orthogonal rotation method
was used to select indicators with a high factor loading on
the complex (over 0.6). Factor analysis using Varimax raw
rotation was performed taking into account the results of
the initial analysis and using the principal components to
describe the dispersion of the data array. Major factors were
determined using Kaiser test and Cattell scree plot. To
identify stable groups of factors characterized by the com-
monality of the studied parameters for the entire sample,

a cluster analysis was conducted. The object classification
procedure was carried with hierarchical clustering by the
method of centroid-based clustering whose graphic rep-
resentation was demonstrated by constructing a dendro-
gram. The Euclidean distance was used as a measure of
the distance between the formed clusters. The method of
genetic algorithm was applied to identify the factors mostly
associated with the risk of developing chronic inflammato-
ry diseases of the urinary system [8]. The logistic regression
equation was used to predict the probability of developing
chronic UTIs:

p=1/(1+exp(-2)),

where z=a0 +al - x1 +a2-x2+ ...+ an - xn, where x1, ...,
xn are independent variables, and a0, ..., an are regression
coefficients.

If the calculated value of p > 0.5, then this patient should
be classified to the risk group for chronic inflammatory
diseases of the urinary system. If the calculated value of
p < 0.5, then the probability of chronicity of the inflamma-
tory process is quite low.

The quality of the constructed model was assessed by its
sensitivity and specificity [9]. To determine the quality of the
obtained predictive model, receiver operator characteristic
(ROC) analysis was used, and the area under the ROC curve
(AUC) was calculated. Value from 0.9 to 1 corresponds to
excellent model quality, 0.8—0.9 is very good, 0.7—0.8 is
good, 0.6—0.7 is average, 0.5—0.6 — unsatisfactory. To as-
sess the discriminative ability of the model, the Gini index
was calculated according to the formula:

Gini =2 - (AUC - 0.5) - 100.

Gini index > 40 % corresponds to the acceptable qua-
lity of the method, Gini > 60 % is an excellent quality
analysis.

All human studies complied with the ethical standards
of the Institutional and National Research Committee and
the 1964 Declaration of Helsinki and its subsequent amend-
ments or comparable ethical standards. Informed consent
was obtained from all individual participants included in the
study. A complete set of data on children, their parents and
physicians confirming the results of this study was not pub-
licly available due to limited initial ethics approvals.

Results

In order to study the aspects that determined the de-
velopment of the chronic process in the urinary system,
a factor analysis was conducted with the selection of the
principal components that can cause the chronicity of the
inflammation in the urinary tract. Potentially significant
factors were singled out, namely patient’s gender, UTI epi-
sodes in mother during pregnancy, frequent UTIs in mother
in childhood, the presence of vulvitis, bowel dysfunction,
neurogenic bladder, dysmetabolic nephropathy, vesicoure-
teral reflux, chronic foci of the disease, the manifestation
of the disease, erythrocyte sedimentation rate, leukocytes
in blood and urine, creatinine, urea, the etiology of the
pathogen and the levels of cystatin C, cathelicidin (LL-37),
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lactoferrin, NOS2, I1L-6, IL-15, hepcidin, DBP, as well as
vitamin D,.

According to the results of the factor analysis based on
the Kaiser test and the Cattell scree plot, 6 factors with ei-
genvalues more than 1 were determined. The obtained data
are shown in Table 1.

As can be seen from Table 1, these factors described
71.34 % of the total variance of the variables under study. It
is worth noting that the first 4 factors described the greater
part (54.926 %) of the total load, which indicated that they
determine the main pathogenetic aspects for the develop-
ment of the chronic inflammatory process in the urinary
tract of the examined patients.

Later, using the method of principal components, we
created a matrix of factor loadings. The results are shown
in Table 2.

According to the data in Table 1, the most significant
was factor 1, which described 19.342 % of the total vari-
ance, and, according to the data in Table 2, included 3
variables with the leading factor loading: neurogenic blad-
der (factor loading 0.646), vesicoureteral reflux (factor
loading —0.726), early disease manifestation (factor loa-
ding 0.795). Conditionally, we have designated this factor
as the factor of functional disorders of the urinary tract.

Early manifestation of the disease meant that the first epi-
sode of pyelonephritis occurred between the ages of 3 and
6 years.

The second factor accounted for 13.403 % of the total
variance and included vulvitis (factor loading 0.759), intes-
tinal dysfunction (factor loading 0.770), and dysmetabolic
nephropathy (factor loading 0.682). We tentatively called
this factor the factor of comorbid conditions.

Factor 3 accounted for 12.269 % of the total variance and
included cystatin C (factor loading 0.740) and 1,25(OH),D,
level (factor loading 0.632). This factor was conventionally
designated as a protective factor.

The fourth factor described 9.912 %. It included the fol-
lowing indicators: IL-6 (factor loading —0.829) and DBP
content (factor loading 0.775). Conventionally, this factor
was designated as immune factor.

The fifth factor described 8.595 % of the total variance
and included the presence of chronic disease foci (factor
loading —0.826). This indicates that untimely sanitation
of chronic foci of diseases can be one of the predictors for
chronicity of urinary tract infections.

The last sixth factor described 7.821 % of the total vari-
ance and included the level of inducible NO synthase (factor
loading 0.825).

Table 1. The total variance of the variables represented by the leading 6 factors
for chronic UTIs

Factor Eigenvalues Total variance, % Cumulative percentage

1 3.288 19.342 19.342

2 2.279 13.403 32.746

3 2.086 12.269 45.014

4 1.685 9.912 54,926

5 1.461 8.595 63.521

6 1.330 7.821 71.342

Table 2. Estimated factor loadings on the studied indicators in children
with chronic inflammatory diseases of the urinary system
T Factor loadings
1 2 8 4 5 6
Vulvitis 0.759
Intestinal dysfunction 0.770
Neurogenic bladder 0.646
Dysmetabolic nephropathy 0.682
Chronic foci of the disease -0.826
Vesicoureteral reflux -0.726
Early disease manifestation 0.795
Cystatin C 0.740
DBP 0.775
IL-6 -0.829
NOS2 0.825
Vitamin D 0.632
180 Child™s Health, 1SSN 2224-0551 (print), ISSN 2307-1168 (online) Vol. 18, No 3, 2023
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Taking into account the obtained data of the factor
analysis, a cluster analysis was performed. And, based on
the results of the hierarchical cluster analysis, the interac-
tion of factors for the development of the chronic inflamma-
tory process in the urinary system of children was determined
(Fig. 1).

According to Fig. 1, 2, main clusters were formed for
children with chronic UTI. The first cluster indicates the
correlation between vulvitis and intestinal dysfunction and
dysmetabolic nephropathy and the presence of chronic di-
sease foci. As you can see, cluster 1 describes the relation-
ship between concomitant pathologies in children with
chronic inflammatory diseases of the urinary system.

Hierarchical cluster analysis data show that there is
also an associative relationship between DBP, NOS2 and
IL-6, which is quite logical, because they are all linked to
the body’s immune response. Further, we observe an as-
sociative relationship between urinary dysfunction (neu-
rogenic bladder, vesicoureteral reflux), early manifesta-

Euclidean distances

Linkage distance
=)

Figure 1. Dendrogram of the cluster analysis of the
leading pathogenetic factors in the development
of chronic inflammatory diseases of the urinary
system: 1 — vulvitis, 2 — intestinal dysfunction, 3 —
neurogenic bladder, 4 — dysmetabolic nephropathy,
5 —IL-6, 6 — chronic foci of the disease, 7 — early
manifestation of the disease, 8 — cystatin C, 9 —
NOS2, 10 — vesicoureteral reflux, 11 — DBP, 12 —
vitamin D

tion of the disease, and levels of vitamin D and cystatin
C (cluster 2).

The next stage of the work was the creation of a mathe-
matical model for predicting the development of chronic
inflammatory diseases of the urinary system in children
using the binary logistic regression. To identify the factors
mostly associated with the risk of developing chronic UTIs
in children, the most significant features were selected using
the genetic algorithm method. The obtained results are pre-
sented in Table 3.

According to the results of the logistic regression, the
model for predicting the probability of developing chronic
inflammatory diseases of the urinary system in children had
the form of an equation:

Z=1/(1+exp(-8.053 + 0.365X, + 0.280X,, +
+1.579X, + 1.243X, + 1.118X,— 0.894X ).

The classification ability of the model was determined
based on the data of the training sample and was 75.0 %
(Table 4). The sensitivity of the model was 78.3 %, and the
specificity was 76.5 %.

The diagnostic significance of the obtained mathemati-
cal model was determined by ROC analysis (Fig. 2). The
logistic regression equation is represented by the AUC. The
AUC that corresponded to our mathematical model was
equal to 0.776. The Gini index was 55.2 %, which indicated
the good quality of the model.

Discussion

The results of the study showed that the factor of func-
tional disorders of the urinary tract, the factor of comorbid
conditions, the protective factor, the immune factor, as well
as the presence of chronic foci of diseases and the level of
NOS2 played a certain role in the chronicity of inflamma-
tory diseases of the urinary system.

The presence of abnormalities in the urinary system
was ruled out in all children under observation. Accor-
dingly, the early manifestation of the disease, namely the
development of the first case of pyelonephritis at the age
of 3 to 6 years, had other causes, for example, functional
disorders of the urinary tract, disruption of intracellular
signaling cascades of innate immunity, etc. The innate
immune system plays an important role in the prevention

Table 3. Signs included in the prediction model of the probability of developing chronic inflammatory
diseases of the urinary system in children

Name of the sign Trait level Regression coefficient Standard error
Early disease manifestation X, 0.365 0.689
Vitamin D X, 0.280 0.201
Vesicoureteral reflux X, 1579 0.906
Dysmetabolic nephropathy X, 1.243 0.986
Neurogenic bladder X, 1.118 0.840
Mother’s UTl in childhood Xs -0.894 0.785
Constant -8.053 5.176
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of recurrent UTIs, because it generates a faster response
to invading pathogens [10]. According to Godaly G. et
al. (2015), susceptibility to UTI is determined by the ef-
ficiency of the host organism’s defense, and the weakening
of innate immunity initially leads to asymptomatic bacte-
riuria [11]. Rudaitis S. et al. (2009) demonstrated that a
first urinary tract infection at the age of < 6.5 years is a risk
factor for recurrent UTIs (odds ratio 0.9; 95% confidence
interval 0.85—0.98) [12]. In our work, we showed that the
development of an acute UTI at the age of 3 to 6 years is a
predictor of a chronic inflammatory process in the urinary
system, which, apparently, reflected an inadequate im-
mune response in these children.

The relevance of the factor of functional disorders of
the urinary tract was confirmed by the works of several
researchers. So, Chase J. et al. (2010) indicated that the
inability to empty the bladder often leads to urinary re-
tention, urinary stasis, and ineffective elimination of
uropathogens [13], thereby increasing the risk of recur-
rent UTIs. Becknell V. et al. (2015) showed that increased
bladder pressure due to poor emptying can also cause a
secondary vesicoureteral reflux, which increases the po-
tential risk of kidney damage, namely the development of
pyelonephritis [3].

1.0

0.6

Sensitivity

0.44

0.2

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Figure 2. ROC curve of the logistic regression
equation for predicting the development of chronic
inflammatory diseases of the urinary system
in children

According to the literature, concomitant pathologies
can contribute to the development of UTI, complicate its
course and act as a background for the chronicity of the
process [14]. This is also confirmed in our research. Beck-
nell V. et al (2015) noted in their work that with intestinal
dysfunction, a large intestine filled with feces can make
it difficult to empty the bladder and increases the risk of
developing both primary UTI and recurrence [3]. In ad-
dition, Abaturov O.E., Vakulenko L.I. (2019) showed that
dysmetabolic nephropathy was a concomitant pathology in
chronic pyelonephritis in more than half of children [15].
During our factor analysis, the presence of dysmetabolic
nephropathy was also considered the comorbid conditions
factor.

Commenting on the role of the protective factor to
which we attributed the levels of cystatin C and vitamin D,,
it is important to emphasize that cystatin C plays a funda-
mental role in many biological processes, such as protein
metabolism, regulation of phagocytosis of innate immune
cells, activation of progenitor proteins, mediated antigen
presentation, and apoptosis [16]. Vitamin D, is an impor-
tant antimicrobial peptide that takes an active part in the
body’s defense due to its antimicrobial activity against a
wide range of pathogens [17], and is also capable of con-
trolling immune function at various levels by stimulating
autophagy, mediating the expression of the antimicrobial
peptide LL-37 [18].

According to the data obtained in our factor analysis,
the immune factor included the levels of DBP and IL-6.
Pursuant to literature data, DBP, in addition to transporting
vitamin D metabolites, performs other, no less important
functions, including influence on the functioning of the im-
mune system due to macrophage activation, participation in
chemotaxis, etc. [19]. For its part, IL-6 is a multifunctional
cytokine that regulates numerous body functions, such as
the response of the acute phase of inflammation [20]. Also,
Bikle D.D. and Schwartz J. (2019) noted in their study that
certain cytokines, such as IL-6, increase the production of
DBP [21].

According to the literature, inducible NO synthase, al-
beit in small amounts, is also present in the blood under nor-
mal physiological conditions, but is expressed in response to
the invasion of pathogens and/or inflammatory cytokines.
Once induced, NOS2 produces large, sustained amounts of
NO, which in turn can limit growth or be lethal to pathogens
[22]. In our study, NOS2 was singled out as a separate fac-
tor, which emphasizes its importance in the process of UTI
chronicity.

Table 4. Classification of the calculated probability of developing chronic inflammatory diseases
of the urinary system in children

Predicted by regression equation

Coincidence, %

Acute UTls Chronic UTIs
Acute UTls 15 6 71.4
Chronic UTls 5 18 78.3
In total 75.0
182 Child’s Health, ISSN 2224-0551 (print), ISSN 2307-1168 (online) Vol. 18, No 3, 2023
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Conclusions

1. The chronicity of the inflammatory process in the
urinary system of children occurs under the interaction of
several pathological factors. Based on the analysis, a model
was created to predict the occurrence of chronic inflam-
matory diseases of the urinary system in children with
acute UTI.

2. It has been found that a significant contribution to the
development of chronic inflammatory process in the urinary
system is made by the presence of functional disorders of
the urinary tract in combination with an inadequate, non-
specific immune response, the mediated symptom of which
is the early manifestation of the acute process. Vitamin D
level, intestinal dysfunction, and the presence of UTI in
the mother in childhood are also leading risk factors for the
chronicity of the inflammatory process.

3. The determined risk factors and the results of prog-
nostic modeling should be used in groups at high risk of
developing a chronic inflammatory process in the urinary
system.
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NexxeHko I.O., 3axapyeHko H.A.

3Qropi3bkn AEPIKQBHUN MEANYHNN YHIBEPCUTET, M. 3aropiioks, YkpaiHa

MpOrHo3yBAHHS XPOHIi3ALii 3aNAAbHNX 30XBOPIOBAHDb
CE4YOBUAIABHOT CUCTEMM B AiTen

Peslome. Mera npocaimkenns: crpatudikauis hakTopis, 110
MPU3BOIATH 10 XPOHi3allii 3arajbHUX 3aXBOPIOBaHb CEYOBU-
NITBHOI CUCTEMU B JIiTEH, 8 TAKOX CTBOPEHHS MAaTeMaTUIHOI MO-
JieJTi MPOTHO3YBaHHs ix nepeb6iry. Marepianu Ta metoau. [pymy
nociimkeHHs: ctaHoBuau 97 miteit (cepeaHiit Bik — 10,0 = 1,3
poKy). OCHOBHY TpyIy pO3IiTWJIM Ha MiArpynu: nepury — 43 nu-
TUHU 3 TOCTpUMU iHbekUisMu ceyoBuBinHux 1sixis (ICLI) Ta
npyry — 34 mauientu 3 xpoHiuHumu [CII. KoHTpoabHY Tpymy
craHoBuin 20 yMOBHO 310poBux aiteii. Pisui 1,25(0OH),D,, Bi-
TamiH D-3B’s13yt04uoro 6iJika, iHIyKOBaHOI CUHTa31 OKCUIY a30-
Ty (NOS2), mucratuny C, KaTeTiUINHY, TeTICUANHY, TaKTohe-
pUHY, iHTepeiKiHiB 6, 15 mocainmim MeToaoM iMyHO(DEpPMEHT-
HOTO aHaji3y. 3a 10IMOMOrow (akTOPHOro Ta KJIaCTepHOTo aHa-
JIi3iB BUBYAJIU BIUIMB (haKTOPHUX O3HAK Ha IPOLIEC XPOHi3allil
ICL. Jdns mporHo3yBaHHSI HIMOBIPHOCTI PO3BUTKY XPOHIYHUX
[CII BUKOpUCTOBYBaJIM PiBHSIHHS JIOTiCTUYHOI perpecii. SKicTh
noOy10BaHOI MOZIeJli OLiHIOBAIM 3a 11 UyTJUBICTIO Ta crienundiy-
HicTIO, TakoX BuUKopucToByBaBcsi ROC-ananis. PesyabTartu.
YCTaHOBIICHO, 10 HAWOLIBITY 3HAYYINICTh Madu 6 (akTopiB:
(daxTop OYHKIIOHATBHUX PO3JIaliB CEUOBUBITHMUX IUISIXiB, (paKk-
TOp KOMOPOiMHUX CTaHiB, 3aXUCHUI (pakTop, iIMyHHUIt (pakTOp,

XpOHiYHi BOrHHUIIA 3axBoploBaHHsSI Ta dakTop NOS2. 3a pe-
3yJibTaTaMU MPOBEAEHOI JIOTICTUYHOI perpecii Moiesb IPOrHo3y
riMoBipHOCTI po3BUTKY XpoHiunux ICLL y niteit mana Bursin
PiBHSIHHS, 1110 BKJIIOYaJo B cebe 6 3MiHHUX (paHHS MaHidec-
Tallisi 3aXBOpIOBaHHS, piBeHb BiTamiHy D, MixypoBo-cedoBin-
HUil pedurokc, aucMerabosiuHa HedpomaTisi, HeWpOreHHUI
cevoBuit Mixyp, ICL y marepi B nutuHctsi). Kiacudikariiiina
30ATHICTh MOJEJi BU3HAYajIacs 3a JaHUMU HaBYAIbHOI BUOIpKU
i cranoBuia 75,0 %. Yyrtnusictb moneni — 78,3 %, crneundiv-
Hicte — 76,5 %. Ilnoma ROC-kpuBoi, 1110 BiAmnoBigansa Hamii
MaTeMaTW4Hii Mojeni, nopiBHIoBana 0,776. Inneke Gini ctaHo-
BUB 55,2 %, 1wo Binmnosinae mo6piit skocti. BucHoBKu. Iporwec
XpOHi3allii 3aMajJbHOTO MPOLIECY B CEUOBUAIbHIN CUCTEMI B Ili-
Tell BilOyBa€ThCsI B YMOBaX B3a€MO/IIT LIiJ101 HU3KM IMATOJOTiYHUX
(axropis. [TpoBinHUMU PaKkTOpamMu pU3UKY XPOHi3allil 3anajib-
HOTO MPOIIECY BUCTYIAIOTh HAsIBHICTh (DYHKIIIOHATBHUX PO3JIa-
NIiB CEUOBUBIAHUX IUISIXiB, paHHs MaHi(ecTallis 3aXBOPIOBaHHSI,
piBeHb BitaMiHy D, nuchyHKIlisg Kuiteynuka, HasgBHicTb ICLL y
MaTepi B IMTUHCTBI.

Ki104oBi cj10Ba: nitu; iHeKisa ceuoBUIIILHOI CUCTEMU; TTiE-
JioHedpUT; UMCTUT; BiTaMiH D; iMmyHHa cuctema
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