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MATHEMATICAL MODEL FOR PREDICTING THE
OCCURRENCE OF PRETERM BIRTH IN WOMEN AT RISK
BASED ON THE STUDY OF ESTRADIOL

Preterm birth is one of the most pressing problems in modern obstetric
practice, which not only endangers the life and health of newborns but
also has serious consequences for women's health. They are defined as
labour occurring before the 37th week of pregnancy and can be caused by
a variety of factors, including biological and endocrine disorders. One of
the important hormones that plays a critical role in maintaining a normal
pregnancy is estradiol. Low or abnormal levels of this hormone may
indicate the presence of disorders that increase the likelihood of preterm
birth.

The aim of the study is to develop a mathematical model to determine
the probability and percentage of prediction of preterm birth in women at
risk based on the study of estradiol.

Materials and methods: The study analysed the level of estradiol in
60 women (including 30 at risk of preterm birth and 30 absolutely healthy
women) who were in the Chernivtsi Regional Perinatal Centre. Estradiol
levels were assessed both before and after treatment. The logistic
regression method was used to develop a mathematical model for
predicting preterm birth, which allows to estimate the probability of
preterm birth based on changes in estradiol levels. The Welch's T-test was
used to test the statistical significance of the results, which allows
comparing the mean values of hormone levels before and after treatment
and assessing the effectiveness of treatment measures.

Results: A one-unit increase in estradiol increased the odds of preterm
birth by 0.985 times (decreased the odds of preterm birth by 1.5%).

Conclusions: The mathematical logistic regression model based on
estradiol levels demonstrated an inverse relationship between estradiol
levels and the probability of preterm birth, which allows predicting risk
based on changes in the concentration of this hormone. An increase in
estradiol levels by one unit reduces the likelihood of preterm birth by
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1.5%, which opens up new opportunities to improve the prediction and
management of pregnancy in women at risk.
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MATEMATHYHA MOJEJIb IMPOI'HO3YBAHHAA
BUHUKHEHHS HNEPEJYACHHUX IIOJIOI'IB Y JKIHOK
I'PYIIN PU3UKY HA OCHOBI BUBUEHHSA ECTPAAIOJNY

[lepeauacHi MoJOTM € OJHIEI0 3 HAMOUIBII aKTyaJbHUX HpOOIEeM
CY4acHOi aKyIIepChKOI NMPAaKTHKH, IO HE TUIBKM CTaBUThH I 3arpo3y
JKUTTS Ta 3JI0POB’S HOBOHAPODKEHHX, ajie i Mae Cepiio3Hi HACTIIKU [UIs
3[0POB’s KIHKW. BOHM BH3HAYAIOTHCS SIK TIOJIOTH, IO HACTYHAIOTh 10 37-
TO TIDKHS BAariTHOCTI, i MOXYTh OYyTH CHpPHUYMHEHI Pi3HOMaHITHUMH
YMHHUKAMH, Cepel SKUX OCOONHMBE Micle 3aiiMaroTh OioJoTiyHI Ta
eHJIOKpUHHI TopyiieHHs. OIHUM 13 Ba)XJIMBUX TOPMOHIB, IO BiJirpae
KPUTHYHY POJIb Y HIATPUMaHHI HOPMAJILHOTO Mepediry BariTHOCTI, €
ectpanion. Husbkuii abo aHOManbHUH pIBEHb I[LOTO TOPMOHY MOXeE
BKa3yBaTd HAa HAsBHICTh IOpYIIEHb, LIO IiJBHINYIOTh HMOBIPHICTBH
BUHUKHEHHS ITepeT4aCHUX IOJIOTIB.

Meta pociiTmxeHHs: — pO3POOJICHHS MaTeMaTHYHOI MOJENi Ui
BU3HAUCHHSA HMOBIPHOCTI Ta BIZCOTKAa NPOTHO3YBAaHHS BHUHHUKHEHHA
MEepeaYacHUX MOJIOTIB y JKIHOK TPyNH PH3UKY Ha OCHOBI BHBYCHHA
ecTpaziony.

Marepianu Tta Meromu: Y JOCHiKEHHI OyJo MpoaHali30BaHO
piBeHb ecTpamiony y 60 »xiHok (3 Hux: 30 3 pU3MKOM BHHHMKHEHHS
nepeayacHux mnosorie ta 30 abCONIOTHO 3[0pOBHX), sKi mepeOyBaiik B
KHIT "YepniBeupkuii obiacHuii nepuHataibHuil nentp". OLiHIOBa M
piBeHb TOPMOHY e€CTpajiioiy SIK JO TOYaTKy JiKyBaHHs, TaK 1 MCI
nmikyBaHHA. J[ns  po3poOkum  MareMaTHuHOI MOJEN MPOTHO3YBaHH:
MepeTyacHuX II0JIOTiB OyB BHKOPUCTAaHHWH METOJ| JIOTICTHYHOI perpecii,
1110 J03BOJISIE OIIHUTH KMOBIPHICTh BUHUKHEHHS MIEpeYacHHX MOJIOTIB Ha
OCHOBI 3MiH PiBHS ecTpaziony. s mepeBipKi CTAaTUCTHYHOT 3HAYYIIIOCTI
OTPUMaHMX Pe3yJIbTaTiB 3acTOCOBYBaJIM T-KkpuTepiit Bemrda, mo po3Boise
TIOPIBHATH Cepe/iHi 3HAYCHHS PiBHIB TOPMOHY JIO Ta IICIS JIIKyBaHHS Ta
OLIHNTH e(DEKTUBHICTD JIIKYBAJIbHUX 3aXO0JIIB.

Pe3yabraTn: 301IbIICHHS €CTPaaioia Ha OIHY OJUHHUIO 301IBIIUT
HMIaHCH TepequacHUx mojoriB  y 0,985 pasu  (3MEHIIUTH IIAHCH
nepeaJacHux moJioris Ha 1,5%).

BucnoBkn: [ToOynoBana Ha OCHOBI PiBHS €CTpaJliofly MaTeMaTHIHA
MOJIEJb JIOTICTHYHOI perpecii poileMOHCTpyBajia 3BOPOTHHUM 3B'SI30K MiX
piBHEM ecTpajiony Ta WMOBIPHICTIO BUHMKHEHHSI IepeJYacHUX I10JIOTIB,
110 JI03BOJISIE IPOTHO3YBATH PU3MK Ha MiJCTaBl 3MiH KOHILEHTpaLil I[bOro
TOpMOHy. 3OUIbIICHHS PIBHA €CTPaiioly Ha OJAHY OJMHHIIO 3HIKYE
HMOBIpHICTh TIepeaYacHuX TmoyioriB Ha 1,5%, IO BiIKpUBAa€E HOBI
MOYJTUBOCTI JUISl HOKPAIIEHHS IPOTHO3YBaHHS Ta YIPABJIiHHS BariTHICTIO
Y JKIHOK TPYyTIH PH3HKY.

KuilouoBi cioBa: mepeayacHi TMOJIOTH, BariTHICTh, TOPMOHH,
IUIAIIeHTa, JiTH, MaTeMaTH4Ha MOJiellb, eCTPaioN, IUlaleHTapHa
JTUC(YHKILS, TPOTHO3YBaHHS.
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INTRODUCTION / BCTYIT

Preterm birth is one of the most pressing problems
of modern obstetric practice, which not only endangers
the life and health of newborns but also has serious
consequences for women's health. They are defined as
labour occurring before the 37th week of pregnancy and
can be caused by a variety of factors, including biological
and endocrine disorders [5, 11]. One of the most
important hormones that plays a critical role in
maintaining a normal pregnancy is estradiol. Low or
abnormal levels of this hormone may indicate the
presence of disorders that increase the likelihood of
preterm birth [1, 2].

In recent decades, attention has increased significantly
to the use of mathematical models in obstetrics, in
particular for predicting and early detection of preterm
birth risks [10, 19]. This is due to the need to develop
accurate and reliable tools that minimise the human
factor, reduce the number of diagnostic errors, and take
the necessary measures to prevent preterm birth in a
timely manner [7,14]. Mathematical models based on the
analysis of estradiol data in the blood of pregnant women
can be a powerful tool for predicting the risk of preterm
birth, allowing obstetricians and gynaecologists to make
informed decisions based on scientific data [3, 4].

The idea of creating mathematical models for
predicting preterm birth based on hormonal parameters,
in particular estradiol, is to study the patterns of its level
during pregnancy [16, 18]. Since estradiol levels clearly
depend on the stage of pregnancy and can also change
under the influence of various pathological processes, the
development of mathematical models based on such data
can significantly improve the accuracy of prediction [6].
Using modern mathematical modelling methods,
including statistical and algorithmic approaches, it is
possible to create tools that allow for early detection of
potential risks for women at risk [8].

Modelling the processes associated with estradiol and
preterm birth not only provides prognostic data, but also
contributes to a better understanding of the mechanisms
underlying these processes [15, 17]. Mathematical
models can include a variety of factors, such as a
woman's age, comorbidities, hormonal levels, previous
pregnancies and births, and other medical indicators that
allow for an accurate risk assessment [9, 12].

The use of mathematical models to predict preterm
birth based on estradiol helps to more accurately identify
risk groups and provide timely prevention and treatment,

which helps to reduce the rate of preterm birth and
improve outcomes for the mother and newborn [13, 20].

The aim of the study is to develop a mathematical
model for determining the probability and percentage of
prediction of preterm birth in women at risk based on the
study of estradiol.

MATERIALS AND METHODS

The study analysed estradiol levels in 60 women
(including 30 at risk of preterm birth and 30 absolutely
healthy women) who were in the Chernivtsi Regional
Perinatal Centre. Estradiol levels were assessed both
before and after treatment. The logistic regression method
was used to develop a mathematical model for predicting
preterm birth, which allows to estimate the probability of
preterm birth based on changes in estradiol levels. To test
the statistical significance of the results, the Welch's T-
test was used to compare the mean values of hormone
levels before and after treatment and to assess the
effectiveness of treatment measures.

RESULTS AND DISCUSSION

The mean estradiol value in the intervention group
was 27.073 (SD = 7.212), and the mean estradiol value in
the control group was 66.68 (SD = 16.348). The Welch's
t-test for the two samples showed that there was a
statistically significant difference (1(39.876) = 12.141, p
<0.0001) (Fig. 1).

The mean estradiol value in the preterm delivery
subgroup was 29.914 (SD = 5.849), and the mean
estradiol value in the term delivery subgroup was 26.209
(SD = 7.476). The Welch's t-test for the two samples did
not show that the difference was statistically significant
(t(12.6) = -1.370, p = 0.195) (Fig. 2).

The mean estradiol value in the preterm delivery
subgroup was 71.669 (SD = 13.843), and the mean
estradiol value in the term delivery subgroup was 63.075
(SD =17.652). The Welch's t-test for the two samples did
not show that the difference was statistically significant
(t(12.569) =-1.343, p = 0.203) (Fig. 3).

A logistic regression was built on the basis of
estradiol to predict the probability of preterm birth.

The model for predicting the probability of preterm
birth based on estradiol is as follows:

8—0.015-}:‘

p= 1 + g-0015x

X _ the value of estradiol
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Figure 1 — Mean estradiol values (before treatment) in the treatment and control groups
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Figure 2 — Mean estradiol values (before treatment) in the main group in relation to preterm delivery
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Figure 3 — Mean estradiol values (after treatment) in the main group in relation to preterm delivery
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The coefficient around the variable is negative and based on estradiol levels demonstrated an inverse
amounts to b=-0.015. This means that an increase in relationship  between estradiol levels and the
estradiol will be associated with a decrease in the probability of preterm birth, which allows predicting
likelihood of preterm birth. risk based on changes in the concentration of this

A one-unit increase in estradiol would increase the hormone. A one-unit increase in estradiol levels
odds of preterm birth by 0/985 times (reduce the odds reduces the likelihood of preterm birth by 1.5%, which
of preterm birth by 1.5%). opens up new opportunities to improve pregnancy

CONCLUSIONS prediction and management in high-risk women.

The mathematical model of logistic regression

PROSPECTS FOR FUTURE RESEARCH / IIEPCIIEKTUBH IO JAJBIINX JOCJII>KEHD

Further research should include expanding the sample of women studied to ensure greater accuracy of results and
statistical significance. It is also important to study the impact of other biochemical parameters, such as progesterone,
cortisol and other hormones, on the likelihood of preterm birth, which would allow for more comprehensive prediction
models. In addition, improving mathematical models using machine learning techniques can significantly improve the
accuracy and efficiency of forecasting. Long-term follow-up of treatment outcomes will help evaluate the effectiveness
of different approaches to correcting estradiol levels and their impact on the risk of preterm birth.
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