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BACKGROUND: Preterm birth is one of the causes of perinatal morbidity and mortality. Premature infants have an in-
creased risk of death and the development of neurological and other disorders.

AIM: The aim of this study was to evaluate the modern sonographic parameters of the cervix in pregnant women with dif-
ferent somatotypes and to develop a mathematical model for predicting preterm birth.

MATERIALS AND METHODS: The study included 390 women, among whom 110 were classified with macrosomatic,
173 with mesosomatic, and 107 with microsomatic types. Somatotype was determined in women in early stages of pregnancy
(before 9-10 weeks of gestation) using the R.N. Dorokhov anthropometric test method. The utero-cervical angle was mea-
sured, shear wave elastography was performed, and the average shear wave speed in the area of the internal cervical os was
determined. All measurements were performed on a Philips EPIQ 5 ultrasound machine.

RESULTS: Preterm birth was more often identified in women with macro- and microsomatic types in comparison with
women with mesosomatic type (p < 0.05). In pregnant women with subsequent preterm birth at 22-23 weeks, the average
SWS in the area of the internal cervical os was reduced (p < 0.05) and the utero-cervical angle was higher in comparison with
those women who did not have preterm birth (p < 0.05). Using multiple regression analysis, we obtained the regression equa-
tion (formula), which predicts the development of preterm birth in women with different somatotypes.

CONCLUSIONS: Such parameters as the average shear wave speed in the area of the internal cervical os and the utero-
cervical angle may be regarded as markers of preterm birth. The mathematical formula obtained allows for predicting the
development of preterm birth in women with different somatotypes and for timely prevention of pathology.
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CoBpeMeHHble coHorpaguyecKue MapKepbl NpPorHo3a
npe}XAeBpeMeHHbIX POAOB Y MEHLMH C Y4eTOM
coMaToTMna
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06ocHogsaHue. TperkaeBpeMeHHbIE Poabl ABNAIOTCA 04HON U3 NPUYMH NEpPUHATaNbHOM 3a601eBaEMOCTU U CMEPTHOCTY.
Y HeOHOLLIEHHBIX AeTeln NOBLILIEH PUCK CMEPTU U Pa3BUTUA HEBPOIOTMYECKUX U OPYTUX PacCTPOMCTB.

Llene — n3yunTb coBpEMEHHbIE COHOrpadMYecKMe NOKa3aTeNN LWEWKM MaTK1 y 6epeMeHHBbIX C y4eToM coMaToTuna AiA
pa3paboTKM MaTeMaTUYeCKoW MoLEeNV NPOrHO3UPOBAHWA NPeXAeBPEMEHHBIX POOB.

Mamepuanel u Memodsl. B uccnepoanve BritoueHbl 390 weHWwMH. CpeM HUX K MaKpoCcOMatoTMNaM OTHECEHbI
110 naumeHToK, K Me3ocoMaToTMnam — 173 HeHLWMHbI, @ K MMKpocoMaToTunaM — 107 naumenTok. CoMaToTunmupoBaHue
MPOBOAMNM Ha CPOKax bepeMeHHOCTH He no3gHee 9-10 Hef. ¢ MPMMEHEHMEM COBPEMEHHOM KnaccUUKaLMmU U METOOUKK
P.H. [opoxoBa. OueHVBanu MaTo4YHO-LUIEEYHBINA YT0/, NPOVU3BOAMM 3nacTorpadmio CABMIOBOM BOJHbI, ONPESENAV Cpes-
HIOI0 BE/TMYMHY CKOPOCTM CABWIOBOM BOMHBI B 06/1aCTV BHYTPEHHEr0 3eBa LWEWKM MaTKu. Bce n3aMepeHma npousesogunm Ha
yNbTpa3ByKoBoM ckaHepe Philips EPIQ 5.

Pe3ynemamel. B rpynnax eHLWWH C MaKkpo- U MUKpOCOMATOTMNAaMM MpEeMAEBPEMEHHbIE POAbI BCTPEUANNCH Yalle
B 0T/MuMe 0T Me3ocoMaTtoTunos (p < 0,05). Cpeamn GepeMeHHbIX, Y KOTOPbIX B Aa/lbHEMLLEM MPOU3OLLM MPEXaeBpe-
MeHHbIE Pofbl, YHKe Ha CpoKax 22-23 Hef. CpedHsAs BEMYMHA CKOPOCTM CABMIOBOW BOJIHBI B 00/1aCTU BHYTPEHHEro 3eBa
LWeENKN MaTKM BblNa CHUMKEHA, TOTAA KaK BE/IMYMHA MATOYHO-LLEEYHOro yria bbina 60nblue B CPaBHEHUM C KEHLLWHA-
MW, Y KOTOpbIX NperAeBpeMeHHbIe podpl He npousolnu (p < 0,05). C noMoLblo MaTeMaTuyeckor GopMysbl, NOTyYeHHOM
B pe3y/bTaTe MHOMECTBEHHOr0 PerpecCMOHHOr0 aHanu3a, MOMHO MPefcKa3biBaTh PasBUTUE MPELEBPEMEHHBIX POJOB
Y HEHLLMH C y4eTOM CoMaToTmMna.

3aknoyeHue. Takne NOKasaTenu, Kak CpefHAA BENMYMHA CKOPOCTM CLABWUIOBOM BOJIHbI B 06/1aCTV BHYTPEHHErO 3eBa
LUEMKN MaTKN 1 MaTOYHO-LUEEYHbIN Yo/, MOrYT BbiTb OTHECEHBI K MapKepaM MperaeBpeMeHHbIX poaoB. [onyyeHHas gop-
My/ia No3BOJIAET MPOrHO3MpOBaTh Pa3BUTHE NPEMKAEBPEMEHHBIX POAOB Y HEHLLMH C YY4eTOM COMATOTMNA M 3apaHee Mpo-
BOAUTbL NPOGUNAKTHKY.
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BACKGROUND

Preterm birth is a complex process resulting from the
influence of many factors. According to the principles of the
World Health Organization, preterm birth, which is a significant
cause of perinatal morbidity and mortality, is defined as
delivery before 37 weeks of gestation. The preterm birth rate
ranges from 5% to 13% in most countries, with 15 million
preterm births occurring annually worldwide, representing a
serious social and medical problem. Premature babies are at
increased risk of death and are more likely to develop long-
term neurological and developmental disorders compared
to full-term children. In addition, preterm birth can increase
the risk of lethal outcomes from other neonatal diseases.
With a preterm birth, the development of pathological
conditions is characterized not only by children but also
by the mothers themselves. Thus, women who give birth
prematurely more often have cardiometabolic disorders
in the future [1-4]. Identification of signs of preterm birth
characteristics, long before the onset of labor, will enable
timely preventive measures, which will reduce the risk of
perinatal complications.

In modern medical literature, more and more
attention is paid to the relationship of the human body
type with various pathological conditions, including the
peculiarities of the course of pregnancy, which determines
the approach of patient management [5, 6]. In Russian
scientific research, the classification and technology of
R.N. Dorokhov, which has several advantages, is often
used for somatometry. Thus, it is used for both adult and
pediatric populations. Accordingly, dimensional variation,
body mass components, and proportional development are
determined [7, 8].

Studies were published that present data on changes in
tissue elasticity in organs depending on the development of
a particular pathological process, using the modern shear
wave elastography (SWE) technology; and the elastographic
parameters of the cervix at different stages of pregnancy
were studied, which revealed a correlation with the term of
delivery [9-14]. Before childbirth, the cervical consistency
changes, which leads to its opening and onset of the labor
process, assessed by cervical conditions.

The study of the cervical elasticity long before the
onset of preterm labor in women, taking into account
the somatotype for predicting the onset of labor, is an
urgent task of modern obstetrics. The literature reports
insufficient research to identify the relationship between
the body type characteristics of a woman and the onset
of preterm birth.
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This study aimed to analyze the modern cervical
sonographic parameters in pregnant women, taking into
account the somatotype, to develop a mathematical model
for predicting preterm labor.

MATERIALS AND METHODS

The work performed relates to the research activity.
The study included 390 women. Somatotyping was performed
in women at gestational age no later than 9-10 weeks,
using the contemporary classification and R.N. Dorokhov's
methodology, where the nanosomal type is distinguished
with <0.2 points, microsomal with 0.2-0.385 points,
mesosomal with 0.466-0.533 points, macrosomal with
0.614-0.8 points, and megalosomal with >0.8 points, as
well as transitional somatotypes, namely micromesosomal
with 0.386-0.465 points and macromesosomal with
0.534-0.613 points [7, 8]. The macrosomatotype was noted in
110 patients, mesosomatotype in 173, and microsomatotype
in 107 patients. The study included women at a gestational
age of no later than 9-10 weeks, with a singleton pregnancy,
without a history of severe somatic nosologies, signs of
isthmic-cervical insufficiency, preterm birth, recurrent
miscarriage, and cervical surgical interventions, and after
signing informed consent to participate in the study.

The utero-cervical angle, namely the angle formed by the
cervix and the lower segment of the uterus, was measured.
The utero-cervical angle was determined by a transvaginal
probe located in the anterior fornix of the vagina, based
on visualization of the angle formed by the line along the
anterior uterine wall, including the isthmus and internal
orifice, and the line parallel to the cervical canal through the
internal and external orifices.

All measurements were performed on a Philips Epiq 5
ultrasound scanner.

SWE was performed, as well as a quantitative as-
sessment of the cervical stiffness (elasticity), expressed
in terms of the shear wave speed (SWS). The measure-
ment mode was chosen in m/s in real-time. The speed at
which shear waves travel depends on the cervical elas-
ticity. Thus, with an increased cervical stiffness, the speed
of propagation of the shear waves increased. It should be
noted that when performing SWE in this device, compres-
sion is unnecessary, the tissue compression occurs under
the influence of a strong ultrasound wave, and the soft-
ware analyzes and displays the elasticity color map and
the digital elasticity index expressed in m/s. The velocity
of shear waves in the region of the posterior and anterior
surfaces of the internal orifice, as well as the SWS in the
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region of the posterior and anterior surfaces of the ex-
ternal orifice, was determined, and then the average SWS
value in the area of the internal and external orifice was
calculated.

Measurements were made at 22-23 and 28-29 weeks of
gestation. Taking into account the data of several authors,
cervical maturation gradually occurs within 2-4 weeks [15].
Therefore, weekly measurement of the utero-cervical angle
and cervical elasticity was unnecessary.

For mathematical data processing, the STATGRAPHICS
Plus version 5.0 and Statistical Package for the Social
Sciences (SPSS) version 15.0 programs were used.
The indicators were presented as the arithmetic mean
and mean error. The student’s t-test was used to identify
differences in the groups. The multiple regression analysis,
Pearson correlation, and receiver operating characteristic
(ROC) analysis were performed.

RESULTS AND DISCUSSION

Among the examined female patients, 60% were
primiparous and 40% were multiparous; the age ranged
from 18 to 38 years (average age 27.5 + 2.8 years).

In the groups of women with macro- and micro-
somatotypes, preterm labor was more common in con-
trast to women with the mesosomatotype (p < 0.05)
(Table 1).

The mean SWS value in the area of the internal uterine
orifice and the utero-cervical angle significantly differed in
the studied groups (p < 0.05) (Table 2, Fig. 1, 2). Among the
pregnant women who subsequently had a preterm birth,
already at 22-23 weeks of gestation, the mean SWS value
in the internal uterine orifice was less than the normal
values, whereas the value of the utero-cervical angle was
higher compared to those who did not have preterm labor
(p < 0.05). Indicators of the cervical length in the examined
groups did not significantly differ.

At the gestational age of 28-29 weeks, a weak
correlation was established between the cervical length
and the mean SWS value in the internal uterine orifice
(r=0.2; p<0.05) and the utero-cervical angle (r=10.22,

Table 1. The incidence of preterm birth in the examined women
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p < 0.05) among pregnant women who subsequently had
a preterm birth. Correlation of the cervical length with
indicators at a gestational age of 22-23 weeks was not
identified.

Since the SWS values can be used to determine the
elasticity of the tissue under study, a decrease in this
indicator in pregnant women with subsequent preterm
birth, as well as an increased utero-cervical angle, indicate
cervical softening at 22-23 weeks of gestation; and at
weeks 28-29, the SWS value continued to decrease,
whereas the utero-cervical angle increased, which indicated
cervical maturation and onset of preterm birth. Indicators,
such as the mean SWS in the area of the internal uterine
orifice and the utero-cervical angle, can be attributed to
markers of preterm labor, which can be used to predict the
development of labor.

All this enabled, when performing correlation-regression
analysis (in the SPSS version 15.0 program), to reveal the
relationship between preterm labor in women and their
somatotype (r=-0.82; p < 0.05), the average SWS value
in the internal uterine orifice (r=-0.89; p < 0.05), utero-
cervical angle (r=0.92; p < 0.05), and fatty component of
weight (r=0.89; p<0.05), and develop a mathematical
formula to predict the development of preterm labor in
women, taking into account the somatotype.

RPB=-112.32 - (115.32 - A) + (9.03 - B) -
-(0.086-C)-(5.21-D),

where RPB — risk of preterm birth (%); A — somatotype
score; B — fat mass (%); C — utero-cervical angle (degrees);
and D — the average value of the shear wave velocity in the
internal uterine orifice (m/s).

The values of the corresponding indicators of the
examined woman are substituted into the mathematical
formula. The RPB values of 60% or more indicate a high risk
of preterm birth, those of 30% to 60% indicate a moderate
risk, and values below 30% indicate low risk, taking into
account the well-known scales [16].

Example of calculating RPB 1. Patient L., 22 years old.
At 6 weeks of gestation, somatometry revealed a height of
156.1 cm; a weight of 44.3 kg; a fat mass of 12.46 kg (28.3%);

Somatotype

Indicator MaS (n=110)

MeS (n=173) MiS (n = 107)

n %

n % n %

Preterm birth 12 10.9

(A 6.4 16* 14.9

Note. MaS — macrosomatotype; MeS — mesosomatotype; MiS — microsomatotype. * differences between MaS and MeS types are statistically
significant (p < 0.05); * differences between MeS and MiS types are statistically significant (p < 0.05).
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Table 2. Markers of preterm labor in the groups under study

Journal of Obstetrics and Women's Diseases

Somatotype
Examined groups Indicator
MaS (n=110) MeS (n=173) MiS (n = 107)
22-23 weeks of pregnancy
Pregnant women without Cervical length, mm 39.3+£5.8 39.7+5.2 38.8+4.9
a preterm birth Average SWS value in the internal 38202 38603 372 0.4
orifice of the uterus, m/s
Average SWS value in the external 22707 2.32+08 225+08
orifice of the uterus, m/s
Utero-cervical angle, degrees 86.3+ 4.4 85.6 + 4.7 86.9 £ 6.2**
Pregnant women with Cervical length, mm 36.8+6.2 37.6 £5.9 36.2+5.2
subsequent preterm labor  a\arage SWS value in the internal 23102 23402 213+ 0.4%% 1
orifice of the uterus, m/s
Average SWS value in the external 1.93+0.7 1.97 £ 0.6 1.91 + 0.5
orifice of the uterus, m/s
Utero-cervical angle, degrees 97.9+5.3* 975+ 5.6* 98.2+7.3*#
28-29 weeks of pregnancy
Pregnant women without Cervical length, mm 38.4+5.8 38.7+5.6 37.7+5.2
a preterm birth Average SWS value in the internal 3.04 + 0.2* 3.14+0.1 292+ 02
orifice of the uterus, m/s
Average SWS value in the external 2.09+ 0.6 211+£0.6 2.03+0.7
orifice of the uterus, m/s
Utero-cervical angle, degrees 943+ 4.8 94.6 +4.6 95.4 + 6.3
Pregnant women with Cervical length, mm 34365 352+59 33.4+5.6
subsequent preterm labor  a\arage SWS value in the internal 171£007%6 17440085  1.62 007"
orifice of the uterus, m/s
Average SWS value in the external 1.57£05 1.58 + 0.5 1.51£0.4
orifice of the uterus, m/s
Utero-cervical angle, degrees 106.3 +5.7%8 105.8 +5.3%%  108.6 + 6.6**#5

95

Note. MaS — macrosomatotype; MeS — mesosomatotype; MiS — microsomatotype; SWS — the shear wave speed. * differences in groups MaS
and MeS are statistically significant (p < 0.05); ** differences in the MeS and MiS groups are statistically significant (p < 0.05); ®differences
between indicators at 22-23 and 28-29 weeks of gestation are statistically significant (p < 0.05); *differences between the indicators in the
group of pregnant women who did not have preterm labor and in the group of pregnant women with subsequent preterm birth are statistically
significant (p < 0.05).

Fig. 2. Patient L., gestational age 29 weeks, utero-cervical
angle 88°

Fig. 1. Patient V., gestational age 28 weeks, utero-cervical
angle 106°
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and microsomatotype body type (0.342 points). At 28 weeks
of gestation, the ultrasound examination revealed the
utero-cervical angle of 103.6°, and during SWE, the mean
SWS value in the internal uterine orifice was 1.9 m/s.
RPB amounted to 87.1%. The patient had a preterm birth at
32 weeks of gestation, which indicates the correctness of
the RPB calculation.

Example of calculating RPB 2. Patient R., 24 years
old. At 7 weeks of gestation, somatometry revealed a height
of 178.3 cm; the weight of 74.2 kg; a fat mass of 19.42 kg
(26.2%); and macrosomatotype body type (0.642 points).
At 28 weeks of gestation, the ultrasound examination
revealed the utero-cervical angle of 95.5°, and during SWE,
the mean SWS value in the internal uterine orifice was
3.8 m/s. RPB amounted to 20.6%. The patient had a delivery
at the gestational age of 38 weeks, which indicates the
correctness of the RPB calculation.

In cases of preterm birth, an ROC analysis was performed
to identify the ability to precisely predict the development
of a pathological process. When performing the ROC
analysis, a moderate and, in some cases, high sensitivity
and specificity of the signs selected for multiple regression
analysis was established. Thus, the sensitivity and specificity
of the utero-cervical angle were 76% and 87%, respectively,
the average SWS value in the internal uterine orifice was
80% and 83%, somatotype scores were 89% and 82%,
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