
Perm Medical Journal 2025 Volume XLII № 1 
 

49 

Scientific Article 

UDC 618.173: 618.11%006.03%02%037  

DOI: 10.17816/pmj42149%54 

RISK PREDICTION FOR DEVELOPMENT OF BENIGN OVARIAN  
TUMORS IN POSTMENOPAUSE 
Yu.A.  Shashurina 

Perm Regional Clinical Hospital, Russian Federation 

ПРОГНОЗ РИСКА РАЗВИТИЯ ДОБРОКАЧЕСТВЕННЫХ ОПУХОЛЕЙ 
ЯИЧНИКОВ В ПОСТМЕНОПАУЗЕ © 
Ю.А. Шашурина 
Пермская краевая клиническая больница, Российская Федерация 
 

Objective. To calculate the risk prediction of benign ovarian tumor (BOT) development in postmeno%
pausal patients. 
Materials and methods. 60 postmenopausal women participated in the prospective study. The patients 
were divided into 2 groups: the main group which included women with BOT and comparison group – pa%
tients with no neoplasms of the uterine appendages. The clinical and medical history data were assessed, la%
boratory tests (vitamin D level, insulin%like growth factor 1, leptin, zinc, estradiol, testosterone, sex steroid%
binding globulin, cancer marker 125) were performed, results of instrumental methods of examination (pel%
vic ultrasound) were analyzed as well as surgical treatment protocols and histological studies. Regression 
analysis of the data obtained was carried out, statistically significant features were determined and the math%
ematical model for the risk prediction of the development of BOT in postmenopause was created.  
Results. The investigation showed that an isolated assessment of the studied laboratory markers has no sta%
tistical significance for determining the risk of developing postmenopausal ovarian tumors; a multifactorial 
approach is relevant, that is assessing a combination of factors. 
Conclusions. The developed mathematical model for predicting the development of postmenopausal ovarian 
tumors demonstrated an increase in the effectiveness of risk prognosis for developing postmenopausal ovarian 
tumors in postmenopausal patients, the sensitivity of the developed method was 95 %, specificity 85.7 %. 
Keywords. Benign ovarian tumor, postmenopause, risk for development, mathematical model. 
 
Цель. Расчет прогноза риска развития доброкачественных опухолей яичников в постменопаузе. 
Материалы и методы. Выполнено проспективное исследование, в котором приняли участие 60 жен%
щин в постменопаузе. Пациентки были распределены на две группы: основная группа – больные с доб%
рокачественными опухолями яичников (ДОЯ) и группа сравнения – пациентки, не имевшие объемных 
образований придатков матки. Проведена оценка клинико%анамнестических данных, выполнены лабо%
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раторные исследования (анализ уровня витамина D, инсулиноподобного фактора роста 1, лептина, цин%
ка, эстрадиола, тестостерона, глобулина, связывающего половые стероиды, онкомаркера 125), проанали%
зированы результаты инструментальных методов исследования (ультразвуковое исследование органов 
малого таза), протоколы оперативного лечения и гистологического исследования. Выполнен регресси%
онный анализ полученных данных, определены статистически значимые признаки, разработана матема%
тическая модель прогноза риска развития ДОЯ в постменопаузе. 
Результаты. Исследование показало, что изолированная оценка изученных лабораторных маркеров 
не имеет статистической значимости для определения риска развития ДОЯ в постменопаузе; актуален 
многофакторный подход – оценка комбинации факторов. 
Выводы. Разработанная математическая модель прогноза развития ДОЯ в постменопаузе продемон%
стрировала повышение эффективности прогноза риска развития ДОЯ у больных постменопаузально%
го возраста, чувствительность разработанного метода составила 95 %, специфичность 85,7 %. 
Ключевые слова. Доброкачественная опухоль яичника, постменопауза, риск развития, математиче%
ская модель. 

 

 

INTRODUCTION  

Ovarian neoplasms represent a common pa%
thology in women of late reproductive and post%
menopausal age. According to literature data, up 
to 25 % of all female reproductive system neo%
plasms are ovarian tumors, with 45 % of ovarian 
tumors being more frequently detected in peri% 
and postmenopausal women [1; 2]. Given the in%
creasing life expectancy, high prevalence of be%
nign ovarian tumors (BOT) in postmenopause, 
and low adherence to gynecologist visits in this 
age group, risk factor stratification for BOT devel%
opment in these patients is particularly relevant. 

Current scientific literature actively investi%
gates the etiology and pathogenesis of BOT in 
postmenopause, debating the roles of environ%
mental factors, age, obstetric%gynecological and 
somatic history, metabolic processes, micronutri%
ent/macronutrient deficiencies, hormonal imbal%
ances, etc. [2; 3]. Researchers are evaluating vari%
ous imaging modalities for uterine appendage 
tumor prognosis: ultrasound (utilizing IOTA cri%
teria – International Ovarian Tumor Analysis; O%
RADS – Ovarian%Adnexal Reporting and Data 
System; ADNEX model – Assessment of Different 
Neoplasias in the Adnex), computed tomogra%
phy, and magnetic resonance imaging [3–5]. Se%
rological markers are being extensively studied 
for ovarian tumor prediction, including cancer 
marker 125 (Cancer Antigen 125, CA%125), insu%

lin%like growth factor 1 (IGF%1), leptin, zinc, adi%
pokines, etc. Literature data indicate that patient 
age, low vitamin D levels, elevated leptin, IGF%1, 
and sex hormone%binding globulin (SHBG), 
along with decreased blood zinc levels, may con%
tribute to various reproductive system neo%
plasms, including ovarian tumors [6–10]. How%
ever, despite widespread implementation of 
comprehensive ovarian tumor screening pro%
grams, prediction remains an unsolved challenge – 
no single diagnostic marker used in isolation can 
effectively predict BOT development risk. 

The objective of the study was to develop 
a mathematical model for predicting the risk of 
benign ovarian tumors (BOT) in postmenopause. 

MATERIALS AND METHODS 

A prospective study was conducted involv%
ing patients admitted to the gynecological de%
partment of Perm Regional Clinical Hospital. 
The patients were divided into two groups: the 
main group consisted of postmenopausal wom%
en with BOT (n = 40), and the comparison 
group included postmenopausal women with%
out masses of the uterine appendages (n = 20). 
Clinical and anamnestic data were analyzed, 
and laboratory tests were performed to measure 
levels of vitamin D, insulin%like growth factor 1 
(IGF%1), leptin, zinc, estradiol, testosterone, sex 
hormone%binding globulin (SHBG), and cancer 
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marker 125 (CA%125). Results of instrumental 
examinations (pelvic ultrasound), surgical 
treatment protocols, and histological reports 
were evaluated. Data were processed using Mi%
crosoft Excel (2010), StatSoft Statistica 6.0 
(StatSoft, USA), and SPSS Statistics, version 22.0 
(IBM Microsoft, USA). Statistical hypothesis test%
ing was performed using the chi%square test 

(χ2), p%values, odds ratio (OR) with 95 % confi%
dence interval (CI), and risk ratio (RR) with 
95 % CI. Intergroup comparisons of quantitative 
variables were conducted using the Mann–
Whitney U=test. ROC curve analysis was em%
ployed to assess the relationship between sensi%
tivity and specificity of the studied parameters. 

RESULTS AND DISCUSSION 

The distribution of patients in the main 
group by duration of postmenopause according 
to the STRAW +10 (Stages of Reproductive Ag%
ing Workshop) scale was as follows: 77.5 %  
(n = 31) of patients were at STRAW +2 stage 

(χ2 = 47.4; p < 0.001), 20 % (n = 8) at STRAW 

+1c stage (χ2 = 6.8; p = 0.009), and 2.5 % (n = 1) 

at STRAW +1b stage (χ2 = 0; p = 1.0). The com%
parison group’s postmenopausal age character%
istics were comparable to those of the main 
group. Thus, BOT were more frequently detect%
ed in patients with late postmenopause. Nota%
bly, the majority of postmenopausal women 
with BOT had no history of menstrual dysfunc%

tion (92.7 %; p < 0.001), and over 90 % had ful%
filled their reproductive desires (p < 0.001). 

Analysis of laboratory results demonstrated 
that CA%125 was elevated in only one patient 
from the main group with histologically verified 
endometrioma; in all other cases, CA%125 levels 
were within reference ranges in both study 
groups. In the main group, estradiol levels were 
normal in 92.5 % (p<0.001), with a mean value 
of 15.5 pg/mL. FSH levels exceeded the age%
specific reference range in 17.5 % of BOT pa%
tients (p=0.018), averaging 57.5 mIU/mL. SHBG 
levels were elevated in 5 % of the main group 
(mean 61.1 nmol/L). Normal zinc levels were 
recorded in 85 % of patients (p<0.001), with a 
mean of 13.2 μmol/L. Leptin levels did not ex%
ceed the norm in 75 % of the main group 
(p<0.001), averaging 16.3 ng/mL. Vitamin D 
deficiency was detected in 77.5 % of BOT pa%
tients (mean 22.1 ng/mL). In the comparison 
group, laboratory markers showed: vitamin D 
de f ic iency  in  66 .7  %  (p<0 .001 ;  mean 
36.4 ng/mL); elevated FSH in 60 % (p=0.001; 
mean 45.4 mIU/mL); normal estradiol in 80% 
(p<0.001; mean 11 pg/mL); elevated leptin in 
53.3 % (mean 9 ng/mL); SHBG above reference 
values in 20 % (mean 96 nmol/L); and normal 
zinc levels in 93 % (mean 15.7 μmol/L). Thus, 
the study revealed that isolated assessment of 
the  s tud ied  labora tory  markers  lacks  
statistical significance for determining BOT  
d e v e l o p m e n t  r i s k  i n  p o s t m e n o pa u s e . 

 

Characteristics of diagnostic parameter quality 

Parameter AUC Odds Ratio 95 % CI for OR p%value 
Age 0.69 5.11  (1.37; 19.04)  0.005 
Elevated CA%125 0.71 % % 0.002 
Vitamin D 0.72 % % 0.002 
SHBG 0.76 23.33  (2.78; 195.83)  0.000 
IGF%1 0.74 21.71  (3.79; 124.54)  0.000 
Leptin 0.67 5.17  (1.45; 18.43)  0.014 
Free testosterone 0.65 4.67  (1.31; 16.6)  0.035 
FSH 0.64 3.94  (1.12; 13.83)  0.042 
Estradiol 0.66 4.57  (1.28; 16.38)  0.022 
Zinc 0.67 8.00  (2.13; 30.06)  0.016 
Formula (1) 0.95 114.00  (14.46; 898.62)  0.000 
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The study focused on predicting BOT de%

velopment in postmenopausal patients 

through analysis of a representative sample. 

The research objective was formulated as fol%

lows: to identify combinations of independent 

variables that optimally predict the dependent 

variable. To test the hypothesis, integrated 

ROC curves were constructed for these param%

eters. A combined model was developed to 

improve performance, determining BOT pres%

ence in postmenopausal women based on the 

studied variables (Table). The model achieved 

92.59 % accuracy (sensitivity 95.0 %, specificity 

85.71 %). The area under the ROC curve was 

0.95, demonstrating high model efficacy de%

spite the small sample size. Model coefficients 

were derived, followed by analysis of sensitivity 

and specificity for the resulting multiparamet%

ric diagnostic index (p). 

The mathematical model for predicting the 

risk of benign ovarian tumors (BOT) in post%

menopause incorporates eight parameters: 

1 2 3 4 5 6 7 8( 8.76 0.295 1.09 0.113 0.0396 0.0232 0.00396 0.159 0.135 )
1

1
,x x x x x x x xp

e− − + + − − − + + −=
+

 

where: p = risk of benign ovarian tumor (BOT) development in a woman; e = base of natural loga%

rithm; x₁ = age (years); x₂ = CA%125 level (U/mL); x₃ = vitamin D level (ng/mL); x₄ = SHBG level 

(nmol/L); x₅ = IGF%1 level (ng/mL); x₆ = FSH level (mIU/mL); x₇ = estradiol level (pg/mL);  

x₈ = zinc level (μmol/L). 

 
 

Fig. ROC curve for the model identifying benign ovarian tumors (BOT) based on patient age and the integrated index: 
for Formula (1) AUC = 0.95; for the “age” parameter AUC = 0.69 
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A p%value of 0.55 or higher predicts high 

risk of benign ovarian tumor (BOT) develop%

ment in postmenopausal women, while  

p < 0.55 indicates low risk of BOT in postmen%

opausal patients. 

Thus, the efficacy of the integrated index 

calculated using Formula reached 92.59 % 

(sensitivity 95.0 %, specificity 85.71 %), outper%

forming individual parameters. The area under 

the integrated ROC curve was 0.95, confirming 

the high diagnostic quality of the composite 

index (Figure). 

Thus, the area under the ROC curve (AUC) 

of 0.95 demonstrates the high diagnostic quality 

of the integrated index and characterizes the 

developed model as a highly effective method 

for predicting benign ovarian tumor (BOT) risk 

in postmenopause. 

CONCLUSIONS 

The mathematical model for predicting 

benign ovarian tumor (BOT) development in 

postmenopause, developed through this study, 

demonstrated improved efficacy in risk prog%

nosis for postmenopausal patients. The results 

confirm the relevance of a multifactorial ap%

proach–assessing factor combinations–as no 

single marker in isolation provides sufficient 

screening sensitivity for postmenopausal BOT 

risk. Based on the prognosis, high%risk patients 

can be identified and actively monitored in 

outpatient settings. 
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