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INTRODUCTION
Patients with various forms of chronic rhinosinusitis 
(ChRS) are the dominant part of patients with ENT pa-
thology who are currently seen as outpatients by family 
doctors and otolaryngologists. Chronic rhinosinusitis is 
a broad concept that includes a number of diagnoses. It 
is defined as “infection of the sinuses and Schneiderian 
membrane lasting more than 3 months (or 12 weeks) 
per year.” In most cases, this category of patients in the 
period of exacerbation of the disease requires not only 
hospitalization with intensive conservative therapy, but 
also quite often – surgical intervention.

In particular, among the entire population of the Unit-
ed States, chronic rhinosinusitis is currently diagnosed 
in 15.5% and for many years it has been considered the 
second most common among all chronic pathologies 
[1-3]. According to other data, from 5% to 15% of the 
population in different countries suffers from chronic 
rhinosinusitis in its various forms [4-6]. It is worth noting 
that from year to year this problem ceases to be only 
medical, but becomes social and financial – it causes 
a long-term decrease and loss of working capacity of 

patients, leads to significant material burdens on the 
patient and the state [7, 8].

In the structure of sinusitis, 56-73% are lesions of the 
maxillary sinus due to its large volume, high natural 
anastomosis and close contact with the roots of the teeth 
(premolars of the upper jaw) [9]. At the same time, the 
frequency of chronic sinusitis of the maxillary sinus is 5 
times higher than for the example of the frontal sinus [10].

Despite modern surgical methods of treatment, 
postoperative complications and recurrences of the 
disease requiring reoperation are still observed in 18% 
of patients during long-term observation [11].

That is why the issue of predicting potential relapses 
of chronic rhinosinusitis depending on its form of man-
ifestations remains open and relevant. The creation of 
appropriate prognostic mathematical models will make 
it possible to timely and reliably diagnose the occur-
rence of complex forms of CRS and their relapses, and 
may also be one of the options for solving the current 
problem of effective treatment of ENT diseases.

At present day, the examples of effective applica-
tion of multivariate regression analysis in medicine 
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are the works of Musiienko V. et al.; Musiienko V. et 
al.[12, 13].

Prognostic factors of recurrence of polyps in chronic 
rhinosinusitis are also considered in the work of Jun-
qin Bai et al. [14], and early postoperative endoscopic 
evaluation with eosinophilic chronic rhinosinusitis was 
carried out in the work of Kosuke Akiyama, Yasushi 
Samukawa, Hiroshi Hoshikawa[15].

THE AIM
The aim of the work is to propose an approach to fore-
casting the risk of recurrence of chronic rhinosinusitis 
in patients based on multivariate regression analysis for 
timely, convenient and accurate diagnosis while carry-
ing out effective treatment and preventive measures in 
ENT departments (otolaryngology departments).

MATERIALS AND METHODS
We examined 104 patients aged 18 to 80, including 58 
women and 46 men, with a diagnosis of chronic rhinosi-
nusitis, who were undergoing inpatient treatment in the 
otolaryngology department of the Ternopil Regional 
Hospital under Ternopil Regional Council. The average 
age of the patients was 45 years, and the duration of 
the disease varied within 5-8 years.

All patients signed an informed consent to participate 
in the study. After receiving the opinion of the ethics 
commission at Ivan Horbachevsky Ternopil National 
Medical University (minutes No.63 dated March 16, 
2020), the study was conducted in compliance with all 
moral and ethical principles, taking into account the 
Helsinki Declaration of the World Medical Association 
on Biomedical Research (World Medical Association 
Declaration of Helsinki).

All patients underwent a comprehensive clinical and 
laboratory examination, which included an examina-
tion, anamnesis collection, complete blood count with 
formula, biochemical blood analysis, and radiological 
examination (radiography of the paranasal sinuses, CT 
or MRI of the head).

According to a specially developed questionnaire for 
predicting the level of recurrence of CRS, all patients 
were surveyed, which included 15 risk factors for the 
development of ChRS: age, gender, environmental 
living (working) conditions, nasal septum deviation, 
presence of an allergic component, carious or damaged 
teeth (upper premolars), nasal or facial skeleton injuries, 
the presence of leukocytosis (according to the leuko-
cyte formula), the ESR level, the presence of diagnosed 
diabetes, the level of glycemia, the degree of bronchial 
asthma, radiological signs, smoking, and the incidence 

of SARS during the last 12 months, and their gradation 
was established from numerical values.

Construction of a prognostic model of the risk of 
ChRS recurrence was carried out using multivariate 
regression analysis. The statistical processing of the 
obtained research results was carried out using the 
statistical package Statistica 10.0 and the table editor 
Microsoft Excel 2019.

RESULTS
The method of multivariate regression analysis for pre-
dicting the recurrence of ChRS, taking into account the 
most informative factors and variants of their severity, 
makes it possible to create a mathematical model for 
predicting this disease. The use of this method makes it 
possible to predict the possibility of recurrence, which 
helps in the development of effective methods of treat-
ment, prevention of the development and progression 
of the pathology.

104 patients diagnosed with various forms of ChRS 
were examined using a specially developed question-
naire to predict the recurrence of ChRS, the average age 
of the examined was 45 years. The gender component 
was 58 women and 46 men.

Probable factors of the occurrence of chronic rhinosi-
nusitis were selected to build a multifactorial regression 
model for predicting the recurrence of ChRS. With the 
help of multivariate regression analysis, 14 possible 
factors for the occurrence of ChRS were analyzed: age, 
gender, environmental living (working) conditions, 
nasal septum deviation, an allergic component in the 
anamnesis, the presence of carious or damaged teeth 
(upper premolars), leukocytes, white blood compo-
nents, erythrocyte sedimentation rate (ESR), presence 
of diabetes, glycemic level, radiological signs, smoking, 
respiratory diseases during the last 12 months.

To assess the significance of the influence of factor 
characteristics, a stepwise multivariate regression anal-
ysis was performed in Statistica 10.0 program. First, a 
correlation matrix was obtained, in which the absence 
of pairwise correlation coefficients greater than 0.7 
was established. Thus, the presence of multicollinear 
factors of ChRS recurrence gives reason to use all 14 
above-mentioned factors to build a regression model. 
The next stage was the calculation of the regression 
coefficients “b” (Beta), which reflect for each selected 
factor the relationship regarding the impact on the 
development of ChRS recurrence in the examined 
patients. The result of obtaining significant factors for 
predicting ChRS recurrence when performing multi-
variate regression analysis in Statistica 10.0 program is 
shown in fig. 1.



Maksym Herasymiuk et al. 

930

Table I. Significant risk factors for ChRS recurrence.

Name of factors

Conventional 
designations of factors 

in the mathematical 
forecasting model

Factor ranges and names of their possible variants
Numerical 
values of 

factor ranges

Age Х1

18-25 0
25-44 1
44-60 2
60-75 3
75-90 4

Gender Х2
M 1
F 2

Ecological 
living (Working) 

conditions
Х3

Maternity leave/ Does not work/ Pensioner/ Disabled  
of II-III grade 1

Nurse/ Doctor 2
Student/ Educator/ Junior researcher/ Teacher/ Lecturer/ 

Librarian/ Accountant/ Leading specialist/ Manager/ Engineer/
Private entrepreneur/Operator

3

Barista/ Waiter/ Make-up artist/ Salesman/ Cook/ Cleaner/ 
Watchman/ Driver/ Plant worker/ Warehouse administrator/ 

Foreman/ Tractor driver/ Police inspector/ Storekeeper/ Carpenter/ 
Crane operator

4

Nasal Septum 
Deviation Х4

1/3 of nasal meatus 1
2/3 of nasal meatus 2

Completely 3
S-shaped 4

Allergic 
component Х5

No 0
Yes 1

Carious (damaged) 
teeth (premolars) Х6

1 tooth 1
2 teeth 2
3 teeth 3

Components of 
white blood Х7

Normocytosis 0
Eosinophilic leukocytosis 1
Basophilic leukocytosis 2
Monocytic leukocytosis 3
Neutrophil leukocytosis 4

Lymphocytic leukocytosis 5

ESR level Х8
Norm 0

Increased 1

Presence of 
diabetes Х9

Absent 0
Diabetes of I type 1
Diabetes of II type 2

Glycemic level Х10

Nrml 3.3-5.5 mMol/L 0
Light 6.7-8.2 mMol/L 1

Medium  8.3-11.0 mMol/L 2
Severe more than 11.0 mMol/L 3

X-ray signs (CT, 
MRI) Х11

Swelling of the mucous membrane 1
Fluid level 2

Cyst 3
Foreign body/ Mycetoma 4

Tumor process/ Osteoma/ Polyps 5

Smoking Х12
No 0
Yes 1

Flu infection Х13
Wasn’t sick 0

1-2 times a year 1
3-4 times a year or more 2
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The risk factor “Leukocytes” with a significance level 
of p=0.15 was excluded from further analysis. Since the 
significance levels of thirteen risk factors were less than 
0.05, they were included in the mathematical model for 
predicting ChRS recurrence.

After constructing the correlation matrix excluding 
leukocytes, there were also no multicollinear factors, as 
there were no pairwise correlation coefficients greater 

than 0.7. Therefore, all 13 factors, except leukocytes, 
were used to construct a multivariate regression model. 
The result of obtaining significant factors for predicting 
recurrence of ChRS without taking into account leuko-
cytes is shown in fig. 2.

So, among the 14 analyzed factors in Statistica 10.0 
program (fig. 1), the 13 most significant risk factors 
that have the greatest influence on the development 

Fig. 1. The result of obtaining significant factors for predicting ChRS recurrence when performing multivariate regression analysis in Statistica 10.0 program.

Fig. 2.The result of obtaining significant factors for predicting recurrence of ChRS in Statistica 10.0 program without taking into account leukocytes.
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Fig. 3. Histogram of the residual deviations of the multi-
variate regression model for predicting ChRS recurrence.

Fig. 4. Normal-probability graph of the residual deviations 
of the multivariate regression model for predicting ChRS 
recurrence.

Fig. 5. Scatter diagram of the residual deviations of 
the multivariate regression model for predicting ChRS 
recurrence.
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Based on the obtained results, we note that the re-
siduals relative to the predicted values   are scattered 
chaotically, which indicates the absence of dependence 
on the predicted values   of the risk of ChRS recurrence. 
Histogram and normal-probability graph confirm the 
residual deviations corresponding to the normal distri-
bution law. Therefore, the obtained model for predicting 
the risk of recurrence of ChRS is qualitative and adequate.

The next step was to assess the acceptability of the 
model as a whole, for which we conduct an ANOVA 
analysis (Fig. 6). Analyzing the obtained data, we can 
conclude about the high level of acceptability of the 
model for predicting the risk of ChRS relapse in general 
using ANOVA analysis, since the level of significance is 
p<0.001, and the model itself will work better than a 
simple forecast using average values.

For an additional assessment of the quality of the 
mathematical model of RRChRSR, the Nigelkirk coeffi-
cient of determination (R2) was analyzed, which shows 
what part of the factors is taken into account during 
forecasting. It is considered as a universal measure of 
the relationship of one random variable with others. 
The coefficient of determination varies from 0 to 1. 
The closer its value is to “1”, the better the multivariate 
regression model. The coefficient of determination in 
the proposed mathematical model of the RRChRSR is 
R2=0.987 (in Statistica 10.0 program R?= .98776607 (Fig. 
2)). So, in our case, 98.7% of the factors are taken into 
account in the model for predicting the risk of ChRS 
recurrence.

The coefficient of determination indicates how well 
the obtained observations confirm the mathematical 
model.

DISCUSSION
The use of the mathematical model proposed by us, 
which takes into account possible risk factors for the de-
velopment of ChRS recurrence, provides the possibility 
of early prediction of potential complications and the 
probability of disease relapse. This, in turn, contributes 
to early diagnosis and the choice of more effective and 
less harmful methods of ChRS treatment.

of recurrence of this pathology were selected: X1 – age; 
X2 – gender; X3 – ecological living (working) conditions; 
X4 – nasal septum deviation; X5 – allergic component in 
anamnesis; X6 – presence of carious or damaged teeth 
(upper premolars); X7 – components of white blood; 
X8 – erythrocyte sedimentation rate; X9 – presence of 
diabetes; X10 – glycemic level; X11 – X-ray signs; X12 – 
smoking; X13 – respiratory diseases during the last 12 
months. Significant risk factors for CRS recurrence are 
listed in Table I.

Based on the results of the multivariate regression 
analysis of predicting the level of recurrence of ChRS, 
which are shown in fig. 2, we build a mathematical 
model for determining the risk ratio of ChRS recurrence 
(RRChRSR):

RRCRSR = Х1*0.059+Х2*1.112+Х3*0.968+Х4*1.029
+Х5*1.114+Х6*1.049+ +Х7*1.031+Х8*0.039+Х9*1.07
5+Х10*0.362+Х11*1.012+Х12*1.161+X13*0.92-3.022,

where RRChRSR is the risk ratio of ChRS recurrence;
X1-X13 – selected risk factors for ChRS recurrence with 

regression coefficients; 
3.022 is a constant.

To assess the quality of the regression model, it was 
necessary to analyze the residual deviations, in partic-
ular to obtain their histogram (Fig. 3). As can be seen 
from the obtained histogram, the residual deviations 
are distributed symmetrically, approaching the normal 
distribution curve of the residuals, therefore the statis-
tical hypothesis that their distribution conforms to the 
normal distribution law is not rejected.

In order to additionally confirm residual deviations 
from the normal distribution law, a normal-probability 
graph was constructed (Fig. 4). Analyzing its data, we 
note the absence of systematic deviations from the 
normal-probability straight line. This makes it possible 
to conclude that the residual deviations are distributed 
according to the normal distribution law.

To check the dependence of the residual deviations 
on the predicted values, we construct a scatter diagram 
(Fig. 5).

Fig. 6. Analysis of the coefficient of determination of the multivariate regression model for predicting ChRS recurrence.
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formula, will be based on the further prevention of the 
development of the progression of the disease.

Based on the obtained results, including the joint 
influence of socio-economic and medical-biological 
factors in patients with ENT diseases, it will be pos-
sible to use a mathematical model for the design of 
an information-diagnostic system for evaluating and 
predicting ChRS recurrences. In the following studies, it 
is necessary to conduct ROC analysis to determine the 
sensitivity, specificity, and accuracy of the proposed 
mathematical model for predicting ChRS recurrences.

CONCLUSIONS
1.  The proposed mathematical model, which takes into 

account risk factors for the development of ChRS 
recurrence, makes it possible to predict potential 
complications and the possibility of recurrences of 
the disease in advance.

2.  This model will make it possible to reduce the num-
ber of ChRS recurrences and to develop algorithms 
for postoperative therapy with the aim of further 
prevention of disease progression.

3.  In the future, the obtained results can be used to 
design an information-diagnostic system for evalu-
ating and predicting the recurrence of ChRS, which 
develops as a result of the joint influence of a number 
of socio-economic and medical-biological factors in 
patients with ENT diseases.

The results of our research closely similar European 
studies conducted earlier. For example, you can take the 
SNOT-22 questionnaire, which includes 22 questions, 
each of which is evaluated on a 5-point scale (from 0 
to 5 points depending on the degree of manifestation 
of symptoms), which helps to assess the quality of life 
and complaints of patients with ChRS [16]. Traditionally, 
the most pronounced symptoms of the disease are im-
paired nasal breathing, discharge from the nasal cavity, 
impaired perception of smells, pain in the face [17].

One of the modern methods of ChRS treatment is 
functional endoscopic sinus surgery (FESS), which is 
based on the principles of maximum preservation 
of the functional anatomy of the nasal cavity. This 
contributes not only to faster recovery, reducing the 
number of postoperative complications, but also to 
improving the quality of life of patients during the entire 
postoperative period [18]. Functional endoscopic sinus 
surgery (FESS) is currently the most effective treatment 
for drug-refractory chronic sinusitis, with symptom-
atic improvement reported in approximately 90% of 
patients [19]. However, despite the high efficiency of 
FESS, postoperative complications and disease recur-
rences requiring reoperation are still observed in 18% 
of patients during long-term follow-up [11]. Therefore, 
the application of the mathematical model developed 
by us creates the possibility of reducing the number 
of ChRS recurrences, and the development of postop-
erative therapy algorithms, based on the results of the 
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