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Abstract
Urogenital infections are a global health burden all over the world. The combination of
general “aging” of the population and improvement of diagnostic capabilities led to a surge in
the detection of diseases of the urogenital sphere, much of which have viral etiology. An
increase in the load on doctors of the urological profile, especially working at outpatient units,
dictates the need to improve the efficiency of their work. The use of mathematical modeling
methods in the study of medical records of 600 men with urogenital diseases made it possible
to ascertain the seasonality of requests for medical help, as well as to create a prognostic
model, the use of which suggests the possible number of referrals for patients with abacterial
prostatitis of viral etiology during any month of the next year.
Key words: urogenital infections; mathematical modeling; Gaussian distribution;
second degree polynomial.

Today the problem of formalization of urological medical tasks remains urgent. Its
value is especially growing in terms of application of the principles and methods of evidencebased medicine not only for timely identification of the patient’s state but also, accordingly,
for reliable and accurate diagnosis in urological practice. There are two important trends in
modern medicine. Due to life prolongation, the mass share of diseases incident to elderly,
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increases. At the same time, there is an increase in the proportion of these diseases detected
due to improved diagnostic capabilities at a younger age [1]. These trends also include such a
significant field as urology. Diseases of the genitourinary system are becoming more
common, and given their impact on the patients’ quality of life, create new challenges for
doctors of all levels. Therefore, the new data that will accelerate the diagnostic and treatment
process are very relevant.
Among infectious diseases of the genitourinary system, an important role in the
prevalence and frequency of visits to the doctor is played by lesions of its lower parts, the socalled urogenital infections (UGI). The range of UGI pathogens is extremely wide, including
bacteria, fungi, protozoa, viruses [2, 3]. However, it is viral lesions that come to the fore,
including due to the spread of modern research methods. They can be both an independent
etiological factor and a trigger mechanism for the development of diseases caused by
opportunistic flora [4]. As a result, primarily the most vulnerable parts of the genitourinary
system suffer, and the most common forms of urogenital diseases, urethrites and prostatites,
proceeds [5]. Of all the variety of viruses known as the etiological factor in lesions of the
genitourinary system, herpesviruses take up aan important place [6, 7].
In general, herpesvirus lesions are attracting increasing attention of the scientific
community. Their role in the development of diseases of many organs and systems has been
proved. The variety of manifestations of the disease, the tendency to long-term and constant
recurrence determine the need to advance our knowledge about Herpesviridae family and this
concerns representatives of almost all medical specialties [8, 9, 10].
In the general structure of urological diseases, chronic prostatitis (CP), according to
various authors, lies in 2- 3rd place by prevalence rate. Among adult men aged 20-50 years, it
affects almost half, and in men over 50 years, about 30% of diseases are CP or its
combination with benign or malignant prostate tumors [11, 12]. At the same time, the
constant recurrence of the disease, microsymptoms, which persist for a long time,
significantly impair the quality of life, up to the development of psychosomatic disorders,
neuroses and depression [13, 14].
Given the complexity of UGI etiology, as well as the extraordinary diversity of
pathogenesis, the greater use of various statistical methods that are effectively employed to
correctly and accurately describe mass phenomena [15, 16] are necessary for further study
and formalization of the data.
Along with improvement of diagnosis and treatment of urological diseases, the general
problem of assessing and predicting the incidence of UGI more clearly outlines the systemic
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task of rapid, reliable and accurate diagnosis, which requires not only special medical but also
systemic adaptation [17].
The specificity of such tasks is in the interrelation of many conditional and
unconditional factors, which complicates their formalization and finding an adequate model
of diagnostic examination, and also significantly affects the results of the formation of control
effects on the patient in the form of appropriate action [18].
In order to quantify the impact and identify qualitatively significant etiological factors
of urological diseases manifestations, we conducted an expert survey among urologists. As a
result, one of the most informative factors of significant influence, which received a high
concordance coefficient in this group of experts (equal to 0.85), a chronobiological factor,
namely, the seasonality of the disease was called.
To study, establish and quantify the most significant factors influencing the
manifestations of UGI of herpesvirus etiology, we previously conducted a survey that showed
the importance of seasonality. This is a trend in the dynamics of which a pronounced and
certain frequency of urological diseases [19] exacerbation is clearly visible. Despite some
publications available in the literature, this topic, in our opinion, is still insufficiently studied
in relation to urology.
The objective: to study the chronobiological features (seasonal recurrence) of
manifestations and exacerbations of viral etiology prostatites. All the patients under
examination visited an outpatient urologist.
Materials and methods. The study was conducted during 2011 - 2015 and 2017 on
the basis of the polyclinic № 20 (Odessa, Ukraine) and contained the reports of an outpatient
urologist. The results of examination and treatment of 600 patients have been analyzed. Given
the presented data on comorbidities and the results of the examination, some of the initial
number of patients were excluded.
Exclusion criteria:
- the presence of urogenital pathology with dominant manifestations of another
etiological factor;
- severe somatic diseases;
- hepatocellular insufficiency;
- significant deviations of laboratory parameters: transaminases, creatinine levels,
electrolyte imbalance, etc.;
- hypersensitivity to any drug.
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Thus, 178 male patients were selected. They were diagnosed with prostatitis of viral
etiology (herpesvirus, cytomegalovirus or a combination thereof). The group under
examination consisted of 150 persons aged 18 - 65 y. o. (mean 33.0 ± 2.7). They completed
the outpatient course of treatment (2011 - 2015) in elective order. The predominance of a
certain social stratum was not revealed. The control group of patients was comparable to the
main one by age (p> 0.05) included 28 persons (2017).
All patients underwent a general clinical and laboratory examination: collection of
complaints and history, physical data, general analysis of blood and urine, determination of
serum biochemical parameters (levels of total protein, bilirubin, creatinine, urea, glucose),
tests to confirm herpesvirus etiology of the disease ( EIA, PCR), ultrasound of the abdominal
cavity and genitourinary system.
The data from fully completed in accordance with the existing guidelines forms were
evaluated.
The full data set had a minimum number of missed records and was 80 - 100% of its
content.
This circumstance allows us to consider the surveyed sample representative and
suitable for further statistical analysis. Determination of criteria and basic calculations were
performed using a statistical package demo version of the program Statistica-12 [1, 2, 13, 14].
Results and discussion. The distribution of the patients by age is shown in Table 1.
The evidence presented suggests that the largest group of the patients (almost a half) aged 20 29 y.o. This is the most mobile and socially active population group. The next most frequent
age group (30 - 39 y.o.), constituted almost a quarter of the patients under examination.

Table 1
Distribution of the patients by age, n = 150
Age
Up to 20
20 — 29
30 — 39
40 — 49
50 — 59
> 60
Всього

Number of persons
8
69
32
24
10
7
150

%
5,3
46,0
21,3
16,0
6,7
4,7
100

Quite a high percentage of patients in the older age group (50 - 65 years) can be
explained by seeking help due to recurrence of long-standing, insufficiently treated diseases.
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Table 2 shows the duration of the disease until one seeks for medical help separately for each
age group. According to the anamnesis, these values vary from 0.5 to 10 - 12 years.

Table 2
The average duration of the disease (years) in different age groups
Age group, years
Up to 20
20 — 29
30 — 39
40 — 49
50 — 59
> 60

Minimum value
0,5
0,5
1,5
1,5
2
2

Maximum value
1,5
3
5
7
10 — 12
9 — 12

When the age increases age, the maximum duration of the disease increases (p <0.05),
too. This is due to the predominant infection with herpesviruses at a young age, the long
course of the disease, accompanied by relapses. Patients with a disease duration of 1.5 years
or more indicate that they have previously been examined and treated, but without a positive
result. Recurrences of the disease, which are not accompanied by clear clinical manifestations,
in many cases were not taken into account by patients, which was also one of the reasons of
its chronicity.
We have obtained a significant amount of measurements under almost identical
conditions and they are independent of each other, but are characterized by the influence of
many factors of relatively low intensity, then, according to the law of large numbers, they
have Gaussian or close to it, distribution. Therefore, the next step in the study of sampling
parameters was to check the normality of the distribution of the number of patients (Fig. 1).
Verification of the sample by the Shapiro-Wilk test showed that the value of the
criterion is 0.9, p = 0.21> 0.05, i. e. the null hypothesis H0 is true (the distribution of the
obtained values does not contradict the Gaussian).
Since the distribution of patients by quantitative (age) is not exactly Gaussian, but is
sufficiently approximated by it, it is necessary to apply standard methods of mathematical
statistics to further describe the observed trends with some caution. However, there is
evidence that a deviation of 20 - 25% is not fatal, which corresponds to our results (deviation
within 10%). Thus, we can, without making a methodological error, use the methods of
parametric statistics.
In general, if we do not take into account the first group of patients aged 18 - 20 y.o.
and taking into account the normality test, there is a steady age trend of decreasing the
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number of patients, which according to experimental data using standard statistical programs
can be approximated by exponent Y = Aeex (- kt), where t is the time.
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Fig. 1. Graph for checking the normal distribution of the number of patients (confidence
probability 0.1)

According to our observations, the share of visits to the outpatient urologist for
prostatitis is from 46.2% to 58.0% per month of the total, and this is a fairly steady trend that
repeats from month to month and year to year, characterized by high values correlation
coefficient ranging from 0.78 to 0.94 (average correlation coefficient for the entire study
period 0.85). The distribution of the total number of prostatitis patients during the year,
expressed as a percentage, is presented in Table 3.
Table 3
Distribution in percent by months of prostatitis patients who sought urologist aid during
2011 – 2013
month
year
2011
2012
2013

1

2

3

4

5

6

7

8

9

10

11

12

6,9
5,1
5,5

5,5
6,1
5,3

5,5
5,1
5,8

8,3
7,7
7,9

11,2
9,1
11,9

12,5
11,5
12,1

12,8
12,8
12,8

8,3
12,8
9,1

8,3
9,2
8,4

6,9
7,8
8,2

8,3
7,7
7,4

5,5
5,1
5,6
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The table shows that these indicators are unevenly distributed throughout the year.
Thus, the largest number of appeals occurs in the summer months (p <0.05). Visualization of
the result of the process of identification of the data presented in Table. 3, is shown in Fig. 2.
On the abscissa axis are time intervals of observation (in months), and on the ordinate axis the percentage of visits to the urologist).
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Fig. 2. Dependence of the percentage of visits to urologist by prostatitis patients on the month
in the annual calculation (confidence interval 0.95)

We approximated by the statistical model in the form of a second-degree polynomial
(percentage of visits to the doctor in percentage terms) the patients' visits to the urologist
during the year with a confidence level of 0.95. Attendance rate (%) = 1.6 + 2.7 × t - 0.2 × t2
(1), where t is the number of the month in the year.
In order to build a predictive model, we conducted a structural and parametric
identification of the model of visits to the urologist. According to the first three years included
in the study, we built an approximate model (with a confidence interval of 0.95) of visits to
the urologist (according to formula 1), and in 2017 data we are testing it. The coefficients of
the model were obtained in the demo - version of Statistica-12 package by the standard
method of least squares in the sample 2011 - 2015.
Preliminary statistical analysis showed that the obtained model is adequate, since the
real data are within the confidence interval of the obtained model. This indicates that the
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general trend of patients with prostatitis seeking urologist’s aid does not change significantly
from year to year. For comparison, the projected values for 2017 and the actual data are
presented in Table 4.
Table 4
Comparison of calculated and real indicators of patients’ visits in 2017, percentage
month
indicator
Predicted
values
Real data

1

2

3

4

4,1

6,2

7,9

9,2

5,4

5,3

5,9

7,4

5

6

7

8

9

10

11

12

10,1 10,6 10,7 10,4

9,7

7,6

7,1

5,2

11,2 12,9 13,3

8,1

7,6

7,2

6,5

9,2

The studied model was obtained on the basis of structural and parametric identification
of the model of changes in the number of diseases depending on the calendar month. It was
tested on a control sample (on the incidence of 28 patients) according to Wilk's test and
proved its adequacy. The maximum forecast error was 12%.
As a result, the obtained model, assuming the validity of K. Shannon's hypothesis, can
be used for preliminary prediction when planning the work of the urological consulting room
for this type of disease, for any period of time, as the general trend of chronic prostatitis
morbidity during the year.
As seen from Fig. 2, the dependence of the number of diseases is fluctuating in nature,
with a pronounced maximum in the summer. This fact confirms the validity of the hypothesis
about the presence of periodicity and seasonality for this type of urological diseases.
Since it was found that there is a certain pattern in the patients’ seek for medical care
during the year, further, in order to find the period in the study data set, we, taking into
account the normality test, applied the spectral method (Fourier analysis) and obtained the
periodogram presented in Fig. 3.
In essence, this graph is an integral generalization of the whole set of data obtained
over three years, so to speak, "convolution". Due to the fact that it is not stretched for the
entire period of the study, but "folded" thrice, we can clearly distinguish the main patterns of
the process. The shift of the maxima of the periods occurs within the "noise" of the
measurements.
The type of changes in Fig. 3 indicates the repetitive nature of the process by months
(in the annual comparison period). Analyzing the obtained dependence on the time axis
(abscissa), it should be noted two characteristic, pronounced peaks, corresponding to 6 and
12-month periods. The peak, which corresponds to a period of 12 months, is of the greatest
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importance. The presence of the main maximum, corresponding to a period of 12 months,
indicates that the data obtained from the processing of patients' appeals have an annual
frequency and a pronounced seasonal component, and the time series itself is non-stationary.
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Fig. 3 Periodogram of patients' visits to the urologist (in months)

Conclusions. 1. The largest proportion of viral etiology prostatitis patients who sought
medical aid is between 20 – 29 y.o. The average duration of the disease increases with age.
2. Verification of the normality of the distribution proved that the methods of
mathematical statistics can be applied to the presented sample. Analysis and visualization of
the data obtained shows that the incidence increases from May to August, decreases in the
winter months and early autumn.
3. Patients' visits to the urologist were approximated by a statistical model in the form
of a second-degree polynomial. The results of testing the obtained model proved its
effectiveness and feasibility as a prognostic. The extrapolation functional - a polynomial of
degree 2, selected under the conditions of parametric statistics as a predictive model, provided
a fairly good approximation of the model to the empirical data in the selected confidence
interval with a significance level of 0.1.
4. In order to confirm the seasonality of fluctuations in medical care for patients with
prostatitis using a spectral method, a periodogram was constructed, which confirmed the
presence of annual periodicity.
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5. This trend is repeated annually with a high correlation (0.85). The shift of the
maxima of the periods occurs within the "noise" of the measurements.
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