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YBaskaemblie unrarean!

IIpeacraBasgem BallleMy BHUMAaHHMIO O4epejHON HOMep >KypHada, B KOTOPOM COOpaHBI
OpUIMHA/AbHBIC JCCACAOBAHMS U aHAAUTUYECKUe MaTepuadbl, OTpakalollye aKTyaabHble
HaIlpaBAeHUs COBPeMeHHON MeAUIIMHEI 11 0OIIeCTBeHHOIO 34paBooXpaHeHus. TeMaTnKa BhIITycKa
OXBaTbIBaeT INMPOKUI  CIEKTPp BOIPOCOB — OT MOAEKYASPHO-TEHEeTUYECKUX  OCHOB
IIepCOHAAN3NPOBAHHON Tepalnuy 40 COLMAAbHO 3HAYMMBIX aCIIeKTOB OXPaHbl 340POBbs KEHIIVH I
AeTern.

Ocoboe BHMMaHNe B HOMEpe YAeAeHO BOIIpocaM pelpOAYKTUBHOIO 340POBbs JKeHIIH
Ha pa3HBIX 9Tallax >KM3HEHHOIO IMKaa. B mpeacraBaenHplx paborax paccMaTpUBarOTCs
COBpeMeHHbIe IIOAXOAbI K HpoQuAaKTUKe, paHHel AMarHOCTMKe M IIePCOHAAU3MPOBAHHOMY
AeYeHNIO OHKOAOTMYeCcKIX 3a001eBaHN, BKAIOUasl aHaAM3 MOAeKYAspPHO-TeHeTIeCKOTO Ipodpuas
paka MOAO4YHON >Keae3pl M poam wyraumii BRCA, a TakKe pe3yabTarbl IIMAOTHOTIO
BaAUAALVIOHHOTO MCCA€AOBAHMS 110 CKPMHMHIY paka IIeiKi MaTKM MeTOAOM CaMOCTOATeAbHOIO
3abopa oOpasios cpeau >XeHuH B Kazaxcrane. /ONoAHAIOT 4aHHOe HallpaB/AeHNe JCCAe0BaHs
B 004acTy aKylIepCTBa ¥ I€pUMHATAaAbHOM MEAUIIVHBI, TOCBAIIEHHbIE OLIeHKe BO3MOXKHOCTU
BarMHAaAbHBIX POAOB y JKEHIIUMH C PyOLIOBBIMM M3MEHEHUAMM MaTKM KaK aAbTepPHaTHBBI
IIOBTOPHOMY KecapeBy CeUeHHMIO, a TakXke aHaansy 9PPeKTUBHOCTU AAUTEABHOIO Ipuéma
dpoanesoit KUCAOTHI AAs MPOPUAAKTUKMA ITPpedKAaMIICuM y OepeMeHHBIX ¢ HapyIIeHUsAMM 1 0e3
HapyImIeHni (poAaTHOTO IIMKAa.

B BhIycke Taxke HpeAcTaBA€HBI MCCAeAOBaHNsA, IOCBAIIEHHbIE KapAMOAOIMYeCKUM U
MeAVIKO-TeHeTM4IeCKIM acleKTaM AMarHOCTHMKM Y IIallieHTOB Pa3AMYHBIX BO3PACTHBIX TPYIII.
PaccmaTpuBaiorcst  ocoOeHHOCTH — depopMaluy  MMUOKapAa IO JaHHBIM  CIEKA-TPeKUHT
9XxoKapauorpadpum y IaljMeHTOB C COXpaH€HHOM ¢pakiyell BpIOpOca, a TaKKe BOIIPOCHI
AVIaTHOCTVKM Op(aHHBIX M BPOXAEHHBIX 3a004eBaHMII, BKAIOYas pe3yAbTaThl IOAHODK30MHOTO
CeKBEHIPOBaHI: y JeTell C I0J03peHreM Ha cuHApoM Aabrioprta n oneHKy KT-anrnorpaguuecknx
IIOKasaTeAel IPU BBIABACHUN TUIOIAa3umn Ayru aopThl. [IpeacraBaennble gaHHBIE CIIOCOOCTBYIOT
yTAy0A€HUIO ITOHVIMaHN aTo(pU3MO0A0TUYECKUX MEeXaHM3MOB 3a00.1eBaHnIA "
COBEPIIeHCTBOBAHMIO KAMHUYECKON ITPaKTVKIA.

He Mmenee BaXHBIM HallpaBAeHUeM sBAsETCI OLleHKa KadecTBa JKM3HM IalMeHTOB I
BHe/peHVe BaAAMPOBAHHBIX WMHCTPYMEHTOB B KAMHMYECKYIO IIpakTHKy. B  Bbimycke
IpejcraBaeHa pabOoTa IIO ajanTaluy ¥ OIleHKe OIPOCHMKa KadecTBa >KM3HM IalleHTOB C
remopuanein 8 Pecnybauke Kasaxcran, yTo mMeeT MpaKTHyeckoe 3HaueHMue A4s KOMIIAeKCHOTO
Be/eHI s IallMIeHTOB U OLleHKM 9(PpPeKTUBHOCTY Teparnm.

OraeabHOTO BHMMAaHMUS 3acAy>KMBaeT CTaThs, ITOCBAIIEHHAs MeXAYHapOAHOMY OMIBITY
reHAepHOro oOpa3soBaHMs MeAMIVHCKMX PaOOTHMKOB KaK MHCTPYMEHTY IIpO(pUAaKTUKN
TeHAepPHOIO HacUAMSA VM BO3MOXKHOCTAM ero mmnaemenTtauym B Kasaxcrawe. Jannas pabota
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HO,ZI,LIépKI/IBaeT Me)K,ZI,I/ICLU/IH/lI/IHaprIIZ XapakrTep COBpeMeHHOﬁ MeAMIOMHBI 1M Ba>XHOCTDb
MHTETpalnNn COIMaabHBIX V1 O6pa30BaTeAbeIX II0AXOA0B B CIICTEMY 34PaBOOXPaHEHIIA.

Pe,ZI,aKLU/I}I HageeTcsda, 9TO Marepuadbl 4aHHOTO HOMeEpa 6y,ZI,}7T ITOA€3Hbl IMPaKTUKYIOIIM
Bpa4aM, mnccaegosarelasiM, IperodaBareasiM U O6y‘~IaIOIJ_U/IMCﬂ, a TakK>XKe BHECYT BKAa4 B pa3BUTIE
Hay‘IHOﬂ MBICAN U Ppa3BUTUE rZI,OKEI361Te/1bHO]'\/II MeJAUIIVHbI B Kaszaxcrane u 3a ero IrpegeaamMn.
XKeaaem Bam MHTEPECHOIO I I11040TBOPHOTIO YTEHVI.

C yeaxenuem,
I'Aasnuitl pedaxmop
Typmyxambemosa Anap AxoiAbexosHa

IIpedcedamenrv I1pasrerus-Pexmop Meduvurickozo yrHusepcumema Acmana
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Abstract

In the era of technological modernization, new preventive and therapeutic strategies
have been developed for cardiovascular diseases. Speckle tracking studies are no
exception.

Study objective. To evaluate the values of speckle tracking echocardiography
parameters in the diagnosis of left ventricular myocardial dysfunction in
perimenopausal women.

Materials and methods. This study had a prospective design with a one-year follow-
up period. The study included 150 female patients, aged 47 to 53 years, with known
hormonal levels, corresponding to the perimenopausal period. The study was
conducted at the Clinical Medical Center of the Presidential Administration of the
Republic of Kazakhstan, Department of Functional Diagnostics. All tests were
performed using IBM SPSS Statistics 20 (IBM, USA) with a 95% confidence level.

Astana Medical Journal, 2025, 6, 125
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1. Introduction

Study results. All 150 subjects underwent routine echocardiography, after which
they were divided into two main groups: 90 women (60%) constituted the cohort of
individuals with existing LV diastolic dysfunction, while the remaining 60 women,
or 40%, were individuals without existing LV diastolic dysfunction. Speckle-tracking
echocardiography was performed.

In the study, of the 90 patients with LV diastolic dysfunction based on routine
echocardiography, 85had basal segment systolic dysfunction. This constituted 94.5%
of patients. In the remaining 5 patients (5.5%), no regressive changes in systole were
detected. In the second cohort of sixty women with no LV diastolic dysfunction on
routine cardiac ultrasound, only 50 (83.4%) had normal systolic function on the basal
plane. The remaining 16.6% (10 patients) with normal diastolic function on routine
echocardiography showed abnormal systole and pre-diastolic pathology on speckle-
tracking echocardiography.

Conclusions. Routine echocardiography in our study demonstrated that it can often
serve as a prognostic tool for the development of systolic myocardial dysfunction in
individuals with existing left ventricular diastolic dysfunction. A direct correlation
was found between the presence of decreased basal plane indices on speckle-tracking
echocardiography. This means it is mandatory and recommended to implement
speckle tracking in routine echocardiography as an informative predictor of future

adverse cardiovascular events.

Keywords: speckle tracking echocardiography, left ventricular diastolic dysfunction,

left atrium.

Speckle tracking, a current echocardiographic
study, is a popular and promising technique for assessing
myocardial structural and functional changes. Its
estimated global longitudinal myocardial strain is more
sensitive to early changes in left ventricular contractility
than ejection fraction and other parameters.

Attention is paid in detail to diastolic
dysfunction, which has become increasingly important
for assessing pathological conditions characterized by
elevated left ventricular filling pressure without overt left
ventricular (LV) dysfunction. In fact, assessment of
diastolic ~ function is recommended for every
echocardiographic examination. Therefore, new indices
have been investigated for sensitive and reliable
quantitative assessment of diastolic dysfunction,
particularly for the early diagnosis of cardiovascular

events. Assessment of global left ventricular strain has

demonstrated its role in the diagnostic and prognostic
evaluation of cardiac pathologies [1]. The diagnostic
capabilities of speckle-tracking echocardiography are
reflected in the clinical guidelines of the European Society
of Cardiology (2016-2018), the European Association of
Cardiovascular Imaging (EACVI), and the American
Society of Echocardiography (2016-2018). Currently,
considerable attention is being paid to the use of speckle-
tracking  echocardiography in various cardiac
pathologies, oncologic pathologies, and hormonal and
metabolic disorders [2]. Importantly, speckle-tracking
echocardiography can be used not only for diagnosis but
also for assessing the prognosis of cardiovascular events
[3].

According to the WHO, cardiac pathology is one
of the most common non-specific diseases, accounting for

30% of all deaths.
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Gender differences in cardiovascular diseases,
particularly heart failure (HF), have been noted in several
recent publications. Although sex differences in age-
related cardiovascular changes are well described, little is
known about how female menopause and sex hormones
relate to myocardial mechanics and function [4].

Women's cardiovascular disease risk increases
later in life, often coinciding with their menopausal
transition. Previous studies have identified key changes
associated with menopause, including changes in
endogenous sex hormone levels, body fat distribution,
and cardiometabolic health. Although the menopause
transition is not formally recognized as a cardiovascular
risk factor in guidelines, there are compelling adverse
cardiometabolic changes that accompany midlife and
menopause [5].

Taken together, these maladaptive changes at

menopause are potentially associated with worsening

2. Methods

This study had a prospective design with a 12-
month follow-up period. The study included 150 female
patients, aged 47 to 53 years, with known hormonal
levels, consistent with their perimenopausal stage. The
study was conducted at the Functional Diagnostics
Department of the Clinical Medical Center of the
Presidential Administration of the

Kazakhstan.

Republic  of

According to electrocardiography results, all
study participants had sinus rhythm, with a heart rate of
60-90 bpm.

Exclusion criteria included congenital and
acquired heart defects, coronary artery disease, atrial
fibrillation, heart failure with an ejection fraction of less
than 50%, chronic kidney disease, and liver and thyroid
dysfunction.

Upon recruitment, all participants underwent a
thorough ~ medical

history,  laboratory  data,

electrocardiography, echocardiography with tissue
Doppler, and speckle - tracking echocardiography.
Hormonal status was determined by estradiol and follicle
- stimulating hormone (FSH) levels, and obstetric

gynecological examination was performed.

myocardial function, i.e., greater left ventricular diastolic
dysfunction [7,9], increased LV concentric remodeling
[6,12], and altered cardiac strain indices [8,13], potentially
making postmenopausal women susceptible to heart
failure with preserved ejection fraction [14,18]. However,
to date, no study has comprehensively examined the
relationship between menopause, circulating estradiol
levels, and left ventricular and left atrial myocardial
strain indices. Previous studies have been relatively small
and have not included comparisons between hormonal
status and advanced echocardiographic techniques
[9,10,14,18]. Therefore, we used a chamber-specific
speckle tracking method to examine the relationship
between menopause stages and cardiac geometry and
mechanics (left atrium and left ventricle) in an

asymptomatic population.

Left ventricular longitudinal strain was
measured globally and regionally (basal, mid, and apical)
in all patients using speckle-tracking echocardiography.
Left atrial longitudinal strain was also assessed in all
patients. Normal left ventricular speckle - tracking
echocardiography was defined as < - 18%, and for the left
atrium, - 35%.

The study protocol was approved by the LEC of
the NAO MUA in 2022, Protocol N 1. All subjects signed
informed consent before inclusion in the study.

Echocardiographic examination

Full two-dimensional and Doppler
echocardiography was performed by two experienced
physicians at rest (GE Vivid E9 with a 1-5 MHz
transducer) in accordance with the ASE guidelines. Left
ventricular end-diastolic volume, left ventricular end-
systolic volume, and ejection fraction were calculated
from apical two- and four-chamber views using a
modified Simpson method. Diastolic parameters,
including mitral inflow velocity (E and A waves), mitral
annular Doppler velocity (septal and lateral e'), left atrial
volume index (LAVI), and peak tricuspid regurgitation

velocity, were measured by averaging over three
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consecutive cardiac cycles to assess diastolic function.
Isovolumic relaxation time (IVRT) and myocardial
performance index (MPI) were also measured using
Doppler. All

echocardiography to assess longitudinal myocardial

tissue patients then underwent
strain in 16 segments and determine the circulation type.
Speckle-tracking echocardiography of the left atrium
with determination of reservoir, conduit, and pump
functions [7,9].

Statistical analysis

Results for quantitative variables with a normal

distribution were expressed as mean =+ standard

deviation, while numerical variables with a non-normal
distribution were expressed as median with interquartile
range. Qualitative variables were presented as number
and percentage. The Student's t-test and Mann-Whitney
U-test were used to compare numerical variables with
and without a normal distribution, respectively. In
addition, the chi-square test was used to compare
nominal variables. All tests were performed using IBM
SPSS Statistics 20 (IBM, USA) with a 95% confidence

level.

Diagram 1

3. Results

All 150

echocardiography, after which we divided them into two

subjects ~ underwent  routine
main groups: 90 women (60%) formed a cohort of
individuals with existing LV diastolic dysfunction, the
remaining 60 women were individuals without existing
LV diastolic dysfunction. During the speckle tracking
study in individuals with LVEDD according to the results
of routine echocardiography, 85 out of 90 patients had a
decrease in basal segment indices. This amounted to

94.5% of patients. In the remaining 5 patients (5.5%),

pLv/w/

DLV/w/
0 10/50

85/5

regressive changes in myocardial dysfunction were not
detected. In the second cohort of sixty women without
LVEDD on routine echocardiography, only 50, or 83.4%,
had no impairment in the reduction of speckle tracking
echocardiography indices in the basal section. The
remaining 16.6% (10 patients) with no changes in
diastolic dysfunction on routine echocardiography
showed decreased speckle-tracking echocardiography
parameters (Tables 1 and 2).
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Table 1 - Echocardiography parameters

Group statistics of routine echocardiography

Factor N Mean Standart deviation Standard error of the mean
E/e DDLV 90 11.10 1.050 0.111
w/o DDLV 60 6.78 0.666 0.086
LV MMI DDLV 90 101.00 6.106 0.644
w/o DDLV 60 83.75 5.488 0.709
RWT DDLV 90 31.54 1.664 0.175
w/o DDLV 60 25.70 1.522 0.196
SPAP DDLV 90 36.96 1.669 0.176
w/o DDLV 60 25.68 3.322 0.429
EF DDLV 90 54.71 2.536 0.267
w/o DDLV 60 60.77 2.205 0.285

Table 2 - ST-Echocardiography parameters

Group statistics of ST-Echocardiography

Factor N Mean Standart deviation Standard error of the mean
Global ST DDLV 90 -16.89 0.827 0.087
w/o DDLV 60 -20.07 1.572 0.203
LA DDLV 90 -31.89 1.869 0.197
ST w/o DDLV 60 -35.60 0.978 0.126
ROC Curve
e //-'/ Sourc:n::al the
— ~ Basal septal
~ Basal nferior
0.8 1Mid inferolateral
——Reference Line
0.6
£
=
S
@ 0.4
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Figure 1- ROC curve of the relationship between LV diastolic dysfunction and echocardiography segments

by speckle tracking
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According to Figure 1, the area under the receiver
operating characteristic (ROC) curve for the correlation
between the presence of left ventricular diastolic

dysfunction and the basal septal segment of the left

ventricle was 0.696 + 0.075 (95% CI: 0.549-0.842, p = 0.018).

The cutoff value for the basal septal segment was
-19.50. When the basal septal segment was equal to or
greater than this value, a high risk of left ventricular
diastolic dysfunction was predicted. The sensitivity and
specificity of the method were 70.8% and 57.7%,
respectively.

The area under the receiver operating
characteristic (ROC) curve for the correlation between the
presence of left ventricular diastolic dysfunction and the
basal inferior segment was 0.772 + 0.068 (95% CI: 0.639—

0.904, p = 0.001). The cutoff value for the basal inferior

4. Discussion

According to the scientific article on the role of
speckle-tracking echocardiography in the diagnosis and
treatment of cardiovascular diseases by E.G. Nesukai and
A.A. Danilenko, speckle-tracking echocardiography is a
new technique for assessing myocardial function [15].
Global longitudinal strain is the most clinically used
parameter in speckle-tracking echocardiography.
Routine sonographic methods have a place in the
diagnosis of existing clinical signs of pathology. This
study examines left ventricular diastolic dysfunction as a
model for assessing deformation, contractility, and other
cardiac muscle functions, including left ventricular
remodeling and hypertrophic processes.  Atria
involvement cannot be ruled out [11,12].

Relevant data continues to emerge due to the
intensive use of speckle-tracking echocardiography in
various patient groups with various pathologies [15,16].
For future guidelines and research, the question of
supplementing left atrial data and a full examination of
right ventricular function remains open, focusing on the
usefulness of the results. In this study, using speckle
tracking for a comprehensive assessment of myocardial
function in an asymptomatic population, women had
varying function. Female

indicators of diastolic

segment was - 21.50. When the basal inferior segment
was equal to or greater than this value, a high risk of left
ventricular diastolic dysfunction was predicted. The
sensitivity and specificity of the method were 87.5% and
65.4%, respectively. The area under the ROC curve for the
correlation between the presence of LV diastolic
dysfunction and the mid-lateral segment was AUC 0.692
+ 0.074 (95% CI: 0.547-0.838, p = 0.020). The cutoff value
for the mid-lateral segment was - 20.50. When the mid-
lateral segment was equal to or greater than this value, a
high risk of left ventricular diastolic dysfunction was
predicted. The sensitivity and specificity of the method
were 70.8% and 50.0%, respectively. The area under the
receiver operating characteristic (ROC) curve was 0.806 +
0.065 (95% CI: 0.679-0.933, p < 0.001), indicating "very

good" predictive performance of the model.

menopause and declining estradiol levels were
associated with greater left ventricular remodeling
combined with reduced left ventricular longitudinal
strain. Furthermore, among postmenopausal women,
decreased  speckle  tracking  echocardiography
parameters were independently associated with clinical
outcomes. Taken together, these data contribute to our
understanding of hormonal differences in heart failure
and the predominance of postmenopausal women
among heart failure patients with preserved LV function.
Our findings of smaller LV dimensions, greater LV
sphericity and concentricity, larger LA dimension, and
worse LV diastolic function, despite better LV systolic
function in women compared with men, are consistent
with previous studies [15,16]. Our results extend
previous data showing that, regardless of age and
cardiovascular risk factors, female menopause is
associated with greater LV and LA structural remodeling
in tandem with a modest decrease in LV and LA
longitudinal strain, despite preserved LVEF. Notably,
while LV longitudinal function decreased, LV torsional
function increased in postmenopausal women. Chinese
American women in early menopause are at higher risk

of cardiac remodeling compared with other ethnic
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groups [20]. Menopause and a shorter reproductive
period due to early menopause are proposed to be risk
factors for the development of HF with EF in women
[9,13,14,20].
echocardiography is a highly sensitive and relatively

Importantly, speckle tracking
afterload-independent measure of left atrial and left

ventricular function, respectively. Our data suggest that

5. Conclusion

Routine echocardiography in our study
demonstrated that it can often serve as a prognostic tool
for the development of systolic myocardial dysfunction
in individuals with pre-existing left ventricular diastolic
dysfunction. A direct correlation was found between the
presence of decreased basal layer indices on speckle
tracking. This suggests that speckle tracking should be
incorporated into routine echocardiography as an
informative adverse

predictor of  subsequent

cardiovascular events.

References

strain indices and the LA stiffness index, with cutoff
values of 31.6% and 18.2%, respectively, may be more
sensitive for detecting subclinical kinetic changes, even
when traditional left atrial (e.g.,, LA emptying fraction)
and left ventricular (e.g., LV ejection fraction, or E/e’)

markers remain unchanged.

Conflict of Interest

The authors declare no conflict of interest.

Funding

The study received no external funding.

Author Contributions

Conceptualization - D.G.A; Investigation - B.Z.A;
Formal analysis - Z.N.S., B.Z.A; Writing - original draft -
B.Z.A.; Writing - review and editing - Z.A.U, GM,;
Supervision - K.E.S.,, D.G.A. All authors have read and

approved the final manuscript.

1. Lam, C. S., Amott, C., Beale, A. L., Chandramouli, C., Hilfiker-Kleiner, D., Kaye, D. M., Voors, A. A. (2019).
Sex differences in heart failure. European heart journal, 40(47), 3859-3868c. https://doi.org/10.1093/eurheartj/ehz835

2. Santema, B. T., Ouwerkerk, W., Tromp, ]., Sama, 1. E., Ravera, A., Regitz-Zagrosek, V., Voors, A. A. (2019).
Identifying optimal doses of heart failure medications in men compared with women: a prospective, observational,
cohort study. The Lancet, 394(10205), 1254-1263. https://doi.org/10.1016/S0140-6736(19)31792-1

3. Solomon, S. D., McMurray, J. J., Anand, 1. S., Ge, ], Lam, C. S, Maggioni, A. P., Lefkowitz, M. P. (2019).
Angiotensin-neprilysin inhibition in heart failure with preserved ejection fraction. New England Journal of
Medicine, 381(17), 1609-1620. https://doi.org/10.1056/nejmoal 908655

4. Treibel, T. A., Kozor, R., Fontana, M., Torlasco, C., Reant, P., Badiani, S., Moon, J. C. (2018). Sex dimorphism

in the myocardial aortic

https://doi.org/10.1016/j.jcmg.2017.08.025

response  to

stenosis. JACC:

Cardiovascular ~ Imaging, 11(7),  962-973.

5. Muka, T., Oliver-Williams, C., Kunutsor, S., Laven, J. S., Fauser, B. C., Chowdhury, R., Franco, O. H. (2016).

Association of age at onset of menopause and time since onset of menopause with cardiovascular outcomes,

intermediate vascular traits, and all-cause mortality: a systematic review and meta-analysis. JAMA cardiology, 1(7), 767-

776. https://doi.org/10.1001/jamacardio.2016.2415

6. El Khoudary, S. R., Wildman, R. P., Matthews, K., Thurston, R. C., Bromberger, J. T., Sutton-Tyrrell, K. (2012).
Endogenous sex hormones impact the progression of subclinical atherosclerosis in women during the menopausal
transition. Atherosclerosis, 225(1), 180-186. https://doi.org/10.1016/j.atherosclerosis.2012.07.025

7.5un, Y., Liy, B., Snetselaar, L. G., Wallace, R. B., Caan, B. J., Rohan, T. E., Bao, W. (2019). Association of normal-
weight central obesity with all-cause and cause-specific mortality among postmenopausal women. JAMA network
open, 2(7), €197337-e197337. https://doi.org/10.1001jamanetworkopen.2019.7337



https://doi.org/10.1093/eurheartj/ehz835
https://doi.org/10.1016/S0140-6736(19)31792-1
https://doi.org/10.1056/nejmoa1908655
https://doi.org/10.1016/j.jcmg.2017.08.025
https://doi.org/10.1001/jamacardio.2016.2415
https://doi.org/10.1016/j.atherosclerosis.2012.07.025
https://doi.org/10.1001/jamanetworkopen.2019.7337

Astana Medical Journal, 2025, 6, 125

8. El Khoudary, S. R., Aggarwal, B., Beckie, T. M., Hodis, H. N,, Johnson, A. E., Langer, R. D., American Heart
Association Prevention Science Committee of the Council on Epidemiology and Prevention; and Council on
Cardiovascular and Stroke Nursing. (2020). Menopause transition and cardiovascular disease risk: implications for
timing of early prevention: a scientific statement from the American Heart Association. Circulation, 142(25), e506-e532.
https://doi.org/10.1161/CIR.0000000000000912

9. Sung, K. T., Chandramouli, C., Lo, C. L, Tsai, J. P., Lai, Y. H., Hsiao, C. C., Lam, C. S. (2022). Association of
female menopause with atrioventricular mechanics and outcomes. Frontiers in cardiovascular medicine, 9, 804336.
https://doi.org/10.3389/fcvm.2022.804336

10. Duzenli, M. A., Ozdemir, K., Sokmen, A., Gezginc, K., Soylu, A., Celik, C., Tokac, M. (2010). The effects of
hormone replacement therapy on myocardial performance in early postmenopausal women. Climacteric, 13(2), 157-170.
https://doi.org/10.3109/13697130902929567

11. Carrick-Ranson, G., Howden, E. ., Brazile, T. L., Levine, B. D., Reading, S. A. (2023). Effects of aging and
endurance exercise training on cardiorespiratory fitness and cardiac structure and function in healthy midlife and older
women. Journal of Applied Physiology, 135(6), 1215-1235. https://doi.org/10.1152/japplphysiol.00798.2022

12. Keskin Kurt, R., Nacar, A. B., Giiler, A., Silfeler, D. B., Buyukkaya, E., Karateke, A., Tanboga, 1. H. (2014).
Menopausal cardiomyopathy: Does it really exist? A case—control deformation imaging study. Journal of Obstetrics and
Gynaecology Research, 40(6), 1748-1753. https://doi.org/10.1111/j0g.12368

13. Ebong, I. A., Wilson, M. D., Appiah, D., Michos, E. D., Racette, S. B., Villablanca, A., Bertoni, A. G. (2022).
Relationship between age at menopause, obesity, and incident heart failure: the atherosclerosis risk in communities
study. Journal of the American Heart Association, 11(8), e024461. https://doi.org/10.1161/JAHA.121.024461

14. Hall, P. S, Nah, G., Howard, B. V., Lewis, C. E., Allison, M. A., Sarto, G. E., Parikh, N. I. (2017). Reproductive
factors and incidence of heart failure hospitalization in the Women’s Health Initiative. Journal of the American College of
Cardiology, 69(20), 2517-2526. https://doi.org/10.1016/j.jacc.2017.03.557

15. Lee, K. Y., Kim, H. L., Kim, K. J. (2023). Sex difference in the age-related decline of global longitudinal strain
of left ventricle. Scientific Reports, 13(1), 18441. https://doi.org/10.1038/s41598-023-42286-9

16. Yusifov, A., Woulfe, K. C., Bruns, D. R. (2022). Mechanisms and implications of sex differences in cardiac
aging. The journal of cardiovascular aging, 2, 20. https://doi.org/10.20517/jca.2022.01

17. Beaumont, A. J., Campbell, A. K., Unnithan, V. B., Oxborough, D., Grace, F., Knox, A., Sculthorpe, N. F.

(2024). The influence of age and exercise training status on left ventricular systolic twist mechanics in Healthy Males —

An  Exploratory  Study.  Journal = of  Cardiovascular ~ Development  and  Disease, — 11(10),  321.
https://doi.org/10.3390/jcdd11100321
18. Lang, R. M., Badano, L. P, Mor-Avi, V., Afilalo, ], Armstrong, A., Emande, L., Voigt, ]. U. (2015).

Recommendations for cardiac chamber quantification by echocardiography in adults: an update from the American

Society of Echocardiography and the European Association of Cardiovascular Imaging. European Heart Journal-
Cardiovascular Imaging, 16(3), 233-271. https://doi.org/10.1093/ehjci/jev014

19. Stylianos Tzeis, M. D., Gerstenfeld, E. P., Jonathan Kalman, M. D., Saad, E. B., Shamloo, A. S., Andrade, ].
G., Trines, S. A. (2024). 2024 European Heart Rhythm Association/Heart Rhythm Society/Asia Pacific Heart Rhythm
Society/Latin American Heart Rhythm Society expert consensus statement on catheter and surgical ablation of atrial
fibrillation. https://doi.org/10.1002/joa3.13082

20. Magnussen, C., Niiranen, T. J., Ojeda, F. M., Gianfagna, F., Blankenberg, S., Njelstad, 1., Schnabel, R. B. (2017).

Sex differences and similarities in atrial fibrillation epidemiology, risk factors, and mortality in community cohorts:

results from the BiomarCaRE Consortium (Biomarker for Cardiovascular Risk Assessment in
Europe). Circulation, 136(17), 1588-1597. https://doi.org/10.1161/circulationaha.117.028981



https://doi.org/10.1161/CIR.0000000000000912
https://doi.org/10.3389/fcvm.2022.804336
https://doi.org/10.3109/13697130902929567
https://doi.org/10.1152/japplphysiol.00798.2022
https://doi.org/10.1111/jog.12368
https://doi.org/10.1161/JAHA.121.024461
https://doi.org/10.1016/j.jacc.2017.03.557
https://doi.org/10.1038/s41598-023-42286-9
https://doi.org/10.20517/jca.2022.01
https://doi.org/10.3390/jcdd11100321
https://doi.org/10.1093/ehjci/jev014
https://doi.org/10.1002/joa3.13082
https://doi.org/10.1161/circulationaha.117.028981

Astana Medical Journal, 2025, 6, 125

21. Ebong, I. A., Wilson, M. D., Appiah, D., Michos, E. D., Racette, S. B., Villablanca, A., Bertoni, A. G. (2022).
Relationship between age at menopause, obesity, and incident heart failure: the atherosclerosis risk in communities
study. Journal of the American Heart Association, 11(8), e024461. https://doi.org/10.1161/JAHA.121.024461

22. De Gregorio, C., Marini, H., Alibrandi, A., Di Benedetto, A., Bitto, A., Adamo, E. B., Arcoraci, V. (2017).
Genistein supplementation and cardiac function in postmenopausal women with metabolic syndrome: results from a
pilot strain-echo study. Nutrients, 9(6), 584. https://www.mdpi.com/2072-6643/9/6/584#

Azaacray ppaximsacel cakTaaraH diieagepaeri crieKa-TpeKMHT 9X0KapANOrpa@usiCbIHbIH
AepeKTepi OOJibIHIIa TOPMOHAaAABI ©3TepicTep MeH MUOKapJ gepopMansiCbIHbIH
IapaMeTpaepi apacbIHAarbl OayiaaHbIC

Aepoucaanna I''A. 1, bBaapmyxameaosa JK.A. 2, Mapuuckuc I'., Koaaacbekosa A.O. 4,

Keaimbepanesa D.C. 5, 3emasanckas H.C. ¢

1 AouenTt, Aoaeaai MeauiyHa Kypchl 6ap >KaAarbl ToXipuOe Kadepa ChIHBIH MeHIepyIici,
Acrana meau1uHa ynusepcuteTi, Actana, Kasaxcran
2 Kapauoaor aapirep, Jaaeaai MeauiiHa Kypcsl Oap KaAarbl ToxXipube kadeapacsl,
Acrana meau1uHa ynusepcuteTi, Actana, Kasaxcran
3 ITpodeccop, Buasnioc yunsepcurerinig Canrtapoc aypyxaHacsl, BuasHioc, Antsa
4 bac kapauoaor, Kasaxcran Peciy6ankacer I[Tpesuaentiniy Ic 6ackapmacst MeauiimHaablk opTaabiesl, AcraHa, Kasakcran
5 Aouent, Adaeaai MeaAnIHA Ky pchl Oap >KaAIlbl ToxXipnOe kadeapacsl, ActaHa MeanIiHa yHusepcnuteTi, Acrana, Kasakcran

® Meaunmua marucrpi, Jaaeasi MeaniiuHa Kypchbl 6ap >kaansl Toxxipute kadegpacel, AcraHa MeAnIHa yHuBepcuteti, Actana, Kazakcran

Tyiingeme

TexHOAOTMAABIK, SKaHEBIPY AdYipiHAe KypeK-KaH TaMbIpAaphl aypyAapblHa Kapchl KaHa IpOQIAaKTUKAABIK
JKoHe eMAiK cTpaTermsaap skacaaabl JakTel OaKblaay sepTTeyaepi Je epeKileaik eMec.

Makxkcatsl [lepumMeHormaysagarsl aiteadepae coa >Kak KapbIHIIIa MUOKapA AMCPYHKIVSICHIH AMarHOCTHKadayAa
AAKTHI OaKblAay DXOKapAnorpaduack apamMeTpaepiniy MaHAepiH Oarasay.

Marepuaagap MeH aaicrep. bya sepTrey Oip >XbplaAbIK Oakbliay Ke3eHiMeH IlepCIIeKTMBAAbIK AM3aliHFa Me
004451 3epTTeyre IepuMeHOIIay3a Ke3eHiHe CalikeC KeAeTiH Oeariai TopMoHaAaAbl AeHredti Oap, 47 >xactaH 53 >Kacka
Aentinri 150 aitea marmenT KaToicTel. 3eprTey Kasakcran PecryGanmkacsr IlpesuaenTi OkiMiiairinig MeauiHaasix
OpTaABIFBIHBIH (YHKIIMOHAAABIK AMArHOCTMKA OeaiMiHAe >Kypriziaal. bapasik cemakrap IBM SPSS Statistics 20 (IBM,
AKIII) xemerimeH 95% ceHiMAiAiK AeHTreltiMeH XXypriziaai.

3eprTey HaTIDKeaepi. baparik 150 cyObekTire >kxocmapabl sxoKapAuorpadus KacaaAbl, COAaH KeitiH 0i3
0Zapapl eKi Herisri Tonka 6eaaik: 90 ariea (60%) coa >Kak, KapbIHIIAHBIH 411aCTOAAABIK AVICPYHKIOVSICH Oap ajaMAapAbIH
KOTOPTaChIH Kypadsl, aa KaaraH 60 oitea Hemece 40% coa >KaK KapBIHIIAHBIH AMACTOAAABIK, AVICQYHKIIVACHL KOK,
agamaap 6oaapl. Jdaxrapapl 6aKpLiay 9XOKapAMOrpadusCh Xy prisiaai.

3epTTeyae, adeTTeri sxoKapAmnorpadusira HeTi3geAreH coa >KaK KapBIHIIAHBIH AMAcTOAAaABIK, AVCPYHKIIVICH
6ap 90 HaykacTeH 85-iHAe 6a3aabAbl CETMEHTTIH CUCTOAAABIK AVCPYHKUVACH 0044 bya HaykacTapAbH 94,5%-bH
Kypaapl. Kaaran 5 nHaykacrta (55%) cmcrosaga perpeccusTi e3repictep aHBIKTaaMagbl. OJeTTeri >Kypek
yABTPaABIOBICEIHAA COA JKaK KapBbIHIIMAHBIH AMACcTOAAABIK AVCQPYHKIIVACH KOK aAIBIC diieAAeH TypaTbH eKiHII

koroptaga Tek 50-iHae (83,4%) Oasaababl >Ka3bIKTBIKTa KAABIITHl CHCTOAAABIK, (QYHKOUA 00a4bl. OJeTTeri
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®XOKapauorpapusaia KaAbIITH AMacTOAaABIK (PYHKIUVCH Oap KaaraH 16,6%-aa (10 Haykac) gaxrapasl OaxpLiay
DXOKapAnorpapuChHa KaABIIITaH THIC CHICTOAA JKoHe AMacTOAAABIKKA AEIiHTi ITaToA0TIsI OaliKaaAbl.

Kopruiteiaanl. bisaiy 3eprreyimisgeri oagerrteri sxokapAmorpadus CoA >KaK KapbHIIAHBIH AMAacTOAaAbIK,
AucyHKIUACH Oap ajgamAapaa CUCTOAAABIK MUOKapJ, AMCOYHKIVCHHBIH AaMyBIHBIH 004KaMABIK KypaAbl peTiHAe
KBI3MET eTe aJaThIHBIH KepceTTi. Jakrapasl OaKplaay sxoKapAnorpadusaceHia 6a3zaabAbl >Ka3bIKTHIK MHAEKCTEPiHiH
TOMeHJeyi apachlHAa TiKeAell KOppeAdnus aHbIKTalAbl. bya OoaamrakTarbl >KarbIMCBHI3 SKYpeK-KaH TaMBIpAaphl
OKMFaZapBIHBIH aKIapaTThIK 0O/AKayIIBICHl peTiHAe KYHAeAiKTi sxokapAmorpadusga gakrapabl OaKbLiayAbl €HTizy
MiHA€eTTi >KoHe YCBIHbLAFaHBIH OiaAipeai.

TyiiH ce3gep: Jaxkrapabl ©Oakbplaay 9XoKapAuorpauiicsl, cOA KaK —KapBIHIIAHBIH — AMacTOAAABIK

AUCPYHKIIUCHL, COA XKaK JKypeKIIIe.

CBs3p TOpMOHAaAbHBIX M3MEHEeHUI 1 IIapaMeTpoOB AE(l)OpMaI_H/II/I MMOKapda 110 4aHHbIM
CIIEKA-TPEeKMHI 9XOKale,I/IOI‘pa(1)I/II/I Y KeHIIH C COXpaHHOf/I cl)paKumeIZ BbIﬁpOCa

Aepoucaanua I''A. !, bBaapmyxameaosa K.A. 2, Mapuuckuc I. 3, Asxoasacoekoa A.Y. 4

Keanmobepanesa D.C. 5, 3emasnckas H.C. ¢

1 JlouienT, 3aseayionias Kadeapsl 00I1Iell BpaueOHOI ITPaKTUKIU C KyPCOM JAOKa3aTeAbHON MeANIVIHEL,
MeaniHcknit yausepcuter AcraHa, Acrana, Kasaxcran
2 Bpau kapanoaor, AccucteHT Kadepsl 001l BpaueOHOI IIPaKTUKY C KypPCOM 40Ka3aTeAbHON MeAUIIVHEL,
MeaniHcknit yausepcuter AcraHa, Acrana, Kasaxcran
3 ITpodeccop, BuabHiocckas yHusepcuteTckas 60apHMIa Santaros, Buasnioc, Antsa
4 I'aaBHbIit Kapanoaor, boapnuia MeaunmHckoro nenTpa Ynpasaenns Adeaamu I[pesnaenta
Pecriy6anxu Kasaxcran, Acrana, Kasaxcran
5 AoneHT, AccucreHT Kadeapsl 0011Ieit BpaueOHOI ITPaKTUKM C KYPCOM AOKa3aTeAbHOM MeAMIIVHBL,
MeaunmHckuii ynusepcuter Acrana, Acrana, Kazaxcran
6 Maructp MeAnIMHEL, AccucTeHT Kadpeaphl 0011elt BpaueOHON ITPaKTUKU C KYPCOM AOKa3aTeAbHOM MeAVIIVHBL,

MeaunuHckuit yausepcuteT Acrana, Actana, Kazaxcran

Pe3iome

B s1m1oxy MoaepHM3MPOBaHNI TEXHOAOINI ObLAN pa3dpaboTaHbl HOBbIe IPO]IAAKTIYECKIe I TeparleBTIIeCKIe
cTpaTeruu 1 AAs CepAedHO-COCYAUCThIX 3a00aeBaHmil. CIIeKA-TpeKIHIOBOe IccAe0BaHVe TOMY He MICKAIOYeH!e.

Iean nccaeaosanmst. OLleHNTS 3HaYeH TapaMeTPOB CIIeKA TPeKUHT BX0KapAuorpaduu Ipy AMarHOCTUKe
AncdYHKIMI MUOKapAa A€BOro JKeAyAodKa y ANII JKEHCKOTO I104a B IIepUO0/ IIepYIMEeHOIIay3bl.

Marepuaasr 1 MeTOAbBL. /JaHHOe MCcAel0BaHMe MMeAO MPOCIeKTUBHBIN AU3aiH C NPOAOAKUTEABHOCTLIO
reproga HabA104eHs B roa. B nccaegosannn yaacrsosaao 150 marimeHTOK SKeHCKOTO 11044, B Bo3pacTe oT 47 40 53 aer,
C WU3BECTHBIM TOPMOHAABHBLIM YypPOBHEM, B COOTBETCTBMM C IlepeMeHOIlay3aAbHBIM IepuodoM. Vccaeaosanme
nposoguaock B boapamiza Meaunuuckoro lLlentpa Ymopasaennsa Jdeaamn Ilpesugenta Peciybamkm Kasaxcras,
oTAeaeHny (PYHKIIMOHAABHONM AMAarHOCTMKN. Bece TecTsl mpoBoamancs ¢ ucnoasdosanneM IBM SPSS Statistics 20 (IBM,
CITA) c a0BepUTEABHOI BEPOATHOCTBIO 95%.

Pesyabrater  mccaegosamms. Bcem 150  wmccaeayempiM  OBLAO  BOCHpPOM3BEAEHO  PYTMHHOE

9XOKap,Z|,I/IOI'pa(1)I/I‘IeCKOE nccaeAo0BaHMe, 1ocae KOToporo Mbl pasgaeanan X Ha AB€ OCHOBHbIE I'DYIIITBL: 90 JKeHINVIH
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(60%) cocTaBmAM KOTOPTY ANI] C MMEIOIIENCs AvacToAndeckon aucynkumeri /1K, ocrasimecs 60 sxeHmnH, a 510 40%,
SIBLAVICH ANIIaMM Oe3 mMerorericst Anacroandeckont guchpynknun /UK. ITpoussean crieka-tpexuar DXOKI.

B Xxoae mccaegoBaHMsA y KOTOPTHI AMII ¢ HaAndMeM Amactoamdeckon aucdyHkumu /K mo pesyabraTam
pymnaHOr0 DXOKT, 113 90 manmeHTOK, y 85 manmeHTOK MMeAach CUCToANYecKast AucPyHKIus 6a3aabHOTO CerMeHTa.
Dro cocraBuao 94,5 % manueHToK. Y ocTaBIImXcs 5 MalMeHToK (5,5%) perpeccuBHbIE MI3MEHEHNS CO CTOPOHBI CHICTOABI
BBIB/€HBI He ObLAN. Y BTOPOI KOTOPTBI IIECTUAECATHU JKEHIITUH C OTCYTCTBIEM AmacTtoandeckoit auchynknun /K Ha
pyTUHHOM y3u cepania, anmb y 50, a 910 83,4%, cucroandeckas QpyHKIUs Ha Oa3aabHOM Ccpe3e HapyllleHa He Oblaa.
Ocrasmmecst 16,6 % - 10 nmaumeHnTok, 6e3 maMmeHeHuit aAmacroamdeckor ¢pyakiuy Ha DXOKI' pyTuHHOM, BBIAaAU
TIOKa3aTeA HapyIIIeHV:sI CUCTOABI U IIpeJ, AMacTOANYECKOI IIaTOAOTUY IIPU MICCAeA0BaHNM Ha crieKA-TpeKuHr DXOKI.

BeiBogbl. PyTuHHBIN MeTO4 ®XOKapAuorpaduu B paMKaxX HaIllero MCCAeJOBaHMs IIOKas3asd, 4YTO OH
3a4acTyl0O MOJKeT BBICTYIIaTh KaK IIPOTHOCTUYECKUII METOJ, Pa3BUTMs CUCTOAMYECKON AVCPYHKIUM MMIOKapAa y
ANII, C Y>Ke UMEIOIIEeNCs AMacTOANMIECKO AUCPYHKIIMEN MMOKapAa A€BOTO >KeAyAouka. BrliBaeHa IIpsAMast CBA3b
HaAM4Ms CHYDKEHMS IIOKasaTelell ©Oa3aAbHBIX CAO€B Ha CIIEKA-TPEKMHI. DTO O3HadaeT oOOsA3aTeAbHBIM I
PeKOMEHAOBaHHBIM BHEAPUTD CIIEKA-TPEKMHI K pyTMHHOMY oOcaeaosanmio DXOKI, kak MHPOPMaTUBHBIN METOA-
MIPEAVIKTOP AaABHENIINX HeDAaTOIIPYSITHBIX CEPAEIHO-COCY AVICTBIX COOBITHIA.

KaroueBble ca0Ba: ClIeKA-TPEKUHT  BXOKapayorpadusi, auacroAmdeckas AMCPYHKINMS MUOKapja JAeBOro

Keaya04dkKa, 4€Boe I1peacepAane.
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Abstract

Background. Aortic arch hypoplasia (AAH) is an important congenital
cardiovascular abnormality that requires accurate anatomical characterization for
appropriate surgical planning. Computed tomography angiography (CTA) provides
high-resolution measurements of the ascending aorta and transverse aortic arch;
however, different diagnostic criteria may classify hypoplasia inconsistently.
Objective. This study aimed to compare the agreement between a Z-score-based
definition of AAH and a ratio-based morphologic criterion derived from CTA
measurements.

Methods. This retrospective study included 48 pediatric patients with clinically
confirmed AAH who underwent CTA. The ascending aorta diameter, transverse
aortic arch diameter, and the arch-to-ascending aorta (Arch/AAo) ratio were
obtained from multiplanar reformatted CTA images. Hypoplasia was defined using
two approaches: (1) Z-scores (< -2), and (2) a ratio-based criterion (Arch/AAo <0.50).
Summary statistics were computed for all measurements, and agreement between

methods was assessed using percent agreement, Cohen’s k, and McNemar's test.
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Results. The mean ascending aorta diameter was 0.95 + 0.46 cm, the mean transverse
arch diameter was 0.50 + 0.27 cm, and the median Arch/A Ao ratio was 0.50 (IQR 0.43-
0.65). The Z-score method classified 47 of 48 patients (97.9%) as hypoplastic, whereas
the ratio criterion identified 18 patients (37.5%) as hypoplastic. Agreement between
methods was 44.2%, with a Cohen’s x of 0.03, indicating minimal concordance
beyond chance. McNemar's test demonstrated significant disagreement between
classifications (x2=22.04).

Conclusion. The Z-score and Arch/AAo ratio methods differ substantially in how
they classify AAH. While Z-scores incorporate normative size adjustment, the ratio
criterion reflects anatomical proportionality and identifies a more selective subset of
patients with marked transverse arch narrowing. Clinicians should recognize these
methodological differences when assessing AAH and selecting criteria for diagnosis

or surgical decision-making.

Keywords: aortic arch hypoplasia, congenital heart defects, computed tomography

angiography, Z-score, aortic ratio, pediatric cardiovascular imaging, aortic

measurements, diagnostic agreement.

1. Introduction

Congenital anomalies of the aortic arch are
relatively uncommon and may coexist with other
congenital cardiovascular disorders [1, 2]. In most cases,
these anomalies are detected incidentally on imaging in
otherwise asymptomatic patients [3]. An important
exception occurs when the aberrant arch configuration
forms a complete vascular ring, encircling the trachea and
esophagus and potentially producing compressive
symptoms [4].

Aortic arch hypoplasia (AAH) is defined by comparing
the external diameter of each arch segment with that of
the ascending aorta, which is assumed to represent
normal caliber [5]. Based on established criteria, the
proximal transverse arch is considered hypoplastic when
its external diameter measures <60% of the ascending
aorta (AAo), the distal transverse arch when <50% [6, 7],
and the aortic isthmus when <40% of the AAo diameter

[8]. AAH may occur as an isolated abnormality or in

association with other aortic lesions that impede systemic
outflow, such as coarctation and interruption of the aorta
[9]. It may also coexist with intracardiac defects,
including atrial septal defect, ventricular septal defect, or
patent ductus arteriosus [10].

Computed tomography angiography (CTA) is a non-
invasive imaging modality that enables accurate
detection and characterization of aortic arch anomalies
through high-resolution visualization of anatomical
relationships, advanced post-processing techniques
(Volume Rendering, Maximum Intensity Projection, and
Multiplanar Reformation), and the ability to identify
associated congenital abnormalities [11]. The high spatial
resolution of CTA, combined with its capacity to evaluate
extracardiac structures such as the great vessels, makes it
the preferred modality for generating three-dimensional

models in congenital heart disease [12, 13] (Figure 1).
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Figure 1- CTA multiplanar images of a 5-day-old patient with AAH. (A) Axial plane, (B) sagittal plane, and (C) coronal plane

demonstrate the narrowed transverse aortic arch, indicated by the yellow arrow. (D) Three-dimensional volume-rendered

reconstruction provides an overview of the aortic arch anatomy, with the hypoplastic segment similarly highlighted

Despite the central role of CTA imaging in the
evaluation of congenital aortic arch pathology, there is no
consensus regarding the optimal criterion for defining
AAH, and different measurement approaches may
classify the same anatomy inconsistently. In particular, Z-
score-based assessment [14, 15] and arch-to-ascending
aorta (Arch/AAo) ratio-based morphological criteria are

both used in clinical practice, yet their level of agreement

2. Material and methods

Study design and population

This retrospective study included 48 consecutive
pediatric patients with a confirmed clinical diagnosis of
AAH who underwent CTA as part of their diagnostic
evaluation at the Heart Center of the University Medical
Center in Astana, Kazakhstan, between 2020 and 2023.
Inclusion criteria were patients with available CTA
imaging of sufficient quality to allow precise
measurement of both the AAo and the aortic arch.
Patients with incomplete CTA datasets, nondiagnostic
image quality, or prior aortic surgery were excluded. All

diagnoses were established by a multidisciplinary team

has not been adequately examined. Therefore, this study
aimed to compare these two commonly employed
methods: Z-scores and the Arch/AAo diameter ratio
using CTA-derived measurements in a cohort of patients
with clinically confirmed AAH. By assessing the
concordance between these approaches, we sought to
clarify their diagnostic alignment and highlight potential

implications for clinical evaluation and surgical planning.

consensus  consisting of pediatric cardiologists,
cardiothoracic surgeons, and radiologists.

Written informed consent was obtained from the
legal representatives of pediatric patients for publication
and any accompanying images. All procedures
performed in studies involving human participants were
in accordance with the ethical standards of the
institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. The study

was approved by the Bioethics Committee of the Heart
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Center, University Medical Center, Astana, Kazakhstan
(21 Jan 2022/No. 01-110/2022).

Imaging acquisition

CTA examinations were performed using a
Siemens Somatom Definition AS 64-slice scanner.
Prospective ECG gating was applied to minimize cardiac
motion artifacts. Intravenous iodinated contrast medium
(Ultravist 370; 1.5-2.0 mL/kg) was administered using a
dual-head injector at an infusion rate of 0.5-2.0 mL/s.
Bolus tracking was performed with the region of interest
positioned in the AAo and an acquisition trigger
threshold of 100 Hounsfield units. Axial images were
reconstructed with a slice thickness of 0.6 mm and a
reconstruction increment of 0.1 mm. Multiplanar
reformations were generated using syngo.via (Siemens,
Germany) to obtain measurements perpendicular to the
vascular axis.

Aortic diameter measurements

Z-score method [14]: the Z-score value reported
in the CTA report (Heart Center institutional pipeline)
was used to determine hypoplasia. Hypoplasia is defined
as Z < -2. Z-scores were calculated by the CTA reporting

software, normalized to body surface area.

3. Results

Patient cohort
A total of 48 patients with clinically confirmed
AAH were included. After cleaning and standardization

of CTA measurements, complete aortic diameter data

AAH was defined using the Arch/AAo diameter
ratio:

Aortic arch diameter

Ascending aorta diameter

Aortic arch diameter/Ascending aorta diameter<0.5.

This threshold is consistent with established
radiologic and surgical criteria for clinically significant
transverse arch hypoplasia [15].

Statistical Analysis

Statistical analyses were performed using Stata
version 18.0 (STATA, StataCorp, Texas, US). Continuous
variables were summarized using mean, standard
deviation (SD), median, and interquartile range (IQR).
Categorical variables were expressed as counts and
percentages, with comparisons conducted using the Chi-
square or Fisher’s exact test, as appropriate. Normality
was assessed using the Shapiro-Wilk test. Agreement
between the Z-score method and the ratio-based method
was evaluated using overall percent agreement, Cohen’s
Kk statisticc, and McNemar’s test based on a 2x2
contingency table. A p-value < 0.05 was considered

statistically significant.

(AAo and aortic arch) were available in all analyzable
cases, and these were used for the Arch/AAo ratio
calculation. The distribution of CTA-derived diameters is

presented in Table 1.

Table 1 - Descriptive statistics of aortic measurements

Measurement Mean SD Median IQR Min Max
AAo 0.946 0.458 0.80 0.70-1.00 0.40 3.00
Arch 0.497 0.269 0.40 0.385-0.50 0.18 1.70
Ratio 0.539 0.154 0.50 0.43-0.65 0.30 1.00

Z-score (CTA) -4.149 1.748 -3.965 -4.752- -2.950 -9.40 -1.98




Astana Medical Journal, 2025, 6, 125

Arch-to-ascending aorta diameter ratio

The Arch/AAo ratio was calculated in all patients
with complete aortic measurements. The distribution of
1) demonstrated substantial

ratio values (Figure

anatomical variability, with a subset of patients

exhibiting markedly reduced ratios consistent with

20

pronounced transverse arch narrowing. Histogram plots
of the AAo diameter, transverse aortic arch diameter, and
the resulting Arch/AAo ratio illustrate the variability
within the cohort and highlight the morphological

differences captured by this proportional metric.

10

Count

05 10 15 20 25 3.0
Ascending Aorta Diameter (mm)

02 04 06 08 L0 12 L4 16
Aortic Arch Diameter (mm)

03 04 05 06 07 08 09 10
Arch / Ascending Aorta Ratio

Figure 2 - Distribution of AAo, aortic arch, and Arch/AAo ratio measurements in the study cohort. The panel presents

histograms of (A) AAo diameter, (B) transverse aortic arch diameter, and (C) the Arch/AAo ratio. All measurements were

obtained from CTA in patients with complete aortic diameter data included in the final analysis

Agreement between the Z-score and the arch-to-
ascending aorta ratio

An agreement analysis between the Z-score
method and the ratio-based criterion was performed in
all 48 patients (Table 2). Using the <0.50 threshold, 18
patients were classified as hypoplastic by the ratio

method. Based on available and clinically derived Z-

score classifications, 47 patients were categorized as
showed 18

concordant hypoplastic classifications and 25 discordant

hypoplastic. The agreement analysis
classifications, with one case classified as negative by
both methods. Overall agreement was 44.2%. Cohen’s k

was 0.03, and McNemar’s test yielded a x2 value of 22.04.

Table 2 - Agreement between methods

Comparison n concordant n discordant K (95% CI) McNemar p
hypoplasia
Z-score vs Ratio 22 0.03 22.04
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Associated cardiovascular anomalies
Chi-square and Fisher's exact tests were applied

to assess the clinical characteristics of patients with AAH

anomalies, which

and their associated chromosomal and cardiovascular

are presented in Table 3.

were

diagnosed using

echocardiography and CTA. The results of these analyses

Table 3 - Clinical data of 48 patients with AAH and their associated cardiovascular anomalies

Characteristics Options Number (Percentage)
Imaging modalities 64-slice CTA 48 (100.0%)
Echocardiography 48 (100.0%)
Aortic arch side Left 46 (95.8%)
Right 2 (4.2%)
Chromosome abnormalities Down syndrome 2 (4.2%)
Combined Ventricular septal defect 33 (68.8%)
cardiovascular
anomalies Atrial septal defect 21 (43.8%)

Atrioventricular septal defect 5 (10.4%)
Coarctation of the aorta 28 (58.3%)
Patent ductus arteriosus 33 (68.8%)

Patent foramen ovale 19 (39.6%)
Aortopulmonary window 1(2.1%)
Transposition of the great arteries 8 (16.7%)
Bicuspid aortic valve 7 (14.6%)
Ebstein's anomaly 1 (2.1%)
Taussig-Bing anomaly 3 (6.3%)
Myocardial hypertrophy Left 8 (16.7%)
Right 1(21%)
Both 1(2.1%)
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4. Discussion

The comparison between the ratio-based method
and the Z-score classification demonstrated substantial
variation in how each approach identifies AAH. The ratio
method, which reflects the proportional relationship
between the aortic arch and the AAo [17], classified a
smaller proportion of patients as hypoplastic, whereas
the Z-score method identified nearly all patients as
hypoplastic. This resulted in a low level of agreement
between the two approaches. Cohen’s k was near zero,
indicating minimal concordance beyond chance, and
McNemar’'s test showed significant directional
disagreement (Table 2), suggesting that the two methods
categorize patients differently in a non-random manner.

These findings indicate that while CTA remains
essential for evaluating aortic arch anatomy [18], notable
methodological differences exist between the size-
adjusted Z-score assessment and the morphology-based
ratio criterion. The ratio method emphasizes structural
disproportionality between aortic segments [19], while Z-
scores rely on deviation from normative pediatric
reference data [20]. As a result, the ratio approach
appears to function as a more restrictive anatomical
measure, identifying only those patients with
pronounced narrowing of the transverse aortic arch.

The ratio has been widely adopted as a

diagnostic criterion in prior research. Kiraly et al.

5. Conclusion

This study evaluated two commonly used
approaches for identifying AAH: Z-score assessment and
a morphologic ratio-based criterion derived from CTA
measurements. The ratio method identified a smaller
subset of patients as having a hypoplastic arch, resulting
in limited agreement with Z-score classification. These
findings emphasize that the two methods reflect distinct
aspects of aortic arch anatomy: Z-scores incorporate
normative size adjustment, whereas the ratio criterion
relative  structural When

captures narrowing.

identified an empiric threshold of 0.5 for differentiating
normal from hypoplastic arches based on the distribution
of Arch/AAo Most

anomalies were similarly distributed across both groups,

ratios. associated congenital
except for atrial septal defect, which was consistently
more frequent among patients with a hypoplastic arch
[21]. In their case report describing endovascular
treatment of recurrent aortic hypoplasia and coarctation
in a 15-year-old patient, Rhodes et al. defined a
hypoplastic aortic arch as an Arch/AAo diameter ratio of
<0.5 [22]. Despite its widespread use, the definition and
management of aortic hypoplasia, especially in relation
to coarctation, remain areas of ongoing research and
clinical debate [23-25].
This study has

retrospective design and the absence of standardized

several limitations. Its
measurement acquisition may introduce selection and

measurement bias. Z-scores were inconsistently
documented and could not be recalculated from raw data,
reducing uniformity in the reference standard. The
relatively small cohort and the imbalance between
hypoplastic and non-hypoplastic classifications also
constrained the robustness of agreement statistics. Larger
prospective studies with standardized measurements
and recalculated Z-scores are needed to validate these

findings.

interpreting imaging findings or planning surgical
management, clinicians should be aware of these
methodological differences, as the selected definition
may influence which patients are categorized as having
AAH.  Further

incorporating standardized measurement protocols and

clinically  significant research
larger cohorts may help refine the optimal approach for
consistent and clinically meaningful identification of arch

hypoplasia.
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Tyiingeme

Kipicme. Koaxa aoracembm rumnonaasusacsl (KAL) xupyprisaaplk, TaKTUKaHBL AYPBIC SKOCIapAay YIIiH 434
aHaTOMMAABIK, OaradayAbl Talall eTeTiH MaHBI3AbI Tya OiTKeH >KYpeK-KaHTaMbIp aHOMaAMsIChl OOABII TaOblaaAbl.
Kommriotepaik Tomorpadpus anrnorpaduscer (KT-anrmorpadust) epaemeai KOAKAHBIH >KoHe KoAJeHeH KOJAKa
AOFaCBIHBIH ©AIlleMJepiH >KOFaphl KeHICTIKTiK allbIpBIMABIABIKIIEH aHBIKTayFa MYMKiHAIK Oepeai; aaaitga apTypai
AVIaTHOCTUKAABIK KpUTEpUILAep IUIIOIAA3VAHbI dpKadall XKikreyi MyMKiH.

3eprreyain Makcatel. KAl ambikTayda koasaHpaateiH KT-anrmorpadust AepekrepiHeH aablHFaH Z-
KOpCeTKIillIke Heri3jeAreH Tocia >KoHe apakaTblHacKa HerizgeareH MOP(OAOIMABIK, KpUTEpUiiAiH e3apa
KeaiciMaiairin Garaaay.

Oaicrepi. bya perpocnexrusti seprreyre kamnnkaask Typae KA pacraapimn KT-anrnorpagus xxacaaran 48
IeAMaTpUAABIK, Haykac eHriziaai. KT-anrmorpadmst cyperTepiHiH KOIKeHICTIKTi peKOHCTPYKLVUICHIHAH epaeMei
KOAKaHBIH AuaMeTpi, KeaJeHeH KOAKa AOFACBIHBIH AMaMeTpi >KoHe JoFa MeH epaeMeai KOAKaHBIH apaKaTbIHaChl
(Arch/AAo) aaparan. [Mmonaasms exi TaciameH aHbIKTaA4b:: (1) Z-kepceTkimi < -2 >xoHe (2) Arch/AAo KaThIHACH <
0,50. bapabIx eameMaep YIIIiH cUIIaTTaMaAbIK CTaTUCTHKA XY Pri3iagi, aa agicTep apacbhlHAAFbI KeAiCiMAiAiK MalbI3AbIK
covikecTik, KooH Kk koapPunmenti >xoHe Max-Hemap TecTiH Koa4aHy apKbLAbl OaFalaHABL

Hotroxeci. Opaemeai koakaasH opTama anametpi 0,95 + 0,46 cM, KeadeHeH 40FaHBIH opTamra auaMetpi 0,50
+ 0,27 cM, aa Arch/A Ao xarsiHacsHbH MeanaHacs! 0,50 (IQR 0,43-0,65) 6044561 Z-kepceTkimt Taciai 48 HaykacTsIH 47-

cin (97,9%) rumonaasmus aen KikTece, KaTbhiHac Kpurtepmitri 18 Haykacka (37,5%) rmmomnaasus AMarHO3bIH KOVIAEBL
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OJaicTepain >KaAarsl covikecTiri 44,2% 60a4p1, aa KosH k koadppurnenti 0,03 Kypar, ke34eiCcOK ColiKeCTiKTeH >KOFapEbI
MUHUMAaAABl KediciMaizikri kepcerti. Mak-Hemap TecTi >KikTeyaep apachblHga aliTapABIKTall alibIpMalllbLABIKTHL
a"bIKTaABI (X2 =22,04).

KopouiteiHABL. Z-KepceTkimke >koHe Arch/AAo KaTbiHachiHa HerisgeareH ogictep KAI' xikreayinae
alfTapABIKTall alibIpMalllbLABIK, KepceTedi. Z-KOpCeTKilTepi eammeMAepAiH KaAbIITEH ©AIIIEeMHEH ayBITKYBIH ecKepce,
KaTbIHAC KpUTepUili aHAaTOMMAABIK IPOIOPLIIHBI CUIIATTaliAbl KoHe KeAJAeHeH AOFaHbIH aliKbIH TapbIAyBl Oap
HayKacTapAblH Tap ayKbIMBIH aHbIKTaligbl. KAI-Hbl Oarazay >KoHe AMArHOCTUKAABIK He XUPYPTUSABIK IIEIIiM
KaObL14ay OapbIChIHAA KAMHULIVICTEP OYA 9AiCTeMeAiK allbIpMaIlIBLABIKTapABI €CKepyi THiC.

Tylin cesaep: KoaKa JOFachIHBIH TIMIIONAA3UACH, Tya OiTKeH Xypek akayaapsl, KT-anrmorpadms, Z-
KOPCETKIIll, aopTaAblK KaTblHAC, IIeANaTPUABIK O KYpPeK-KaHTaMBIp BU3yaAM3alVUICH, KOAKa eAlreMaepi,

AVaTrHOCTUKAABIK KeAiCiMAiliK.

CoraacoBaHHOCTb MeXAy Z-OIleHKOM ¥ OTHOIIIeHNeM graMeTpa AYTY aOPThI K BOCXOASIIIeN
aopre, paccauTaHHBIM IO AaHHBIM KT-aurnorpadgu, 4asi BuisiBAeHUS
ITMIIOIIAA3VM AYTY aOPThI

Moagaaxanosa K. !, PaxumskanosaP. 2, AdayTos T. 3, bactrapOekosa /1. 4,

Koanieidek H. °, Abapaxmanosa X. ¢

1 Bpau-paaunoaor, Kopnoparusheiit pong «University Medical Center», Acrana, Kazaxcran
2 [Tpodeccop, Aupexrop Hayuno-mccaeaosaTe AbCKIII MHCTUTYT pajnoAornu uMenn akagemuka JK.X. Xamzabaesa,
MeaniHcknit yausepcnter Acrana, Acrana, Kasaxcran
3 I'2aBHBIN BHEIITaTHBIN CIIEIMaAUCT IO Ay4eBOM AMarHOCTUKe ¥ MHTePBeHIIMOHHOM pajnoaorny, JdenapTaMeHT paguioAOTUM U AAe PHO
Meaunyzel, Kopiopatushslit pong «University Medical Center», Acrana, Kazaxcran
4 3apeaytommii otaeaenusa Paauoaorun, HanmonaapHbIl HaydHbI KapAMoXupypriudeckuit nenTp, Acrana, Kazaxcran
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6 3amMecTUTeAb AV PEKTOPa Hay4YHO-1CCAeA0BaTeAbCKOTO MHCTUTYTa paanoaorun nmenn Axagemuka JK.X. Xamsabaesa,

MeaunmHcknii yausepcuter Actana, Acrana, Kazaxcran

Pe3iome

Bseaenme. I'mnonaasus Ayru aoptsl (II4A) s1BAsieTCs Ba>KHOI BPOXKAEHHOI cepAedHO-COCYAVMCTOM aHOMaAers,
TpeOyIoIell TOYHOM aHaTOMMYEeCKOl OLIeHKU AAs ILAaHMPOBaHIsA XUPYPTUYecKOro BMelaTeAbCTsa. KommbiotepHast
toMmorpadudeckast anrunorpadusa (KT-anrmorpadust) obecriednBaeT BBICOKOE IIPOCTPAaHCTBEHHOE paspelleHne Aas
M3MepeHNsI BOCXOAJAIell aopThl M IIOIEepPeyHO AYTY aopThl; OJHAKO IIpMMeHeHNe pa3ANIHBIX AMarHOCTMYeCKMX
KpUTepVeB MOXKeT IIPUBOAUTH K HEOAHO3HAYHOM KAacCUpUKaLIUY TUIIONAa3 L.

Ieabp mccaegosamms. OILeHUTh COr1acOBAaHHOCTh MeXAy ompegeseHneM ['JA Ha ocHOBe Z-OLIEHKM U
MOp$OAOTMYECKUM KpUTEPMEM, OCHOBAHHBIM Ha COOTHOILIEHUN AMaMeTPOB, paccuMTaHHBIM 110 JaHHbIM KT-
aHruorpaduu.

MeTtogap1. B perpocniekTuBHOe nccaes0BaHe ObLAV BKAIOYEHEH 48 e raTpIIecKyX MalliieHTOB C KAMHITIeCKI
noarsepxaéunoit IAA, xkotopeiM 65112 Bemoanena KT-anrnorpadust. 113 MHOrONA0CKOCTHBIX PEKOHCTPYKINI ObLAY
IOAy4YeHBl ITapaMeTPhl: AuaMeTp BOCXOASAIIEN aopThl, AMaMeTp IIOIIEPEeYHON AYIM aopThl M OTHOIIEHue AyTH K

Bocxogsieit aopre (Arch/AAo). Tunonaasus onpeaeasaacs Asyms criocobamu: (1) Z-rmoxasaTeas < -2 u (2) KpUtepuit
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orHomenus Arch/AAo <0,50. Aas Bcex m3aMepeHnit ObLAM pacCUMTaHBI ONyICaTeAbHbIe CTaTUCTHKI, a COT1aCOBaHHOCTD
MeTOJ0B OLIeHMBaJach C MCII0Ab30BaHNeM IIPOIleHTa coBltajennii, koadpdunuenrta k Kosna u kpurepns Mak-Hemapa.

Pesyabrarer. Cpeannit amameTp Bocxosimeit aopTel coctasua 0,95 + 0,46 cM, cpeaanii AraMeTp IIOIIepedHON
aymn — 0,50 + 0,27 cm, a Mmeanana otHomreHnst Arch/AAo — 0,50 (IQR 0,43-0,65). MeTtog Z-olieHkn KaaccupuUuposal
47 n3 48 nannenTos (97,9%) Kak MMEIOIINX TUIIONAa3MIO, TOTAA KaK KpUTEePUIl OTHOIIEHN BbIABM/ TUIIONAA3NIO ¥ 18
rmanueHTos (37,5%). Obmias coraacoBaHHOCTh MeTOAOB cocrasuaa 44,2%, a xosdpdunment k Kosna — 0,03, uro
CBUAETEABCTBYeT O MUHMMaABHOM COBIIaJ€HUM CBepX YpOBHs caydarHoctn. Kpurepuit Mak-Hemapa mokasaa
CyIIIeCTBEHHBIE PACXOXKAEHIS MeXKAy KAaccuuKarysmu (X2 = 22,04).

3akaroduenne. MeTobl, OCHOBaHHBIE Ha Z-TT0OKa3aTeAsix 1 oTHomeHny Arch/AAo, cyiiecTBeHHO pa3AnyJaloTcs
B Kaaccudukammu ['JA. Z-riokazatean yIuTHIBAIOT OTK/AOHEHNE pa3MepOB OT HOPMaTMBOB, TOTAa KaK KpUTepuit
OTHOIIIEHNsSI OTpa’kaeT aHaTOMMYECKYIO ITPOIOPIVOHAABHOCTD U BblAeAseT 0o/ee Y3KYIO IOAIPYIILy IIallMIeHTOB C
BBIpa>KEHHBIM Cy>KeHMeM rornepeynoir Ayru. I[Ipn onenke I'JA u BBIOOpe AMarHOCTMYECKOTO MAU XUPYPTUIECKOTO
110AX0Aa KAVHUIVICTAM CAeAyeT YIUTHIBATh DTV METOA0A0TMIeCKIEe Pa3ANdILsL.

KarodgeBble caoBa: rumonaasus Ayru aopTsl, BpoXKAEHHBIe ITopokn cepanta, KT-anrmorpadust, Z-mokasareas,
aopTaabHOe OTHOIIeHMe, JAeTCKasl CepAeuHO-COCYAUCTasl BU3yaAM3alisd, M3MepeHMUs aopThl, AMarHOCTIJecKas

COraaCoBaHHOCTD.
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Abstract

Vaginal birth after cesarean (VBAC) remains a relevant issue in modern obstetrics.
In global practice, VBAC is recognized as a safe and effective method when patients
are properly selected, which is confirmed by the recommendations of the World
Health Organization (WHO), the American College of Obstetricians and
Gynecologists (ACOG), and the Royal College of Obstetricians and Gynaecologists
(RCOG). According to ACOG (2020), the success rate of vaginal birth after cesarean
ranges from 60% to 80%. In Kazakhstan, this approach is still limited due to the
cautious attitude of specialists and insufficient awareness among women.
Objective. To analyze childbirth outcomes among women with a uterine scar after
cesarean section and determine the frequency of successful VBAC cases at the City
Multidisciplinary Hospital (CMH) of Uralsk.

Materials and Methods. A retrospective study was conducted based on the analysis
of medical records of women who delivered at the City Multidisciplinary Hospital
(CMH) of Uralsk between 2021 and 2025. The study included patients with a uterine
scar after a previous cesarean section. The obstetric and gynecological history,
characteristics of pregnancy, indications for repeat cesarean delivery, birth
outcomes, and neonatal conditions were evaluated.

Results. The total number of deliveries between January 2021 and April 2025 was
27,482, of which 4,553 (16.8%) were performed by cesarean section. Among all
cesarean deliveries, 1,290 operations were performed on women who had a previous
cesarean birth. Successful vaginal deliveries in women with a uterine scar accounted

for 7.9% of all cases with one prior cesarean section. The main indications for repeat

Astana Medical Journal, 2025, 6, 125
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cesarean delivery were lack of labor progression and signs of acute fetal hypoxia.
Women who delivered vaginally had significantly less blood loss, faster postpartum
recovery, and fewer complications.

Discussion. The obtained results are original and reflect the local context. Major
challenges include the high level of caution among healthcare providers, limited
experience with VBAC, and fear of complications. To improve childbirth
management in women with a uterine scar, it is necessary to implement international
protocols (ACOG, WHO), provide additional training for obstetricians, and increase
patient awareness about the safety of VBAC.

Conclusions. Vaginal birth after cesarean is feasible and safe in a multidisciplinary
hospital setting, provided that patients are carefully selected and antenatal and
intrapartum monitoring are performed according to international recommendations.
Successful VBAC reduces surgical risks, improves women’s reproductive health, and
decreases the number of repeat cesarean deliveries. Further research and adaptation

of international protocols to the healthcare context of Kazakhstan are required.

Keywords: cesarean section, uterine scar, VBAC, vaginal delivery, obstetrics,

Kazakhstan.

1. Introduction

The management of childbirth in women with a
uterine scar has become one of the most widely discussed
topics in obstetrics. Previously, pregnancy and childbirth
after a cesarean section were mainly regarded as an
unquestionable  indication for repeat surgical
intervention. Today, international clinical guidelines
emphasize the possibility and safety of vaginal birth
when patients are properly selected.

In developed countries, the practice of VBAC
(vaginal birth after cesarean) is widely implemented.
When appropriate clinical conditions are met, it allows
for a significant reduction in the frequency of repeat
surgeries and associated complications. International
organizations such as the World Health Organization
(WHO), the American College of Obstetricians and
Gynecologists (ACOG), and the Royal College of
Obstetricians and Gynecologists of the United Kingdom
(RCOG) have developed guidelines regulating the
management of childbirth in women with a uterine scar.
According to ACOG (2020;2), successful vaginal birth

after cesarean occurs in 60-80% of cases, confirming a

high probability of favorable outcomes when modern
intrapartum monitoring technologies and adequate labor
management are applied. Similar data are presented in
the RCOG guidelines, which note that VBAC is the
preferred mode of delivery in the absence of absolute
contraindications [1-3].

In European countries and the United States,
«Trial of Labor After Cesarean» (TOLAC) protocols have
been implemented, which include modern intrapartum
monitoring methods and strict patient selection criteria.
The key technologies ensuring the safety of this approach
include:

e cardiotocographic monitoring (CTG) and
fetal echocardiography for assessing fetal condition;

e the use of protocols for labor induction and
augmentation in women with a uterine scar (for example,
the use of amniotomy, oxytocin under strict monitoring);

e strategies to minimize unnecessary repeat
cesarean sections, which help reduce the frequency of
postoperative complications and preserve women's

reproductive health.
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In Kazakhstan, the management of childbirth in
women with a uterine scar remains controversial.
According to the Ministry of Health of the Republic of
Kazakhstan (2022), the national cesarean section rate
averages 30-35% of all deliveries. In the West Kazakhstan
Region, the average rate of surgical deliveries in recent
years has ranged between 32% and 38%, which is
comparable to the figures reported in several Eastern
Poland — about 35%,
Hungary — 33%), but significantly exceeds the values
recommended by the World Health Organization (WHO)
— 10-15% of all births [4-5].

The increase in the number of cesarean sections

European countries (for example,

in Kazakhstan is associated with several factors: the
rising age of primiparous women, the growing incidence
of extragenital pathology, fear of complications from
vaginal birth among both patients and medical staff, and
the availability of modern diagnostic technologies that
enable more frequent identification of indications for
surgical intervention.

Domestic and international researchers note that
an excessive increase in the number of surgical deliveries
does not lead to a significant reduction in maternal or
perinatal mortality but increases the risk of complications
in subsequent pregnancies, including the formation of a
uterine scar, abnormal placentation over the scar, and

complications in subsequent deliveries. For this reason,

2. Materials and Methods

The study is a retrospective cohort study.

Research method: Analysis of medical records
and obstetric histories of women who delivered at the
City Multidisciplinary Hospital (CMH) of Uralsk from
January 2021 to April 2025. Data were extracted from
both paper and electronic delivery records, with
confidentiality =~ requirements  strictly = observed:
identifying information (full name, address, Individual
Identification Number) was excluded when forming the
database. Data processing was conducted only on secure

computers within the clinic.

in recent years, particular attention has been paid to the
safe management of childbirth in women with a uterine
scar and the expansion of TOLAC/VBAC practices
(attempted and successful vaginal births after cesarean).

According to regional perinatal centers, the
proportion of women permitted to undergo TOLAC in
Kazakhstan remains low — no more than 10-12% of all
patients with a uterine scar. This is explained by cautious
clinical practice and the absence of standardized
protocols for managing such deliveries. Nevertheless,
successful VBAC cases in domestic clinics (including at
the City Multidisciplinary Hospital of Uralsk, where the
rate of vaginal birth after cesarean was approximately
4.5%) confirm the feasibility of further developing this
practice with strict adherence to selection criteria,
continuous monitoring, and readiness for emergency
surgical intervention [6-7].

This approach not only reduces the rate of
surgical interventions and associated complications but
also contributes to improved postpartum quality of life
for women, shorter hospitalization periods, and
decreased burden on the healthcare system.

Objective of the study — to identify the
characteristics and outcomes of childbirth in women with
a uterine scar in the City Multidisciplinary Hospital of
Uralsk and to determine possible ways to reduce the

frequency of cesarean section in this patient group.

The study included 102 women with a uterine
scar following a previous cesarean section who delivered
at CMH during the specified period. Inclusion criteria
were the availability of a complete clinical history, data
on the nature of the previous intervention, gestational
age and delivery outcome, and the presence of a uterine
scar after cesarean section. Exclusion criteria included
missing key data and absolute contraindications to
birth

hemorrhage, risk of uterine rupture, placenta previa,

vaginal (placental abruption, antepartum

multiple uterine scars (with the exception of 2 cases with

two uterine scars and 1 case with three uterine scars).
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Key clinical outcomes analyzed included:
successful vaginal birth after cesarean (VBAC), blood
loss, neonatal status assessed by the Apgar score, and
maternal and perinatal complications.

For statistical analysis, SPSS Statistics v.27 (IBM)
was used. Continuous variables were described as mean
t+ standard deviation (Mean =+

distributed data (Shapiro-Wilk test) or median and

SD) for mnormally

interquartile range (median (Me) and interquartile range
(IQR)) for non-normal distributions. Categorical data
were presented as percentages and absolute numbers
(n, %).

Comparisons of continuous variables between
two groups (VBAC and repeat cesarean) were performed
using the Student’s t-test for normally distributed data or
the Mann-Whitney U test for non-normal distributions.

Categorical variables were compared using Pearson’s x?

3. Results

The results of the study

The total sample included 102 women. The mean
age of the patients was 31.73 + 4.2 years, mean body mass
index (BMI) was 28.87 kg/m? mean parity was 3.43, mean
gestational age was 38.75 + 1.0 weeks, mean neonatal
weight was 3,357.37 + 68.9 g, mean Apgar score was 8.73
+ 0.2 points, and mean blood loss was 235.78 + 34.8 mL.

Analysis of the causes of previous cesarean
sections revealed that the most frequent were
malpresentation of the fetus — 34.68%, fetal distress —
20.4%, placental abruption and antepartum hemorrhage
— 20.4%, cervical dystocia — 7.1%, asynclitic head
insertion — 10.2%, myopia — 3.06%, symphysitis — 5.1%,
other causes — 3.06%, and severe preeclampsia — 1.96%
[8].

Among  extragenital pathologies, insulin-
dependent diabetes mellitus was observed in 0.98% of
women, aplastic anemia in 0.98%, and coronavirus
infection in 2.9%.

Out of the 102 women included in the study, 95
delivered at term (37 weeks or more), which accounted
for 93.13%. Preterm births amounted to 7 cases (6.86%).

Spontaneous onset of labor was observed in 93.88% of

test or Fisher’s exact test. To evaluate factors associated
with VBAC success, multivariate logistic regression
analysis was conducted with calculation of odds ratios
(OR) and 95% confidence intervals (CI). Statistical
significance was set at p < 0.05 [6].

To minimize data entry errors, double-checking
(validation) was performed on 10-15% of randomly
selected medical records. Discrepancies were verified
against the original documents. For incomplete data (<10%
per variable), complete-case analysis was applied.

Ethics
Committee of the City Multidisciplinary Hospital of

The study was approved by the
Uralsk. Due to the retrospective nature of the study,
written informed consent was not required. All
procedures adhered to the principles of the Declaration
of Helsinki [8].

women with a uterine scar. Labor induction was
performed in 6.12% of cases due to premature rupture of
membranes. Polyhydramnios occurred in 1.96% of cases.
Premature rupture of amniotic membranes was observed
in 13.72%.

Placental location on the posterior uterine wall
was observed in 56.1% of women, considered a more
favorable condition for vaginal birth. In two cases (2.04%),
vaginal birth occurred in women with two prior cesarean
sections, and in one case (0.98%) in a woman with three
uterine scars [9].

During labor, fetal heart activity was carefully
monitored using cardiotocography (CTG). The condition
of the mother and the progress of labor were assessed. In
cases where there were concerns regarding possible
uterine scar dehiscence or fetal distress, an emergency
cesarean section was performed.

In 89.2% of cases, labor proceeded without
complications. Various postpartum complications were
observed in 10.78% of cases; among them, in 4 cases, due
to placental attachment defects, manual removal of the
placenta was required. Atonic postpartum hemorrhage

was diagnosed in 5 women and was managed
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conservatively. In 1 case, postpartum urinary retention
due to bladder atony was observed. There were 3
vacuum-assisted deliveries, episiotomy was performed
in 10 women, and in 1 case labor was complicated by
chorioamnionitis [10].

Mean blood loss in VBAC was 210 + 25.0 mL,
compared to 500-1,000 mL in repeat cesarean sections.
Women who gave birth vaginally had shorter hospital

stays (on average 2-4 days), fewer purulent-septic

4. Discussion

The results of this study confirm the feasibility
and safety of vaginal birth in women with a uterine scar
after cesarean section, provided that strict patient
selection and adherence to modern obstetric protocols are
ensured. In the present analysis, the success rate of VBAC
was 89.2% (deliveries without the aforementioned
complications), which is comparable to international data,
where the success rate of vaginal birth after cesarean
ranges from 60% to 80% (ACOG, 2020; RCOG, 2022) [11].
This indicates that, with appropriate patient selection,
careful labor monitoring, and readiness for emergency
surgical intervention, VBAC is a safe and effective
alternative to repeat cesarean section.

The findings highlight the high potential for
broader implementation of TOLAC/VBAC practices in
obstetric care in Kazakhstan, which could reduce the rate
of surgical deliveries, lower the risk of surgical
complications, improve postpartum recovery, and
decrease the burden on healthcare facilities.

When compared with global indicators, some
differences were identified, likely due to organizational
and staffing characteristics of the national healthcare
system. In particular, physicians’ caution toward VBAC

is often linked to limited practical experience, the absence

5. Conclusion

The experience of the maternity unit of the City
Multidisciplinary Hospital of Uralsk confirms that, when
clinical protocols are followed and appropriate labor

management strategies are applied, the rate of successful

complications, and a lower incidence of anemia. These
findings are consistent with Russian authors, showing
that vaginal birth after cesarean is associated with less
blood loss, faster recovery, and lower frequency of
postoperative complications.

Perinatal outcomes were satisfactory: 98 live
births and 4 stillbirths death).
Distribution of perinatal outcomes: live preterm — 4.08%,
stillborn preterm — 3.06%, stillborn term — 1.02%.

(antenatal fetal

of clear national protocols, and fear of legal consequences
in the event of complications. A significant portion of
patients are insufficiently informed about the
possibilities and benefits of VBAC, which also influences
the choice of delivery method.

International experience demonstrates that the
implementation of “Trial of Labor After Cesarean”
(TOLAC) protocols, active training of medical personnel,
and educating pregnant women about the safety of
VBAC make it possible to increase the rate of successful
vaginal births after cesarean delivery without an increase
in complications. In this context, it is important that
adapted versions of international guidelines from ACOG,
WHO, and RCOG be gradually introduced in Kazakhstan,
taking into account local conditions and the material and
technical resources of medical institutions [12].

Thus, the results of this study confirm that, with
qualified personnel, continuous monitoring of maternal
and fetal condition, and readiness for emergency surgical
intervention, VBAC can be considered a safe alternative

to repeat cesarean section.

VBAC (Vaginal Birth After Cesarean) can be comparable
to international indicators.
births

contribute to reducing the frequency of surgical

Successful  vaginal after cesarean
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complications, decreasing blood loss, shortening the
duration of hospitalization, and promoting a more
favorable recovery of women's reproductive health. They
help preserve the functional integrity of the uterus for
subsequent pregnancies, which is important for the
demographic and perinatal policy of Kazakhstan.
However, barriers remain that limit the
widespread implementation of VBAC practice in the
country. In this regard, further research is needed aiméd
at a systematic study of delivery outcomes with a uterine
scar, as well as internatiovfal
recommendations (ACOG, WHO, RCOG) to the

conditions of the national healthcare system.

adaptation  of

Implementation of such protocols and targeted
training programs for obstetricians and gynecologists
will help increase the safety level of childbirth, reduce the
frequency of unjustified repeat cesarean sections, and
improve the health indicators of mothers and newborns
in Kazakhstan. v

The purpose of the study was to analyze the features
of labor management in women with a uterine scar and
to assess the effectiveness and safety of VBAC (Vagiral
Birth After Cesarean) practice in obstetric hospitals of
Kazakhstan. The set goal was achieved: the analysis/of
clinical data, regulatory documents, and international
recommendations confirmed that vaginal birth after
cesarean is possible and safe when medical selection

criteria and protocols are followed.
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Tyiinaeme

Bypromrer kecap Tiairinen kettinri Taduryu 6ocany (VBAC — Vaginal Birth After Cesarean) Kasipri akyepusarsl
©3eKTi Maceae 60AbII TabbL1agbl. OAeMAiK ToxKipubese VBAC HayKacTapAbl AYphIC ipiKTey >KarAaifbIHAA Kayillcis SkoHe
TuiMai oaic peTiHge TaHblAfaH. bya JyHuexysiaik geHcayablK cakray yibMbIHBIH (JAY), AMepuka akyluep-
ruHekoaorrap koaaeaxinid (ACOG) >xeHe ¥AbIOpuTaHUs aKyllep-TMHEKOAOITap KOpOabaik koaaeaxinig (RCOG)
yceHBIMAapbIMeH pactadaasl. ACOG (2020) sepexrepi 601ibIHIIIa Kecap TiAiriHeH KeriiHri TabuFy O0caHyABIH COTTiAiri
60-80% apaaprrpiHga. Kaszakcranda Oya Tacia aai ae miekTeyai Typae KoadaHblAadsl, Oya MaMaHAApABIH cak
Ke3KapacbIMeH >KoHe dlieadepAiH KeTKiAiKci3 aKImapaTTaHABIPBLAYbIMEH 0ail1aHbICTEL

3epTreyain Makcatbl. Kecap Tiziri kacaaraHHaH KeiliH >KaThIpAa THIPTHIK KaAfaH oiieadepAiH OocaHy
HaTIKeAepin Taajay xeHe Opaa xasacwibiH Kazaanik xericasaant aypyxanacel (KKA) sxaraaiibmga carti VBAC
>KMIAITiH aHBIKTay.

Marepuaaaap meH ajicrep. 2021-2025 >xpiagap apaabirbiHaa Opaa KaaacsiHbIH KaaaablK Kellcalaabl
aypyxaHachlHJa OocaHFaH aiieaJepAiH MeAUITMHAABIK KapTaJapblHa PeTPOCHeKTMBTI Taajay Xyprisiagi. eprreyre
OypBIH Kecap Tiairi >kacaaraH >XaTBIp TBHIPTHIFBI Oap oileasep eHrisiaAi. AKyIepAiK-IMHEKOAOIMSABIK, aHAMHeS,
JKYKTiZIKTiH aFbpIMBbl, KaliTadaMa Kecap TidiriHe KepceTkimrep, 6ocaHy HaTuKeaepi >KoHe HapecTeAepAiH >KaFjalibl
OaraaaHAbL.

Hotmxeaep. 2021 >xpraapiH KanTapbiHaa 2025 >KblagblH cayipiHe JeiiiH Oapabirpl 27 482 OocaHy Tipkeaai,
oaapably iminae 4 553 (16,8%) — kecap Tiairi apkbLabI ©TTi. Onepannsaaslk 6ocanyaapAblH imriaae 1290 sitease Oy priH
Oip Kecap Tiairi 6oaraH. JKaTeIp THIPTHIFEIMEH TaOVFN SKOAMeH OOCAHFaH dlieAep >KaAIlbl Kecap Tiairi >KacalraHAapAbIH
7,9% xypaap1. KaliTaaama kecap Tiairine Herisri kepceTkimrep — OocaHy apeKeTiHiH IporpeciHiy 60aMaybl KoHe YPBIK
TUIIOKCUSICBHIHBIH Oeariaepi 60a4p1. Taburu >xoaMeH OocaHFaH difeaaepae KaH JKOFaATy KeleMi a3, OocaHyaH KeliHri
KaAIIbIHa KeAy YaKbIThI KbICKa JKoHe acKbIHyap a3 Ke34ecTi.

Taakblaay. AAbIHFaH HoTH KeAep TYIIHYCKaAbl XKoHe >KepTiAiKTi Kardariasl kepcereai. Herisri maceaeaep —
MaMaHAapAblH cakThIFsl, VBAC >xyprisy TeoxxipuOecinin skeTKiAikcisAiri >keHe acKbIHyAapAaH KOPKY. JKaThIp THIPTHIFBI
Oap oleasepainy GocaHyBIH TMIMAL >KYpPIidy YIIiH XaablKapaablk xartamadapabl (ACOG, WHO) enrisy, axkymep-
TMHEKOOT AdpirepaepiH OKbITY >koHe aiteasepai VBAC kayincisairi Typaasl aknapaTTaHABIPY KaKeT.

Kopeorremaeiaap. JKareipga THIPTHIFEL Oap oiieadepAiH TabusM >koAMeH OOcaHybI KeIlcasaadbl CTallliOHap
>KaFJaiiblHAa HayKacTapAbl MYKMAT ipikTey >KoHe aHTeHaTaAAbIK IIeH MHTPaHaTaAAblK MOHUTOPUHT XY Pri3y Ke3iHae
Kayircis skeHe TuiMai 6Goasm Tabbaagel. Corti VBAC Xxupyprmsiaelk Kayinrepai asaiTaAbl, oiieaAepain
penpoAyKTUBTIK AeHCAayABIFBIH >KaKcapTaabl KoHe KallTaldaMa Kecap TiAikTepiHiH caHbIH TeMeHJereai. Kasaxcran
>KargalibiHa OeifiMAeATeH XaABIKapaAblK XaTTaMalapAbl €HTi3y >KoHe OChl OaFBITTaFbl KOCHIMIIA 3epTTeyAep >KYPTisy
KaKeT.

Tyiiin cesaep: Kecap Tiairi, >kaTeip THIPTHIFE, VBAC, TaOun Oocany, akymepus, Kazakcras.

POAI)I Yy KeHIIIMH C py6HOM Ha MaTKe — adbTepHaTVBa IIOBTOPHBIM OIl€epaTVUBHbIM pOJdaM

Acxumosa III.M. 1, Epaayn E.I'. 2

! Bpau akymiep-runekosnor, ['opojckas MHoronpoduibHas 6oibHuIa, Y paibek, Kazaxcran

2 Bpau akymuiep-ruHeKoIIor, 3aMeCTHTENb TUPEKTOPA 110 OXPAHE MATEPMHCTBA U JETCTBA, [ opojickas MHOronpoduIbHas GobHuLa, Y pansek, Kazaxcran
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Pesiome

Poapr gepes ecTecTBeHHBIe POJAOBLIE ITyTH ITOCAe paHee IlepeHeceHHOTo Kecapesa ceuenns (VBAC — Vaginal
Birth After Cesarean) mpeAcTaBAsIoT coO0J aKTyaAbHYIO IIp0OAeMy COBPEMEHHOIO aKyIllepcTBa. B MIpoBOI mpakTuKe
VBAC npmsHaH Oe3011acHBIM METOAOM IIPM IIPaBUABHOM OTOOpe ITaIeHTOK, YTO IMOATBEePKAaeTCsl peKOMeH Al MM
Bcemupnoit opranmsanuyu 3apasooxpanenus (WHO)[1], AMepukaHCKOro Koa4eaXa akylllepoB U TMHEKOAOIOB
(ACOG)[2] n Kopoaesckoro koaseAxa akymiepos 1 ruHekoaoros Beankoopuranmun (RCOG)[3]. CoraacHo daHHBIM
ACOG (2020). YcremmHocTh poJOB uYepe3 ecTeCTBeHHBIe ITyTU ITocde Kecapepa cedeHmst cocrasaser 60-80%. B
Kaszaxcrane aaHHBII MeTO4 A0 CHUX IIOp HpPMMEHSAETCS] OrpaHMYEeHHO, YTO OOyCAOBAEHO HAaCTOPOKEHHOCTBIO
CIIeNMaAMCTOB 1 He40CTaTOuHOM MHQPOPMIPOBAHHOCTHIO JKEHIIMH.

Ilean 1ccaeaoBaHMs — MPOBECTU aHAAU3 UCXOAOB POAOB Y JKEHIIUH C pyOLIOM Ha MaTKe II0CAe KecapeBa
CedeHVT U olpeaeauTs dactory ycrenmsix VBAC B ycaosmsax I'opoackoit muoronpoduasHoit 60asHuiier (IMDB) r.
Ypaancka.

Marepuaant u MmeToAbL [IpoBeseHO peTpocIIeKTUBHOE ICCAeAOBaHNe, BKAIOJAolee aHaAu3 UCTOPUIL pO40B
SKEHIIVH, poauBIIMX B I'opoackort MHoronpodgmasHoi 6oasuutisl (IMB) 1. Ypaascka B iepuog ¢ 2021 o 2025 roa. B
mccAeAoBaHe ObLAYM BKAIOYEHHI ITallIeHTKY ¢ PyOLIOM Ha MaTKe I10c/e IpeablAyIrero Kkecapesa cedenns. OLieH1BaAnCh
aKyIIepCKO-TMHEKOAOTMIecKil aHaMHe3, OCOOBHHOCTH TedeHIsI OepeMeHHOCTH, TOKa3aHMs K IIOBTOPHOMY KecapeBy
Ce4eHMIO, MCXOABI POAOB I COCTOsIHIIE HOBOPOXKAEHHBIX.

PesyabpTaTnl. ObIiee KOAMYECTBO POAOB 3a Itepnog ¢ siHBapst 2021 o arpeas 2025 roga cocrasuao 27 482. U3
HIUX IIyTeM orlepaijum Kecapesa cedeHms 4553 pogos nan 16,8%. V3 obmiero koamyecrsa oneparuBHBIX poAos 1290
omepanuii IpoBeAeHBl Yy SKEeHIIMH, MMEeBIIMX OAHM OIlepaTuBHBIe POABl B aHaMHe3e. YCIIeIHbIe pPoAbl depes3
ecTecTBeHHbIe IyTH C PyOIIOM Ha MaTke cocTaBuan 7,9% OT obIero uncaa pojoB ¢ O4HUM pyOILIOM Ha MaTke Iiocae
onepanym Kecapesa cedeHNs. OCHOBHBIMI IOKa3aHMAMM K IIOBTOPHOMY KeCapeBy CeYeHUIO sBASANCH OTCYTCTBUE
Iporpecca poJOBOM AesITeABHOCTM, HPM3HAKM OCTPON IMIIOKCUM I1A0da B podax. Y >KeHIIMH, POAMBIINX depe3
ecTecTBeHHbBIe POJOBbIe ITyTH, OTMeyaaach MeHblIllasi KpoBoroTeps, 601ee OBICTpOe BOCCTaHOBAEHINE I10CAe POJAOB 1
MeHblIlee KOANIeCTBO IT0CAEPOAOBEIX OCAOXKHEHMIA.

Oo0cyxaenmne. l1loaydeHHble pe3yAbTaThl SBASAIOTCS OPUIMHAABHBIMI. BBIIBA€HBI AOKaAbHBIE IPOOAEMBI -
BBICOKasI HACTOPOXKEHHOCTD Bpaueli, orpaHI4eHHbI onblT nposedenns VBAC u crpax ocaosxHenmii. /.45 HOBBIIIEHNS
5¢PPeKTUBHOCTI BeJeHNsI pOAOB Y SKeHIIH ¢ pyOIIoM Ha MaTKe HeOOXOAMMO BHeAPATH MeXKAyHapOAHBIE IIPOTOKO 1B
(ACOG, WHO), opranmsospiBaTh OOydYeHMe CIIEMAANMCTOB M IIOBBIIATh MH(POPMUPOBAHHOCTh IIALIVIEHTOK O
Bo3Mo>kHOCTsAX VBAC.

BoiBoabL Begenue pogos ¢ pyOIjoM Ha MaTKe BO3MOXKHO B YCAOBIUAX MHOTOIPOQUABHOTO CTallOHApa Mpu
cTporoM oTOOpe IalMeHTOK, aHTeHaTalbHOM M MHTpaHaTaAbHOM MOHMUTOPMHIE U CODAIOAEHUU MeKAyHapOAHBIX
pexomenanmii. YcnenHble VBAC 1o3BoAsIIOT CHUSUTH OIlepalliOHHbIe PUCKH, YAYYIIINTD PelIpOoAyKTUBHOE 310pOBbe
SKEHIIIVH U COKPATUTh KOAMYECTBO ITOBTOPHEIX OIepaTMBHEIX BMeIIaTeabCTs. TpedyIoTcs JaabHerime 1ccAeA0BaHL
U ajarTarnys Me>KAyHapOAHBIX IIPOTOKOAOB A4 ycaosuit Kasaxcrana.

Karouesbie caoBa: kecapeBo ceueHue, pyOer] Ha MaTtke, VBAC, ectecTBeHHbIe poAbl, aKyIepcTso, KazaxcraH.
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License Abstract

Background. With the high rates of cervical cancer incidence and mortality in

Kazakhstan and limited coverage of the national cytological cervical screening
program, the alternative methods of screening need to be tested and implemented.
This is a pilot study that aims to validate acceptance of the cervical self-sampling
device for human papillomavirus (HPV) detection among Kazakhstani women and
investigate their perceptions of the comfort, potential advantages, and barriers of the
approach.

Methods. Two questionnaires and a self-sampling HPV test BGI Sentis was
distributed among women attending outpatient gynecological facilities in Astana in
January 2025 - June 2025. Ordinal logistic regression and non-parametric tests are
used to find the relationships between sociodemographic and medical characteristics
and attitudes of women.

Results. A total of 34 women were included in the final analysis. 61.8% of
participants perceived the self-sampling test as easy to take, 82.4% as unpainful, and
58.9% as not unpleasant. Only 44.1% of respondents are sure they took the sample
correctly. For their subsequent cervical cancer examination, 38.2% of respondents
would choose the self-sampling method, 58.8% - a gynecologist-taken sample, 3% -

a GP-taken sample.

Astana Medical Journal, 2025, 6, 125
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Conclusions. Women in Kazakhstan accept HPV self-sampling devices as an

efficient and comfortable way to increase coverage of cervical cancer screening.

Despite their positive experience with the self-sampling device, participants prefer

sampling done by a healthcare professional over self-sampling across the board, with

no difference in age, marital status, number of children, or other factors. There could

be social, cultural, and economic factors affecting women’s preference for sampling

by a doctor that need to be further investigated.

Keywords: cervical cancer, precancerous diseases of the cervix, self-collection of

material.

1. Introduction

Cervical cancer is an abnormal growth of cells of
the cervix, a lower part of the uterus that connects to the
vagina (birth canal) [1]. In 2020, there were 604,000 new
cases and 340,000 deaths detected worldwide due to
cervical cancer. Cervical cancer was estimated to be the
4th most common cancer in women (6.5% of all new
cancer cases) and the 8th most common cancer overall
(3.1% of all new cancer cases) [2]. About 85% of cervical
cancer deaths worldwide occur in developing countries,
with the death rate 18 times greater in low- and middle-
income countries compared with wealthier nations [3].

In Kazakhstan, in 2018, the crude incidence rate
of cervical cancer was estimated to be 19.5, while the
crude mortality rate was 6.4 per 100,000 women. Age-
standardized incidence rate (ASIR) was 18.3 per 100,000
women [4]. In Kazakhstan, cervical cancer ranks second
among cancers that affect women [5]. According to
Igissinov, et.al. (2021), the ASIR of cervical cancer in
Kazakhstan is at its highest at the ages of 45 to 64, with
the average age of cervical cancer patients being 50.7 [4].
(HPV), a
transmitted infection, is the cause of cervical cancer in
99.7% of cases [6]. HPV is a double-stranded DNA virus

belonging to the Papillomaviridae family of more than

Human papillomavirus sexually

200 types of viruses that affect skin basal epithelial cells
or inner lining of tissues [7]. Other than cervical cancer,
HPV can cause anal, oropharyngeal, penile, vaginal, and
vulvar cancer [1]. Based on their correlation with cancer
risk, HPVs can be classified as high-risk and low-risk.
Low-risk HPV types, types 6, 11, 42, 43, and 44, can cause

warts on or around the genitals, anus, mouth, or throat
but don’t cause cancer. High-risk HPV types, types 16, 18,
31, 33, 34, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 70, can
cause several types of cancer [1,8]. HPV-16 and -18,
specifically, account for over 50% and 10% of cervical
cancer cases, respectively, and are considered the
prevailing cause of cervical cancer [6].

As HPV is a sexually transmitted infection, the
risk factors of cervical cancer include sexual activity
factors, such as the age of first sexual contact, having
several partners, and parity, and other health factors,
such as smoking, long-term use of oral contraceptives,
and co-infection with chlamydia, genital herpes, and
human immunodeficiency virus infection (HIV) [6]. The
majority sexually active people in the world will have
come in contact with HPV at least once in their lifetime
without experiencing any pathologies [7]. Worldwide,
the prevalence of HPV 16/18 is equal to 3.9% in women
with normal cytology, 25.8% with low-grade lesions, 51.9%
with high-grade lesions, and 69.4% with cervical cancer.
A large proportion of cervical cancer cases are caused by
high-risk HPV types, which is proven by histology results
in women with invasive cervical cancer that indicate the
presence of HPV-16 and HPV-18 in 55.2% and 14.2% of
cases, respectively [9]. The increased risk of HPV
infection coincides with the highest metaplastic activity,
which occurs at puberty and first pregnancy and drops
after menopause. Sexually active young women aged 18-
30 are the most exposed to HPV infection; then, there is a

sharp decline in prevalence to the virus. Nonetheless,
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women over 35 are significantly more likely to get

cervical cancer, indicating that HPV infection starts

earlier and eventually develops into cancer later in life [8].

There is no available data from the HPV
Information Centre on the HPV burden in the general
population of Kazakhstan yet. In Asia, the estimated
prevalence of cervical HPV-16/18 infection at any one
moment is 3.4% of women in the general population [5].
According to some limited studies, between 43.8% and
55.8% of the population of Kazakhstan is HPV positive.
Still, the state of the epidemiology of HPV-related cancers
in Kazakhstan is not well understood due to a lack of
available data. Researchers can only infer the widespread
nature of HPV from the high incidence and mortality
rates of cervical cancer due to the absence of reliable data
and HPV screening and low public awareness of the
problem [10].

Cervical cancer can be prevented using primary
and secondary prevention methods. Primary prevention
involves the elimination of risk factors to prevent disease
occurrence. In the case of cervical cancer, primary
prevention includes HPV vaccination and sexual health
education [11]. The first vaccine against HPV, Gardasil
(Merck&Co, Pennsylvania), was licensed and approved
by the US Food and Drug Administration in 2006. It
protects against four HPV strains: 6, 11, 16, and 18 [6].
Additionally to Gardasil, three other HPV vaccines are in
use: Gardasil-9, Cervarix, and Cecolin. Since the vaccine
was first approved, more than 100 WHO member
countries implemented it successfully [12].

Secondary prevention entails early diagnosis and
treatment of the disease. Secondary methods for cervical
cancer prevention include cervical cancer screening and
HPV DNA tests [11]. The techniques for screening
preinvasive disease include conventional cervical
cytology, or Papanicolaou test (Pap-smear), liquid-based
cytology, histological methods such as visual inspection
using 3%-5% acetic acid (VIA) and Lugol’s iodine (VILI),
and HPV DNA testing [11,13]. Cervical cytology is the
globally recommended cervical cancer screening method
that has been shown to reduce the occurrence of invasive
cervical cancer by up to 80% [11]. Pap-smear detects
abnormal cell

changes and precancers in the

transformation zone of the cervix that can be treated

before they turn into cancer [1]. The WHO suggests that
women in general and women living with HIV should
begin routine cervical cancer screening at ages 30 and 25,
respectively. Where HPV DNA tests are unavailable,
WHO suggests a screening interval of 3 years using VIA
or cytology as primary tests [8].

Despite its immense contribution to cancer
prevention, the Pap-smear test has limitations, namely
low sensitivity and coverage. The sensitivity and
specificity of Pap-smear in detecting cervical
premalignant and malignant lesions are equal to 47.19%
and 64.79%, respectively [14]. Inadequate samples
constitute about 8% of cytology specimens received.
There have been reports of false-negative rates as high as
20-30% [8]. Low sensitivity can be solved by co-testing -
the approach of using cervical cytology together with
HPV testing. A combination of the high sensitivity of
HPV DNA testing and the high specificity of cytology can
lengthen the screening interval for women who tested
negative by both methods. The FDA authorized such a
combined test in 2003 for primary screening use in low-
risk women 30 years of age and older [11].

In 2020, the WHO officially launched the Global
Strategy to Accelerate the Elimination of Cervical Cancer.
By 2030, the Global Strategy aims “to vaccinate 90% of
eligible girls against HPV, to screen 70% of eligible
women at least twice in their lifetimes, and to effectively
treat 90% of those with a positive screening test or a
cervical lesion, including palliative care when needed”
[13].

In Kazakhstan, women are screened for cervical
cancer using the cervical cancer cytology, Papanicolaou
test (Pap-test). The national cervical cancer screening
program is covered by the Government and is available
free of charge for all women aged 30-70 every 4 years in
any gynecologic outpatient department. HPV testing is
offered only on a self-pay basis and in big cities [15]. The
use of only Pap-test as a screening method makes the
cervical cancer prevention program in Kazakhstan less
efficient than most developed countries, which employ
co-testing [4]. Still, the introduction of a screening
program in Kazakhstan has shown substantial results: in
2007, the percentage of women with an advanced stage

upon diagnosis, or the neglect rate, was 26.7%. Since the
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state cervical screening program was implemented in
2008, the neglect rate has fallen by half [4].

Overall, 4,460,320 women were screened for
cervical cancer in Kazakhstan as of 2018. The coverage of
cervical cancer screening was 45.9% in 2016 [16]. The
present coverage does not meet the goals set by the WHO
and the Ministry of Health of the Republic of Kazakhstan,

which is to reach at least 70% of the population at risk [17].

According to Issa, etal. (2021), the low screening
coverage can be explained by low awareness about
cervical cancer and the free screening program and the
fact that participants regarded themselves either healthy
or too young to attend screening. With these factors,
other potential reasons for low screening coverage
include a lack of practical resources such as sufficient
medical facilities nearby or time to go to the screening,
emotional barriers such as fear of the results, discomfort
during the procedure, and distrust towards medical
institutions [18].
Self-sampling devices for Human
Papillomavirus (HPV) detection are used as a potential
way to increase cervical cancer screening coverage.
Patients use brushes or other devices to collect samples

from the cervix by themselves. A possible benefit of self-

2. Materials and Methods

Study design and participants

This is a cross-sectional study, which was
conducted in the period of January 2025 — June 2025 in
the outpatient gynecological facilities of Astana,
Kazakhstan. A total of 34 women participated in the
study, answered the demographic and topic-related
questionnaires fully, and were included in the analysis.

Inclusion criteria

The study participants were selected from the
general population based on age, health, and literacy.
Women above 18 years were surveyed on the grounds of
their ability to give informed consent. The study
participants had to have an intact cervix with no prior
surgeries done on the cervix, including a total
hysterectomy. Participants had to be able to read, write,
comprehend, and respond to survey questions. Women

younger than 18, with no intact cervix, or those who

sampling is the potential for reaching those at risk of
developing cervical cancer who are unable to see a doctor
for screening. The participation rates of self-sampled
HPV tests are higher than in physician-collected tests
[19]). According to Chao, et.al. (2018), for the detection of
CIN2 (cervical intraepithelial neoplasia) or severe
diagnosis, HPV self-sampled testing can attain diagnostic
test accuracy comparable to that of clinician-sampled
tests. In terms of ease of use, privacy, and physical and
mental comfort (such as less pain, anxiety, and shame),
self-sampled specimens are deemed acceptable [20]).
Overall, self-sampling devices are considered an accurate,
comfortable, and convenient method for HPV detection
and cervical cancer prevention on a larger scale.

Aim: to validate acceptance of the cervical self-
sampling device for HPV detection among Kazakhstani
women and investigate their perceptions of the comfort,
potential advantages, and barriers of the approach.

Hypothesis: Kazakhstani women accept self-
sampling devices for HPV detection as an efficient and
comfortable way to increase participation and coverage
of cervical cancer screening, as compared to traditional

methods administered by healthcare professionals.

cannot read, write, comprehend, and give valid answers
in Russian, Kazakh, or English were excluded from
participating in the study. Those who could not use the
test due to menstruation or physiological concerns, or
withdrawn consent after learning about the method of
taking the sample, were also excluded from the study.

Study instruments

The primary instrument in the study were (1) BGI
Sentis self-collection kit for HPV (Figure 1). The BGI HPV
test combines self-sampling technology and genotyping
assay to detect 14 high-risk HPV types, 16, 18, 31, 33, 35,
39, 45,51, 52, 56, 58, 59, 66, 68, and 2 low-risk types - 6, 11.
Study participants are presented with the BGI DNA
sample storage card and a brush for sample collection
and asked to take a sample themselves. Before taking a
sample, participants get thorough written and verbal

instructions on the use of the test.
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DNA Sample Storage Card

21T 05240574

Figure 1 - BGI Sentis self-sampling card for HPV contents: a) Sampling brush; b) DNA sample storage card

Two questionnaires were used in the study. The
first survey collected data on the demographic and
clinical characteristics of women. Sociodemographic data
recorded were age, ethnicity, marital status, number of
pregnancies, births, living children, and abortions.
Clinical metrics such as height, body mass, age of
menarche, menstrual function, age of start of sexual
activity, gynecological disorders and surgeries endured,
smoking status, contraceptive use, and oncological
diseases in participants or their close relatives were also
recorded. There was a section with questions regarding
gynecologic screening tests - Pap-smear and vaginal
microbiome test. The second questionnaire was adapted
from De Pauw, etal. (2021) [21] and adapted to
investigate the acceptance of the self-sampling device
among women in Kazakhstan. The questionnaire was
modified to fit the context of Kazakhstan. All questions
were translated into Kazakh and Russian languages (the
official languages of the country) by independent
trilingual translators. The survey was divided into two
parts for women to answer: before and after using the
self-sampling device. The first part focuses on the
awareness of women on the topics of HPV and cervical
cancer, preliminary preferences in methods of taking the
test, and the potential benefits of self-sampling devices.

Questions after taking the test evaluate the instructions

attached to the test and the comfort and ease of use of the

self-sampling test. Both parts included Likert scale

questions and Yes/No,

Additionally,

experience with the Pap-test is also requested.
Variables

Independent variables

Agree/Disagree questions.

information about the participant’s

In this research, the independent variables
included sociodemographic characteristics such as age,
BM], education level, marital status, and number of living
children. Age was categorized into two groups: 19-32 and
32-66 years. Ethnicity was categorized into 2 groups:
Kazakh and other ethnicities. Education level was
categorized as middle (high school), middle-specialized
(college), and higher. Additionally, BMI (underweight,
normal weight, overweight, obese), age of menarche (12>,
13-15, 15<), number of abortions (none, 1, more than 1),
and the use of contraceptives (yes, no) are all
independent variables.

Outcome variable

The outcome variable was the preference of
women for sampling methods for their next cervical
cancer examination. Women chose between self-taken, a
general practitioner-taken, and a gynecologist-taken

sample. For the sake of statistical analysis, the options of
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a GP and a gynecologist taking a cervical sample were
combined as “health provider-taken samples”.

Statistical analysis

Statistical analysis was performed on Statistical
Package for the Social Sciences (SPSS) software. All
continuous variables were tested for normality of data
distribution, revealing non-normal distribution for age,
BM]I, and age of menarche. The variables were described
as median and interquartile range and non-parametric
tests, Mann-Whitney U and Kruskal-Wallis tests, with a
significance value of <0.05 were used to analyze the
between continuous and

relationships categorical

3. Results

A total of 34 women aged 19 to 66 years agreed
to participate in the study. Table 1 represents the
socioeconomic characteristics of the participants. The
median age of participants was 28.5 (21.25-41) years, with
19 participants aged 19-32 (55.9%) and 15 participants
older than 32 (44.1%). Most participants were of Kazakh

variables. Pearson Chi-square test and Fisher's exact test
with a significance value of <0.05 were used to analyze
the relationships between nominal variables.

Ethical considerations

The study was approved by the Institutional
Research Ethics Committee of Nazarbayev University
(NU IREC) on 21 October 2022 (IREC Number:
621/03102022). Before inclusion in the study, all potential
participants were informed about the aims, methods,
risks, and benefits of the study. Written consent was
obtained from participants after an explanation of the

study's voluntary and anonymous nature.

descent (94.1%). 67.6% of participants had a higher
education. The majority of participants are married
(52.9%) and have children: 41.2% have 1 to 3 children, and
20.6% have more than 4 children.

Table 1 - The socioeconomic characteristics of the participants (N = 34)

Variables BGI sentis, N =34 (%)
Age, Median 28.5 (21.25-41)
19-32 55.9 %
32< 44.1%
Ethnicity
Kazakh 32 (94.1)
Other 2(5.9)
Education
Middle (high school) 7 (20.6)
Middle-specialized (college) 4 (11.8)
Higher 23 (67.6)
Marital status
Married 18 (52.9)
Single 16 (47.1)

Table 2 depicts the health characteristics,
especially related to gynecological examinations, of the

participants. The median BMI of the women is 22.81

(19.54-27.11), which is within the normal range, with 11.8%
within the underweight, 20.6% within the normal, 47.1%

within the overweight, and 20.6% within the obese range.
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The median age of menarche is 13 (13-14.75). Most
participants have normal menstrual function (67.6%) and
don’t suffer from gynecological disorders (70.6%). The
most common gynecological illnesses among the
participants are uterine fibroids (11.8%) and ovarian cysts
(11.8%). The majority of the respondents have not
undergone any reproductive system surgeries (73.5%)
and never had abortions (61.8%). 20.6% of respondents

have never had sexual experience, while 11.8% had their

first experience at the age of 18 or younger, 44.1% at 19-
22 years, and 23.5% older than 22 years. Among the
sexually active participants,
contraception (41.2% of all), 8 use IUDs (23.5%), and 5 use

barrier contraception methods (14.7%). Most participants

14 don’'t use any

have not taken a Pap smear (79.4%). The majority of
participants don’t smoke (91.2%), have no oncological
disorders (100%), and have no relatives who have

oncological disorders (94.1%).

Table 2 - The health characteristics of the participants

Variables Total N =34 (%)
BMI, Median 22.81 (19.54-27.11)
Underweight (18.5>) 4 (11.8%)
Normal weight (18.5-24.9) 7 (20.6%)
Overweight (25.0-29.9) 16 (47.1%)
Obese (30.0<) 7 (20.6%)
Menarche age, Median 13 (13-14.75)
12> 4 (11.8%)
13-15 28 (82.3%)
15< 2 (5.9%)
Menstrual function
Normal 23 (67.6%)
Abnormal 11 (32.3%)
Age of start of sexual activity
Never 7 (20.6%)
18> 4 (11.8%)
19-22 15 (44.1%)
22< 8 (23.5%)
Gynecological illnesses
None 24 (70.6%)
Uterine fibroids 4 (11.8%)
Ovarian cyst 4 (11.8%)
Other 3 (8.8%)
Gynecological surgeries
None 25 (73.5%)
C-section 3 (8.8%)
Other 6 (17.6%)
Abortions
None 21 (61.8%)
1 9 (26.5%)
1< 4 (11.8%)
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Pap-smear

Performed

7 (20.6%)

None

27 (79.4%)

Figure 2 illustrates the participants’ opinions
regarding the BGI self-sampling HPV test before using it.
The overwhelming majority believed that the self-
sampling test is a good way to increase coverage of
cervical cancer screening among women who do not go
to a general practitioner or gynecologist for a Pap-smear
(76.5%). 67.6% of the women believed that the self-taken

sample is worse than that taken by a doctor. Most women

claim that the self-sampling approach is suitable for
women who have not undergone cervical cancer
screening before (58.8%). When it comes to the possible
preference of self-sample over going to the doctor’s office,
women were conflicted - 38.3% believe that most women
will choose self-sampling over the sampling by a health

professional, 35.3% disagree, and 26.5% are not sure.

Opinions of the participants regarding the self-sampling HPV test before the use

30

20

10

4

Good way to increase
coverage of cervical
cancer screening

Worse than a sample
taken by a doctor

B ves

B No

Suitable for women who
have never undergone
screening

Will be chosen by most
women over going to the
doctor's

| don't know

Figure 2 - Opinions of the participants regarding the self-sampling HPV test before the use (N=34). Yes (green bar);

No (red bar); I don’t know (yellow bar)

Figure 3 shows the participants’ perceptions of
their experiences with the BGI self-sampling HPV test
after using it. The majority, 61.8%, perceived the test to be
easy to take. 82.4% of the women disagreed with the
statement that the test is painful, and 58.9% disagreed

that it is unpleasant. 44.1% of respondents are sure they

took the sample correctly, 29.4% partially agree, and 20.6%
are not sure. Most women would recommend the
procedure to their family and friends (64.7%). Finally,
41.2% of respondents are sure that self-sampling is an
easier approach to cervical cancer screening than going to

the doctor’s office, while 29.4% of them fully disagree.
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Perceptions of the participants regarding the self-sampling HPV test
after the use
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Figure 3 - Perceptions of the participants regarding the self-sampling HPV test after the use (N=34). Agree (blue bar);

Partially agree (red bar); Disagree (yellow bar), No opinion (green bar)

In terms of the preferences in the sampling
methods for their following cervical cancer examination,

38.2% of respondents would choose the self-sampling

4. Discussion

Cervical cancer remains the 2nd most common
cancer in women in Kazakhstan (Bruni, et.al., 2023b) with
the crude rate of incidence of CC of 19.5 and the crude
mortality rate of 6.4 per 100,000 women in 2018 [4]. With
the coverage of cervical cancer screening being as low as
45.9% in 2016 [16], the healthcare system of Kazakhstan
needs to further reinforce the cervical cancer screening
program. Determining the factors associated with
acceptance of self-sampling HPV tests as a viable cervical
cancer screening method would allow the technology to
be implemented taking into account specific
socioeconomic, cultural, and medical characteristics of
the target audience. Up to now, there has been no
research done on the perceptions of women on self-
screening HPV tests, not only in Kazakhstan but in

Central Asia overall. Thus, there is a need to validate the

method; 58.8% would prefer a gynecologist to take a
sample, while 3% would prefer a GP to take a sample for

their subsequent cervical cancer examination.

acceptance of the cervical self-sampling device for HPV
detection among Kazakhstani women and investigate
their perceptions of the comfort, potential advantages,
and barriers of the approach.

Overall, the present study shows that most
women in Kazakhstan believe that the self-sampling
approach is a sufficient way to increase cervical cancer
screening coverage, especially for women who have
never undergone a Pap-test. After taking the test, most
participants perceived it as not causing pain or
discomfort and as easy to administer. They would
recommend using the method for their friends and family.
Still, there is a barrier for women to fully embrace the self-
sampling approach. Some of the participants view the
sample taken by themselves to be worse and less

trustworthy than that taken by a medical professional.
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Despite the positive feedback on the self-sampling device,
most women still choose to have their sample taken by a
gynecologist.

The results could be explained by the fact that the
concept of self-sampling is new and unfamiliar in
Kazakhstan for women of all ages, education levels,
marital statuses, and any number of children. The lack of
confidence in women in the sample quality could be due
to the absence of similar methods of sampling in the
country. Interestingly, the only factor that has a
significant correlation with the preference for a sampling
method is the use of contraceptives: those who use
contraception were more likely to prefer a self-sampling
device over a sample taken by a medical professional.
The reason for this could be that women who use
contraception are more likely to know about their health
and HPV screening methods and be comfortable with
administering tests on themselves.

The present research also sheds light on the
awareness of women in Kazakhstan of cervical cancer,
HPYV, and HPV testing. Figure 5 shows that only half of
the respondents know that HPV causes cervical cancer,
which shows low levels of cervical cancer awareness
among Kazakhstani women. This ignorance could be
another reason for distrust towards the self-sampling
device and preference for sampling done by a doctor.
According to Issa, et.al. (2021) [17], low screening
coverage in Kazakhstan can be attributed to low
awareness about cervical cancer and the free screening
program [18]. Similar reasons could affect the mixed
reaction of women towards the self-sampling device.
Future research could focus on health awareness,
contraceptive use, and other factors and their role in the
decision-making process of women who undergo or
avoid screening.

There were some differences between the present
study results and previous research conducted in other
countries of the world. The study that built the
framework of the present study, De Pauw, et.al. (2021),
assesses attitudes and experiences associated with self-
sampling among women enrolled in VALHUDES, a
Belgian research comparing the clinical accuracy of HPV
self-sampling tests and clinician-taken sample tests [21].

As the study is conducted in a high-income European

country, Belgium, the results indicate higher acceptance,
more apparent preference for the self-sampling method
over a sample taken by a doctor, and more evident
awareness of HPV and cervical cancer, compared to the
present results. These observations can be explained by
the fact that co-testing and alternative methods of cervical
cancer screening were introduced sooner and in higher
magnitude in high-income countries than in low- and
middle-income countries. Furthermore, the increased
awareness of HPV and cervical cancer in European
countries may be attributed to the higher quality of
health-related education and media coverage.

Results obtained in Kazakhstan, a middle-
income country, could be compared to the results of other
low- and middle-income countries (LMIC). The literature
review of 50 articles from 26 countries performed by
Kamath Mulki & Withers (2021) investigated the
feasibility and acceptability of the self-sampling method
in LMIC (countries of sub-Saharan Africa, Latin
America/Caribbean, East Asia/Pacificc South Asia,
Middle East/North Africa) [22]. According to the
researchers, the HPV self-sampling method is an effective
way to increase cervical cancer coverage in LMICs.
Overall, participants reported that the HPV self-sampling
method was easy to administer (75-97%, 18 studies),
painless (60-90%, nine studies), and preferred over
clinician-taken sampling (57-100%, 14 studies). The most
crucial perceived benefits of self-sampling were the
convenience of screening in the home environment, less
shame and embarrassment, and less travel. However,
some reviewed studies show that women had issues with
the quality of self-sampling, privacy issues in sampling
from home, and the need for assistance from health
professionals with self-sampling.

Similarly, in the research from China, Zhao, et.al.
(2019), among 1375 women, 86.55% perceived the self-
sampling as convenient, 78.40% as not uncomfortable,
83.27% would choose self-sampling for cervical cancer
screening again, and 85.82% were wary of inaccurate
sampling [23]. In research by Qu, et.al. (2023), 27% of 862
surveyed Chinese women from the Jiangsu province
favored clinician-sampling, 33% favored self-sampling,
and 40% had no apparent preference [24]. Women with

sufficient knowledge about HPV and prior positive
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experience with HPV self-sampling were more accepting
of self-sampling, compared to those who weren’t aware
of or exposed to it before. This further proves that
awareness about HPV, cervical cancer, and the self-
sampling approach produces higher acceptance for the
self-sampling device. As China has a comparable
economic state and some social and cultural
characteristics to Kazakhstan, the results indicate the
same experiences, attitudes, and worries in women in
both countries. Both women in China and Kazakhstan,
despite their positive experiences with the self-sampling
device, worry about the accuracy of their sample and
favor clinician-taken samples almost as much as samples
taken by themselves.

The current study doesn’t investigate the reasons
for preference for a health professional-taken sampling,
but they could be close to those obtained by Kamath
Mulki & Withers (2021), Zhao, et.al. (2019), and Qu, et.al.
(2023) [23,24]. Overall, the economic, social, and cultural
context of the self-sampling approach among women in
Kazakhstan needs to be further investigated in future
research.

Study strengths and limitations

The present research is the first study to examine
the attitudes of Kazakhstani women on cervical self-
sampling, their comfort when using the device, and
perceived advantages and disadvantages of the test
compared to a professional-taken test. There are many
strengths of the study. Firstly, the research inspects an
innovative and unexplored approach to cervical cancer
screening in Kazakhstan. As Kazakhstan has a crude
incidence rate of cervical cancer of 19.5 and a crude
mortality rate of 6.4 per 100,000 women [4], the study
provides indispensable and relevant insight into the
acceptability of the self-sampling approach among
women. Considering the high risk and low coverage of

cervical cancer screening in the country, the researchers

5. Conclusion

The present study assesses the acceptance of the
self-sampling HPV test among Kazakhstani women.
Women in Kazakhstan accept self-sampling devices for

Human Papillomavirus detection as an efficient and

raise an important issue that affects all women. The study
evaluates the acceptance of the self-sampling approach
based on various factors, including experience after
taking the sample, perception of effectiveness for
increasing cervical cancer screening coverage, preference
over going to the doctor’s office, and others. The research
reveals important implications for further investigation
on social, cultural, and economic factors affecting
women’s distrust of the self-sampling method.
Nevertheless, there are some limitations to the
study. Firstly, the sample size was too low (N=34). Due to
the low respondent count, statistical analysis results have
shown an insignificant relationship  between
socioeconomic and medical characteristics and women’s
choice of sampling methods. For more comprehensive
results, more participants need to be surveyed. The study
was conducted in one outpatient facility in Astana, which
makes the results less suitable to make general
conclusions about all women in Kazakhstan. Further
studies could be conducted in outpatient facilities in
different cities and towns of Kazakhstan. Additionally,
the study doesn’t explore the reasons for choosing the
self-sampling method, which could be explored next time.
Possible clinical implications. The results of the
study could be used to successfully implement the self-
sampling device in cervical cancer screening programs.
Kazakhstan comes closer to implementing co-testing for
cervical cancer screening. Therefore, the present research
could be used as a testament to the need to raise
reproductive health-related awareness among local
women before introducing the self-sampling approach to
broader audiences. The research also opens the
opportunity to study the social, cultural, and economic
factors, which are specific to Kazakhstan, that prevent
successful implementation of cervical self-sampling

methods.

comfortable way to increase participation and coverage
of cervical cancer screening. Despite their positive
experience with the self-sampling device, participants

prefer sampling done by a healthcare professional over
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self-sampling across the board, with no difference in age,
marital status, number of children, and other factors.
There could be social, cultural, and economic factors
affecting women’s preference for sampling by a doctor
that need to be further investigated.
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Tyningeme

Kipicmre. Kasakcranga >kaTblp MOJHBI OOBIPBIHBIH aypyIIaHABIFBI MeH ©4iM-XITiM JeHreiiiHiH >KOFapbl
0oaybIHa, COHAAl-aK >KaThp MOJHBI LINMTOAOIVIICHIHBIH YATTBHIK CKPUHMHITIK OafAdapAaMachlHBIH IIeKTeyai
KaMTbLAybIHa OallAaHBICTEI CKPMHIHITIH 6a1aMaabl 94iCTepiH ChIHAKTaH OTKi3y JKoHe eHTi3y KaKeT.

3epTTeyaiH MakcaTbl. byl OMAOTTHIK 3epTTey KasaKCTaHABIK olieddep apachlHAa ajaM IalnA0Machl
BupyceiHa (AIIB) >xaTbIp MOJHBI >KaFbIHABLAAPBIH ChIHAY YIIIiH ©34iriHeH cblHaMa aAly KYPbLAFbICHIHBIH KOAallAbLABIFbIH
pacrayra >KeHe OAapAblH OCBI TOCiAAIH BIHFAMABIABIFBL, BIKTMMAaA apTHIKIIBIABIKTApbl MeH IeKTeyAepi Typaabl
TYCiHiIKTepiH 3epTTeyre GaFrbITTaAFaH.

Oaicrepi. 2025 xp1aAblH KaHTapel MeH 2025 KXBIAABIH ayCBIM apaAblfblHAA AcCTaHajarbl aMOyAaTOPABIK
TMHEKOAOTISIABIK eMXaHalapra KeATeH alieadepre exi cayaaHama >koHe BGI Sentis ceiHarbl Gepiagi. ©aeymeTTik-
AemorpasIABIK >KoHe MeAUIMHAABIK CUIIaTTaMalap apachlHAArel OaiilaHBICTapAbl, COHAAl-aK dileaAepAiH eMaeyre
AereH Ke3KapachIH aHbIKTay YIIIiH peTTiK A0TMCTUKAABIK perpeccusi >KoHe IapaMeTpAiK eMecC TecTTep KOAAaHBIAABL.

Hoarmxeci. Conrsl Taagayra 34 oviea xaTbicTsl. KaTsicymsiaapAbiy 61,8%-bI KaFBIHABIHEL ©3AiTiHEH XKIHAYABI
>KeHia, 82,4%-b1 aybIpTIIaabIKChI3, 58,9%-bI >KaFbIMABI A€ll TalThl. PecrionAeHTTepAiH TeK 44,1%-bI >XKaFbIHABIHBI AYPBIC
>KMHaraHJapblHa ceHiMAi. JKaTblp MOVHBI OOBIPBIHBIH KeWiHIi CKpUHUHIL YINiH pecrioHAeHTTepAin 38,2%-b
>KarbIHABIHBI ©3JIriHeH >XUHayAbl, 58,8%-bI OHBI )XIHAaY YIIiH I'MHEKOAOITHI XXoHe 3%-bl OHBI XMHAy YIIiH Adpirepai
TaHAAMADBI.

Koporremanl. Kasakcrananik oieagep HPV rtectiseyre apHaaraH e3iH-©3i XMHay KYpPbIAFbLAQPBIH JKaThIp
MOJIHBI OOBIPBIH CKPMHUHITIK KaMTyABl apTTHIPYABIH THUIMAi >KoHe BIHFallABI 94ici gem caHaiiabl. ©O3iH-031 XMHay
KYPBLAFBLAAPBIHBIH OH TaXKipmOeciHe KapaMacTaH, KaTBICYIIbLAap >KachbIHa, OTOACHIABIK, JKaFdaiiblHa, Oadalap caHBIHA
HeMece 0Oacka ¢akTopaapra KapamacTaH, >KarblHABLAAPABI AdpirepaiH >KMHAFaHBIH KaJdalAsl. Olieadepain
JKarbIHABLAAPABL JdpirepdeH aAyAbl KaJdaWThIHbIHA KOCBIMIIA 3epTTey4i Ka’keT eTeTiH a94eyMeTTiK, MajeHU >KoHe
DKOHOMUKAABIK (paKTOpAap acep eTyi MyMKiH.

TyiiiH cesaep: >XaTbIp MOIHBI OOBIPEL, XKaThIP MOVHBIHBIH iCiK a14BI 3aKbIMAAHYBI, ©34iTiHEH ChIHaMa aAy.
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Pe3omMme

AKTya[leOCTI). B ¢Bs13u ¢ BrICOKMMU ITOKa3aTeAsIMU 3a6OA€Ba€MOCTI/I paKOM IIeVIKM MaTKu U CMepTHOCTI/I oT
HEero B KaSaXCTaHe, a TaK>Ke Ol"paHI/I‘IeHHBIM OXBaTOM HaceAeHINsI HaL[I/IOHa/lI:HOﬁ r[porpaMMoﬁ OUTOAOIMYeCKOro
CKpI/IHI/IHFa IIIeVIKI MaTKu, H€O6XO,Z],I/IMO aHpO6I/IpOBaTb u BH@API/ITB aAbTepHaTI/IBHbIe MeTOABI CKpI/IHI/IHFa.

I_lellb. rZ',aHHOQ IINAOTHOE J1ICCAeAOBaHIIe HaHpaBAeHO Ha O6OCHOBaHI/Ie HpI/IeM/leMOCTI/I yCTpOﬁCTBa AL

CaMOCTOSITeABHOTO B3ATHUS MasKa C IIeKM MaTKM A4S BBIABAEHM: BUpyca HanmnAAoMbl yeaoBeka (BITY) cpeam
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Ka3axXCTaHCKMX >KEHINVH U M3y4YeHMe MX BOCHPUATUS yA00CTBa, IOTEHIMAABHBIX IPEMMYINECTB UM OrpaHMIeHMNIT
AAHHOTO I104X0/a.

MeTtoganl. JKeHmuHaM, rocemasmuM aMOyAaTOpHbIE TMHEKOAOTMYECKUe YIpeXXAeHUss ACTaHbI B IIePUOJ, C
suBapsl 2025 roga mo mioHbs 2025 roga, 6p1au posgaHbl Ase aHKeThl 1 TecT Ha BITY BGI Sentis. Aas BbrABaeHM:
B3aMMOCB:I3€ll MeXAy COLMaAbHO-geMorpapuyecKMI 1 MeAUMIMHCKIMI XapaKTepUCTUKaMH, a Tak>Ke OTHOIIIeHIeM
SKeHIIVH K Ae4eHIIO UCII0Ab3YIOTCS ITOPSAKOBas AOTHCTIYeCKasl perpecciisl U HellapaMeTpuUdecKiie TeCTh.

PesyapTaTbl. B okxoHuaTeabHBINI aHaAM3 ObLAM BKAIOYWEHB! 34 >KeHIIMHBL 61,8% ydacTHMIT HOCYMTAaAN
CaMOCTOSITeABHBIN 3a00p MaszKa IpocTeiM, 82,4% — Oe300ae3HeHHBIM, a 58,9% — He HenpuATHBIM. Toasko 44,1%
PecIIOHAEHTOB yBepeHBI, YTO B35AM Ma3OK IIPpaBUABHO. 451 IIocaeayioniero oocaeA0BaHms Ha pak etk Matku 38,2%
PecIIoHAeHTOK BBIOpaAy OBl CAMOCTOSITEABHBIN 3a00p Ma3ska, 58,8% — 3abop ruHexoaoroM, 3% — 3a00p TepaIeBToM.

BoiBoanr. JKenmunnusr 3 Kazaxcrane cumTaioT yCTpoJicTBa A4s1 caMOCTOATEeABHOro 3abopa Maska Ha BITY
¢ ¢PexkTuBHEIM U yAOOHBIM CIIOCOOOM yBeAMYEHMsI OXBaTa CKPMHMHIOM paka Ineiikum Martku. Hecmorps Ha
II00>KVUTEABHBIN OIIBIT MICIIOAB30BAHMSI YCTPOIICTBA 4451 CAMOCTOATEABHOIO 3a00pa MasKa, y4aCTHULIBI IIPeATIOYUTAIOT
3a00p Ma3Ka BpauoM, HEe3aBMCUMO OT BO3pacTa, CEMEITHOIO IT0AOXKEHIIs], KOAMYECTBa AeTeit nau Apyrux ¢pakropos. Ha
IIpeAIIOYTEeHNEe >KeHIIVHaMM 3a0opa Mas3Ka BpayOM MOIYT BAUATL COIMaAbHBIE, KYyAbTYPHBIE UM DKOHOMMYECKUE
JaxTopsl, Tpebdyrore 4aAbHEIIIEero N3y IeH L.

KaioueBble ca0Ba: pak Ieiiky MaTKH, IIpeapaKoBble 3a00/1eBaHMs IIIeIKM MaTKI, CaMOCTOsITeABHEIN 3a00p

Marepuasa.
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Abstract

Breast cancer remains one of the most prevalent and socially significant malignancies
among women worldwide. Advances in molecular biology and oncogenetics have
substantially transformed approaches to the diagnosis, prognosis, and treatment of
breast cancer, with a growing emphasis on personalized medicine. This review
explores the molecular-genetic landscape of breast cancer, focusing on the
distinctions between germline and somatic mutations, their clinical relevance, and
their role in guiding individualized therapeutic strategies. The results of the
literature review demonstrated that germline mutations - particularly in BRCAT and
BRCA2 - are strongly associated with hereditary breast cancer predisposition,
influencing both risk assessment and preventive strategies. In contrast, somatic
mutations, including alterations in TP53, PIK3CA, and ESR1, play a pivotal role in
tumor behavior, treatment resistance, and disease progression. Moreover,
integrative molecular profiling using next generation sequencing incorporates both
germline and somatic mutation data provides a more accurate framework for clinical
decision-making in personalized therapy. Studies have shown that patients with

combined profiling benefit from more precise therapeutic targeting, including PARP
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inhibitors, endocrine therapies, and immune checkpoint inhibitors. The integration

of germline and somatic analyses represents a critical step in the realization of

precision medicine, ultimately improving therapeutic outcomes and prognosis in

breast cancer patients.

Keywords: breast cancer, BRCA1/2, germline somatic mutation, next-generation

sequencing, precision medicine.

1. Introduction

The relevance of breast cancer as a public health
issue

Breast cancer (BC) continues to be one of the most
common and socially impactful forms of malignant
neoplasms among women globally, posing a significant
challenge to public health systems. According to global
epidemiological data from 2022, the total number of
newly diagnosed cancer cases reached approximately 20
million, with cancer-related mortality approaching 10
million cases. Among these, BC ranks as the most
frequently diagnosed cancer in women, accounting for
more than 2.29 million new cases annually, making it the
leading oncological pathology in the female population
worldwide (1). A similar epidemiological pattern is
observed in the Republic of Kazakhstan, where breast
cancer accounted for 26.4% of all female malignancies in
2023, ranking first among cancers affecting women (2).

Understanding the molecular-genetic basis of
breast cancer is essential for accurate diagnosis, optimal
therapeutic decision-making, and outcome prediction in
the context of personalized medicine. Genetic analysis in
breast cancer typically involves the study of germline
(inherited) and

Determining which type of mutation should be

somatic  (acquired) mutations.

prioritized for clinical evaluation necessitates a

2. Materials and Methods

This study is based on the analysis of scientific
publications published between 2015 and 2025, with the
aim of systematizing modern data on the molecular

genetic characteristics of breast cancer, especially in the

considers clinical

and the broader

framework of personalized oncology.

comprehensive

approach that

objectives, therapeutic options,

Drawing on current data and evolving clinical
demands in personalized breast cancer care, we
hypothesize that an integrated molecular-genetic
profiling approach - simultaneously assessing both
germline and somatic mutations, particularly in patients
with a hereditary predisposition - outperforms isolated
analyses in optimizing diagnostic, prognostic, and
therapeutic strategies. We suggest that such an
integrative method, which accounts for both the tumor’s
genetic architecture and hereditary risk factors, will
facilitate more accurate selection of targeted therapies,
improve the prediction of treatment response, and enable
more effective patient stratification for preventive
measures and genetic counseling. This, in turn, may
significantly enhance the clinical effectiveness of
personalized management in breast cancer. Accordingly,
this review consolidates current data on the molecular-
genetic characteristics of breast cancer, with particular
emphasis on the clinical implications of germline versus
somatic mutations, aiming to support evidence-based

decision-making in the era of precision medicine.

context of the differences between germline and somatic
mutations and their role in personalized medicine. The
main of information were the

sources leading

international scientific databases: PubMed, Scopus and
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Web of Science, Google Scholar (Fig. 1). The search
strategy included the use of the following keywords and
their "BRCA1/2",

"next

combinations: ‘"breast cancer",

"germline mutations”, "somatic mutations",
generation sequencing”" (NGS), "precision medicine".
Filters were applied to select peer-reviewed publications
in English. At the initial stage of the analysis, 327
publications were identified that met the search criteria.
After assessment of abstracts, study design and
methodological quality, taking into account the relevance
and clinical significance of the presented data, 36 articles
that fully met the goals and objectives of this review were
included in the final analysis. The selected publications
were classified according to the following areas: genetic

aspects of breast cancer: the contribution of hereditary

and acquired mutations, the role of germline and somatic

mutations in breast cancer carcinogenesis: from
hereditary predisposition to molecular heterogeneity,
the significance of next-generation sequencing (NGS)
technologies: in diagnostics, prognosis and choice of
therapy; clinical relevance of the integration of germline
and somatic profiling in the framework of personalized
medicine and genetic counseling. The analysis was
taking the
recommendations of NCCN, ESMO, ASCO and other

specialized communities. This approach allowed us to

carried out into account latest

conduct a comprehensive review of current knowledge,
identify current areas of scientific research and highlight
the importance of comprehensive molecular genetic

analysis in breast cancer in the era of precision medicine.

Records identified through
database searching (PubMed,
Scopus, Web of Science, Google
Scholar): N = 321

Additional records identified
through other sources
(manual search, references):
N=6

|

l

Records after duplicates removed: N = 145

y Records excluded:

Records screened (titles
and abstracts): N = 182

Not relevant to breast cancer
genetics: N = 84
Abstract only: N = 33

Not in English: N =6

Full-text articles excluded
(with reasons):

Full-text articles assessed
for eligibility: N = 59

No specific data on
germline/somatic mutations:
N =12

Inadequate study design:
N=6

Lack of genomic focus:

Duplicates missed earlier:
N

y

N = 36

Studies included in
qualitative synthesis:

Studies included in final
narrative review: N = 36

[ Included | [ Eigibilty | [ Screening | [identiication]

Figure 1- Flow diagram

3. Results

The genetic nature of breast cancer: the role of
germline and somatic mutations
Cancer is fundamentally a genetic disease,

arising from alterations in genes that regulate cell growth

and proliferation. These genetic aberrations may be
inherited from parents (germline mutations) or may
occur spontaneously during an individual’s lifetime as a

result of environmental and endogenous factors. Over
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several decades, basic research has elucidated the
mechanisms of cellular transformation and identified key
driver mutations responsible for uncontrolled cell
division and tumorigenesis (3).

In contemporary oncology, molecular-genetic
profiling has become an integral component of
comprehensive cancer diagnostics and therapy.
Advances in molecular biology and cancer genetics have
significantly expanded our ability to identify molecular
biomarkers with substantial predictive and prognostic
value. Genetic aberrations, particularly mutations, play a
central role in oncogenesis. These mutations disrupt
normal cellular functions, promoting unregulated
proliferation, resistance to apoptosis, and metastatic
potential (4). However, the identification of such
mutations also offers a unique opportunity to distinguish
malignant cells from normal tissues, which is critical for
both diagnosis and the development of targeted
therapeutic strategies. A profound understanding of the
molecular and genetic mechanisms underlying
malignancies, especially in the context of breast cancer
(BC), forms the foundation for personalized molecular-
targeted treatment approaches (5).

Genetic alterations associated with cancer can be
transmitted through the germline and are responsible for
approximately 5-10% of all breast cancer -cases,
significantly increasing the risk of malignancy. In breast
cancer specifically, germline mutations, particularly in
BRCA1/2 genes, play a pivotal role in the development of
hereditary forms of the disease. In contrast, the majority
of cases (90-95%) are considered sporadic, arising de
novo and lacking familial inheritance patterns (6).
Extensive studies of proto-oncogenes and tumor
suppressor genes, as well as point mutations, have
contributed significantly to our understanding of cancer
pathogenesis. Proto-oncogenes, which normally regulate
cell growth and differentiation, can become oncogenic
through mutation or overexpression, resulting in loss of
transformation.

cell cycle control and malignant

Conversely, tumor suppressor genes, which are
responsible for cell cycle regulation and apoptosis,
contribute to tumor development when inactivated or
dysfunctional (7). The response of breast cancer patients

to anti-cancer therapies is known to vary widely. This

heterogeneity is driven by individual differences in the
molecular pathogenesis of tumors, shaped by a diverse
spectrum of driver gene mutations that initiate and
sustain carcinogenesis. Studies of the molecular
characteristics of breast tumors have revealed significant
genetic heterogeneity and clonal evolution during
disease progression. Elucidating the molecular profiles of
tumor cells, particularly those associated with specific
mutations, opens new avenues for improving therapeutic
outcomes and survival (8).

Genetic testing can be applied in patients with a
confirmed diagnosis of breast cancer to guide the
selection of individualized targeted therapies.
Furthermore, in patients under the age of 50 diagnosed
with breast cancer, the identification of hereditary cancer
syndromes can significantly influence both treatment and
preventive strategies (9). Among unaffected individuals
with a family history of cancer, the detection of germline
predispositions  allows for timely preventive
interventions and early cancer detection. The variability
in treatment response among patients is explained by
molecular heterogeneity and the presence of diverse
driver mutations, and their identification enables not
only the discrimination of malignant from normal cells
but also the rational application of precision-targeted
therapies. Moreover, detecting either germline or somatic
mutations facilitates the selection of specific targeted
agents that directly interfere with aberrant signaling
pathways driving tumor growth (10).

Therefore, given the molecular heterogeneity of
breast cancer, modern approaches no longer prioritize
either germline or somatic mutations in isolation. Instead,
emphasis is placed on comprehensive molecular-genetic
profiling. An integrative analysis of both mutation types
- often utilizing next-generation sequencing (NGS) -
provides the most complete representation of the tumor’s
genetic landscape and hereditary risk factors. This
enables oncologists to make well-informed decisions that
enhance diagnostic accuracy, optimize treatment
strategies, and improve clinical outcomes for patients

with breast cancer.
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The role of germline mutations in the
development of hereditary breast cancer

Hereditary cancer comprises a heterogeneous
group of malignancies driven by germline mutations in
one or more genes, inherited from a parent and present
in all somatic cells of the body. These mutations typically
affect genes critical for maintaining genomic stability,
regulating the cell cycle, mediating DNA repair, or
suppressing tumor development. In contrast to sporadic
cancers, where mutations are acquired somatically
during an individual’s lifetime, germline mutations are
inherited and often follow an autosomal dominant
pattern, resulting in a 50% probability of transmission of
the mutant allele to offspring. Although the presence of
germline mutations significantly increases the risk of
cancer development, it does not in itself guarantee tumor
formation. This is explained by the concept of incomplete
penetrance, which postulates that disease manifestation
requires additional somatic mutations - the so-called
“second hits” -  that impair the function of the
remaining wild-type allele or affect other tumor
suppressor genes (11).

The most well-known and extensively studied
genes implicated in hereditary breast cancer are BRCA1
and BRCA2. Both are inherited in an autosomal dominant
manner and play a key role in the homologous
recombination repair of DNA double-strand breaks.
Mutations in these genes disrupt the synthesis of
functional proteins, leading to impaired DNA repair and
accumulation of genetic damage that promotes
malignant transformation (12). Carriers of BRCA1/2
mutations face a markedly increased lifetime risk of
developing breast cancer. Moreover, BRCA-associated
tumors are frequently characterized by a triple-negative
molecular phenotype - lacking expression of estrogen
(PR), and

HER2/neu - which is associated with a more aggressive

receptors (ER), progesterone receptors
clinical course and limited options for targeted therapy.
It has also been shown that mutation carriers tend to
develop cancer at a younger age, which underlines the
need for proactive clinical surveillance. Asymptomatic
individuals with BRCA1/2 mutations should undergo

regular monitoring and be considered for inclusion in

personalized prevention and early detection programs
(13).

Commonly variants
include BRCA1 (185del AG, 5382insC) and BRCA2 (617delT,

997del5) mutations, which result in loss of gene function

identified pathogenic

through frameshift-induced protein truncationrenos (14).
Beyond BRCA1/2, several other genes have been
implicated in hereditary breast cancer, including MLH1,
MSH?2, TP53, CHEK2, PALB2, PTEN, NBN, ATM, BRIP1,
RADA50, BLM, and FGFR2, all of which are involved in cell
cycle control, apoptosis, and DNA repair. This highlights
the genetic heterogeneity underlying hereditary breast
cancer syndromes. (15).

Accurate identification of germline mutations,
along with assessment of their functional significance
and population prevalence, is of critical importance for
risk stratification, prognostic evaluation, and the
selection of clinical management strategies. Given the
high degree of molecular and clinical heterogeneity, the
interpretation of mutational profiles necessitates an
integrated approach involving molecular-genetic testing,
genetic counseling, and personalized strategies for
surveillance and therapy.

Somatic mutations and their role in
carcinogenesis: molecular heterogeneity

Somatic mutations arise in post-zygotic somatic
cells and, unlike germline mutations, are not heritable.
These genetic alterations are confined to the affected cells
and their clonal descendants, creating a genetic
mosaicism within the organism. Although some somatic
mutations are a consequence of physiological aging, their
accumulation plays a critical role in the molecular
pathogenesis of numerous diseases, particularly
malignant neoplasms (16) .

It is now well established that somatic mutations
constitute the genetic basis of the vast majority of
sporadic cancers, which account for approximately 90%
of all oncological cases. These mutations accumulate over
a person’s lifetime. While many are functionally neutral,
a subset can disrupt critical cellular processes such as
proliferation, apoptosis, and replication, thereby
initiating oncogenesis. The principal molecular targets of
somatic mutations in carcinogenesis are proto-oncogenes

and tumor suppressor genes. When mutated, proto-



Astana Medical Journal, 2025, 6, 125

oncogenes can convert into oncogenes, acquiring the
capacity to promote uncontrolled cell growth, invasion,
and metastasis. One of the most studied oncogenes in
breast cancer is HER2/neu (ERBB2), a member of the
epidermal growth factor receptor family. Its
overexpression is associated with a poor prognosis and
aggressive clinical behavior. Among the most frequently
mutated genes in breast cancer, significant alterations are
found in TP53, PIK3CA, AKT1, GATA3, CDH1, MAP3K1,
PTEN, ERBB2 (HER2), and RB1 (17).

TP53 mutations are predominantly found in
triple-negative breast cancers (TNBC) and are linked to a
high level of genomic instability and malignant potential
(18). In contrast, PIK3CA mutations are more common in
hormone receptor-positive tumors (ER+/HER2-) and are
generally associated with a favorable prognosis (19).
CDH1 mutations result in the loss of E-cadherin function,
impairing cell-cell adhesion and promoting invasive
growth, particularly in lobular carcinoma. ERBB2 (HER2)
amplification serves as a key biomarker for selecting
patients for anti-HER2 targeted therapies, including
trastuzumab, pertuzumab, and T-DM1. AKT1 mutations,
such as E17K, activate the PI3K/AKT signaling pathway,
conferring resistance to anti-estrogen therapy (20).
Mutations in MAP3K1 and GATA3 frequently occur in
luminal A/B subtypes and are generally associated with
hormone receptor-positive phenotypes. Furthermore,
ESR1 mutations are most commonly observed in patients
with metastatic or recurrent breast cancer who have
previously received hormone therapy, particularly
aromatase inhibitors. These mutations are rare in primary
tumors, highlighting their acquired nature and possible
selection under therapeutic pressure (21).

The immunogenic aspects of the somatic
mutational profile also warrant attention - particularly
PD-L1 (programmed death-ligand 1) expression, which
can be upregulated as a result of various somatic
rearrangements and mutations (22). PD-L1 expression is
notably enriched in triple-negative breast cancers (TNBC),
particularly those harboring TP53 mutations, a high
tumor mutational burden (TMB), and tumor-infiltrating
lymphocytes (TILs) (23). Such tumors may be responsive
to immune checkpoint inhibitors targeting PD-1/PD-L1,

such as atezolizumab and pembrolizumab (24).

Additionally, rare but clinically significant mutations in
MSH6, MLH1, and POLE, associated with microsatellite
instability (MSI) and a hypermutated phenotype, are also
reported to confer enhanced immunotherapy sensitivity
(25).

The detection and molecular characterization of
somatic mutations are of paramount importance in
modern oncology, particularly in breast cancer. These
mutations are the driving force behind the majority of
sporadic tumors and contribute to the genetic
heterogeneity that underlies differences in tumor
behavior, aggressiveness, and therapeutic response.
Precise identification of somatic alterations - including
driver mutations, gene amplifications, translocations,
and immune-related markers such as PD-L1 - enables
patient stratification, disease prognostication, and the
selection of individualized targeted and
immunotherapies. As molecular diagnostic technologies
rapidly evolve, the role of somatic mutation profiling
continues to expand, becoming an indispensable element
in the implementation of precision oncology.

Next-generation  sequencing (NGS) in
personalized breast cancer diagnostics

Contemporary molecular oncogenetics possesses
a broad arsenal of highly sensitive and specific methods
for detecting genetic alterations that play a pivotal role in
These methods

identification of both somatic mutations - occurring

oncogenesis. enable the effective
directly within tumor cells and serving as key drivers of
malignant transformation - and germline mutations
inherited from parents, which determine constitutional
cancer predisposition (26). In routine clinical practice,
somatic mutation analysis commonly relies on tumor
tissue samples, most frequently formalin-fixed
paraffin-embedded blocks obtained via biopsy or
surgical resection. DNA extraction from these preserved
other

samples permits subsequent sequencing or

molecular testing. In contrast, germline mutation
detection is standardized through DNA analysis
extracted from peripheral blood, since these mutations
are present in all nucleated cells of the body. The
application of advanced methods such as NGS enables
comprehensive and high-throughput genomic profiling,

allowing simultaneous analysis of numerous genes and
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the detection of a wide mutation spectrum - an essential
requirement for personalized oncology (27).

This technology, regarded as the “gold standard”
in molecular diagnostics of malignancies, permits
detailed examination of nucleotide sequences in both
DNA and RNA, providing integrative predictive,
prognostic, and diagnostic information necessary for
Unlike

conventional molecular methods, NGS facilitates parallel

personalized patient management (28).
sequencing of thousands of fragments, significantly
accelerating genome decoding and enabling the detection
of rare or low-frequency mutations.

At the international level, leading clinical
guidelines - including those from NCCN, ESMO, and
ASCO - now incorporate NGS into diagnostic and
therapeutic algorithms for various cancers, including
breast cancer (29). NGS is particularly valuable when
triaging patients for targeted therapy. Large-scale studies
have shown that NGS usage is associated with improved
clinical outcomes: patients who underwent sequencing
and received tumor profile - guided treatment
demonstrated higher progression-free survival (PFS) and
overall survival (OS) compared to those who did not
receive  molecular stratification. Hanpumep, B
uccaeaosanuu Kato et al. (2020) rtapretTmposaHHOe
AeJeHIle, OCHOBaHHOe Ha pesyabTarax For example, in the
study by Kato et al. (2020), targeted therapy based on
NGS results and evaluated by a multidisciplinary tumor
board resulted in statistically significant improvements
in both PFS (HR = 0.63; 95% CI: 0.50-0.80; P < 0.001) and
OS (HR = 0.67; 95% CI: 0.50-0.90; P = 0.007) (30).

Additionally, the size of the sequencing panel
influences diagnostic yield. In the study by Kopetz et al.
(2019), the use of an expanded NGS panel identified at
least one previously undetected activating oncogene
mutation in 41% of patients, of whom 19% received
personalized therapy - associated with a significant
improvement in overall survival (P = 0.017) (31).
Similarly, the systematic review by Gibbs et al. (2023)
demonstrated that in the majority of included
publications, the application of NGS and targeted
treatments led to improved clinical outcomes across

various tumor types, including breast cancer (32).

Thus, whole-genome sequencing utilizing NGS
technologies has become an indispensable component of
modern oncogenetic diagnostics. It enables the detection
of a broad spectrum of clinically relevant mutations and
the assessment of immune target expression. Given the
genetic heterogeneity of tumors - particularly in breast
cancer - implementing NGS facilitates more accurate
patient stratification, therapy response prediction, and
treatment of this

technology into routine clinical practice significantly

optimization. The integration
enhances the capabilities of personalized medicine and
improves overall oncological treatment effectiveness.

Clinical significance of germline and somatic
mutations in breast cancer

The identification of germline and somatic
mutations in breast cancer holds substantial clinical
importance and should be conducted in alignment with
therapeutic goals, disease stage, and a personalized
approach. In many cases, the detection of germline
mutations - such as BRCAI and BRCA2 - is essential at the
time of initial diagnosis to assess hereditary cancer risk
and to inform prophylactic or targeted interventions.
However, as the disease progresses or therapy resistance
develops, the clinical priority shifts toward re-evaluating
the tumor’s molecular profile to detect both BRCA1/2 and
newly acquired somatic mutations, which reflect
subclonal evolution and guide subsequent therapeutic
decisions (33).

The crucial role of early germline BRCA1/2
mutation testing is underpinned by a combination of
factors suggestive of hereditary predisposition. These
include early-onset breast cancer, which significantly
increases the likelihood of harboring pathogenic variants
in predisposition genes (34). Special attention is given to
patients with triple-negative breast cancer (TNBC)
diagnosed at a young age, as this subtype is statistically
more frequently associated with germline BRCAI
mutations. A strong family history, including breast,
ovarian, pancreatic, or prostate cancer in first-degree
relatives, serves as a strong indicator for preventive
genetic screening (35). Beyond individual clinical
features, demographic and ethnic characteristics also
play a critical role in determining the appropriateness of

BRCA1/2 genetic testing. Due to the heterogeneity of
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tumor biology and population-specific genetic variations,
extended genetic screening is warranted in many
countries - even in the absence of early-onset disease or a
clear family history. The identification of BRCA1/2
mutation carriers not only allows for precise risk
stratification of the index patient but also provides
essential information for at-risk relatives, supporting
cascade testing and the implementation of individualized
surveillance and prophylactic strategies, including risk-
reducing mastectomy and salpingo-oophorectomy (36).
In the context of metastatic disease and
therapeutic resistance, the assessment of somatic
mutations becomes paramount, complementing data on
germline predisposition. Unlike inherited alterations,
somatic mutations arise de novo in tumor cells during
carcinogenesis and clonal evolution. These mutations are
not heritable and reflect the specific molecular profile of
a tumor at a given point in its progression. Modern
approaches to the treatment of metastatic breast cancer
increasingly rely on the principles of precision oncology,
whereby therapeutic selection is contingent upon the
identification of actionable driver mutations that dictate
drug sensitivity or resistance. Comprehensive genomic
profiling methods, such as next-generation sequencing
(NGS), enable the detection of a wide range of clinically
relevant somatic alterations in genes beyond BRCA -
including PIK3CA, ESR1, ERBB2, TP53, and others - thus

providing a foundation for treatment personalization (37).

As the disease advances or resistance emerges,
dynamic monitoring of somatic mutations becomes an

indispensable clinical tool. Under therapeutic pressure,

4. Discussion

The conducted literature analysis emphasized
the important role of both germline and somatic
mutations in the pathogenesis and clinical course of
breast cancer. Particular attention is paid to mutations in
the BRCAI and BRCA2 genes, whose inherited
pathogenic variants are associated with a high risk of
breast cancer development and have a significant impact
on the choice of therapy. Impaired mechanisms of DNA

repair by homologous recombination caused by defects

tumors may acquire new mutations or exhibit clonal
selection of pre-existing resistant subpopulations. In such
scenarios, re-biopsy of tumor tissue - or increasingly,
liquid biopsy via analysis of circulating tumor DNA
(ctDNA) in plasma - enables real-time monitoring of
molecular evolution. For example, ESR1 mutations serve
as biomarkers of resistance to endocrine therapy and may
indicate the need for CDK4/6 inhibitors or alternative
treatments. Similarly, somatic mutations in DNA repair
BRCA1/2 or
homologous recombination, may confer sensitivity to
PARP inhibitors - even in the absence of inherited

mutations - when acquired de novo in the tumor (38).

genes, such as others involved in

In summary, the comprehensive assessment of
both germline and somatic mutations constitutes a
cornerstone of modern oncology. Germline mutations
inform hereditary risk assessment, guide familial testing
strategies, and influence systemic treatment choices,
including the use of PARP inhibitors in adjuvant and
metastatic settings. Somatic mutations, by contrast, are
critical for adapting treatment to the evolving molecular
landscape of the tumor, particularly in the metastatic
setting, where the timely identification of resistance
mechanisms enables switching to more effective targeted
therapies. The synthesis of data derived from both
germline and somatic analyses facilitates the design of
individualized treatment regimens tailored to the unique
biological characteristics of each patient’s tumor,
ultimately improving therapeutic efficacy and clinical

outcomes.

in these genes determines high sensitivity of tumors to
PARP inhibitors and other agents inducing DNA damage.
On the other hand, somatic mutations that occur
sporadically during life significantly contribute to the
molecular heterogeneity of breast cancer. In particular,
variations in the TP53, PIK3CA, AKT1, ESR1 and GATA3
genes are associated with tumor aggressiveness,
resistance to therapy and variability of the clinical course.

These mutations can serve as both prognostic and
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predictive biomarkers, especially when choosing
targeted or hormonal drugs. The heterogeneity of
somatic mutations necessitates molecular profiling of
each tumor to justify the therapeutic strategy.

An integrated approach combining the analysis
of germline and somatic changes using next-generation
sequencing technologies has demonstrated high
efficiency in the diagnosis and treatment of breast cancer.
Integration of data on the patient's genetic background
and tumor characteristics allows for more accurate risk
stratification, determination of sensitivity to treatment,
and prediction of outcomes. This is especially valuable
for patients with a family history or "BRCAness"
phenotype, in which tumors exhibit sensitivity to the
same drugs as in BRCA-associated breast cancer, despite
the absence of germline mutations.

At the same time, significant gaps in current
knowledge have been identified. The interactions
between different somatic mutations and their impact on

clinical resistance, as well as the relationship between

5. Conclusion

This review summarizes current knowledge on
the molecular pathology of breast cancer, with a
particular focus on germline and somatic mutations and
an emphasis on the clinical relevance of BRCAI and
BRCA2. Advances in molecular diagnostics have enabled
the identification of oncogenic mutations not only in
patients with breast cancer but also in healthy individuals,
which is critically important for the personalization of
diagnosis, treatment, and prevention strategies. The
detection of BRCA mutations significantly enhances
clinical disease management by informing the
development of targeted therapeutic approaches and
supporting genetic counseling and surveillance
programs for mutation carriers. A clear distinction
between germline mutations, which confer inherited
predisposition, and somatic mutations, which act as
drivers of sporadic tumor development, is of
fundamental importance for understanding pathogenesis
and selecting the appropriate clinical management

strategy. Contemporary high-throughput sequencing

germline mutations in less studied genes (PALB2, CHEK?2,
ATM) and the molecular phenotype of the tumor, are
insufficiently studied. The number of studies analyzing
the combined effect of germline and somatic mutations
on the choice of therapy, especially in the context of using
combination treatment regimens, is limited. Approaches
to interpreting variants of uncertain clinical significance
are poorly developed, which complicates decision-
making in clinical practice. The lack of uniform protocols
for integrating NGS results into breast cancer treatment
also remains an obstacle to the widespread
implementation of precision medicine. Thus, the need for
further research aimed at studying the interactions
between different types of mutations and their clinical
significance remains extremely relevant. This will
improve genetic testing strategies, increase the accuracy
of prognosis and move towards truly personalized

treatment of breast cancer.

technologies facilitate comprehensive analysis of both
mutation types, forming the basis of personalized cancer
care. An individualized approach to the assessment of
both germline and somatic mutations is particularly
valuable. In the presence of factors suggestive of
hereditary cancer, comprehensive genetic testing -
encompassing both inherited and acquired alterations - is
advisable. Such an approach offers a more complete
understanding of tumor biology and enables the
optimization of therapeutic strategies tailored to the
specific molecular features of each patient’s disease.
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Tyiingeme

CyT Gesi xaTepai iciri 6ykia aaeMae oifeasep apacklHAa €H TapalfaH >KoHe 91€yMeTTiK MaHBI3ABI KaTepAal
icikrepain Oipi OoasIn Kaaa 6epeai. MoaexyAspABIK OMOAOTISI MEH OHKOTEHeTMKaaFbl JKeTiCTiKTep cyT Oe3i OOBIphIH
AuarHoCTMKaJayFa, OoaxkayFa >KoHe eMJeyre JereH Ke3KapacTrapabl TyOereiiai esrepTri, aepOecreHgipiaren
MeAuIVHara keOipek KeHia 0eeai. by moay cyT 6e3i karepai iciriHiH MOAEKyASpABIK-TEHETUKAABIK AaHAIIA(THIH
3epTTeliAl, TepMIHaAbA] XK9He COMaTMUKaABIK MyTalysidap apachlHAAFbl allbIpMalllbLABIKTapEa, OAapAbIH KAMHNUKAABIK,
MaHBI3ABLABIFBIHA JKoHE JKeKe TepallsAbIK CcTpaTernsiiapAbl OackapyAarbl pediHe Hazap aydapaabl. OJdeOmerrepAai
IOy HOTVXKeAepi TepMIUHaAbAl MyTariusaapsl, acipece BRCAT sxone BRCA?2 - cyT Oe3i OOBIPBIHBIH TYKBIM KyaAaiiThIH
OeriMaiairiMeH TBIFBI3 0aliAaHBICTHI €KeHIH KOpCeTTi, 6¥A ToyeKkeaal 6ara/1ayra Ja, aAAbIH aAy cTpaTerusiapbiHa Ja
acep ereai. Kepiciniie, comaTukaabk Myranmsadap, coHbly imriHae TP53, PIK3CA >xeHe ESRI esrepicrepi icikTiH
epexieAiringe, eMaeyre Te3iMAidikTe >KoHe aypyAblH ©pIIyiHAe MaHBI3ABI pea aTKapaabl. COHbBIMEH KaTap, TOABIK
TeHOMABI CEKBEHMp/ey apKbLABl aHBIKTaAFfaH T'€pMMHAAbAl JKOHE COMAaTMKaABIK MyTanus AepeKTepiH KaMTUTBIH
VHTETpaTUBTI MOAEKyAaAblK IIpoduibiey AepOecTeHaipiareH Tepammsja KAMHMKaABIK IIeNIiM KaObladay VIOiH
Adaipek Herizai kamMrTaMachid ereai. 3eprreyaep Oipikripiaren mpodmabai emgeaymrizep PARP Texerimrepis,
SHAOKPUHAIK TepaIlVIHbI )K9He MMMYHABIK OaKbl1ay HYKTeCi MHIMOUTOpAapbIH KOca, A9AipeK TepalleBTiK MaKCaTThI
TaralibIHAAYJaH Maliga KepeTiHiH kepcerTi. [epMuHaabAl )XKoHe cOMaTUKAABIK TalAayAapAblH MHTEIPaLVIsICHL CyT Oe3i
Karepai iciriveH ayblpaTBIH HayKacTapaa TepaIleBTiK HoTIOKeAep MeH 0O/A’KaMAbl >KaKcapTaThlH HaKThlAaHFaH
MeAVIIVHAHBI KY3€eTre achpyAarbl MaHBI3ABI KagaM OOABIIT TaObLA1aABL.

Tyiin cesgep: cyr Oesi karepai iciri, BRCA1/2, repmuHaapAi coMaTMKaABIK MyTalys, TOABIK T€HOMABI

CeKBEHIpPA€Y, HaKTbl1aH¥aH MeANIIIHa.
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>KeJe3bl, IpU DTOM BCce 0OO/blllee BHUMAaHIE yAeAseTCs IepCOHAAM3MPOBAaHHON MejunuHe. B aanHOM o0O3ope
paccMaTpuBaeTcsa MOAEKYASPHO-TEHETMYECKIIT AaHAmAadT paka MOAOYHO >KeAe3bl C aKIIEHTOM Ha pa3Andus MeXAy
repMIHaAbHBIMI ¥ COMaTUYeCKMMU MY TalVIsIMM, MX KAVHIYECKOe 3Ha4YeHle 1 poAb B OIIpeeAeHUI MHAVBUAYaAbHBIX
TepaleBTIYeCKNX cTparernil. PesyasraTsl 0630pa AnTeparypsl IIOKa3aAy, YTO TepMIHaAbHbIE MyTallly, OCOOEHHO B
reHax BRCA1 u BRCA2, TecHO cBsA3aHbI C HacAeACTBEHHOI ITpeApaciioA0KeHHOCTBIO K paKy MOAOYHOM >KeAe3bl, BAN
KaK Ha OLIEHKy pMCKa, TaK M Ha Ipoduiakrmdeckme crparermu. Hamporms, comaTmyecKme MyTamuy, BKAIOYas
nameneHus B redax TP53, PIK3CA u ESR1, urpaioT KAIO4eBYIO POAb B IIOBeAeHIN OITyXOAM, Pe3UCTEHTHOCTY K A€4eHUIO
U TIporpeccyupoBannu 3adoaesanns1. boaee Toro, MHTeTpaTNBHOE MOAEKYAAPHOE IPpO(UANPOBaHIIE C ICIIOAb30BaHIEM
CeKBeHMPOBaHMs HOBOTO ITOKOAEHIsI, BKAIOUaloIllee JaHHble KaK O TepMIHAABHBIX, TaK M O COMaTUYeCKMX MyTallVsX,
obecrieunBaeT 001€e TOUHYIO OCHOBY AAS IPUHATVS KAVMHINYECKUX PeIleHnil pY epCOHaAU3MPOBAaHHON TepaIni.
MccaesoBanms 1okazaan, 4ToO IAIMEHTHl ¢ KOMOMHMPOBaHHBIM IPOQUANPOBaHNMEM IIOAYJalOT IIpeMMYyIecTsa OT
00.1ee TOYHOTO TeparIeBTUIECKOTO BO3AETICTBIL, BKAIOUas MHIMOuTOps PARP, SHAOKPVMHHYIO TepaInio U THIMOUTOPHI
MMMYHHBIX KOHTPOABHBIX TOYeK. VIHTerpamus repMMHaABHOTO M COMAaTHMYECKOIO aHaAu3a IIpeACTaBAseT COOOII
KpUTUYEeCKN Ba>KHBII LIar Ha IyTH K peaaAn3auy MpeIu3MoHHON MeANIIVHBI, B KOHEYHOM UTOTe yAy4lllas pe3yAbTaThl
Zed4eHNs U IPOTHO3 y MaIlMeHTOB C paKOM MO/AOYHOI KeAe3hl.

KaioueBbre caosa: pak Moaounoit >xeae3sl, BRCAI1/2, repMmmHaAbHasi coMaTH4YecKasl MyTaIjus,

CEKBEHIPOBaHI1€ HOBOI'O ITOKOAEHILSI, ITPENNM3IOHHAs MeANIIVIHA.
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Abstract

Introduction. Preeclampsia remains one of the leading causes of maternal and
perinatal morbidity worldwide. Accumulated evidence indicates that disturbances
in folate metabolism and elevated homocysteine levels may contribute to the
development of hypertensive disorders of pregnancy. This study evaluated the
effectiveness of long-term folic acid supplementation for the prevention of
preeclampsia in pregnant women with and without polymorphisms in folate cycle
genes.

Methods. A single-center randomized controlled study included 320 women in the
control group (folic acid intake until 12 weeks of gestation) and 894 women in the
main group (folic acid intake throughout pregnancy). The main group was stratified
by dosage: 400 pg, 800 pg, and 1200 pg. Clinical, biochemical, and genetic

assessments were performed, including measurement of homocysteine levels and

Astana Medical Journal, 2025, 6, 125
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genotyping of MTHFR, MTR, and MTRR polymorphisms. Pregnancy outcomes and
the incidence of hypertensive complications were compared between groups.

Results. Long-term folic acid supplementation was associated with a lower overall
incidence of hypertensive disorders of pregnancy compared with the control group
(RR 1.43; p = 0.038). The incidence of preeclampsia was 1.67 times lower in the main
group, indicating a favorable trend. No significant differences in blood pressure
dynamics or perinatal outcomes were found among groups receiving different folic
acid doses. Homocysteine levels were significantly higher in all women who
subsequently developed preeclampsia, regardless of folic acid dosage. Genotype
distribution demonstrated population-specific frequencies of MTHFR and MTR
polymorphisms; however, no clear dose-response relationship was observed.

Conclusion. Long-term folic acid supplementation reduces the risk of hypertensive
disorders of pregnancy, including a tendency toward a decreased incidence of
preeclampsia, and is safe at all studied doses. The potential benefit is particularly
relevant for populations with a high prevalence of genetic variants affecting folate
metabolism. Further multicenter randomized studies are required to determine the

optimal dosage and duration of supplementation.

Keywords: preeclampsia, folate cycle, folic acid.

1. Introduction

Preeclampsia is one of the serious and potentially
life-threatening pregnancy-related conditions that lead to
numerous maternal and fetal complications [1], and its
prevalence is increasing in developed countries [2]. The
global trend toward delayed childbearing in high-income
countries contributes to the rise in risk factors associated
with preeclampsia, such as advanced maternal age,
obesity, insulin resistance, and the accumulation of
comorbid somatic conditions [2]. Inadequate or absent
prenatal care partly explains the high prevalence of
preeclampsia in developing countries [1-3].

Despite significant progress in understanding the
preeclampsia pathogenesis, effective methods of primary
prevention remain limited. The exact etiological factors of
preeclampsia are still unclear. However, it is believed
that two critical mechanisms play a major role in the
pathogenesis of preeclampsia: abnormal placentation,
followed by the development of a maternal-placental
syndrome associated with an excess of anti-angiogenic
factors [1,2,4,5,6]. These well-established hypotheses

conceptualizing preeclampsia as a placental disorder

contribute to understanding and appropriate
management of the complications associated with the
condition.

Recent research continues to identify factors that
may reduce the risk of developing preeclampsia [6].
Numerous studies have been conducted to explore
possible  approaches to prevent and manage
preeclampsia [1,3,7-9]. Growing evidence indicates that
disturbances in folic acid metabolism and elevated
homocysteine levels may contribute to the development
of hypertensive disorders during pregnancy, including
preeclampsia [8-10]. One such potential protective factor
is folic acid supplementation, traditionally prescribed
during preconception and the first trimester for the
prevention of neural tube defects [9]. In recent years,
researchers have increasingly focused on the possible role
of long-term folic acid supplementation in reducing the
likelihood of hypertensive pregnancy complications,
including preeclampsia. Potential mechanisms linking
folate deficiency and hyperhomocysteinemia with

preeclampsia include endothelial dysfunction, oxidative
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stress, and impaired DNA methylation, all of which may
lead to vascular dysregulation and placental perfusion
abnormalities [9,10]. Many studies confirm that folic acid
supplementation can help reduce elevated levels of
homocysteine in the blood [8,12-18]. However, the
relationship between folic acid intake and reduced risk of
preeclampsia has produced conflicting findings, and the
recommended doses vary widely [7,8,19-24]. Whether
folic acid supplementation during pregnancy can reduce
the risk of preeclampsia remains unclear [7].

The mechanisms underlying the proposed
protective effect of folic acid are not fully understood; its
involvement in the regulation of endothelial function,

homocysteine metabolism, and antioxidant protection

2. Materials and research methods

Design: a single-center, randomized controlled
trial.

Study Material: the study included 320 pregnant
women in the control group, who received folic acid from
the moment pregnancy was confirmed until 12 weeks of
gestation for the prevention of congenital fetal
malformations, and 894 pregnant women in the study
group, who received folic acid throughout the entire
duration of pregnancy. The study group was stratified
according to folic-acid dosage: 400 mcg (n = 332), 800 mcg
(n =257), and 1200 mcg (n = 305).

The sample size for the randomized controlled
trial was calculated according to the standard formula
[20]. The sample size for the nested cohort was
determined using the Epi Info statistical software (CDC,
USA), based on previously published data on the
frequency of polymorphisms in the MTHFR (C677T,
A1298C), MTRR (G66A), and MTR (G2756A) genes
among pregnant women in the Kazakh population [21].
The calculation was based on the lowest frequency
polymorphism among those under study, specifically
MTR (rs1805087), with a prevalence of 17.9%, and
considering the prevalence of preeclampsia (PE) of 5.5%
in the population of 18,000 pregnant women in Aktobe.
Allowing for a 30% attrition rate, the required sample size

was determined to be 536 pregnant women.

has been suggested. Given the clinical importance of the

problem and accessibility of the intervention,
investigating the role of folic acid in preeclampsia
prevention presents significant scientific and practical
interest.

The present study aims to evaluate the
effectiveness of long-term folic acid supplementation in
reducing the risk of preeclampsia among pregnant
women  with and  without folate-metabolism
impairments.

Hypothesis: Long-term folic acid supplementation
lowers the risk of developing preeclampsia in pregnant

women with and without folate-metabolism disorders.

Participant selection and randomization method:
a stratified sampling method was applied to form the
study groups, based on the presence or absence of
established risk factors for PE, in accordance with
recommendations from previous research [22].

Inclusion Criteria: Kazakh ethnicity; age >18
years; ultrasound-confirmed singleton intrauterine
pregnancy; gestational age up to 14 weeks at enrollment;
written informed consent; and adherence to the study
protocol.

The clinical component of the study was
conducted in city polyclinics, at the Regional Perinatal
Center of Aktobe, and at Kargalinsk City Hospital.

The laboratory component was conducted at the
Scientific and Practical Center of West Kazakhstan Marat
Ospanov  Medical INVITRO-

Kazakhstan.

University and at

A complete blood count with platelet count was
performed using the MEK-7300K automated hematology
analyzer (Nihon Kohden Corporation, Japan, series 2845).
Biochemical measurements, including bilirubin levels
and cytolytic enzyme activity (ALT and AST), were
performed using the Respons-910 biochemical analyzer
(Germany).

Proteinuria was assessed using either a single

urine sample and/or a 24-hour urine collection, analyzed
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on the Uriscan Optima analyzer (YD Diagnostics, South
Korea).

Homocysteine levels were measured using an
assay (ICLA) on the
automated IMMULITE® 2000 XPi analyzer (Siemens,

Germany) with Immulite® 2000 Homocysteine reagents

immunochemiluminescent

(Siemens, Germany). The determination of homocysteine
concentration (Hcy) in serum or EDTA-stabilized plasma
was performed according to the

method using  the
IMMULITE® 2000 XPi analyzer (Siemens Healthcare

Diagnostics, Germany).

immunochemiluminescent

The analytical method is based on competitive
binding between endogenous homocysteine in the
patient’s sample and an enzyme-labeled methylated
derivative of homocysteine for a limited number of
specific antibodies immobilized on a solid phase. After
binding and washing of unbound components, a
substrate for alkaline phosphatase is added, which
produces a chemiluminescent signal detected by the
analyzer’s photometer. The intensity of the emitted signal
is inversely proportional to the concentration of
homocysteine in the sample.

Samples were processed in EDTA-stabilized
plasma or in serum obtained after centrifugation at 3000
rpm for 10 minutes. Storage conditions were as follows:
at +2°C to +8°C for no more than 48 hours; at —20°C for up
to 3 months. Frozen samples were thawed at room
temperature and mixed before analysis. Repeated freeze-
thaw cycles were not permitted. The analysis utilized the
Siemens IMMULITE® 2000 Homocysteine Assay Kit,
which includes a solid phase with immobilized anti-Hcy
antibodies, an enzyme conjugate (alkaline phosphatase—
(2-50 umol/L),
and high

substrate.

homocysteine), calibrators control

materials  (low levels), and the

chemiluminescent Prepared  samples,
calibrators, and controls were loaded into the designated
positions of the IMMULITE® 2000 XPi analyzer, which
automatically performed sample pipetting, incubation,
washing, substrate addition, and chemiluminescent
signal measurement.
Genotyping of Folate Metabolism Gene
Polymorphisms: venous blood (2.0 ml) was collected by
K2-EDTA (EcoPharm

venipuncture  into tubes

International, Kazakhstan). DNA extraction was
performed using the PROBA-RS-GENETIKA reagent kit
(DNA-Technology, Russia). DNA concentration was
measured using the NanoDrop Lite spectrophotometer
(USA), where a minimum DNA concentration of at least
1.0 ng/ml per PCR tube was required, corresponding to
Ct < 32.0 on the VK detection channel (Sy5). Molecular
genetic analysis was performed wusing real-time
polymerase chain reaction (Real-Time PCR) on the
DTprime 4 instrument (DNA-Technology, Russia), with
determination of genotypes for the polymorphisms
under study: MTHFR (C677T, A1298C), MTRR (G66A),
and MTR (G2756A). Ready-to-use primers were used:
MTHFR 677 C>T (Ala222Val), MTHFR 1298 A>C
(Glu429Ala), MTR 2756 A>G (Asp919Gly), and MTRR 66
A>G (Ile22Met) (DNA-Technology, Russia).

Blood Collection and Genomic DNA Isolation:
For the analysis, after overnight fasting, 5.0 milliliters of
peripheral blood samples were obtained from each of the
study subjects in EDTA-containing tubes. Genomic DNA
was extracted from the cell pellet in whole blood using
the Promega Wizard® Genomic DNA Purification Kit
following a standard method according to the producer’s
instructions. The real-time polymerase chain reaction
(RT-PCR) using CFX-96 Real-Time System (Singapore)
and Vector Best (Russia) reagents with specific primers
for PCR were used to perform the analysis for detection
of the MTR A2756G, MTRR A66G, and MTHFR C677T
genotypes. The following RT-PCR cycle parameters were
followed: 94 -C for 2 min, then 35 cycles of amplification
(94 -C 30's, 60 °C 30 s, and 72 30 s). The final elongation
step of 10 min, 72 C, and 5 mL of the reaction product
were analyzed in a 1.5% agarose gel. The normal,

mutant genotype

heterozygous, and homozygous
profiles of each of the genes were identified.

Statistical analysis. Statistical analysis and data
visualization were performed using the R statistical
computing environment, version 4.4.2 (R Foundation for
Statistical Computing, Vienna, Austria).

Descriptive statistics were presented as absolute
and relative frequencies for categorical variables, and as
medians with interquartile ranges (1st-3rd quartiles) for
continuous variables with asymmetric distributions.

Assessment of normality for continuous variables was
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conducted using the Shapiro-Wilk test, evaluation of the
skewness coefficient (where an absolute value >1.96 was
considered indicative of significant deviation from
normality), and visual inspection of histograms and
quantile-quantile (Q-Q) plots.

Compliance of observed genotype frequencies
with theoretical Hardy-Weinberg equilibrium was
assessed using Pearson’s x? test and the inbreeding
coefficient (f).

Comparisons between two groups for
quantitative variables were performed using the Mann—
Whitney U test, whereas comparisons among three or
more groups were conducted using the Kruskal-Wallis
test, with post-hoc pairwise analyses performed using
Dunn’s test. Group comparisons for categorical variables
were conducted using Pearson’s x? test and Fisher’s exact
test when the minimum expected frequency in
contingency table cells was <5. The Holm correction was
applied to adjust for multiple pairwise comparisons.
Relative risk (RR) with corresponding 95% confidence
intervals (95% CI) was used to assess the strength of
association between binary outcomes and potential
predictors. For the analysis of changes in quantitative and
binary outcomes across repeated measurements,
generalized estimating equations (GEE) were employed,
including models with interaction terms between

gestational-age indicators and group assignment.

3. Results

The mean age of pregnant women in the main
and control groups was 30.2 + 5.7 and 29.4 + 4.9 years,
respectively, with no statistically significant differences
identified between them (p < 0.001; see Table 1 in the
appendix). There were no statistically significant
differences between the groups with respect to body
weight (p = 0.83); the mean body weight of all examined
participants was 58.7 + 89 kg and 58.8 + 8.7 kg,
respectively. The average body mass index (BMI) was
22.5+ 3.2 and 22.6 + 3.1 kg/m?, indicating the absence of
such risk factors for preeclampsia as obesity or excessive
body weight. No significant intergroup differences were
detected in social status (p = 0.994), family history, or

personal medical history, including arterial hypertension,

Stepwise predictor selection for inclusion in the
prognostic model was performed using the Akaike
Information Criterion (AIC). Selected predictors were
incorporated into a multivariable logistic regression
model without interaction terms. Model performance
was evaluated using Nagelkerke’s pseudo-R?, Somers’
Dxy coefficient, and the concordance index (C-index,
AUC). Additionally, metrics corrected for potential
obtained
1000). The optimal threshold

probability for classification was determined using

overfitting  were using non-parametric

bootstrapping (B =

Youden's J-statistic, followed by calculation of predictive
accuracy, sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV), all with
corresponding 95% CL.

Ethical consideration

The study was conducted in accordance with the
Declaration of Helsinki and its subsequent revisions.
Written informed consent was obtained from all
participants prior to sample collection. Ethical approval
was granted by the Local Bioethics Committee of the
West-Kazakhstan Medical University (Minutes No. 7,
dated 03 March 2025). Throughout the study, the
investigators adhered to established principles of
biomedical research ethics and scientific integrity. No
personally identifiable information was accessible to the
research team at any stage of the study.

diabetes mellitus, cholecystitis, or prior surgical
interventions, which might influence the development of
preeclampsia. A positive family history of malignant
neoplasms of various localizations was observed only
among participants receiving the 800-mcg folic acid dose
(p =0.01).

Comparative analysis of gynecological and
obstetric histories revealed that women in the main study
group exhibited a tendency toward a higher age at sexual
debut (p = 0.059). The prevalence of cervical erosion was
significantly higher among participants in the control
group (p <0.001), whereas uterine fibroids were observed
only among participants in the main group (p = 0.076)

(see table in the appendix). Therefore, no statistically
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significant differences were identified between the main blood pressure (SBP) dynamics throughout pregnancy

and control groups regarding major demographic or demonstrated no statistically significant differences

medical history characteristics that could influence the

outcomes of the study. Comparative analysis of systolic

Table 1 - Dynamics of systolic blood pressure in the study groups

between the groups (p = 0.522) (Table 1).

Study group
Gestational age Control group P!
400 mcg 800 mcg 1200 mcg
103,7 (7,8) 103,2 (27,9) 104,5 (+7,5) 103,6 (+7,7)
10-14 weeks 0,216
100 (100; 110) 100 (100; 110) 110 (100; 110) 100 (100; 110)
104,5 (+8,3) 103,8 (8,3) 105,2 (+8,4) 104,6 (+8,6)
14-20 weeks 0,251
110 (100; 110) 100 (100; 110) 110 (100; 110) 110 (100; 110)
105 (8,6) 104,1 (+8,9) 105,3 (+9) 105,2 (+8,8)
20-24 weeks 0,289
105 (100; 110) 100 (100; 110) 105 (100; 110) 105 (100; 110)
105,6 (+8,7) 104,2 (£9,1) 106,4 (+8,6) 105,1 (+9)
24-30 weeks 0,031
110 (100; 110) 100 (100; 110) 110 (100; 110) 110 (100; 110)
107,8 (+11,3) 106,8 (+9,8) 107,8 (+10,2) 106,1 (£9,5)
30-34 weeks 0,112
110 (100; 110) 110 (100; 110) 110 (100; 110) 110 (100; 110)
111,6 (+13,4) 110,8 (+13,6) 110,9 (+12,2) 109,4 (+11,4)
34-38 weeks 0,183
110 (100; 120) 110 (100; 120) 110 (100; 120) 110 (100; 115)
113,8 (+11,6) 114 (£10,8) 114 (£10,9) 113,7 (+10,4)
40-42 weeks 0,989
110 (110; 120) 110 (110; 120) 110 (110; 120) 110 (110; 120)
p? <0,001 <0,001 <0,001 <0,001 -
Note: p* -; p?-

In all groups, a statistically significant increase in SBP was observed as the pregnancy period increased,

especially in the later stages (Table 2).

Table 2 - Results of comparative analysis of the dynamics of SBP in the study groups

Group Comparison 14-20 weeks|20-24 weeks|24-30 weeks|30-34 weeks vi:?):s 40-42 weeks

Control group vs. baseline period 0,359 0,066 0,003 <0,001 <0,001 <0,001
vs. preceding period 0,422 0,870 0,668 0,001 <0,001 0,072

400 mcg vs. baseline period 0,53 0,231 0,212 <0,001 <0,001 <0,001
vs. preceding period 0,617 0,978 >0,999 <0,001 <0,001 0,001

800 mcg vs. baseline period 0,460 0,473 0,004 <0,001 <0,001 <0,001
vs. preceding period 0,539 >0,999 0,161 0,081 <0,001 0,003

1200 mcg vs. baseline period 0,105 0,006 0,013 <0,001 <0,001 <0,001
vs. preceding period 0,119 0,672 >(,999 0,234 <0,001 <0,001
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At 24-30 weeks, the group of patients taking 400
mcg of folic acid showed a statistically significantly lower
SBP level compared to the group of patients taking 800
mcg of folic acid (p=0.023) (Table 4).

Pairwise comparisons of the other groups
revealed no statistically significant differences.

A comparative analysis of diastolic blood

pressure between the study groups revealed no

statistically significant differences between the groups in
pregnancy dynamics (p=0.383) (see table in the
appendix).

All study groups showed a statistically
significant increase in DBP with increasing gestational
age (p<0.001), most pronounced in the second half of the

gestational period (Table 3).

Table 3 - Results of comparative analysis of the dynamics of DBP in the study groups

Group Comparison 14-20 weeks|20-24 weeks|24-30 weeks|30-34 weeks vi:?fs 40-42 weeks

Control group vs. baseline period 0,568 0,01 <0,001 <0,001 <0,001 <0,001
vs. preceding period - 0,184 0,65 0,059 <0,001 0,014

400 mcg vs. baseline period 0,841 0,460 0,003 0,001 <0,001 <0,001
vs. preceding period - 0,958 0,103 0,968 <0,001 <0,001

800 mcg vs. baseline period 0,101 0,355 0,001 <0,001 <0,001 <0,001
vs. preceding period - >(,999 0,149 0,37 <0,001 <0,001

1200 mcg vs. baseline period 0,988 0,209 0,021 0,016 <0,001 <0,001
vs. preceding period - 0,024 0,811 >(,999 <0,001 <0,001

No statistically significant differences were
found between the groups in terms of proteinuria
dynamics during pregnancy (p=0.285). However, a

statistically significant increase in the frequency of

proteinuria was noted in the control group and in the
group of participants taking folic acid in doses of 400 mcg
and 1200 mcg (p<0.001 and p<0.028).

Table 4 - Dynamics of proteinuria frequency in the study groups

Study group
Gestational age Control group p!
400 mcg 800 mcg 1200 mcg

10-14 weeks 0/306 (0%) 0/331 (0%) 0/255 (0%) 0/304 (0%) -

14-20 weeks 0/306 (0%) 0/331 (0%) 0/255 (0%) 0/304 (0%) -

20-24 weeks 0/306 (0%) 0/331 (0%) 0/255 (0%) 0/304 (0%) -

24-30 weeks 0/305 (0%) 0/330 (0%) 0/253 (0%) 0/304 (0%) -
30-34 weeks 2/306 (0,7%) 0/330 (0%) 1/254 (0,4%) 0/304 (0%) 0,389
34-38 weeks 7/306 (2,3%) 10/330 (3%) 4/254 (1,6%) 2/304 (0,7%) 0,083
40-42 weeks 6/295 (2%) 9/323 (2,8%) 4/252 (1,6%) 5/299 (1,7%) 0,754

p? 0,133 <0,001 0,218 0,028 -

Note: p' - differences between the control and main groups; p? - differences in the same group between the previous and subsequent indicator.
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The incidence of general (non-hypertensive)
pregnancy complications (such as anemia and threatened
miscarriage) was 18.1% in the control group and 19.2% in
the study group, which did not have a statistically
significant difference (P=0.82). The highest incidence of
general pregnancy complications in both groups
occurred in the second trimester due to an increase in
anemia.

A comparative analysis of all pregnancy

complications, including hypertensive conditions,
revealed a trend toward a higher incidence of pregnancy
complications among patients in the control group

(RR=1.07 [95% CI: 0.99; 1.15], p=0.076). The incidence of

hypertensive conditions (arterial hypertension without

proteinuria,  proteinuria  without  hypertension,
preeclampsia, arterial hypertension with proteinuria) in
the study group was 9.6%, and did not differ significantly
from the control group (P=0.038). The incidence of
preeclampsia was 1.67 [95% CI: 0.94; 3.28] times
significantly lower in the study group compared to the
control group (p=0.077).

The overall incidence of hypertensive conditions
during pregnancy among patients in the study group was
statistically significantly 1.43 [95% CI: 1.02; 2.53] times

lower (p=0.038) than in the control group.

Table 5 - Features of the course of pregnancy in the study groups

Variables Control group Study group >
n=306 n=894

Pregnancy complications 160(52,2%) 388 (43,4%) 0,076
I trimester 14 (4,4%) 39 (4,4%) 0,876
II trimester 24 (7,5%) 76 (8,5%) 0,719
III trimester 20 (6,25%) 56 (6,3%) 0,866
Pregnancy-induced hypertension 12 (3,75%) 24 (2,7%) 0,274
Preeclampsia 15 (4,68%) 25 (2,8%) 0,077
Pregnancy-induced proteinuria 17 (5,3%) 37 (4,1%) 0,302
Total hypertensive disorders 44 (13,75%) 86(9,6%) 0,038

The results of the comparative analysis of the
study groups in terms of the characteristics of the
pregnancy course (Table 6) showed that general
pregnancy complications were slightly more common
among the participants taking 1200 mcg folate compared
to the control group (OR=1.13 [95% CI: 1.01; 1.27],
p=0.028,

comparisons

Figure 7); other pairwise intergroup

revealed no statistically significant

differences in the incidence of pregnancy complications.
No statistically significant differences were found
between the groups in terms of the incidence of arterial
hypertension and preeclampsia (p=0.565 and 0.237,
respectively); however, a trend towards a higher
incidence of proteinuria was found among the control

group participants who did not take folic acid (p=0.06).



Astana Medical Journal, 2025, 6, 125

Table 6 - Complications during pregnancy depending on the dose of folic acid taken

Study group
Variables Control group (n=894) p
(n=306)
400 mcg (n=332) | 800 mcg (n=257) | 1200 mcg (n=305)

Pregnancy complications 160(52,2%) 97(29,2%) 83(32,2%) 77 (25,2%) 0,025
I trimester 14 (4,6%) 14 (4,2%) 10 (3,9%) 15 (4,9%) 0,94
II trimester 24 (7,8%) 30 (9%) 23 (8,9%) 23 (7,5%) 0,876
III trimester 20 (6,5%) 14 (4,2%) 23 (8,9%) 19 (6,2%) 0,139
Pregnancy-induced hypertension 12 (3,9%) 8 (2,4%) 9 (3,5%) 7 (2,3%) 0,565
Preeclampsia 15 (4,9%) 10 (3%) 9 (3,5%) 6 (2,0%) 0,237
Pregnancy-induced proteinuria 17 (5,6%) 21 (6,3%) 9 (3,5%) 7 (2,3%) 0,06

There were no statistically significant differences in platelet levels (p=0.363) between the control group and the
groups of patients taking folic acid at doses of 400, 800, and 1200 mcg (see table in the appendix).

There were no statistically significant differences between the groups of patients taking folic acid in terms of
AST (p=0.841) and ALT (p=0.931) levels.

The concentration of serum homocysteine levels in the first trimester of pregnancy in the control group was
statistically comparable with pregnant women with further folic acid intake at dosages of 400, 800, and 1200 mcg in
both pregnant women with further development of preeclampsia and non-preeclampsia cases Table 7. However, we
found that in all cases of further development of preeclampsia, serum homocysteine concentrations in all groups were
significantly higher in comparison with pregnant women without developing preeclampsia during pregnancy Table 7.

Thus, at the start of the folic acid supplementation study, pregnant women had no differences in serum

homocysteine concentrations.

Table 7 - Serum homocysteine concentrations in the first trimester of pregnancy depends

on the development of preeclampsia

Folic acid supplementation groups
Control group
FA 400 FA 800 FA 1200 p-value
n=306
n=334 n=259 n=305
HCY PE 13.1
1(9.1-15.6) 14.7 (12.2-20.2) 15.5 (14.6-18.8) 16.9 (11.5-23.8) 0.7041
concentrations,
umol/L,
non-PE 5,9 (5.4-6.7) 6.0 (4.9-7.5) 5.8 (4.9-7.4) 6.0 (4.9-7.3) 0.05!
Me (25-75IQR)
p-value <0.00012 < 0.00012 < 0.00012 < 0.00012
1 - Kruskal-Wallis ANOVA test; 2 -Mann-Whitney U Test
HCY - homocysteine; PE - preeclampsia
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Analysis of the condition of the fetus in the study groups (Table 8) did not show statistically significant
differences between the groups with respect to the anthropometric characteristics of newborns and assessment
according to the Apgar scale at the 1st (p=0.675) and 5th (p=0.695) minutes.

Table 8 - Fetal condition in the study groups

Variables Control group Study group .
400 mcg 800 mcg 1200 mcg
Body weight (g) 3450 (3120; 3750) 3440 (3100; 3720) | 3470 (3100; 3704) | 3400 (3094; 3720) | 0,506
Body length (cm) 54 (52; 56) 53 (52; 55) 54 (52; 56) 53 (51; 55) 0,313
Apgar score
at 1 minute 9(8;9) 9(8;9 989 9099 0,675

2 points 1/306 (0,3%) 0/331 (0%) 2/254 (0,8%) 2/303 (0,7%)

3 points - - - -

4 points _ _ _ _

5 points 2/306 (0,7%) 1/331 (0,3%) 0/254 (0%) 0/303 (0%)

6 points 10/306 (3,3%) 9/331 (2,7%) 6/254 (2,4%) 6/303 (2%)

7 points 23/306 (7,5%) 21/331 (6,3%) 17/254 (6,7%) 22/303 (7,3%)

8 points 47/306 (15,4%) 59/331 (17,8%) 45/254 (17,7%) 41/303 (13,5%)

9 points 223/306 (72,9%) 241/331 (72,8%) 184/254 (72,4%) 232/303 (76,6%)

at 5 minutes 10 (9; 10) 10 (9; 10) 10 (9; 10) 10 (10; 10) 0,695

6 points 2/306 (0,7%) 0/331 (0%) 2/254 (0,8%) 2/303 (0,7%)

7 points 7/306 (2,3%) 8/331 (2,4%) 6/254 (2,4%) 5/303 (1,7%)

8 points 23/306 (7,5%) 21/331 (6,3%) 14/254 (5,5%) 21/303 (6,9%)

9 points 51/306 (16,7%) 61/331 (18,4%) 48/254 (18,9%) 43/303 (14,2%)

10 points 223/306 (72,9%) 241/331 (72,8%) 184/254 (72,4%) 232/303 (76,6%)
Congenital malformation 5/306 (1,6%) 4/331 (1,2%) 2/255 (0,8%) 1/304 (0,3%) 0,408
Transfer to the acute renal
failure finfensive care unit 19/306 (6,2%) 19/331 (5,7%) 10/255 (3,9%) 15/304 (4,9%) 0,64

Table 9 and Figures 1, 2, 3 present the results of genotype frequency at the studied loci and the theoretical
one determined by the Hardy-Weinberg equilibrium in
relation to the polymorphic loci rs1801394 of the MTRR

gene (f= -0.008, x?>=0.013, p=0.909) and rs1801131 of the

genotyping of patients in the main group in relation to
polymorphic loci of the MTR, MTRR, and MTHER genes.

The analysis of the correspondence between the observed



Astana Medical Journal, 2025, 6, 125

MTHEFR gene (£=0.078, x>=3.08, p=0.079) did not reveal

any significant deviation of the observed frequencies
from the theoretical ones; the distribution of genotypes at
the polymorphic loci rs1805087 of the MTR gene (£=0.19,

fre
0.6

04

0.0

x>=17.74, p<0.001) and rs1801133 of the MTHFR gene
(£=0.161, x>=13.603, p<0.001) was statistically significant

deviated from the theoretical distribution (Figure 1).

fec
0.6

04

0.0

Figure 1- Correspondence between the observed genotype frequency at the studied loci and the theoretical frequency

determined by the Hardy-Weinberg equilibrium (B is the minor allele)

A comparative analysis revealed a lower
proportion of CC homozygotes in the group of patients
receiving 1200 mcg folate compared to those receiving
400 (p=0.005) or 800 mcg (p=0.144). Table 8 presents a
multivariate model developed using stepwise selection
of predictors with exclusion based on the Akaike
information criterion (AIC) to predict the likelihood of
developing obstetric complications among patients

receiving folate.

The resulting model was characterized by a
Nigelkerke pseudo-R? value of 0.03, Sommers' Dxy
coefficient of 0.14 (adjusted value - 0.1), and AUC of 0.58
[95% CI: 0.53; 0.63] (adjusted value - 0.55) (Figures 2 and
3). Based on the model coefficients, a prognostic
nomogram was developed to assess the likelihood of
developing obstetric complications among patients

taking folates (Figure 4).

Table 9 - Genotyping results

Locus All patients (n=549) 400 meg S00meg 1200 meg p
(n=199) (n=162) (n=188)
MTR rs1805087 0,671
AA 377 (68,7%) 140 (70,4%) 107 (66%) 130 (69,1%)
AG 172 (31,3%) 59 (29,6%) 55 (34%) 58 (30,9%)
MTRR 151801394 0,12
AA 178 (32,4%) 62 (31,2%) 44 (27,2%) 72 (38,3%)
AG 271 (49,4%) 105 (52,8%) 81 (50%) 85 (45,2%)
GG 100 (18,2%) 32 (16,1%) 37 (22,8%) 31 (16,5%)
-/G 371 (67,6%) 137 (68,8%) 118 (72,8%) 116 (61,7%) 0,076
MTHEFR rs1801131 0,499
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AA 279 (50,8%) 106 (53,3%) 86 (53,1%) 87 (46,3%)
AC 212 (38,6%) 73 (36,7%) 57 (35,2%) 82 (43,6%)
cC 58 (10,6%) 20 (10,1%) 19 (11,7%) 19 (10,1%)
-/C 270 (49,2%) 93 (46,7%) 76 (46,9%) 101 (53,7%) 0,307
MTHEFR rs1801133 0,01
cC 318 (57,9%) 125 (62,8%) 96 (59,3%) 97 (51,6%)
CT 177 (32,2%) 50 (25,1%) 49 (30,2%) 78 (41,5%)
TT 54 (9,8%) 24 (12,1%) 17 (10,5%) 13 (6,9%)
-/T 231 (42,1%) 74 (37,2%) 66 (40,7%) 91 (48,4%) 0,076

Figure 2 - Results of genotyping of polymorphic loci rs1805087 of the MTR gene (A), rs1801394 of the MTRR gene (B),

151801131 (C) and rs1801133 (D) of the MTHEFR gene
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Figure 3 - Results of genotyping of polymorphic loci rs1805087 of the MTR gene (A), rs1801394 of the MTRR gene (B), rs1801131

(O) and rs1801133 (D) of the MTHER gene in the study groups

Using a 25% cutoff for the predicted probability 68.5; 82.4] sensitivity, and 38.4% [95% CI: 33.5; 43.4]

of developing obstetric complications among folate- specificity. The positive predictive value was 33.2% [95%

supplemented patients, the resulting model had 49.2% CIL: 28.4; 384], and the negative predictive value was

[95% CI: 44.9; 53.4] predictive accuracy, 75.9% [95% CI: 79.8% [95% CI: 73.3; 85.3] (Table 9).
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Table 10 - Coefficients in the resulting model for predicting the likelihood of developing complications during

childbirth among patients taking folates

Predictor B SE) OR 95% CI P VIF
Intercept -1,53 (0,25) - - - -
Genotype at MTHFR rs1801133
CC 0 1 - - -
CT 0,49 (0,21) 1,64 1,07; 2,50 0,022 1,17
1T 0,3 (0,36) 1,34 0,65; 2,69 0,412 1,27
Carrier of C allele at MTHEFR rs1801131 0,33 (0,21) 1,39 0,92; 2,12 0,115 1,23
Carrier of G allele at MTRR rs1801394 0,38 (0,21) 1,46 0,97; 2,22 0,072 1,01
0 10 20 30 40 50 60 70 80 90 100
Ea”nu L 1 L 1 1 1 1 L 1 1 J
T
TNoryc rs1801133 rena MTHFR r ! .
CC cT
ACICC
TNoryc rs1801131 rena MTHFR r !
A AGIGG
TNowyc rs1801394 rena MTRR r !
AA
Cymma 6annos r . T T T . T . T T . T . :
0 20 40 60 80 100 120 140 160 180 200 220 240 260
3HaueHWe NUMHEAHOTO NPEAMKTOPA T T T T T T T T T T T T 1
16 1.5 14 -13 1.2 1.1 -1 09 08 0.7 0.6 0.5 0.4 -0.3
PWCK pa3BUTHA OCNOXHEHHHA (%) T - .
20 30 40

Figure 4 - Nomogram for predicting the likelihood of developing obstetric complications among patients taking folate. To

estimate the likelihood of developing obstetric complications, it is necessary to determine the score corresponding to the

predictor value by lowering the normal to the appropriate scale. Then, it is necessary to find the sum of the scores and, by

lowering the normal to the appropriate scale, find the estimate of the linear predictor value (the logarithm of the odds of the

event) and the likelihood of developing obstetric complications

4. Discussion of Study Results

This study evaluated the effectiveness of long-
term folic acid supplementation at different doses (400,
800, and 1200 mcg) for the prevention of preeclampsia in
pregnant women and examined its relationship with
folate metabolism markers and pregnancy outcomes. The
study results show a trend toward reduced preeclampsia
incidence in the group taking folic acid overall, with no
statistically significant differences in the primary

outcomes between the dosage groups. Some differences

were noted in the frequency of overall complications and
homocysteine levels. These observations partially align
with and partially differ from previously published.
Results from the large international randomized
FACT trial demonstrated that high doses of folic acid (4
mg/day) after the first trimester do not prevent the
development of preeclampsia in high-risk women [1].

This is consistent with our data, where significant
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preeclampsia prevention from high (compared to low)
doses was not observed.

Some meta-analyses and reviews have shown
conflicting results: some studies reported a positive effect
of folic acid or folate-containing multivitamins in
reducing the risk of hypertensive disorders of pregnancy,
whereas other reviews and meta-analyses did not
support a significant impact of folate therapy on
risk. Our
pronounced clinical effect when comparing doses—align
highlighting the

preeclampsia findings—absence of a

with recent systematic reviews
ambiguity of existing data and the need for further high-
quality research [27-33].

Several recent studies have noted associations
between polymorphisms in folate metabolism genes
(specifically MTHFR C677T and A1298C) and increased
risk of preeclampsia, as well as imbalances in angiogenic
markers. Our study considered the frequency of these
polymorphisms in the local Kazakh population, which is
important for interpreting responses to folate therapy
since genetic background can modify both folate
metabolism and clinical response. These observations are
consistent with studies in other populations, including a
Tunisian cohort and broader analyses of variant
population frequencies [27].

Possible

Agreements

Reasons for Discrepancies and

1. Dose and timing of therapy: differences in
study design (folic acid doses, timing of initiation, and
duration) complicate direct comparison. FACT used a
dose of 4 mg in late pregnancy, whereas our study
examined lower therapeutic doses throughout
pregnancy, including the periconceptional period, which
may explain partial differences in results.

2. Population structure and genetic
background: population differences in the frequency of
folate metabolism gene polymorphisms (e.g., MTHFR)
and baseline prevalence of folate
deficiency/hyperhomocysteinemia may influence the
observed effect size of supplementation. Our data from
the Kazakh population emphasize the importance of
accounting  for

genetic and  epidemiological

characteristics.

3. Methodological differences and study power:
our results should be interpreted in the context of a
randomized design with an adequate sample size for
primary comparisons; however, the potential influence of
confounders and effect sizes approaching statistical
significance for some outcomes (e.g, reduced
preeclampsia incidence in the main group, p=0.077)
warrant cautious interpretation and confirmation in
future studies.

Clinical Significance and Recommendations for
Future Research

Our data confirm that routine high-dose folic
acid supplementation solely for preeclampsia prevention
lacks strong evidence, although periconceptional folate
intake remains standard for neural tube defect
prevention. Further studies are needed to:

- Stratify risks considering genetic profiles
(polymorphisms of MTHFR, MTRR, etc.);

- Compare the effect of folate monotherapy
versus complex multivitamin regimens;

- Investigate potential biomarkers
(homocysteine levels, sFlt-1/PIGF) as predictors of
therapy response.

The results demonstrate consistency with large
randomized studies and partial alignment with some
meta-analyses: folic acid remains an important nutrient
during pregnancy, but its role in primary preeclampsia
prevention is uncertain and likely depends on dose,
timing, and population genetics.

In this study, we analyzed the effectiveness of
long-term folic acid supplementation in preventing
preeclampsia among pregnant women with and without
folate cycle disorders. The results showed a trend toward
reduced hypertensive disorders and preeclampsia
among participants taking folic acid throughout
pregnancy compared to the control group. Although
some differences did not reach statistical significance, the
overall risk of pregnancy complications was lower in
women receiving folic acid.

Dose comparisons indicated that 800 mcg was
associated with a relatively low incidence of hypertensive
complications, while 1200 mcg showed no significant
advantage over lower doses. This aligns with previous

studies highlighting the effectiveness of moderate folic
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acid doses without additional benefits from higher doses.
Proteinuria analysis also showed a trend toward reduced
frequency in groups with long-term folic acid intake,
particularly in late pregnancy. However, these
differences were mostly not statistically significant, likely
due to sample size and population heterogeneity.
Importantly, long-term folate supplementation did not
negatively affect laboratory parameters (platelet count,
ALT, AST), confirming the safety of this intervention.
Observed differences in homocysteine levels support the
role of folate metabolism in hypertensive pregnancy
complications.

Comparison  with the literature shows
consistency with systematic reviews and meta-analyses
emphasizing folic acid's role in reducing the risk of
gestational hypertension and preeclampsia, especially in
women with folate metabolism gene polymorphisms
(MTHFR, MTRR, MTR). However, variability in results
depending on dose and duration of supplementation
persists, similar to our findings. Practical significance
long-term folic acid supplementation may be considered
an accessible, safe, and relatively inexpensive strategy for
preeclampsia prevention in clinical practice. This is
especially relevant in regions with high prevalence of
folate cycle gene polymorphisms and limited access to
specialized prevention. Thus, these results can inform
clinical guidelines for managing pregnant women,
those at high

complications, indicating the level of evidence.

including risk for hypertensive

The findings demonstrate reduced risk of
hypertensive complications and preeclampsia among
women taking long-term folic acid, consistent with
reviews Literature

systematic and meta-analyses.

5. Conclusion

Long-term folic acid supplementation may be
considered a promising method for preeclampsia
prevention, particularly in women with folate
metabolism disorders. Multicenter randomized trials are
needed to determine optimal doses and duration of

therapy.

indicates that folic acid improves endothelial function,
lowers homocysteine levels, and may reduce the
likelihood of gestational hypertension. However, as in
our study, many studies show conflicting results
regarding doses and duration, underscoring the need for
further clinical trials.

Given conflicting data and limited statistical
significance of some results, additional multicenter
randomized studies are needed to clarify optimal folate
doses and duration in pregnant women.

Practical Implications

Long-term folate supplementation is an
accessible, safe, and cost-effective method for preventing
pregnancy complications. Implementing this strategy is
with  high

prevalence of folate metabolism gene polymorphisms.

particularly important in populations

Routine long-term folic acid wuse may reduce
preeclampsia incidence and thereby improve perinatal
outcomes.

Study Limitations

The study has several limitations. First, not all
differences reached statistical significance, possibly due
to limited sample size and population heterogeneity.
Second, additional factors such as diet, physical activity,
or comorbidities cannot be excluded. Third, the study
was conducted in a single region, limiting
generalizability. These factors should be considered
when interpreting results and planning future research.
Inclusion of only one population (Central Asian) may
limit generalizability. There may also be limitations
regarding follow-up duration and monitoring of
concomitant nutrient status (particularly vitamins B12

and B6).

The study was conducted as part of the scientific
project “Prevention of preeclampsia by long-term folic
acid supplementation with assessment of genetically
determined disorders of folate metabolism: a
randomized controlled trial with a nested cohort study”
funded by the West Kazakhstan Medical University

named after Marat Ospanov.



Astana Medical Journal, 2025, 6, 125

Author Contributions. review & editing: A.A., Gaiday A.N.; Project
Conceptualization: Tusupkaliev AB,; administration: Tusupkaliev A.B..
Methodology: Gaiday A.N.; Data curation: Urazova U.M.; All authors have read and approved the final
Formal analysis: Dinets A.V.; Resources: Ayazbaeva L.K.; version of the manuscript.

Writing — original draft: Kaldygulova L.K.; Writing —

References

1. Ives, C. W,, Sinkey, R., Rajapreyar, 1., Tita, A. T., Oparil, S. (2020). Preeclampsia —pathophysiology and
clinical presentations: JACC state-of-the-art review. Journal of the American College of Cardiology, 76(14), 1690-1702.
https://www.jacc.org/doi/abs/10.1016/j.jacc.2020.08.014

2. Phipps, E., Prasanna, D., Brima, W., Jim, B. (2016). Preeclampsia: updates in pathogenesis, definitions, and
guidelines. Clinical Journal of the American Society of Nephrology, 11(6), 1102-1113. https://doi.org/10.2215/CJN.12081115

3. Espinoza, ], Vidaeff, A. Pettker, C. M., & Simhan, H. (2020). Gestational hypertension and
preeclampsia. Obstetrics and gynecology, 135(6), E237-E260.

4. El-Sayed, A. A. (2017). Preeclampsia: A review of the pathogenesis and possible management strategies
based on its pathophysiological derangements. Taiwanese Journal of Obstetrics and Gynecology, 56(5), 593-598.
https://doi.org/10.1016/j.tjog.2017.08.004

5. Rana, S., Lemoine, E., Granger, J. P., & Karumanchi, S. A. (2019). Preeclampsia: pathophysiology, challenges,
and perspectives. Circulation research, 124(7), 1094-1112. https://doi.org/10.1161/CIRCRESAHA.118.313276

6. Hua, X.,, Zhang, J., Guo, Y., Shen, M., Gaudet, L., Janoudi, G.,, Wen, S. W. (2016). Effect of folic acid
supplementation during pregnancy on gestational hypertension/preeclampsia: A systematic review and meta-
analysis. Hypertension in Pregnancy, 35(4), 447-460. https://doi.org/10.1080/10641955.2016.1183673

7. Liu, C, Liu, C, Wang, Q., Zhang, Z. (2018). Supplementation of folic acid in pregnancy and the risk of

preeclampsia and gestational hypertension: a meta-analysis. Archives of gynecology and obstetrics, 298(4), 697-704.
https://doi.org/10.1007/s00404-018-4823-4
8. Ferrazzi, E., Tiso, G., & Di Martino, D. (2020). Folic acid versus 5-methyl tetrahydrofolate supplementation

in pregnancy. European  Journal ~of Obstetrics &  Gymecology and  Reproductive — Biology, 253,  312-319.
https://doi.org/10.1016/j.ejogrb.2020.06.012
9. Kaldygulova, L., Ukybassova, T., Aimagambetova, G., Gaiday, A., & Tussupkaliyev, A. (2023). Biological

role of folic acid in pregnancy and possible therapeutic application for the prevention of
preeclampsia. Biomedicines, 11(2), 272. https://doi.org/10.3390/biomedicines11020272
10. Kaldygulova, L., Yerdessov, S., Ukybassova, T., Kim, Y., Ayaganov, D., & Gaiday, A. (2024). Polymorphism

of Folate Metabolism Genes among Ethnic Kazakh Women with Preeclampsia in Kazakhstan: A Descriptive
Study. Biology, 13(9), 648. https://www.mdpi.com/2079-7737/13/9/648#
11. Hauspurg, A., Countouris, M. E., & Catov, ]J. M. (2019). Hypertensive disorders of pregnancy and future

maternal health: how can the evidence guide postpartum management?. Current hypertension reports, 21(12), 96.
https://doi.org/10.1007/s11906-019-0999-7

12. Sanchez, S. E., Zhang, C., Rene Malinow, M., Ware-Jauregui, S., Larrabure, G., Williams, M. A. (2001).
Plasma folate, vitamin B12, and homocyst (e) ine concentrations in preeclamptic and normotensive Peruvian
women. American journal of epidemiology, 153(5), 474-480. https://doi.org/10.1093/aje/153.5.474

13. Vollset, S. E., Refsum, H., Irgens, L. M., Emblem, B. M., Tverdal, A., Gjessing, H. K., Ueland, P. M. (2000).

Plasma total homocysteine, pregnancy complications, and adverse pregnancy outcomes: the Hordaland Homocysteine



https://www.jacc.org/doi/abs/10.1016/j.jacc.2020.08.014
https://doi.org/10.2215/CJN.12081115
https://doi.org/10.1016/j.tjog.2017.08.004
https://doi.org/10.1161/CIRCRESAHA.118.313276
https://doi.org/10.1080/10641955.2016.1183673
https://doi.org/10.1007/s00404-018-4823-4
https://doi.org/10.1016/j.ejogrb.2020.06.012
https://doi.org/10.3390/biomedicines11020272
https://www.mdpi.com/2079-7737/13/9/648
https://doi.org/10.1007/s11906-019-0999-7
https://doi.org/10.1093/aje/153.5.474

Astana Medical Journal, 2025, 6, 125

study. The American journal of clinical nutrition, 71(4), 962-968. https://doi.org/10.1093/ajcn/71.4.962
14. Manizheh, S. M., Mandana, S., Hassan, A., Amir, G. H., Mahlisha, K. S., Morteza, G. (2009). Comparison

study on the effect of prenatal administration of high dose and low dose folic acid. Saudi medical journal, 30(1), 88-97.

https://www.ncbinlm.nih.gov/
15. Shahbazian, N., Jafari, R. M., Haghnia, S. (2016). The evaluation of serum homocysteine, folic acid, and
vitamin B12 in patients complicated with preeclampsia. Electronic physician, 8(10), 3057. https://doi.org/10.19082/3057

16. Dai, C.,, Fei, Y, Li, J., Shi, Y, Yang, X. (2021). A novel review of homocysteine and pregnancy
complications. BioMed research international, 2021(1), 6652231. https://doi.org/10.1155/2021/6652231

17. Liew, S. C,, & Gupta, E. D. (2015). Methylenetetrahydrofolate reductase (MTHFR) C677T polymorphism:
epidemiology, metabolism and the associated diseases. European journal of medical genetics, 58(1), 1-10.
https://doi.org/10.1016/j.ejmg.2014.10.004

18. Akilzhanova, A., Takamura, N., Kusano, Y., Karazhanova, L., Yamashita, S., Saito, H., Aoyagi, K. (2008).
Association between C677T/MTHEFR genotype and homocysteine concentration in a Kazakh population. Asia Pacific
journal of clinical nutrition, 17(2), 325-9. https://apjcn.qdu.edu.cn/17 2 15.pdf

19. Hiraoka, M., Kagawa, Y. (2017). Genetic polymorphisms and folate status. Congenital anomalies, 57(5), 142-
149. https://doi.org/10.1111/cga.12232

20. Razbekova, M., Issanov, A., Chan, M. Y., Chan, R,, Yerezhepov, D., Kozhamkulov, U., Chan, C. K. (2021).
Genetic factors associated with obesity risks in a Kazakhstani population. BM] Nutrition, Prevention & Health, 4(1), 90.
https://doi.org/10.1136/bmjnph-2020-000139

21. Kindler, H. L. (2008). Systemic treatments for mesothelioma: standard and novel. Current treatment options
in oncology, 9(2), 171-179. https://doi.org/10.1007/s11864-008-0071-3

22. Wen, S. W., White, R. R., Rybak, N., Gaudet, L. M., Robson, S., Hague, W., Walker, M. C. (2018). Effect of
high dose folic acid supplementation in pregnancy on pre-eclampsia (FACT): double blind, phase III, randomised
controlled, international, multicentre trial. bmj, 362. https://doi.org/10.1136/bmj.k3478

23. De Ocampo, M. P., Araneta, M. R. G., Macera, C. A., Alcaraz, ]. E., Moore, T. R., Chambers, C. D. (2018).
Folic acid supplement use and the risk of gestational hypertension and preeclampsia. Women and Birth, 31(2), e77-e83.
https://doi.org/10.1016/j.wombi.2017.08.128

24. Catov, J. M., Bodnar, L. M., Olsen, ]., Olsen, S., Nohr, E. A. (2011). Periconceptional multivitamin use and
risk of preterm or small-for-gestational-age births in the Danish National Birth Cohort. The American journal of clinical
nutrition, 94(3), 906-912. https://doi.org/10.3945/ajcn.111.012393

25. Hassan, A. G. M., & Shehata, N. A. (2015). Comparison between the roles of low-dose aspirin and folic acid

in preventing preeclampsia among high-risk women screened by uterine artery Doppler at 22-24 weeks of gestation: a
randomized—controlled  trial. Journal —of Evidence-Based =~ Women’s  Health  Journal  Society, 5(3), 111-117.
https://doi.org/10.1097/01.EBX.0000466601.40481.95

26. Zitouni, H., Chayeb, V., Raguema, N., Gannoun, M. B. A., Bendhaher, S., Zouari, I, Almawi, W. Y. (2025).
Association of MTHFR C677T and A1298C variants with preeclampsia risk and angiogenic imbalance in Tunisian
women. Pregnancy Hypertension, 39, 101187. https://doi.org/10.1016/j.preghy.2025.101187

27. Bulloch, R. E,, Lovell, A. L., Jordan, V. M., McCowan, L. M., Thompson, J. M., & Wall, C. R. (2018). Maternal
folic acid supplementation for the prevention of preeclampsia: a systematic review and meta-analysis. Paediatric and
perinatal epidemiology, 32(4), 346-357. https://doi.org/10.1111/ppe.12476

28. Liu, C, Liu, C.,, Wang, Q., Zhang, Z. (2018). Supplementation of folic acid in pregnancy and the risk of

preeclampsia and gestational hypertension: a meta-analysis. Archives of gynecology and obstetrics, 298(4), 697-704.
https://doi.org/10.1007/s00404-018-4823-4
29.Hu, Y., Wang, A, & Yi, K. (2023). MTHFR A1298C Polymorphism and Risk of Preeclampsia: A Meta-



https://doi.org/10.1093/ajcn/71.4.962
https://www.ncbi.nlm.nih.gov/
https://doi.org/10.19082/3057
https://doi.org/10.1155/2021/6652231
https://doi.org/10.1016/j.ejmg.2014.10.004
https://apjcn.qdu.edu.cn/17_2_15.pdf
https://doi.org/10.1111/cga.12232
https://doi.org/10.1136/bmjnph-2020-000139
https://doi.org/10.1007/s11864-008-0071-3
https://doi.org/10.1136/bmj.k3478
https://doi.org/10.1016/j.wombi.2017.08.128
https://doi.org/10.3945/ajcn.111.012393
https://doi.org/10.1097/01.EBX.0000466601.40481.95
https://doi.org/10.1016/j.preghy.2025.101187
https://doi.org/10.1111/ppe.12476
https://doi.org/10.1007/s00404-018-4823-4

Astana Medical Journal, 2025, 6, 125

Analysis. Clinical and Experimental Obstetrics & Gynecology, 50(12), 266. https://doi.org/10.31083/j.ce0g5012266

30. Gu, C, Wu, W,, Lai, K, Li, H,, Wu, L, Lu, W,, Luo, M. (2023). Maternal pre-pregnancy BMI, MTHFR
polymorphisms, and the risk of adverse pregnancy outcomes in pregnant women from South China: a retrospective
cohort study. BMC Pregnancy and Childbirth, 23(1), 295. https://doi.org/10.1186/s12884-023-05605-6

31. Cui, H,, Zhang, N., An, ]., Zeng, X., Zhao, Y., Sun, X., Wang, H. (2024). Maternal folic acid supplementation
to prevent preeclampsia: a systematic review and meta-analysis. Complementary Therapies in Medicine, 82, 103052.
https://doi.org/10.1016/j.ctim.2024.103052

32. Wen, S. W., White, R. R., Rybak, N., Gaudet, L. M., Robson, S., Hague, W., Walker, M. C. (2018). Effect of
high dose folic acid supplementation in pregnancy on pre-eclampsia (FACT): double blind, phase III, randomised
controlled, international, multicentre trial. bmj, 362. https://doi.org/10.1136/bmj.k3478

Appendix
Demographic and anamnestic characteristics of the study and control groups
Characteristic Control group Main group b
(n=320) (n=894)
Age (years 29,4 (+4,9 30,2 (5,7
e 29 (2(6; 31; 30 (2(6; 34; <0067
Height 161,4 (+5,7 161,6 (+5,4
’ 161 (15(8; 16)5) 161,5 (1£(38; 1;5) 0732
Weight (kg) 58,8 (8,7) 58,7 (8,9) 0,83
58 (52; 64) 58 (52; 64)
BMI (kg/m?) 22,6 (+3,1) 22,5 (£3,2) 0,529
22,2 (20,4; 24,1) 22 (20,2; 24,2)
Social status 0,994
Employed 150 (49%) 438 (49%)
Unemployed 156 (51%) 456 (51%)
Family history 20 (6,5%) 66 (7,4%) 0,62
Hypertension 12 (3,9%) 34 (3,8%) 0,926
Diabetes mellitus 8 (2,6%) 29 (3,2%) 0,582
Thyroid disease 0 (0%) 3(0,3%) 0,575
Past medical history
Appendicitis 44 (14,4%) 97 (10,9%) 0,098
Hepatitis A 12 (3,9%) 22 (2,5%) 0,184
Chickenpox 9 (2,9%) 24 (2,7%) 0,813
Urinary tract infections 2 (0,7%) 2 (0,2%) 0,27
Calculous cholecystitis 1 (0,3%) 1(0,1%) 0,445
Surgical interventions in history 61 (19,9%) 146 (16,3%) 0,15
Chronic gynecological diseases 23 (7,5%) 57 (6,4%) 0,49
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Features of the gynecological and obstetric history of the study participants

Characteristic Control group Main group >
Age at menarche (years) 13 (13; 14) 13 (13; 14) 0,813
Age at onset of sexual activity (years) 21,2 (£2,6) 21,6 (2,9) 0,059
21 (20; 22) 21 (20; 22)
Irregular menstruation 9 (2,9%) 28 (3,1%) 0,868
Gynecological diseases 69 (22,5%) 159 (17,8%) 0,067
Cervical erosion 64 (20,9%) 99 (11,1%) <0,001
Ovarian cyst 1 (0,3%) 12 (1,3%) 0,203
Endometrial polyp 1 (0,3%) 11 (1,2%) 0,315
PCOS (Polycystic Ovary Syndrome) 1 (0,3%) 10 (1,1%) 0,307
Uterine fibroids 0 (0%) 11 (1,2%) 0,076
STIs (Sexually Transmitted Infections) 0 (0%) 5 (0,6%) 0,337
History of pregnancies 209 (68,3%) 601 (67,2%) 0,729
History of deliveries 196 (64,1%) 564 (63,1%) 0,762
History of abortions 62 (20,3%) 148 (16,6%) 0,141
History of miscarriages/stillbirth 44 (14,4%) 147 (16,4%) 0,394
Gestational age (weeks) 12 (11; 12) 12 (11; 13) 0,409
Dynamics of diastolic blood pressure in the study groups
Gestational age Control group Main group P!
400 mcg 800 mcg 1200 mcg
10-14 weeks 65,5 (£6,6) 65,6 (£7,3) 66,2 (£5,8) 66,1 (£7,2) 0,48
60 (60; 70) 70 (60; 70) 70 (60; 70) 70 (60; 70)
14-20 weeks 66,1 (£6,5) 66 (£6,8) 67,1 (£6,7) 65,9 (£6,3) 0,131
70 (60; 70) 65 (60; 70) 70 (60; 70) 70 (60; 70)
20-24 weeks 66,9 (£6,6) 66,3 (£6,7) 67 (£7) 67 (£6,9) 0,484
70 (60; 70) 70 (60; 70) 70 (60; 70) 70 (60; 70)
24-30 weeks 67,5 (£6,5) 67,3 (£6,5) 68 (16,7) 67,5 (£6,7) 0,554
70 (60; 70) 70 (60; 70) 70 (60; 70) 70 (60; 70)
30-34 weeks 68,7 (+8,4) 67,5 (+7,6) 68,8 (+7,6) 67,6 (+6,5) 0059
70 (60; 70) 70 (60; 70) 70 (60; 70) 70 (60; 70)
34-38 weeks 71,8 (+9,3) 71,3 (+9,2) 71,6 (+8,1) 70,3 (+8,4) o157
70 (65; 80) 70 (60; 80) 70 (70; 80) 70 (60; 80)
40-42 weeks 73,8 (+8,4) 74,5 (+8,4) 74,7 (+8,8) 73,9 (+7) 0621
70 (70; 80) 70 (70; 80) 70 (70; 80) 70 (70; 80)
p? <0,001 <0,001 <0,001 <0,001 -

Note: p* - ;p?-
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Results of the study of individual laboratory blood parameters in pregnant women of the study groups

Parameters Main group
Control group P
400 mcg 800 mcg 1200 mcg
Platelets (x10°/L) 227,5 (200; 264) 230 (208; 272) 230 (202; 263) 230 (203; 269) 0,363
ALT (U/L) - 12 (12; 18) 12 (8; 18) 13 (8,6; 18) 0,841
AST (U/L) - 23 (20; 29) 23 (20; 29,1) 24 (19; 29,1) 0,931
Homocysteine (pumol/L) 5,7 (4,6;7) 6 (5;7,6) 59 (5;7,6) 6(5,7,3) 0,02

Doanit HUKAiHiH Oy3bLAYybI Oap JK9He OHCBI3 JKYKTI alieaaepae IIpedKAaMIICHTHBIH
aAABIH aAy YIIiH y3aK Mep3iMAi poanii KbIIIKbLABIH €HTi3y 4iH TMiMAiairi

Kaaapirvaosa /1. 1, ¥Ypasosa VY. 2, Tycyokaanes A. 3, Ianaait A. 4, Asa30aesa /. 5 Aunerr A. ¢

1 No2 akymrepaik >koHe rMHeKoA0r1s KadepachiHblH accuctenTi, Mapar Ocrianos ateiHAars! bateic Kaszakcran MeMaekeTTik

MeaunyHa yHusepcuteti, AkTe0e, Kazakcran
2 No 2 aKy1epaik >koHe r'mHeKoA0ru s KadeApachIHbIH JOIIeHTi, AcTaHa MeAulMHa yHuBepcuteti, Acrana, Kasakcran
3 ITpodeccop, Ne2 akyepaik >xoHe ruHekoaorus Kageapa MeHrepyiici, Mapat OcriaHOB aThIHAAFBI
Bareic Kasakcran MemMaekeTTik MeaunHa yHusepcuteTi, AKTede, Kasaxcran
4 Phd, Ne2 aky1repaik >koHe ruHekoa0rus KadeapachHblg AonieHTi, MapaT Ocrianos ateiHAars! bateic Kasakcran
MeM/AeKeTTiK MeauIuHa yHusepcuteTi, Akrede, Kasakcran

5 No2 akymiepaik >koHe riMHeKoA0r1s1 KadepackiHbIH accuctenTi, Mapart OcriaHoB ateiHAars! bateic Kasakcran MeMaekeTTik

MeAunyHa yHusepcuteti, AkTe0e, Kazakcran
6 PhD, JKorape! OKy OpHBIHaH KeltiHri 6iaiM >koHe 0iaiKTiZikTi apTTEIpY paKyAbTeTiHIH A€HCayABIK CaKTay

beaimi MeHrepyici, Kues arpapasix yuusepcureti, Kues, Ykpanna

Tyiingeme

Kipicme. [Ipeskaamiicus Oykia aaeMae aHa MeH YPBIK aypyIIaHABIFBIHBIH JKeTeKIi cebenTepiniy 6ipi 60bII
Kaaa O6epegi. JKunaxraaran gepexrep (poaar aaMacybHbIH OY3bLABICTapBl MEH TOMOIMICTENH AeHTeliHiH JKoraphlaaysl
KYKTiAiK Ke3iHAeri TMIIepTeH3MsABIK acKbIHyAapAbIH JaMybIHa bIKIIaa €Tyl MyMKiH eKeHiH KepceTeai. bya sepTreyae
(oaarTIK 111K TeHAepiHiH ToAnMOpPu3MAepi Oap JKoHe JKOK KYKTi aiieasepAe MPesKAaMIICUIHBIH alAbIH aly YIIiH
poanit KBIIKBIABIH Y3aK yaKbIT KOAJaHYABIH THIMAiAiri OaralaHABL

Oaicrepi. bip opraabIKTH pangoMM3anMslaHFaH OaKbLAaHATEIH 3epTTeyre OakbLiay ToObHa 320 sitea (Ppoauit
KBIIIKBLABIH JKYKTiAiKTiH 12 anTackiHa AeifiH KaObL1AaFaH) >KoHe HeTisri Torka 894 avtea ($poAnit KbIIIKBLABIH KYKTiAiK
Ooiibl KaOblaAaraH) eHrisiaai. Herisri Ton go3aaap GovibiHma crpatndukanusaiagAsr: 400 Mxr, 800 Mkr >xoHe 1200 MKT.
Kanankaaslk, OMOXMMUAABIK >KoHE TeHeTMKaABIK 3epTreylep >KYprisiasi, oHBIH immiHAe TOMOLMCTEMH AeHTIeliiH
annikray >kxeHe MTHFR, MTR xsne MTRR noanMmopusmaepinin renorunreayi kaMteiaAnt. JKykTiaik HeTmXeaepi
MeH IUIIePTeH3MUABIK, aCKbIHYAapAbIH KUiAiTi TOITap apachlHAa CaAbICTBIPBLAADL

Hotiokeaepi. ®oanii KBIIIKBIABIH Y3aK YaKbIT KaOblajay Oakbliay TOOBIMEH CaAbICTBHIPFaHAA SKYKTiZik

Ke3iHAeTi TUITepTeH3MAABIK, OY3bLAbICTap ABIH JKaAIlbl XXIiAiriHig TeMeHeyiMeH GartaansicTel 001451 (RR 1,43; p=0,038).
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Herisri Tonra mnpeskAaMICHUAHBIH >Kmidiri 1,67 ece TeMmeH 0044bI, Oya KoAalabl YpAicTi Kepceredi. Poamit
KBIIIKBLABIHBIH 9pTYpAi Jo3ajapblH KaOblLigaFaH TONITap apachlHAa apTepUsABIK KBICBIM AMHAMMKackl MeH
IepuHaTaAAbIK, HoTUKeAep OOMBIHINA aiTapAbIKTail aiibIpMalllbIABIKTAap aHBIKTaAraH >XKOK. Kelrin mpeskaammcys
JAaMBbIFaH DapABIK difeasepae TOMOILIMCTENH AeHTeili poAnil KBIIIKBIABIHEIH A03achlHa TOYeACi3 TypAe alTapABIKTail
>KOoFaphl 001451 I'eHoTHIITEp AiH Tapaayst MTHER >xone MTR noanMmopdusmaepiHiy monyasnysira ToH XXuidikrepin
KOpCeTTi, alaiija «A03a—acep» aliKbIH Oall1aHBICHI aHBIKTaAMaABbl.

KopbITbiHABL POAMI KBIIIKBLABIH Y3aK yaKbIT KOAAaHY KYKTiAiK Ke3iHAeTi IMIlepTeH3MAAbIK aCKbIHYAapAbIH,
COHBIH illliHAe ITpedKAaMIICUs KMiAiriHiH TeMeHAey YpAiCiH Koca aafaHAa, AaMy KaylliH asaliTagbl >KeHe OapAbIK
3epTTeAreH go3alapJda Kayircis 00abi Tabsraaaer. OHBIH 94eyeTTi maitAacs poaaT aaMacyblHa >KayaIlThl TeHeTMKAABIK
BapMaHTTapAbIH TapaAybl >KOFaphl IOy ASNNAAp YILUiH epeKille MaHbI3AbL OHTallAbl 403a MeH KaObl14ay Y3aKTHIFBIH
aHBIKTay YIIiH KOIl OpTaAbIKThl paHAOMI3alMAAaHFaH 3epTTeyaep KaXeT.

TyitiH ce3aep: npeskaamrcys, Gpoanii UKL, pOANIT KBIIITKBLABL

B(I)(I)QKTI/IBHOCTI) AANTEAbHOIO ITprieMa (I)OAI/IeBOﬂ KMCAOTBI AAsL HpO(l)I/IZlaKTI/IKI/I
IIpedKAaMIICVN Y 6epeMeHHI)IX cu Oe3 HapylieHVsI (l)OilaTHOI‘O IoOunuKAaa

Kaaapiryaosa /. 1, Ypasosa V. 2, Tycynikaames A. 3, l'atigait A. 4, Aasbaesa /1. 5, Aunerr A. 6

1 Accuctent kageaphl aKyIlepcTsa 1 ruHekoaorum Ne 2, 3anaano-Kasaxcranckuit rocy AapCTBeHHbII

MeAVIMHCKUI yHUBepcuTeT nMenn MapaTa Ocrranosa, Akrode, Kasaxcran
2 AccounnpoBanHbIii npodeccop kadeaprl akymepcrsa 1 ruHekoaorun Ne 2, MeaurmHckuii yunsepcurer Acrana, Acrana, Kasaxcran
3 IIpodeccop, Pykosoautens kade ApbI aKyIiepeTsa u ruHekoaorun Ne 2, 3anagno-KazaxcraHckuit rocyAapcTBeHHBIN
MeAUIMHCKUI yHuBepcuTeT nMeHu Maparta Ocrranosa, Akro0e, Kasaxcran
4 Phd, Jouent xadeapsl akymepcrsa 1 ruHekoaorun Ne 2, 3anagHo-KazaxcTaHckmii rocyapCTBeHHBIN

MeAUIMHCKUI yHuBepcuTeT nMeHu Maparta Ocrranosa, Akro0e, Kasaxcran

5 AccucTeHT Kadpeaphl aKyllepcrsa 1 rmHekoaoruy Ne 2, 3arraaHo-KasaxcraHcknit rocyapCTBeHHBIN
MeAUIMHCKUI yHuBepcuteT nMeHu Mapata Ocnianosa, AkTo6e, Kazaxcran

¢ Phd, PykoBoauTean kadpeapsl 34paBooxpaHeHus ¢paKyabTeTa 10CAe AUIIAOMHOIO OOPa3OBaHNs U IOBBIIIEHN s KBaAuduKalun,

Kwuesckuit arpapnsiit yausepcnuteT, Kues, Ykpanna

Pesiome

Beeaenme. IlpeskaaMmcus OCTa€rcst OAHOM W3 BeAyLIMX MPUYMH MaTEPUHCKOM M II€pUHATaAbHON
3abo0aeBaeMOCTH BO BCéM Mype. HakorlaeHHEIe JaHHBIE CBUAETEABCTBYIOT O TOM, UTO HapylleHus1 $oA1aTHOrO oOMeHa
M TIOBBLIIIEHHBII YpPOBEHb TOMOIINCTEMHA MOTYT CIIOCOOCTBOBaTh PasBUTHIO IMIIEPTEH3MBHBIX OCAOKHEHMUII
OepeMeHHOCTH. B 4aHHOM Mccae40BaHNY OLleHNBAAACh 3P PEKTUBHOCTD AANTEABHOTO IpMéMa GpOoANEBON KUCAOTHL 4151
HpOoPUAAKTUKI IPEedKAaMIICHU y OepeMeHHBIX >KEeHINVH C HaAudMeM M OTCYTCTBUEM IIOAUMOP(QU3MOB I'€HOB
¢oaarHoOrO NIMKAA.

Metoapl. B ogHOLIEHTpOBOE paHAOMU3MPOBAHHOE KOHTpOAMpYeMoe MccaeloBaHue Oblau BKAIoueHbl 320
SKEeHIIMH B KOHTPOABHOII Ipymie (mpuém ¢poamesoil KMCAOTH A0 12 Hegeap GepemeHHOCTH) M 894 SKEHINNHEBI B
OCHOBHOI1 Tpymme (IpmuéMm (oAMeBON KMCAOTH Ha IPOTSKeHum Bceit GepemenHoctn). OcHOBHasl rpymma Oblaa
crpatuunmposana 1o gosam: 400 mxr, 800 mkxr m 1200 mxr. IlpoBogmanch KamHmdeckKme, OMOXMMMIYECKHE U

reHeTm4eckne 1ccaeloBaHns, BKAO49as orpejgeaeHre ypoBHs TOMOIMCTENMHA M TEHOTUIIMPOBaHMe HOAI/IMOp(l)I/ISMOB
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MTHEFR, MTR 1 MTRR. I'lokasarean ncxoa0s OepeMeHHOCT! 1 YacTOTa TMITePTeH3UBHBIX OCAOXKHEHNI CpaBHIBAACH
Me>KAy TPyIIIaMI.

PesyabTartnl. JanTeapHsni mpuéM ¢(oAneBOi KUCAOTEI acCOLMUpPOBaAcs ¢ 6oaee HM3KOM ODIIell JacTOTON
TUIIePTEH3MBHBIX OCAOXKHEHUII DepeMeHHOCTU MO CpaBHeHUIO ¢ KOHTpoabHOM rpymnmon (RR 1,43; p=0,038). YacTora
npeskaamicnuy 6v14a B 1,67 pasa H>Ke B OCHOBHOI TPyIIIle, 9YTO OTpaykaeT 0AaronpusATHYIO TeHAEHINIO. 3HauMMBIX
pasananii B AMHaMIKe apTepraAbHOIO 4aBAEHIIS M IIepMHATaAbBHBIX ICX04aX MeXXAY TPyTIaMI C Pa3ANMIHBIMM 403aMM
¢oanesoii KMCAOTHI BHIIBAEHO He OB110. YpOBeHb TOMOIMCTerHa OBl 4OCTOBEPHO BBIIIIE y BCeX JKeHIIMH, y KOTOPHIX B
AaAbHeNIIeM pasBuaach IPedKAaMIICHs, He3aBHCUMO OT 403b1 (OAMeBOii KUCAOTHL. PacmpejeseHme reHOTHIIOB
IIPOAEMOHCTPUPOBaAAO IO ANVOHHO-CrIendudeckre yacToTsl noanmopdusmos MTHFR 1 MTR, oarako uéTkoit
3aBUCUMOCTH «A03a—(PPeKT» BHLIBAEHO He OBLIO.

3akaodenne. JanteabHbli OpuéM (OAMEBONl KUCAOTHI CHIDKAeT PUCK Pa3BUTHUSA IMIEPTeH3MBHBIX
OCAOKHEeHMI GepeMeHHOCTH, BKAIOYas TeHAEHINIO K CHI>KeHMIO YaCTOTHI IIPedKAaMIICUM, U SIBAAeTCs Oe30I1acCHBIM BO
BCeX M3Y4EeHHBIX A03aX. I loTenInaapHas moap3a ocoOeHHO 3HaYMMa 451 IOy AL C BBICOKOM PacIIpOCTPaHEéHHOCTHIO
TeHeTHYeCKIX BapMaHTOB (poaaTHOro ooMeHa. /41 onpedeAeHNs ONTUMAaAbHON 40351 U IPOAOAKUTEABHOCTY IIpUéMa
HeoOXOAMMBI JaAbHeliIie MHOTOIIeHTPOBble PaHAOMI3/POBaHHbIe 1ICCAeAOBaHNA.

Karouessie caoBa: IIpesKAaMIICLL, Cl)OAaTHI)Iﬁ 1IKA, (1:)OAI/I€Ba}I KncAaora.
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CEeKBEHVIPOBaAHMSI

bamraposa A.A. 1, Cearosa I'.C. 2, bexbaesa A. 3, Japmernosa A. ¢, JKoaarpibaesa E.B. 5

! ZlabopanT, HarmmonaapHb neHTp OnotexHoaorny, Acrana, Kasaxcran

2 T'enerux, LlenTp MoaexyaspHOi MeauiuHsl, A amatsl, Kasaxcran

3 Maaaimmit HayuHbI cOTpyAHUK, HanmonaapHbl eHTp 6notexnoaorny, Acrana, Kasaxcran

4 Heppoaor, TOO «Algamed», Aamatsl, Kasaxcran

5 3aBeAyIOIas HaIMOHAABHON Hay4HOV AabopaTopueli O110TeXHOAOTUY KOAAEKTUBHOTO I10Ab30BaHM,

HanmonaapHeiit ieHTp OuotexHoaoruy, Acrana, Kasaxcran

Pe3ome

Bseaenme. Cungpom Aapnopra sBASETCS  PeAKUM — MYABTUCUCTEMHBIM
3aboaepanyeM, BhI3BaHHBIM MyTanuamu B reHax COL4A3, COL4A4, COL4A5.
AKTyaAbHOCTb M3Y4eHUsI CUHAPOMa AAbIIOpTa 00yCAOBA€Ha ero BLICOKOM 4acTOTON
cpeAu HacAeACTBeHHBIX 3a00JeBaHMII IIOYeK, YPe3BhlYaifHOM IeHeTUJecKon wu
(peHOTUIIIYEeCKOII TeTePOreHHOCTDIO, CA0XKHOCTHIO MHTePIIPeTaly KAMHUIECKUX 1
reHeTUYeCKMX MeTOAOB AMATrHOCTUKY, HaAWYMeM 3HAYMMBIX ITOIYASIMOHHBIX
Pa3An4nIi B 9acTOTe U CIIeKTpe CIelpUIHBIX MyTalIii.

Ileablo HaCTOAIIETO MCCAEAOBAHUA SBAAETCA aHAaAU3 JAaHHBIX ITOAHO®K30MHOTO
CeKBEHMPOBaHMsA Yy IIAIMEHTOB C KAMHMKO-1a0OpaTOPHBIM IIOAO3pEHMeM Ha
CUMHAPOM AABIIOPTa A4 XapaKTePUCTUKM CIIEKTPa BBIABASEMBIX TeHeTUYeCKIUX
BapUaHTOB, BRI3bIBAEMBIX AaHHOe 3a00.4eBaHue

Metoapl. Brigeasenne renomuoit AHK ms obpasnop KpoBu OT HallMEHTOB C
npearnoJdaraeMeiM  cuHApomMoM  Aapnopta.  IIposegeHO  110AHO®K30MHOE
CeKBeHMpOBaHMe OOpaslloB, a TakXke OmomHpopMaTMyecKass U CTaTHUCTUYecKas
00paboTKa AaHHBIX CEKBEHMPOBAHIASL.

Pesyabrarbl. Brisisaena panee HeomymcaHHasl MyTalus B MHTPOHHONM 004acTy TeHa

COLA4AS5 c.1588-2A>G, BepOsITHO acCOLUMMPOBaHHAsA C CUHAPOMOM AbBITOpTa.

Astana Medical Journal, 2025, 6, 125
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B]’:)IBOAI)I. MCCAQ,ZI,OBaHI/Ie IIOAYEPKMBaeT 3HAYMMOCTD I€eHeTUYIECKIX 1CcCAe A0OBAaHUIM

CcuHApoMa AABIIOPTa, U BaXKHOCTh M3ydeHNe NHTPOHHEIX o0aacteit renos COL4A3,

COL4A4, COL4AS5.

Kaiogesble caoBa: cuHgpoMm AabiopTa, X-CLeNIAe€HHBII CUMHAPOM AJBIIOpPTa,

ITOAHODYK30MHOE CEeKBEeHIPOBaHle, KOppeAsnysa TeHOTHUIIa U (I)eHOTI/IHa, HapyIlIeHm:1

CIIAaliCUHTa.

1. BBeagenne

Cungpom Aarpriopra (HacAe€ACTBEHHBIN HePPUT,
MKB-10 - Q87.8) sBasieTcsl peAKUM MYABTUCHCTEMHBIM
3abo0aeBaHmIeM,
COL4A3, COL4A4, COL4A5, xogupyiomux a3-, a4-, ob-

IIerieit KoasareHa IV tumna. OCHOBHBIMU KAVMHUYECKUMIU

BPI3BAHHBIM  MYyTallsIMM B T€HaxX

cumnromamu cuHapoma Aasnoprta (CA) sABasAroTCA:
nporpeccupyiomas  Hedporarus,

PpasBUTHIO TsIKeA0 TTodyedHolt HegoctarouHocTn (ITH), a

IIpMBOAsIIIAsL K

TakkKe, COIIYTCTBYIOINMe TAa3Hble aHOMaAuUU U
CeHCOHeBpa/bHas rayxoTa [1]. Brepsrie cuHgpoM ObLA
onucaH B 1927 roay anramiickum spadom Alport, A.C [2]
B CTaTbe O CBA3M 0OJe3HM IIOUeK ¥ HacAeACTBEHHOI
TAyXOTHI B OAHOVI OpMUTaHCKOI ceMbe.

CoraacHo  pesyapraTaM  IIOAHO®K30MHOIO
cexseHnposannsa (WES) mpu XxpoHmueckoit 60.1e3HU
nouek, mytauyu B reHax COL4A3, COL4A4, COL4A5
obOHapy>KeHbI y 30% IIaI[eHTOB, YTO JAelaeT CHHAPOM
AzapriopTa

BTOPBIM IO  PacHpOCTPaHeHHOCTU

Hac/AeACTBEHHBIM 3abo/eBaHIEM IIoYyeK  IIocae
MOANMKICTO3HOI 0o0ae3Hm mouek - 31% caydaes [3].
Kpome Toro, y nanmenTos ¢ ¢poKaabHO-CeTMEeHTapHbIM
(PCT)

3Ha4YTeAbHOE YlNCAO MyTaLIVH?I B

COL4A4, COL4AS5,

OBLA0
renax COL4A3,

BBICOKUTL

r10MepPyA0CKAEPO30M BbISIBAE€HO

4TO IOATBEpKAaeT

TeHeTNYeCKMil BKJAaj B®TUX MyTalMil B pasBUTHE
3abo0aeBaHMI1 TTI04EK [4,5,6].
Cunapom Aapmiopra XapaKTepusyercs

(1:)EHOTI/IHI/I‘{€CKOI7I U TeHeTU4YeCKOn reTepoOreHHOCTbIO,
qTo 3aTpyaHser ero PaHHIOIO AVMAaTHOCTUIKY u

CBOEBpEMEHHOE Ha3Ha4deHue He(l)ponp OTEKTUBHOM

Tepanmuy, YTO 00yCcAOBAMBaeT HeOAaroIpMATHBIN
nporHos 3aboaesanHus. CuHapoMm AJabIopTa — 3TO
reHeTMYeCKM M (PEHOTUIIMYeCKM  IeTepOreHHOe
3a004eBaHNe TAOMePYAIPHBIX, KOXA€apHBIX U IAa3HBIX
0aszaabpHBIX MeMOpaH,
MyTaluii B TeHax koaadareHa IV - COL4A3, COL4A4 u

COL4A5 [6,7,8]. Kak mokazaHo B Tabauiie 1, AaHHBI

BO3HIKaIOIlee B pesyabTaTe

CUHAPOM MOXeT IlepejaBaTbCs KaK CllelldeHHoe ¢ X-
xpomocomort (OMIM301050), ayrocomHO-pelieccBHOe
(OMIM  203780), (OMIM
104200) I1aTOTeHHBIM

BapMaHTOM B

ayTOCOMHO-AOMMHAHTHOE
nau  AureHHoe (OOBIMHO C
COL4A3 u COL4A4

[910]. Ilpm aureHHOM HacAeiO0BaHNUM

KaX4o0M U3
3aboaeBaHue
repejaya MyTaLuil MOXKET IIPOMCXOAUTH B ABYX AOKyCaXx,
4TO  OPUBOAUT K  HEMEHAEAEBCKUM  MOJEASIM
HacAeJoBaHUsl U 0ozee BBICOKON (PEHOTUIINIECKON
reTepOreHHOCTU CUHAPOM AABIIOpTa B HTUX CEMBSX

[10,11].

Ta6auma 1 - Kaaccugmkarmst cmHApoMa AabIopTa IO THIIaM HacAeJOBaHISI VI aCCOLMMPOBAaHHBIM reHaM [12,13]

COL4A4

HacaeaoBanmue BoBaeueHHBIVI TeH l'eneTmyecknii craTyc
X-creraeHHoe COL4A5 I'emmsurora (My>K4MHEI)
l'eteposuroTa (>KeHITIHEI)
AyTocomHOe COL4A3 nan PeneccuBHOe (roMm03MroTa 1AM KOMIIayH/ IeTepO3UroTa)
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COL4A3,
COL4A4, nu COL4A5

Awurensoe

BapmanTter COL4AA3 1 COL4A4 B trans 1moa10>xeHnM (perjeccuBHoe)
BapmanTtsr COL4AA3 1 COL4A4 B cis moaoxxeHnn (4OMIHAHTHOE)

Bapmantsr B COL4A5 n B COL4A3 nan COL4A4 (HemMeHeeBCKOe)

He ycranosaeno -

KAVHN4YeCKNe, reHealaormdyeckre m rumCroaormdyeckmne gaHHble C 0O0ABIIION

40/1e171 BEPOsSITHOCTN YKa3bIBalOT Ha CMHAPOM AAI)HOpTa, HO IreHeTn4YeckKune

JaHHbIe He TIOATBEP>KAAIOT ero.

IereporeHHocTh A0Kyca, INIMPOKUIL CIIEKTP
MyTallill - MMCCEHC, HOHCEHC, CILAalICHMHIOBBIE, CABUT
PaMKI CUUTBIBAHWS, KPYIIHBIC @Al U AYILAMKaLlUA B
acCOLMMPOBAaHHBIX T€Hax IIPUBOAAT K IeTepOreHHOCTH
KAMHUYECKOTO

Jenoruma (penoTHIIIUECKAST

TeTEepOreHHOCTb), YTO  CO34aeT  AOIOJAHUTEABHBIE
TPYAHOCTM TIpM paHHell AMAarHOCTUKE M 3aTPyAHsET
IIpoBeJeHNEe CBOEBpeMeHHON 3(QQPEeKTUBHOIN Teparnu.
[14,15,16].

IToMmnmo renermyeckoit 1 (peHOTUIINYIECKOT
TeTepOreHHOCTY, OAHOM M3 OCHOBHBIX TPYAHOCTEN B
KAVHIYECKOM WU3y4eHuUM 3ab0JeBaHUs SIBASETCSI €ro
auddepeHIaabHas TAXKECTh T€UEHUS B 3aBUCUMOCTU
or moaa. CuHgpom AapmopTa MOXKeT OBITh BBI3BaH
TOMO3UTOTHBIMU WUAU CAOXKHBIMU T€TEPO3UTOTHBIMU
COL4A3 AN COL4A4, nAu

reMmn3uroTHOCTbIO II0 O4HOMY ,ZLGCI)GKTHOMy aAaearo

MyTalVsIMI

COL4A5 y my>xunH [9,15] mpu ayTOCOMHO-pelecCBHOM
u X-CUeIlAeHHOM TuIle HacAeJoBaHMsA. B oramume ot
U3BECTHBIX MEHAEAeBCKUX HacaelyeMBbIX 3a00/1eBaHIIL,
Aake TeTepPO3UTOTHOCTDL IIaTOTeHHOM MyTaluu A1000ro
n3 retnoB COL4A3, COL4A4 nan COL4A5 MoOXeT uMeTh
KAMHUYECKMEe IIPOSBAEHUs B BUAE MUKPOCKOIYECKON
reMaTypuy,  MCTOHYeHM:s  Oa3aabHBIX  MeMOpaH
kayboukoB u puck passutus ITH. TlosTromy BhLIBAEHHDBIE

reTepo3nUroTHble HOCUTEAN TaK>Ke, KakK I BCe IIalIMEHTDI C

cuHAapomMoM  Aaprnopra,  TpeOylOT  ITOCTOSTHHOTO
MeAUIIMHCKOTO Habat0AeHus [17].

l'enetnyeckuit  aHaAu3 JaeT  BO3MOXKHOCTD
panHen AVATHOCTUKU u CBOEBPEMEHHO
HePOITPOTEKTUBHOI Teparmu, I103B0AsIeT

IIPOTHO3MpPOBATh TedeHMe OoaesHnm u passutme I1H,
IIpOBECTH KacKagHoe oOcCJejoBaHIe U/J€HOB CEeMBIU I
ceMeliHOe MeAVKO-TeHeTHJecKoe KOHCYAbTUPOBaHMe, a

TaK>Ke OonpeaeAnTb BO3MO>KHOCTD POACTBEHHOTO

AOHOPCTBa IIpuU HEO6XO,ZI,I/IMOCTI/I TpaHCIIAaHTall

nouek. CoraacHO pekOMeHJalMsAM MeXAYHapOAHBIX
BKCIIEPTOB, KOTOPBIMM OBLAM IIepecMOTpPeHbI KPUTepuH,
aATOPUTM AMATHOCTUKU U TaKTUKa BeAEHISI MallMeHTOB,
aHaAM30M  IIEpPBOM

AVTHUN A ITalTMIeHTOB C

M30AMPOBAHHON  TAOMEPYASPHOM  remMarypuein mu
COOTBETCTBYIOIIEN KAVHMYECKOV KapTUHOM, CeMeHBIM
aHaMHEe30M  SIBASI€TCS
[13,18,19].

Kax mpeacraBaeno B 6ase Alport Variant

reHeTn4eckoe TeCTMpOBaHIe

Database: https://alportdatabase.org [20], B HacTosIIIIEE
BpeMm:t onmcaHo okoao 3000 mytanmit B reHax COL4A3,
COL4A4 n COL4A5, u3 Hux 60 % npuxXoauTCs Ha 4010
reHa COL4A5, Bkaouas okoao 1200 peaxkmx myTarmit,
abCcoAI0THOE OOABIIMHCTBO U3 KOTOPBIX SABASIOTCS
naTtoreHHbiMu [20]. ¥V mysxumH ¢ X-ciieriaeHHbeiM CA
yCTaHOBJA€Ha 4YeTKasl 3aBUCUMOCTL (HeHOTUIIMIECKIX
MpOosIBAeHNI 60Ae3HM OT TUIIA U AOKaAW3aLlUM MyTaln
COL4Ab5.

O6yC/laB/lI/IBaIOU_U/Ie MIpe>XA€BpeMEHHYIO TepMIMHaLNIO

B reHe I'eneTnueckue Bapl1aHTBhI,

cuHTe3a Oeaka (0Ooabpllye IIepecTpOiKM, HOHCEHC

MyTallMM ¥ CABUT PaMKU CUMTBIBAHISA), aCCOLMMUPYIOTCS
c¢ passutueM IIH yxe Ha BrOpoil JAekade >KU3HU
(roBenmarnas popma CA); mpu MucceHc-BapHUaHTaXx, KakK
NpaBnao,  OTMedaeTcs

04aronpusATHBIL  MPOTHO3

(B3pocaas ¢popma CA), manuMeHTH ¢ MyTalUAMIA,

3aTparuBaroIIIMU CalThI CILAalICUHTA, UMEIOT
npomMexyTounslit  ¢enorunn  [18,21]. VYV keHImMH
3aBUCUMOCTb ~ KAuMHMYeckux 1npossaenuii CA  or

reHOTUIIa MeHee O4eBlAHa, YTO O0YCAOBAEHO CAyJaifHOI
AalioHU3alMeN 0g4HOM 13 X-XpOMOCOM M, KaK CA€ACTBIE,
MO3aMYHBIM CUHTE30M (X5-11eIIM KOAAareHa II0A0LITaMI
[22].

Aast rena COL4A5 omucano 0oablliee 4mCAO
naroreHHsIx MyTanuii, yeM Aas1 COL4A3 n COL4A4 , u
oHn B 60% ABAAIOTCA MMcceHC-MyTanuamy, B 10% -

HOHCeHC-MyTalyAMy, B 10% - KaHOHMYECKMH caliTaMI
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criaaricyara u B 20% - caBUraMy paMKU CIMThIBaHY [23].
MurepecHo, 4TO M3 BCceX MATOTe€HHBIX MyTallil B TeHe
COL4A5 Toapko 12 OblAM OTHECEHBI K 4YacCThIM C
npeobiajaHyeM B OTAEABHBIX  reorpayecKmx
COL4A5

p-Gly624Asp, 00ycA0BAE€HHBIT TAMIIMHOBON 3aMEHOI B

pernoHax Mmupa. HaanMep, BapmaHT

KOA1areHOBOM AOMeHe TeHa, SIBASICTCSI CaMbIM

pactipoctpaHeHHEIM B LleHTpaspHOit u 3amasHON
Esponie (39 % cemenl ¢ MmcceHc-BapuaHTamm) [24].
IToxasano, uro COL4A5 p.Gly624Asp oOycaasambaeT
OTHOCHUTEABHO 0AarolpusTHOe TedyeHue HeppoIaTun C
0ozee moszaHuM passutueM IIH mo cpasneHmio c
ApyruMu MucceHc-BapuaHTamu [15,25].

B 1neaom, X-cuenaennsiit CA xapakTepusyeTcs
0ozee TAKEAOV KAVHUYECKOV KapTWHON Yy MYKUIMH C
IIPOTrpecCUpyIOIIM TeuyeHreM HedporaTtuy,
npusoasiieit Kk passutuio I1H Ha BTOpoOil - TpeTbeit
Aekaje OKU3HM, M HaAMYMeM HepOo-CeHCOPHOI
tyroyxoctu y 50% manmeHnTos. JKeHIIMHEI ¢ 9TON
¢popmort CA mmeroT 0o0see MATKYIO KAMHUYECKYIO
KapTuay, y 20 % - nsoanposaHHas reMatypus, y 75 % -
reMaTypus c

IIpOTeNHypueli, royeqHast

HeJOCTaTOYHOCTh M  HeWMpOCeHCOpHas  TYTOyXOCThb
pasBuBalorcs rmocae 55 aet 'y 42% manueHTok [19,23]. Ot
pe3yAbTaThl AOKa3aAl, 9YTO TePMUH «HOCUTEABLCTBO» He
AO/KEH MCII0Ab30BaThCA Y SKEeHIIUH C TeMU3UTOTHBIMU
myTtanusamu B rene COL4A5 nmotomy, uro nanueHTky CA
¢ remmaurotHeiMu Bapuantamu 3 COL4A5 TpeOyior

CTPOTOrO AMCIIQHCEPHOIO HabAIOAeHNs, Ha3Ha4YeHI:

He(PpOIIPOTEKTMBHON  TepammMy ¥ He  AOAXKHBI
paccMaTpuBaTLCs B KauecTBe IIOTEHIIaAbHBIX
POACTBEHHBIX JOHOPOB.

Kannnueckue HPOsABACHNA u IIPOTHO3

IalMeHTOB C ayTOocOMHO-perjeccuBHbIM CA He 3aBUCAT

2. MaTepmaabl 1 METOADBI

2.1 PeKpyTUHT IIalIMeHTOB

PexpyTuHr mammeHTOB HpoBoAMACS Ha Oase

TOO «lleHTp MOAEKyASPHBIX UCCAAOBAHUIL» C
yJyacTueM Bpadeii: AeTCKUIT DHAOKPUHOAOT, He)pOAOT U
MeauIIMHCKMIT  reHeTuk. IlpoBesgen pexpyrunr 4

MallI€eHTOB C IIpeAllodara€éMbIM AMarHo3oM CHMHAPOM

OT 1OJAa ¥ COOTBETCTBYIOT TaKOBBIM Y MYXXYMH C X-
CIIeTIA€HHBIM BapuaHTOM ©OozesHu [19]. AyrocomHo-
dovmmHanTHas1 popma CA xapakrepusyercst Hamboaee
6AaroIpUATHHIM TeYeHUEeM: Kak MIPaBUO,
DKCTpapeHaAbHBIe POSBAEHNA OTCYTCTBYIOT, ITOUeYHasd
HeAOCTaTOYHOCTh passuBaeTcss y 20-30 % marmeHTOB
00byHO 110cae 60 aer [26]. CaegyeT INOMHMTB, 4YTO
Haanune TeTeposurotHeix MmyTtanuii COL4A3 unanm
COL4A4 y nanuenTos ¢ X-cuenaeHHsiM CA yxyairaer
porHo3 3aboaesanns [21,32].

reHeTnJecKue

Axmyarvrocmv.  IIposeaennsle

ccaeA0BaHMs CA HeMHOroYMCAEeHHBI n I1oa4dac

IIPOTMBOPEINBHI, 4qTo CBs3aHO He TOABKO C

Ype3BbIYaiHOM TeHeT4eckKomn u KAMHUYECKOM

reTepOreHHOCTbhIO CA, HO u OI1rpeAe1€HHbIMIL
METOAOAOTUYECKIMI  ITIOTPEIIHOCTAMUI:  OTCYTCTBMEM

perMoHaABHBIX ~ PErUMCTPOB, HeOOABIIUM  OOBEMOM

BLI60pOK, JICIIOAB30BaHIEM pa3anm4HbIX

AMarHOCTUYECKIIX KpUTEPUEB, CAOXKHOCTBIO 174
AOCTYITHOCTBIO AVIAaTHOCTUKA. B Kazaxckoil ITOIyAsryu
gactota CA, crpykrypa mytanuit COL4A3, COL4A4 u
COL4A5, BKAa/ pa3AMIHBIX TUIIOB HacJAeAOBaHIMSI He
MU3Y4YeHBbl, YTO AMKTyeT HeOOXOAUMOCTb IIPOBEAEHISI
IIMPOKOMacCIITaOHBIX ITOIMYASLMOHHBIX MCCAeA0BaHNUIL
AASL  OKa3aHUs CBOEBPeMEHHON ¥  9PQPeKTUBHONI
MeannuHckoii oMoty nanuenram ¢ CA B PK.

Lleapio HaACTOSIIEIO MCCAEAOBAHUS SIBASIETCS
aHaAM3 JAHHBIX IIOAHODK30MHOIO CEKBEHMPOBAHUS Y
MalMIeHTOB C KAVHIKO-1a00paTOPHBIM II0A03PEeHIEM Ha
CUMHAPOM AJBIIOpTa A4Sl XapaKT€PUCTUKM CIIEKTpa
BBUIBASIEMBIX T€HETUYeCKX BapMaHTOB, BBI3BIBAEMBIX

JaHHoe 3a0o0./eBaHIe.

AapriopTa. PeKpyTUHI BKAIOYaA MHTEPBLIO IALIE€HTOB,
aHaAn3 MMEIOLIeNCsT MEeAMLIMHCKON AOKYMeHTaluH,
2abOpaTOPHEIX UM MHCTPYMEHTAABHBIX MCCAeAOBaHMIL.
IIposeaeHo MeauKO-TeHETYeCKOe KOHCYAbTUPOBaHIIE

cemern nanyenTos ¢ CA.
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Bce YIaCTHUKI ObLAK MIOAHOCTBIO
MHPOPMUPOBaHbI 00 UX BKAIOYEHNU B VICCA€AOBaHNE, I
ObL10 TIOAy4eHO UHPOPMUPOBAaHHOE COraacme OT
B3POCABIX YJYaCTHUKOB J 3aKOHHBIX IIpeAcTaBUTeAeN
HeCOBepIIIeHHO/eTHIX IalleHToB. /aHHas pyKOICh He
COAEP>XUT UAeHTHPUIMpYyoIei nHpopmauyu. JaHHoe
uccaeiosanye 6510 0A00pEeHO BTUYECKMM KOMUTETOM
HarmmonaasHoro LIeHTpa OMOTEXHOAOTUN (Ne
5/14.05.2024, Acrana,

COOTBETCTBUM C

Kaszaxcran) m mnposeaeHo B
NPpUHIIUIIAMY, U3A0XEHHBIMU B
XeAbCHHKCKOI AeKAapallun.

2.2 Boigeaenne AHK

3abop mepudepudeckoil KpoBu IIPOBOAUACA B
0AHOpPa30OBbIe
AVATUBE obobemom 9 ma ¢ K2ODATA wu, coraacHo

OTIIpaBA€H AN

CTepUAbHBIE  BaKyyMHBIe ITPOOMPKU

Aorosopy, Ouomarepmaa  Obla
NpoBeAeHNs1 TeHeTudyeckoro mccaedosanus B TOO
«HanmonaapHEIT IJEHTP OMOTEXHOAOTUII».
AHK  u3

KOMMepuecKnii Habop A4s BblgeaeHus reHoMmHon JAHK

I'enomnyio

1IeAbHOl KpPOBU BBIAEASAM, MCIIOAB3Ys
u3 1easHont kposu GeneJET, ¢upmsr Thermo Fisher
Scientific, coraacHO MHCTPYKLINY IIPOU3BOAUTEASL.

2.3 smepenne xougenrpamym AHK

Tounyio xonuentpaumio AHK wmsmepsan na
dayopumerpe Qubit 2, ucroap3ys KOMMepYecKuit
Habop Qubit dsDNA BR Assay kit ¢pupmer Invitrogen,
COrAacHO MHCTPYKIIMM IIPOMU3BOAUTEAL.

Crenennr gerpagauymu AHK  omenmsaanm c
IIOMOIIIBIO (PAYOPECIIeHTHOM JeTeKIy Ha mpubope 4150
TapeStation System (Agilent).

2.4 IloaAHOPK30MHOE€ CeKBEeHIpOBaHIe

A4s1 IOATOTOBKM CTaHAAPTHBIX OMOAMOTeK AAs
CeKBeHIPOBaHILA

SureSelect V6-Post (Agilent Technologies, Canra-Kaapa,

DK30MOB  MCIIOAb30BaAcs  HaboOp
Kaandopuns, CIIIA) 445 ocTpoeHMs ITapHO-KOHIEBOM

(paired-end)  OmOAMOTeKM  CeKBEHMpPOBaHMs  Ha
naatgopme Illumina, npum wucnoapzopaHum 1 MKr
renomHont JHK B KauecTBe MMCXOZHOIO MaTepuasa.
(Whole-Exome

rnaatgpopme

IloaHnoe »kx30MHOe
WES)
NovaSeq 6000 (Illumina Inc., Can-Anero, Kaandopuns,

CEeKBEeHINpOBaHIEe

Sequencing, IIpOBOANAOCE HA

CIIA) B cOOTBETCTBUN C MHCTPYKIUAMY IIPOU3BOAUTEASL.

YC/IyFa 10 YK3OMHOMY CEKBEHIIPOBaHIIO OBLABI

IposeJeHa B KoMnanum «Macrogen».

2.5 buoungopmaTuaeckmit u

CTaTUCTUYECKMI aHaAM3

buonndopmarndeckass 00paboTka  AaHHEBIX
CeKBEHMPOBaHM IIpOBOAMAach IO CTaHAAPTHOMY
aHAANTNYECKOMY  KOHBellepy C  MCIIOAb30BaHMEM
COBpEMEHHBIX  MHCTPYMEHTOB  aHaaAmu3a  AaHHBIX

BBICOKOIIPOM3BOANTEABHOTO CEKBEHPOBaHIL.
Qariapr H6azoBoro BozoBa (base calling files),
ObLAU

IIpeacTtaBA€HHbIE B ABOVITYHOM

Jopmare,
peobpaszosansl B ¢popmat FASTQ c mncrioabzosanmem
makera bcl2fastq v2.20.0 (Illumina). IlapHO-KOHIIEBEIE
(paired-end) mOcaezOBaTeABHOCTHM, IIOAYJEHHBIE Ha
rzatgpopme NovaSeq, ObLAM BEIPOBHEHEI C Ye/10BEYECKIM
TeHOMOM ¢
BWA

https://sourceforge.net/projects/bio-bwa/).

pedepeHTHBIM IIOMOIIIBIO  HPOrPaMMBI
0.7.17;

B xauectBe

BBIpaBHIBAHILS (Bepcms
pedepeHTHOrO TeHOMa HCII0Ab30BaAack coopka hg38 us
6a3br UCSC (opurnnazasHas cbopka GRCh38 or NCB],
Aexabpp 2013 r.). AyGampoBaHHBIE HpPOUYTEHNUsA OBLAU
yAaJeHBI ¢ ucrnoab3osanneM Picard-tools (sepcus 2.18.2-
SNAPSHOT).

l'eneTiyeckue BapuaHTH NAHTUPUIINPOBAANICH
¢ nomompio Genome Analysis Toolkit (GATK v4.0.5.1)
(https://gatk.broadinstitute.org/hc/en-us) —
IIPOrPaMMHOTO I1aKeTa, IIpeJHa3HauYeHHOTO A aHaAN3a
AAQHHBIX BBICOKOIIPOM3BOAUTEABHOIO CEKBEHPOBaHIL.
OrduapTpoBaHHble BapMaHTHl OBLAY aHHOTMPOBAHBI C
UCII0ABb30BaHMEeM Iporpammel SnpEff (Bepcus 4.3t, 24
HOSIOp:I 2017 r;
https://sourceforge.net/projects/snpeff/files/snpEff v4 3
s_core.zip/download) 17§ AOMOAHUTEABHO
oTUALTPOBaHEI ¢ TpuMeHeHneM 6a3 ganHpix dbSNP u
npoekra 1000 Genomes. lirorosrie gaHHble OblAM
coxpanensl B (Qopmare VCF. Jas jomoanuTeabHON
aHHOTanuM U  (YHKOMOHAABHON  MHTepIIpeTaluu
BapMaHTOB ICIIOAB30BaAMCh COOCTBEHHBII (in-house)
nporpaMMHBIN MHCTpyMeHT u SnpEff ¢ mpusaevennem
AOIIOAHUTEABHBIX 0a3 ESP6500, ClinVar,

dbNSFP u pexomenganuit ACMG.

AAaHHBIX:
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3. PesyabTaTnl

3.1 Kamandeckue uccaea0BaHMSI IaIMIeHTOB

,Zl,aHHOQ uccaeaoBaHue IrpoBe4eHo Ha IpyIie 13

qeTpIpex IIaljueHToB M3 Kazaxcrana ¢ I1o4o03peHnneM Ha

IIpeJcTaBA€eHEl B Tabautie 2.

cuHgpoMm Aabnopra. KamHmueckme XapaKTepUCTUKI

Tabanna 2 - KamHimyeckye XxapakTepyCTHKY IIALIVIEHTOB C CMHAPOMOM A ABIIOpTa

CyMIITOMBI IMarment 1 IlamenT 2 - poaHoli Opat MarmenT 3 IMarmenT 4
mnarmeHTa 1
IToa SKEHCKM MY>KCKO MY>KCKOM SKEHCKMIL
Bospacr 8 aer 13 aer 7 aet 13 aer
uccAe0BaHIs
Bospacr Hauaaa 6 aet 1,5 aer 7 aet 7 aet
3aboaeBaHs
HacaeacrBennast Poanpie cnGCp1, MMEIOT POAHOTO ASAIO II0 MaTE€PUHCKOM Poanoi1 asas1 co Mawma — XITH1, moay4gaer
OTATOIEHHOCTD AVIHUU C aHaAOTUYHBIM 3a00.1eBaHreM CTOPOHBI MaTepu Anaauns
6oaeH
aHa/AOTMYHBIM
3aboaeBaHMeM
ITepBuunsie MUKpOTreMaTypus MuKporematypust (25-30 B MakporeMaTypus Makporemarypus — (9p.
CHMIITOMBI (sputrponurter 10-15 B 3p), 11/3) BO BpeMst (opuTp B 60ABIIIOM 30-40 B m1.3p)
nporennypus (Oeaok- OOCTPYKTUBHOTO OPOHXUTA. KOA-Be), npotennypus (6eaok 0,3
0,33r/2a) C 3 aet - MakporeMatypus IIPOTEUHYpPU A0 1/2),
IIporennypms — 6eaok — 0,33-0,44 1/, Oreku Ha AUIe 1 HOTax
2,3r/a
Hanpasureapnst Hacaeacrsennsiit Hegpur. Hacaeacrsennas Hedpurmaeckni XpoHmyeckuii
I AVarHo3: Xpoundeckast 601e3Hb ITOYEK HedporaTnsl, He CHHAPOM. He(ppUTUIe CKUII
G1A2 KAaccupUIMpOBaHHAs B Hacaeacrsennsiin crHgpoM, XBIT1
ApyTuX pyopukax, HeppuT
3aKAIOUUTe AbHBI Hacaeacrsennas Hacaeacrsennas Hedpurnaeckni XpoHnyeckuii
I AMarsos Hepponatns. Cunapom nepponatus. Cunapom CHHAPOM. He(ppUTHIe CKUII
AarpriopTa. X-cCIienaeHHBIi AarpriopTa. X-cIienaeHHBIi crHApOM. MembOpano
BapuaHT BapyaHT npoAanQepaTUBHBII
rAoMepyA0He(pPUT C
yMepeHHBIM puOpPo3OM I
AnM$ponUTapHOI
MHPUABTpaIuen
AHK anaans CekBeHMpOBaHIe DK30Ma: CexBeHnpoBaHUe DK30Ma: CexseHnposaHme CexBeHnpoBaHIe 9K30Ma
reMM3UTOTHasl MyTanus B 23 reMM3UTOTHas MyTalus B 23 DK3OMa
unrpone rena COL4A5 ¢ X- unrpone rena COL4A5 ¢ X-
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COeIIAeHHbBIM CMHAPOMOM COeIIAeHHbIM CMHAPOMOM

Aapnopra, Tunl Aapniopra, Tunl

Hapymenus yHKIm modex
l'emarypusa + + + +
ITporeunypus + + + +
Heiipocencopnas He ormeueno He ormeueno He ormeueno He ormeueno
TYTOYXOCTh
Hapymenns He ormeueno

AHrmornaTus ceT4aTku. He ormeueno

He ormeueno
OpraHOB 3peHIs

Y3 nmouek

yraorHenue creHok Y/AC He BrrsBaeno ABYCTOpOHHIIA He BrIsiBA€HO
IIOYeK ¢ 06enX CTOpOH

HeppoONTO3,
VIIZOTHEHIIE CTEHOK

YAC mouek u
KaAVKODKTa3UsI C

00enx CTOpOH.
Buoricust mouex DoKaAbHBIN TA100aAbHBIN U

DoxaabHBIN T100aAbHBIN 1 He nposoauaace Mop¢oa0rnyeckye
CerMeHTapHLII I10Mepya0- CerMeHTapHBIN

IPU3HAKN
CKAepOo3. IZ10MepyA0CKAepPO3.

MeMbpaHonpoandepaTus
Uurepcrurinaasusiit pudpos | VMurepernnmaashsiit Gudpos

-HOTO
u arpodust KaHaabLes 1 crT. u arpodust KaHaabLes 1 cT.

raomepyaonedpura c
DAeKTpOHHAsI MUKPOCKOMISL: | DAEKTPOHHAs MUKPOCKOIINSL:

yMepeHHBIM GpuOpo3oM u
Kapruna coorsercrsyer Kapruna coorsercrsyer AnMQOIUTaPHO
BPO>KAEeHHOJI/HacAeACTBEHHO | BpPO>XKAEHHOI/HacAeACTBeHHO MHPUAB-TpaLNet B
i1 maToAorun Koaaaresa IV i1 maToaorum Koaaaresa IV Me>XyTOYHON TKaHM
THIa THIa

(PoxaapHbI CKAEPO3 —
85,2%, rmaanuHo3 u

ckaepos — 14,8%).
OO01muit anaauns

remoraoomun-131 r/a; remMoraooun-123 r/a; lekorutsl — 6,08

Het aannpix
KpOBI SPUTPOLIUTHI- SPUTPOLIUTHI- x10%9/a;
4,93x10*12/2; TpOMOOLIUTHI- 4,36x10*12/2; TpOMOOLIUTHI- SPUTPOIUTHI -
365x10%9/a; aenkouursi-6,71 341x10%*9/a; aenkouursi-7,71 4.8x10*12/4a;
x10*9/a; COD —4 mMm/4gac. x10*9/a; remorao0uH 132
COD -10MmM/ygac. I/4; TPOMOOIIUTHI —
277x10%9/1; COD —
25MM/4ac;
Anaauns moun Liser ¢/x;

6ea0x - 2,0, spurporutsi- 40 LIser — ¢/x, Het aannabIX
Npo3payHast; yAeAbHbII Bec- B MKA., 0ea0k- 2,31 1/a, Mpo3payHast; OTH.
1003; pH - 6.5; Geaok- 0; spurporuTsl- 15-20 B 11/3, naotHocTh — 1030;
AEVKOIIUTHI — 2 B MKAJ; Aenkonuthl- 8-12 B 11/3. Iset- 0eaoK -
spurpouuTsl - 80 B MK4; MSICHBIX IIOMOEB. ¥ Ae/AbHBIN 0,264r/a; Aemkonut

Bec-1002; pH - 7,0; Bl - B DOABIIIOM

KOAn4ecCTBe,;

DPpUTPOIUTEI
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HensM. - 10-
15; Peaknius (Ph) -

Kucaast

buoxumnye ckuit OO0t 6eaok - 61 r/a; AAT OOt 6eaox - 49 r/a; AAT ACT- 44.0; obmymin OOt 6eaok 60-48r/4a,

aHaAM3 KPOBU -10.6 U/l; ACT - -7,6 U/l; ACT - DeaoK - 65.0; o0t aapOymun 40-28r/2,
21 U/l; moueBuna —3.5 19,6 U/l; mouyeBuna —8,2 onAMpyOorH XoaecTepuH 2,4-
MMOB/A; KpeaTUHUH — 44.7 MMOAB/A; - 11,2; aapbymmH - 9,79Mmoan/a. AHA,
MMoab/a; Iaroko3a — 4,5 KpeaTUHMH — 69 MMOb/4; 39; o001t AHIIA 5 nopme, AC/0
MMO/Bb/A; GUAMPYONH - T'ar0xko03a — 4,6 MMOAaB/a; XoaecTepuH - 3,3; 56 ME/a, C30,1(0,9-1,7),
4,8MKMOAD/A. O1AMPYyONH -3MKMOAB/A raimokosa - 3.9; C4 0,23 (05-0,9).
Kpearynun — 46,8 KpeaTVHMHH -
MKMOAB/A, 34.3; MmoyeBUHa -

3.53 (A/aT) - 16.0

Beaok B Beaox - 0,2475 r/c; 1,32 r/c. Beaok -0,5281/4. 0,436 rp/a; Beaok - 2,31 1/c Beaok -0,231r/c
CyTOYHOII MOYe 1,8151/c
CK® o IIBapiry CK® -129ma/mMun/1,73m2 CK® -82 ma/mun/1,73 m2; He onpeaeasian CK® 96Mma/mnn/1,73m2

47 ma/mun/1,73 m2

ITH He ormeueno XBIT1 craauu c 12 aer He ormeueno He ormeueno
3.2 AnHaaums3 pe3y11bTaTOB IIOAHOI€HOMHOIO HO/ly‘IEHHI)IX n3 I/ICCAe,ZI,yeMI)IX o6pa3u013, HpeACTaB/leHa
CeKBeHUPOBaHWSsI B Tabauiie 3.
OcHoBHasI CBOJAHas1 CTaTUCTUKa

Heo6p aDoTaHHBIX AAaHHBIX O IIOCAeA0BaTeAbHOCTIIX,

Ta6anma 3 - Cratuctuka fastq gaHHBIX

Hassanne oGpasna OOGmTnii BBIXOA (T1.H.) Bcero npourenini GC (%) | AT (%) | Q20 (%) Q30 (%)

IMarmenT 1 8,086,480,954 53,552,854 50.79 49.21 98.89 95.87

IMarmenT 2 8,012,671,852 53,064,052 50.45 49.55 98.98 96.03

IMarmenT 3 6,162,256,244 40,809,644 49.06 50.94 98.66 95.0

IMarmenT 4 8,033,747,224 53,203,624 51.23 48.77 98.62 95.25

O6mi Bexoa (bp) — obimiee KoaAm4ecTso IloapobHble moOKa3zaTeAM BBIPAaBHMBAHUA AAs

cexseHMpoBaHHbIXx ocHOoBaHMIL; GC (%) — coaep>kaHue Ka’kJoro oOpaslja, rayOmMHa, IPOIIeHT IOKPBITUA U
GC; AT (%) — coaepxanmue AT, Q20 (%) — aoas IIOKa3aTeAM BapMaHTOB A5 BCeX 00pa3IioB IpuBeJeHEl B
OCHOBaHMUII ¢ orteHkon kauectBa Phred seire 20; Q30 (%) Tabaurre 4.

— 40431 OCHOBAHMUI C o1leHKo kadyectsa PPhred sermre 30.

Ta61mua 4 - KoamnmaecTBo HpO‘lTeHI/If/I, IIOKpbITHE M CTaTUCTVKA BapMaHTOB I1I0 oﬁpasuaM

Hassanue oOpasiia ITarmenT 1 ITarmenT 2 ITarmenT 3 ITarmenT 4

Bcero mpourerimi 53,552,760 53,063,934 40,809,512 53,203,364

Cpeassisa gaviHa mpouTeHus (ILH.) 146.55 149.28 144.35 140.18
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KoanuecTBO 11€1€BBIX TeHOTUIIOB (21x%) 36,378,510 36,432,945 36,442,503 36,374,396
% IToKpBITHE IJeAeBBIX PerMOHOB (210x) 99.7 99.8 99.9 99.6
% IToKpBITHE IJeAeBBIX PEIVIOHOB (230x) 99.4 99.2 98.1 99.0
% IToKpBITHE IJeAeBBIX PEIVIOHOB (250x) 97.2 95.4 84.2 93.8
Koaraecrso SNP 76,465 76,926 75,985 73,377
MiicceHc-BapyMaHTBI 11,838 11,758 11,965 11,551
IIpnoGpeTeHHbI CTOII-A0KYC 106 117 112 99
IloTepsaHHDBIN CTON-A0KYC 26 24 23 18
KoamgecTso nnaea MmyTanmit 14,789 15,127 14,304 13,522
BapmaHTBI CO CABUTOM paMKM CIMTHIBAHS 261 256 282 284

% Haraeno B dbSNP151 99.4 99.3 99.3 99.3

B pesyabprare ¢uapTpanmm JaHHBIX B TeHax
COL4A5, COL4A4, COL4A6, COL4A3 OblaM BBISIBAEHDI

MyTanuy, npeAcTaBAeHHbIe B Tabaumax 5-8.

Tabauna 5 - MyTtarm B renax COL4A5, COL4A4, COL4A3 n COL4A6, o6Hapy>KeHHble y namyeHTa 1

xpoMo |reHoT|3urote| Tty |HasBamm | HGVS.|HGVS.|dbSNP | CLINVAR CLINVAR_CLNDN
coMa | MII | OCTb | MyTalli | eTreHa c P 156_ID | _CLNSIG
n
2 C HET | muccenc | COL4A3 |c.127G>|p.Gly43|rs13424| Benign |Autosomal_recessive_Alport_syndrome|Alp
C Arg 243 ort_syndrome | Autosomal_dominant_Alport
_syndrome | not_specified Inot_provided
2 C | HOM | muccenc | COL4A3 | c.422T> |p.Leul4|rs10178| Benign |not_specified | Autosomal_dominant_Alport
C 1Pro 458 _syndrome| Autosomal_recessive_Alport_sy
ndrome | not_provided | Alport_syndrome
2 G | HOM | muccenc | COL4A3 |c.485A>|p.Glul6|rs64366| Benign |Autosomal_dominant_Alport_syndromelAl
G 2Gly 69 port_syndrome I not_provided | not_specified
| Autosomal_recessive_Alport_syndrome
2 T HET | muccenc | COL4A3 |c.976G>| p.Asp3 | rs55703| Benign |not_specified | Autosomal_recessive_Alport_
T 26Tyr | 767 syndrome |not_provided | Alport_syndrome|
Autosomal_dominant_Alport_syndrome
2 T HET | muccenc | COL4A3 |c.1721C|p.Pro57 | rs28381| Benign |not_specified | Autosomal_recessive_Alport_
>T 4Leu 984 syndrome| Alport_syndrome Inot_provided
X T HET | muccenc | COL4AG6 |c.2707G|p.Ala90 | rs13824 | Uncertain_ not_provided Inot_specified
>A 3Thr | 6637 |significanc
e
X G HET | mmccenc | COL4A6 | c.1360T | p.Ser45|rs10420| Benign Hearing_loss,_X-
>C 4Pro 65 linked_6Inot_provided Inot_specified
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X CCTT| HET |Bcraska B| COL4AG6 |c.1971_|p.Glu65|1s14668 | Benign Hearing_loss, X-linked_6
KOHCepBa 1972ins |7_Val65| 0910
TUBHYIO AAG |8insLys
paMKy
CYUTHIBAH
st
X G HET | akuerrro | COL4A5 | ¢.1588- - - - -
P 2A>G
CI1IAavicu
Hra

HET-rereposurora, HOM-romosurora.

Tabauna 6 - MyTarm B renax COL4A5, COL4A4, COL4A3 n COL4A6, oOHapy>KeHHble y HalieHTa 2

XpOMO |TeHOT | 3UMTOTH TUIIL maspamm | HGVS.c | HGVS.p | dbSNP156 | CLINV CLINVAR_CLNDN
coMa | wmn OCTb | MyTaUmM | eTIeHa _ID AR_CL
NSIG
2 C HET | mmccenc | COL4A3 |c.127G>C |p.Gly43Arg| rs13424243 | Benign | Autosomal_recessive_Alport_syndr
ome| Alport_syndrome | Autosomal_
dominant_Alport_syndrome | not_sp
ecified Inot_provided
2 C | HOM | mmccenc | COL4A3 | c.422T>C |p.Gly43Arg| rs10178458 | Benign |not_specified | Autosomal_dominant
_Alport_syndrome | Autosomal_rece
ssive_Alport_syndrome | not_provid
ed| Alport_syndrome
2 G | HOM | muccenc | COL4A3 |c.485A>G |p.Glul62Gl| rs6436669 | Benign |Autosomal_dominant_Alport_syndr
y ome | Alport_syndrome|not_provid
ed Inot_specified | Autosomal_recess
ive_Alport_syndrome
2 T HET | mmccenc | COL4A3 |c.976G>T | p.Asp326T | rs55703767 | Benign | not_specified | Autosomal_recessive
yr _Alport_syndrome I not_provided |
Alport_syndrome| Autosomal_domi
nant_Alport_syndrome
2 T HET | mmccenc | COL4A3 | c.1721C> |p.Pro574Le| rs28381984 | Benign | not_specified | Autosomal_recessive
T u _Alport_syndrome| Alport_syndro
me Inot_provided
X G HET |splice_acce| COL4A5 | c.1588- - - - -
ptor_varia 2A>G
nt&intron_
variant
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Ta6anma 7 - Myrtanyu B reaax COL4A5, COL4A4, COL4A3 1 COL4A6, oGHapy>KeHHbIe y TareHTa 3

xpoMo |reHot|3urote| Ttun |HasBa| HGV |HGVS.|dbSNP|CLINVAR CLINVAR_CLNDN
coMa | mMII | OCThb | MyTauu | Hme | S.c p 156_ID | _CLNSIG
u reHa
2 G HET |muccenc |COL4|c.4207| p.Serl4 |1s37528| Benign | MedGen:CN169374|MedGen:C36619001 MO
A4 | T>C | 03Pro 95 NDO:MONDO:0018965,MedGen:C1567741,0
MIM:PS301050,0rphanet:63 | MONDO:MON
DO:0008762,MedGen:C4746745,0MIM:20378
0,0Orphanet:63,0rphanet:88919
2 T HET |mmccenc|COL4|c.3979|p.Vall3|rs22298 | Benign/Lik | MONDO:MONDO:0008762,MedGen:C47467
A4 | G>A | 27Met 13 ely_benign |45,0MIM:203780,0Orphanet:63,0Orphanet:8891
9IMONDO:MONDO:0010520,MedGen:C474
6986,0MIM:301050,0rphanet:63,0rphanet:88
917 MONDO:MONDO:0018965,MedGen:C1
567741,O0MIM:PS301050,Orphanet:63 1 MedG
en:CN169374 | MedGen:C3661900
2 A HET |mmccenc |COL4|c.3011|p.Prol0|rs18005| Benign |MedGen:CN169374 MONDO:MONDO:0008
A4 | CT | 04Leu 17 762,MedGen:C4746745,0MIM:203780,0rpha
net:63,0rphanet:88919 IMONDO:MONDO:00
18965,MedGen:C1567741,0MIM:PS301050,0r
phanet:63 | MedGen:C3661900
2 A | HOM |muccenc |COL4|c.1444|p.Pro48|rs22298| Benign |MedGen:CN1693741MedGen:C3661900 MO
A4 | CT | 2Ser 14 NDO:MONDO:0008762,MedGen:C4746745,0
MIM:203780,0Orphanet:63,0Orphanet:88919 |IM
ONDO:MONDO:0018965,MedGen:C1567741,
OMIM:PS301050,0rphanet:63
2 A HET |mmccenc |COL4| c.289 |p.Arg97| rs20209 | Conflicting .IMedGen:C3661900
A4 | CT | Cys 6172 |_classificati
ons_of_pat
hogenicity
2 C HET |mmccenc|COL4|c.422T|p.Leul4|rs10178| Benign |MedGen:CN169374 MONDO:MONDO:0007
A3 >C 1Pro 458 086,MedGen:C5882663,0MIM:104200,0Orpha
net:63,0rphanet:88918  MONDO:MONDO:00
08762,MedGen:C4746745,0OMIM:203780,0rp
hanet:63,0rphanet:88919 | MedGen:C3661900
IMONDO:MONDO:0018965,MedGen:C1567
741,0MIM:PS301050,0rphanet:63
2 G HET |mmccenc|COL4| c.485 |p.Glul6|rs64366| Benign |MONDO:MONDO:0007086,MedGen:C58826
A3 | A>G | 2Gly 69 63,0MIM:104200,0rphanet:63,0rphanet:8891
8 IMONDO:MONDO:0018965,MedGen:C156
7741,0MIM:PS301050,0rphanet:63 | MedGen:
C3661900 | MedGen:CN169374  IMONDO:MO
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NDO:0008762,MedGen:C4746745,0MIM:203
780,0rphanet:63,0Orphanet:88919

HET

MICCEHC

COL4
A3

c.1721
CT

p-Pro57

rs28381

4Leu 984

Benign

MedGen:CN169374 I MONDO:MONDO:0008
762,MedGen:C4746745,0MIM:203780,0Orpha
net:63,0rphanet:88919 IMONDO:MONDO:00
18965,MedGen:C1567741,0OMIM:PS301050,0r
phanet:63 1 MedGen:C3661900

Tabauna 8 - Myraum B renax COL4A5, COL4A4, COL4A3 n COL4A6, oOHapy>KeHHble y namieHTa 4

XPpOM [TeHOT |3UUTOT TUII Haspan | HGVS.| HGVS.|dbSN| CLINVAR CLINVAR_CLNDN
OCOM| MII |HOCT | MyTali}i |Me TeHa| ¢ p P156_| _CLNSIG
a b ID
2 G | HET | muccenc |COL4A |c.4207T| p.Serl4|rs3752| Benign | not_specified Inot_provided | Alport_syndro
4 >C 03Pro | 895 me| Autosomal_recessive_Alport_syndrome
2 T | HET | mmccenc |COL4A |c.3979G|p.Vall3|rs2229| Benign/Lik | Autosomal_recessive_Alport_syndrome | X-
4 >A | 27Met | 813 |ely_benign |linked_Alport_syndrome | Alport_syndrome|
not_specified Inot_provided
2 C | HET | muccenc |COL4A |c.422T>|p.Leul4|rs1017| Benign |not_specified | Autosomal_dominant_Alport_
3 C 1Pro | 8458 syndrome | Autosomal_recessive_Alport_syn
drome Inot_provided | Alport_syndrome
2 G | HET | muccenc |COL4A |c.485A>|p.Glul6|rs6436| Benign | Autosomal_dominant_Alport_syndromel Al
3 G 2Gly | 669 port_syndrome I not_provided | not_specified
| Autosomal_recessive_Alport_syndrome
2 T | HET | mmccenc |COL4A |c.1721C|p.Pro57|rs2838| Benign |not_specified | Autosomal_recessive_Alport_s
3 >T 4Leu | 1984 yndrome| Alport_syndrome | not_provided
X G | HET | muccenc |COL4A |c.1360T | p.Ser45 rs1042| Benign Hearing_loss,_X-
6 >C 4Pro | 065 linked_6 Inot_provided | not_specified
X |CCTT| HET | BcraBka B |COL4A | c.1971_ | p.Glub5|rs1466| Benign Hearing_loss,_X-linked_6
KOHcepBaT| 6 1972ins |7_Val65| 80910
VIBHYIO AAG |8insLys
paMKy
CUYNTBIBAH
nst

Taxum obOpasom, m3 Tabaui 5-8 BMAHO, YTO B

OCHOBHOM BBISIBA€HHBI MYyTallliV, XapaKTepU3yIOmecs:

Kak goOpokadecTseHHEIe (Benign)
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4. 3akaoueHue

Kannmnueckue CUMIITOMBI YeThIpex
00cAeA0BaHHEIX IIaLMIEHTOB C CHHAPOMOM AAbIIOpTa

npejcrasAeHbl B Tabauile 2. Ilamment 1 u manmeHt 2

SIBASAUCH poaHbiMu  cubcamu. CpeaHmii  BO3pacT
obcaeayeMbIx — marnueHToB  cocraBma 10,25  zer.
Pacnipeaeaenne BO3pacTa TTOSIBACHIIS IIepPBBIX

cumnromos CA Bapwsuposaa or 1,5 a0 7 aet, 4ro
COOTBETCTBYEeT W3BECTHBIM AUTEPATYPHBIM JAaHHBIM O
0ozee TsKeAOV KAMHMYECKON KapTWHE y Ma/AbuMKOB
(marment 2) npu X-cuenaenHon ¢popme CA. YV pogHoit
cecTpsl 3a001esanne CA mIposIBIAOCE B 6 Z€T.

Bce marueHThI 1MeAM OTATOLIEHHBIN CeMeIHbIN
aHamHes. [TarmenTst 1,2 1 3 MMean pogHOTO ASAIO TIO
MaTepMHCKON AMHMM C aHAaAOTMYHBIM 3aboJeBaHIUeM,
YTO CBUAETEALCTBYeT O BO3MOXKHOM X-CIIeIl1eHHOM
HacaeaoBaHum. Y mnanmedTku 4 — mama umeet XITH u B
TeyeHle MHOIUX JAeT HaXOAUTCs Ha IIOCTOSHHOM
reMoagmMaAmse,  4TO  IIpeAriolaraeT  ayTOCOMHO-
AomuHaHTHYIO popmy CA.

Y Bcex mHamueHTOB IEepPBBIMM CHMIITOMaMU
3a0oaeBaHus sABUAUCL MMKporemarypusa — 10-20 B
II/3peHns, KoTopas OBICTpO IIporpeccupoBaja A0
MakporeMatypunu — 40-50 B 11/3peH11, B AByX cAydasx —
nauyeHT 2 u 3. BropsIM OCHOBHBIM AMarHOCTUYECKIIM
CUMIITOMOM SBMAacCh IIPOTeMHYPHsl, cogep>KaHMe OeaKa
B Moue Bappuposao ot 0,30 r/a y manmenTa 4, 40 2,3 r/a
y mhanueHTa 2 ¢ KAMHMYecKM ©Ooaee Tskeaom X-
cuerniaensol gpopmoit CA.

IToMMMO OCHOBHBIX CUMIITOMOB — IreMaTypui 1
MpOTeNHYpUM IpOBeJeH aHaAU3 HaAMIMs BO3MOXKHBIX
conryrcrsyromumx nposisaenuit  CA.  Heitpocencopnast
TYTOYXOCTb 11 HapyLIeHMs OpPTaHOB 3peHUs], ITOMIMO
HeceIMPUYHOIO CHMMIITOMa aHTMOIIaTUM CeTYATKM Y
nanyeHTa 2, He 65110 OOHapPy>KeHO y Bcex 4 IaleHToB.
DTO CBA3aHO C TeM, YTO COTAacHO MeXXAYHapOAHBIM
PYKOBOACTBaM IIO AuarHoctuke u AedeHnio CA,
HapyIIeH!s cAyXa M 3peHMsl BO3HMKAIOT B 0oaee
I1034HeM ITOAPOCTKOBOM MAM B3POCAOM Bo3pacTte. /ByMm

CTapIIMM MHalMeHTaM MCIOAHMAOCh 13  aer, d4TO

IpeJriolaraeT  pa3BUTMe  DTUX  CUMIITOMOB B
AaAbHenIIen >KM3HU.

XapakrepHble  U3MEHEHUs  IIO4eK  OblLAu
BBIABAEHBI Y ABYX (50%) manmentos 1 -ynaorHeHue
CTEHOK YaIlledHO-A0XaHOYHOM CHCTeMBI ITOYeK C obemx
CTOpOH. Y manueHTra 3 - ABYCTOPOHHMUII HepPOITO3,
VIIAOTHEHNE CTEHOK YaIlleYHO-A0XaHOUYHOV CHCTEMBI
IIOYEeK U KaAMKODKTa3Vsl C 00eX CTOPOH.

OzHUM 13 BaKHENIINX KPUTEPUEB ITOCTaHOBKI
anarHoza CA sBAseTcsa MHBa3MBHBIA MeTO/ — Omorcus
TKaHM IIO4YeK, KoTopas Oblaa mposegeHa 3 (75%)
naruenTaM 1,2 n 4. Kaptnna 6s11a xapaxrepHoit 4451 CA
U II03BOAsAa IIOCTaBUTh DTOT AMArHO3 Ha OCHOBAHMU
TUMCTOAOTMYECKMX HapyIleHMir. Y POAHBIX cuOCOB -
ranyeHToB 1 1 2 6514 onycad ¢pOKaAbHBIN I100aAbHBIN 1
cerMeHTapHBII r10MepyA0CKAepO3.
Murepcrunuaasusii Gubpos u atpodust KaHaablleB 1 CT.
DAexTpoHHass ~ MMKPOCKOINS — BRIABMAA  KapTUHY
BPO>KAEeHHOI/HacAe ACTBEHHO! 11aTOA0TuN KoAAareHa IV
Tuna. Y mainmeHTa 4 npu OMOIICHMM TKaHU ITOYeK
oOHapy>KeHbI MOp¢oA0rIdecKe NpU3HaKU MeMOpaHo-
npoandgepaTuBHOIO rA0MepyAoHedpUTa C YMEPEHHBIM
pubposzom u ammdonmrapHOil MHPUABTpaALUEN B
MEXXYTOYHON TKaHM (PpokaabHBII ckaepos — 85,2%,
rMaAnHO3 U cKAepos — 14,8%). IToayuennsle pe3yabTaThl
MOATBEP>KAAIOT BLICOKYIO AM1arHOCTUYECKYIO 3HAaYMIMOCTD
TMCTOAOTMYECKUX MCCAeAOBaHMII TKaHM IIOYeK AAs
paHHeil1 11ocTaHoBKU AnarHoza CA.

Kax mnpeacrasaeHo B Tabamie 2, obmmit u
OMoXMMMYeCKNI aHaAu3 KpOBM Yy BCeX IIalleHTOB He
IIOKa3aa crenu@UYHBIX OTKAOHEHMII. B To BpeMm:, Kak
oOIIMIT aHAAM3 MOYM IPOAEMOHCTPMPOBaA MOBLIIIEHe
OeaKa UM DPUTPOIIUTOB, B CYTOYHOIN MOYe CoJep>KaHue
b6eaka koaebasocy or 023 4o 231 r/cytkm, uTO
MOATBEP>KAAAO  IATOAOTMYECKN BBICOKMII  ypOBEeHD
nporeunypunu rpu CA.

Ckopocts  kayGoukosoit ¢uabrpanum (CKO)
onpegeasiach o popmyae Ilsapiia

pCK® = kxH/CCr, rae k = 0,0414 x Bospacr

(xoamgectso aer) + 0,3018; H - pocr (cm); CCr -
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KOHIIEHTpaIysl KpeaTHHIHA B CBIBOPOTKe KPOBU (MI/A).

HopmaabHasi CcKOpOCTh KAyOOUKOBOM — (puAabTpaIuu
(CK®) aas OGoapmmHCTBa B3pocaplx — 0Oozee 90
Anarmazon 60-89 ma/munu/1,73 m?2

CUMTaeTCsa AeTKM CHUIDKeHIeEM CI)yHKL[I/II/I I104eK, a Oozee

ma/Mun/1,73 M2

HU3KIE mokKa3aTeAn CBUAETEAbCTBYIOT o
IIPOrpeccUpyIOIIeM HapyIIeHN! paOOTHI ITOYeK. Y AeTell
B Bo3pacTe oT 1 40 14 aer HopMmaabHOe 3HaueHue CKO
CK® 110

[TBap1ry OpL1a M3MepeHa y marnueHTos 1,2 1 4, ipu 5TOM,

cocrasasger or 70 ao 140 ma/munu/1,73 m2.

cHIDKeHNe (pUABTpalVOHHON (PYHKUMM IIO4eK A0 47
Ma/mMnu/1,73 M2 OTMedeHO y mamueHTa 2 ¢ Hauboaee
TsOKeAo  KauHmdeckom KaptmHoit CA M3 Bcex
00caea0BaHHBIX. Y BTOTO >Xe manmenTa 2 nmeercst XITH 1
CTeIIeHMN.

B pesyabrate aHaAmM3a 4aHHBIX TTOAHOSK30MHOTO
CEKBEHUPOBAHII Y MaI[eHToB 1-4 He ObL10 OOHApPY>KEHO
MIaTOTeHHBIX U BEPOSITHO IIaTOTEHHBIX MyTalluil B
9K30HHBIX 00aacTsax renoB COL4A5, COL4A4, COL4A3 u
COL4A6,

AanHbiHHBIX ClinVar 1 ACMG.

KOoTOpble  Kaaccupuumpyiorcst — Oazamu

Ognako y manueHtos 1 m 2 Oblaa BbIIBA€Ha

MyTalus B 23 VMHTpOHe reHa COL4A5

(chrX:108597375A>G), mnpmuBoAAIIas K HapyLIEHNIO
5. BeiBOABI

ITposeaennsIit aHaAu3 MeAUIITHCKO

AOKYMEHTaLVM, CEMEMHOIO aHaMHe3a, OLIEHKM TsI>KeCTH

3a0oaepaHuss UM AMArHOCTUYECKON  3HAYMMOCTU
KAMHUYECKMX CUMIITOMOB II0Ka3al, YTO TIeHeTudecKas
AVArHOCTMKa MMeeT IIepBOCTelleHHOe 3HaueHue A/s
IIOATBEPKAEHUS AMarHo3a U IPOTrHO3a KAMHIYECKOTO
TeyeHus:  cuHApoma  Aapnopra.  Viccaegosanue
II0A4ePKUBaeT 3HAUMMOCTDL FeHeTUYeCKUX CCAe0BaHMIA
CUHApOMa AABIIOPTa, U BaXKHOCTb U3YyYeHMe MHTPOHHBIX
obaacren renos COL4A3, COL4A4, COL4ADb.
Kondaukr unrepecos. Kondpaukr nurepecos

OTCYTCTBYE€T.

KaHOHMJeCKOro —caiita 1588-2A>G,
NM_033380.2). B 6aze ganupix LOVD xapaxrepusyercs

kak marorenHas myTamms [33] u Gaze CLINVAR kak

criaavicuira  (c.

HIpUBOASAIIAsA K aHOMAaAbHON CTpyKType Oeaka [34],
O0JHAKO He HallAeHO MyOAMKaIlMii B pelleH3MpPyeMBIX
U3AQHUSIX, coJep Kalux JpyHKIIMOHAABHOTO
uccael0BaHUsA MMeHHO JdaHHoro BapmuanTa B COL4AS.
BrrsiBAeHHAS MyTaIMs1 yIIOMIMHAETCSI ANIIT B COOOIIIEHN,
«Asian Journal of

OHy6/lI/I KOBaHHOM B C60pHI/IKe

Pediatric Nephrology» B 2023 rogy, o04HaKO AaHHBII
Marepual He COAEP KUT ITOAHBIX DKCIIEPUMEHTaAbHBIX
AAHHBIX, B CBS3M C YeM He MOXXET paccCMaTpUBaThC KaK
AocTosepHbIN ncTouHNK [35]. Taxcke B crathe Horinouchi
et al ommcaHa cxoxas MyTanus c.1588-1G>A B
MHTpOHe 23. JaHHas MyTaIus IpUBOAKAa K YCTpaHEHUIO
caliTa akIleriTopa CIiAaiiCMHIa MHTPOHa 23 1 aKTUBalUN
HOBOTO caliTa CIlAaliCMHIa Ha OAVH HyKA€OTIA HIKe T10
TedueHnio [36]. Ha  ocHOBaHUUM  COBOKYIIHOCTHU
MMeIoIuXcsl cBedeHMit MyTtanuio c.1588-2A>G  reHa
COL4A5 caeayer paccMaTpuBaTh KaK ITaTOT€HHYIO,
BEpOSITHO MPUBOAAIIEN K X-CIIeII1eHHOMY CUHAPOMY
Aapriopra, HO

TpeOyIomieli  AONOAHMTEAbHBIX

(pyHKITMOHAABHEIX MICCAEAOBaHUIA.

q)I/IHaHCI/IpOBaHI/Ie. MCCAG,ZLOBaHI/Ie BBIIIOAHEHO

npu ¢uHaHCOBONM I0dAepKke Kommrera Hayku

MI/IHI/ICTepCTBa HayKn nu BBICIIIETO o6pa30}3aH1/1;1

VPH

«PazpaboTKa KAETOYHBIX, TEHOMHBIX U

Pecniy6auxn Kasaxcran B
BR24992881

IIPOTEOMHBIX TEeXHOAOTUI A4 AMMaTHOCTUKIM COLMaAbHO-
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Tyiingeme

Kipicrie. Aasmopt cungpomsr COL4A3, COL4A4, COL4AS5 rengepingeri myTtaumsidapAaH TybIHAAFaH CUPEK
Ke3JeCeTiH KoIl XXyliedi aypy. AABIIOPT CUHAPOMEI 3epTTeyAiH ©3eKTiAiri OHBIH TYKBIM KyaJailThiH OyiipeK aypyAapshl
apachIHAArbl KOFaphl OKMiZiriHe, epexille IreHETMKAABK >KoHe (PEHOTUITIK TIeTeporeHJidiriHe, AMarHOCTMKaHBIH
KAVHMKaABIK K9He TeHeTUKAaABIK dAiCTepiH TyCiHAIpYAIH Kyp4eaiairiHe, crieripuUKaAbIK MyTalls1AapAbIH KIiAiri MeH
CIIEKTPiHAe MaHBI3ABI IOy ASLVABIK alfbIpMaIIbLABIKTapAbIH O0AybIHA OailAaHBICTEL

3epTTey MaKcaTbl TOABIK 9K30MaAbIK PeTTiAiK AMarHOCTMKAABIK MaHbI3ABIABIFBIH, aHBIKTaAFaH TeHeTUKaAbIK
HyCKaJap CIeKTpiHiH cuITaTTaMachiH OaraJay >KoHe MO/eKy/aAblK-TeHeTHKaAbIK AVaTHOCTMKaHBIH THUiMAiJiriHe acep
eTeTiH (paKTOpAapAbl aHBIKTAY YILiH aABIIOPT CUHAPOMBIHA KAVHMKAABIK >KoHe 3epTXaHaAbIK KYAIKTi IarmeHTTepAeri
TO/BIK, DK30MaAbIK, PeTTiAiK gepekTepiH TaaAay 60AbII TabbLAaAbL

Ogicrepi. Aapnopt cumHApoMEl Oap HayKacTapAblH KaH yaridepiHeH reHomAnlk JHK-HBI okmayaay.
Yarizepain TOABIK 9K30MABIK peTTidiri, COHJali-aK CeKBEHMPAEY JepeKrepiH OmomHQpopMaTuKaAbK, >KoHe
CTaTUCTUKAABIK, ©HACY KYPTi3iaai.

Hatiwkeaep. COL4AbD reHiHiH MHTPOHABIK aiiMarbiHAa OYPBIH CUIIaTTaAMaFaH MyTalls aHBIKTaAAbl, c.1588-
2A>G, MyMKiH AZBIIOPT CUHAPOMBIMEH Oali1aHbICTEL

KopoiTbiHABIAAp. 3epTrey AABNOPT CUHAPOMBIHBIH ITONYASLIUAABIK-TEHETUKAABIK —3epTTeyAepiHiH
MaHBI3ABIABIFBIH kepceTeai sxoHe COL4A3, COL4A4, COL4A5 reHaepiHiH MHTPOHABIK, aliMaKTaphIH 3epTTey acipece
MaHBI3ABI.

Tyiin ce3aep: AApnopT cuHApOMSBL, AapnopT X-0aliAaHBICTBI CHMHAPOMSBI, TOABIK 9K30MaAblK PeTTiiK,

TeHOTHII T1eH (eHOTUINTIH KOppPeAsIUsCH, CIIAalICHHITIH OY3bIAYEHL.
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Abstract

Introduction. Alport syndrome is a rare multisystem disorder caused by mutations in the COL4A3, COL4A4,
and COL4AS5 genes. The relevance of studying Alport syndrome is due to its high frequency among inherited kidney
diseases, its extreme genetic and phenotypic heterogeneity, the difficulty interpreting clinical and genetic diagnostic
methods, and the presence of significant population differences in the frequency and spectrum of specific mutations.

The aim of this study is to analyze whole-exome sequencing data in patients with clinical and laboratory
suspicion of Alport syndrome to assess the diagnostic value of WES, characterize the spectrum of detected genetic

variants, and identify factors influencing the effectiveness of molecular genetic diagnostics.
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Methods. Genomic DNA was isolated from blood samples of patients with suspected Alport syndrome. Whole-
exome sequencing of the samples was performed, along with bioinformatic and statistical processing of the sequencing
data.

Results. A previously undescribed mutation in the intronic region of the COL4A5 gene, c.1588-2A>G, was
identified, likely associated with Alport syndrome.

Conclusions. This study highlights the importance of population genetic studies of Alport syndrome,
particularly the study of the intronic regions of the COL4A3, COL4A4, and COL4A5 genes.

Keywords: Alport syndrome, X-linked Alport syndrome, whole-exome sequencing, genotype-phenotype

correlation, splicing disorders.
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@ @ Abstract

Introduction. Hemophilia is a chronic inherited disorder that substantially affects
patients” physical, emotional, and social functioning. In the context of modern
therapeutic approaches, health-related quality of life is regarded as an important
patient-centered outcome. Objective assessment of these parameters requires
validated disease-specific instruments adapted to the linguistic and cultural
characteristics of the target population.

Objective. To perform the linguistic adaptation and psychometric validation of the
Russian-language version of the A36Hemofilia-QoL questionnaire for use in adult
patients with hemophilia in the Republic of Kazakhstan.

Methods. A methodological study was conducted using a standardized forward-
backward translation procedure, expert review, and pilot testing. The study included
30 adult patients with mild, moderate, or severe hemophilia A or B. Internal
consistency was assessed using Cronbach’s alpha for the total scale and individual
domains. Construct validity was evaluated by exploratory factor analysis with
oblique rotation. Statistical analysis was performed using IBM SPSS Statistics version
28.0.

Results. The Russian-language version of the questionnaire demonstrated
conceptual equivalence to the original instrument and good acceptability among

patients. High or acceptable levels of internal consistency were observed for several

Astana Medical Journal, 2025, 6, 125
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subscales, while lower Cronbach’s alpha values were identified in certain domains,
which may be attributable to the clinical heterogeneity of the sample and the pilot
nature of the study. Exploratory factor analysis generally confirmed a satisfactory
factor structure reflecting the physical, functional, emotional, and social dimensions
of quality of life in patients with hemophilia.

Conclusion. The Russian-language version of the A36Hemophilia Quality of Life
questionnaire appears to be a promising disease-specific instrument for assessing
quality of life in adult patients with hemophilia in the Republic of Kazakhstan.
Further studies with larger sample sizes are required to fully confirm its

psychometric properties.

Keywords: hemophilia, quality of life, questionnaire, validation, A36Hemophilia-

Qol.

1. Introduction

Hemophilia is a hereditary disorder of the
hemostatic system characterized by a deficiency of
coagulation factors VIII or IX and accompanied by a
tendency to spontaneous or post-traumatic bleeding [1].
Despite significant progress in treatment due to the
introduction of prophylactic replacement therapy,
recombinant factors and non-factor drugs, hemophilia
remains a chronic disease requiring lifelong medical
supervision and having a significant impact on the
physical, emotional and social well-being of the patient
[2,3]. In older patients, especially those with a long
history of the disease, chronic arthropathies, pain
syndrome, limited mobility and difficulties in social
adaptation often develop, which makes the assessment of
quality of life a key component of comprehensive
management [4].

One of the key clinical outcome measures in the
management of hemophilia today is the assessment of
quality of life, which allows an objective evaluation of the
impact of the disease and the effectiveness of ongoing
therapy [5]. Among standardized disease-specific

instruments for patients with hemophilia, the
A36Hemofilia-QoL questionnaire is widely used and was
developed to assess the physical, psychological, and
social aspects of life in individuals with hemophilia [6].
In international practice, both general (SF-36, EQ-

5D) and specialized questionnaires, in particular Haem-

A-QoL, are used to assess the quality of life of patients
with hemophilia [7-9]. Universal instruments allow for
internosological ~comparisons, but have limited
sensitivity to the clinical features of hemophilia. The
specialized questionnaire A36Hemofilia-QoL has a more
comprehensive structure, as in addition to emotional and
social aspects it provides a detailed assessment of
physical functioning, joint involvement, pain, as well as
treatment satisfaction and treatment-related difficulties.
This ensures a more accurate reflection of the impact of
the disease and therapy on the daily lives of patients with
hemophilia and enhances the clinical relevance of the
instrument. However, for the appropriate use of any
questionnaire in a specific country, a process of cultural
adaptation and psychometric validation is required,
taking into account the linguistic, cultural, and clinical
characteristics of the target population.

At present, there are no validated instruments in
Kazakhstan that allow for a comprehensive assessment of
the quality of life of adult patients with hemophilia in the
Russian language while taking into account the specific
characteristics of disease course in this population. This
limits opportunities for conducting clinical and
epidemiological studies, analyzing the effectiveness of
different therapeutic strategies, and developing
recommendations to improve the organization of

medical care. The adaptation and validation of the
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A36Hemofilia-QoL questionnaire will make it possible to
standardize the assessment of quality of life, improve the
quality of patient management, and expand the scientific

research potential in the field of hemophilia.

2. Materials and methods

This methodological study was aimed at the
translation, cultural adaptation, and validation of the
A36Hemofilia-QoL
designed to assess the quality of life of adult patients with

disease-specific questionnaire
hemophilia.

The A36Hemofilia-QoL questionnaire is a disease-
specific instrument for assessing the quality of life of
adult patients with hemophilia and consists of 36 items
grouped into nine thematic domains (subscales) that
reflect the key clinical, functional, and psychosocial
aspects of the disease.

The structure of the questionnaire includes the
following subscales: physical health (8 items), daily
activities (4 items), joint damage (3 items), pain (2 items),
treatment satisfaction (2 items), treatment-related
difficulties (4 items), emotional functioning (5 items),
mental health (3 items), and interpersonal relationships
and social activity (5 items).

Translation and adaptation were conducted to
enable the use of this instrument within the healthcare
system of the Republic of Kazakhstan. The translation
process followed established methodological criteria and
included forward translation, reconciliation, back-
translation, expert committee review, and pilot testing
[10].

At the first stage, the original English version of the
questionnaire was independently translated into Russian
by two professional bilingual translators. Both translators
were native Russian speakers, fluent in English, and had
experience in translating medical and scientific texts.

Before commencing the work, the translators were
provided with background materials, including the
consent form, a description of the study objectives,
characteristics of the target population, the intended

mode of questionnaire administration, as well as

The aim of the present study was to perform the
linguistic adaptation and psychometric validation of the
Russian-language version of the A36Hemofilia-QoL
questionnaire for use in adult patients with hemophilia
in the Republic of Kazakhstan.

clarifications of key terms and concepts used in the
questionnaire items.

At the second stage, a meeting involving the
translators and members of the research team was held,
during which the forward translation versions were
compared and reconciled. The primary focus was on
achieving conceptual equivalence of the wording rather
than literal correspondence. As a result of the discussion,
a reconciled forward translation version was produced.

The reconciled Russian version was then back-
translated into English by two independent translators
who had not participated in the previous stages and had
no access to the original questionnaire. The purpose of
the back-translation was to identify potential semantic
and conceptual discrepancies.

The research team conducted a comparative
analysis of the original English version and the results of
the back-translation. Any discrepancies identified were
discussed jointly with the translators, after which the
necessary revisions were made to the text. As a result, a
preliminary  Russian-language  version of the
A36Hemofilia-QoL questionnaire was developed.

The preliminary version of the questionnaire was
pilot-tested in medical institutions providing care to
patients with hemophilia. A sample of 30 adult patients
was formed for the pilot testing. Inclusion criteria were
age 18 years or older, a confirmed diagnosis of
hemophilia A or B of mild, moderate, or severe severity,
and written informed consent to participate in the study.
No restrictions on treatment regimens were applied.
Exclusion criteria included the presence of severe
concomitant somatic or  psychiatric  disorders
significantly affecting quality of life; acute bleeding

episodes or hospitalization at the time of assessment; and
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cognitive impairments preventing accurate completion of
the questionnaires.

Each participant was assigned a unique code
known only to the researcher, ensuring data
confidentiality. The questionnaire was accompanied by a
cover letter explaining the objectives of the study, the
voluntary nature of participation, and guarantees of
anonymity. Completed questionnaires were collected
over a three-week period.

Statistical data analysis was performed using IBM
SPSS Statistics software, version 28.0 (IBM Corp., USA).
Quantitative variables are presented as mean values and
standard deviations.

The reliability of the Russian-language version of
the A36Hemofilia-QoL questionnaire was assessed by

analyzing internal consistency using Cronbach’s o

coefficient for the total scale and individual subscales [11].

Values of a > 0.70 were considered indicative of

3. Results and discussion

Across all stages of the linguistic adaptation
process, no significant semantic discrepancies were
identified between the original and the Russian-language
versions of the questionnaire. The expert committee
noted good conceptual equivalence of the wording and
its consistency with the clinical realities of patients with
hemophilia.

According to the results of the pilot testing, the
majority of respondents reported that the questionnaire
items were clear and easy to understand. No significant
difficulties were identified during completion of the
questionnaire. The mean completion time was 12.5
minutes, indicating that the instrument is feasible and
acceptable for both clinical and research use.

A total of 30 respondents participated in the pilot
testing. The mean age of the participants was 37.57 + 9.08
years, ranging from 22 to 57 years. All respondents were
male. Half of the participants (n = 15) had completed
(bachelor’s

vocational education (college or technical school) was

higher education degree). Secondary

reported by 10 patients (33.3%), incomplete higher

acceptable internal consistency, with the interpretation of
results taking into account the number of items in each
subscale and the pilot nature of the study.

Construct validity of the questionnaire was
assessed using factor analysis. Prior to factor analysis,
data suitability was evaluated using the Kaiser-Meyer—
Olkin (KMO) measure and Bartlett’s test of sphericity.
The principal component method was used for factor
extraction, and factor rotation was performed using
oblique Oblimin rotation with Kaiser normalization,
given the expected correlations among quality-of-life
domains.

To assess relationships between questionnaire
domains, correlation analysis was performed using
Spearman’s correlation coefficient, due to the ordinal
nature of the response scale and the potential deviation
of the variables from a normal distribution. The level of

statistical significance was set at p <0.05.

education by 3 participants (10.0%), and general
secondary education (11 years of schooling) by 2 patients
(6.7%).

The assessment of internal consistency of the
Russian-language version of the A36Hemofilia-QoL
questionnaire revealed heterogeneous reliability indices
across individual subscales (Table 1). High Cronbach’s a
coefficients were obtained for the domains “Daily
Activities” (a = 0.90), “Interpersonal Relationships and
Social Activity” (a = 0.93), and “Emotional Functioning”
(a0 = 0.85), indicating high internal consistency of the
items within these subscales.

The “Treatment Satisfaction” subscale
demonstrated an acceptable level of internal consistency
(o =0.74). Moderate Cronbach’s a values were observed
for the “Mental Health” domain (o = 0.64), which may be
attributable to the small number of items and the
variability of psychological characteristics among
patients with a chronic disease.

Low Cronbach’s a coefficients were identified for

the “Physical Health” (a = 0.48) and “Treatment-Related
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Difficulties” (a=0.42) subscales, which may reflect clinical low variability of responses and homogeneity of clinical
heterogeneity of disease manifestations and differences characteristics in the examined sample rather than
in individual treatment experiences within the study deficiencies in the translation or the structure of the
sample. For the “Joint Damage” subscale, a negative questionnaire.

Cronbach’s a value was obtained, indicating extremely

Table 1 - Factor loadings of items of the Russian-language version of the A36Hemofilia-QoL questionnaire

Questionnai Number | Cronbac
F1 F2 F3 F4 F5 Fé F7 F8
re item of items h'sa

Physical Health (PH) 8 0,48
PH_Q1 -0,78
PH_Q2 0,47 0,42
PH_Q3 0,83
PH_Q4 -0,32
PH_Q5
PH_Q6 0,84
PH_Q7 0,56
PH_B8 0,91
Daily Activities (DA) 4 0,90
DA_Q1 -0,46

DA_Q2 0,40 -0,61

DA_Q3 0,63 0,44
DA_Q4 0,74

Joint Damage (JD) 3 -1,22
JD_Q1 -0,88
JD_Q2 0,88
JD_Q3 0,46
ain (P) 2 -
P_Q1 -0,80
P_Q2 0,57 -0,35

=3

Treatment Satisfaction (TS) 2 0,74
TS_Q1 -0,71
TS_Q2 0,42
Treatment-Related Difficulties (TRD) 4 0,42
TRD_Q1 0,78
TRD_Q2 0,82
TRD_Q3 0,94
TRD_Q4 0,61

Emotional Functioning (EF) 5 0,85
EF_Q1 0,94
EF_Q2 0,53
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EF_Q3 0,45
EF_Q4 0,45
EF_Q5 0,70
Mental Health (MH 3 0,64
MH_Q1 0,92
MH_Q2 0,92
MH_Q3 0,80
Interpersonal Relationships and Social Activity (IRSA) 5 0,93
IRSA_Q1 0,92
IRSA_Q2 0,62
IRSA_Q3 0,72
IRSA_Q4 0,83
IRSA_Q5 0,84

Prior to conducting exploratory factor analysis,
data suitability was confirmed by measures of sampling
Kaiser-Meyer—-Olkin (KMO) value

indicated acceptable factorability of the data matrix, and

adequacy. The

Bartlett’s test of sphericity was statistically significant (p
<0.05), supporting the appropriateness of applying factor
analysis.

Exploratory factor analysis performed using the
principal component method with oblique Oblimin
rotation and Kaiser normalization identified eight factors
with eigenvalues greater than 1. The cumulative
proportion of explained variance was 81.45%, which
represents a high value for quality-of-life questionnaires.
Analysis of the scree plot further supported the
appropriateness of an eight-factor structure.

The extracted communalities ranged from 0.63 to
0.95, indicating adequate representation of all items
within the factor model and no need for item exclusion.
Most items demonstrated factor loadings > 0.40 on their
respective factors and formed logically interpretable
components reflecting the physical, functional, emotional,
and social aspects of quality of life in patients with
hemophilia.

Some items exhibited cross-loadings across factors,
which is expected for clinical questionnaires assessing
interrelated aspects of a chronic disease. Given their
clinical relevance and satisfactory communality values,

all items were retained in the questionnaire structure.

Correlation analysis of the factors revealed
moderate associations between several components (Ir|
< 0.41), supporting the appropriateness of using oblique
rotation and reflecting the multidimensional nature of
quality of life in patients with hemophilia.

Discussion. In the present study, linguistic
adaptation and preliminary psychometric validation of
the Russian-language version of the A36Hemofilia-QoL
questionnaire were performed to assess the quality of life
of adult patients with hemophilia in the Republic of
Kazakhstan. The obtained results indicate conceptual
equivalence between the translated and original versions
and support the acceptability of the instrument for use in
both clinical and research settings.

The translation and cultural adaptation procedure
was conducted in accordance with internationally
recognized guidelines, including forward and back
translation, expert review, and pilot testing. The absence
of significant semantic discrepancies and the positive
evaluation of item clarity by patients indicate the
adequacy of the Russian-language version and its
consistency with the clinical realities of the target
population.

The analysis of internal consistency revealed
heterogeneous reliability indices across individual
questionnaire subscales. High Cronbach’s a values
obtained for the “Daily

Functioning,” and “Interpersonal Relationships and

Activities,” “Emotional
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Social Activity” domains are comparable to those
reported for the original version of the questionnaire and
its international adaptations, and they confirm the
stability of measurement of functional and psychosocial
aspects of quality of life in patients with hemophilia. The
acceptable reliability level of the “Treatment Satisfaction”
subscale indicates its suitability for assessing patients’
subjective perceptions of therapy.

At the same time, the lower Cronbach’s « values
observed for the “Physical Health” and “Treatment-
Related Difficulties”

heterogeneity of disease manifestations, differences in

domains may reflect clinical

hemophilia severity, treatment regimens, and individual
patient experiences. Similar findings have been reported
in previous psychometric studies of disease-specific
questionnaires in chronic conditions and do not
necessarily indicate shortcomings of the instrument,
particularly in the context of a limited sample size.
Exploratory factor analysis overall confirmed
satisfactory construct validity of the Russian-language

version of the questionnaire. The extracted eight-factor

4. Conclusion

This study performed the linguistic adaptation
and preliminary psychometric validation of the Russian-
A36Hemofilia-QoL
questionnaire for adult patients with hemophilia in the
Kazakhstan. The

demonstrated conceptual equivalence to the original

language  version of  the

Republic  of Russian  version
instrument and good acceptability among patients.
Reliability analysis and exploratory factor analysis
generally confirmed satisfactory psychometric properties
of the questionnaire, while indicating that certain
subscales require further verification. The findings

support the need for future studies with larger samples

structure accounted for a substantial proportion of the
total variance and was clinically interpretable, reflecting
the key physical, functional, emotional, and social aspects
of quality of life in patients with hemophilia. The
presence of cross-loadings for some items is expected in
clinical questionnaires assessing interrelated components
of a chronic disease and did not warrant item exclusion
at this stage of the study.

The limitations of the study include the absence of
an assessment of test-retest reliability of the
questionnaire. This analysis was not performed due to
the cross-sectional nature of the assessment and the
limited number of participants.

Overall, the study results indicate the promise of
the Russian-language version of the A36Hemofilia-QoL
questionnaire as a disease-specific instrument for
assessing the quality of life of adult patients with
hemophilia in the Republic of Kazakhstan and provide a
foundation for further research and the implementation
of standardized patient-reported outcome assessment in

clinical practice.

to provide definitive confirmation of the questionnaire’s
validity.
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2 Jouent-zeprreynri, PynaamenTaaAs MeannnHa kadpeapacsl, Oa-Papabu ateiHaars Kazak yATTHIK yHUBEpCUTETI,
Aamartsl, Kazakcran
3 bacmel, Aapiaik 3aTTapAbIH KAMHMKAABIK, CEIHAKTaphl 6eaimi, Kapanoaorus sxeHe ki aypyaap FRLABIMU-3epTTeY UHCTUTYTEL,

Aamartsl, Kazakcran

Tyiingeme

Kipicre. T'emopmanmsa-maiueHTTepaiy (PU3MKaABIK, 5SMOLIMOHAAABIK >KdHE 94eyMeTTiK >KYMBICBIHA
alfTapAbIKTal acep eTeTiH CO3BLAMAABI TYKBIM KyaJalTHH aypy 00AbII TabblaaAbl. Kasipri Tepanmst skaraarisiHia eMip
camacklH OaFazay MaHBI3ABI IIaI[MieHTKe OarbITTalFaH HOTIDKe peTiHAe KapacTelpbliaadbl. Ocbl KepceTKimrepai
0ObeKTUBTI 0Oafasay VIIH MaKcaTTHl IIONYASUUAHBIH TiA4iK >KoHe MoJeHU epeKlelikrepiHe OeliMaeareH
BaAUAanusAlaHFaH HO30A0TMAABIK-CIIen(PUKaABIK Kypaldap KaXeT.

3eprreyain Makcartbl. Kasakcran PecrybamkaceiHaa reMoUANMSIMEH aybIpaTHIH epeceK IIalllieHTTepae
KoaZdaHyra apHaaraH A36 Hemofilia Quality of Life cayaaHamachIHBIH OpbIC TidiHAeri HYCKAChIH AMHIBUCTMKAABIK
OeltiMJey >KoHe IICUXOMeTPUABIK BaalAanusaay Xyprisy.

Ogicrepi. Tikesell xoHe Kepi aydapMa, capalTamMaablK Oafajay >KoHe MMAOTTBHIK TecTiley paciMAepiH
HaijijalaHa OTBIPBII d4iCHaAMaABIK 3epTTey >Kypriziaai. 3eprreyre I'emopmanmsamen ayoipateiH 30 epecek IallMeHT
Kipeai. 3epTTeyre >KeHi, opTariia HeMece aysIp Aapeskeeri A Hemece B remoduansicsl 6ap 30 epecek maryeHT KaTbICTHI
Imxi xeaicy >KaAIlBI IIKala MeH >KeKeJereH goMeHJep yiuiH aabda KponOax xosdumuenTin naijasaHa OTHIPHIIT
OarasaHapl. KypBlABIMABIK >KapaMABIABIK Kea0ey aifHaAMaAbl 9KCIAOPaTOpABK, (PaKTOPABIK Taljay odiciMeH
TaadaHABL JepeKTepai craTuctukaaslk eHAey IBM SPSS Statistics 28.0 HyckachiHbIH OargapaaMaablK, KacaKTaMachIH
KOAAaHY apKbLABI JKy3eTe aChlpbLAABL.

Hotmxeci. CayaanamaHBIH OpBIC TidiHAeTi HyCKachl TYIIHYCKaFa TY>KBIPhIMAaMaAbIK DKBMBaAeHTTIiAiKTi JKoHe
MaIMeHTTep YIIiH XaKCchl KaObla4ayAbl KepceTTi. bipkaTap imki mKaaaaap yIIiH iIIki KeAiciMAiAiKTiH JKorapbl HeMece
KOAaliAbl KOPCEeTKIITepi aabIHABIL, ad >KeKkelereH JOMeHJep OOIBIHINA ipikTeMeHiH KAMHMKAABIK reTeporeHAiliriHe
JKoHe 3epTTeyAiH NMMAOTTHIK CUIIaThiHa OarizaHbIcThl 00AaTbiH Kponbax asbda xoddduiinenTiniy ToMeH MaHAepi
aHBIKTaAAbl. DKCIIAOPATOPABIK (PaKTOpABIK Talgay l'eModuamsiMeH aybIpaThlH HayKacTapAblH ©Mip caIlachIHBIH
PusukaabK, PyHKIMOHAAABIK, DMOLVOHAAABIK KOHE 91€yMEeTTiK acIleKTiZepiH KopceTeTiH cayalHaMaHBIH >KaAIIbl
KaHaraTTaHapAbIK (aKTOPABIK KYPBLABIMBIH pacTalbl.

Koporreiaaer.  A36hemofilia Quality of Life cayaamamaceiHbIH oOpbIc TiaiHgeri Hyckachl Kasakcran
PecnybamkaceiHza I'emopmansMen aybslpaThlH —epeceK IIallMeHTTepAiH ©Mip cCypy camachlH OaFadayAbIH
IIepCreKTUBaAbl MaMaHJaHABIPBIAFAaH Kypaasl ©Oo0AbIl TaOblaaabl. KypaagslH IICMXOMeTPMAABIK, KacueTTepiH
TYIKIiAiKTi pacTay yIIIiH KeHelTiATeH yArigeri KOChIMIIA 3epTTeyaep KaKer.

TyiiiH cesgep: remodunans, emMip camacel, cayaaHama, paangans, A36Hemofilia-QoL.
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2 ouent-uccaejosareas, Kagpeapa pynaamentaanHon Meaunynsl, Kazaxckuit HalTMOHAaABHBIN YHUBEPCUTET
nmennu aap-Papadu, Aamarsr, Kazaxcran
3 PykoBoautean, OTAeA KAMHIYECKIX MCILITaHUI AeKapCTBeHHBIX ITperapaTos, HayuHo-1ccaeaoBaTeabCkimit MHCTUTYT

KapAMOAOTUY U BHYTpeHHNUX Ooae3ners, Aamatel, Kazaxcran

Pesome

BBegenne. I'emoduans ABAs€TCI XpOHNMYECKUM HacJeACTBeHHBIM 3aboaeBaHyeM, CyIleCTBeHHO BAMIOIIM
Ha QpM3MIecKoe, DMOIMOHAABHOE U COlMaAbHOe PYHKIIMOHMPOBaHMe MalleHTOB. B yca0B1ax coBpeMeHHO Tepannmu
OIleHKa KauecTBa >KM3HM pacCMaTpMBAeTCs KaK BasKHBIN ITalleHT-OPMEeHTMPOBAHHBIM MCX0A4. Jas OOLeKTUBHOI
OIIeHK! JaHHBIX IIOKaszaTelell HeoOXOAMMBI BaAMAVPOBAHHBIE HO30A0TMYeCcKM-CelnpuIeckiie MHCTPYMEHTH,
aAalTHPOBaHHBIE K A3BIKOBBIM U KYABTYPHBIM OCOOEHHOCTSIM 1€ A€BOI ITOITY AL

Ieap wuccaegosanmsa. IlposejeHre AUMHIBUCTMYECKON aJaliTallMM M IICUXOMETPUYECKONM BaAMAaliuy
pycckosssraHOM Bepcum orpocHnka A36Hemofilia Quality of Life 445 mcrioapsoBaHus y B3pOCABIX IAIIMEHTOB C
remoduaneir B Pecriy6anke Kasaxcran

Metoani. IlpoBegeHO MeTog0A0TMYECKOe MCCAeJOBaHME C HCIIOAB30BaHMEM IIpOLeAyphl MPsIMOTO M
oOpaTHOTO IepeBoJa, HKCIIePTHON OLIeHK! U MMAOTHOTO TecTupoBaHMs. B mccaesosanme BkaroueHbl 30 B3pOCABIX
IaleHToB ¢ reModuaneii. B nccaesosanne 65141 BKatodeHs! 30 B3pOCABIX ITAaIJMeHTOB ¢ Temoduaneii A nan B aérxors,
CpeaHell MAM TSKEAOM CTelleHN. BHyTpeHH:sA coraacoBaHHOCTh OIleHMBAJAach C MCIIOAb3OBaHMEM KOd(pduiineHTa
aabda Kponbaxa 4451 oO111eii KaAb ¥ OTAeABHBIX A0MeHOB. KOHCTpYKTMBHAs BaAMAHOCTS aHAaAM3MPOBalach MeTO40M
HKCIIA0PaTOPHOro PaKTOPHOTO aHaAM3a C HAKAOHHBIM BpaieHneM. CtatucTudeckas o0padoTKa JaHHBIX IIPOBOANAAC
C CTII0Ab30BaHNeM IIporpaMMHoOro odecrredennst IBM SPSS Statistics sepcun 28.0.

PesyabTaThl. PycckossplaHas Bepcusl ONMPOCHMKa IIPOAEMOHCTPMpOBala KOHIENTyaAbHYyIO DKBIBaAeHTHOCTD
OpUIMHAAY ¥ XOPONIYIO MPUeMAeMOCTb AAsl HalueHTOB. /As psja IOAIIKaA OBLAM MOAy4YeHBI BBICOKME WAN
npueMAeMble IOKa3aTeAu BHYTpPeHHel COrAacoBaHHOCTM, TOT4a KaK IO OTAEeABHBIM JOMeHaM BBIABJA€HBl HU3KUe
3HaueHMs1 kodPpuinenTa aabdpa Kpondaxa, 4To MoOXKeT OBITh CBSI3aHO C KAMHUYECKOV IeTepOreHHOCTLIO BEIOOPKU 1
MMAOTHBIM  XapaKTepPOM  MCCAE€AOBaHUA. DKCIAOPATOPHBIN (aKTOPHBI aHAAM3 IIOATBEPAMA B  I€AOM
YAOBAETBOPUTEABHYIO (PAKTOPHYIO CTPYKTYPY OIIPOCHHUKA, OTpaXkalomyoo ¢usndeckue, (PpyHKINOHAAbHBIE,
®MOLIVIOHAABHbIE U COIMaAbHbIE ACIIEKTHI KauecTBa SKM3HM IallIeHTOB C reMOopUANe.

BoiBoabl. Pycckosserunas Bepcust ompocHuka A36Hemofilia Quality of Life sABaseTca mepcrneXTUBHBIM
CHIennaAu3MpOBaHHBIM MHCTPYMEHTOM A4S OIIeHKM KadecTBa SKU3HM B3POCABIX IIAI[MEHTOB C TreModuamein B
Peciy6amke Kazaxcran. /ad OKOHYATEABHOTO IIOATBEPIKAEHM IICMXOMETPMYECKMX CBOJICTB MHCTPyMeHTa
HeoOXOAVIMBI JaAbHeNIINe VCCAeA0BaHUsI C PACIINPEHHO BEIOOPKOIL.

Kaiogesbie caoBa: reModpuAL, KaueCTBO XXU3HY, OIIPOCHUK, Baaugans, A36Hemofilia-QoL.
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Abstract

In the introduction, gender-based violence is examined as one of the most pressing
public health and human rights challenges of the twenty-first century, associated
with substantial physical, psychological, reproductive, and social consequences for
women. The health-care system occupies a critical position in responding to this
problem, as women exposed to violence frequently seek medical care for both acute
injuries and chronic health conditions. Consequently, medical professionals are
uniquely positioned to identify violence, provide first-line support, and facilitate
access to appropriate services. However, this potential can only be realized if health-
care providers possess adequate knowledge, skills, and professional attitudes, which
are not systematically embedded in medical education curricula in many countries,
including the Republic of Kazakhstan.

The object of this study is the system of training medical professionals to respond to
gender-based violence in international and national contexts. The objective of the
study is to systematically analyze international evidence on educational programs
designed to prepare medical professionals to respond to gender-based violence, to
assess their effectiveness, and to evaluate the relevance and adaptability of evidence-
based models for integration into the medical education system of Kazakhstan.

The study employed an analytical design based on a scoping review approach.
Publications indexed in major international bibliographic databases, as well as
reports, guidelines, and training materials produced by international organizations,
were reviewed. A total of twenty-six sources describing educational interventions

for medical students and health-care professionals were included in the analysis. In
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1. Introduction

addition, national survey data on violence against women, forensic medical statistics,
regional sociological studies, and publicly available medical curricula were
examined to characterize the Kazakhstan context.

The results demonstrate that the most effective training programs share several
common characteristics. These include multidimensional content addressing
gender-based violence as a public health and human rights issue, the use of
interactive and experiential pedagogical methods such as simulations, standardized
patients, and case-based learning, and institutional integration into existing medical
education structures. Such programs are consistently associated with improvements
in knowledge, professional attitudes, and readiness to respond to violence, as well
as with increased screening and documentation in clinical practice. Analysis of the
Kazakhstan context reveals a high prevalence and low disclosure of gender-based
violence, alongside fragmented educational coverage and limited institutional
training capacity.

In conclusion, the findings indicate that integrating gender-based violence response
training into medical education represents an evidence-based and strategically
important direction for strengthening the capacity of the health-care system in the
Republic of Kazakhstan. Adaptation of internationally validated models, combined
with contextual sensitivity and institutional support, may contribute to more

effective and sustainable health sector responses to gender-based violence.

Key words: gender-based violence, domestic violence, medical education, health

personnel, professional training, public health.

Gender-based violence constitutes one of the
most significant public health challenges of the twenty-
first century, affecting approximately one in three

women worldwide over the course of their lifetime,

according to estimates by the World Health Organization.

This phenomenon extends far beyond individual
tragedies, representing a systemic violation of human
rights with profound consequences for physical and
mental health, social well-being, and economic
development at the levels of families, communities, and
entire nations. The medico-social consequences of
gender-based violence encompass a wide spectrum of
acute and chronic conditions, including traumatic
injuries of varying severity, sexually transmitted
infections and HIV, unintended pregnancies and unsafe
abortions, chronic pelvic pain and gynecological

disorders, post-traumatic stress disorder, depression,

anxiety disorders, substance use disorders, and an
increased risk of suicidal behavior. The World Health
Organization emphasizes that differences in health
outcomes between women and men result from a
“combination of biological characteristics and socially
constructed roles, norms, and power relations” [1, p. 5].
In the context of the Republic of Kazakhstan, the
problem of gender-based violence acquires particular
relevance, as evidenced by national surveys, forensic
medical studies, and regional sociological research. These
data indicate a substantial prevalence of various forms of
violence against women, high levels of underreporting,
and a pronounced gap between the scale of the problem
and the wuse of institutional support services.
Sociocultural norms, stigma, fear of consequences, and
limited awareness of available services create a complex

environment in which violence frequently remains
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concealed, despite regular interactions between
survivors and the healthcare system.

Healthcare professionals occupy a unique
position at the intersection of health care and social
protection and, in many cases, represent the first—and
sometimes the only—professional point of contact for
women experiencing violence. International studies
demonstrate that such patients seek medical care not only
for acute injuries, but also for chronic somatic conditions,
reproductive health problems, and psychoemotional
disorders. Consequently, the healthcare system possesses
substantial potential for early identification, initial
support, and referral of women subjected to violence,
provided that healthcare professionals have the requisite
knowledge, skills, and professional attitudes.

However, the realization of this potential in
many countries is constrained by insufficient integration
of a gender perspective and violence response training
within medical education curricula. Research indicates
that, in the absence of targeted training, healthcare
professionals often experience difficulties initiating
conversations about violence, fear causing harm to
patients, lack confidence in interpreting disclosed
information, and frequently do not have clear algorithms
for subsequent action. Preliminary analytical reviews and
expert assessments suggest that these challenges are also
characteristic of the Kazakhstani context, where
preparation of healthcare professionals to respond to
gender-based violence remains fragmented and
unsystematic.

International experience over the past two
decades demonstrates that structured gender education
for healthcare professionals constitutes an evidence-
based

documentation, and response to cases of violence.

strategy for improving the identification,

Programs implemented in the United States, Canada,

2. Materials and methods

This study was conducted as a narrative review
with elements of a scoping review and aimed to
systematically synthesize international experience in

integrating training for healthcare professionals on

Australia, countries of the European Union, South Asia,
and Africa indicate that integrating a gender perspective
into existing disciplines, employing interactive and
experiential learning methods, developing
communication and empathy skills, and providing
training on clinical protocols and intersectoral referral
pathways contribute to increased preparedness of
healthcare  professionals and to  meaningful
transformations in clinical practice. Leading international
organizations, including the World Health Organization,
have consistently promoted the integration of gender and
human rights dimensions into both pre-service and in-
service training of health personnel.

In Kazakhstan, the importance of this issue is
further reinforced by institutional changes in the field of
prevention and response to domestic violence, the
expansion of the role of healthcare professionals in case
documentation and intersectoral collaboration, and
ongoing discussions regarding international
commitments related to the protection of women’s rights.
Under these conditions, a systematic analysis of
international experience in gender education for
healthcare professionals and an assessment of the
possibilities for its adaptation to the national context
acquire particular scientific and practical significance.

The objective of this study is to systematically
analyze international experience with gender education
programs for healthcare professionals as a tool for
addressing gender-based violence, to assess the
effectiveness of different models and approaches, to
identify key success factors and implementation barriers,
and to determine the potential and strategies for adapting
evidence-based educational models to the system of
medical education and healthcare practice in the

Republic of Kazakhstan.

responding to gender-based violence, as well as to assess
the feasibility of adapting identified approaches to the
system of medical education in the Republic of

Kazakhstan. The methodological framework of the
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review was guided by the PRISMA recommendations for
scoping reviews.

A comprehensive literature search was
performed in the international bibliographic databases
PubMed, Scopus, and Web of Science, as well as among
publications and policy documents issued by
international organizations, including the World Health
Organization and the United Nations Population Fund.
In addition, grey literature was examined, comprising
program descriptions, evaluation reports, and other non—
peer-reviewed materials relevant to the topic. The search
was conducted without language restrictions.

Eligibility included

criteria publications

describing  educational  programs or training
interventions for healthcare professionals or medical
students focused on the identification and management
of cases of gender-based violence and reporting

educational, attitudinal, or practice-related outcomes. A

3. Results

3.1. Analysis of successful programs from
different regions of the world

An international review of training programs for
healthcare professionals on responding to violence
against women, including studies from countries with
well-developed healthcare systems, shows that the most
effective  models combine short lecture-based
components with interactive methods (role-playing,
simulation scenarios, work with standardized patients),
rely on clearly defined clinical protocols and intersectoral
algorithms, and are embedded within existing systems of
training and accreditation for healthcare professionals.
N. Kalra and

colleagues [2], including 19 studies from high- and

A systematic review by
middle-income countries (the United States, Australia,
Turkey, and the Netherlands),

demonstrated that structured educational interventions

Iran, Mexico,

for healthcare professionals (lecture modules combined

with role-playing, simulations, and work with
standardized patients) lead to significant improvements
in attitudes, knowledge about intimate partner violence,

and self-assessed readiness to respond among physicians

total of twenty-six sources were included in the final
analysis, representing nine countries and regional
contexts, as well as global guidelines and evidence
syntheses.

To examine the Kazakhstani context, data from
national surveys on violence against women, forensic
medical statistics, regional sociological studies, and
regulatory documents were analyzed, together with
publicly available curricula and course descriptions from
medical universities. Data analysis followed a descriptive
and synthetic approach and was aimed at identifying
recurring educational models and key components of
effective training programs.

The study relied exclusively on the analysis of
published and publicly accessible sources and did not
involve the collection of primary data. Accordingly,

separate ethical approval was not required.

and nurses working in primary care and hospital settings.
In a number of studies included in the review, practice-
related outcomes were also assessed: following the
implementation of programs based on clinical algorithms
and intersectoral pathways (safeguarding/domestic
abuse pathways), the frequency of routine screening for
violence and documentation of cases in medical records
increased compared to baseline levels. This indicates real
changes in the clinical behavior of healthcare
professionals and confirms the potential of such
programs to strengthen the systemic role of the
healthcare sector in responding to gender-based violence.

In the United States, a range of training programs
for healthcare professionals on responding to intimate
partner violence has emerged in recent years, combining
face-to-face training, simulations, and electronic learning,.
One example is the mPOWERED Electronic Learning
System, a structured online course for nurses and other
clinicians aimed at developing knowledge, confidence,
and practical skills in screening, empathetic inquiry, and
referral of women experiencing violence to specialized

services [3]. The study showed that completion of the
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module led to a significant increase in subjective
preparedness and willingness to discuss violence with
patients, as well as improvements in knowledge of
response protocols and algorithms. Additional programs
in the United States include short introductory sessions
on screening and counseling, residency curricula
involving experts from shelters, and the use of
standardized female patients to practice communication
scenarios. Taken together, these approaches contribute to
the integration of responses to intimate partner violence
into routine clinical practice across different levels of
healthcare delivery.

In Canada, the EDUCATE program (Education in
Domestic Violence for Residents and Clinicians Across
Toronto East), developed at the University of Toronto
and implemented in three affiliated hospitals, represents
a strategically important example of the systematic
integration of responses to intimate partner violence into
obstetrics and gynecology residency training [4]. The
12-hour

educational intervention, distributed over the course of

program demonstrates that a targeted
one year and based on the Prochaska-DiClemente stages-
of-change model, a trauma-informed approach, and the
CanMEDS competency framework, can not only expand
knowledge and skills but also sustainably transform the
clinical behavior of future specialists. The high level of
interactivity of the program (standardized patients, role-
play of scenarios, analysis of video recordings,
collaboration with multidisciplinary teams and shelters)
enabled residents not merely to “know about the
problem,” but to learn how to conduct difficult
conversations safely and empathetically, plan
subsequent steps, and document cases in ways that
genuinely enhance the protection of women. The
significance of EDUCATE is underscored by the fact that
statistically significant improvements in knowledge and
readiness to respond were maintained 12 months after
completion of the training, and participants reported that
the program helped them overcome feelings of
helplessness when encountering violence and provided
concrete tools for clinical practice. Thus, EDUCATE
illustrates that well-designed training can bridge the

critical gap between the rhetoric of the “role of healthcare

in combating violence” and the actual competencies of
frontline physicians.

While North American programs demonstrate
the potential of deeply integrated and institutionally
supported curricula, in the Asia—Pacific region attention
is increasingly shifting toward adapting similar models
to the conditions of countries with limited resources and
pronounced sociocultural barriers.

In Australia, the Healthy Relationships Training
program has been developed and implemented within
the WEAVE project, targeting general practitioners. A
pre—post analysis conducted by Felicity Young and
colleagues (2024) showed that participation in this
program led to significant increases in knowledge,
practical skills, and confidence among physicians in
counseling women experiencing intimate partner
violence, including the ability to raise the topic of
violence, provide supportive counseling, and discuss
options for seeking help [5]. The training includes
interactive components and work with clinical scenarios
adapted to the Australian context, and the authors
emphasize that integration of this training into general
practice education is a key condition for sustainable
changes in clinical practice.

In Aotearoa (New Zealand), the “Atawhai”
initiative has been developed as a primary healthcare
provider-led response to family violence, integrating
culturally safe practices and Maori worldviews on well-
being and healing. Thus, the program demonstrates that
training of healthcare professionals can simultaneously
strengthen clinical competencies and support the rights
of Indigenous peoples when it is originally designed with
consideration of local knowledge systems and values [6].
In the Pacific region, the Pasifika Veilomani pilot online
project, which involved healthcare workers from nine
island states, showed that even under significant
technical constraints, a distance-learning format can
increase professionals’ confidence in working with
gender-based and family violence and stimulate critical
reflection on their own practice, opening important
opportunities for scaling up training in resource-limited
and geographically isolated contexts [7].

In the European Union, the research and

innovation project IMPRODOVA (Improving Frontline
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Responses to High Impact Domestic Violence) is being
implemented with the participation of a group of
experienced researchers and practitioners from eight
countries: Austria, Finland, France, Germany, Hungary,
Portugal, Slovenia, and the
(Scotland) [8]. The

comprehensive solutions for combating high-impact

United Kingdom
project aims to  propose
domestic violence based on in-depth empirical research
on how police and other frontline professionals
(including healthcare and social workers) respond to
domestic violence in European countries. Within the
framework of the project, specialized training modules
have been developed for different medical specialties
(gynecology/obstetrics, emergency medicine, dentistry,
pediatrics). The program includes medical assessment,
documentation of evidence, and discipline-specific
competencies. Such differentiated approaches allow
adaptation of content to the specific clinical situations
encountered by different categories of healthcare
professionals.

In Spain, a specialized 10-hour training program
was developed for emergency and urgent care
professionals, aimed at increasing their readiness to work
with cases of gender-based violence. The course is built
around problem-oriented video materials that simulate
real clinical situations and includes discussion of
scenarios, analysis of typical errors, and practice of
algorithms  for identification, initial support,
documentation, and referral of survivors. The format
combines online components with face-to-face interactive
elements, making it possible to adapt training to the
demanding schedules of emergency service workers
without reducing the depth of content.

The effectiveness of this program was evaluated
in a quasi-experimental study by Adanez-Martinez et al.
(2025),
participation in the training. The authors showed that,

healthcare

comparing indicators before and after

following the course, professionals
demonstrated substantial improvements in knowledge of
the signs and dynamics of gender-based violence,
awareness of existing protocols, confidence in their own
skills in managing such cases, and subjective readiness to
raise the issue of violence with patients and accurately

document information in medical records. The study

emphasizes that even a relatively brief but contextually
tailored program can significantly improve the quality of
the healthcare system’s response to gender-based
violence in one of its most critical segments [9].

Ukraine, operating under conditions of armed
conflict, adapted the WHO Global Guidelines on the
clinical management of rape to the national context with
technical support from the World Health Organization.
Within this initiative, 443 primary healthcare workers
were trained, revealing substantial gaps in knowledge of
legal protocols, awareness of available resources, and
understanding of best practices in organizing services for
survivors of sexual violence [10]. This experience
demonstrates that even in the context of an acute
humanitarian crisis, systematic training of healthcare
professionals remains a critically important element of
the response to gender-based and sexual violence and can
be effectively implemented in parallel with the provision
of emergency care.

On the African continent, training programs for
healthcare professionals and other specialists on gender-
based and domestic violence are developing under
conditions of simultaneously high needs and limited
resources, making the region’s experience particularly
illustrative for countries facing similar challenges.

In Kenya, multiyear intersectoral training
programs (2012-2018) were implemented, involving
medical, legal, and law enforcement professionals and
using standardized patients and objective structured
clinical examinations (OSCEs) as key tools for assessing
competencies [11]. This indicates that training was
structured not only around lectures, but also around
practical rehearsal of scenarios with “patient-actors,”
allowing evaluation of how professionals actually ask
questions, respond to disclosures of violence, document
information, and interact with other services. This
approach is important in that it brings training closer to
real practice and simultaneously establishes a shared
language and algorithms across different sectors—
healthcare, police, and the judicial system.

In Tanzania, studies have shown that without
specially designed training programs, healthcare
professionals face serious limitations in identifying and
These

managing cases of domestic violence [12].
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limitations include not only a lack of knowledge about
indicators of violence and response algorithms, but also
uncertainty, fear of “harming” the patient by asking
inappropriate questions, and lack of clarity regarding
where and how to refer survivors. These deficits are
particularly critical in contexts with high HIV prevalence
among women, where gender-based violence acts as an
additional stressor, undermining treatment adherence,
exacerbating mental health problems, and increasing the
risk of revictimization. Under such conditions, systematic
training of healthcare professionals becomes not merely
“desirable,” but a structural component of effective HIV
and reproductive health programs.

In Nigeria, the Ipas program plays an important
role, targeting humanitarian workers and medical
personnel working with women and girls who have
experienced sexual violence in contexts of conflict,
displacement, and humanitarian crises [13]. The training
includes not only the fundamentals of trauma-informed
care and ethics in working with survivors, but also highly
specific clinical competencies, such as techniques for safe
abortion, postabortion care, infection prevention, and
psychological support. This is critically important in
contexts where sexual violence coincides with limited
access to reproductive health services and high levels of
stigma, and where any error by a healthcare professional
may exacerbate trauma or place a woman at additional
risk.

In Burkina Faso, where a substantial proportion
of the population lives in conditions of forced
displacement, studies have identified multiple barriers to
providing care for survivors of gender-based violence,
ranging from geographic inaccessibility of services and
shortages of trained personnel to fear of reprisals, distrust
inhibit

disclosure [14]. These findings underscore that training

of institutions, and cultural norms that
for humanitarian contexts cannot be limited to general
lectures on women's rights; rather, programs are needed
that are adapted to the realities of camps and temporary
settlements, take into account linguistic, cultural, and
gender dynamics, and build bridges among healthcare
providers, nongovernmental organizations, community
Such a

comprehensive, context-sensitive approach to training

leaders, and international organizations.

becomes a key condition for ensuring that systems of care
are not merely formal, but genuinely accessible and safe
for survivors of violence.

Following the analysis of African initiatives
implemented under conditions of conflict, humanitarian
crises, and limited resources, it is particularly instructive
to turn to the experience of South Asian countries, where
efforts have been made to institutionalize training within
national hospitals and global clinical guidelines. The
“Gender in Medical (GME)
implemented between 2007 and 2012 in the state of

Education” project,
Maharashtra, became one of the largest initiatives to
integrate a gender perspective into medical education in
low- and middle-income countries, covering seven
medical colleges [15]. Its key feature was the embedding
of gender content into existing disciplines (obstetrics and
gynecology, public health, internal medicine, psychiatry,
forensic medicine), rather than the creation of a separate
course, which enhanced the sustainability and scalability
of changes. Curricula were reviewed for stereotypes and
“blind spots,” and modules were enriched with topics
such as violence during pregnancy, reproductive rights,
and social determinants of health. The pedagogical
approach relied on interactive methods and faculty
development, and evaluation using the Gender Attitude
Scale showed statistically significant improvements in
students’ gender attitudes across all disciplines (p<0.05),
increased recognition of gender-based violence as a
health issue, and greater readiness to raise this topic in
clinical practice when institutional support was available.
In addition, a five-day cascade training program
based on the WHO guideline “Caring for Women
Subjected to Violence,” adapted to the Indian context,
was implemented in three tertiary-level hospitals in India.
Trained facilitators subsequently trained medical staff in
the identification and management of cases of violence.
The study demonstrated that such training substantially
improved healthcare professionals’ understanding of
violence against women as a health issue, increased levels
of empathy, and enhanced interpersonal communication
skills and supportive interactions with patients [16].
Among regional studies from low- and middle-
HERA project (Healthcare

Responding to Violence and Abuse), implemented in

income countries, the
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Brazil, Nepal, Sri Lanka, and the occupied Palestinian
territories (Table 1), deserves particular attention.
Research conducted by the London School of Hygiene
Medicine

intervention aimed at improving the healthcare system’s

and Tropical describes a multicenter
response to domestic violence in low- and middle-income
countries. The intervention included training healthcare
professionals to identify and respond to cases of domestic
violence, with an emphasis on a woman-centered and

structurally integrated approach. Key outcomes included

improved detection of domestic violence cases and
enhanced professional expertise, with healthcare workers
reporting increased confidence, readiness to identify,
support, and refer survivors of violence. The training
focused on developing empathy, nonjudgmental inquiry
techniques, skills in first-line support, and subsequent
case management. The project also involved the
development of new detection and referral protocols, and
training materials were adapted to the specific context of

each country.

Table 1 - Changes in Detection of Gender-Based Violence Following Implementation of HERA and Comparable

Healthcare Training Initiatives

Country Key Outcomes of HERA and Similar Increase in Features of Change
Initiatives Detection
Brazil Significant improvement in the +78% Development of new training
identification of «cases of violence; materials; expansion of the program
introduction of new protocols and empathy to various regions
training
Nepal Substantial increase in detection; +100% Adaptation of training to pandemic
introduction of structured approaches and conditions; enhanced confidence of
new support methods healthcare professionals
Sri Lanka Improved skills in identification and +69% Practical  integration into the
support for victims of domestic violence; healthcare system; training of
updated referral protocols multidisciplinary teams

The HERA project data demonstrate impressive
results across different countries: in Brazil, the detection
of cases of violence increased by 78%, in Nepal by 100%,
and in Sri Lanka by 69% [17]. These findings clearly
illustrate the potential of structured educational
programs for healthcare professionals in the context of
developing countries.

Alongside national programs, global training
packages play an important role in setting standards for
preparing healthcare workers to respond to gender-
The UNFPA MGBVIiE (Managing

Gender-Based Violence in Emergencies) project offers a

based violence.

three-phase training model (e-learning, a 7-8-day face-to-
face training, and subsequent mentoring), designed for

humanitarian settings and available in four languages,

which ensures broad applicability across regions. The
WHO/PAHO course Response to Violence Against
Women and Girls and the WHO clinical guideline Caring
for women subjected to violence serve as the foundation
for national training programs, providing standardized
modules on screening, first-line support, clinical
management, and referral of survivors, including
specialized courses on the clinical management of rape in
humanitarian contexts. Taken together, these resources
form a global framework that countries can draw upon
when developing and adapting their own training
programs for healthcare professionals.

Thus, the analysis of international experience

demonstrates the existence of several core models of
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gender education for healthcare professionals, adapted to

local contexts.

3.2 The Kazakhstan Context

To analyze the Kazakhstan context, data from
national surveys on violence against women, forensic
medical statistics, regional sociological studies, as well as
regulatory and programmatic documents in the fields of
healthcare and medical education were used. The data
obtained make it possible to characterize the scale of
gender-based violence (GBV), the level of its institutional
detection, and the current state of readiness of the
healthcare system.

The results of the National Sample Survey on
Violence against Women (n = 14,342; age 18-75 years)
indicate a significant prevalence of various forms of GBV
in the Republic of Kazakhstan [18]. According to the
survey data, 17% of women who had ever been in an
intimate partnership experienced physical or sexual
violence by an intimate partner during their lifetime; 21%
reported psychological violence, and 7% reported
economic control by a partner. Marked regional
variability was observed: in certain regions, the lifetime
prevalence of physical and/or sexual violence reaches 19—
31%. Forensic medical data summarized by
Mussabekova et al. for the period 2019-2022 complement
the survey findings and indicate pronounced gender
asymmetry among victims of domestic violence, with
women accounting for 77.9-91% of all registered
survivors [19]. At the same time, approximately 78% of
cases are recurrent, reflecting the chronic nature of
violence.

Despite the high prevalence of GBV, the level of
institutional help-seeking remains extremely low.
According to the national survey, only 1.1% of women
who experienced violence sought help from law
enforcement agencies, while 51% did not disclose their
experience to anyone [18]. These indicators point to high
latency of gender-based violence and limited visibility of
the problem in official statistics. Regional studies confirm
this trend and allow for a more detailed understanding of
barriers to help-seeking. In a study conducted in
Turkistan Region (n =24,621), the main barriers were fear
of possible consequences (58.4%), feelings of shame and

social stigmatization (46.9%), and distrust in the

effectiveness of the institutional support
(34.1%) [20]. More than half of respondents indicated

insufficient awareness of available support services; in

system

rural areas, the level of awareness was below 40%, and
willingness to seek help even when information was
available did not exceed 8.6%.

Analysis of available data indicates that women
experiencing GBV regularly interact with the healthcare
system for various clinical reasons, including visits
related to acute injuries, chronic somatic conditions,
reproductive health disorders, and psycho-emotional
disturbances. Under conditions of high latency, medical
institutions often become the only institutional point of
contact for survivors, even when the formal reason for
seeking care is not directly related to a violent episode.

In recent years, institutional steps aimed at
formalizing the medical response to gender-based
violence have been recorded in Kazakhstan. In 2020, the
first clinical protocol for the provision of medical care to
patients affected by gender-based violence was approved,
regulating procedures for identification, initial
assessment, management, and documentation of cases in
medical organizations [21]. The protocol was developed
based on World Health Organization recommendations
and adapted to the structure of the national healthcare
system. An additional component was the
implementation of an online course for primary
healthcare workers, developed by the Ministry of Health
of the Republic of Kazakhstan in collaboration with
UNFPA. The course is available in Kazakh and Russian
and is aimed at developing basic knowledge and skills for
providing medical care to GBV survivors; by 2021, more
than 40 healthcare workers from Shymkent and
Turkistan Region had completed the training. Taken
together, these initiatives demonstrate the existence of
individual mechanisms for introducing training;
however, their coverage remains limited.

An analysis of medical university curricula,
based on a review of publicly available study plans,
course descriptions, and national textbooks, revealed
fragmented inclusion of GBV-related content in core
medical disciplines. In obstetrics and gynecology,
violence is mentioned mainly in the context of injuries

during pregnancy, without systematic consideration of
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prevalence, identification, and comprehensive clinical
response. In forensic medicine, primary attention is paid
to documentation of bodily injuries from a legal
perspective, while clinical and psychosocial aspects of
support are minimally represented. Disciplines such as
public health, psychiatry, and internal medicine
generally do not integrate GBV content, despite its
proven impact on mental health and chronic somatic
conditions. Additionally, some educational materials
contain elements of gender bias, including stereotypical
representations of gender roles and elements of victim
blaming. According to preliminary studies and expert
surveys, medical students and practicing physicians
report insufficient preparedness to work with GBV cases,
difficulties in initiating relevant questions, and
uncertainty regarding further clinical actions after
disclosure of violence.

Separate pilot initiatives indicate the potential of
innovative solutions in the prevention of gender-based
violence. For example, the UMAI-WINGS project
implemented in 2024 demonstrated a 23% reduction in
the prevalence of psychological violence among study
participants [22]. At the same time, such initiatives have
not yet been integrated into the system of medical
education and clinical practice at the institutional level.

Overall, the results characterize the Kazakhstan
context as a combination of high prevalence and latency
of gender-based violence, limited institutional detection,
and fragmented educational readiness of the healthcare

system to respond.
3.3 Key Components of Effective Cender
Education Programs for Healthcare Professionals

The synthesis of the gender education programs
for healthcare professionals included in the review made
it possible to identify a recurring set of components
associated with positive educational outcomes. Despite

differences in geographic, institutional, and sociocultural

contexts, most of the analyzed initiatives demonstrated

similar structural and pedagogical characteristics,
allowing them to be considered common elements of
effective educational models.

Across all programs that demonstrated
significant improvements in knowledge, attitudes, and
readiness to respond to gender-based violence, the
training content was multidimensional in nature. It
combined conceptual understandings of gender-based
violence as a public health and human rights issue,
epidemiological data on the prevalence and forms of
violence, clinical aspects of case identification and
management, ethical and legal frameworks for care
provision, as well as elements of reflection on
professional attitudes and potential biases. This approach
ensured simultaneous influence on the cognitive,
affective, and behavioral levels of healthcare professional
training.

Pedagogical analysis of the included programs
showed that initiatives based on interactive and
experiential learning methods were consistently
associated with more pronounced educational effects
compared with programs relying predominantly on
lecture-based formats. In most effective interventions, a
similar set of pedagogical practices was employed,
including work with standardized patients, role-playing
and simulation of clinical scenarios, analysis of clinical
cases, small-group discussions, structured reflective
assignments, the use of multimedia materials, and
elements of community engagement. As schematically
presented in Figure 1, these methods formed a coherent
cluster of experiential learning aimed at developing
communication and empathy skills and increasing
healthcare professionals’ confidence in initiating and
conducting sensitive conversations about gender-based

violence with patients.
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Figure 1 - Interactive and Experiential Pedagogical Methods Most Commonly Used in Effective Gender Education

Programs for Healthcare Professionals

Organizational analysis showed that sustained
educational effects were more often observed in
programs integrated into existing curricula and clinical
training, rather than those implemented as fragmented or
elective courses. The integration of gender-related
content into core medical disciplines made it possible to
demonstrate its relevance across different areas of clinical
practice and reduced the risk of marginalizing the topic.
An additional factor contributing to sustainability was
the presence of institutional support, including the
involvement of program leadership, faculty development,
and the availability of clinical protocols and algorithms
that facilitate the application of acquired knowledge in
practice.

Many of the analyzed programs highlighted the
intersectoral

importance of multidisciplinary and

collaboration. Effective training models included
cooperation between healthcare professionals and social

services, non-governmental organizations, psychologists,

4. Discussion

The results of the present review study confirm

that structured gender education for healthcare
professionals represents a reproducible and evidence-
based strategy for strengthening the role of the healthcare
system in responding to gender-based violence. The
analysis of programs implemented across diverse

geographic and sociocultural contexts demonstrates

and legal professionals, which broadened healthcare
providers’ understanding of the ecosystem of support for
survivors of violence and contributed to the development
of realistic referral skills to available support resources.

Finally, the analysis showed that programs
adapted to the local sociocultural context generally
demonstrated higher acceptability and participant
engagement. Such adaptation included the use of local
epidemiological data, clinical vignettes reflecting the
context of a specific country or region, and consideration
of cultural norms and barriers influencing disclosure of
violence and help-seeking behaviors.

Taken together, the results of the synthesis
indicate that the effectiveness of gender education for
healthcare professionals is determined not by individual
components in isolation, but by a combination of content-
related, pedagogical, and organizational elements
implemented in an institutionally supported and

contextually adapted manner.

consistent patterns of improvement in knowledge,
professional attitudes, and subjective readiness of
healthcare professionals to identify and manage cases of
violence. Despite variations in format, duration, and
institutional ~ settings,  effective initiatives  are
characterized by a similar combination of content-related,

pedagogical, and organizational elements.
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The findings are consistent with the results of the
systematic review by Kalra et al., which showed that
structured educational interventions are associated with
significant improvements in healthcare workers’
knowledge and attitudes, and in some studies with
increased rates of routine screening and documentation
of violence. Similarly, in North American and European
programs, including EDUCATE and the IMPRODOVA
project, the integration of training into clinical education
with an emphasis on practical skill development and the
use of clinical algorithms emerged as a key factor of
effectiveness. These data support the conclusion that
training embedded in the professional context and
supported by institutional mechanisms has a higher
potential for sustainable change than fragmented or
elective courses.

The results of the pedagogical analysis are
particularly important, as they highlight the advantages
of interactive and experiential learning methods. The use
of simulation scenarios, standardized patients, role-
playing, and clinical case analysis enables the
development not only of cognitive knowledge but also of
communication and empathy skills that are essential for
addressing the sensitive and highly stigmatized issue of
violence. These conclusions are consistent with evidence
from the EDUCATE and HERA programs, as well as
from intersectoral initiatives in Africa, where experiential
approaches were identified as a key mechanism for
transforming clinical behavior rather than merely
increasing awareness.

Evidence from studies conducted in low- and
middle-income countries, as well as in humanitarian and

crisis settings, further complements the overall picture

and points to the high adaptability of educational models.

Experience from India, African countries, and the HERA
project demonstrates that even in resource-constrained
environments, training healthcare professionals can lead
to increased detection of violence and greater
professional confidence, provided that the content is
contextually adapted and referral pathways are available.
These findings extend the applicability of the present
review and confirm that the effectiveness of gender

education is determined not by the level of available

resources, but by the quality of integration and
contextual relevance of the intervention.

At the same time, the analysis reveals substantial
limitations in the existing evidence base. The majority of
studies focus educational

included on proximal

outcomes—knowledge, attitudes, and self-assessed
readiness—while data on actual changes in clinical
practice and, in particular, on patient-level outcomes
remain limited. This gap reflects methodological and
ethical challenges in evaluating educational interventions
in the field of gender-based violence, including the need
for longitudinal follow-up, the use of objective
measurement methods, and the protection of vulnerable
populations. Therefore, the effectiveness of programs
should be interpreted with the understanding that
improved healthcare worker competencies constitute a
necessary but insufficient condition for achieving
systemic impacts on levels of violence and women'’s well-
being.

The findings related to the Kazakhstani context
underscore the relevance of the conclusions drawn from
the international review. The high prevalence and latency
of gender-based violence, combined with the limited
educational preparedness of the healthcare system, create
a situation in which medical institutions often serve as
the only institutional point of contact for survivors.
Despite the existence of a clinical protocol and isolated
training initiatives, the fragmented integration of gender-
based violence topics into medical education constrains
the healthcare system’s capacity for identification and
first-line support. In this context, the international
models identified in this study provide a relevant
foundation for the further development of healthcare
professional training in Kazakhstan.

A key strength of this study lies in the use of a
scoping review design, which enabled the inclusion of a
broad range of sources, including peer-reviewed
publications, policy documents, and grey literature, as
well as the comparison of international educational
models with empirical data from the Kazakhstani context.
Nevertheless, the results should be interpreted in light of
limitations related to the heterogeneity of methodological

quality among included studies and the predominance of
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self-reported measures in assessing educational
outcomes.

Overall, the discussion highlights that gender
education for healthcare professionals should be viewed
as a structural component of the healthcare system,
whose effectiveness depends on the interplay of content-
related, pedagogical, and organizational factors. The
findings provide a basis for further research aimed at
evaluating the impact of educational programs on clinical
practice and patient outcomes, as well as at analyzing the
conditions necessary to ensure the sustainability and
scalability of such interventions in national contexts.

Implications for Integrating Training on
Responses to Gender-Based Violence in Kazakhstan

The findings of this

study have direct

implications for the development of healthcare
professional training in the Republic of Kazakhstan. The
combination of a high prevalence and marked latency of
gender-based violence, documented in national and
regional studies, with the limited educational
preparedness of the healthcare system indicates a
structural gap between public health needs and current
clinical response capacities. In this context, the
international experience analyzed in the present study
allows for the identification of principles that may be
relevant for adaptation within the Kazakhstani system of
medical education.

First, the results underscore the appropriateness
of integrating training on responses to gender-based
violence into existing medical disciplines and stages of

medical education rather than introducing it in isolation

5. Conclusions

The systematic analysis of international

experience in gender education for healthcare
professionals achieved the objective of the study and
demonstrated that the integration of training on
responses to gender-based violence constitutes an
evidence-based strategy for enhancing the healthcare
system’s preparedness to identify and manage violence
against women. The results of the review indicate that the
most effective educational programs are characterized by

a combination of multidimensional content, interactive

as optional or elective courses. Such integration enhances

the sustainability of educational initiatives and

demonstrates the clinical relevance of a gender

perspective across medical specialties, including
obstetrics and gynecology, psychiatry, internal medicine,
and primary health care.

Second, international evidence highlights the
importance of moving beyond predominantly lecture-
based formats toward interactive and experiential
learning methods aimed at developing communication
and empathy skills. In the Kazakhstani context, this
implies a phased adaptation of such methods, taking into
account resource constraints and the need for targeted
faculty development.

Third, the findings indicate that educational
interventions are most effective when supported by
institutional commitment and aligned with clinical
protocols and referral pathways. In Kazakhstan, this
suggests that the integration of training should be
accompanied by systematic efforts to enhance healthcare
professionals’ awareness of available support services
and the practical functioning of intersectoral
collaboration mechanisms.

Overall, the implications of this study point to the
need to conceptualize training on responses to gender-
based violence as a systemic component of healthcare
system development rather than as a standalone
educational initiative. Further research and pilot
programs may contribute to refining optimal integration
models that are aligned with national priorities and

institutional conditions.

pedagogical approaches, and institutional integration
into existing medical education systems, as evidenced by
improvements in knowledge, professional attitudes, and
readiness to respond among healthcare professionals
across diverse countries and contexts. The analysis of
data from Kazakhstan revealed that, despite the high
prevalence and latency of gender-based violence, the
healthcare system of the Republic of Kazakhstan
currently exhibits limited educational readiness for a
systematic reflected

response, in the fragmented
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inclusion of this topic in medical curricula and the
restricted scope of training initiatives. The comparison of
international models with the national context supports a
qualified conclusion regarding the substantial potential
for adapting evidence-based educational approaches,
taking into account the institutional, sociocultural, and
resource conditions of Kazakhstan. The findings confirm
that training healthcare professionals to respond to
gender-based violence should be regarded as a systemic
component of healthcare development, and further
research is required to assess its impact on clinical

practice and outcomes for women who have experienced
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I'eHaepaik 30pabIK-30MOBLABIKIIEH KYypecTeri Kypaa peTiHAe MeAMIIHA KbI3MeTKepaepiH
reHgepaik OKBITY JKOHIHAeTi XaabIKapaabIK ToXXipmoOe: KasakcraHaa icke aceIipy
MYMKiHAiKTepi

bekebaesa A.A.

Ara oxpITy1sl, Arimakrany Kadeapacsl, /.H. I'ymuaes atsingarsr Eypasist yATTBIK yHUBEpPCUTETI,

Acrana, Kazakcran

Tyiingeme

Kipicnieae reHaep ik HeTizaeri 30pABIK-30MOBLABIK JKMbIpMa OipiHIIi FackIpAarsl KOFaMABIK A€HCAyABIK CaKTay
MeH aJaM KYKBIKTaphl cadachIHAAFbI €H ©3eKTi MaceaeaepAis Oipi peTiHae KapacTeipblaadbl. bya KyOblabIc oiieadepain
usuKaabIK, IICUXUKAABIK, PENPOAYKTMBTIK JKoHE 9/1€yMeTTiK a1-ayKaTblHa y3aK Mep3iMai >KaFBIMCBI3 dCep eTedi.
JeHcayablK caKTay >Kylieci 30pABIK-30MOBIABIKTAH 3apJall IIeKKeH odlieadepMeH e3apa opeKeTTecyAiH Herisri
VMHCTUTYLIMOHAAABIK KeHIiCTiri 604pin TabOblaaabl, ceOebi oaap MeAMIIMHAABIK YibBIMJAapra >KapakaTTapMeH Kartap
CO3BlAMAZAbl COMAaTUKAaABIK >KoHe IICUXO®MOIIMOHAAABIK IIaFbIMAapMeH >kui >KyriHeai. OcblfaH 0OaifAaHBICTEI
MeAUIIMHAABIK, KBI3METKepAep 30PABIK-30MOBIABIKTLI epTe aHBIKTay, OacTalKpl K0AJ4ay KepceTy >KoHe THICTi
KbI3MeTTepre OarbITTay TYPFBICLIHAH MaHBI3ABl POa aTKapaAbl. Aaiiga Oya peaai TMiMA]L >Ky3eTe acbIpy YIUiH apHalibl
6iaiM MeH gaFAblaap KakeT, aa olap KeIlTeTeH eaJdepAe, coHblH iminae Kasaxcran Pecrybankacsinga, MeAMIIMHAABIK
6iaim Gepy >KylieciHe Xyiteai TypAe eHriziaMereH.

3epTTeyaiH OOBeKTici XaABIKapaaAblK >KoHe YATTHIK KOHTeKCTe MeAMIIMHAABIK KbI3MeTKepAepai reHJepaix
HeTi34eri 30pABIK-30MOBLABIKKA JKayall OepyTe gasipAay >Kyiieci 604BIIT TaObLAaAbL. 3epTTeyAiH MaKcaThl MeAUIIMHAABIK,
KbI3MeTKepepre apHaaraH 0iaiM Oepy OargapaaMadapbl OOMBIHINA XaAbIKapaAblK TXKipuOeHi Kyiteai Typae Taajay,
04apABIH TUiMAiairin Oarazay >koHe JAaaeaai Mojeabaepai KasakcTaHHBIH MeAMITMHAABIK OiaiM Oepy >KyiieciHe
OeltiMaey MYMKiHAIKTepiH aHBIKTay OOABITT TaObLAAABI.

3epTTeyae scoping review »aeMeHTTepi Oap IIoAy-Taaday oJdicTeMeci KOAJaHBIAABL. XaaAbIKapaAbIK
6ubAnorpaduAAbK AepeKKopalapAa >KapusidaHFaH FRLABIMU eHOeKTep, XaablKapaablK YibIMAapAblH OasHAaMalapsl
MeH HYCKayABIKTapbl TaAAaHAbl. MeaMITMHaABIK CTyJAeHTTep MeH IpaKTHK-MaMaHJAapfa apHaAfaH 0iaim Oepy
VMHTepBeHIMAAapbIH CUIIATTalTBIH KUBIPMa aAThl gepekke3 ipikreai. ConpiMen katap Kasaxcrangarnl aiteagepre
KaTBICTBI 30PABIK-30MOBLABIK JKOHIHAETI YATTHIK cayalHaMadap, COT-MeAMIIMHAABIK, CTaTUCTHUKa JKoHe MeAUIIMHAABIK
>KOFapbl OKY OPBIHAAPBIHBIH allIbIK OKY >KOCIIapAapbl MaiAaaaHblAAbL.

Hoertmwxkeaep Tunimai 0GaradapaamasapablH  OpTaK —CuIlaTTaMadapbiH —aHbBIKTagel. Oaapra Ma3MYHHBIH
KOIIKBIPABLABIFBI, MHTEPaKTMBTI JKoHe ToXKipubeaik OKBITY 94iCcTepiH KOAAaHY, COHAal-aK 6iaiM Oepy KypBLABIMAapbIHa
MHCTUTYOUOHAAABIK TYpFhlda WHTeTpalyslaHy >KaraAbl. MyHJgait OargapaaMadap ©OiaiM  JeHTeifiHiH, KociOu
YCTaHBIMAAPABIH KoHe 30pABIK-30MOBIABIKKA >Kayall Oepyre AaiBIHABIKTBIH apTybIMeH OaiilaHbICThL. KasakcTaHABIK
KOHTEeKCTi TaaAay reHAepAiK HeTi3aeri 30pAbIK-30MOBLABIKTHIH KeH TapaAybl MeH >KachIpbIH CUIIATHI XKafalibiHAa 6iimM
Oepy AalibIHABIFBIHBIH XKeTKiAiKci3 eKeHiH KepceTTi.

KoprhITeIHABIAAIL Kede, XaAbIKapaadblK JAdJeajepre HerisgelreH TeHAepAiK Heri3jeri 30pABIK-30MOBIABIKKA
>Kayarl Oepy AaspABIFBIH MeAUIIMHAABIK, 0iaiM Oepy >xyiteciHe enrisy Kazakcran PecrrybankacbiHAa 4eHCAyABIK caKkTay
>KYIieCiHiH 94eyeTiH HbIFalITyABIH IIepCIIeKTBAAbI OaFbIThI OOABIII TaOBLAAABI.

TyiiiH ce3aep: reHAepAiK HeTizaeri 30pABIK-30MOBLABIK, TYPMBICTHIK 30PABIK-30MOBLABIK, MEAUITNHAABIK OiaimM

Oepy, MeAMIIVHA KbI3MeTKepAepi, Kacibu AaspABIK, KOFaMABIK A€HCAyABIK CaKTay.
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MexayHapOAHBIN OIIBIT TeHAEPHOIO 0Opa30BaHNs MeAVIIIVIHCKMX PaOOTHMNKOB
KaK MHCTPYMEHT OOPbOBI C reHAepHbIM Hacnanem: Bo3sMoxxHOCTHI
umriaemenTanumu B Kazaxcrane

bekebaesa A.A.

Crapmmii mperiogaBaTean, Kadgeapa perroHoBeeHue, Espasuiickuii HalMoHaAbHbI yHuBepcuteT uMmenu A.H. I'ymnaesa,

Acrana, Kazaxcran

Pesiome

Bo BBegeHMu paccMaTpuBaeTcs TeHAepHO-00yCA0BA€HHOe HaclAYe KaK OAHa 13 Hanbo/1ee 3HAYMMBIX ITpobaeM
0OIIIeCTBEHHOTO 34PaBOOXpaHEHNUsA U IIpaB 4YeA0BeKa B coBpeMeHHOM Mupe. OHO COIPOBOXKAAETCA TSKEABIMU U
AOATOCPOYHBIMY ITOCAEACTBUAMU 4451 (PUBNUIECKOTO, IICUXNIECKOTO U PEIPOAYKTUBHOIO 340POBbsI JKEHIINH, a TaKXKe
A4S VX conyaabHoro 0aaronoayqns. CrucreMa 34paBoOXpaHeHIIsI 3aHIMaeT 0coO0e MeCTO B pearnpoBaHI Ha AaHHYIO
11po61eMy, IIOCKOABKY >KEHII[VMHBI, IIepe>KUBIINe HaclAye, HepeAKO O0palljaloTcs 3a MEAVILIMHCKON IIOMOIIBIO II0
CaMBIM pa3HBIM II0BOAAM, He BCeTAa HaIIPsIMYIO CBA3aHHBIM C HACUABCTBEHHBIM BIIM3040M. B 9TOII CBAI3M MeAMITMHCKIE
PpabOTHUKM SIBASIOTCS KAIOUEBBIMI CyObeKTaMM paHHeTO BBIABAEHS 1 IIePBITYHOM 04 e p>KKI ITOCTpajaBInx. Bmecre
C TeM peaamusanyis STOTO IIOTeHIMaAa TpeOyeT HaAMYIMs CHeMaAM3MPOBAaHHBIX KOMIIETEHIINI, KOTOpble BO MHOTHX
cTpaHax, Bkaiodas Pecriyb6anky KasaxcraH, ocraiorcs ¢gpparMeHTapHO IIpeACTaBA€HHBIMM B CHCTeMe MeAUITTHCKOTO
obpazoBaHUIL.

O0OBexTOM mMCCAEAOBAHMS SIBASIETCA CUCTEMA IIOATOTOBKM MEAUIVMHCKMX pabOTHMKOB K pearnpoBaHUIO Ha
TeHAepHO-00yCA0BAeHHOe HaclAvie B Me>XKAyHapOAHOM U HallMOHaAbHOM KoHTeKcTe. Llean nccaeqoBanms 3aKA109aeTCst
B CIICTEMaTHUYECKOM aHaAM3e MeXAYHapOAHOIO OITbITa O0Opa3oBaTeABHBIX IIPOIrPaMM A4 MEAUIIMHCKUX pabOTHUKOB,
orjeHKe MX D(PQEKTVBHOCTM U BbBISIBAEHUM BO3MOXKHOCTEN ajanTallMyl JOKa3aTeABHBIX MOJAeAell A4Sl CHCTEMBI
MeAUIIMHCKOTO oOpa3oBanmsl KasaxcraHa.

B mccaesoBaHuMM HpuMeHEHa METOAOAOTMsI OO30pPHOIO aHaAu3a C DJAeMeHTaMU scoping review. beram
IpOaHaAM3MPOBaHbl IyOAMKAIIUM M3 MEXAYHapPOAHBIX Hay4HbIX 0a3 AaHHBIX, AOKYMEHTBI MeXAyHapOAHBIX
OopraHMu3anuii, a Tak’Ke IIpOorpaMMHbIe I HOpMaTUBHBIE MaTepuaAbl. B MTOrOBBIN aHaAM3 BKAIOYEHBI ABaAllaTh IIIECTh
MICTOYHMKOB, OIMCHIBAIOIINX OOpa3oBaTeAbHble MHTEPBEHIINM AASl MEeAMIIMHCKUX CTYA€HTOB M HPaKTUKYIOIIVX
CIIeIaANCTOB. /OMOAHNTEABHO VMCIIOAb30BaHbl AaHHbBIE HAI[MOHAABHBIX 00CA€A0BAaHUI 110 HACUMAWUIO B OTHOIIEHIN
>KeHIIVH, CyAe0HO-MeANITMHCKAsI CTaTVUCTIKA 1 OTKPHIThIe yaeOHble I11aHbl MeAMIIMHCKMX By30B KazaxcraHa.

PesyabTaThl CCA€40BaHII ITOKA3BIBAIOT, YTO Hanbo.aee 9 PeKTUBHEBIE IIPOrPaMMBI ITOATOTOBKI MeAUIIMHCKIX
pabOTHMKOB  XapaKTepM3yIOTCsl ~ COYeTaHMeM  MYABTMAVMEH3VOHAaABHOIO  COAEp’KaHMs,  MHTepPaKTMBHBIX
I1earormdecknx MeTOAOB M MHCTUTYLMOHAABHON MHTeTpalMl B CyIIeCTByIOIIMe oOpa3oBaTeAbHBIE CTPYKTYPBL.
Vcmoab3oBaHne CUMYASIINI, CTaHAAPTU3MPOBAHHBIX IALIMEHTOB M aHaAM3a KAMHUYECKMX CAydaeB CBI3aHO C
yAydIlleHreM 3HaHUM, ITpodeccoHaAbHBIX YCTaHOBOK U TOTOBHOCTM K pearMpOBaHUIO Ha TeHAepHO-O0YyCAOBAE€HHOe
Hacuane. AHaAU3 Ka3daxCTaHCKOTO KOHTEKCTa BBISABUA 3HAUMTEABHBIN paspblB MeXKAy MacIiTabaMI U AaTEHTHOCTBIO
po0aeMbl U YpOBHEM 0Opa3oBaTeAbHOI TOTOBHOCTHU CHCTEMBI 34PaBOOXPaHEHIL.

B 3akamoueHme JeaaeTcsi BBIBOA O TOM, YTO UHTeTrpalus IIOATOTOBKM MEAUILIVHCKUX PaOOTHMKOB IIO
pearnpoBaHmNIO Ha TeHAepHO-00YCAOBAEHHOe HaclAme sBAseTCs OOOCHOBAHHBIM M ITepCIIeKTMBHBIM HallpaBAeHNeM
PpasBUTII MeAMIIMHCKOTO 0Opa3oBaHMA I YKpeIlAeHMsd IIOTeHIMala CHUCTeMBl 3ApaBooXpaHeHus PeciryOamku
Kazaxcran.

Karouesble caoBa: reHaepHOe HacuAMe, AOMaAlllHee HaclAMe, MeAUIIMHCKOe oOpa3oBaHIe, MeAMIIVHCKIE

paboTHuKM, TpodeccoHaAbHasA ITIOATOTOBKa, OOIIIeCTBeHHOe 34paBOOXpaHeHNe.
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