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The purpose of the study was to elaborate on a prognostic model for predicting the development of abnormal 
uterine bleeding in women of reproductive age with accompanying extragenital disorders based on mathemati-
cal methods. 
Materials and methods. The study, which was in 2019-2022, involved 100 women of reproductive age with AUB 
and accompanying extragenital disorders under observation, who made up the main group. The control group 
comprised 50 women of reproductive age undergoing medical checkups. On the basis of 23 diagnostic indica-
tors, the most informative ones were mathematically selected for the prognosis of AUB in women with extragen-
ital abnormalities. 
Results and their discussion. The prognosis of the risk of developing AUB in women of reproductive age with 
extragenital disorders was carried out on a double scale (0 – low probability, 1 – high probability). The search 
for diagnostically informative factors involved a set of 23 working indicators that were investigated in the exam-
ined patients using four levels of the risk scale. In order to solve this issue, the factors that have the greatest im-
portance in the formation of the prognosis were selected using discriminant analysis methods, and a correspond-
ing mathematical model was created. The classification functions made it possible to enter the practical plane 
and form rules for assessing the presence/absence of the risk of developing AUB in patients of reproductive age 
with extragenital disorders. The corresponding expressions are the following equations: 
NP=BAS ART*75.57+FSH*2.96+prolac*0.02+estrad*0.02–40.78 
PP=BAS ART*105.35+FSH*0.79+prolac*0.1+estrad*0.0-8114.49, 
where NP is a negative prognosis, PP is a positive prognosis. 
If NP>PP, then the most likely prognosis is the absence of AUB in the patient; otherwise, if PP > NP – there is 
an increased risk of AUB. 
Conclusion. Pulsation index in the basal arteries of the uterus, FSH, prolactin and estrogens are prognostically 
significant indicators for predicting the risk of abnormal uterine bleeding in patients of reproductive age with 
extragenital disorders. The above formula, obtained from the conducted discriminant analysis, makes it possible 
to predict bleeding in a specific patient 
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1. Introduction 
Abnormal uterine bleeding (AUB) is uterine 

bleeding with an abnormal frequency, duration, and vol-
ume of bleeding compared to a normal menstrual period 
[1]. AUB is a very common symptom of disease/diseases 
and refers to all bleeding that differs from normal men-
strual bleeding [2, 3]. Women face the problem of AUB 
in puberty (10 %), reproductive period (25–30 %), late 
reproductive age (35–55 %), and menopause (up to 55–
60 %) [4, 5]. Due to the significant prevalence of AUB, it 
creates medical, social and economic problems for wom-
en, their families and medicine in general [6]. However, 
despite the extremely negative impact of AUB on wom-
en's health, progress in understanding the pathophysiolo-

gy of AUB and the development of new effective treat-
ment methods is slow due to the lack of reliable diagnos-
tic models. 

Recently, a prognostic method has been intensive-
ly developed in clinical medicine. A medical, medicinal, 
or clinical prognosis predicts the likely development and 
outcome of a disease based on knowledge of the patterns 
of pathological processes and the course of the disease. 
The prognosis makes it possible to determine the predic-
tors of the onset of the disease, the effectiveness of the 
treatment and the risk of relapse using specially devel-
oped systems with statistical methods [7]. Under such 
conditions, information on history, symptoms, laboratory 
and instrumental study data are taken into account [8–
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10]. The importance of prognosis in clinical practice is 
determined by the main tasks of modern medicine: pre-
vention of diseases and treatment of patients. In view of 
this, there are two types of medical prognosis: a progno-
sis of the possibility of the occurrence of the disease and 
a prognosis of the development of the disease, that is, an 
assessment of the probability of complications. There-
fore, the goal of prognosis is to improve clinical deci-
sion-making, which ultimately affects patient outcomes 
[11, 12]. 

Available evidence suggests low satisfaction with 
standard treatment options, often resulting in major sur-
gery such as a hysterectomy. Therefore, each patient 
requires an individual approach for the diagnosis of 
AUB. R. Chodankar and H. Critchley [13] pay attention 
to biomarkers, highlighting the scarcity of research on 
this issue. The prospect of such an approach may im-
prove the understanding of AUB and create the oppor-
tunity to use modern treatment methods and adapt re-
search and treatment strategies to ensure the best results 
according to personalised medicine principles. 

The purpose of the study. Based on mathemati-
cal methods, to develop a prognostic model for predict-
ing the development of abnormal uterine bleeding in 
women of reproductive age with accompanying extra-
genital disorders. 

 
2. Materials and methods 
The study was conducted at the clinical base of the 

Department of Obstetrics, Gynecology, and Pediatric Gy-
necology of the KhNMU (Communal non-profit enterprise 
“Kharkiv Maternity Hospital No. 1” of Kharkiv City 
Council) in 2019–2022. 100 women of reproductive age 
with accompanying extragenital disorders, who sought 
help for AUB, were under observation and made up the 
main group. The control group comprised 50 women of 
reproductive age who visited the clinic for a checkup. 

On the basis of 23 diagnostic indicators, the most 
informative for the prognosis of AUB in women with 
extragenital disorders were mathematically selected. 

The materials of the article were reviewed and 
approved at the meeting of the Committee on Bioethics 

of Kharkiv National Medical University (Protocol No. 2, 
17.09.2019). 

To create a prognostic model for predicting the 
development of abnormal uterine bleeding in women of 
reproductive age with accompanying extragenital abnor-
malities, the method of multivariate statistics, discrimi-
nant analysis (DA), was used. DA methods are used to 
decide which variables differentiate (discriminate) the 
studied populations (women with a risk of bleeding and 
women without a clear threat of bleeding) from each 
other. For this purpose, the DA procedure receives as 
input a set of indicators that, according to the researcher, 
differ in the studied populations (groups). The immediate 
task of the DA is to select such a part of these indicators 
that will allow predicting the belonging to one or another 
group of a new case (patient). The forecast is performed 
by constructing new variables (linear combinations of a 
selected part of the primary indicators) and evaluating 
their numerical values. As a result, on the basis of  
23 analyzed diagnostic indicators, the most informative 
ones for the prediction of AUB in women with extragen-
ital abnormalities were mathematically selected. 

 
3. Results and discussion 
The prognosis of the risk of developing AUB in 

women of reproductive age with extragenital disorders 
was carried out on a two-point scale (0 – low probability, 
1 – high probability). The search for diagnostically in-
formative factors was carried out on a set of 23 working 
indicators that were assessed in the examined patients 
using four levels of the risk scale. To solve this issue, by 
using the methods of discriminant analysis, the factors 
that have the greatest importance in the formation of 
prognosis were selected, and the corresponding mathe-
matical model was built (hereinafter referred to as the 
Model 1-2-3-4). These were the indicators shown in  
Fig. 1 of the calculation protocol in the statistical envi-
ronment STATISTICA 6.0, namely: the pulsation index 
(PI), obtained during the dopplerometric study of blood 
flow in the basal arteries of the uterus (BAS ART) and 
the levels of such hormones as FSH, prolactin, estradiol 
in blood serum. 

 

 
Fig. 1. Summary table of the results of the discriminant analysis conducted in the statistical environment  

STATISTICA 6.0 (Model 1-2-3-4) (fragment of the original protocol) 
 
The informative part of the table reports that the 

results are statistically significant (p<0.0001) and are 
characterized by satisfactory discrimination, as evi-
denced by the so-called Wilks' lambda statistic (). The 
values of this statistic belong to the interval [0.1], and the 
closer its value is to zero, the better the discrimination.   
The first column of the table shows the values of Wilks's 

lambda for each variable, which should be interpreted 
opposite to the previous, general Wilks's lambda: the 
greater , the more desirable the indicator is in the dis-
crimination procedure. 

The third and fourth columns of the table (Fig. 1) 
contain the values of “F-remove” and “p-value”, and the 
larger the “F-remove” and the smaller the “p-level”, the 
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more desirable is the presence of the indicator in the 
discrimination procedure. Therefore, in view of this sign, 
indicators such as prolactin and estradiol have the great-
est influence on the prognosis of the risk of  
developing AUB. 

The classification matrix shown in Fig. 2 indicates 
the quality of the classification and contains information 
about the number and percentage of correctly classified 
observations in each group. 

 

 
Fig. 2. Classification table of the discriminant analysis 
protocol for predicting the risk of AUB in women of 

reproductive age with extragenital disorders, conducted 
in the statistical environment STATISTICA 6.0 (frag-

ment of the original protocol) 
 
It is clear that the proposed model works with  

100 per cent sensitivity and specificity. 
 

The factor structure of canonical variables (inte-
gral indicators) consisting of selected parameters is 
shown in Fig. 3: 

 

 
Fig. 3. Matrix of the factor structure of the discriminant 

analysis protocol for predicting the risk of AUB in wom-
en of reproductive age with extragenital disorders, con-
ducted in the statistical environment STATISTICA 6.0. 

(fragment of the original protocol) 
 
The factor structure of three new variables (roots), 

which characterize the contribution of each of the primary 
indicators to the formation of these variables, indicates the 
informational significance of each of the indicators. Thus, in 
the formation of the first variable, the indicators of PI in the 
basal arteries, the level of prolactin and estradiol in the 
blood serum of patients with AUB and accompanying ex-
tragenital disorders are the most important. 

The basis of the model-building protocol is Fig. 4, 
which directly demonstrates the classification rules:  

 
Fig. 4. Classification functions of the discriminant analysis protocol for predicting the risk of AUB in women of repro-

ductive age with extragenital disorders, conducted in the statistical environment STATISTICA 6.0. (fragment of the 
original protocol) 

 
The algorithm for predicting the risk of AUB in 

women of reproductive age with extragenital disorders  
(0 – low probability, 1 – high probability) consists of add-
ing constants (the last line of the table of classification 
functions, Fig. 4) to the results of multiplying the input 
values of the selected factors (PI values in the basal arter-
ies according to the data of a dopplerometric study, the 
level of FSH, prolactin and estradiol in blood serum) to the 
classification coefficients of each of the possible predic-
tions (the intersection of lines 1–4 of the table of classifi-
cation functions and column 1 for the prognosis “0” and 
column 2 for the prediction “1”) and determining the most 

likely prediction based on the larger of the two values 
obtained. Thus, the classification functions shown in Fig. 4 
made it possible to enter the practical plane and form rules 
for assessing the presence/absence of the risk of AUB in 
reproductive-age patients with extragenital disorders. 

The use of the rules involved adding constants 
with the results of multiplying the initial values of the 
selected factors by the classification coefficients, obtaining 
two linear expressions for calculations, and determining 
the most probable prognosis based on the larger of these 
values regarding the presence/absence of the risk of AUB 
in reproductive age patients with extragenital disorders. 

The corresponding expressions are the following equations: 
NP=BAS ART*75.57+FSH*2.96+prolac*0.02+estrad*0.02–40.78; 
PP=BAS ART*105.35+FSH*0.79+prolac*0.1+estrad*0.08–114.49, 

where NP is a negative prognosis, PP is a positive prognosis. 
If NP>PP, then the most likely prognosis is the absence of AUB in the patient; otherwise, if PP > NP, there is an 

increased risk of AUB. 
For example, patient M. (case history No. 187) had the following baseline values: 
BAS ART=0.9; FSH=1.8; Prolactin=850; Estradiol=200.3 
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When substituting these values into the equation of NP and PP, we get: 
NP=0.9*75.57+1.8*2.96+850*0.02+200.3*0.02–40.78=53.567, 
PP=0.9*105.35+1.8*0.79+850*0.1+200.3*0.08–114.49=82.771, i.e. 82.771>53.567. 
 

Since PP>NP, the predicted result is a positive 
prognosis, the possibility of the development of AUB in 
this patient. 

The above algorithm can easily be implemented in 
an expert system using any of the electronic spread-
sheets, in particular, Microsoft Excel. 

The resulting model can be easily implemented 
based on any electronic spreadsheet both on a personal 
computer and on a mobile device and will allow, without 
additional funds, equipment and training of a doctor, to 
single out patients with a risk of bleeding for more thor-
ough monitoring. 

The study did not include women with pregnancy, 
as a possible cause of metrorrhagia, with accompanying 
somatic and gynaecological oncology, and on the 
background of hormonal treatment at the time of 
examination. 

Prospects of the study. The use of mathematical 
models for predicting abnormal uterine bleeding in wom-
en of reproductive age with extragenital abnormalities 
will make it possible to prevent the occurrence of this 
condition, improve the quality of life of women, and 
reduce state costs for their treatment. 

6. Conclusion 
To predict the risk of abnormal uterine bleeding 

in patients of reproductive age with extragenital disor-
ders, the pulsation index in the basal arteries of the 
uterus, FSH, prolactin and estrogens are prognostically 
significant indicators. The given formula, which was 
obtained as a result of the conducted discriminant 
analysis, makes it possible to predict bleeding in a 
specific patient. 

 
Conflict of interest 
The authors declare that there is no conflict of 

interest in relation to this paper, as well as the 
published research results, including the financial 
aspects of conducting the research, obtaining and 
using its results, as well as any non-financial personal 
relationships. 

 
Funding 
The study was performed without financial support. 
 
Data availability 
Data will be made available on reasonable request.

 

References 
1. Marnach, M. L., Laughlin-Tommaso, S. K. (2019). Evaluation and Management of Abnormal Uterine Bleeding. Mayo 

Clinic Proceedings, 94 (2), 326–335. doi: https://doi.org/10.1016/j.mayocp.2018.12.012 
2. Munro, M. G., Critchley, H. O. D., Fraser, I. S. (2018). The two FIGO systems for normal and abnormal uterine bleeding 

symptoms and classification of causes of abnormal uterine bleeding in the reproductive years: 2018 revisions. International Journal of 
Gynecology & Obstetrics, 143 (3), 393–408. doi: https://doi.org/10.1002/ijgo.12666 

3. Critchley, H. O. D., Maybin, J. A., Armstrong, G. M., Williams, A. R. W. (2020). Physiology of the Endometrium and 
Regulation of Menstruation. Physiological Reviews, 100 (3), 1149–1179. doi: https://doi.org/10.1152/physrev.00031.2019 

4. Kazemijaliseh, H., Ramezani Tehrani, F., Behboudi-Gandevani, S., Khalili, D., Hosseinpanah, F., Azizi, F. (2017). A Pop-
ulation-Based Study of the Prevalence of Abnormal Uterine Bleeding and its Related Factors among Iranian Reproductive-Age 
Women: An Updated Data. Archives of Iranian medicine, 20 (9), 558–563. 

5. Marie, K. J., Cyrille, N. N. C., Etienne, B., Pascal, F. (2020). Epidemiological Profile of Abnormal Uterine Bleeding at the 
Gyneco-Obstetric and Pediatric Hospital of Yaounde. Open Journal of Obstetrics and Gynecology, 10 (2), 237–242. doi: 
https://doi.org/10.4236/ojog.2020.1020020 

6. Cheong, Y., Cameron, I. T., Critchley, H. O. D. (2019). Abnormal uterine bleeding. British Medical Bulletin, 131 (1), 119. 
doi: https://doi.org/10.1093/bmb/ldz008 

7. Croft, P., Dinant, G.-J., Coventry, P., Barraclough, K. (2015). Looking to the future: should ‘prognosis’ be heard as often as ‘diag-
nosis’ in medical education? Education for Primary Care, 26 (6), 367–371. doi: https://doi.org/10.1080/14739879.2015.1101863 

8. Obermeyer, Z., Emanuel, E. J. (2016). Predicting the Future – Big Data, Machine Learning, and Clinical Medicine. New 
England Journal of Medicine, 375 (13), 1216–1219. doi: https://doi.org/10.1056/nejmp1606181 

9. Sauvan, M., Pourcelot, A.-G., Fournet, S., Fernandez, H., Capmas, P. (2018). Office hysteroscopy for postmenopausal 
women: Feasibility and correlation with transvaginal ultrasound. Journal of Gynecology Obstetrics and Human Reproduction, 47 
(10), 505–510. doi: https://doi.org/10.1016/j.jogoh.2018.08.018 

10. Xu, Y., Xie, D. (2022). Prediction of Factors Associated with Abnormal Uterine Bleeding by Transvaginal Ultrasound Com-
bined with Bleeding Pattern. Computational and Mathematical Methods in Medicine, 2022, 1–8. doi: https://doi.org/10.1155/2022/5653250 

11. van Smeden, M., Reitsma, J. B., Riley, R. D., Collins, G. S., Moons, K. G. (2021). Clinical prediction models: diagnosis 
versus prognosis. Journal of Clinical Epidemiology, 132, 142–145. doi: https://doi.org/10.1016/j.jclinepi.2021.01.009 

12. Tuchkina, I. O., Vygivska, L. A., Novikova, A. A. (2020). Abnormal uterine bleeding in adolescents: current state of the 
problem. Wiadomości Lekarskie, 73 (8), 1752–1755. doi: https://doi.org/10.36740/wlek202008130 

13. Chodankar, R., Critchley, H. O. D. (2018). Biomarkers in abnormal uterine bleeding†. Biology of Reproduction, 101 (6), 
1155–1166. doi: https://doi.org/10.1093/biolre/ioy231 

 

Received date 06.12.2022 
Accepted date 17.01.2023 

Published date 31.03.2023 
 

Iryna Tuchkina, Doctor of Medical Sciences, Professor, Head of Department, Department of Obstetrics, 
Gynecology and Adolescent Gynecology, Kharkiv National Medical University, Nauky ave., 4, Kharkiv, 
Ukraine, 61022 
 

Roman Blagoveshchensky*, Postgraduate Student, Department of Obstetrics, Gynecology and Adolescent 
Gynecology, Kharkiv National Medical University, Nauky ave., 4, Kharkiv, Ukraine, 61022 

 

*Corresponding author: Roman Blagoveshchensky, e-mail: romanblagov12@gmail.com  


