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Summary. The aim of the study was to statistically evaluate the impact of chronic inflammation of
the urogenital tract and other related factors on men's reproductive health, as well as predicting the
likelihood of future health. The study was implemented in several successive stages. In the first stage,
a system of key indicators of the impact on men's reproductive health due to the transfer of chronic
inflammation of the urogenital tract (CIUT) was developed by expert interrogation of family doctors,
dermatovenereologists, urologists. In the second stage, information on key factors of influence was
collected by interviewing men during 2021-2024 by the face-to-face method during the admission of
patients to the clinical bases of the Department of Family Medicine and outpatient care at the NMAPE
named after P.L. Shupik. 422 patients participated in the survey. In the third stage, on the basis of the
formed database of the interviewed patients, the correlation between the reproductive health indicator
of men with CIUT and the main factors that determine it is established. In the next stage, factor
variables were identified and prognostic models of the probability of fertility decline among men with
CIUT were constructed. The system of key indicators for the impact on men's reproductive health due
to the transfer of CIUT is grouped into five blocks: socio-demographic characteristics; history of sexual
system diseases; maintaining a healthy lifestyle; features of sexual life; actual semen parameters.
The greatest impact on the negative reproductive health of men who have a history of stroke has
demographic characteristics of patients and sperm parameters. Thus, men over 40 years of age with
a pathological sperm morphotype are more likely to have a decrease in fertility in the background or
after treatment with CIUT. In the course of the experimental calculations, it was found that the most
appropriate approach in identifying the factors influencing the future reproductive health of men is
to use linear prognostic models using structural variables. When constructing a prognostic model of
men's reproductive health, it was determined that the model was more adequate when combining the
factors of each of the five indicator blocks. As a result of identifying the most important factor variables
for their further use in the prognostic models of men's reproductive health, a stepwise regression
method with “joining” and “exclusion” was applied.

Keywords: reproductive health, chronic inflammation of the urogenital tract of male, mathematical
modeling.

Relevance of the issue. The issue of primary care that is demonstrated in achieving
promoting and preserving human health is the the best results based on scientific knowledge and
most important task of today, which is provided principles of evidence-based medicine [1; 2].
by comprehensive and integrated services of It is established that infectious-inflammatory
comprehensive, continuous and patient-centered pathology of the urogenital tract is the most
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common cause of fertility loss in married men in
Ukraine. Its share among other causes of male
infertility is 34.7% [4; 7].

There is a significant increase in chronic
pathology of the organs of the genitourinary
system, which is caused by a combined bacterial-
viral infection, such a pathology is more common
in men than in women [9; 12].

The purpose of the article. To statistically
evaluate the impact of chronic inflammation of
the urogenital tract and other related factors on
men's reproductive health, as well as predicting
the likelihood of future health.

Materials and methods. The research is
implemented in several consecutive stages.
In the first stage, a system of key indicators of
the impact on men's reproductive health, due to
the transmission of chronic inflammation of the
urogenital tract (CIUT), was developed by an expert
survey of family doctors, dermatovenereologists,
urologists. In the second stage, information
on key factors of influence was collected by
interviewing men during 2021-2024 by the
face-to-face method [3] during the admission of
patients at the clinical bases of the Department of
Family Medicine and outpatient care at the NMAPE
named after PL. Shupik. 422 patients participated
in the survey. In the third stage, on the basis of
the formed database of the interviewed patients,
the correlation between the reproductive health
indicator of men with CIUT and the main factors
that determine it is established. In the next stage,
factor variables were identified and prognostic
models of the probability of fertility decline among
men with CIUT were constructed [6; 8].

Research results. The system of key indicators
for the impact on men's reproductive health, due
to the transfer of HCTs, is proposed by the authors
to be grouped into five blocks:

A. Socio-demographic characteristics;

B. History of the reproductive system;

B. Maintaining a healthy lifestyle;

D. Features of sexual life;

D. The actual parameters of semen.

The main list of potential factor variables
included about 35 indicators, which could be
the basis for building adequate statistical and
mathematical models for assessing men's
reproductive health.

Based on the defined indicator system, a survey
tool (questionnaire) was developed and used in
the patient survey.

Based on microdata surveys, a number of
statistical models have been constructed to reflect
the relationship between reproductive health
indicators for men with CIUT, taking into account
a number of demographic, social, medical and
lifestyle factors, as well as sexuality characteristics.
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The following indicators were used as indicators
of men's reproductive health (dependent variables
in the model):

- Proportion of reproductively healthy males
(control group) - males without signs of HCT
(about 29% of respondents);

- the proportion of fertile men - those who
were ill with CIUT, but the disease did not affect
the ability to have children (about 41%);

- the proportion of infertile men - men who
have had a decrease in reproductive capacity due
to the disease with CIUT (about 30% of persons).

In the course of the experimental calculations,
it was found that the most appropriate approach
in identifying the factors influencing the future
reproductive health of men is to use linear
prognostic models using structural variables.

The general appearance of the model with
structural variables is given by the formula:

H =B, +B,b, +B,b, +...+B,b, ,

where H - is the empirical level of reproductive
health of men with CIUT;

b, - binary variables (age, existing illnesses,
bad habits, etc.),i=1,2,..., n;

B, - a free member who has the value of
reproductive health of men with CIUT that
corresponds to the zero values of all binary
variables;

B, - regression coefficients that reflect the
influence of the factor variables included in the
model (when b;=1) to the empirical level of
reproductive health of men with CIUT, i=1,2,..,n.

It should be noted that in predictive models with
structural variables, all factor traits are binary
variables, which means that they take values of 0 or 1.

The ability of a model to describe a realistic
situation regarding the existence of a relationship
between performance trait and factor variables is
determined by the adequacy of the model. At the
same time, the main characteristics of the model
quality are the coefficient of determination R2,
F - ratio, t — statistics [8]. The general appearance
of the model with structural variables is given by
the formula:

H=p,+B,b, +B,b,+...+B.b, ,

where H - the empirical level of reproductive
health of men with CIUT;

b, - binary variables (age, existing illnesses,
bad habits, etc.), i=1,2,..,n;

B, - @ free member who has the value of
reproductive health of men with CIUT that
corresponds to the zero values of all binary
variables;

B, - regression coefficients that reflect the
influence of the factor variables included in the
model (when b, =1) to the empirical level of
reproductive health of men with CIUT, i=1,2,..., n.
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It should be noted that in predictive models
with structural variables, all factor traits are binary
variables, which means that they take values
of 0 or 1.

The coefficient of determination R® characterizes
the proportion of change in the productive feature
(variance of the productive feature), which is
explained by the prognostic model. The higher
the value R?, the closer the relationship between
the resultant and factor traits (the relationship is
measured from 0 to 1). F - Fisher's criterion is
used to evaluate the significance of differences
in variance series variances. If the values of the
coefficient of determination R®* Ta F - Fisher's
criterion exceed the corresponding critical values,
this is an indication of the significance of the
relationship between the resultant and factor
traits, and the model is adequate.

t - statistics characterize the degree of
significance of individual coefficients for the
factor variables included in the model and they
are significant if their values exceed the standard
error by more than 2 times the module.

When constructing a prognostic model of men's
reproductive health, it was determined that the
model was more adequate when combining the
factors of each of the five indicator blocks.

The analysis of the scatter histograms and
paired correlation coefficients (r), as well as a
series of statistical transformations and derivatives
of relative indicators, highlighted 20 indicators that
could be used as factor variables to characterize
the future reproductive health of men. It should
also be noted that for the sake of comprehensive
coverage of impact factors, factor variables were
selected in such a way as to ensure that all five
blocks of indicators are represented.

The following is an example of a list of selected
indicators and the corresponding paired correlation
coefficients to predict the likelihood of decreased
reproductive ability among men with CIUT
(by indicator blocks).

Indicators of Unit A
characteristics”:

- men 40 years and older (r = 0,423);

- body mass index above 29.5 (r = 0.118);

- Higher education (r = -0,112).

Indicators of Unit B "Medical History of the
Disease":
prostatitis recovered (r = 0.299);
presence of STDs (r = 0,256);
chlamydia recurrences (r = 0.246);
herpes simplex virus (on the waist gene)
(r =0,351).

Indicators of Unit C "Maintaining a Healthy
Lifestyle":

- the presence of bad habits (smoking,
drinking) (r = -0,204);

“Socio-demographic

- daily consumption of alcoholic beverages
(r = 0,095);

- sedentary
(r = 0,180);

- no physical activity (r = 0,180).

Indicators of Unit D "Features of Sex Life":

- presence of one permanent sexual partner
(r=0,117);

- irregular intercourse (2 times a month and
less) (r = 0,101);

- lack of physical
intercourse (r = 0,215);

- absence of children (r = 0.118).

Indicators of Unit E "Actual Sperm Parameters":

- pathological morphotype of sperm (r = 0,401);

- leukocyte disproportion in semen (r = 0,310);

- leukocytospermia (r = 0.300);

- the presence of pathological forms of sperm
(r = 0,208).

Given the limitations of the factors that can be
included in the model without loss of adequacy
parameters, as well as the importance of each of
the selected factors, the author has assembled an
expert team to discuss key indicators. According
to certain blocks of indicators, the expert group
identified the main criteria for the study of male
reproductive health:

- Age and mass index;

- A history of STDs and prostatitis;

- Physical activity and consumption of alcoholic
beverages;

- Regularity of sexual intercourse and absence
of children;

- Sperm morphotype
leukocytes in sperm.

In Fig. 1 shows the indicators that negatively
affect the fertility of men in the presence of HCT in
anamnesis, in accordance with the degree of their
impact according to the estimates of the expert
group.

Thus, according to the data presented in Fig. 1.
It should be noted that the greatest impact on the
negative reproductive health of men with chronic
heart disease has demographic characteristics
of patients and sperm parameters. Thus, men
older than 40 years with a pathological sperm
morphotype are more likely to have a decrease in
fertility in the background or after treatment with
CIUT [5; 13].

As a result of identifying the most important
factor variables for their further use in the
prognostic models of men's reproductive health,
a stepwise regression method with "“joining”
and “exclusion” was applied. At the same time,
in order to avoid autocorrelation between the
factors included in the model, the rules that in the
final model should be presented indicators from
different blocks are observed.

lifestyle over 8 hours a day

pleasure from sexual

and proportion of
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
m Age (over 40)
m Absence of children
m Pathological morphtype of sperm
1 A history of STDs
® Disproportion of leukocytes in sperm
W Irregular sexual intercourse (2 time a month and less)
i A history of prostatitis
Body mass of index above 29.5
Daily consumption of alcohol

Lack of physical activity

Figure 1 — Key indicators of a negative impact on male fertility
in the presence of HRT in history

Source: Compiled by the authors as estimated by the expert panel
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Based on the results of the analysis, it is
determined that the most appropriate models are
the interconnections built for the indicator "Share
of infantile men" as a dependent variable.

The author proposes two equivalent models,
with an acceptable level of significance of the
coefficients of the model and its adequacy as a
whole, but at the same time, the set of factor
traits is different.

The prognostic model-1 for the likelihood of
impaired reproductive ability in men with CIUT:
(H ,,) includes the following variables:

b, - a man aged 40 and over (the variable
assumes a value of "1" - if a man aged 40+ years;
a variable takes the value of "0" - if a man is under
40 years;

b, - in the past, a man became ill with
prostatitis ("1" - yes; "0" - no);

b, - the man does not exercise ("1" - yes;
"0" - no).

b, - the man has no children ("1" - vyes;
"0" - no);

b, - leukocyte disproportion in sperm is

present ("1" yes; "0" no).
The final look of the model:
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Hia = 0,178+0,123-b, +0,206 - b, +
+0,036-b, +0,100- b, +0,237 - b,

(R2 =0,827 R}, =0,316 )
F=306 F,=28

The critical values of the given model quality
characteristics correspond to the 95% probability
of correlation between performance and factor
variables.

Since the actual values of the coefficient of
determination of R? and F - ratio significantly
exceed their critical values, there is reason to
argue that the relationship between the resultant
and factor traits is adequately described by the
equation obtained. The proximity of actual R? to
one means that the association between dense
traits, factor variables selected, accounts for 82.7%
of the variation in the likelihood of reproductive
health decline in men with CIUT.

The set of traits numbered 25 corresponds to
the men with the highest likelihood of decreased
reproduction: these are men 40 years of age
and older (since b, = 1), who have prostatitis
(since b,= 1), do not exercise (since b,= 1),
have no children (since b,= 1), leukocyte
indices in sperm indicate disproportion (since
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b, = 1). Ana uMx YONOBIKiB MMOBIPHICTb 3HMXKXEHHS
penpoayKTUBHOCTI cTaHOBUTL 88,0%.

For these men, the likelihood of a decrease in
reproduction is 88.0%.

Thus, depending on the set of patient
characteristics, the likelihood of decreased
reproductive performance among them in the
model - 1 ranges from 17.8 to 88.0%.

The prognostic model-2 for the likelihood of
impaired reproductive ability in men with CIUT
(H,,)includes the following variables:

b, - body mass index above 29.5 ("1" - yes;
"0" - no);

b, - in the past, a person was ill with STD
("1" - yes; "0" - no);

b, - a man consumes alcoholic beverages daily
("1" - yes; "0" - no);

b, - irregular sexual relations (twice a month
and less) ("1" - yes; "0" - no);

b, - morphotype of sperm pathological ("1" -
yes; "0" - no).

The final look of the model:

Hira = 0,187 +0,103-b, +0,215-b, +
+0,058-b, +0,071-b, +0,287-b,

(R2 -0,687 R?,=0,306 )
F=282 F,=28

The proposed model is adequate to the actual
values of the model's quality characteristics for
95% probability. The association between the
likelihood of impaired reproductive ability among
men with CIUT and factor variables is dense and
explains 68.7% of the variation in the outcome
variable. Another 31.3% of the variation is due to
factors not included in the model.

The 24 feature set corresponds to men with
the highest likelihood of decreased reproductive
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performance: these are men with a body mass
index above 29.5 (since b, = 1), who have had
STDs in the past (since b, = 1), who drink alcohol
daily (since b, = 1), have irregular (2 times a
month and less) sexual relations (since b, = 1),
with pathological morph type of sperm (since
b, = 1). For these men, the likelihood of a decrease
in reproduction is 92.8%.

Thus, depending on the set of patient
characteristics, the likelihood of reproductive
decline among them in the model - 2 ranges from
18.7% to 92.8%.

For convenience of using the results of
modeling and unifying approaches to the
treatment of patients, a scale for assessing the
likelihood of reproductive health decline in men
with chronic heart failure has been proposed.
The scale provides for the following classification
of patients:

- 0,0-0,30(or 0,0 - 30,0%) - low probability
of reproductive health disorders;

- 0.31-0.60 (or 31.0 - 60.0%) - the average
probability of reproductive health disorders;

- 0.61 - 0.93 (or 61.0 - 93.0%) - high
probability of reproductive health disorders.

The results of the testing of the scale of
assessment based on patient data gave the
distribution shown in Fig. 2.

The data presented in Fig. 2. Evidence of
sufficiently close patient distributions on the
scale of the likelihood of male reproductive health
disorders in both variants of the prognostic
models (the relationship between the distributions
is 0.874). This indicates that, if the necessary
information is available, the proposed models
can be equally used in the planning of treatment
regimens for men with CIUT.

High 21,8
I 7.2
_— 46,6
edium
I, <.
5 31,6
I -
0,0 10,0 20,0 30,0 40,0 50,0 60,0
Model-1 B Model-2 The proportion of patients, %

Figure 2 - Distribution of patients by likelihood of reproductive health
disorders in the presence of CIUT according to the rating scale
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However, it should be borne in mind that
Model 1, like Model 2, do not cover the whole set
of factors that determine the reproductive health
of men with HCT. Recall that model - 1 describes
82.7% of the variation in the resultant variable,
while model - 2 describes only 68.2%. Therefore,
the impact of a number of factors is beyond the
model. According to the author, among other
factors significant influence are other, not included
in the model, semen parameters, which should be
taken into account comprehensively in determining
the treatment regimen of patients. This involves

considering both the sperm morphotype and the
leukocyte fraction in the sperm.

Conclusions. 1. Medical, social characteristics
and spermatological data should be included to
evaluate the reproductive health of men with a view
to comprehensively assessing the reproductive
health of men with CIUT.

2. In the practice of the family doctor, it is
advisable to use prognostic models of reproductive
health disorders for men with CIUT not only for
diagnostic but also for therapeutic and prophylactic
purposes.
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PENMPOAYKTUBHE 340POB’'AA YOJ10OBIKIB
I3 XPOHIMHUAM 3AMNAJIEHHSAM CEHOCTATEBMUX LWWIAXIB

LlinopeHko Ceprin FOpinoBnu
AOKTOp MEANYHUNX HAYK

3aCTyMNHUK AMpeKTopa

KoBaneHko Onbra €BreHiBHa
OOKTOp MeanuyHuX Hayk, npodecop,

HavioHanbHWi yHIBEPCUTET OXOPOHU 3A40poB’s imeHi 1.J1. LLlynuka

LleHTp nepBuHHOI MeanKo-caHiTapHoi gornomorn N°2 [1oainbCbKoro parioHy M. Kuea

3aBigyBay Kadeapu ciMerHoi MeauumMHn Ta aMbynaTopHO-NOAiIK/IHIYHOT AONOMOrK
HauioHanbHWii yHiBEpCUTET OXOPOHM 340p0oB’s imeHi I.J1. LLynvka

AHoTauia. B craTTi 34iMcHeHo cnpoby CTaTUCTUYHO OUIHWUTM BMJIMB XPOHIYHOrO 3ananeHHs
YPOreHiTasbHOro TpakTy, @ TaKOX iHWMX CYNyTHIX (aKTopiB Ha penpoAyKTMBHE 340POB’s YOJIOBIKIB, a
TaKoX MpPOrHO3yBaHHSA MMOBIPHOCTI 6yTn 340poBMM B MalibyTHbOMy. CMCTEMA K/IHOHOBUX IHAMKATOPIB
BM/JIMBY Ha PenpoAYKTMBHE 340pOB’S YONOBIKiB, BHACNIAOK MNEpPEHECEHHS XPOHIYHOro 3ananeHHs
yporeHiTanbHoro TpakTty (X3YT) 3rpynoBaHo y N'aTb 6/10KiB: couianbHO-aAeMorpadiyHi XxapaKkTepuCcTmKu;
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XBOpobu cTaTeBOi CUCTEMM B @aHAMHE3i; AOTPMMAHHS 340POBOro CNocoby XuTTsa; 0cobanBOCTI CTaTEBOro
XKUTTS; PaKkTUYHI napameTpu cnepmu. Hanbinbwnii BNAMB Ha HeEraTMBHE PEnpoAyKTUMBHE 340pPOB’SA
YOJIOBIKIB, AKi XBOPiM Ha X3YT MatTb AeMorpadiduHi XapakTepUCTUKKN NaLiEHTIB Ta NapaMmeTpu cnepmu.
Tak, 4onoBikn ctaple 40 pokiB 3 natanoriyHMM MOpdOTUNOM CNepMaTo30i4iB 3 BUCOKOK MMOBIPHICTIO
MaTUMYTb 3HWXEHHS PepTUIbHOCTI Ha doHi abo nicnsa nikyBaHHA X3YT. B xoai ekcnepuMeHTanbHMUX
pO3paxyHKiB BCTAHOBJIEHO, WO HaWbinbw NPUNHATHUM MNiAXOAOM Y BWUSBNEHHI YWHHUKIB BMAWBY Ha
ManbyTHE penpoAyKTUBHE 340POB’S YOOBIKIB € 3aCTOCYBaHHSA NiHIMHMX MPOFHOCTUYHUX MoAenewn 3
BUKOPUCTAHHAM CTPYKTYPHUX 3MiHHMX. py nobyaoBi NPpOrHOCTUYHOI MoAeni CTaHy penpoAyKTUBHOIO
340pOB’S YO/OBIKIB BU3HAYeHO, Wo MoAesnb € 6inbll aAeKBaTHO NPU NOEAHAHHI PaKTOPiB KOXHOMo 3
n'aTn 6n0KiB iHAMKATOPIB. 3a pe3ynbTaTaMu BUSBMAEHHS HaNbinbw BaroMmx MakTOPHUX 3MIHHUX AN
X NOAanbLWOro BUKOPUCTAHHSA B MPOrHOCTUYHUX MOAeNsaX CTaHy penpoAyKTUBHOIO 340POB’S YONO0BIKiB
3aCTOCOBaHO MeToA MOKPOKOBOI perpecii 3 “npuegHaHHaM” Ta “BUKIOYEHHSM”. 3amnpornoHOBaHi
OBi piBHO3Ha4yHi mMogeni Ans po3paxyHKYy WMMOBIPHOCTI 3HWXXEHHS PpenpoAyKTUBHOI 34aTHOCTI cepea
yonosikiB 3 X3YT 3 NPUAHATHUM piBHEM 3HAUYLWOCTiI KoedilieHTiB Moaeni Ta il aAeKBaTHOCTI B UinoMy,
BogHo4ac, npote Habip PakTOPHUX 03HAK Y HUX € Pi3HUM. 115 3pyYHOCTI KOPUCTYBaAHHA pe3y/ibTaTaMu
MoZeNtoBaHHA Ta YyHidikauii miaxoaiB A0 NikyBaHHS Maui€HTIB, 3anponoHOBaHa LWKana OUiHIOBAHHS
MMOBIPHOCTI 3HMXXEHHS PenpoAyKTUBHOIO 340POB’S YOMOBIKiB 3 X3YT.

Knro4yoBi cnoBa: penpoayKTMBHE 340POB’A, XPOHIYHE 3ananeHHs YpOreHiTanbHOro TpakTy
YOJIOBiKiB, MaTeMaTUyHe MOAE/TIOBAHHS.

Cmammas Haoditiwna 0o pedakyii 16.09.2024
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