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M. Nisa, S.A. Buzdar, F. Siddique, M.S. Ahmad, M. Akhtar,

S. Nisar, A. Nazir, H. Ullah

HARNESSING Al AND NATURAL THERA-
PEUTICS: COVID-19 DATA ASSESSMENT
AND CURCUMIN’S ROLE IN MITIGATION

The main purpose of this work is to produce early finding /detection report for covid-19 by automated system using artificial intelligence tech-
nigues and drug development. This work comprises a proposed method for quantifying the features of textured Covid Images and Curcumin as an
analyte for five various concentrations i.e. 0 mM, 10 mM, 20 mM, 30 mM and 40 mM. During data analysis using artificial intelligence and machine
learning approaches, HRCT was found to be useful diagnostic tool. For the quantification and features extraction, statistical analytical methods
were applied on normal and affected data (grey images) after discussion with expert radiologist. Total number of region of interests selected was
320. The proposed method accuracy for three classes COVID-19 mild cases, COVID-19 severe cases and normal cases were 94.4%, 96.6% and
98.4%. Sensitivity was 94.5%, 96.6% and 98.4% with respect to principal component analysis, linear discriminant analysis and nonlinear discrimi-
nant analysis. Clinical findings disclose the higher mortality rate, different severity levels and to identify the stages of virus attack. Curcumin can be
used as drug to improve histopathological results.

Keywords: Covid-19, Texture analysis, Curcumin, Co-occurrence matrix

For citation: Nisa M., Buzdar S.A., Siddique F., Ahmad M.S., Akhtar M., Nisar S., Nazir A., Ullah H. Harnessing Al and Natural Therapeutics:
COVID-19 Data Assessment and Curcumin’s Role in Mitigation. Yakut medical journal. 2025; 92(4): 5-13. https://doi.org/10.25789/YMJ.2025.92.01

Introduction: There was a huge viral
attack, checked in December 2019, ap-
peared in Wuhan, province Hubei China
and firstly spread to the other regions of
china and then to the worldwide [1]. This
novel corona virus (COVID-19) was ob-
served with some common symptoms in
mild cases like fever, fatigue, dry cough,
etc. and in serious cases, infections ob-
served that can cause fatal pneumonia
[2], dyspnea, and acute respiratory dis-
tress condition that lead to death [3].
According to literature survey COVID-19
can spread among humans by means of
respiratory track [4-5]. It was observed
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that mortality ratio was low in children [6]
and high in males and elderly persons
[7]. The incubation period for COVID-19
varies based on different sources: WHO
(The World Health Organization) report-
ed duration for incubation period for co-
rona virus 2-10 days while, NHC (China’s
National Health Commission) had an-
nounced the estimated incubation dura-
tion 10-14days. The CDC (United States)
claimed 2-14days whereas DXY.cn, a top
ranked Chinese online community for
physicians and health care professionals,
reported estimation 3-7 days can be up
to 14 days. The effective way to reduce
the strength of corona virus is proper
isolation [1]. Today’s basic necessity is
to identify the early stage of COVID-19
(even before symptoms appear) with an
automated report generation with collab-
oration of diagnostic imaging. Literature
shows Texture analysis plays great role in
segregating the pattern observed in med-
ical images [8-9]. CT texture analysis is a
prominent tool to investigate and identify
human tissue features precisely to dis-
tinguish malignant and normal tissue im-
ages by applying different quantification
methods [10].

COVID-19 is a disease that spreads
through virus and triggers the Severe
Acute Respiratory Syndrome (SARS). In
December 2019 COVID-19 spreads in
whole world with origin Wuhan, a city of
China [11]. Many elucidations were con-
ducted on genome of COVID-19 by sci-
entists and made many drugs. Protease
was selected for such drugs because it
works when RNA of Covid-19 replicates

[12]. Curcumin is one of the most prom-
inent antiviral. Bisdemethoxycurcumin,
desmethoxycurcumin and curcuminoid
are three types of curcumin. It is a poly-
phenol [13]. Curcumin acts as anticancer,
antidepressant, antioxidant, anti-inflam-
matory and antiviral in many biological
phenomenon’s [14]. Curcumin by the pro-
cess of fibrosis during COVID-19 reverse
the pathway of pulmonary system due
to its biological targets like inflammatory
response, inhibition and immunological
properties [15]. We have discussed the
biological components and parameters of
blood of COVID-19 patient for 0 mm, 10
mm, 20 mm, 30 mm and 40 mm hemato-
logical under Curcumin analyte.

The infected CT images of COVID-19
showed similarity for chest tomographic
configuration of ground glass opacities,
consolidation with bilateral and marginal
lung infections for SARS-CoV-19. The
radiologist found similar symptoms in de-
tecting abnormalities for viral pneumonia
and SARS-CoV-19 Pneumonia [16].

There is limitation in chest CT findings
due to its negative prognostic value at
primary symptoms appearance [17]. Ar-
tificial intelligence (Al) is somehow per-
forming better understanding in human
imaging analysis as well as for identifying
abnormalities [18]. According to literature
survey Coronavirus belongs to one of the
largest viruses group Nidovirales, which
contains Coronaviridae, Arteriviridae,
Mesoniviridae, and Roniviridae families
[19]. The Coronavirinae comprise of nine
families. These viruses firstly differen-
tiate or grouped according to serology
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Fig. 1. High Resolution Computed tomog-
raphy (HRCT) images of (a) normal and
COVID-19 infected data (b) mild cases and (c)
severe cases

but now they are classified by phyloge-
netic assembling. The Coronaviruses
Alpha, Beta, Gamma and Delta are the
four species arises from Coronavirinae
family [20]. Lu et al [21] studied that a

Fig. 2. ROl marked on HRCT images of the
patients (a) normal (b) mild infected with covid
(C) severe with coronavirus disease-2019. In
case(c) GGO, consolidation and septal thick-
ening appear that reveals the severity

novel coronavirus (termed 2019-nCoV)
detected during clinical sample investi-
gations from viral pneumonia patients in
Wuhan, China. 2019-nCoV has resem-
blance in pattern with the virus caused by

SARS, epidemic 2003. A novel research
on COVID-19 is also given by one of the
academy of Medical Sciences in China
described by Ren et al. They observed
this research in five patients that was di-
agnosed with pneumonia due to viral as
the major reason, later tested COVID-19
positive with the metagenomics observa-
tion of samples of patients of respiratory
tract. Sequence findings showed that this
virus is phylogenetically closest to the bat
SARS-like CoV, but is in a different lin-
eage, possessing. In addition, the amino
acid sequence of this new CoV's prelim-
inary receptor-binding domain (RBD) re-
sembles that of SARS-CoV, implying that
the same receptor could be used.

According to Wang et al [22], for the
development to study and get rid of this
dangerous and complex virus, scientific
study is of critical importance. Many de-
velopment and advance research, in field
of medical, environmental and science,
is needed to understand the clear view,
growth and transfer of virus in body.

Rao et al. suggested that if online
mobile based app is discovered to take
sample, patient history, critical symptoms
of COVID-19, it will save time and fast
isolation is possible [23]. Even this data
can be used for the basic screening and
rapid detection of COVID-19 patients.
With the help of artificial intelligence (Al),
a statistical calculation can be achieved
that will give good information accord-
ing to risk factors like patients having no
risks, patients having low risk, patients
having medium risk factor and patients
with severe risk. The patients with se-
vere -risk factor detected may then be
quarantined sooner, minimizing the prob-
ability of the virus spreading. It is very
necessary to communicate with children
and families in the hospitals. People may
feel that there is no COVID-19 treatment,
but we need to help them realize that it
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is likely that positive therapy is all that is
required [6].

To estimate the transmission risk of
COVID-19, a mathematical model was
proposed to conclude that 6.47 could be
the basic reproduction number. Wang
et al. [24] proposed the following guide-
lines, based on the report findings (1) CT
scan or x-ray scan of lung of each patient
should be considered. In clinically sus-
pected cases of quarantine, patients with
traditional pulmonary signs should be in-
cluded. Lung CT should be rechecked in
3 to 5 days for patients without apparent
lung signs but with clinical symptoms,
(2) as a requirement for admission to
the quarantine ward, positive lung CT
results instead of a positive nucleic acid
test should be used. (3) CT exams should
be performed every 5 to 7 days in hos-
pitalized patients and a low-dose scan
should be used. In short, clinicians and
radiologists should recognize the impor-
tance of chest CT in the diagnosis and
treatment of COVID-19, be familiar with
the characteristics and diagnostic points
of COVID-19 chest imaging, and improve
contact within the radiology community,
which is particularly important in the fight
against COVID-19 [24].

Currently researchers are working on
Al (Artificial Intelligence) to develop tools
that can boost the potential of health care
[18]. Qanees et al. developed FPAS-
SA-ANFIS (flower pollination algorithm
using the salp swarm algorithm) that was
applied as a forecasting technique that
has the ability to predict number of con-
firmed COVID-19 cases within ten days
[25]. Srinivasa et al. suggested that deep
learning algorithms can be implemented
to identify early signs of COVID-19 viral
infection [23].

Materials and methods. In this study,
the data was collected from personal
contacts for clinical aspects to char-
acterize and differentiate normal and
COVID-19 cases. Analysis was done
with 20 normal cases versus 20 coro-
na infected patients with mild state and
50 severe corona patients with HRCT
images. Senior doctors and radiologist
were consulted for the precise judgment
and discussion of symptoms and clinical
findings to strengthen proposed analysis
results. The most common symptoms ob-
served in mild cases were fever, cough,
fatigue, myalgia (body aching) and poor
appetite. Clinical findings were periph-
eral Ground Glass Opacity (GGO), Bas-
al Consolidation, septal thickening and
vascular dilation [26] etc. Recovery time
was 10-15 days. Severe patients were
observed with some complications due to
diabetics, hypertensive, cardiac, smoker,

high grade fever and shortness of breath.
Some patients were treated with oxygen
therapy. Pattern on HRCT was same
Ground glass opacity, consolidation, sep-
tal thickening and vascular dilation with
high grade. Recovery time examined 21
days to one month. Generally, age was
one of the basic factors perceived in mor-
tality rates.

Blood smear preparation: Blood
smear method was used for preparation
of slides of blood cells. Fixing and stain-
ing was used for WBCs and RBCs and
for platelet cells PRP by centrifuge meth-
od at 50x10°rpm. Fixing is done by using
Ethanol and staining by using field strain
(A, B). Then images of these slides were
captured by using microscope with lens
of 40X for WBCs and RBCs. This was
conducted at room temperature.

Feature Extraction: The digitization
of texture features is done by feature
extraction process in texture analysis
methods. Texture variation, angles of
direction and surface structure can be
defined by these extracted features or
parameters. Statistical analysis method,
Co-occurrence matrix was used for com-
puting Haralick texture features for each
ROI. Features data was calculated from
the region of interests was based on im-
age intensity. A square matrix that keeps
record of frequencies of occurrence of
these gray levels in pairs relationships is
known as co-occurrence matrix [27]. Its
dimensions are independent to that of the
image matrix [28].

Grey level co-occurrence matrix is
second order method that statistically
measures grey level. It works with the
linear spatial relationship between neigh-
boring pixels and describes combinations
with neighboring pixels exist in any direc-
tion at angle 6 [10, 29-30]. The comput-

4 2025 ALY 2

ed Haralick texture features are Angular
Second Moment, Contrast, Correlation,
Variance, Inverse Difference Moment,
Sum Average, Sum, variance, Sum En-
tropy, Entropy, Difference Variance, Dif-
ference Entropy, Information Measures of
Correlation |, and Information Measures
of Correlation2.

Experimental Results. High Resolu-
tion Computed tomography (HRCT) was
performed with patients using 64-slice
Toshiba Medical System, X-ray high volt-
age generator, Model CXXG-012A, input
was 37, 200V and 50/60 Hz. Maximum
input power was 90kVA. The output was
120kV, 600mA, and 135kV, 530mA made
in Japan.

Selection and construction of ROls.
Region of interests were defined or se-
lected when image loaded on image pro-
cessing software. In this research work
system was defined region of interest with
sizes 8 x 8, 16 x 16 and 32 x 32 window
sizes. For the precision and accuracy 8
x 8 ROI was constructed. Multiple ROIs
from patient’'s image were chosen to in-
crease the number of number of samples
from patient’'s data. Size of region of in-
terest basically indicates the number of
pixels under consideration. In this study
the shape of the selected region of inter-
est was square.

Feature Selection. In digital image
total dimensions are proportional to the
number of pixels exist in that pattern. In
that sense it constructs large number of
dimensions. For specific problems it is
good to minimize the number of dimen-
sions by making feature vector. That fea-
tures are called the statistical parameters
which describes the spatial interrelation-
ship of different grey levels in neighboring
pixels. Basically feature section or reduc-
tion makes sense in terms of grouping
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Table 1

Features pooled mean pooled standard deviation
angular Second Moment 5.8036E-03 5.5229E-03
contrast 7.6720E+02 5.2918E+02
correlation 3.4903E-01 2.3780E-01
variance 5.3339E+02 3.6326E+02
inverse Difference Moment 1.0860E-01 1.2192E-01
sum Average 2.6590E+02 7.9759E+01
sum Variance 7.6099E+04 4.0695E+04
sum Entropy 4.2502E+00 5.8819E-01
entropy 5.5698E+00 5.8719E-01
difference Variance 6.2831E+02 4.4838E+02
difference Entropy 3.4639E+00 8.1990E-01
info_measur_corrl -3.6850E-01 8.8901E-02
info_measur_corr2 9.3751E-01 7.8914E-02
Statistical Techniques Results
Principle component Analysis
Linear dimensionality 5
Fisher coefficient 11.6
Feature vector standardization yes
1-NN classification of MEFs:

Misclassified data vectors 18/320 [or 5.63%]
Linear Discriminant analysis
Linear separability 0.98
LDA dimensionality 2
Fisher coefficient 181
Feature vector standardization yes
1-NN classification of MDFs:
Misclassified data vectors 11/320 [or 3.44%)]
Nonlinear discriminant analysis
Misclassified f. vectors 5/320 [or 1.56%)]
Fisher coefficient, F 50.4
Feature vector standardized yes
- é g 0.04
zs82
vEFS MDF2
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60
-496
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062
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or sorting to reduce irrelevant data and
approach to accuracy. This feature se-
lection process applied before the statis-
tical techniques are applied on data [31].

Statistical Assessment / Data Pro-
cessing Techniques. Statistical analysis
was executed using Sante DICOM view-
er (used to view images on impartial sys-
tem), IrfanView 64 (that is pronounced
for viewing and accomplishing trivial
image’s management. It simply works
from changing file format to manipulation
of digital images basic features), com-
puter vision lab [32] (software designed
for PhD work, used to compute different
region of interest with 8 by 8, 16 by16,
and 32 by 32 cursor size) and B11 [29]
(a unit/software permits visualization of
sample distribution and sorting the fea-
ture vectors. Furthermore, it provides tool
for artificial neural network (ANN) and
nonlinear supervised classification (1NN-
1-nearest neighbor classifier). Statistical
techniques executed in the B11 software
encompass PCA (Principal component
analysis), LDA (Linear discriminant anal-
ysis) and NDA (nonlinear discriminant
analysis) [33-35].

Texture Analysis. Texture analysis is
considered as the excellent tool in medi-
cal field like radiology. Homogenous and
heterogeneous textures are pronounced
in medical images for pointing the same
and violent nature of lesions in the diag-
nostic imaging. To study diagnostic im-
ages, there is vital need to understand
image pathology in detail. An image is

(=1 25

(b)

MDF 1 085

NDA 1

Fig. 5. Showing the distribution of texture features for ROI of dimensions 8 * 8 within normal (marked as red) and Covid (with severe cases marked
as green) and with mild states (marked as blue) by (a) Principle Component Analysis in three dimensions, The longitudinal, lateral and vertical
axis corresponds to most expressive features (MEFI, MEF2 and MEF3) (b) Linear Discriminant Analysis in two dimensions, The horizontal and
vertical axis corresponds to the most Discriminative features in one linear dimension(MDF1 and MDF2) (c) Nonlinear Discriminant Analysis in two

dimensions (NDAf1 and NDAf2).
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collection of unit cell called pixel [36]. In
latest research texture analysis has be-
come the fundamental part of radiology
to measure different parameters. As the
images can be homogenous or hetero-
geneous (shows complicated pattern
for crucial stages), for the quantification
of heterogeneity, texture analysis is the
essential tool that defines the texture in-
formation, that can predict routine stages
and survival rates against diseases [32,
37]. The proposed method for this work
figures out results from Haralick texture
features using statistical techniques
deduced from Co-occurrence matrix
(GLCM). As single pixel intensity value
variation does not provide enough infor-
mation about texture behavior that's why
second order statistics is used for pair of
pixels.

Results showing Haralick texture fea-
tures with pooled mean (p. mean) and
pooled Standard deviation (p.std) and
for all these features different statistical
techniques Principle component anal-
ysis, Linear Discriminant analysis and
Non-linear discriminant analysis present-

ing normalization, fisher Coefficients and
misclassification rates (normal versus
COVID-19 textured data) with feature
vector standardization and 1NN classifi-
cation of MEFs (Table 1).

(a) showing confusion matrix for clas-
sification using Principle component
analysis (PCA) (b)Differentiation perfor-
mance of normal versus covid (mild and
severe cases) table showing the overall
accuracy 94.4% with application of tex-
ture analysis method.TP, TN, FP and FN
represent true positive, true negative,
false positive and false negative respec-
tively (Table 2).

(a) showing confusion matrix for clas-
sification using Linear discriminant analy-
sis (LDA) (b) differentiation performance
of normal versus covid (mild and severe
cases) table showing the overall accu-
racy 96.6% with application of texture
analysis method. TP, TN, FP and FN rep-
resent true positive, true negative, false
positive and false negative respectively.
(Table 3).

(a) showing confusion matrix for clas-
sification using Non discriminant analysis

(NDA) (b) differentiation performance of
normal versus covid (mild and severe
cases) table showing the overall accu-
racy 98.4% with application of texture
analysis method. TP, TN, FP and FN rep-
resent true positive, true negative, false
positive and false negative respectively.
(Table 4).

Microscopic Results. Deviations of
blood components and parameters under
five different concentrations of Curcumin
i.,e. 0 mM, 10 mM, 20 mM, 30 mM and
40 mM by using white light microscope of
sample set (I1) are shown below in figure 6.

Discussion. Figure 1 represents
the overall workflow adopted in this re-
search, illustrating the sequential steps
involved in image acquisition, prepro-
cessing, feature extraction, and classifi-
cation. Initially, HRCT (High-Resolution
Computed Tomography) or polarimetric
images of patients were acquired and
stored in a digital format. These images
were then subjected to preprocessing
operations, including noise reduction,
contrast enhancement, and normaliza-
tion, to ensure uniformity across all sam-

Table 2

a b
PCA Analysis PCA
TRUE Class Class Name | TP | TN | FP | FN | Precision | Recall | F1-Score
Normal _ Severe  Mild Normal | 71 |249| 0 | 0 | 1.000 | 1.000 | 1.000
Predicted  Normal 71 0 0 Severe 186 [ 116 [ 10 | 8 | 0.949 | 0959 | 0.954
Class  Severe 186 10 Mild 45 (257 | 8 | 10| 0849 | 0818 | 0.833
Mild 8 45 Total 302 18 | 18 0.944 0.944 0.944
a b
LDA Analysis LDA
TRUE Class Class Name | TP | TN | FP | FN | Precision | Recall | F1-Score
Normal Severe Mild Normal 71 | 249 0 1.000 1.000 1.000
Normal 71 0 0 Severe 190 | 119 4 0.964 0.979 0.972
Severe 190 7 Mild 48 | 261 0.923 0.873 0.897
Mild 0 4 48 Total 309 11 | 11 0.966 0.966 0.966
a b
NDA Analysis NDA
TRUE Class Class Name | TP | TN | FP | FN | Precision | Recall | F1-Score
Normal  Severe Mild Normal 711249 0 | O 1.000 1.000 1.000
Predicted  Normal 71 0 0 Severe 194121 5 | 0 | 0975 | 1.000| 0.987
Class  Severe 194 5 Mild 50 [265| 0 | 5 | 1.000 | 0909 | 0952
Mild 0 50 Total 315 5 5 0.984 0.984 0.984
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Fig. 6. Micrograph showing size and shape changes of WBCs fewer than five concentrations of Curcumin i.e. 0OmM to 40mM under analyte (cur-

cumin) at 40X.

Table 5

Abnormalities or improvement in cells and parameters values under Curcumin Concentrations

. No. of No. of
I cephreumin No'l‘(’)f/\gfcs %agt%eﬁ RB(}/IlsL 10¢/ I;/C(;‘LB RDW % | PDW % |MCV fL| MPV fL| HCT % | PCT %
1 0 mM 2.85 178 4.05 102 | 154 | 189 | 924 | 82 | 373 | 024
2 10 mM 417 2195 433 106 | 159 | 206 | 935 | 86 | 371 | 024
3 20 mM 4.99 2457 441 105 | 157 | 201 | 941 | 80 | 392 | 020
4 30 mM 7.69 246 458 121 | 158 | 219 | 949 | 86 | 423 | 023
5 40 mM 10.47 280.9 4.89 143 | 164 | 223 | 966 | 85 | 446 | 025

ples. Subsequently, texture-based and
statistical parameters were extracted
from the processed images to quantify
microstructural differences between nor-
mal and infected tissues. The extracted
features were then analyzed using di-
mensionality reduction and classification
techniques such as PCA, LDA, and NDA
to distinguish between various stages of
infection or disease severity. Thus, Fig-
ure 1 outlines the complete analytical
pipeline—from raw image input to final
diagnostic  classification—demonstrat-
ing the systematic approach adopted in
this study. Figure 2 depicts the selec-
tion of Regions of Interest (ROIs) on
HRCT images of patients with varying
degrees of COVID-19 infection. Subfig-
ure (a) represents a normal lung image
showing clear alveolar structures with-
out visible abnormalities. Subfigure (b)
shows a mildly infected case, where
faint ground-glass opacities (GGO)
are observed, indicating early inflamma-
tory changes. Subfigure (c) illustrates a
severely infected lung, where extensive
GGO, consolidation, and interlobular
septal thickening are evident, signifying
advanced pulmonary involvement and
severe tissue damage. The ROIls were
marked as square windows of fixed size
to capture specific texture patterns within
each region, facilitating quantitative com-
parison of structural changes across in-
fection stages. This figure demonstrates
the rationale behind ROI selection and
highlights the visual progression of
COVID-19-related pathological features
in HRCT imaging.

In the present study, total number of

regions of interest selected for work was
320, in which normal were 71, mild 55
and severe 194. The pooled statistical
evaluation of polarimetric texture features
demonstrated clear distinctions between
normal and pathological tissues. High
contrast (7.67 x 10?) and variance (5.33
x 102?) indicated significant structural het-
erogeneity, while low angular second mo-
ment (5.80 x 10-%) and inverse difference
moment (0.108) reflected reduced uni-
formity. Elevated entropy (5.57) and sum
entropy (4.25) values signified increased
randomness and tissue disorganization
associated with malignancy. Correlation
parameters (0.349) and information mea-
sures (info_measure_corr1 = -0.368;
info_measure_corr2 = 0.938) confirmed
moderate pixel dependencies, highlight-
ing disrupted microstructural patterns.
Principal Component Analysis (PCA)
achieved a Fisher coefficient of 11.6 with
5.63% misclassification, while Linear Dis-
criminant Analysis (LDA) improved accu-
racy (3.44% error; Fisher = 181; separa-
bility = 0.98). The best classification was
obtained using Nonlinear Discriminant
Analysis (NDA), showing only 1.56%
misclassification and Fisher coefficient of
50.4. Overall, nonlinear statistical map-
ping demonstrated superior tissue differ-
entiation and strong diagnostic potential
of polarimetric and textural parameters.
Here the proposed work has done with
ROI 8%8. As indicated in table 1, p. mean
and p.std was derived from Haralick tex-
ture features. After setting feature vectors
standardization, neural network parame-
ters, and classifying categories, analysis
was completed with PCA, LDA and NDA

methods. In PCA model the linear dimen-
sionality and fisher coefficient were 5 and
11.6 respectively.1-NN classification of
MEFs shows the misclassification data
vectors 5.63% and classification and
overall accuracy for PCA module was
94.4% (as indicated in table 2) Figure
3(a) showing the distribution of texture
features for ROIls for normal cases the
isolated cluster is observed (red) with
100 % accuracy while other two clusters
showed accuracy with some misclassifi-
cation proportion. These disparities mea-
sured by means of other physical aspect
ratio (symptoms of unhealthy conditions
like smoking, hypertension and diabetes
etc.). Figure 3(b) showing the distribution
of texture features for normal, mild and
severe ROls there is three sequestered
clusters, but Covid-infected was lineup
in comparison with normal that showed
the aggressive nature of disease even
in mild or critical situation. In LDA model
the linear separability was 0.98. LDA di-
mensionality was 2 and fisher coefficient
was 181. During 1-NN classification of
MDFs the misclassification rate was ob-
served 3.44%. The overall accuracy per-
ceived was 96.6%for LDA analysis (as
shown in table 3). In NDA analysis fisher
coefficient was 50.4 and misclassified f.
vectors were 1.56%. The overall accura-
cy 98.4% was reported (as point out in
table 4). Even though there was overlap-
ping among some ROIs among mild and
severe cases that showed the variation
of infection rates due to already existed
some dysfunctions of the body. While
the analysis with normal cases was re-
ported 100% for all methods PCA, LDA
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Fig. 7. Showing two dimensional graphical trends of (a) WBC (b) PLTs (C) RBCs (d) HGB and
(e) HCT against 0 mM to 40 mM concentration of Curcumin Analyte with step size of 10 mM.

and NDA. Figure 3(c) discriminated the
texture features properly due to contrast
and correlation of the vectors.

In this proposed work different con-
fusion matrices have drawn for the real
assessment. These matrices are show-
ing TP, TN, FP and FN (true positive,
true negative, false positive and false
negative) values with measurements of
Precision, Recall, F1-score and accuracy
(used equations are shown below [38].

Precision = TP/(TP+FP)
Recall/ Sensitivity = TP/(TP+FN) (2
F1-score = (2XTP)/(2*TP+FP+FN) (3)
Overall accuracy = Sum of TP/ Total
number of RO/ (4)

(1)
)

Accuracy (https://tech.labs.oliver-
wyman.com/blog/2019/10/17/accura-
cy-precision-recal-elixir/) is the sum of
the diagonal divided by the total. Table
2(a) is showing the confusion matrix for
PCA analysis, the TP (True positive) for
normal was 71, TN (True negative) 249,
FP (False positive) and FN (False neg-
ative) was 0. Value of Precision, recall
and F1-score was 1 that shows excel-
lent accuracy for normal ROIs for PCA.
For severe cases/ samples/ ROls the TP
was 186 and TN 116 whereas FP and FN
values were 10 and 8 respectively. Preci-
sion, recall and F1 score was less than 1
and 0.949, 0.959 and 0.954 respective-
ly. For mild ROIs TP was 45 and TN, FP
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and FN was 257, 8 and 10 respectively.
Measurements for precision with recall
and F1 score was less than 1 and 0.849,
0.818 and 0.833 respectively. Table 2 (b)
presenting the total TP= 302, FP and FN
=18, total precision = recall = F1-score =
0.944. The overall accuracy calculated
from the confusion matrix was 94.4%.
Table 3 presenting a confusion matrix
for LDA analysis to differentiate between
performance of normal versus covid (mild
and critical) ROls. Value of TP=71, TN =
249, FP=FN=0 and precision, recall and
F-1 score approaches to 1, that shows
the maximum accuracy. In case of se-
vere category TP=190, TN= 119, FP=7,
FN=4 and the values of the precision, re-
call and f1-score were 0.964, 0.979 and
0.972 respectively. For mild class TP=48,
TN=261, FP=4, FN=7, precision= 0.923,
recall=0.873, and F1-score was 0.897.
LDA analysis showed more vibrant re-
sults as compared to PCA with total TP
309, FP=FN=11, overall precision was
0.966, recall 0.873 and F1-score 0.966
that disclosed the total accuracy 96.6%.
Confusion matrix for NDA method has
drawn in Table 4 that delivers the descrip-
tive information about textural features of
different ROIls. In normal case like PCA
and LDA precision was observed with
excellent results with 100% TP and TN
ratio. In severe class TP was 194, TN
121, FP and FN was reported with values
5 and 0 respectively. In this analysis val-
ue of precision was 0.975, Recall 0.909
and F1-score 0.952. In mild category
the values for TP, TN, FP and FN were
50, 265, 0 and 5 respectively. Precision
points to 1 whereas recall and F1-score
were 0.909 and 0.952 respectively. NDA
analysis presented more exciting results
with entire accuracy of 98.4% and total
precision was 0.984. Although the total
TP values were 315 and FP, FN were 5, 5
respectively. It is concluded that Corona
virus is an extremely spreadable among
human beings and can cause moderate
to prolonged effects that can be harmful
[39]. Patients with mild state observed
with ground glass opacity (GGO) and
basal consolidation in common. GGO
was the most common sign in either mild
or severe patients. In critical situations le-
sions were scattered and finally infected
the lungs and septal thickening and vas-
cular dilation were found with pulmonary
consolidation. These changes appear
in the form of shortness of breath that
takes time to recovery and enhance in-
fection rate. This suggests that presented
techniques have promising probability to
identify the infection in early stages even
on critical one. The visual assessment/
findings indicate that mortality rate can
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be increased due to aging, or lesions
present in lungs or liver [2-3, 40] or oth-
ers. It is also cleared at this stage that
HCRT texture analysis is a practically ap-
plicable tool for characterization and dif-
ferentiation normal versus infected ROls.
In further recommendations that are a
lot of work remaining on individual dis-
eased organs infected with covid-19 that
will help out to more commercialize this
method in diagnostic units.

Also we have tried to explain the ab-
normalities / improvement in blood cells
and parameters of Covid-19 patient
blood with the help of hematology and
microscopy after admixing Curcumin for
inherent concentration i.e. 0 mM and
for 10 mM, 20 mM, 30 Mm and 40 mM.
Convicted covid-19 patient has highly ef-
fected immune system and blood coag-
ulation system i.e. physiology of WBCs
and Platelet cells are disturbed highly.
Size and shape of WBCs is improved by
the use of curcumin as we can see from
figure 5 (a-e). Shape of RBCs changes
from biconcave to spherical and spiked
and their size also increases when we
increase the concentration of Curcumin.
Similarly, size and shape of Platelet cells
is improved under curcumin from inher-
ent to optimum value as shown in figure
6 (a-e). Count of WBCs goes on increas-
ing gradually from 8.5%x10%/uL at inherent
value to 8.94x 10%uL at optimum value
as drawn in figure 7 (a). Basophil and
lymphocytes illustrate drastic changes.
Thus Curcumin improves the immune
system of Covid-19 patient. Lymphocytes
(natural germ Kkiller) produce antibod-
ies against the parts affected by either
cancer or by virus. Their count increas-
es from 2.23% to 4.74%. Basophil pro-
duces histamine (homeostasis factor)
and heparin (an anticoagulant). Count
of Basophil cells is also increased from
0.55% to 2.57% as we mix curcumin from
inherent to optimum concentration. Rest
types of WBCs remained unchanged. In
covid-19 patient count of platelet cells
goes on increasing from 178x10%uL at
inherent value and reaches 280.9x10%
pL at 40 mM concentration as drawn in
figure 7(b). It can also be concluded that
low count of platelet cells in diabetes can
be improved by using curcumin. Count of
RBCs in Covid-19 patients is not much
affected just very slow gradual increase.
HGB is the oxygen transportation pig-
ment of Red colour present in our body.
HGB level increases as we increase the
concentration from 10.2 g/dL at inherent
value up to14.4 g/dL at optimum value as
drawn in figure 7(d). Respiratory system
suffered a lot in covid-19 but Curcumin
plays very vital role in restoring it by in-

creasing the HGB level. Parameter like
HCT which measures the proportion of
RBCs in blood is increased from 37.3%
to 44.6% as we increase the concentra-
tion of Curcumin. Parameters like MCV,
MPV, RDW, PCT and PDW show little bit
deviation at optimum value as we com-
pare with value at inherent concentra-
tion. Thus, Curcumin showed a strong
restorative effect on the hematological
profile of COVID-19 patients. Increas-
ing its concentration improved the mor-
phology and count of WBCs, RBCs, and
platelets, enhancing immune response,
oxygen transport, and blood coagulation
balance. Elevated HGB and HCT levels,
along with increased lymphocyte and
basophil counts, confirm curcumin’s role
in strengthening immunity and restoring
normal blood physiology. Overall, cur-
cumin demonstrates promising potential
as a natural therapeutic agent for mitigat-
ing hematological disturbances caused
by COVID-19 infection.

Conclusion. This study has total 320
ROls, with normal 71; mild 55 and severe
194 by using after setting feature vectors
standardization, neural network parame-
ters, and classifying categories, analysis
was completed with PCA, LDA and NDA
methods. The results show an excellent
accuracy for normal ROIls for PCA with
TP=71, TN=249, FP and FN was 0 and
precision value=1. Severe cases for PCA
with TP=186, TN=116, FP=10and FN=8
and precision value <1 while Mild cases
for PCA with TP=45, TN=257, FP=8and
FN=10 and precision value <1. The over-
all accuracy calculated from the confu-
sion matrix was 94.4%. For LDA anal-
ysis of normal ROIs TP=71, TN = 249,
FP=FN=0 and precision approaches to
1,. In case of severe category TP=190,
TN= 119, FP=7, FN=4 and the values of
the precision <1. For mild class TP=48,
TN=261, FP=4, FN=7, precision <1. LDA
analysis showed more vibrant results as
compared to PCA that disclosed the to-
tal accuracy 96.6%. For NDA in normal
case like PCA and LDA precision was ob-
served with excellent results with 100%
TP and TN ratio. NDA analysis presented
more exciting results with entire accura-
cy of 98.4%. It is concluded that Corona
virus is an extremely spreadable among
human beings and can cause moderate
to prolonged effects that can be harmful
and Curcumin has the potential as one
of the most prominent, less expensive,
homeopathic antiviral for improvement of
blood cells and parameters in Covid-19
patient.
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INSUFFICIENCY IN WOMEN WITH
COVID-19 OF MODERATE SEVERITY
IN THE SECOND AND THIRD
TRIMESTERS OF PREGNANCY

Introduction. COVID-19 in pregnant women is associated with inflammatory damage to the placenta, leading to impaired uteroplacental and
fetal-placental circulation and the development of chronic placental insufficiency. Objective. To perform histologic study of placental tissues in
women with chronic subcompensated placental insufficiency associated with COVID-19 of moderate severity. Materials and methods. Placentas
from women who developed chronic subcompensated placental insufficiency against the background of moderate COVID-19 in the second and
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third trimesters of pregnancy (main group, n = 40). The control group consisted of placentas from
women not infected with SARS-CoV-2 (n = 20). Histological study and morphometric analysis of
placenta slice preparations were performed. Results. Histologic study of placenta from women
of the main group revealed the following uncharacteristic specific signs of viral tissue damage:
decidual vasculopathy, lymphoplasmacytic infiltration, thrombi in the venous vessels of the stem
villi, villitis and intervillusitis, deposition of intervillous fibrinoid, hyperplasia of syncytiotrophoblast
and chorangiosis. Morphometric analysis showed an increase in the proportion of perivorsinchal
fibrin and capillaries in terminal villi, and a decrease in the density of syncytiotrophoblast mem-
branes. In addition, an increase in the number of syncytial nodules and intermediate immature
villi, as well as capillary bleeding in intermediate and terminal villi were found. Conclusion. The
moderately severe course of COVID-19 in the second and third trimesters of pregnancy is asso-
ciated with structural changes in the placenta, which, with insufficient efficiency of compensatory
and adaptive mechanisms, is one of the causes of the development of chronic subcompensated
placental insufficiency.

Keywords: pregnancy, COVID- 19, chronic subcompensated placental insufficiency, placen-
tal histology, morphometry.
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Introduction. Pregnancy is accom-
panied by physiologic restructuring of
immune, endocrine and hemostatic
regulation, which makes the placen-
ta vulnerable to systemic inflammation
and microcirculatory disturbances in
COVID-19 [2, 3, 15]. Against this back-
ground, infection in the second and third
trimesters of pregnancy is associated
with remodeling of the intervillous space
and villous tree of the placenta due to
systemic inflammatory response, endo-
thelial dysfunction and hypercoagulabil-
ity, which is manifested by a complex of
signs of maternal and/or fetal vascular
malperfusion [5]. Morphological signs
of maternal vascular insufficiency in
COVID-19 include decidual vasculopa-
thy with hypertrophy of the vascular wall,
increased fibrin deposition and throm-
bosis in the intervillous space, acceler-
ated maturation of villi with increased
formation of syncytial nodules, signs
of distal hypoplasia of villi, formation of
retroplacental hematomas and infarcts
of villi. Changes in fetal blood flow are
manifested as chorangiosis, thrombosis
of the choroidal plate, avascular villi, and
perivorhinal fibrin deposition. In addition,
some cases show signs of marked cho-
rioamnionitis and umbilical cord vascu-
litis, as well as chronic inflammation in
the form of lymphohistiocytic intervillus-
itis and villitis [6, 7, 8, 11]. At the same
time, specific pathomorphologic changes
characteristic of the moderate course of
COVID-19 have not been established.
Even with confirmed virosemia, the de-
tectable spectrum of morphologic chang-
es often coincides with abnormalities
observed in other obstetric pathologies
[4, 9]. However, there is evidence in the
literature that in some cases of moderate
and severe course, there is a character-
istic phenotype of placentitis associated
with SARS-CoV-2, represented by the
triad: chronic or subacute intervillusitis,
diffuse fibrin deposition in the intervillous
space and necrosis of syncytiotropho-
blast [12]. These changes, according to
the authors, are associated with placen-
tal insufficiency, intrauterine fetal death,
and unfavorable perinatal outcomes [14].
To correctly interpret structural changes
in the placenta, many researchers rely
on the Amsterdam Placental Workshop
Group recommendations of 2014, which
standardize protocols for material collec-
tion, terminology and diagnostic criteria
for maternal and/or fetal malperfusion,
as well as take into account the nature of
inflammatory damage and the presence
of thrombi in the vascular lumen [10, 13].
We believe that the above emphasizes
the relevance of our study.

Purpose of the study: to perform
histological study of placental tissues in
women with chronic subcompensated
placental insufficiency associated with
COVID-19 of moderate severity in the
second and third trimesters of pregnancy.

Materials and methods of research

We studied 40 placentas from women
with chronic subcompensated placental
insufficiency who underwent COVID-19
of moderate severity in the second and
third trimesters of pregnancy (main
group) and 20 placentas from women
not infected with SARS-CoV-2 (control
group). All women were delivered at 38-
40 weeks of gestation. Retrospectively,
to confirm subcompensated placental
insufficiency, screening ultrasound ex-
aminations in the third trimester of preg-
nancy were analyzed (medical records
of pregnant women, women in labor and
delivery receiving inpatient medical care
(Form N 096/1u-20), individual medical
records of pregnant women and women
in labor and delivery (Form N 111/u-20)).

Inclusion criteria for the main group:
spontaneous singleton pregnancy; age
20-35 years; moderately severe course
of COVID-19 in the second and third
trimesters of pregnancy, confirmed clini-
cally and laboratory by polymerase chain
reaction; chronic subcompensated pla-
cental insufficiency; informed consent for
the study.

Inclusion criteria for the control group:
spontaneous singleton pregnancy un-
complicated by COVID-19 and other in-
fectious and inflammatory diseases; age
20-35 years; informed consent for the
study.

Exclusion criteria: multiple pregnancy;
pregnancy after IVF; anemic syndrome;
cardiovascular diseases; exacerbation
of chronic non-infectious diseases; pres-
ence of chronic nonspecific lung dis-
eases; presence of specific diseases of
the bronchopulmonary system; genital
anomalies; gestational diabetes mellitus;
presence of sexually transmitted infec-
tions; presence of hormonal support with
gestagens; smoking; alcohol consump-
tion during pregnancy; patients' refusal to
be tested

Material was collected in the period
2022-2023 on the basis of the materni-
ty department of the State Autonomous
Health Care Institution of the Amur Re-
gion "Blagoveshchensk City Clinical Hos-
pital" (Blagoveshchensk). Histological
studies were performed in the scientific
laboratory of the mechanisms of etio-
pathogenesis and restorative processes
of the respiratory system in nonspecific
lung diseases of the Federal State Bud-
getary Scientific Institution "Far East-

ern Scientific Center of Physiology and
Pathology of Respiration" (Blagovesh-
chensk). The study was performed taking
into account the ethical principles of the
Declaration of Helsinki of the World Med-
ical Association and was approved by the
local ethical committee at the DNC FPD
(Protocol No. 148, 15.11.2023).

For histologic analysis, sections from
the central, paracentral and marginal
parts of the placenta (up to 6 samples)
were taken immediately after delivery.
Samples were fixed in 10% neutral for-
malin solution, pH 7.2-7.4 (HistoSafe,
BioVitrum, Russia) at room tempera-
ture for 48 hours. After that, they were
washed in water and dehydrated in a se-
ries of alcohols according to the generally
accepted method. Slices up to 3 um thick
were made from the obtained blocks on a
Thermo Fisher Scientific HM 325 rotary
microtome (USA). Sections were stained
with hematoxylin and eosin [1]. Micro-
scopic studies were performed using a
digital microscope MEIJI MT 4300L (Ja-
pan) at magnification x100, x200, x400.

Morphometric measurements were
performed on digital images of slices us-
ing Aperio ImageScope software (Leica
Biosystems, USA), with preliminary scale
calibration using Micron micrometer scale
(Russia). Each measurement was per-
formed in five fields of view. Quantitative
values were indicated in terms of 1 mm2,
fractional values in %. We evaluated:
the proportion of fibrin in the intervillous
space (%), the number of terminal villi
with & or more capillaries (%), the num-
ber of full blood capillaries in terminal villi
(%) and vessels of intermediate villi (%),
the proportion of intermediate immature
villi (%), the number of syncytiocapillary
membranes in terminal villi (per 1 mm2),
syncytial nodules (per 1 mm2), as well as
desquamation of syncytiotrophoblast on
the scale: 0 — absent, 1 —partial, 2 — total.

Statistical analysis was performed us-
ing GraphPad Prism, version 9.0 (Graph-
Pad Software, San Diego, CA, USA).
The normality of data distribution was as-
sessed using the Shapiro-Wilk criterion.
In pairwise comparisons of quantitative
data in independent groups, Student's
t-test was used in case of normal distri-
bution of the trait or Mann-Whitney U-test
when the distribution did not follow the
law of normal distribution. Quantitative
data are presented as median (Me) and
interquartile range (Q25%-Q75%). Differ-
ences were considered statistically signif-
icant at a significance level of p<0.05.

Results and discussion. The results
of histologic examination of placenta
preparations of the main group are pre-
sented in figure 1.
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Histologic signs of basal deciduitis
infiltration of basal decidual tissue with
lymphocytes and plasma cells — were
detected quite often in the decidual lam-
inae (fig. 1A). At the same time in the
vessels of the stem villi there were signs
of moderate or pronounced vasculitis,
and in some cases thrombi in the lumen
of the veins were detected (fig. 1B, C).
The presence of combined inflammatory
vascular lesions and thrombus formation
indicates the involvement of the mater-
nal part of the placenta in the general
pathomorphologic process of placental
hemodynamic disorders. This combina-
tion is an objective morphologic criterion
of blood flow disturbance in the mater-
nal placental vessels (maternal vascular
malperfusion).

In addition, the villitis (mixed infiltration
of the stroma of intermediate and termi-
nal villi with lymphocytes, macrophages
and single plasma cells) and intervillusitis
(lymphohistiocytic infiltration of the inter-
villous space), expansion of the intervil-
lous space, as well as fibrin deposition
with the formation of fibrin "bridges" be-
tween the villi were noted in the villous
tree (fig. 1D, E). The presence of villitis
and intervillusitis may indicate an inflam-
matory lesion of the villous tree and inter-
villous space with the involvement of cells
of innate and adaptive immunity, which is
consistent with our previous work [2]. Fi-
brin deposition in the intervarsinal space
is interpreted as a sign of chronic mater-
nal hypoperfusion and syncytiotropho-
blast damage [14].

It can be concluded that the totality
of the detected disorders is the result of
a decrease in the effective surface area
of syncytiotrophoblast, which limits the
metabolic processes between mother
and fetus [16]. This was confirmed by
the presence of foci of necrosis of stem
and intermediate villi (fig. 1F), and arterial
wall fibrosis with partial obliteration of the
arterial lumen (fig. 1G). In addition, chor-
angiosis of intermediate and terminal villi
was also encountered (fig. 1H), hyperpla-
sia of syncytiotrophoblast and increase
in the number of syncytial nodules
(fig. 11), which also indicated circulatory
and involutional-dystrophic changes in
the placenta.

Comparative analysis of morphomet-
ric parameters of placenta of the main
and control groups is presented in the
table.

The placentas of the main group
showed an increase in the proportion of
fibrin in the intervillous space by 2.85
times (p<0.001) compared to the con-
trol group. The number of capillaries in
terminal villi was also increased by 1.99
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Histologic changes in the placenta from women of the main group: A — basal deciduitis with
lymphoplasmacytic infiltration. Hematoxylin and eosin, magnification x200. B — lymphocyte infil-
tration of stem villous vessels (vasculitis). Hematoxylin and eosin, magnification x200. C — throm-
bus with admixture of endotheliocytes, lymphocytes in the lumen of the stem villous vein. Hema-
toxylin and eosin, magnification x200. D — infiltration of the stroma of intermediate and terminal
villi by lymphocytes, macrophages and single plasma cells (villitis), lymphohistiocytic infiltration
of the intervillous space with a single accumulation of erythrocytes (intervillusitis). Hematoxylin
and eosin, magnification x400. E — perivorsinc fibrin with formation of fibrin "bridges" between
intermediate and terminal villi. Hematoxylin and eosin, magnification x400. F — focal necrosis of
the stroma of stem and intermediate villi. Hematoxylin and eosin, magnification x100. G — arterial
wall fibrosis with partial obliteration of the lumen. Hematoxylin and eosin, magnification x200. H
— increased number of vessels (capillaries) in the stroma of intermediate and terminal villi (chor-
angiosis). Hematoxylin and eosin, magnification x400. | — hyperplasia of syncytiotrophoblast and
increased number of syncytial nodules. Hematoxylin and eosin, magnification x100.

times (p<0.001). At the same time, the
density of syncytiocapillary membranes
decreased by 1.34 times (p<0.001) com-
pared to the control group. Reduced con-
tact zones of syncytiotrophoblast with
the capillary network in the presence of
hypervascularization of villi may indicate
fetal blood flow disturbance.

The indicators characterizing the mat-
uration of the villous tree in the placen-
tas of the main group also underwent

changes. An increase in the number
of intermediate immature villi by 1.63
times (p<0.001) was detected, indicating
morphological immaturity of the villous
tree and decreased blood flow velocity.
There was also an increase in the num-
ber of syncytial nodules by 2.09 times
(p<0.001) compared to the control group,
which may be a sign of preplacental hy-
poxia and changes in placental villi.

The increase in the indices of full blood
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flow of terminal and intermediate villi, re-
spectively, 1.36 times (p<0.001) and 1.54
times (p<0.001) compared to the control
group was also noteworthy. It is likely that
placental vascular hypertension is also a
sign of changes in the microcirculatory
system of mother—placenta—fetus.

An additional criterion of villous dam-
age was desquamation of syncytiotro-
phoblast, the severity of which was high-
er in the main group (p<0.001) compared
to the control group.

Conclusion. Summarizing our re-
sults, we can conclude that COVID-19 of
moderate severity in the second and third
trimesters of pregnancy causes structur-
al placental abnormalities, which, when
compensation mechanisms fail, often
lead to the development of chronic sub-
compensated placental insufficiency. The
main morphologic criteria of placental ab-
normalities in COVID-19 include decidual
vasculopathy, perivascular inflammation
with thrombus formation in the lumen of
stem villous veins, Vvillitis, intervillusitis,
syncytiotrophoblast hyperplasia, and
chorangiosis. Morphometric analysis
showed an increase in the number of fi-
brinoid masses in the intervillous space,
the number of capillaries in terminal vil-
li, the number of full-blooded capillaries
in terminal villi and vessels of interme-
diate villi, a decrease in the density of
syncytiotrophoblast membranes, and an
increase in the number of syncytial nod-
ules.

The results obtained are not definitive
and require further studies to investigate
the morphologic features of the placenta
at different severity and timing of SARS-
CoV-2 infection during pregnancy.
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CHARACTERISTICS OF LABORATORY
PARAMETERS AND MORPHOFUNCTIONAL
PARAMETERS OF ECHOCARDIOGRAPHY
OF PATIENTS WITH CHRONIC HEART
FAILURE ON THE BACKGROUND

OF CHEMOTHERAPY FOR BREAST
CANCER IN THE REPUBLIC OF BURYATIA

A study of echocardiographic parameters of the myocardium in patients with chronic heart failure (CHF) undergoing chemotherapy for
breast cancer was conducted. The level of C-reactive protein (CRP) was assessed, and possible associations of chemotherapy with echo-
cardiography parameters were evaluated. In the study group, statistically significant associations of CRP were found with such indicators
as the blood flow rate in the late diastole caused by atrial contraction, the level of systolic pressure in the pulmonary artery and the left
ventricular ejection fraction. Significant differences in these parameters were revealed compared with patients with CHF without cancer.
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Introduction. Patients with chronic
heart failure (CHF) have an increased
risk of cardiotoxic effects during can-
cer treatment. To date, there are two
types of cardiotoxicity: irreversible — this
type of cardiotoxicity is characteristic of
the use of anthracycline antibiotics and
chemotherapy. The irreversible effect is
characterized by a violation of the con-
tractile function of the myocardium due to
the death of cardiomyocytes. Reversible
— damage to mitochondria and proteins
responsible for myocardial contraction [5,
6, 10]. Anthracyclines, trastuzumab, al-
kylating agents, antimetabolites, tyrosine
kinase inhibitors, angiogenesis inhibitors,
checkpoint inhibitors, and proteasome
inhibitors have the most pronounced
cardiotoxic effects [9, 12]. The detailed
mechanisms of the development and
progression of CHF against the back-
ground of antitumor therapy are being
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actively studied. Known factors include
activation of inflammatory cytokines, ox-
idative stress, mitochondrial damage,
free radical production, and destruction
of DNA and cardiomyocyte membranes
[16]. Echocardiography is the leading
technique for changes in myocardial
contractility in patients with CHF on the
background of chemotherapy. However,
the changes obtained are morphologi-
cal and, as a rule, may not change sig-
nificantly at the initial stage of neoplasm
therapy. Immunological markers are
actively discussed, but they may not be
available due to technical and economic
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Fig. 1. Characteristics of anatomical localiza-
tion of breast cancer

reasons. From the point of view of prac-
tical healthcare, the use of routine meth-
ods is an urgent task, especially import-
ant for patients living in remote areas of
the Russian Federation. Natriuretic pep-
tides, troponins, and C-reactive protein
(CRP) are one of the most accessible
prognostic markers for patients with CHF
on the background of chemotherapy. The
most accessible marker in outpatient set-
tings is CRP, which has both diagnostic
properties in oncological pathology and
is also associated with the progression of
heart failure [11].

The aim: study was to conduct a com-
parative analysis of morphofunctional
parameters and laboratory parameters
of patients with CHF on the background

Fig. 2. Distribution of patients according to the
classification of Tumor Nodulus Metastasis
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Table 1

List of medications used
for chemotherapy

of chemotherapy for breast cancer and to
search for possible associations of che-
motherapy with the above parameters.
Materials and methods of research.
The study design is a single-stage cohort

ses, cachexia); intolerance to chemother-
apy; surgical treatment of malignant neo-
plasm; refusal to participate in the study.

The average age of the participants
was 64.66 (61.0-69.00) and 67.66 (60-

o, study. The examined subjects are pa- 70) years, respectively (p=0.001). The
Drug of application tients suffering from CHF, ischemic etiol-  distribution of the studied group of pa-
Pertuzumab 11 1 ogy, undergoing routine examination in a  tients according to the classification of
polyclinic. The study group consisted of Tumor Nodulus Metastasis (TNM) is
Anastrozole 25 25 patients with CHF, confirmed on the ba-  shown in fig. 2.
Paclitaxel 9 9 sis of laboratory and instrumental studies The list of drugs used for chemothera-
Paclitaxcl+carboplatin 24 24 (N—.termmal ngtrluretlc peptlde, transtho-  py is presented in Tablg 2 o
- racic echocardiography) with a preserved There were no statistically significant
Zq{iefromc o5 5 left ventricular ejection fraction (LVEF) of  differences in the frequency of chemo-
acidtanastrozole 50% or more and moderately reduced therapy courses. CHF treatment was
Doxorubicint 14 LVEF (from 41 to 49%) undergoing che- carried out taking into account modern
cyclophosphamide 14 motherapy for breast cancer (Fig. 1) The clinical recommendations and included
Goserelin-+triptorelin+ comparison group consisted of 20 pa- modern groups of drugs: ace inhibitors,
buserelin 12 12 tients with CHF without cancer. Exclusion ~ ARA-2, beta blockers, statins.
criteria: CHF with reduced LVEF (40% or A comparative assessment of labo-
less); terminal cancer (multiple metasta- ratory parameters and parameters of
Table 2
Comparative analysis of laboratory parameters
CHF CHF with cancer
Parametrs Median Q1 Q3 Median Ql Q3 P
ALT, Unit/l 18.49 11.21 21.08 17.63 14.29 18.33 0.530
AST, Unit/l 20.47 13.5 46.26 20.36 15.43 21.04 0.672
Total protein g/l 73.3 68.51 74.2 68.8 65.23 76.83 0.380
Total bilirubin mmol/l 12.56 8.5 13.25 11.51 5.39 12.7 0.781
Glucose, mmol/l 5.67 5.26 6.32 5.45 4.5 5.7 0.234
Iron, mmol/l 12.4 10.9 13.4 11.2 10.4 12.3 0.493
Creatinine, mmol/l 94.70 77 102.03 76.99 66.7 88.21 0.008
Uric acid, mmol/Il 354.6 280.69 343.12 332.07 302.54 365.89 0.354
Urea, mmol/l 7.2 5.04 9.4 4.37 3.59 5.35 0.001
LDL, mmol/l 2.04 1.85 2.96 2.6 2.4 2.9 0.365
Total cholesterol, mmol/l 4.76 3.76 5.5 5.37 4.66 6.14 0.011
HDL, mmol/l 1.72 1.38 2.1 1.29 1.07 1.5 0.001
GFR, ml/min/1.73 m? 83.07 75.24 88.71 87.64 84.5 97.36 0.395
CRP, mg/l 2.29 1.11 4.45 18.45 12.3 23.6 0.001
Red blood cells, 10-12/1 4.36 3.91 4.9 443 4.18 4.58 0.727
Hematocrit, 10%/1 38.63 37.2 43.8 49.58 354 423 0.345
Hemoglobin, g/l 114 105 144 131.76 118 143 0.045
White blood cells, 10%/1 5.98 4.82 7.13 5.77 3.9 7.49 0.071
Lymphocytes, % 26.4 2.83 36.1 29.96 243 36 0.042
Monocytes, % 6.5 5.1 6.9 10.31 6.7 10.2 0.040
ESR, mm/hr 16 5.6 36 21.42 11 28 0.021
Neutrophils, 10%/1 48.7 46 57 51.08 452 55 0.971
Platelets, 10°/1 232 119 526 253.6 198.6 286 0.672
Basophils, 10%/1 0.4 0.1 1.9 0.28 0 0.3 0.037
Eosinophils, 10%/1 0.51 0.1 5 0.7 0.2 3.6 0.230

Note. ALT — alanine aminotransferase, AST — aspartate aminotransferase, LDL — low-density lipoproteins, HDL — high-density lipoproteins,
GFR — glomerular filtration rate, CRP — C-reactive protein, ESR — erythrocyte sedimentation rate.
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Comparative analysis of echocardiography parameters

Table 3

CHF CHF with cancer
IMapamerp Median Ql Q3 Median Ql Q3 P
DOBJDK 46.7 45.0 48.6 44.03 40.4 46.2 0.241
Kap 5.09 4.8 5.4 5.02 4.6 52 0.671
KCP 33 3 3.6 3.37 3.2 3.7 0.907
TMKIT 1.25 1.1 1.4 1.21 1.1 1.3 0.461
O6bem JITT 14.79 11.2 16.8 12.6 10.56 14.43 0.232
O6wem ITIT 144 11.5 14.06 11.8 10.2 13.2 0.270
qcc 67.91 62 73 69.08 65 75 0.719

Note. LVEF - left ventricular ejection fraction, CDR - final diastolic size, DAC - final systolic
size, LVEF - thickness of the interventricular septum, LP - left atrium, PP - right atrium,

HR - heart rate.

transthoracic echocardiography was per-
formed.

Statistical processing of the material
was performed taking into account mod-
ern SAMPLE criteria. The correspon-
dence of the data to the Gaussian dis-
tribution was evaluated using the Kolm-
ogorov—Smirnov criterion. The values
were presented in medians indicating the
upper and lower quartiles (25th and 75th
percentiles). The statistical significance
of the differences between the averages
was assessed using the Mann—-Whitney
criterion (U). The associations of the
studied features and their characteristics
were evaluated using logistic regression
analysis. The statistical hypothesis was
tested and the level of statistical signif-
icance was determined at a value of p
<0.05 [3].

Results and discussion. A compara-
tive analysis of laboratory parameters re-
vealed statistically significant differences
in creatinine, urea, lipidogram and some
indicators of the general blood test (Ta-
ble 3).

Probably, the differences obtained are
due to the presence of an oncological
process and side effects caused by che-
motherapy. There was also a significantly
increased level of CRP in the group of
patients with CHF and oncopathology.
The echocardiography parameters were
evaluated (Table 4).

Statistically significant differences in
blood flow velocity during late diastole
caused by atrial contraction were ob-
tained between the studied groups (Fig.
3) and the level of systolic pressure in the
pulmonary artery (Fig. 4).

Multivariate regression analysis re-
vealed statistically significant associ-
ations between CRP levels and che-
motherapy with echocardiography. The

1,25

1,20

1,08

1.00

0.35

0,90

results of the analysis in the group of
patients with CHF and oncology are pre-
sented in Table 5.

Conclusion. The study of the fea-
tures of the course of CHF against the
background of oncological pathologies,
as well as the effects of chemotherapy,
is an urgent task of modern cardiolo-
gy. To date, the identification of signs of
decompensation of heart failure in the
pre-symptomatic stages is a primary
task. In the conducted study, statistically
significant differences in CRP levels were
obtained with a significantly higher mark-
er level in the group of patients with on-
cological diseases. It is worth noting that
the results obtained are not a new sci-
entific finding, since it is already known
that this marker increases in patients with
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Fig. 3. Indices of blood flow velocity during late diastole induced by atrial contraction
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Fig. 4. Comparative analysis of systolic pressure in the pulmonary artery
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Table 4

Multifactorial regression analysis with CRP levels and chemotherapy
with echocardiography indicators

R R? beta f p
DOBJDK 0.129 0.016756 -0.034993 0.32380 0.576000
KJP 0.310 0.096409 0.048852 2.02721 0.170719
KCP 0.027 0.000760 -0.051832 0.01445 0.905583
TMXKII 0.182 0.033386 -0.017488 0.65625 0.427918
O6bem JIIT 0.414 0.171935 0.128353 3.94507 0.061627
O6bem I1I1 0.303 0.092075 0.044289 1.92683 0.181169
E/A 0.184 0.034022 -0.016819 0.66918 0.423478
CIUIA 0.535 0.286771 0.249232 7.63939 0.012355
ycc 0.689 0.475763 0.448171 17.24312 0.000541

malignant neoplasms [14]. It is also worth
noting that CRP is associated with both
the onset and course of heart failure and
has a prognostic role in its development,
which subsequently increases the risk of
sudden cardiac death [10].

According to literature sources, pa-
tients receiving chemotherapeutic treat-
ment in the presence of CHF, as a rule,
have pronounced clinical symptoms
of cardiotoxicity and morphofunctional
changes in the myocardium [1]. Howev-
er, our study revealed statistically signif-
icant differences only in such indicators
as the blood flow rate in the late diastole
caused by atrial contraction and the lev-
el of systolic pressure in the pulmonary
artery, with poorer values in the group
of patients with CHF and cancer. At the
same time, the LVEF indicators did not
differ between the groups. Thus, it should
be noted that such patients, given the ab-
sence of pronounced differences in CHF
symptoms and LVEF parameters, may
not come under the close attention of a
cardiologist. However, the association of
CRP with echocardiography parameters
and the differences in the above indica-
tors probably indicate an increased risk
of heart failure progression. This con-
clusion is consistent with the opinion of
experts dealing with this problem [13].
The data obtained may indicate more
pronounced changes in indicators of dia-
stolic myocardial dysfunction and pulmo-

nary hypertension, which may potentially
indicate an increased risk of heart failure
progression during treatment of malig-
nant neoplasms.

Thus, against the background of che-
motherapy for breast cancer, patients with
CHF experience some significant chang-
es reflecting a deterioration in diastolic
dysfunction. It should be noted that in the
regression analysis, due to the small size
of the study group, it was not possible to
study the effect of individual drugs on the
course of heart failure, which probably re-
quires additional research.

The authors declare that there is no
conflict of interest.
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POLYMORPHISM OF THE SEROTONERGIC
SYSTEM (5-HTTLPR) IN PATIENTS WITH
SPINOCEREBELLAR ATAXIA TYPE 1:

A COMPARATIVE ANALYSIS USING

THE MODEL OF AN ISOLATED YAKUT

POPULATION

Spinocerebellar ataxia type 1 (SCA1) is a severe neurodegenerative disorder accompanied by motor and psycho-emotional disturbances. One
of the factors potentially influencing the mental state of patients is the 5-HTTLPR polymorphism of the serotonin transporter gene SLC6A4. This
study included 206 individuals of Yakut origin: 57 patients with confirmed SCA1 and 149 healthy controls. DNA was extracted from whole blood
and PCR genotyping of the 5-HTTLPR locus was performed; genotype and allele frequencies were compared using the x ? test and odds ratios
(OR) with 95% confidence intervals (CI) were calculated. The distribution of genotypes (LL, SL, SS) and alleles (L, S) was similar in patients and
controls, with no significant differences observed ( x*, p=0.610). The OR for S allele carriers was 1.201 (95% CI 0.690-2.092), indicating no reliable
association between the 5-HTTLPR polymorphism and the presence of SCA1. However, the overall Yakut sample demonstrated a high frequency
of the short S allele and the SS genotype. These findings suggest that allele and genotype frequencies of 5-HTTLPR do not differ significantly
between patients and healthy individuals (p>0.05). However, the high prevalence of the S allele and SS genotype in both groups may contribute
to psycho-emotional vulnerability in the context of a severe disease course. Further studies are required to clarify the role of 5-HTTLPR in the
development of depressive and anxiety disorders in patients with SCA1.
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Introduction. Neurodegenerative dis-
eases (NDDs) are a growing medical and
social problem on a global scale. They
are of particular importance in regions
with isolated gene pools, such as the Re-
public of Sakha (Yakutia), where a high
incidence of hereditary diseases is re-
corded [2, 14]. Among them, a key place
is occupied by spinocerebellar ataxia
type 1 (SCA1), a progressive autosomal
dominant disorder caused by a CAG ex-
pansion in the ATXN1 gene, leading to
dysfunction of the cerebellum and brain-
stem, and subsequent disability [2, 16].

Patients with SCA1 suffer not only
from movement disorders but also from
severe cognitive and psychoemotional
impairments, including depression, anx-
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iety, and emotional lability. These symp-
toms significantly reduce quality of life
and complicate rehabilitation measures.
Studying the factors modulating these
conditions is an important task in clinical
neurogenetics [15].

One of the factors influencing the
psycho-emotional state - in particular, a
predisposition to depressive and anx-
iety disorders is the 5-HTTLPR poly-
morphism in the serotonin transporter
gene SLC6A4. The short allele (S) of this
polymorphism is associated with reduced
expression of the transport protein and
increased sensitivity to stress and de-
pression [3]. According to Gyurak A. et
al., the SS genotype promotes enhanced
perception of negative stimuli and ad-
verse emotional reactions. Furthermore,
studies on various cohort samples in-
dicate that carriers of the SS allele are
more likely to develop anxiety and affec-
tive disorders in the presence of adverse
life events [6].

In recent years, extensive data has
accumulated on the involvement of the
5-HTTLPR polymorphism of the SLC6A4
gene in modulating the risk of developing
depression and anxiety. For example, a
review by Fratelli et al. (2020) noted that
the S allele of the 5-HTTLPR polymor-
phism is more common in patients with

depressive disorder [5]. Similar findings
have been obtained in cohorts of pa-
tients with Parkinson's disease (PD).
Thus, A study by Wang et al. (2019)
showed that carriage of the SS geno-
type for 5-HTTLPR is associated with an
increased risk of depression in patients
with PD, while the LL genotype, on the
contrary, has some protective effect role
[18]. These results are consistent with
the hypothesis that reduced expression
of the serotonin transporter (SS geno-
type) increases susceptibility to stress
and mental disorders.

Research also focuses on psy-
choemotional disorders in patients with
neurodegenerative ataxic syndromes.
Lin et al. (2024) described a wide range
of psychoemotional and cognitive
symptoms in autosomal dominant spi-
nocerebellar ataxias: depression and
anxiety are often found in these patients.
Similarly, a cross-sectional study in Thai
patients with SCA revealed a high preva-
lence of depression (27.3%) and its close
relationship with stress levels [11]. These
studies highlight the need to consider
psychiatric symptoms in neurodegener-
ative ataxias. Furthermore, Karamazovo-
va et al. (2023) showed that patients with
SCA and Friedreich's disease often expe-
rience depressive and anxiety symptoms
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in combination with cognitive impairment
and apathy [8].

5-HTTLPR polymorphism of the
SLC6A4 gene, affecting serotonergic
neurotransmission, is considered an im-
portant factor in the genetic predisposi-
tion to depressive and anxiety disorders.
Its distribution in the Yakut population has
been previously described, but associa-
tions with psychoemotional vulnerabili-
ty in SCA type 1 have not been studied
to date [1]. Given the high frequency of
the SS genotype of the gene SLC6A4 in
Asian groups [1] and the severe clinical
course of SCA1, caused not only by mo-
tor but also affective disorders, it seems
relevant to assess the possible modifying
role of this polymorphism.

The aim of the study was to study the
distribution of 5-HTTLPR polymorphism
in Yakut patients with confirmed SCA1
type compared to the control group, and
to discuss the possible relationship be-
tween genotypes and psychoemotional
vulnerability.

Materials and methods. The work
was carried out with written informed
consent from all participants, protocol
the study was approved by the local
biomedical ethics committee of the Ya-
kutsk Scientific Center for Complex Med-
ical Problems (Yakutsk, protocol No. 62
dated November 22, 2024). The survey
program covered socio-demographic
parameters (including health status, bad
habits, marital status, and hereditary dis-
eases) along with anthropometric mea-
surements.

To detect mutations in genes ATXN1
(SCA type 1) and SLC6A4 DNA sam-
ples from patients from the biomaterial
collection of the Yakut Scientific Cen-
ter for Complex Medical Problems and
the Yakutia Genome Research Institute
(registration number USU_507512) were
used. All patients consulted a geneticist
at the Medical and Genetic Center of the
Republican Hospital No. 1 of the Nation-
al Center of Medicine (MGC RH No. 1
NCM) and underwent inpatient treatment
at the hospital of the FSBSI Yakut Scien-
tific Center for Complex Medical Prob-
lems (YSC CMP). The experimental part
of the work on identifying the expansion
of CAG repeats in the gene ATXN1 and
INS/DEL in the gene SLC6A4 The study
was conducted in the Hereditary Pathol-
ogy Laboratory of the Molecular Genetics
Department of the YSC CMP. The total
sample size was 206 people, of whom 57
(29 women, 28 men) aged 30 to 85 years
had SCA1. The control group consisted
of 149 people (120 women, 29 men) of
Yakut ethnicity without neurological or
mental illnesses.

For molecular genetic analysis, DNA
was extracted from whole blood using a
commercial Newteryx DNA extraction kit
(Yakutsk, Russia) according to the manu-
facturer's instructions. DNA concentration
in each sample was determined using a
spectrophotometer. Implen NanoPho-
tometer (Germany).

For gene analysis ATXN1 Polymerase
chain reaction (PCR) was used. The di-
agnosis of SCA1 was established in a
proband with a characteristic clinical
picture and an abnormal expansion of
CAG triplets in the gene ATXN1, identi-
fied through molecular genetic testing.
Patients typically have 39 or more CAG
repeats (more than 316 nucleotide pairs)
(see Figure 1).

Figure 1. Electropherogram of the
ATXN 1 gene region in 4% agarose gel
for detection of CAG repeat expansion.

Note. 1, 2, 4,11, 12, 13, 14 — length of
CAG repeats of PCR amplification within
212 — 316 nucleotide pairs; 3, 5, 6, 7, 8,
9 and 10 — length of CAG repeats of PCR
amplification is more than 316 nucleotide
pairs; M — Step100 marker; bp — nucleo-
tide pairs.

Amplification of a gene region
ATXN1 PCR, containing a polymorphic
region, was performed using primers
manufactured by Lumiprob RUS LLC
(Moscow). The reaction mixture includ-
ed: forward and reverse primers (1 pl
each), DreamTaq PCR Master Mix (2x)
— 12.5 ul, deionized water — 9.5 pl,
DNA — 1 pl.

Polymorphism Analysis 5-HTTLPR
(44-BP INS/DEL) gene SLC6A4 was
also carried out by the PCR method. Am-
plification of the gene region containing
the polymorphic variant was carried out
similarly using primers from Lumiprobe
RUS LLC. The composition of the reac-
tion mixture: forward and reverse prim-
ers, 1 ul each, buffer - 2.5 yl, betaine - 5
pl, dNTPs - 4 pl, Taq polymerase - 0.25
ul, deionized water - 10.25 ul, DNA - 1
pl. The amplification conditions are pre-
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sented in Table 1. Interpretation of the
genotyping results was performed on the
basis of different band templates for the
genotypes SS - 376 bp; SL - 420 bp, 376
bp; LL - 420 bp (Figure 2).

Table 1. Conditions for performing
PCR analysis

Note. The table shows the forward
(F) and reverse (R) primers used to am-
plify regions of the ATXN1 and SLC6A4
genes. For the ATXN1 gene, the ampli-
fication length varies depending on the
number of CAG repeats (2212 bp). For
the 5-HTTLPR locus of the SLC6A4
gene, two amplification lengths are pre-
sented: L is the long allele (419 bp), S is
the short allele (376 bp). The annealing
temperature was selected individually for
each primer set.

Figure 2. Electropherogram of the
SLC6A4 gene region in 4% agarose gel.

Note. 1,2,4,6,7,9,10, 11,12, 15, 16,
17, 18, 19 — SS genotype; 3, 8, 13 and
14 — SL genotype; 5 — LL genotype; M —
Step 100 marker; bp — nucleotide pairs.

Statistical analysis of the obtained re-
search results was performed using the
program "Office Microsoft Excel 2010".
Correspondence of the genotype distri-
bution to the expected values of the Har-
dy-Weinberg equilibrium and comparison
of the frequencies of allelic variants/gen-
otypes were performed using the x (chi-
square) test by the Pearson method for
2x2 contingency tables, calculating the
odds ratio (OR), 95% confidence interval
(95% CI). Differences were considered
statistically significant at p < 0.05.

Results. Table 2 presents the distribu-
tion of genotypes (LL, SL, SS) and alleles
(L, S) of the 5-HTTLPR polymorphism of
the SLC6A4 gene in patients with SCA1
and a control group of healthy Yakuts.
Comparison of the total sample of pa-
tients with SCA1 (n=57) and the control
group without signs of neurodegenerative
diseases (NDD) revealed no statistically
significant differences in the frequency
of genotypes and alleles (x?, p=0.610).

>316 >316 >316
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Fig. 1. Electropherogram of the ATXN 1 gene region in 4% agarose gel for detection of CAG

repeat expansion.

Note. 1, 2, 4, 11, 12, 13, 14 — length of CAG repeats of PCR amplification within 212 — 316
nucleotide pairs; 3, 5, 6, 7, 8, 9 and 10 — length of CAG repeats of PCR amplification is more than
316 nucleotide pairs; M — Step100 marker; bp — nucleotide pairs



Table 1

Conditions for performing PCR analysis

Gene Primer sequence Length of n.p. t?mngg?z}lltﬁrge
F:5’-CAACATGGGCAGTCTGAG-3’
ATXNI 212<n.p. 60 °C
R:5’-AACTGGAAATGTGGACGTAC-3’
F:5’-GGA AAGGT A-3 _
SLCoA4 5’-GGACCGCAAGGTGGGCGGGA-3 L-419np. 62 °C
R:5’-ATGCCAGCACCTAACCCCTAATGT-3> | S—376 n.p.

Note. The table shows the forward (F) and reverse (R) primers used to amplify regions of the
ATXN1 and SLC6A4 genes. For the ATXNI gene, the amplification length varies depending
on the number of CAG repeats (>212 n.p.). For the 5-HTTLPR locus of the SLC6A4 gene, two
amplification lengths are presented: L is the long allele (419 n.p.), S is the short allele (376
n.p.). The annealing temperature was selected individually for each primer set
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Fig. 2. Electropherogram of the SLC6A4 gene region in 4% agarose gel.
Note. 1,2,4,6,7,9,10, 11,12, 15, 16, 17, 18, 19 — SS genotype; 3, 8, 13 and 14 — SL genotype;
5 — LL genotype; M — Step 100 marker; bp — nucleotide pairs

Table 2

Frequency of S-HTTLPR genotypes and alleles of the SLC6A4 gene in patients
with SCA1 and control subjects of the Yakut population

Study groups LL|SL|SS| L S OR (CI 95%) p
Group without NDD 5.7 [323]62.0|21.8|78.2 0.610
1.201 (0.690-2.092) |
Patients with SCA1 5.7 126.4(67.9|18.9|81.1
Men without NDD 8.1 [24.3]67.6|20.3|79.7
0.885 (0.466-1.683) | 0.832
Women without NDD 5.0 |34.7]60.3(22.3|77.7
Male patients with SCA 1 4.0 |128.068.0|18.082.0 0.974
0.898 (0.338-2.386) |
Male patients with SCA1 7.1 {25.0]67.9|19.6|80.4

Note. The table presents the percentage values of the frequencies of the LL. SL. SS genotypes
and the L and S alleles of the 5-HTTLPR polymorphism of the SLC6A4 gene in the study
groups. OR is the odds ratio (Odds Ratio) for carriage of the S-allele; CI — 95% confidence
interval; p — the value of the level of statistical significance according to the ¥? criterion.
Values of p < 0.05 are considered statistically significant. Discrepancies between the sum of

percentage values are possible due to rounding

The calculated odds ratio (OR) for car-
riage of the S allele was 1.201 with a
95% confidence interval of 0.690-2.092,
indicating the absence of a significant
association between this polymorphism
and the presence of SCA1 in the study
cohort.

Table 2. Frequency of 5-HTTLPR
genotypes and alleles of the SLC6A4

gene in patients with SCA1 and control
subjects of the Yakut population

Note. The table presents the
percentage values of the frequencies of
the LL, SL, SS genotypes and the L and
S alleles of the 5-HTTLPR polymorphism
of the SLC6A4 gene in the study groups.
OR is the odds ratio (Odds Ratio) for
carriage of the S-allele; CI — 95%
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confidence interval; p — the value of the
level of statistical significance according
to the x? criterion. Values of p < 0.05
are considered statistically significant.
Discrepancies between the sum of
percentage values are possible due to
rounding.

No statistically significant differences
were found in the analysis of gender
subgroups. In men with SCA1, the
proportion of the SS genotype was 68.0%,
while in men without NDD it was 67.6%.
In women with SCA1, the frequency of
the SS genotype was 67.9%, while in
healthy women it was 60.3%. The S allele
was the most common in all subgroups:
from 77.7% in healthy women to 82.0%
in men with SCA1. However, none
of the differences reached statistical
significance: p -values for the subgroups
were 0.832 (men) and 0.974 (women),
and the calculated odds ratios ranged
from 0.885 to 0.898 with wide confidence
intervals including unity.

Thus, the frequencies of the LL, SL,
and SS genotypes, as well as the L and
S alleles, were similar in the patient
and control groups. In all comparisons,
p values exceeded the threshold for
statistical significance (p>0.05), and the
odds ratios did not indicate a significant
risk associated with the presence of the
S allele. These data confirm the absence
of a statistically significant association
between the 5-HTTLPR polymorphism
and the presence of SCA1 in the Yakut
population.

Discussion. The obtained results
did not reveal a statistically significant
difference in the frequency of
genotypes and alleles of the 5-HTTLPR
polymorphism of the SLC6A4 gene
between patients with SCA1 and healthy
control subjects of the Yakut population
(p>0.05). This is consistent with the
statement that the Yakut population is
characterized by a high frequency of
carriage of the S-allele and SS-genotype
[1], regardless of the presence of a
neurodegenerative disease.

However, given that the short S allele
is associated with reduced expression of
the serotonin transporter and increased
reactivity to stress and depression [3,
9], its prevalence in patients with SCA1
may be considered a potential psy-
cho-emotional status modifier in the
context of a progressive incurable dis-
ease. Neuroimaging studies and me-
ta-analysis of data have shown that car-
riage of the SS genotype is associated
with increased activity of the amygdala
when exposed to negative stimuli and
greater vulnerability to affective disor-
ders [9, 10].
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It is important to take into account
that patients with SCA1 often experi-
ence depressive and anxiety disorders;
according to some data, the incidence
of depression among patients with SCA1
can reach 25% [15]. These disorders are
interpreted as part of the cerebellar cog-
nitive-affective syndrome, caused by cer-
ebellar degeneration and involvement of
frontolimbic circuits [13].

However, the role of the S-allele can-
not be viewed as unambiguously nega-
tive. The review by Homberg and Lesch
(2011) emphasizes that increased sen-
sitivity to emotional stimuli in carriers of
the SS genotype may also have adaptive
potential, contributing to greater attention
and cognitive flexibility in conditions of
uncertainty [7]. A number of studies have
described associations between the S-al-
lele and indicators of cognitive functions.
Thus, in the study by Volf et al. (2015), a
link was found between the SS genotype
and higher 1Q scores in a sample from
Novosibirsk, although the authors em-
phasize that this association may reflect
both biological and socio-cultural factors.
Other studies indicate correlations be-
tween the S-allele and more productive
divergent thinking and cognitive flexibili-
ty [17]. Thus, the high frequency of the
S-allele in the Yakut population can be
seen as a reflection of an evolutionary
compromise: on the one hand, vulnera-
bility to stress, on the other, advantages
in certain cognitive domains.

Of particular interest are studies de-
voted to motor functions. Savostyanov
et al. (2021) showed that carriers of the
SS genotype exhibit higher levels of per-
sonal anxiety, but at the same time, they
demonstrate better motor self-control
(based on premotor potentials), especial-
ly in samples with a predominantly Mon-
goloid ethnic component (Yakuts, Tu-
vans) [12]. These results suggest that in
patients with SCA1, for whom motor im-
pairments are a key symptom, the pres-
ence of the SS genotype may not only
enhance psychoemotional vulnerability
but also potentially partially compensate
for some aspects of motor deficit.

Thus, the widespread distribution of
the S-allele and SS-genotype in the Yakut
population can be viewed in two ways: as

a risk factor for the development of de-
pressive and anxiety states against the
background of a severe neurodegenera-
tive process (SCA1), and simultaneously
as a possible protective element against
motor control disorders. This "duality" of
genetic effects is consistent with the con-
cept of evolutionary compromise [7]. A
challenge in effectively reducing comor-
bid anxiety and depressive symptoms
during the maintenance treatment of pa-
tients with SCA1 in the Yakut population
may be the high prevalence of the S-al-
lele, which is associated with adverse
reactions to treatment with selective se-
rotonin reuptake inhibitors (SSRIs) [4].
Further clinical and neurophysiological
studies aimed at identifying the modifying
role of 5-HTTLPR in SCA1 are needed
for definitive verification of these hypoth-
eses.

Conclusion. In the Yakut sample stud-
ied, no statistically significant differences
were found in the frequency of 5-HTTLPR
alleles and genotypes between patients
with SCA1 and the control group. Howev-
er, the high prevalence of the S allele in
both groups suggests its possible role as
a vulnerability factor to psychoemotional
disorders in SCA1. Given the association
of the SS genotype with depression and
anxiety, its presence may enhance ad-
verse reactions to disease-related stress.
Further research is needed to assess the
impact of this polymorphism on patients'
mental health.
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CLINICAL AND MORPHOLOGICAL
FEATURES OF THE PLACENTA
IN EXTREMELY AND DEEPLY PREMATURE

INFANTS

Placenta is a connecting link between mother and fetus. The article is devoted to the problem of identifying pathological changes in the placenta
for the diagnosis of various clinical conditions in a premature extremely immature child. The continuous sampling method examined 131 afterbirth
(96 afterbirth of extremely premature infants with a gestational age of less than 28 full weeks and 35 afterbirth of premature infants from 28 to 32
weeks of gestation). A comparative analysis of the main morphometric parameters of the placenta was performed; the presence of inflammatory
diseases of the placenta (chorioamnionitis; deciduitis; placentitis; funiculitis, villousitis, phlebitis of umbilical cord vessels); the presence of acute
placental circulatory disorders, chronic decompensated placental insufficiency. The results obtained for each of the latter were entered into a com-
mon database and subjected to statistical processing. When comparing the main clinical and morphometric parameters of live and stillborn babies
at gestation from 22 to 32 weeks, a significant difference was found in fetal weight, gestation period, placenta mass and umbilical cord mass. An
intrauterine infection, manifested by villousitis and deciduitis, increases the probability of stillbirth by 3.3 times at 22 to 28 weeks of gestation. The
presence of placental involution increases the risk of stillbirth by 17.3 times. Histological examination of the placenta is an important step in diag-
nosing the causes of stillbirth at 22 to 32 weeks of gestation.
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Introduction. The placenta plays an
important role in fetal development and
function, being a link between the moth-
er and the fetus, providing nutrition and
gas exchange for the fetus, participat-
ing in the removal of metabolic products
[10], determining fetal growth. Placental
weight and neonatal body weight are
highly correlated [13], changes in placen-
tal function can be biological predictors of
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the child's health. Gross morphological
and histopathological features of the pla-
centa are associated with adverse fetal
outcomes, therefore, placental biomark-
ers can be used to predict outcomes due
to the fact that the impact can be subclin-
ical and invisible to the clinician, which is
important for prognosis [7].

Many pregnancy complications are
associated with abnormal placental de-
velopment in the first trimester, the most
dramatic are preeclampsia, fetal growth
restriction, unexplained stillbirth, placen-
tal abruption and premature birth [14].

One of the important problems of peri-
natology is the infectious factor: thus,
chorioamnionitis, confirmed histologically
and clinically, or infection of the amni-
otic cavity are associated with a higher
probability of early and late sepsis in pre-
mature infants [5, 9], is an independent
risk factor for the development of IVH
in premature infants [11]. The frequency
of chorioamnionitis in premature infants
aged 21 to 37 weeks of pregnancy was
18.7%, while in full-term infants it was
only 3.9% [8].

Detection of pathological changes in
the placenta may be important for the di-
agnosis of various clinical conditions in a
premature extremely immature child [9].

The purpose of the study is to identi-
fy the clinical and morphological features
of the placenta in liveborn and stillborn
extremely and deeply premature infants.

Materials and methods. A continuous
sampling method was used to study all
placentas of premature babies born alive
and stillborn in Khabarovsk from January
2020 to December 2023. A total of 131
placentas were studied (96 placentas of
extremely premature babies with a ges-
tational age of less than 28 completed
weeks and 35 placentas of premature
babies from 28 to 32 weeks of gestation).

Inclusion criteria are placentas of pre-
mature babies, gestational age less than
28 and more than 32 weeks, availability
of complete primary medical records.

Exclusion criterion are congenital mal-
formations incompatible with life leading
to stillbirth.

The source of information was the
data of medical documentation: N 097-1
/ y-97 "History of the development of the
newborn" and form N 003 / y "Medical re-
cord of a patient receiving medical care in
inpatient settings, in a day hospital." The
pathological examination was carried out
according to a single protocol, within 24
hours from the moment of birth of the
placenta, in the pathological department
of the KGBUZ "Perinatal Center named
after G.S. Postol", a morphological study
of the placenta and an overview histolog-
ical study were carried out. The mass of
the placenta in grams was determined on
the electronic scale "Sasha". Excision of
pieces of tissue for an overview histolog-
ical study was carried out in the central,
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paracentral, marginal and pathological-
ly altered parts of the placenta, as well
as the umbilical cord and extraplacen-
tal membranes. The obtained material
was fixed in 10% neutral formalin after
standard paraffin wiring. The overview
histological examination was carried out
in accordance with the methodological
recommendations "Rules for conducting
pathological and anatomical studies of
the placenta" [3], which provide for an
assessment of the maturity of the villous
chorion, diagnosis of disorders of the
uteroplacental and fetoplacental blood
circulation, as well as an assessment of
compensatory processes and a state-
ment of placental insufficiency with clarifi-
cation of the form and stage of the same.
The morphofunctional assessment of the
placenta was carried out by a pathologist
according to the order (N82 of April 29,
1994) [4]. A macroscopic description of
the placenta and a study of microprepa-
rations (Leica TP1020, Germany) were
carried out using a Nikoneclipse E200
light microscope (Japan), which included
data on the mass, shape, size and struc-

ture of the placenta, characteristics of the
umbilical cord, fetal membranes, a de-
scription of the structural components of
the placenta, membranes, the presence
of involutional-dystrophic changes, as
well as the calculation of the placental-fe-
tal coefficient (PFC). The nature of feto-
placental insufficiency was assessed by
the duration of its course and the degree
of compensation according to the classi-
fication adopted in obstetrics [1].

The following parameters were com-
pared: placenta weight, length, width and
thickness; umbilical cord weight, thick-
ness and number of vessels; fetal mem-
brane weight; placental-fetal coefficient
(PFC); membranous-placental coefficient
(MPC); child's body weight; gestational
age; presence of inflammatory placental
diseases (chorioamnionitis; deciduitis;
placentitis; funiculitis, villusitis, phlebi-
tis of umbilical cord vessels); presence
of acute placental circulatory disorder,
chronic decompensated placental insuf-
ficiency. The fetal-placental coefficient
(PPC) serves as an objective morpholog-
ical indicator of the circulatory-metabolic

Table 1

Comparative clinical and morphological characteristics of the study groups

. Gestation period up Gestation period
Indicators to 28 weeks, n=96 28-32 weeks, n=35 r
Live births, abs, % (66978) (83507) -
S 29 5
Stillbirths, abs, % (30.2) (14.3) B
Placenta weight, g 191.5 240.0 <0.05
Me ( min ; max ) (90.0-616.0) (80.0-655.0) p=v.
Placenta length, cm 14.0 15.0 ~0.05
Me ( min ; max ) (10.0-24.0) (10.0-23.0) p=L
Placenta width, cm 12.0 12.0 ~0.05
Me (min; ma x) (6.0-18.0) (7.5-18.0) p=0-
Placenta thickness, cm 1.5 1.5 ~0.05
Me ( min ; ma x) (0.4-5.0) (0.8-2.5) p=v.
Baby's weight at birth, g 710 1120 <0.01
Me (min; max) (370-1490) (430-1640) p=y.
. . . 25 nmen. 28 men.

Gestation period, Me (min; max) (22 Hen. - 27 e, 6 1) | (28 Hen. - 32 wen.) p<0.01
Umbilical cord weight, g 19.0 28.0 <0.05
Me (min; max) (4.7-76.0) (8.0-59.0) p=U.
Thickness 1.5 1.3 ~0.05
of the umbilical cord, cm (0.5-2.0) (0.7-2.0) p=U.
Number of umbilical vessels 3 3 ~0.05
Me (min; max) (3-3) (3-3) p=v.
Shell weight, g 20.0 27.0
Me (min; max) (2.0-80.0) (8.0-66.0) p>0.05
Placental-fetal coefficient

: . ’ 0.31 0.21
conventional unit p>0.05
Me (min; max) (0.1-1.05) (0.13-0.47)
Membranous-placental 011 012
coefficient, conventional unit ; . p>0.05
Me (min; max) (0.02-0.61) (0.03-0.39)

balance of the fetoplacental system and,
under conditions of normal pregnancy,
fluctuates within the range of 0.11-0.14.
Exceeding this indicator indicates com-
pensatory hyperplasia of placental tis-
sue, which is typical for the compensated
stage of chronic placental insufficiency.
A decrease in the IPC is associated with
chronic subcompensated and decom-
pensated placental insufficiency, the
development of intrauterine hypoxia, in-
trauterine growth retardation, and a high
risk of intrauterine fetal death.

IPC is an integral indicator of the
drainage function of the placenta, which
largely corrects the volume and compo-
sition of the amniotic fluid. The normal
level of IPC is 0.10-0.13 and increases
as the filtration properties of the fetal
membranes deteriorate, reaching maxi-
mum values (0.18-0.22) in severe forms
of ascending bacterial infection of the
placenta, occurring with exudative cho-
riodeciduititis [2].

The results obtained for each placenta
were entered into a common database
and subjected to statistical processing.
The description of quantitative indica-
tors is performed indicating the median
(Me), minimum and maximum values
(min; max). Comparison of quantitative
indicators in the comparison groups was
performed using the Mann-Whitney test
and Fisher's point test. Correlation anal-
ysis was performed using the Spearman
rank correlation method. To assess the
relationship between the studied factors
and outcomes in the comparison groups,
the odds ratio (OR) with the calculation
of the confidence interval (95% CI) was
used. Statistical analysis of the study
results was performed using the statisti-
cal programs STATISTICA, version 12.0
(StatSoft Inc., USA), IBM SPSS Statistics
20. The level of statistical significance
when testing the null hypothesis was
considered to be p <0.05. The study was
approved by the local ethics committee
at the Far Eastern State Medical Univer-

Fig. 1. Placenta x 10. Fibrinoid necrosis of
chorionic villi - histological picture of chronic
decompensated insufficiency
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sity of the Ministry of Health of the Rus-
sian Federation (protocol No. 2 dated
16/05/2024).

In the first group of premature infants
born in very early preterm labor at a ges-
tation period of less than 28 weeks, 67
children (69.8%) were born alive; 29 fe-
tuses (30.2%) were stillborn. In the sec-
ond group, represented by children with
a gestation period of 28-32 weeks, the
majority (30 children) were born alive
(85.7%), 5 children (14.3%) were still-
born.

The median placenta weight in the first
group was 191.5 grams, in the second
group, naturally, the median was higher
and amounted to 240.0 grams. A statisti-
cally significant difference was found be-
tween the placenta weight, the umbilical
cord weight, the gestational age and the
body weight of the child (Table 1).

When comparing live and stillborn
children born at 22-28 weeks of gesta-
tion, a significant difference was noted
only in fetal body weight: in live births,
the IBW was 800 grams, while the IBW
in stillborns was 497 grams (p<0.05). In
the group of live and stillborn children
with a gestation period of 28-32 weeks,
statistically significant differences in the
analyzed characteristics were not found
(p>0.05).

There are no significant differences
between stillborn and live births at 22-28
weeks, as well as live and stillborn chil-
dren at 28-32 weeks of gestation in either
acute placental circulatory disorder or
chronic decompensated placental insuf-
ficiency (Figure 1).

When analyzing the correlation rela-
tionships between stillbirths and the ana-
lyzed characteristics, a direct relationship
of medium strength was established be-
tween stillbirths and the value of the AUC
(r = 0.51; p < 0.05); the frequency of im-
plantation failure (r = 0.55; p < 0.05) and
placental involution (r = 0.60; p < 0.05) in
stillbirths born at 22 to 28 weeks of ges-
tation. No other significant relationships
of medium and high strength were found
with this method of statistical processing
(Table 2).

When determining the odds ratio (Ta-
ble 3), there is an increased relationship
between placental involution and stillbirth
at 22-28 weeks of gestation (OR 17.26
(1.97-150.70)). There is a relationship
between deciduitis OR 3.95 (1.43-10.93)
and willusitis OR 2.52 (1.03-6.14) with
stillbirth of children up to 28 weeks of
gestation (Figure 2).

The simultaneous presence of decidu-
itis and villousitis increased the incidence
of stillbirth by 3 times (OR = 3.24, 95% ClI
(1.28 - 8.18)). However, many inflamma-

Table 2

Correlations between the studied factors and stillbirth

Stillbirth Stillbirth
Indicators Gestation period up Gestation period
to 28 weeks 28-32 weeks
. 0.14 0.32
Weight placenta, g p<0.05 p<0.05
Length placenta, cm pg'&?ﬁ pg.OZ.?)S
Width of the placenta, cm pg'(?_f)s pg.()z.gs
Thickness placenta, cm pg'(ifﬁ pgg(3)5
Baby's weight at birth, g 1;28%65 pgé(())S
T . -0.04 -0.615
erm gestation p<0.05 p<0.05
Weight umbilical cords, gr pg'(?_?)S pgt)l,(S)S
Thickness umbilical cord, cm pg'ol_?)s pgt)l.gs
. 0.08 0.33
Weight shells, gr p>0.05 p<0.05
Placental-fetal coefficient, 0.51 0.31
conventional unit p<0.05 p=<0.05
Membranous-placental coefficient, 0.165 0.25
conventional unit p<0.05 p<0.05
Swelling Vartanova well pg'&?m p->005(‘)‘5
S 0.46 0.36
Deciduitis p<0.05 p<0.05
L 0.41 -0.40
Funiculitis p<0.05 p>0.05
. 0.05 -0.48
Placentitis p<0.05 p>0.05
Chorioamnionitis pg'&35 pgk)l,gs
. 0.40 0.60
Villusite p<0.05 p>0.05
Phlebitis vessels umbilical cord pgé?w pgégs
. 0.36 0.55
Hypoplasia placenta p<0.05 p>0.05
Involution ol 0.60 0.23
nvolution placenta p<0.05 p>0.05
Spicy violation placental blood 0.38 0.54
circulation p<0.05 p>0.05
Violation implantation pg'os_(s)s pg()s.?)s

tory diseases of the placenta (placentitis,
chorioamnionitis) were equally charac-
teristic of both live and stillbirths at 22-32
weeks of gestation (Figure 3).

R.K. Kersonsky and co-authors found
that in extremely premature stillbirths,
delayed maturation of the villi and a de-
crease in the number of nucleated eryth-
rocytes were observed, indicating a less-
er role of hypoxia as a cause of death in
this group [6].

Disruption of blood circulation be-

tween the fetus and the mother is a com-
mon cause of stillbirth. The fetal vascular
lesions observed in the placenta likely re-
sult from impaired fetal blood flow, which
may be caused by fetal heart failure, um-
bilical cord occlusion, or hypercoagulabil-
ity leading to venous congestion and ve-
nous thrombosis [12]. Previously referred
to as uteroplacental insufficiency, mater-
nal vascular perfusion is a consequence
of inadequate extravillous trophoblast
invasion and spiral artery remodeling
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Fig. 2. Placenta x 10. Lymphocytic necrotic
deciduitis

Fig. 3. Placenta x 40. Lymphocytic amnionitis

[15]. Inflammatory and molecular chang-
es in the placenta have also been found
in pregnancies complicated by stillbirth.
Dysregulation of maternal immune func-
tion is also a consequence of impaired
extravillous trophoblast invasion [15].

Conclusions. When comparing the
main clinical and morphometric parame-
ters of the placentas of live and stillborn
babies at a gestation period of 22 to 32
weeks, a reliable difference was found
only in fetal weight, gestation period, pla-
cental weight, and umbilical cord weight.

A high level of inflammatory diseases
of the placenta is noted in both stillborn
and liveborn babies; intrauterine infec-
tion, manifested by villusitis and decidu-
itis, increases the likelihood of stillbirth by
3.3 times at a gestation period of 22 to
28 weeks.

Correlation analysis revealed a mod-
erate-strength relationship between the
placentas, the frequency of implanta-
tion failure, and placental involution in
stillborn babies in the period from 22 to
28 weeks of gestation: the presence of
placental involution increases the risk of
stillbirth by 17.3 times.

Thus, histological examination of the
placenta is an important stage in the di-
agnosis of the causes of stillbirth at a ges-
tation period of 22 to 32 weeks and can
serve as the basis for the development of
preventive measures for the prevention
of extreme prematurity and stillbirth.

Table 2

Odds ratio between stillbirth and the factors studied

Indicators

Gestation period up
to 28 weeks

Gestation period
28-32 weeks

Deciduit 3.95(1.43-10.93) 0.75 (0.13-4.25)
Funiculitis 1.46 (0.5-4.19) -
Placentitis 0.24 (0.09-0.67) -
Chorioamnionitis 0.74 (0.30-1.81) -
Villusit 2.52(1.03-6.14) 6.0 (0.93-38.5)

Phlebitis vessels umbilical cord

0.30 (0.04-2.60) -

Hypoplasia placenta

1.32(0.49-3.58) 0.50 (0.05-4.83)

Involution placenta

17.26 (1.97-150.70) -

Spicy violation placental blood circulation

1.174 (0.393-3.50) -

Chronic decompensated placental
insufficiency

1.25 (0.5-3.1) -

Violation implantation

1.47 (0.13-6.33) 1.20 (0.11-12.53)

The authors declare no confiict of in-
terest.
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This article presents a study conducted to investigate changes in the oral microbiome composition in patients with gastroesophageal reflux
disease (GERD) with esophagitis and to identify potential microbiological predictors of complications. A total of 106 patients with a previously
verified diagnosis participated. Quantitative real-time PCR was the primary method for assessing the oral microbiome composition. A significant
decrease in all phyla of the studied bacteria was found in patients with GERD compared to the control group. The bacterial phyla studied can be
used as a predictor of GERD development only in healthy individuals to determine the likelihood of inflammation in healthy mucous membranes,
which requires further exploration and study of new biomarkers. The objective of the study was to determine the composition of the oral microbi-
ome in patients with GERD of varying severity and to identify potential microbiological predictors of GERD complications. A total of 106 men aged
35.5+3.4 years were examined, 27 of whom were somatically healthy and 79 of whom were diagnosed with GERD with esophagitis (according to
the Los Angeles classification: 26 people with GERD-A, 25 people with GERD-B, and 28 people with GERD-C), who were in remission at the time
of examination. A comparison of the oral microbiome status was conducted in healthy men and men with GERD. In patients with GERD-A and
GERD-B, reliable differences were found only in relation to bacteria. Bacteroidetes — a decrease in their level was noted, Firmicutes — an increase
in their content in the oral cavity was recorded depending on the severity of GERD, and also phylum Tenericutes — an increase in bacterial counts
was detected in severe stages of GERD. It is worth noting that patients with GERD-C showed a significant decrease in all phyla of the studied
bacteria. The bacterial phyla we studied can be used as a predictor of GERD development only in healthy individuals, to determine the likelihood

of GERD with esophagitis.
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Introduction. Gastroesophageal re-
flux disease (GERD) is a chronic polye-
tiologic disorder characterized by a pri-
mary impairment of the motor-evacuation
function of the upper gastrointestinal tract
(GIT) and the presence of pathological
gastroesophageal reflux [2]. According
to statistics, both in Russia and world-
wide, GERD is one of the leading causes
of outpatient medical care for both men
and women of young, middle-aged, and
elderly age [5]. According to the Rus-
sian Ministry of Health, the prevalence of
this pathology in the population reaches
13.98% and continues to grow steadily
[2]. According to the results of a multi-
center study of the prevalence of GERD
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symptoms in the regions of the Russian
Federation, this figure is 34.2%. Accord-
ing to foreign sources, the prevalence of
GERD in various countries of the world
ranges from 8% to 37% and also shows
an upward trend [10]. Due to the increas-
ing frequency of occurrence of the nosol-
ogy, the presence of complicated forms
(esophageal and gastric cancer), as well
as extraintestinal manifestations of the
disease, such as stomatitis, tonsillitis,
chest pain, cough, tooth damage, lesions
of the oral mucosa, bronchial asthma, in
patients of all age categories, early diag-
nosis of the disease is becoming espe-
cially relevant.

It is known that the adult human body
contains 10'?>-10™" different microorgan-
isms. Interaction between the microbi-
ome and the individual occurs in abso-
lutely all structures of the gastrointestinal
tract. Special studies have confirmed that
certain bacterial strains can cause chron-
ic inflammation of the oral mucosa and
the upper gastrointestinal tract (esopha-
gus, stomach, and duodenum). Patients
with GERD have a mixed flora, including
the oral microbiome (gram-positive bac-
teria) and gastric microbiome (gram-neg-
ative anaerobes), which, as a result of
reflux, tends to grow in the mucosa [1, 4].
A number of authors have demonstrated

the role of the microbiome in esophageal
motor function, including the develop-
ment of reflux. This is associated with the
activation of Toll-like receptors by interac-
tion with lipopolysaccharides of the bac-
terial cell wall, which entails the activation
of nuclear factor and the production of in-
flammatory cytokines [3, 6, 7].

The aim of our study was to determine
the composition of the oral microbiome in
patients with GERD and esophagitis of
varying severity and to identify possible
microbiological predictors of the develop-
ment of GERD complications.

Materials and methods of research.
The study involved 106 men (27 healthy
subjects and 79 patients with GERD and
esophagitis). All subjects were compara-
ble in age (35.5+3.4 years) and anthro-
pometric characteristics (p>0.05); all had
a negative smoking history. All patients
provided voluntary informed consent to
participate in the study.

Patients with GERD and esophagitis
were followed up at the Voronezh City
Clinical Polyclinic No. 1, a state-funded
healthcare institution in the Voronezh
Region. The diagnosis of the underlying
disease was verified based on the re-
sults of EGD and clinical manifestations
(heartburn was observed in 87% of cas-
es (n = 69), chest pain in 51% (n = 40),
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and extraesophageal manifestations in
51% (n = 40)). Patients with GERD with
esophagitis were divided into 3 groups
according to the Los Angeles classifica-
tion [10]: GERD-A — one or more areas
of mucosal damage in the form of ero-
sion or ulceration less than 5 mm, not
extending beyond the mucosal fold (n =
26), GERD-B — one or more areas of mu-
cosal damage more than 5 mm, not ex-
tending beyond the mucosal fold (n = 25),
GERD-C - damage to two or more mu-
cosal folds, in total occupying less than
75% of the esophageal circumference
(n=28). Belonging to the GERD-D group
(damage to more than 75% of the muco-
sal circumference of the esophagus) was
an exclusion criterion. Healthy subjects
constituted the control group (n = 27).
The studied biomaterial was saliva, sam-
ples of which were collected in sterile 5
ml tubes 2 hours after the last consump-
tion of food and liquid by the subjects.
At the time of biomaterial collection, the
patients were not taking any medications
and were in remission of the underlying
disease. Saliva samples were frozen at
-17°C for up to 4 days and transported
to the laboratory under cold chain con-
ditions [8]. The quality of the obtained
product was assessed by electrophoresis
in 2% agarose gel. DNA extraction was
performed using the PROBA-GS reagent
kit (DNA-technology, Russia). After cen-
trifugation, the supernatant containing
the isolated DNA was transferred to the
reaction mixture for PCR amplification.
DNA concentration was determined us-
ing a Hitachi F-7000 spectrophotometer
at a wavelength of 260 nm. The purity of
the obtained preparations was judged by
the A260/A280 ratio. Quantitative poly-
merase chain reaction was performed on
a Bio-Rad CFX 96 instrument (Bio-rad,
USA) using a mixture consisting of 16 ul
of water, 5 pl of 5X gPCRmix-HS SYBR
(Eurogen, Russia), 1 pl of forward primer,
1 ul of reverse primer, and 2 ul of DNA
template. The primers used are present-
ed in Table 1. Comparison of bacterial
types was assessed by ACT between the
control and experimental groups. The av-
erage CT value obtained for each pair of
primers was converted to a percentage
using the following formula:

‘o (Eff Uniy) o
(Eff .Spec)CT""“

where Eff.Univ —

x100%

estimated efficien-

cy of universal primers (2 = 100%
and 1 = 0%); Eff.Spec — efficiency
of taxon-specific primers; CT . and

CT

spec

— values CT, registered by the

Table 1

Pairs of specific primers for microbiome analysis

Amplicon
Type of bacteria Primer Primer sequence (5-3") le(ll;gt)h

p

Bacteroidetes Bac960F GTTTAATTCGATGATACGCGAG 122

Bacl100R TTAASCCGACACCTCACGG 122

Firmicutes Eim934F GGAGYATGTGGTTTAATTCGAAGCA 126

Firm1060R AGCTGACGACAACCATGCAC 126

Actinobacteria Act664F TGTAGCGGTGGAATGCGC 277

Act941R AATTAAGCCACATGCTCCGCT 277

Saccharibacteria Sacl031F AAGAGAACTGTGCCTTCGG 187

Sac1218R GCGTAAGGGAAATACTGACC 187

Deferribacteres Deferl115F CTATTTCCAGTTGCTAACGG 150

Defer1265R GAGHTGCTTCCCTCTGATTATG 150

Verrucomicrobia Verl165F TCAKGTCAGTATGGCCCTTAT 97

Ver1263R CAGTTTTYAGGATTTCCTCCGCC 97

Tenericutes Ten662F ATGTGTAGCGGTAAAATGCGTAA 200

Ten862R CMTACTTGCGTACGTACTACT 200

Betaproteo- Beta979F AACGCGAAAAACCTTACCTACC 174

bacteria Betal130R TGCCCTTTCGTAGCAACTAGTG 174

Epsilon- Epsilon940F TAGGCTTGACATTGATAGAATC 189

proteobacteria Epsilon1129R CTTACGAAGGCAGTCTCCTTA 189

Delta Gamma877F GCTAACGCATTAAGTRYCCCG 189
and Gammaproteo-

bacteria Gammal066R GCCATGCRGCACCTGTCT 189

Universal 926F AAACTCAAAKGAATTGACGG 136

1062R CTCACRRCACGAGCTGAC 136

amplifier; x — proportion of the num-
ber of bacteria of a certain type (%).

Statistical processing of the results
was carried out using software packages
STADIA 8.0 («InCo» (Russia)) and Med-
Calc 20.104 («MedCalc Software» (Bel-
gium)). The average relative abundance

45

40

304

254

of bacteria of a given phylum in the mi-
crobiome, the error of the mean, the stan-
dard deviation, the median, and the 95%
confidence interval of the mean were cal-
culated. A comparison of the proportions
of each phylum in GERD patients and
controls was performed using the test x2.

49,49 %

Features of the composition of the intestinal microbiome in the study groups



Table 2

Content of some bacterial phyla in individuals with gastroesophageal reflux disease
and in control

Control GERD-A GERD-B GERD-C
50.58+5.39 | 44.96:6.30 | 42.76+4.43 | 43.45+5.52
Bacteroidetes $.=25.84 s.=28.17 s=21.23 $=25.30
Me=48.46 Me=47.21 Me=40.10 Me=42.66
IN=11.04 JI1M=13.03 JIN=9.07 JIN=11.38
36.67£4.57 | 39.81%6.10 | 49.49+£529*% | 47.25+525
Firmicutes $.=21.90 $.=27.26 $.=25.38 s =24.05
Me=34.43 Me=37.30 Me=55.59 Me=51.94
JI1=9.36 IN=12.61 JI1=10.84 JI1=10.82
8.64+2.72 9.25+4.18 5.43+2.37 5.50+1.88
Actinobacteria s=13.04 s=18.68 s=11.38 s =8.60
Me=3.17 Me=1.28 Me=1.27 Me=2.14
JIN=5.57 JIN=8.64 JIN=4.86 JIN=3.87
2.46+1.34 3.80+1.58 1.10£0.27* | 2.67+0.74®
Saccharibacteria s =6.45 s =7.05 s=1.31 s =3.33
Me=0.81 Me=1.13 Me=0.72 Me=1.14
JIN=2.76 JI1=3.26 JI1=0.56 JI1=1.50
1.38+0.86 1.73+0.82 0.65+0.30 | 0.86+0.396*
Gammaproteo-bacteria s =4.13 s =3.68 s =1.43 s=1.77
P Me=0.36 Me=0.19 Me=0.18 Me=0.28
=177 JIN=1.70 JIN=0.61 JIN=0.80
0.060.02 0.17£0.09* | 0.34+0.32* | 0.23+0.14*
Tenericutes s =0.09 s =0.39 sX:1.54 sX:O.63
Me=0.02 Me=0.02 Me=0.003 Me=0.007
JI1=0.04 JI1=0.18 JI1=0.66 JI1=0.28
0.23+0.16 0.28+0.19 0.24+0.16 0.12+0.07
Betaproteo-bacteria s =0.80 s =0.84 s =0.78 $=0.31
P Me=0.04 Me=0.05 Me=0.03 Me=0.02
JIN=0.32 JIN=0.39 JIN=0.34 JIN=0.14

Designations: * — differences from the control group are statistically significant (p<0,05);
A — differences from the GERD group-A statistically significant (p<0,05);
B — differences from the GERD group-B statistically significant (p<0,05).

Differences between comparison
groups were considered significant when
p<0,05.

Results and discussion. An analysis
of the oral microbiome was conducted in
healthy subjects and those with GERD
(Fig. 1, Table 2). It was shown that the
predominant bacterial phyla in the oral
cavity of both healthy and GERD sub-
jects were Bacteroidetes and Firmicutes
(totaling approximately 90% of the mi-
crobiome). A trend toward a decrease in
the relative abundance of Bacteroidetes
bacteria compared to controls was ob-
served in all groups of GERD patients;
however, no statistically significant differ-
ences were found between the groups.
Bacteroidetes are able to adapt to low pH
conditions. Acid can irritate the mucous
membrane and destroy the protective
enamel layer, which also facilitates bac-
terial proliferation [8, 9].

The proportion of Firmicutes in pa-
tients with GERD-B (49.49%) increased
compared to healthy subjects (36.67%).
A trend toward an increased relative
abundance of Firmicutes was observed
in patients with GERD-C. Thus, in pa-
tients with GERD, there was a redistribu-

tion of the proportions of dominant phyla
in favor of Firmicutes. This may be due to
a change in the pH of the oral cavity to-
ward increased acidity. The change in the
abundance of Firmicutes is associated
with increased acidity in the oral cavity,
as these microorganisms prefer a neutral
or slightly alkaline environment. With an
increase in pH, the activity of antimicro-
bial components of saliva, peroxidases,
and lysozyme decreases, which contrib-
utes to a decrease in protection against
pathogenic bacteria. Microorganisms
in the oral cavity colonize various areas
(tooth surfaces, tongue, buccal mucosa,
saliva). Saliva plays a crucial role in the
colonization of the oral cavity by micro-
organisms. Not only does it provide a
nutrient medium for microbial growth, but
it also contains numerous components
with antibacterial properties, including
antimicrobial peptides, secretory immu-
noglobulins, lysozyme, and lactoferrin.
Catalase, present in saliva, promotes the
breakdown of hydrogen peroxide, acting
as an antimicrobial protein compared to
other well-studied antimicrobial compo-
nents. These components significant-
ly contribute to the control of microbial
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communities in the oral cavity and the
maintenance of homeostasis, despite the
presence of esophagitis, suggesting the
development of a compensatory mecha-
nism in the early stages of the disease.
The formation of a protective film can fa-
cilitate the attachment of various microor-
ganisms and alter the pH of saliva, which
minimizes the colonization of pathogenic
and opportunistic microorganisms [6, 8,
9, 10].

Microbiome changes were found in
patients with GERD regarding the sub-
dominant phyla Actinobacteria, Sac-
charibacteria, Gammaproteobacteria,
Tenericutes, and Betaproteobacteria. In
patients with GERD-B, the proportion of
Saccharibacteria decreased to 1.10%
(compared to 2.46% in controls). Bacte-
ria of this phylum may be associated with
inflammation and oral health. Current re-
search suggests that decreased levels of
Saccharibacteria are a consequence of
GERD-induced dysbiosis [8].

In all patients with GERD, the relative
abundance of Tenericutes significantly
exceeded that in healthy individuals (Ta-
ble 2). This type of bacteria constitutes
the majority of oral microorganisms. They
play a significant role in the development
of periodontal disease—the extraesoph-
ageal manifestation of GERD. This may
be associated with the release of multi-
ple virulence factors that facilitate tissue
penetration, tissue destruction, and dis-
ruption of the host immune response. An
increase in this phylum is associated with
aggressive gastric contents, which deter-
mines the severity of GERD [6,7].

For other phyla, no differences in their
abundance were found in the microbi-
omes of healthy individuals and patients
with GERD.

Conclusion. It's worth noting that a
study of oral microbiome phyla in patients
with GERD-C revealed a significant de-
crease in all phyla of the studied bacteria.
This is due to widespread changes in the
mucosal layer of the esophagus and oral
cavity, which leads to the inability of these
bacteria's compensatory mechanisms
to function due to constant exposure to
acidic contents due to reflux from the
stomach. Therefore, the bacterial phyla
we studied can be used as a predictor
of GERD development only in healthy
individuals, to determine the likelihood of
inflammation occurring in healthy muco-
sa, which requires further exploration and
study of new biomarkers.

The oral microbiome is directly linked
to the development of upper gastroin-
testinal diseases associated with reflux
lesions, which may be a promising di-
rection in differentiating at-risk patients
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before endoscopic screening at the out-
patient stage.

The authors declare no confiict of in-
terest.
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The article presents a study of the frequencies of PNPLA3 and GCKR gene variants in
samples of Yakuts, Evenks, and Russians. A total of 728 people living in the Sakha Republic
(Yakutia) participated (331 Yakuts, 147 Evenks, and 250 Russians). Single nucleotide
polymorphisms were determined by polymerase chain reaction followed by restriction fragment
length polymorphism analysis. The study revealed significant differences between the studied
samples. For the rs738409 polymorphism of the PNPLA3 gene, the G allele was 72-75% in
Yakuts and Evenks versus 53% in Russians. For the rs2294918 polymorphism, the protective
allele Ais virtually absent in Yakuts (6.7%) and very rare in Evenks (17%), the Russian population
has a significantly higher proportion of A (43%). For rs1260326 of the GCKR gene, the risk allele
T was more common in Russians than in Yakuts and Evenks. For the associated SNP rs780094,
Russians have a higher percentage of the risk allele A, approximately 48% versus 40% in Yakuts
and 44% in Evenks. Linkage disequilibrium (LD) analysis between the pair of polymorphisms
rs738409 and rs2294918 in the PNPLA3 gene showed an extremely weak association between
these SNPs. Polymorphisms rs780094 and rs1260326 GCKR demonstrated strong linkage
in all three studied samples. In the Russian sample, an association was noted between the
genotype of the rs738409 PNPLA3 polymorphism and the concentration of triglycerides, and
polymorphisms of the GCKR gene showed a significant effect on ALT activity. The obtained
data are consistent with the hypothesis that some pathological alleles became established in
northern populations due to previous adaptive advantages, but in modern conditions, they have
transformed from beneficial to harmful.
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Introduction. The populations of the
Republic of Sakha (Yakutia) represent
a unique model for studying genetic
and ecological interactions. Russians,
Evenks, and Yakuts living in this region
differ in their genetic background, history,
and traditional diets formed under harsh
climates and extreme environmental fac-
tors. Until the middle of the 17th century,
there was no agriculture in Yakutia, and
the nutrition of the indigenous peoples
was based on products of animal and
plant origin [1]. With the development of
industrialization, the historically estab-
lished way of life and nutrition of the pop-
ulation have changed, so the traditional
protein-lipid diet has been replaced by
a modern Western one with a predomi-
nance of carbohydrates. The main organ
of food metabolism is the liver. Consump-
tion of high-calorie foods with high fruc-
tose content leads to an increase in circu-
lating triglycerides and very low-density
lipoproteins (VLDL), increased ALT lev-
els, which in turn leads to insulin resis-
tance and accumulation of visceral and
liver fat [5, 17].

Yakutia is one of the most disadvan-
taged regions in terms of liver diseases,
while the indigenous population is more
susceptible to chronic diffuse liver dis-
eases than newcomers [3]. Non-alcoholic
fatty liver disease (NAFLD) is one of the
most common liver diseases in devel-
oped and developing countries, its prev-
alence varies from 2.8% to 24.0% in dif-
ferent populations. It accounts for 60% of
all chronic liver diseases [15]. Also, up to
15% of all liver cancer cases are detect-
ed in patients with NAFLD [2]. The main
causes of NAFLD are sedentary lifestyle,
poor nutrition, and genetic polymorphism
of various genes 11]. Thus, the genetic
variants involved in lipid and glucose me-
tabolism, rs738409 (C/G) in gene 3 con-
taining the domain of patatin-like phos-
pholipase (PNPLA3), rs780094 (G/A)
and rs1260326 (C/T) in the glucokinase
regulatory protein (GCKR) gene, are con-
sistently associated with the risk of NA-
FLD and liver complications of NAFLD.

The rs738409 polymorphism of the
PNPLA3 gene, which leads to the sub-
stitution of isoleucine for methionine at
position 148 of the protein (1148M), is the
most well-known genetic determinant of
NAFLD [7]. Thus, the 1148M variant dis-
rupts the function of the enzyme adipo-
nutrin (a product of the PNPLA3 gene),
which leads to the accumulation of lipids
in hepatocytes and accelerates the pro-
gression of the disease. The associa-
tion of this allele with NAFLD has been
confirmed in various populations of the
world, including the Chinese, Indians,

and Malays [6] and the peoples of Cen-
tral Asia [7]. In addition to rs738409, the
rs2294918 polymorphism is described in
the PNPLA3 gene, which itself is not di-
rectly related to the disease, but modifies
the effect of the 1148M variant. This SNP
is localized in the same gene and is as-
sociated with reduced expression of the
PNPLAS protein [18]. The carriage of the
rs2294918 A allele leads to a decrease in
the amount of the active enzyme, which
to some extent weakens the negative ef-
fect of the rs738409 allele.:G affects the
accumulation of fat in the liver [10].

The GCKR gene encoding the glucoki-
nase regulator was first identified among
the NAFLD-associated loci in 2011 [13].
Two related SNPs have been most stud-
ied: rs780094 and rs1260326 in the
exon of the GCKR gene. The A alleles in
rs780094 [4] and T alleles in rs1260326
are considered unfavorable. These vari-
ants are associated with a decrease in
the function of the glucokinase regulator,
which leads to increased glucokinase ac-
tivity and enhanced lipogenesis in the liv-
er [16]. A decrease in the function of the
GCKR protein leads to a redistribution of
metabolic fluxes: fatty acid synthesis in
the liver increases, which promotes ste-
atosis, although paradoxically the same
alleles are associated with low blood glu-
cose and elevated triglycerides in popu-
lation studies [9].

The purpose of this study is to com-
pare the frequencies of polymorphisms
rs738409, rs2294918 of the PNPLA3
gene and rs780094, rs1260326 of the
GCKR gene in samples of Yakuts,
Evenks and Russians.

Materials and methods. The study
protocol was approved by the local Com-
mittee on Biomedical Ethics at the Yakut
Scientific Center for Complex Medical
Problems (YSC CMP). Informed written
consent was obtained from all the volun-
teers. Clinical information about patients
was collected in a special database, and
DNA samples were stored in the collec-
tion of biomaterial of the YSC CMP us-
ing the USU "Genome of Yakutia" (reg.
no. USU_507512). The study included
728 healthy volunteers, including 331
Yakuts (244 men average age 46.5+0.78,
87 women average age 51.8+1.18), 147
Evenks (54 men average age 49.9+2.68,
93 women average age 51.1+2.1) and
250 Russians (90 men average age
44.7+1.78, 160 the average age of wom-
en was 43.6+1.22). Ethnicity was taken
into account up to the third generation,
all subjects live in the Republic of Sakha
(Yakutia). SNP genotyping was per-
formed using classical polymerase chain
reaction (PCR) and restriction fragment
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length polymorphism (RFLP) in the Lab-
oratory of Hereditary Pathology of the
Department of Molecular Genetics of the
YSC CMP. The conditions for amplifica-
tion of the gene region containing poly-
morphic variants, indicating the sequence
of oligonucleotide primers, the restrictase
used, and the lengths of the extraction
fragments, are presented in Table 1.

The correspondence of the genotype
distributions to the expected values at
Hardy-Weinberg equilibrium and the
comparison of the frequencies of allelic
variants/genotypes were carried out us-
ing the x2 (chi-squared) criterion with the
Yates correction. SNP linkage disequi-
librium analysis was studied by pairwise
comparing r2 and D using Haploview
software (version 4.2; Broad Institute,
Cambridge, Massachusetts, USA) [14].

Results and discussions. A com-
parative analysis of the frequency dis-
tribution of the genotypes and alleles of
the PNPLA3 and GCKR gene polymor-
phisms revealed significant differences
between the studied samples (Table 2).

According to the rs738409 polymor-
phism of the PNPLA3 gene, Yakuts and
Evenks have an extremely high propor-
tion of the G allele (with impaired adipo-
nutrin function): 72-75% against 53% for
Russians. More than half of the Yakuts
(57.9%) and Evenks (51.5%) had the GG
genotype, while only 40.5% of Russians
have GG. Statistically, the differences in
PNPLA3: G frequencies between Yakuts
and Russians are significant (x2=~38.6;
p<0.001), while there is no significant
difference between Yakuts and Evenks
(p=0.42). This confirms that both north-
ern peoples carry a sharply increased
proportion of the PNPLA3 148M variant,
whereas it is significantly less common
among Europeans (Russians). At the
second PNPLA3 locus (rs2294918), the
Aallele, characterized by reduced protein
expression, is practically absent in Yakuts
(6.7%) and very rare in Evenks (17%);
the Russian population has a significant-
ly higher proportion of A (43%). Thus, the
protective effect of the rs2294918 vari-
ant is practically absent in the Yakut and
Evenk groups, while it is much more pro-
nounced in Russians.

In contrast to the above, according to
variant rs1260326 of the GCKR gene, on
the contrary, the T allele (which weakens
the function of glucokinase and increases
the risk of steatosis) was more common
in Russians than in Yakuts and Evenks.
The difference between Yakuts and Rus-
sians for this allele was statistically signif-
icant (p=0.02). Similarly, according to the
related SNP rs780094, Russians have a
higher percentage of the A allele, about
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Table 1

Primers and restriction enzymes used to detect PNPLA3 and GCKR gene polymorphisms

Gene / SNP Primers Tenfl‘)rgrl;ﬁigg(" ) Efl{g(s)glil%tlig;se Restriction fragments
PNPLAS 12294918 | e T G A CTACAGACTC 66 Amas7l GG 160 111 .
e e T e
oot | OSSO ||| oG n st
GCKR rs1260326 F: TGCAGACTATAGTGGAGCCG 63 Mispl cor é12,31151())'%.p,

48% versus 40% for Yakuts and 44% for
Evenks.

The analysis of linkage disequilibri-
um (LD) between a pair of rs738409 and
rs2294918 polymorphisms in the PNP-

Table 2

Comparison of the frequency distribution of genotypes and alleles of PNPLA3
and GCKR gene polymorphisms in the studied populations

:,::o Cgi;:tri'nsn Smﬁzge agNg);trﬁn:Eg r\év:s: Population Genotype; 0frequency Allele (f;r/i)quency Chi-square p
ientatwes of the stu@ed populations. 738409 PNPLA3 cc 1 cg | 6o C G
ow LD was observed in the samples of
Yakuts, Evenks, and even Russians: the | Yakuts 79 | 342 | 57.9 25.0 75.0
values of D' were only 0.032, 0.131, and Russian 335 | 259 | 40.5 465 535 38.62 0.00
0.045, respectively, with virtually zero co-
efficient of determination (r2 = 0.0). For | Yakuts 79 | 342|579 | 250 75.0
comparison, in global populations, ac- |gyenks 76 | 409 | 51.5 28.0 7.0 0.66 0.42
cording to data from 1000 Genomes [12],
these SNPs in PNPLA3 are in almost |Evenks 7.6 | 409 | 51.5 | 28.0 | 72.0 20,07 0.00
complete linkage. So, for Africans, D'~ 1 | gyssian 335 | 259 | 405 | 465 | 535 ' '
with r2 = 0.015; for Americans, D' = 0.98,
2 = 0242’ in East Asians, D' = 1, 2= PNPLA3 rs2294918 AA AG GG A G
0.12; in Europeans, D' = 1, r2 = 0.172; | Yakuts 04 | 12,5 | 87.1 6.7 93.3
in South Asian populations, D' = 1, r2 = - 151.18 0.00
0.097. Thus, in the studied samples of | Russian 114 ) 639|247 | 434 56.6
populations of Yakuts, Evenks and Rus- | Yakuts 04 | 12.5 | 87.1 6.7 93.3
sians, two PNPLA3 variants are inherited |- - 00 1321 leso | 170 3.0 18.67 0.00
almost independently, whereas in large ; - i - ;
global populations There is a strong co- | Evenks 0.0 | 34.1 | 659 17.0 83.0 145,00 0.00
hesion between them (Fig.). . . .
The polymorphisms rs780094 and Russian 114 | 63.9 | 24.7 43.4 56.6
rs1260326 GCKR demonstrated strong | GCKR rs780094 AA | AG | GG A G
coupling in all three samples studied, Yakuts 17.1 454 | 375 39.8 60.2
so for Yakuts and Evenks, D' was 1.0 5.43 0.02
with r2 ~ 0.8-0.99, and for Russians, D' | Russian 278 | 41.1 | 31.0 | 484 | 51.6
= 0.898, r2 = 0.769. Thus, in the stud- | vakuts 17.1 | 454 | 375 | 398 | 602
ied populations, the alleles of these two 1.04 0.31
GCKR SNPs are transmitted almostas a | EVenks 189 1500 | 31.1 | 439 56.1
single block. The combination of alleles Evenks 189 | 50.0 | 31.1 439 56.1 0.99 032
of two PNPLAS3 variants (rs738409 and . . .
rs2294918) forms four possible haplo- Russian 27.8 | 411 | 310 | 484 >16
types. The frequency distribution of these | GCKR rs1260326 TT CT CcC T C
haplotypes demonstrates noticeable dif- Yakuts 171 | 454 | 375 398 602
ferences between Yakuts, Evenks, Rus- - - - - : 543 0.02
sians, and the reference populations of |Russian 253 | 462 | 285 | 484 51.6
the world (Table 3). Yakuts 17.1 | 454 | 375 | 398 | 602
As can be seen from Table 3, the G-G 0.19 0.67
haplotype is most common in the popula- | Evenks 11.4 | 53.0 | 35.6 | 379 62.1
tions of Yakutia. Among Russians, there | gpyenks 114|530 | 356 | 379 62.1
is a more uniform distribution across sev- - 6.07 0.01
eral haplotypes: in addition to G-G, hap- | Russian 253 1462 | 28.5 | 48.4 51.6
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lotypes C-G (30.9%) and G-A (23.9%)
have significant proportions. The G-A
haplotype is practically absent in the
main world populations, but, on the con-
trary, it is present in Yakuts and Evenks
(5.2% and 12.2%, respectively). The Eu-
ropean sample (EUR) has a remarkably
high proportion of the C—A haplotype
(37.1%), which is also quite common in
South Asians (22.8%). The frequency of
C-A in Russians is 17.1%, which is no-
ticeably higher than in Yakuts (1.9%), but
lower than in the European population.
Thus, the Yakuts and Evenks are char-
acterized by the predominance of the
G—G haplotype and the presence of the
G—A haplotype, which is unique to them,
whereas the distribution of PNPLA3 hap-
lotypes in Russians is closer to the Eu-
ropean type. For the GCKR gene, the
combination of alleles of polymorphisms
rs780094 and rs1260326 also forms four
haplotypes. However, unlike PNPLAS3,
only two main haplotypes are observed in
all populations, while the remaining two
are extremely rare (Table 4).

According to Table 4, in each popula-
tion considered, the main share (>90%) is
accounted for by the G—C and A—T haplo-
types, whereas combinations of G-T and
A-C are rare minor haplotypes. These
data confirm that the two substitutions
under consideration in GCKR are closely
related: in fact, only two main haplotype
lines can be traced in all groups, whereas
recombination variants (G-T, A—C) have
evolved rarely and therefore persist with
low frequency.

To assess the functional effect of
genes, the average value of biochemi-
cal parameters in the studied samples of
Russians and Evenks was stratified de-
pending on the genotype according to a
number of polymorphisms. The effect of
the PNPLAS3 variant on the biochemical
parameters manifested itself as expect-
ed. In the Russian sample, the rs738409
PNPLA3 polymorphism genotype was
associated with triglyceride concentra-
tion, so carriers of the unfavorable GG
genotype had a lower TG level (on aver-
age 1.6+0.9 mmol/l), and carriers of the
favorable CC genotype had a higher TG
(2.5¢1.6 mmol/l, p=0.01). This reverse
effect is consistent with the known data
on PNPLA3 [6]. variant 148M promotes
fat accumulation in the liver by reducing
TG secretion into the blood, therefore,
GG carriers often exhibit reduced levels
of circulating triglycerides against the
background of severe liver steatosis. In
Evenks, PNPLA3 genotypes also influ-
enced the indicators, although not so
significantly. For example, the average
AST activity in Evenks with the GG gen-

Linkage imbalance in the PNPLA3 gene Linkage disequilibrium in the GCKR gene

EVNE YET RUS

WY

AFR AMR EAS

YET RUS EVNE

P i i . - ——

Bteck 1 =

Linkage disequilibrium in the PNPLA3 and GCKR genes. Note. The color of the cell indicates the
strength of the bond between the SNPs: red is a strong bond (D'= 1, LOD> 2), white is a weak
bond (D' <1, LOD <2). Abbreviations: YKT — Yakuts; RUS — Russians; EVNK - Evenks; AFR -
Africans; AMR - Americans; EAS — East Asians; EUR - Europeans; SAS — South Asians.

Table 3

Frequency of PNPLA3 haplotypes (rs738409-rs2294918)
in Yakutia and worldwide populations

haplotypes Frequency of PNPLA3 haplotypes

1s738409- |y | RUS | EVNK | AFR | AMR | EAS | EUR | SAS

152294918 | 11-330) | (n=178) | (n=138) | (n=661) | (n=347) | (n=504) | (n=503) | (1=489)
G-G 0.701 | 0281 | 0599 | 0.118 | 0482 | 0350 | 0226 | 0.246
C-G 0228 | 0309 | 0235 | 0.778 | 0306 | 0.468 | 0.404 | 0.526
G-A 0052 | 0239 | 0.122 | 0 0 0 0 0
C-A 0.019 | 0171 | 0.044 | 0.104 | 0210 | 0.182 | 0371 | 0.228

Note: n is the number of people studied; YKT — Yakuts; RUS — Russians; EVNK - Evenks;
AFR - Africans; AMR - Americans; EAS — East Asians; EUR - Europeans; SAS — South

Asians
Table 4

Frequency of GCKR haplotypes (rs780094-rs1260326) in populations of Yakutia
and the world

haplotypes Frequency of GCKR haplotypes

“1752839;‘& YKT | RUS | EVNK | AFR | AMR | EAS | EUR | SAS

s (0=331) | (n=250) | (n=147) | (n=661) | (1=347) | (n=504) | (n=503) | (n=489)
G-C 0.580 | 0.489 | 0.568 | 0.851 | 0.628 | 0.512 | 0.579 | 0.792
A-T 0417 | 0449 | 0378 | 0.076 | 0350 | 0.469 | 0.400 | 0.191
G-T 0 | 0025 0 0018 | 0.012 | 0.012 | 0.010 | 0.009
A-C 0.003 | 0.037 | 0.054 | 0.055 | 0.010 | 0.007 | 0.010 | 0.007

Note: n is the number of people studied; YKT — Yakuts; RUS — Russians; EVNK - Evenks;
AFR - Africans; AMR - Americans; EAS — East Asians; EUR - Europeans; SAS — South
Asians
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otype was higher (31.1 U/l) compared
with CC (24.8 U/l), but this difference was
not significantly significant (p=0.06). The
PNPLA3 genotype in Evenks did not sig-
nificantly affect lipid levels (p>0.3 for TG,
cholesterol), although the same trend
was observed, GG carriers had a slightly
lower average TG than CC carriers.

In the Russian sample, polymor-
phisms of the GCKR gene showed a
significant effect on the activity of ALT,
a key enzyme that reflects the degree
of liver damage in NAFLD. Carriers of
risky alleles had significantly higher ALT.
For example, among Russians, the aver-
age ALT for carriers of the AA genotype
(rs780094) was 19.2+11.6 U/L, while for
the GG genotype it was only 13.5+5.3 U/
(p<0.001). A similar effect was confirmed
for the associated rs1260326 variant:
the TT genotype was associated with
ALT of 18.3£11.6 U/l versus ~13.5 Ul
for CC (p=0.02). In Evenks, the effect of
GCKR on ALT and other indicators did
not reach statistical significance. For ex-
ample, according to rs780094, the ALT of
Evenks was ~19-21 U/I for all genotypes
(p=0.90). It can be assumed that with a
smaller sample size of Evenks, the as-
sociations might not appear, although
Evenks with the TT genotype according
to rs1260326 had a slightly higher ALT
than with CC, but did not achieve a signif-
icant difference.

Conclusion. Collectively, the genetic
profile of Yakuts and Evenks for poly-
morphisms rs738409 and rs2294918 of
the PNPLA3 gene is characterized by
an increased proportion of alleles asso-
ciated with the risk of liver obesity, while
Russians have significantly lower fre-
quencies of these alleles. However, ac-
cording to the polymorphisms rs780094
and rs1260326 of the GCKR gene, Rus-
sians have a higher proportion of alleles
with reduced glucokinase function than
the northern groups. When comparing
the average biochemical parameters
depending on the genotype, reliable
values were found only in the sample of

Russians, which may be due to the low
variability of genotypes in Evenks. The
results of the study demonstrate how ge-
netic adaptation to extreme environmen-
tal conditions can affect the health of a
population in new conditions. In Yakuts
and Evenks, long-term evolution in con-
ditions of cold and limited nutrition led to
the consolidation of alleles optimizing the
accumulation and use of energy, which,
in an environment of excess calories, be-
came factors of increased vulnerability to
non-alcoholic fatty liver disease.
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COMPREHENSIVE ASSESSMENT

OF THE EFFECTIVENESS OF EARLY
REHABILITATION AFTER HEART VALVE
SURGERY IN THE STRUCTURE

OF CARDIOVASCULAR SURGERY

The purpose of the study. To evaluate the impact of early cardiological rehabilitation on physical function and clinical outcomes in patients after
mitral or aortic valve replacement. Materials and methods. The study included 20 patients (12 in the intervention group, 8 in the control group) who
underwent elective heart valve surgery. The intervention group received early rehabilitation from day 2 after surgery, including physical activity,
walking, and endurance exercises. The assessment was performed before surgery, at discharge, and 6 months later using the SPPB, SF-12,
6MWT, and HADS scales. The analysis was performed in IBM SPSS Statistics 21.0. Results. The patients in the intervention group demonstrated
significant improvements in physical function (SPPB), endurance (6MWT), and PCS compared with the control group. SPPB proved to be a statisti-
cally significant predictor of readmission (p = 0.017) and mortality (p = 0.006) during 6 months of follow-up. Conclusions. Early cardiac rehabilitation
is safe, effective and can be considered as a mandatory stage of treatment for patients after valve replacement. Further studies with an expanded
sample are needed to confirm the long-term effectiveness of the program.

Keywords: cardiac rehabilitation, prosthetic heart valves, physical function, six-minute walking test, SPPB, prognosis, early mobilization.
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Introduction. Cardiological rehabil-
itation (CR) is a multi-level system of
secondary prevention, covering physical
training, educational modules, psycho-
logical support, lifestyle correction and
rational drug therapy. It is aimed at restor-
ing physical performance, stabilizing the
emotional state and improving the overall
quality of life in patients with cardiovas-
cular diseases, including after heart sur-
gery. CR becomes especially relevant for
patients who have undergone surgery on
the valvular heart apparatus, since it is in
this cohort that high risks of postoperative
complications and functional limitations
are noted [7]. According to internation-
al studies, participation in rehabilitation
programs can reduce overall mortality by
20-30% and the frequency of repeated
hospitalizations by up to 30% [1, 4-6].

Given the high incidence of complica-
tions and the need to restore functional
activity as soon as possible in this cat-
egory of patients, the development and
implementation of early rehabilitation
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protocols is of particular importance. In
the framework of this study, early car-
diac rehabilitation (RCR) refers to the
activation of the patient, which begins
in the early postoperative period - from
the 2nd day after surgical intervention on
the heart valves, provided stable hemo-
dynamics. The RCR program includes
a gradual increase in physical activity
(breathing exercises, exercises for the
limbs, walking around the ward and corri-
dor, endurance training under the super-
vision of a physiotherapist). Unlike stan-
dard cardiac rehabilitation, which begins
2-4 weeks after surgery and is performed
primarily on an outpatient basis, RCT is
aimed at early recovery of physical func-
tion and prevention of physical inactivity,
skeletal muscle atrophy, thromboembolic
complications and psychological mal-
adjustment. The novelty of the program
lies in its structured phasing (mobiliza-
tion - endurance training - individual load
selection) and in the use of the SPPB
and 6MWT functional scales as objective
criteria for recovery dynamics already in
the hospital period.

Despite the recognized clinical and
economic effectiveness of CP, its imple-
mentation and implementation in prac-
tice, especially in the context of the treat-
ment of acquired heart defects (CAD),
including after valve replacement, still
remain fragmentary [23]. Unlike patients
after coronary bypass surgery, rehabili-
tation in patients who have undergone
valve surgery has not been studied

deeply enough, and protocols are poorly
standardized [8,10]. In the Russian Fed-
eration, the implementation of the CR is
complicated by the lack of specialized
departments, poor hospital facilities and
a shortage of trained personnel, espe-
cially at the outpatient stage, which re-
duces the coverage and quality of the
program [3, 8-10]. In most cases, the
management of patients after valvular
surgery is limited to follow-up without
active rehabilitation support in the early
posthospital period, which reduces the
potential for recovery and adaptation to
physical activity [2].

An additional barrier to the wider im-
plementation of CD is the lack of aware-
ness and motivation on the part of both
medical staff and patients themselves
[12]. The traditional model of follow-up
after heart valve surgery is reduced to
occasional visits to the polyclinic with an
emphasis on instrumental and laborato-
ry parameters, while a holistic approach
to rehabilitation is often absent [20]. In
this context, the integration of digital and
telemedicine solutions into the outpatient
treatment process is becoming increas-
ingly relevant [11]. Current data indicate
the high effectiveness of remotely con-
trolled programs: they allow for continu-
ous rehabilitation, reduce the burden on
the healthcare system, and increase pa-
tient compliance [12, 14, 16, 17].

For patients who have undergone
heart valve surgery using artificial cir-
culation (IC), a combined approach to
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rehabilitation based on continuity be-
tween inpatient and outpatient stages
is of particular importance [24]. The
use of telemedicine technologies at the
third stage of the treatment ensures the
maintenance of habits formed in a hos-
pital setting, promotes better adaptation
to physical activity, reduces anxiety and
increases adherence to prescribed ther-
apy [20]. However, in Russia, the experi-
ence of implementing such models is still
limited to pilot projects, which requires
a comprehensive assessment of their
effectiveness, especially in the group of
patients after surgical interventions on
heart valves [8]. In this regard, further re-
search is needed to optimize protocols,
standardize remote solutions, and form a
unified approach to early rehabilitation of
this category of patients.

Thus, the aim of the study is to evalu-
ate the clinical effectiveness of the early
hospital stage of cardiac rehabilitation in
patients after prosthetic heart valves, with
an emphasis on the dynamics of physical
function, quality of life and frequency of
adverse outcomes in comparison with
standard management without an active
rehabilitation program.

Materials and methods. The present
study was conducted as part of a pro-
spective follow-up at the Clinical Hos-
pital named after Peter the Great, St.
Petersburg. The required sample size
for comparing two independent groups
was calculated using the MedCalc sta-
tistical package (version 20.1; MedCalc
Software Ltd, Belgium), with the param-
eters: significance level a = 0.05, test
power 80% and expected effect size 0.7.
According to calculations, the minimum
number of patients in each group should
have been at least 18 a person taking
into account possible retirement. As
part of the pilot phase, 20 patients who
underwent elective heart valve surgery
between January 2022 and March 2024
were included in the study (Fig.1).

The clinical characteristics of the in-
cluded patients are presented taking into
account the genesis and volume of the
valvular lesion. Among the 20 examined
patients, patients with rheumatic (n = 11;
55%) and degenerative (n = 6; 30%) mal-
formation predominated, less often with
infectious endocarditis (n = 3; 15%). The
majority of patients had isolated damage
to one valve (mitral - 60%, aortic - 40%),
while a two-valve lesion occurred in 3
(15%) of the examined patients.

Prior to surgery, all patients underwent
a standard echocardiographic assess-
ment with the determination of the main
hemodynamic parameters: left ventricu-
lar ejection fraction (LVEF), terminal di-

astolic volume (CDV), terminal systolic
volume (CSF), average pressure gradient
on the valve and the degree of regurgita-
tion. The average LVEF before surgery
was 55 + 6%, after surgical correction -
58 + 5%, which indicates the preserved
systolic function of the myocardium. At
the time of the start of rehabilitation (2-3
days after surgery), the patients of both
groups did not differ in age, gender, type
of prosthetics (mechanical or biological
valve), LV ejection fraction and frequency
of concomitant diseases.

The early cardiological rehabilitation
program was developed by the authors
taking into account the adapted recom-
mendations of the European Society of
Cardiology [15] and the national clini-
cal protocols of the Russian Ministry of
Health [23]. The rehabilitation was car-
ried out in stages and included three con-
secutive blocks:

1. The stage of early mobilization is
the beginning of the patient's activation
on the 2-3 day after surgery; breathing
exercises, passive and active limb move-
ments, and gradual verticalization were
performed under the supervision of a
physiotherapist.

2. The exercise tolerance training
stage was carried out on days 4-7 and
included metered walks around the ward
and corridor, exercises for coordination of

movements and light isotonic loads with
a gradual increase in walking distance to
400-500 m.

3. The stage of functional adaptation
was carried out before discharge and was
aimed at teaching the patient self-control
of heart rate, blood pressure and satura-
tion, the formation of individual recom-
mendations for the outpatient stage and
a gradual return to everyday activity.

All classes were conducted under
constant monitoring of heart rate, blood
pressure and blood oxygen saturation.
A distinctive feature of the program was
its early and phased structure, ensuring
continuity between the hospital and out-
patient stages of rehabilitation. Unlike
standard schemes, which assume the
onset of activation 2-4 weeks after sur-
gery, the developed model allowed re-
covery to begin in the early postoperative
period, which helps to prevent physical
inactivity, thromboembolic complications
and reduce anxiety in patients.

The study included 12 patients who
underwent mitral or aortic valve replace-
ment followed by an early stage of reha-
bilitation, and 8 patients who were under
standard supervision without an active
rehabilitation program. It should be noted
that in the main group, an early hospital
cardiorehabilitation program was con-
ducted, implemented directly in the hos-

valves (n = 38)

[ Initially operated patients on heart ]

Evaluation according to inclusion/exclusion
critena
Excluded:
—-6-CHD
— 3 — Somatic pathology
—2-Age<18
— 2 — Refused participation
Remamng: n=25 j

Evaluation of rhythm disturbances
Excluded:
—3-AF
— 2 — Emergency intervention

\

Included n the study: n =20

<

Group 1 — Early cardiac rehabilitation
(a=12)

[ Group 2 - Standard observation (n = 8) ]

Flow chart of inclusion and exclusion of patients in the early cardiac rehabilitation program
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pital and aimed at gradually activating the
patient starting on the 2nd day after sur-
gery. The term "remote" in the diagram
(Fig. 1) it is used in a technical sense and
implies the continuity of stages between
hospital and subsequent outpatient fol-
low-up, but not remote rehabilitation in a
telemedicine format.

The selection was carried out by a
cardiologist with experience in the field
of postoperative management. Inclusion
criteria: patients over the age of 18 who
underwent elective mitral or aortic valve
replacement, with preserved LV ejection
fraction > 50%, stable hemodynamics
and the ability to perform physical exer-
cises under the supervision of specialists.
Exclusion criteria: the presence of severe
coronary heart disease, decompensated
chronic heart failure, severe somatic and
neurological diseases that interfere with
physical activity, permanent or paroxys-
mal atrial fibrillation, emergency or re-
peated surgical interventions, refusal to
participate in the study.

The control group included patients
undergoing standard postoperative fol-
low-up without a structured physical re-
habilitation program. Unlike the main
group, these patients did not receive
daily sessions with a physical therapy
instructor or a physiotherapist. Rehabili-
tation measures in this group were lim-
ited to the general recommendations of
the attending cardiologist on the regime
of physical activity, prevention of throm-

boembolic complications and control of
hemodynamic parameters.

At the hospital stage, they received
only basic consultations on the principles
of gradual expansion of the motor regime
and performing the simplest breathing
exercises without individual selection of
the load. The active development of the
steps of motor activity (verticalization,
metered walks, endurance exercises)
was not carried out under the supervision
of physical therapy specialists. At the out-
patient stage, the patients of the control
group were under the medical supervi-
sion of a cardiologist, without specialized
physical rehabilitation. Thus, the main
difference between the groups was the
presence of a personalized multi-stage
physical activation program in the main
group and the limitation of standard advi-
sory supervision in the control group.

The rehabilitation program began on
the second day after surgery and includ-
ed activation in the ward, endurance ex-
ercises and walking, gradually brought
up to 500 m, under the supervision of
physiotherapists. The control group re-
ceived only basic medical supervision
and recommendations for secondary
prevention. Functional and psychological
indicators were assessed in three stag-
es: before surgery, at discharge, and af-
ter six months. Standardized tools were
used for the assessment: SPPB (Short
Physical Performance Battery) - a short
battery of physical performance tests,

SF-12 (Short Form-12 Health Survey) -
a quality of life questionnaire including
physical (PCS) and mental (MCS) com-
ponents, 6BMWT (Six-Minute Walk Test)
- a six-minute walking test, and HADS
(Hospital Anxiety and Depression Scale)
- a scale of anxiety and depression. The
main assessment tools were the SPPB,
SF-12 (PCS and MCS) scales, the 6-min-
ute walking test, and the HADS Anxiety/
Depression scale. Statistical analysis
was performed using IBM SPSS Sta-
tistics 21.0, adjusted for distorting fac-
tors, including age, gender, and type of
surgery. The Shapiro—Wilk criterion was
used to assess the normality of the data
distribution. Quantitative indicators were
compared between two independent
groups using the Student's t-test (with a
normal distribution) or the Mann-Whitney
U—test (with an abnormal distribution). To
analyze the dynamics within the groups,
a variance analysis with repeated mea-
surements (Repeated Measures ANOVA)
was used. Categorical variables were
compared using the x2-test. The effect of
functional indicators (SPPB, 6MWT, SF-
12) on the risk of readmission and mor-
tality was assessed using binary logistic
regression. The results are presented as
an average value t+ standard deviation;
the differences were considered statisti-
cally significant at p <0.05.

All participants have given written in-
formed consent to participate. The study
protocol was approved by the Local Eth-

Table 1

Demographic and clinical characteristics of the study participants

Indicator Intervention group (n = 12) Control group (n = 8) t(¥» p

Gender, n (%) Men — 8 (6?32"/30% /({)Women -4 [Men-35 (6%é57‘§%/£)Women -3 013 | 072
Age, years (M = SD) 58.6 +5.1 57.3+4.7 0.42 | 0.68
BMI, kg/m2 (M + SD) 24.1+2.3 239+2.6 0.36 | 0.72
Systolic blood pressure, mmHg (M + SD) 142 £ 11 144+ 12 0.78 | 0.44
Diastolic blood pressure, mmHg (M + SD) 86+ 8 85+9 1.01 | 0.31
Total cholesterol, mmol/l (M + SD) 45+1.0 4.6+1.1 0.72 | 0.47
Presence of symptoms before surgery, n (%) 10 (83.3) 7 (87.5) 0.11 | 0.74
Type of affected valve, n (%)

— Aortic 6 (50.0) 5(62.5)

— Mitral 3(25.0) 2 (25.0)

— Double valve lesion 3(25.0) 1(12.5)

Arterial hypertension, n (%) 8 (66.7) 6 (75.0) 0.09 | 0.76
Hypercholesterolemia, n (%) 5(41.7) 4 (50.0) 0.18 | 0.67
LV ejection fraction after surgery, % (M + SD) 51+9 52+10 0.84 | 0.41

Note: The data is presented as M £+ SD (mean + standard deviation) or n (%). There were no statistically significant differences between the
groups in terms of the main demographic and clinical characteristics (p> 0.05).
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Table 2

Dynamics of indicators of physical and mental state of patients in groups at different stages of observation

Indicator énterventio'n Intervention Intervention Control group | Control group |Control group (6 F/p
roup (Basic) | Group (Extract) |group (6 months) (Basic) (Extract) months)
SPPB 8.65+1.40 9.88+1.15 10.09 + 1.42 8.52+1.59 891+1.22 8.73 +£1.65 4.61/0.018
PCS 4120+ 5.11 50.10 +£7.92 52.02 +7.64 40.75£5.04 4430+ 6.88 45.11+6.95 4.88/0.021
The ISS 46.90 + 6.82 49.50 £ 6.31 51.10 £ 7.44 47.30+£6.94 48.10 £ 6.99 47.85+7.90 1.11/0.317
6MW (m) 305.10 +52.88 | 355.00 +58.40 | 412.00 +=61.21 | 306.55+54.33 | 315.40+57.20 | 365.10+52.80 | 6.42/<0.001
HADS-A 5.18+1.10 5.00+1.24 5.05+1.61 4.89+1.19 4.96+1.08 5.00 +1.54 0.48/0.667
HADS-D 470 £1.42 4.80+1.19 4.61+£1.12 4.85+1.48 4.81+1.05 455+1.18 0.03/0.981

Note: The values are average + standard deviation. SPPB is a battery of short physical characteristics; PCS is a summary of the physical
component; HADS is a hospital scale of anxiety and depression, MCS is a summary of the mental component; 6MWT is a 6-minute walking test.

ics Committee of the Clinical Hospital.
Peter the Great (Protocol No. 3 dated
15.01.2022) in accordance with the prin-
ciples of the Helsinki Declaration.

Results. The study included 20 pa-
tients after heart valve surgery, of whom
12 were randomized to the early cardiac
rehabilitation group, and 8 to the standard
management control group. During the 6
months of follow-up, one patient dropped
out of the control group for reasons un-
related to the intervention. Generalized
demographic and clinical characteristics
are presented in the table (Table 1).

The average age of the patients was
58.6 + 5.1 years in the intervention group
and 57.3 £ 4.7 years in the control group.
Men dominated in both groups, account-
ing for 66.7% and 62.5%, respectively.
All participants had diagnosed acquired
heart valve defects, the most common of
which were aortic valve stenosis (40%)

and mitral regurgitation (30%). 91.7% | The predictor B p OR 95% AN
of patients in the intervention group and | Age 0.054 0.245 1.056 0.958-1.165
87.5% in the control group successfully | Genger (male) -0.227 0551 0.797 0.377-1.684
completed the study. There were no sta-
tistically significant differences in the ini- | Lype of surgery 0.137 0.382 1.147 0.842-1.563
tial demographic and clinical parameters | SPPB -0.728 0.017 0.483 0.265-0.878
between the two groups, which indicates PCS -0.091 0.118 0.913 0.812-1.026
a correct random sample.

The results of the repeated analysis 6MWT -0.005 0.067 0.995 0.989-1.001

of variance revealed a statistically sig-
nificant improvement in physical function
(SPPB) over time, while the growth rate
was more pronounced in the early re-
habilitation group (F = 8.11; p = 0.004).
There was also a significant difference

between the average SPPB scores in the The predictor B p OR 95% AN
intervention and control groups (F =4.92; | Age 0.078 0.202 1.081 0.963-1.212
p =0.017), which indicates the advantage . 4o (male) -0.313 0.478 0.731 0.299-1.785
of rehabilitation intervention. A posteriori

analysis showed that participants under- Type of surgery 0.106 0.428 1.112 0.843-1.578
going the cardiac rehabilitation program | SPPB -0.891 0.006 0411 0.205-0.788
§howeq a more significant .|mprovement PCS 20073 0.188 0.93 0.828—1.045
in physical status both at discharge (av-

erage difference = 1.23 + 1.74: p = 0.009: 6MWT -0.004 0.082 0.996 0.989-1.002

effect size = 0.41) and after 6 months
(average difference = 1.44 + 2.15; p =
0.031; effect size = 0.37) compared with
the control group (Table 2).

The calculation of Cohen's d coef-
ficient for comparing intergroup differ-
ences in SPPB showed values of 0.74
at discharge and 0.65 after 6 months,
indicating a moderate but clinically signif-
icant effect of the intervention over both
the short and long term.

The regression analysis assessed
the impact of clinical, demographic, and
functional characteristics on readmission
and mortality in patients (n = 20) who un-
derwent heart valve surgery. The logistic

model included age, gender, type of sur-
gery, as well as functional status indica-
tors (SPPB, PCS, and 6MWT) measured
after undergoing an early stage of cardio-
logical rehabilitation (Table 3).

To assess the factors associated with
death, a separate logistic model was
constructed (x2 (6) = 11.84, p = 0.041,
Nagelkerke R2 = 0.278). Of all the vari-
ables, the statistically significant predic-
tor of mortality was the SPPB index (B
=0.891, p = 0.006, OR = 0.411; 95% CI:
0.205-0.788), which emphasizes the im-
portance of physical function in predict-
ing patient survival after cardiac surgery

(Table 4).
Table 3

Results of logistic regression for predictors of readmission

Table 4

Results of logistic regression for mortality predictors




Discussion. Unlike traditional pro-
grams implemented at late stages, the
early rehabilitation model we used as-
sumed activation from the 2nd day after
surgery, which made it possible to short-
en recovery time and increase exercise
tolerance. This protocol can be consid-
ered as a modified hospital version of
postoperative rehabilitation based on the
principle of early activation of patients
after valvular interventions. The results
obtained demonstrate the effectiveness
of implementing the principle of early ac-
tivation in patients after surgical correc-
tion of valvular heart defects. Upon dis-
charge, and especially after 6 months of
follow-up, patients undergoing the reha-
bilitation program showed significant im-
provements in physical function (SPPB),
six-minute walking distance (6MWT),
and physical quality of life (PCS) com-
pared with the standard follow-up group.
These results are consistent with the
conclusions presented in Xue et al. [24],
which also noted a significant advantage
of early RCR in patients after heart valve
surgery, especially in terms of restoring
endurance and physical activity.

At the same time, the present study
recorded a moderate but clinically sig-
nificant difference on the SPPB scale
between the groups (Cohen's d = 0.74
at discharge and 0.65 after 6 months),
which is comparable to the effects de-
scribed in the studies of Truong et al. [21]
and Ennis et al. [14], which also used
individualized mobilization programs in
hospital settings. However, unlike most
studies, including the study by Gach et
al. [16], our work focused specifically on
patients after valve replacement, rather
than after interventions for coronary heart
disease, which makes the results espe-
cially valuable for this subgroup.

An interesting difference in our work is
the use of functional scales (SPPB and
6MWT) as primary outcomes, followed
by modeling the effect of these variables
on clinical events. Thus, according to the
results of logistic regression, only the lev-
el of physical function (SPPB) turned out
to be a statistically significant predictor of
both re-hospitalization and mortality with-
in 6 months (p = 0.017 and p = 0.006,
respectively). This confirms the conclu-
sions of Pelliccia et al [17] and Ambari
et al. [12], which emphasize the role of
assessing physical endurance as a crite-
rion for risk stratification and an indicator
of the effectiveness of rehabilitation mea-
sures.

The practical significance of the study
is to confirm the benefits of early initiation
of RCT in patients after prosthetic heart
valves. Given the continuing shortage of

outpatient rehabilitation centers in Russia
and the shortage of specialized person-
nel [1, 8], the data from our study can be
used as the basis for recommendations
on mandatory hospital activation of pa-
tients on the second day after surgery.
This is also consistent with the approach-
es reflected in ESC Guidelines [17],
which emphasize the role of continuity
between inpatient and outpatient stages
of RCT.

However, it is necessary to take into
account the limitations of the present
study. Firstly, it is a small sample size (20
patients), which is due to the pilot nature
of the work. Secondly, the follow-up was
limited to 6 months, and it is impossible
to judge long-term outcomes. Thirdly, de-
spite random randomization, it is impos-
sible to completely exclude the influence
of external factors. Also, the rehabilitation
program was implemented in one cen-
ter, which limits the extrapolation of data
to a wide population. In the future, it is
advisable to conduct multicenter studies
involving a larger number of patients and
a long follow-up period to confirm the sta-
bility of the effects obtained.

Thus, this study confirms that the
implementation of early cardiac rehabil-
itation in patients after surgical interven-
tions on heart valves is associated with
improved physical function, quality of life,
and a reduced risk of adverse outcomes
in the near future. The introduction of the
hospital stage of RCT should be consid-
ered as an essential component of the
comprehensive management of cardiac
surgery patients.

Conclusion. As part of a pilot pro-
spective observational study, the effec-
tiveness of the early activation program
for patients after mitral or aortic valve
replacement was confirmed. Participa-
tion in the rehabilitation program from
the second day after surgery contributed
to a more pronounced improvement in
physical function, the six-minute walking
distance, and the physical component of
quality of life by the time of discharge, as
well as 6 months after the intervention.
Analysis of logistic models showed that
the level of physical activity (on the SPPB
scale) was associated with a lower risk of
re-hospitalization and death.

Despite the limited sample size, the
results demonstrate the practical impor-
tance of introducing an early stage of re-
habilitation directly in a hospital setting.
The program can be recommended for
inclusion in the standard of patient man-
agement after valve replacement as a
way to increase the effectiveness of the
recovery period. Large-scale randomized
trials with a multicenter design and a long
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follow-up period are needed to verify the
data obtained.

The authors declare that there is no
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FADS1, FADS2 AND FABP2 GENES
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OF SAKHA (YAKUTIA)

This study is devoted to studying the frequencies of gene variants (LEPR, FADS1, FADS2,
FABP?2) in Yakuts, Russians, and Evenks, as well as their relationship to body mass index (BMI).
The study included 776 volunteers from the Republic of Sakha (Yakutia): There are 211 Rus-
sians, 140 Evenks and 425 Yakuts. The participants had no chronic diseases. Based on body
mass index (BMI), participants were divided into three groups: normal BMI (18.5-24.9 kg/m2),
pre-obese (25-29.9 kg/m2) and obese (=30 kg/m2). The study of variants rs174537 of the en-
hancer genes FADS1, FADS2, rs1137101 of the LEPR gene and rs1799883 of the FABP2 gene
in populations of Russians (n=211), Evenks (n=140) and Yakuts (n=425) revealed significant

population-specific differences.
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Introduction. Obesity is one of the
key public health problems of the 21st
century, associated with an increased
risk of cardiovascular diseases, type 2
diabetes, metabolic syndrome, and other
chronic conditions [25]. Despite the fact
that obesity is caused by the interaction
of genetic, environmental, and behavioral
factors, the role of genetic polymorphism
in regulating metabolism and fat accumu-
lation attracts special attention.

Numerous studies have attempted to
understand the genetic basis of human
adaptation to various environmental con-
ditions and diets, and with the develop-
ment of molecular genetic technologies,
an understanding of the contribution of
genetic variability to nutritional needs
among various human subpopulations
has emerged [20].

The nutritional history of the Yakut
population provides an excellent oppor-
tunity to study the effect caused by the in-
teraction between genes and food, which
could exert selective pressure on certain
SNPs associated with metabolism. Until
the middle of the 17th century, agriculture
was not practiced in Yakutia, respectively,
the main food was animal and vegetable
products. The beginning of grain farming
in Yakutia dates back to 1652, when 6
exiled peasants took up farming [1], and
potatoes were first imported in 1776 [3].
It has been established that under the
influence of low temperatures in plants

growing in Yakutia, the content of polyun-
saturated fatty acids (PUFA) increases,
among which 18:3n-3, 16:0 and 18:2n-6
dominate [18]. This, in turn, plays an im-
portant role in regulating the resistance of
herbivores to prolonged low-temperature
stress and the high content of 18:3n-3 in
their meat, liver, and fat [10, 21].

Also, a distinctive feature of the Ya-
kuts was the lack of a diet, they mostly
ate once or twice a day, compensating for
the large intake of it in the morning and
evening hours. Animal and vegetable
products were consumed in significant
quantities in their natural raw form, which
made it possible to preserve its nutritional
properties [5].

According to physiological and bio-
chemical studies, the entire indigenous
population of Northeast Asia differs from
the more southern Siberian peoples in a
special "polar" type of metabolism, which
was formed on the basis of a lipid-protein
diet and is characterized by an increased
role of lipids as an energy source [2].

In recent years, with changes in the
eating habits of the population of Yakutia,
the number of people with obesity and
other metabolic diseases, such as type 2
diabetes mellitus (T2DM), non-alcoholic
fatty liver disease (NAFLD), etc. has in-
creased.

With the help of Human Genome As-
sociation Studies (GWAS), researchers
from various parts of the world have cur-
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rently identified a huge number of single
nucleotide polymorphisms (SNPs) asso-
ciated with obesity, some of which were
not previously known to be associated
with obesity. However, of all the identi-
fied SNPs for most ethnic groups, only a
small percentage are significantly asso-
ciated with obesity or body mass index
(BMI).

The leptin receptor gene (LEPR), one
of the widely studied candidate genes for
increased BMI, is on the biological path-
way to obesity (leptin-insulin pathway).
Leptin is produced in adipose tissue in
proportion to its mass, and is also pro-
duced in other organs. It is known that
leptin has a multifaceted effect, including
the regulation of several neuropeptides
involved in appetite control and thermo-
genesis [8].

Polymorphisms in genes related to
lipid metabolism, such as FADS (Fatty
Acid Desaturase), play a key role in mod-
ulating polyunsaturated fatty acid (PUFA)
levels, which affect energy balance and
the risk of obesity [14].

The FABP2 gene encodes Fatty Acid
Binding Protein 2, which is involved in
lipid absorption and transport in entero-
cytes. The rs1799883 polymorphism
(G>A substitution), which causes the
amino acid substitution Ala54Thr in this
protein, is associated with changes in lip-
id and carbohydrate metabolism — carri-
ers of the Thr allele have higher triglycer-
ide levels and a tendency to insulin resis-
tance [19]. The associations of Ala54Thr
with obesity, type 2 diabetes mellitus, and
metabolic syndrome have been repeat-
edly described in different populations
[11,13]

The purpose of this study is to com-
pare the gene variants (LEPR, FADST1,
FADS2, and FABP2) involved in lipid me-
tabolism and their relationship to BMI in
Yakuts, Russians, and Evenks.

Materials and research methods.
The criteria for inclusion in the study
sample were age 18 and over and written
informed consent to the study. Criteria for
non-inclusion:

» Presence of decompensated chronic
pathology;

« Serious or uncontrollable physical or
mental ilinesses;

 Taking medications for the treatment
of obesity in the postoperative period.

» The onset of pregnancy;

» The patient's refusal to continue par-
ticipating in the study.

The study included 776 volunteers
from the Republic of Sakha (Yakutia):
There are 211 Russians, 140 Evenks
and 425 Yakuts. The average age was
47.4+0.99 years for Russians, 50.7+1.65

years for Evenks, and 48.1+0.58 years
for Yakuts. Bioassays and questionnaires
of volunteers, including anthropometric
indicators, were selected from various
regions of the republic during field expe-
ditions and business trips with doctors
and laboratory technicians. DNA of the
volunteers is included in the bioresource
collection of the Yakut Scientific Center
for Complex Medical Problems (YANC
KMP) UNU "Genome of Yakutia" (reg.
no.USU_507512). The desk work was
carried out in the laboratory of Hereditary
pathology of the Department of Molecu-
lar Genetics of the YANGTS KMP. The
study was approved by the local biomed-
ical ethics committee, and all participants
provided written informed consent.

The sample was divided into three eth-
nic groups, followed by body mass index
(BMI) categories, according to the criteria
of the World Health Organization (WHO):
normal BMI (18.5-24.9 kg/m2), pre-obe-
sity (25-29.9 kg/m2) and obesity (=30 kg/
m2). SNP genotyping was performed us-
ing classical polymerase chain reaction
(PCR) and restriction fragment length
polymorphism (RDF). The conditions for
amplification of the gene region contain-
ing polymorphic variants, indicating the
sequence of oligonucleotide primers, the
restrictase used, and the length of the
extraction fragments, were described in
early works [4, 16].

Statistical analysis: Statistical data
processing was carried out using Micro-

Table 1

Percentage of BMI categories of ethnic groups

Russians Yakuts Evenks
Normal 30.3 353 329
Pre-obesity 322 22.8 30.0
Obesity 374 41.9 37.1

Table 2

Frequencies of genotypes and alleles in Russians, Yakuts and the Evenks

. Frequency Frequency
Population of genotypes (%) | of alleles (%) Chi-square p
rs174537 FADS1, FADS?2 TT | GT | GG T G
Russians 21.8 | 44.1 | 34.1 | 438 | 56.2
. 108.79 0.00
Evenki 70.7 | 257 | 3.6 | 83.6 | 164
Russians 21.8 | 44.1 | 34.1 | 43.8 | 56.2
122.08 0.00
Yakuts 5741360 | 6.6 | 754 | 24.6
Evenki 70.7 | 25.7 | 3.6 | 83.6 | 164
7.56 0.01
Yakuts 57.4136.0| 6.6 | 754 | 24.6
rs1137101 LEPR AA | AG | GG A G Chi-square p
Russians 213 | 49.8 | 289 | 46.2 | 538
- 44.98 0.00
Evenki 6.4 1293|643 21.1 | 789
Russians 21.3 1498|289 | 462 | 53.8
109.24 0.00
Yakuts 40 | 285|675| 182 | 81.8
Evenki 64 12931643 | 21.1 | 789
0.93 0.34
Yakuts 4.0 | 285|675 | 182 | 81.8
rs1799883 FABP2 CcC | CT | TT C T Chi-square p
Russians 43.1 | 403 | 16.6 | 63.3 | 36.7
- 0.63 0.43
Evenki 39.3 1414|193 | 60.0 | 40.0
Russians 43.1 | 403 | 16.6 | 63.3 | 36.7
49.08 0.00
Yakuts 2451355 | 40.0 | 422 | 578
Evenki 39.3 1414|193 | 60.0 | 40.0
26.00 0.00
Yakuts 2451355 | 40.0| 422 | 578

Note: p — significance with the Yates correction for alleles.



'SO[O[[® 10} UOI}0LI00 SOJeA AU} YIIm ddueoyruSis oy st d ‘ones sppo oyl st SO 910N

(1081 | 46¢ | o . . . JITERTS) .
. . 909 | 161 : (6s¥'1 | 1- . . . ; A1so .
950 | -2590) POV VOV | | Gisoqo-oid | porg | -crag) | LS |OTY | SLE|EOE|EEL| %moﬁm@o& 0 .mmw. ow vos | 99 181 | 1°0¢ lo°ch +%Mwwwa
AMM.N Elv| L85 961 FEpIOLE] THHON T80T 1065 |0 1¥ |L¥Y|L'8T|L9T [eULION 6v01 [Le [S29 [sTi] 08 [sLe|  rewion
op0 | -ozpo) [ECF | LS |8'€T| I'8E | I'8E A1saq0 20 .AWMM.MV 809 | T6E |T6E| eV |SLI AisoqO @ow.ov I'vp | 6°SS | ST [T8€(89¢|  Auseq0
89/°0 | S9E|SE9 | ¥ ST|ETh|ETH| Ansaqo-a D Tec lewt lsoc 12¢ v 5 W00 | -TeL’0) — :
e B e 90-o1d 68L°0 | 1'SS | 6%k |S'9E| L€ |#9T Ay1saqo-a1g O et [eor [ [ove|ces| Asoqood
60 | -0ob-0) | E P L8 |96 SEV|0LE]  TPHHON | .ﬁmﬁ.& 065 |0'TY |L¥y|L'8T|L9T|  TeWHON @St [eelszo|szr| os [sze|  rewuon
i SOE|SEO VS ETW|ETh| A0 L0 Uss [ow [soe|ree|ror] Ao | 0| Sere [rez|coc|cai|eve|ees| Ao
. L OTY | T'LS |8CT|T8E|T K1180q0-91, 0951 |« - : : : - :
60100 Tetv [ rss [ver[sev owm ?sw I P Tk 4 o Y L R A e I S IR
. . oN 0) = P PR v : : :
SPIE L oW 1A o_u:amﬁ_w 065 |0 1% [L¥P|L8CT|LIT JeutioN ore1 | size|szoszi] os [se —
SwpaeSoy | L | O | LL [ LD D0 (g L | D |LL|L ddvd dp[IE L
: 66LTSI Surpae3d D[ DD L adiqavd
(150°¢ | ¢ . . . . A1saqQ m mwmaaie 2 BuIpeE D ML 1991 eggepLisa
I1°0 | -9€6°0) C98|Lel 18SL10Ie) Tt + A1saqo-a1g . .AOmw._ 8 | 81 |I'89|L°LT| €Y %tmvﬁo (9051 resleorlzizliies| JNIEELTS)
0691 (52,17 : : : : 170 | -568°0) +A15990-01d | 1160 | -659°0) L6T| | fusaqo-oig
s CLe|S95197TE 601 TBHHON 08T |g6L|LoT|0v9|L0g] €6 [eULION €660 [6'¢s | 19r [8ze|Tey|osg|  reumoN
cr'0 | -966°0) €e8|L91(069|98C| v'C A1saqQ 60 .Wmmmm.mv cesl <ot l0soleocl o1 15990 . @Z‘; c1s  2sp 199z 1560 192 A19990
ot e Teseloeelen. e 850 [oas [ret[coc st s | Amomaa | | oo 995 e [sie|vis|cv] Ao
. '€ | 8TL|TLT|S9S[9TE(601|  [PwION (98T 6L | L0z 049 | L . T~ —Toocl :
<20 | 208°0) hitid il . ! 620 | Tom ) [£6L|L0T 09| L0E| €S [ewLIoN ol .Aw@mwmv 6'€S | 19 |87TE|TTh|0ST|  TewioN
%%w.w 692] 8¢ 18290 0ozl |6z8| Lt [ToLlese| sy | Auseqo 6650 | €15 | L8v [o9z|ver 1| Amseqo
. LI E€E8 (L9 [069|98T| ¥ K)180q0-a1 @iz | ¢ . : : . : ; .
SO\ S e [z [sos o @oﬂ Y R ) e LR e L S fussaoand | oo | adtey [0 [rer [etelvis Lyl] usaqoai
) ’ [eULION . . - . - . - - - -
IPIIE 9 o 4dAT o_o__«wﬁw__w coL P IOt [PHION oIl | 6°€S | 1'9% [8°TE|TTh|0°ST|  [ewioN
w:-ﬂhwwoﬁ D YV |DD|DV |VV 10 ) vV |99 AdHT dI_IIe H
: ILETTSA Suipaess V| VV o) % AdAT
861 | co1 | c¢ Rsa00 awm :M_R:: ay) SuipaeSoy DD DV |VV | s
0| -€0S° . €8 1T L8 169 £11S900-2. . 0T Izoz|8eL| 9oL |TLE|€Ess 1S90 (€66C |+ . . . . A182q0
06°0 Mmm.% : : I : NS00 | £1°0 | -855°0) +A1290-1d | g0 | -957°1) VIS | 9'8F | TLT|€8Y|SHT| | fysaqo-org
e €91 [L€8] 59|96l |6€L|  TewloN 080 [Tzl esL 29 love €10 TN 6561 (729 g2c [ 0s [vpelo< TN
630 | -o6poy [LOLI €'€8| ¥'T |9'8C| 069 A1s290 /o .mwm..ow CLT|LTL| TS |18E|9€S|  ANsaq0 IS T ros | eev | sz [sis|see|  Amsaqo
mﬁw COL|LeR 61 FRT Tey] Aad i p16'0 |9ST|¥PL| €L |S9€|T9S| Ansdqo-aig o wmm% 6'1S | I'8Y [ 1'67|9'St |€'5T| Ansaqo-aig
. T E91|L€8 | S9 |96l |6€L|  TewioN 8.1 [ 1zl ¢ + lobe | ¢ < 1 : :
580 | -0Lb0) e e vl - az'0 | -co%0) ».8 €8L| LY |0PE[ET9 [euLIoN 100 .A_nmww 729 1 8z¢ | 0s |vveloct [euLION
@wm L91|ges| vt seloe £ — mvﬁ A ol Bl el A15290 8681 | 615 | 1'8F [16T|9Sy|esT|  Auseqo
. . T 19°82]0°69| Ausaqo-al $90T [ ¢ : 3 l18¢l9 - <1 .
68°0 | -€97°0) b cosejo P2 | ool ey LELE LTL| T8 |18E|9'€S A1saqo-a1g 100 .mmwmm. w 105 | e6v | <z lsisloez| Amsaqo-oig
LT0'1 LL€8]S9]961|6¢L [BULION 65T |LTIT|E€8L| LY [0VE|ET9 [BULION 2zl s ; ;
dPIIE L 2u} Savid ‘Isavi| 2mpIe Loy 886'1 9|8TE| 0S |¥¥E|9ST [eULION
¢
Supacioy | O | L |99| 10| 1L |STE O Supison | O | L |99] 10| n | PG T oy Supassoy| O | L |99 |10 |11 %wa%wwmﬁ
(%) ) :
d O SIPITE JO (%) sadAyouad Surdures d %o (%) sodAyouad Sundwes (OA)
0 2ouanba d A0 | SIPIE Jo o ! d (%) sadKyouad Surdwes
2ouanbaxy J A | wsiydaowAjoq aouanbay Jo dduanbaay | wsiydiowsjoq o oww__ww__w%.wm hoeooco_.so._n— Jusiydaiow o
SHUDA
v_m— Symex sueissny

€ 9|qel

SYUIAT PUE ‘S)NYeX ‘SUBISSNY JO SILI039)ed [IANG UM SJUBLIEA I[JIUIS JO SUONBIIOSSY




. YAKUT MEDICAL JOURNAL

soft Excel 2010 software. The compari-
son of allele and genotype frequencies
between populations was performed us-
ing the x2-Yates-corrected test. When
analyzing the conjugation of the frequen-
cy of the unfavorable allele with obesi-
ty, a four-field conjugation table and the
Yates-adjusted square criterion were
used. To assess the significance of the
odds ratio, the boundaries of the 95%
confidence interval (95% CI) were calcu-
lated. The results were considered signif-
icant at p<0.05.

Results and discussion. In all ethnic
groups, there is a predominance of obese
people, the percentage of BMI categories
among Russians and Evenks did not dif-
fer significantly from each other, unlike
the Yakuts, where obese people are most
common and least obese. (Table 1).

The distribution of genotypes for each
SNP (rs174537, rs1137101, rs1799883)
did not deviate from the Hardy-Weinberg
equilibrium (p>0.05), except for the Yakut
group in variant rs1799883 of the FABP2
gene (chi2-31.41; p=0.00), which is prob-
ably due to the large predominance of
carriers of the T allele.

Russian Russians (n=211), Evenks
(n=140), and Yakuts (n=425) revealed
statistically significant differences in the
variants rs174537 of the enhancer genes
FADS1, FADS2, rs1137101 of the LEPR
gene and rs1799883 of the FABP2 gene
(Table 2) (Table 2). The frequencies of
genotypes and alleles in Russians, Ya-
kuts, and Evenks (n=140) revealed sta-
tistically significant differences (Table 2).

According to the rs174537 polymor-
phism of the FADS1 and FADS2 gene en-
hancer, the highest frequency of the an-
cestral T allele was recorded in the Evenk
population — 84%, followed by the Yakuts
— 75%, while the Russian T allele is less
common (44%). The Evenks have the TT
genotype (71% of the sample), and the
Yakuts have a similar high proportion of
TT (57%), while the Russians have the
GT and GG genotypes (only 22% have
the TT genotype).

The LEPR (GIn223Arg) gene shows a
similar pattern: the “unfavorable” Arg al-
lele (G) dominates in Yakuts (82%) and
Evenks (79%) compared with 54% in
Russians. Russian Russians have only
29% of the GG genotype, while 21% of
Russians have the protective AA (GIn/
GIn) genotype, and homozygotes for Arg
(GG) make up two—thirds of the sample
of Yakuts (67.5%) and Evenks (64%).
Russian Russians and Yakuts (p<0.001)
and Evenks and Russians (p<0.001) dif-
fer significantly in the frequencies of the
Arg allele, while Yakuts and Evenks do
not differ (p=0.34).

FABP?2 also significantly outweighs the
unfavorable Thr54 allele in Yakuts (58%
versus 40% in Evenks and 37% in Rus-
sians). The Thr/Thr genotype is found in
40% of Yakuts — more than twice as often
as in Russians (17%) and Evenks (19%).
Differences in the frequencies of the Thr
allele between the Yakuts and both other
groups are significant (p<0.001), where-
as the Evenks and Russians have no sig-
nificant difference in this variant (p=0.43).

Comparison of the frequencies of mi-
nor alleles (MAF) of genes of the stud-
ied ethnic groups with other populations
of the world, according to the database
"1000 Genomes Project Phase 3" [25,
26, 27] revealed the following:

- FADS1, FADS2 (rs174537)
MAF (T) in Russians 0.44 is similar to
populations CLM 0.43 (Colombians in
Medellin) and FIN 0.46 (Finns in Finland),
Evenks 0.84 and Yakuts 0.75 are similar
to populations CDX 0.78 (Chinese of the
Dai population in Xishuangbanna) and
KHV 0.82 (Kinh in Ho Chi Minh City);

- LEPR (rs1137101) MAF (G) in
Russians is 0.54 similar to populations of
ACB 0.56 (Afro-Caribbean origin in Bar-
bados), PEL 0.50 (Peruvians in Lima),
SAS 0.50 (South Asian populations),
Evenks 0.79 and Yakuts 0.82 closer to
populations of EAS 0.87 (East Asian pop-
ulations);

- FABP2 (rs1799883) MAF (T) in
Russians 0.37 is similar to populations
FIN 0.33 (Finns in Finland), BEB 0.33
(Bengalis in Bangladesh), GIH 0.39 (Gu-
jarati Indians) and CHB 0.32 (Han Chi-
nese in Beijing), Evenks 0.40 are similar
to GIH 0.39 (Gujarati Indians), Yakuts
0.58 showed no similar frequencies with
any of the populations.

The discrepancy and convergence of
statistical indicators of genotype and al-
lele frequencies between ethnic groups
may reflect an adaptive strategy to food
scarcity or extreme conditions, also with
traditional nutrition.

The calculation of the odds ratio
showed a reliable association of the
rs174537 polymorphism of the FADS7T
and FADS2 gene enhancer with BMI
only in the sample of Russians. Thus,
in Russians, the T allele was associat-
ed with pre—obesity (OR=1.99, 95% CI:
1.21-3.27, p=0.01), obesity (OR=1.89,
95% CI: 1.17-3.08, p=0.01) and pre-obe-
sity + obesity (OR=1.94, 95% CI: 1.26-
2.99, p=0.00) compared to the norm,
which is confirmed by multidimensional
logistic regression taking into account the
population. A significant association of
rs1799883 polymorphism was also found
in the Russian sample (OR=0.536, 95%
Cl: 0.332-0.867, p=0.02) (Table 3).

In the samples of Evenks and Yakuts,
there was no significant association of
BMI with any of the polymorphisms stud-
ied. Some researchers also do not find as-
sociations of the rs174537 polymorphism
of the FADS1 and FADS2 gene enhancer
with BMI Wang C et al. (2021) [23]. Stud-
ies of the rs1799883 associations of the
FABP2 gene by Raisa Sipilainen et al.
(1997), Han TK et al. (2019) and Albala
C etal. (2004) also disagree [7, 13, 21]. A
similar pattern is observed for the LEPR
(GIn223Arg) gene, the results of other
researchers differ from Boumaiza | et al.
(2012), Becer E et al. (2013), lllangase-
kera, Y.A. et al. (2020), Thi Tuyet Le et al.
(2025), Tkhakushinov R.A. et al. (2020)
[6, 9, 10, 12, 22] The lack of statistically
significant associations between differ-
ent BMI categories with polymorphisms
within each ethnic group may be due to
heterogeneity and low variability. Howev-
er, the results remain contradictory and
require further study.

Conclusion. The study revealed sta-
tistically significant differences in the
frequencies of alleles between ethnic
groups of Russians, Yakuts and Evenks
for all three polymorphisms (rs174537,
rs1137101, rs1799883), however, the
frequencies in the LEPR gene variant
(rs174537) did not differ statistically
between the Yakut and Evenk groups,
similar is observed in the FABP2 gene
variant (rs1799883), where the group al-
ready Russians did not differ statistically
from the group of Evenks. The high fre-
quency of the ancestral T allele (FADST,
FADS2 rs174537) in Evenks and Yakuts
may indicate its role in adapting to a diet
high in PUFA (meat and fish). The high
prevalence of the "unfavorable" G allele
(LEPR rs1137101) may reflect an adap-
tive strategy to food scarcity or extreme
conditions. FABP2 (rs1799883) is asso-
ciated with the metabolism of fatty acids,
which could be important for energy stor-
age during periods of abundance of food.

The relationship between the studied
polymorphisms and BMI categories in
three groups was established only in the
Russian group in the variant of the FADS1
and FADS2 genes (rs174537), the other
two groups (Yakuts and Evenks) showed
no associations. Further research is
needed on a larger sample, taking into
account biochemical parameters, as well
as the use of additional other approaches.

The authors declare that there is no
conflict of interest.
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CHANGES IN LIPID PEROXIDATION
MARKERS AND ANTIOXIDANT STATUS

IN LUNG ADENOCARCINOMA
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In the present article, the dynamics of blood lipid peroxidation (LPO) markers and the antioxidant system (AOS) are investigated in patients
with lung adenocarcinoma (LA) at different disease stages (I-IV). The study included 40 patients with histologically verified LA and 40 healthy
donors. In blood serum, the concentrations of malondialdehyde (MDA), diene conjugates (DC), triene conjugates (TC), and Schiff bases (SB)
were determined. In erythrocyte hemolysates, the activity of glutathione peroxidase (GPx), glutathione reductase (GR), glutathione S-transferase
(GST), and the level of reduced glutathione (GSH) were measured.

In LA patients, a pronounced increase in LPO markers (MDA, DC, SB) and a decrease in GPx activity and GSH levels were revealed com-
pared with the control group. A stage-dependent pattern was established: MDA levels were highest at stage | (a 3.4-fold increase), followed by a
decline by stage IV. The concentration of DC (a primary LPO product) was elevated at the early stages, whereas secondary and terminal products
(TC and SB) showed a progressive increase from stage | to stage IV (SB exceeding control values by 30.7-fold at stage 1V). GPx activity was
reduced at all stages, and GSH levels remained consistently decreased. GR activity exhibited a non-linear pattern.

The development of lung adenocarcinoma is accompanied by a profound imbalance in pro-/antioxidant homeostasis, manifested by enhanced
LPO and depletion of antioxidant defenses. A specific stage-related dynamics of LPO markers is demonstrated: a marked rise in primary and sec-
ondary products at early stages, followed by a shift in the marker profile at advanced stages. The antioxidant system displays a phased response,
with signs of partial compensation at stage Ill and decompensation at stage IV of the disease.

Keywords: lung adenocarcinoma; lipid peroxidation; oxidative stress; antioxidant system; malondialdehyde

For citation: Rumyantsev E.K., Nikolaev V.M., Sofronova S.1., Efremova S.D. Stage-Dependent Changes in Lipid Peroxidation Markers and
Antioxidant Status in Lung Adenocarcinoma. Yakut Medical Journal. 2025; 92(4): 48-51. https://doi.org/10.25789/YMJ.2025.92.10

Introduction. Lung cancer remains
one of the most pressing challenges in
contemporary oncology, with persistently
high incidence and mortality worldwide.
Among histological variants, lung ad-
enocarcinoma (LADC) is the predomi-
nant form of non-small cell lung cancer
[6,10,15,33], underscoring the impor-
tance of elucidating the molecular mech-
anisms of its development.

Oxidative stress—arising from an im-
balance between the generation of reac-
tive oxygen species (ROS) and the ac-
tivity of the antioxidant system (AOS)—is
regarded as a key driver of carcinogen-
esis. Intensification of free-radical oxida-
tion damages critical biomolecules, fore-
most the lipids of cellular membranes.
Lipid peroxidation (LPO) initiated by
ROS leads to membrane destabilization
[18,19,28,35], impairment of barrier and
receptor functions [16,21,26,35], and the
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formation of highly toxic secondary prod-
ucts [14,18,31,33] such as malondialde-
hyde (MDA) and conjugated dienes (CD).
These compounds not only exacerbate
cellular dysfunction but also possess mu-
tagenic and carcinogenic potential, there-
by promoting malignant transformation
and tumor progression [4,27,31,32].

In response to enhanced LPO, a
multilevel antioxidant defense is activat-
ed. However, during aggressive tumor
growth, compensatory mechanisms may
become insufficient, leading to aggra-
vation of oxidative damage and disease
progression [3,8,13,19].

Despite extensive research on the
role of oxidative stress in cancer, the
stage-dependent interplay between
LPO markers and AOS status in lung
adenocarcinoma remains insufficiently
characterized. Establishing correlations
between levels of LPO products, activ-
ities of antioxidant enzymes, and the
extent of tumor spread is of both funda-
mental and applied significance. Such
studies may deepen understanding of
the molecular underpinnings of LADC
progression, identify novel prognostic
biochemical markers, and substantiate
the rationale for antioxidant-oriented in-
terventions within combined treatment
strategies.

Study objective: To evaluate changes
in the concentrations of primary and sec-
ondary LPO markers and in the activities
of antioxidant system enzymes in blood

from patients with lung adenocarcinoma
across stages -1V

Materials and Methods. The study
was conducted in 2025 at the Laborato-
ry of Precancerogenesis and Malignant
Tumors, Department of Epidemiology of
Chronic Non-Communicable Diseases,
Yakut Science Center of Complex Med-
ical Problems, in collaboration with the
Yakut Republican Oncology Center (Ya-
kutsk, Russian Federation).

We examined 40 patients with histo-
logically confirmed lung adenocarcinoma
and 40 apparently healthy volunteers
matched to the patient group by age, sex,
and ethnicity. Major exclusion criteria for
controls were: presence of any oncolog-
ic disease, severe comorbid conditions,
and use of medications with pronounced
antioxidant properties.

The study complied with the Decla-
ration of Helsinki and its subsequent
amendments and was approved by the
Local Ethics Committee of the Yakut Sci-
ence Centre of Complex Medical Prob-
lems (Protocol No. 52, 24 March 2021).
Baseline characteristics of participants
are presented in Table 1.

Fasting venous blood served as the
study material. Serum concentrations of
lipid peroxidation (LPO) markers were
determined by spectrophotometric meth-
ods: malondialdehyde (MDA) [2], conju-
gated dienes (CD) [22] and conjugated
trienes (CT) [23], and Schiff bases (SB)
[9]. In erythrocyte hemolysate, the activ-



ities of glutathione peroxidase (GPx) [7],
glutathione reductase (GR) [24], gluta-
thione S-transferase (GST) [11], and the
level of reduced glutathione (GSH) [20]
were measured.

Statistical analysis was performed
using SPSS version 23. Normality of the
data distribution was assessed with the
one-sample Kolmogorov—Smirnov test.
Between-group differences were evalu-
ated using Student’s t-test (for normally
distributed data) or the Mann—Whitney U
test (for non-normal distributions). Differ-
ences were considered statistically signif-
icantat p < 0.05

Results. Comparison of LPO markers
between patients with lung adenocarci-
noma and the control group showed a
statistically significant increase in most
LPO indices (MDA, CD, SB), along with
reduced GPx activity and lower GSH lev-
els in the patient group (Table 2).

We identified a stage-dependent pat-
tern for MDA levels (Table 3). At stage |,
the MDA concentration was highest (2.61
+ 0.39 ymol/L), 3.4-fold above the con-
trol. At stages Il and Ill, MDA remained
elevated (3.0- and 2.8-fold above con-
trol, respectively), whereas at stage IV
a statistically significant decrease was
observed (1.5-fold above control). The
sharp rise in MDA at early stages likely
reflects active lipid peroxidation, whereas
the subsequent decline may be attribut-
able to depletion of oxidizable substrates,
systemic intoxication, or activation of al-
ternative pathways for the disposal of lip-
id peroxidation products.

The level of conjugated dienes (prima-
ry LPO products) was highest at stage |
(1.5-fold above control). At subsequent
stages, CD values stabilized at levels
only slightly exceeding the control, in-
dicating active initiation of free-radical
processes at the early phase of carcino-
genesis. Secondary LPO products—con-
jugated trienes and Schiff bases—in-
creased progressively from stage | to
stage IV, showing marked elevations at
advanced stages (SB levels at stages Il
and IV were 20.9- and 30.7-fold above
control, respectively). This pattern indi-
cates the accumulation of deep, largely
irreversible damage to lipids and proteins
as the tumor progresses.

Against the background of intensified
LPO, the antioxidant system exhibited
phased changes—from compensation to
exhaustion (Table 4).
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Table 1

Characteristics of the examined patients
with lung adenocarcinoma
and the control group

Parameter Patients | Controls
(n=40) | (n=40)
Sex, M/F (n) 34/6 34/6
Ethnicity, Sakha/ 34/6 34/6
Russian (n)
Mean age 664+1.1]655+14
(years)

Stage I (n) 3 -
Stage IT (n) 6 -
Stage III (n) 15 -
Stage IV (n) 16 -

Table 2

Lipid peroxidation (LPO) markers and antioxidant system (AOS) parameters
in patients with lung adenocarcinoma and in the control group

Parameter Patients (n = 40) Controls (n = 40) p-value
MDA, pmol/L 1.79 £0.15 0.76 £0.14 <0.001
CD, arbitrary units (a.u.) 1.04 +0.05 0.89 +0.05 0.012
CT, a.u. 0.41+0.15 0.22+£0.02 0.603
SB, a.u. 0.33+0.08 0.016 £ 0.001 <0.0001
GPx, U/mL 9.44 +0.68 11.72 +£0.27 0.003
GST, U/mL 1.56 £0.13 1.66 +0.10 0.194
GR, U/mL 4.75+0.49 3.66 +0.20 0.646
GSH, pmol/L 2.38+0.15 3.08+0.13 <0.001

Note: The p-value was calculated using the Mann-Whitney U test.

Lipid peroxidation markers in patients according to disease stage

Table 3

Parameter Control (n = 40) Stage [ (n=3) Stage I (n = 6) Stage III (n = 15) Stage IV (n=16)
MDA, umol/L 0.76 £0.14 2.61 £0.39%%* 2.24 £ 0.40%* 2.11 £0.22%** 1.17£0.17*
CD, a.u. 0.89 +0.05 1.36 £ 0.00 0.91+0.19 1.12 £ 0.06** 0.98 £ 0.06
CT, a.u. 0.22 £0.02 0.09 £ 0.00* 0.14 +0.03 0.24 +0.03 0.71 £0.36
SB, a.u. 0.016 + 0.001 0.035 £ 0.000* 0.057 £ 0.012%*** 0.31 £ 0.07%** 0.46 £ 0.16%**

Note: p-values were calculated using the Mann-Whitney U test: * —p < 0.05; ** —p <0.01; *** —p <0.001.

Antioxidant defense parameters in patients according to disease stage

Table 4

Parameter Control (n = 40) Stage I (n=3) Stage II (n = 6) Stage III (n = 15) Stage IV (n = 16)
GPx, U/mL 11.72 +0.27 9.24 £4.56 7.93 + 0.43%** 8.67 + 1.09* 10.76 = 1.12
GST, U/mL 1.66 +0.10 1.45+0.47 1.50+£0.26 1.51+0.14 1.65+0.28
GR, U/mL 3.66 =0.20 2.68 +£0.00 4.05+0.93 5.93 +£0.92%* 4.24+0.70
GSH, pumol/L 3.08+0.13 2.40+0.17 2.28+0.19* 2.30 +£0.29%* 2.50+£0.26

Note: p-values were calculated using the Mann-Whitney U test: * —p <0.05; ** —p <0.01; *** —p < 0.001.
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Glutathione peroxidase (GPx) activity
was reduced at all stages, with the great-
est suppression at stages Il and 111 (32.3%
and 26.0% below control, respectively).
Glutathione S-transferase (GST) activity
remained relatively stable, showing no
statistically significant differences from
the control group. Glutathione reductase
(GR) activity exhibited a non-linear pat-
tern: a decrease at stage |, followed by
an increase to a peak at stage lll, and a
subsequent decline at stage IV. The level
of reduced glutathione (GSH) was con-
sistently decreased across all disease
stages.

Discussion. The present study re-
vealed pronounced disturbances in lipid
peroxidation (LPO) and antioxidant de-
fense in patients with lung adenocarci-
noma, supporting the central role of ox-
idative stress in the pathogenesis of this
disease.

The increase in core LPO markers
(MDA, conjugated dienes, Schiff bases)
together with decreases in GSH level and
GPx activity corroborates the concept
that intense tumor growth is associated
with induction of free-radical processes
and depletion of antioxidant potential.

The stage-dependent behavior of
MDA proved most informative. The peak
concentration at stage |—3.4-fold above
control—likely reflects a phase of ac-
tive initiation of free-radical reactions.
This interpretation is consistent with
the findings of Zheng et al. (2024), who
associated elevated MDA levels with
early stages of cancer, underscoring its
potential as a biomarker of tumor pro-
gression [35]. The subsequent decline
at stage IV can plausibly be explained
by depletion of peroxidation substrates,
overall metabolic depression, and sys-
temic intoxication in the terminal phase,
in line with the observations of Jomova
et al. (2023), who noted altered oxida-
tive-stress profiles at advanced stages
of cancer [14].

Analysis of stage-wise dynamics of
LPO products clarifies the cascade of
oxidative reactions. Elevated conjugated
dienes at stage | indicate active initiation
of free-radical oxidation at early carcino-
genesis. This is consistent with findings
by Lei et al. (2021), who emphasized the
role of early oxidative damage, evidenced
by accumulation of characteristic metab-
olites at initial stages of oncogenesis [18].
Stabilization of conjugated dienes at later
stages, accompanied by substantial in-
creases in conjugated trienes and Schiff
bases, indicates efficient conversion of
primary LPO products into secondary
and terminal species. Progressive accu-
mulation of Schiff bases clearly reflects

the deepening of oxidative stress as the
disease advances [2].

The antioxidant response to intensified
LPO was phased. Persistent reductions
in GSH and GPx activity at all stages ap-
pear to represent a fundamental defect
characteristic of a deficit in the key perox-
ide-detoxifying system. This observation
aligns with Barartabar et al. (2023), who
reported that tumor growth is frequently
accompanied by depletion of antioxidant
reserves, thereby amplifying oxidative
stress [4]. The nonlinear pattern of GR
activity conforms to the classical transi-
tion from compensatory to decompensa-
tory phases, culminating in exhaustion of
antioxidant reserves at the terminal stage
[17]. This is consistent with Chaudhary et
al. (2023), who discussed how dysregu-
lation of antioxidant-enzyme activity can
aggravate oxidative injury and promote
cancer progression [8].

In sum, these findings underscore a
profound imbalance in pro-/antioxidant
homeostasis associated with lung adeno-
carcinoma. The stage-specific dynamics
of LPO markers—an early surge in pri-
mary and secondary products with a sub-
sequent shift in the marker profile at later
stages—provide valuable insight into the
molecular mechanisms underpinning tu-
mor progression. Moreover, the phased
antioxidant response, with signs of com-
pensation at stage Ill and decompensa-
tion at stage 1V, points to the potential of
therapeutic strategies aimed at mitigating
oxidative stress, which could enhance
the effectiveness of existing treatments
and improve patient outcomes, as sug-
gested by recent reviews on the role of
antioxidants in cancer therapy [29].

Conclusions. The development of
lung adenocarcinoma is accompanied by
a profound imbalance in pro-antioxidant
homeostasis, manifested by intensified
lipid peroxidation (LPO) and depletion of
antioxidant defenses.

A stage-specific pattern of LPO mark-
ers was identified: a sharp rise in primary
and secondary products at early stages,
followed by a shift in the marker profile at
advanced stages.

The antioxidant system exhibits a
phased response, with signs of compen-
sation at stage Ill and decompensation at
stage IV.

The authors declare that there is no
conflict of interest.
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D.K. Kudrin, M.M. Magomedaliev, A.M. Ponomarenko,
0O.V. Kolupaeva, A.Sh. Aselderova

THE USE OF STEM CELLS IN
OSTEOPLASTY OF JAW DEFECTS:
A CELL - ENGINEERING APPROACH

The use of stem cells in osteoplasty of jaw defects is one of the most promising areas of modern cellular engineering regenerative medicine.
Traditional osteoplasty methods have a number of limitations, from the risk of infections and pain to the limited amount of available graft. In this
regard, stem cells open up new possibilities for creating biologically active structures capable of stimulating osteogenesis and restoring complex
structures of the maxillofacial region. The review systematizes current data on the use of periodontal ligament (PDLSC), dental pulp (DPSC) and
jawbone (JBMSC) stem cells in osteoplasty of jaw defects. Their morphological and molecular characteristics, osteogenic potential, interaction
with the microenvironment of the defect, as well as integration with biomaterials and growth factors are considered. Special attention is paid to
the results of preclinical and clinical studies confirming the safety and effectiveness of cellular therapies aimed at restoring the cement—peri-
odontal ligament-bone complex and improving the osseointegration of implants. In addition, the work analyzes existing preclinical models of
jawbone defects in small and large animals, providing an experimental basis for evaluating the
effectiveness of cellular engineering structures and developing safe protocols for clinical use.
The importance of DPSC and JBMSC exosomes as biologically active factors enhancing os-
teogenic differentiation and tissue regeneration is noted. The obtained data emphasize the high
prospects of using stem cells from the oral cavity for bone tissue regeneration, the development
of new biocompatible materials and individualized therapeutic strategies. The presented review
can serve as a scientific basis for creating effective, safe and clinically justified approaches to
the treatment of maxillofacial defects and improving the results of implantation therapy.
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Introduction. Jawbone defects re-
main one of the urgent problems of mod-
ern maxillofacial surgery, as they can
occur due to congenital anomalies such
as cleft lip and palate, injuries, tumors, or
tooth extractions. [1, 2, 4, 5, 7]. According
to the World Health Organization, about
15-20% of the population face problems
with restoring the bone tissue of the jaw
after injury or surgery, while in Russia
more than 25 thousand cases of maxil-
lofacial defects requiring osteoplasty are
registered annually [6]. Delayed healing
and non-healing of jaw defects can lead
to functional disorders of chewing, aes-
thetic deformities and speech problems,
which underlines the high clinical signifi-
cance of the problem.

Traditional bone repair methods, in-
cluding autogenic, allogeneic, and xe-
nogenic grafts, distractive osteogenesis,
and targeted bone regeneration, have
limitations such as the risk of infection,
mechanical complications, pain, pro-
longed rehabilitation, and limited vol-
ume of autografts [3, 6, 9, 17]. In this
regard, cellular engineering approach-
es and tissue engineering open up new
opportunities for bone structure regen-
eration by combining materials, biology
and medicine. Stem cells, possessing
multipotent differentiation and the ability
to self-renew, are able to transform into
osteoblasts upon transplantation into a
defect, accelerating the restoration of the
shape and function of the jaw. Choosing
the optimal cell type and defect models
requires a systematic approach, taking
into account the features of the structure
and physiology of the oral cavity [12, 24,
27, 47, 48].

Therefore, the relevance of the topic
is due to the need to improve osteoplasty
methods to accelerate bone tissue repair
and reduce complications in the treat-
ment of maxillofacial defects. The aim
of this work is to analyze current data on
the use of stem cells in osteoplasty of
jaw defects, as well as to evaluate their
osteogenic potential, interaction with the
microenvironment, and integration with
biomaterials to develop effective cellu-
lar engineering approaches to bone and
periodontal tissue regeneration.

Materials and methods. The article is
based on a systematic analysis of the lit-
erature on the use of stem cells in osteo-
plasty of the jaw and cellular engineering
regeneration of bone tissue. The search
was conducted in leading databases
(eLIBRARY.ru, PubMed, Scopus, Web of
Science, ScienceDirect, Google Scholar,
ResearchGate) with keywords related to
stem cells, bone defects, and cell models,
with a focus on publications from 2010

to 2025. Clinical and preclinical studies,
systematic reviews, and meta-analyses
reflecting current understanding of stem
cell types, their osteogenic potential,
and cellular engineering structures were
included. To systematize the data, con-
tent analysis and descriptive analytical
methods were used to identify the rela-
tionship between cell types and recovery
efficiency. Special attention was paid to
the choice of the cell source, methods of
cultivation and integration with biomateri-
als for the formation of bone regenerate.
The approach to finding, evaluating, and
structuring information is presented in
Table 1, which ensures transparency and
reproducibility of the study.

Results and discussion. This sec-
tion discusses the results of using vari-
ous types of stem cells (PDLSC, DPSC,
JBMSC) for bone and periodontal tissue
regeneration, including their interaction
with the microenvironment and the possi-
bilities of clinical application. In the future,
the features of each cell population, pre-
clinical models of maxillofacial defects,
and prospects for the use of cellular and
biomaterial therapies to restore the jaw-
bone will be discussed in detail.

The use of stem cells for the recon-
struction of jaw defects. There are sev-
eral types of stem cells for jaw defect re-
construction: Ashour et al. [44] described
PDLSC, Bi and colleagues [11] studied
DPSC, and M.G. Semenov et al. [8] in-
vestigated JBMSC. In comparison with
long bone stem cells, jaw cells demon-
strate higher proliferation and osteogenic
potential, which makes them effective for
bone tissue repair [5, 7]. These cells ac-
tively interact with the microenvironment
of the defect, including vascular and
nervous components, which enhances
regeneration [1, 2]. Therapy based on
jaw stem cells provides accelerated res-
toration of anatomical shape and func-
tion, as well as differentiation into various
bone and connective tissue lines [8, 9,
17]. Genetic models of mice are used
to trace the lineage of stem cells in vivo
and to study the role of nervous tissue,
including Schwann cells, in the regulation
of osteogenesis [1, 2]. The optimal com-
bination of stem cells with biomaterials
and growth factors significantly increas-
es the speed and quality of osteoplasty,
which makes the approach promising for
clinical use [17].

Periodontal ligament stem cells
(PDLSC) are multipotent postnatal cells
localized in the periodontal ligament, ca-
pable of differentiating into osteoblasts,
adipocytes, collagen-forming cells, and
cement-like cells [12]. PDLSCS were first
isolated and amplified in vitro by Seo and

colleagues, and their molecular markers,
including CD44, CD90, CD105, STRO-
1, and SSEA4 in the absence of CD34
and CD45, were characterized in detail in
studies by Kawasaki et al. [37] and Duan
et al. [40]. Chopra et al. [29] demonstrat-
ed that PDLSCS have a high ability for
osteogenic differentiation in vitro, form-
ing calcium nodules and activating alka-
line phosphatase, which confirms their
potential for bone tissue regeneration.
Moreover, Wang L. et al. [36, 43] showed
that PDLSC transplantation onto bioma-
terial scaffolds promotes the restoration
of the cement-periodontal ligament-bone
complex in preclinical animal models,
ensuring the formation of a functional
periodontal structure. Clinical studies of
L.Gan et al. [18] and Yu.l. Chergeshtova
et al. [9] confirmed the safety and effica-
cy of autologous PDLSC cell membranes
for the treatment of periodontitis, improv-
ing the depth of probing, bone height,
and the level of clinical attachment of
periodontitis.

Mesenchymal dental pulp stem
cells (DPSC) are a rapidly proliferating
population of cells isolated from the pulp
of an adult tooth, capable of multipotent
differentiation, including odontogenesis,
adipogenesis, and myogenesis. A. Mach-
avariani et al. [22] showed for the first
time that the combination of DPSC with
osteoplastic materials can promote tar-
geted regeneration of jawbone defects,
opening up prospects for clinical use in
dental surgery. H. Sun et al. [41] demon-
strated that exosomes secreted by DPSC
enhance osteogenic differentiation and
cell migration in graphene-porous titani-
um-aluminum frameworks, thereby im-
proving the formation of new bone tissue.
N.V. Popova et al. [4] contributed to un-
derstanding the characteristics of DPSCs
by describing in detail their surface mark-
ers and the possibilities of integration
with biomaterials for tissue engineering.
Z. Jing and colleagues [21] demonstrat-
ed the effectiveness of 3D-printed skel-
etons for targeted bone regeneration us-
ing DPSC, and I. Mitra et al. [10] have
shown that such structures increase the
biocompatibility and osteogenic potential
of cells. Finally, the research of S. Nikfar-
jam and colleagues [30] emphasized the
importance of DPSC exosomes as mod-
ern biologically active factors capable of
enhancing cell proliferation and differen-
tiation, opening up new approaches for
regenerative medicine.

Jawbone mesenchymal stem cells
(JBMSC). JBMSCS originating from the
jawbone have a high proliferative ability
and are able to repair not only bone, but
also cementoid and periodontal ligamen-



tous tissue, which makes them preferable
for the regeneration of jaw defects com-
pared to BMSCs [36]. Implantation of au-
tologous JBMSCS into bone defects has
shown efficacy in the treatment of maxil-
lary defects and promotes osseointegra-
tion of implants by stimulating osteogenic
differentiation [38]. Recent studies have
identified osteogenic precursors of JBM-
SC with high Fat4 expression, which en-
hance the osteogenic potential of these
cells. [12, 17, 27, 47, 48]. Additionally,
the effect of DPSC exosomes increases
the osteogenic differentiation of JBMSC,
which further accelerates the regenera-
tion of the jawbone [24].

Preclinical models of maxillofacial
defects and their application. Animal
experiments create a critically import-
ant bridge between basic research and
clinical practice, allowing us to study the
mechanisms of healing of jaw defects

and test new therapeutic approaches
[26]. Various types of jaw defects, in-
cluding postextractional, traumatic, and
congenital, may vary in location and de-
gree of damage, which requires the use
of specific preclinical models [16]. Both
large animals (pigs, dogs, goats, rab-
bits) and small animals (rats, mice) are
used to model jawbone defects, while
the choice depends on the research
objectives, accessibility, and complexity
of surgical intervention [16, 25]. Large
animals provide more anatomically ap-
proximate results, but their use is limited
by the high cost and complexity of pro-
cedures, while small animals are more
often used because of convenience and
cost-effectiveness [25]. Collectively, the
use of various preclinical models makes
it possible to optimize bone regeneration
strategies and pre-evaluate the effec-
tiveness of implants and cell therapies,
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including stem cells and biomaterials
[16, 25].

Further prospects for the use of
stem cells (SC) in bone tissue regen-
eration. In recent decades, tissue engi-
neering using oral SCS has shown sig-
nificant progress in the regeneration of
bone and periodontal tissue, including
alveolar bone, dentin, pulp, and cement,
with active contributions from S. Subra-
maniam et al. [25], Y. Wen et al. [16] and
S.K. Boda et al. [31]. The development
of preclinical models of jaw defects, in-
cluding maxillary and mandibular models
of drilling and tooth extraction, has made
it possible to study the effectiveness of
various SCS in vivo, as shown in the
studies of E.S. Willett et al. [39]. Howev-
er, unresolved issues remain, including
the selection of the most suitable tissue
for cell production, the safe use of allo-
geneic SCS, immunomodulation, and the

Clinical and preclinical studies using stem cells for jaw defect reconstruction

The authors' Year A country The type Main effects / benefits Number of cases/ | The control
research of research of stem cells models group
Charagtqr_is.tics of surface_ markers,
Popova N.V. 2024 Russia | DPSC/PDLSC | Possibilities of integration with 15 patients 10 patients
etal. [7] biomaterials, application in
orthodontics
Khlusov LA Modeling of the mesenchymal stem
etal. [ Sj ’ 2018 Russia MSC cell microenvironment, perspectives 10 animals 5 animals
' of tissue engineering
Chereeshtov Yu.l Dynamics of reparative regeneration
gt al. [9] o 2014 Russia |BMSC /PDLSC| of mandibular defects with implants 12 animals 6 animals
’ and stem cells
Ashour et al. [44] 2020 Jordan PDLSC Increased osteogenic differentiation, 15 animals 5 animals
’ restoration of periodontal structure
Accelerated bone formation,
Bietal. [11] 2023 China DPSC improved integration 20 animals 10 animals
with biomaterials
Restoration of bone and cement
Cai et al. [32] 2021 China JBMSC periodontal tissue, stimulates 12 animals 6 animals
osteogenesis
Safety and effectiveness
Gan et al. [46] 2020 USA PDLSC of autologous cell membranes, 10 patients 10 patients
improvement of bone tissue height
Machavariani et 2019 Georgia DPSC Targeted regeneration of jaw defects, 8 animals 4 animals
al. [22] increased osteogenic potential
Sun et al. [41] 2022 China DPSC Exosomes enhance osteogenic 10 animals 5 animals
differentiation and cell migration
. . Effecti f 3D-printed skelet: . .
Jing et al. [21] 2020 China DPSC ec lvi‘gflsgsoge reggﬁ;aetiotsl cletons 6 animals 3 animals
Mitra et al. [10] 2021 USA DPSC Increasing biocompatibility and 5 animals 5 animals
’ osteogenic potential in 3D printing
A standardized rat model
Willett et al. [39] 2017 USA |PDLSC/BMSC| .. ,forassessingthe effects 24 animals 12 animals
of inflammation and transplantation
on healing
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development of optimal delivery systems.
Despite this, fundamental and preclinical
studies have provided convincing evi-
dence of the potential of oral SC for bone
tissue regeneration [39]. In the future, it
is necessary to integrate these data to
develop clinically safe, effective and eco-
nomically viable methods of jawbone tis-
sue engineering.

Conclusion. The analysis showed
that the stem cells of the periodontal lig-
ament, tooth pulp and jawbone have a
high osteogenic potential and the abil-
ity to multipotent differentiation, which
makes them effective for the regenera-
tion of bone and periodontal tissue. The
use of these cells in combination with
biomaterials and growth factors accel-
erates the restoration of the anatomical
shape and functional structure of jaw de-
fects. Preclinical models have confirmed
the safety and effectiveness of cell-based
therapies, making it possible to optimize
delivery methods and predict clinical out-
come. The practical significance of the
work lies in the possibility of applying
these approaches to develop safe and
effective strategies for jawbone tissue
engineering, including the treatment of
periodontitis, defects, and improved os-
seointegration of implants.

The authors declare that there is no
conflict of interest.

References

1. Ablyazov A.R., Sysoev N.P., Zubkova L.P.
Vliyanie i opredelenie rotovogo dyhaniya kak
odnogo iz glavnyh funkcional'nyh narushenij,
vyzyvayushchih  vozniknovenie zubochelyust-
no-licevyh anomalij i deformacij, narusheniya
srokov formirovaniya somaticheskogo i psihich-
eskogo razvitiya ortodonticheskih pacientov [In-
fluence and determination of mouth breathing as
one of the main functional disorders causing the
occurrence of dentofacial anomalies and defor-
mations, and violations in the timing of somatic
and mental development of orthodontic patients].
Krymskij zhurnal eksperimental'noj i klinicheskoj
mediciny [ Crimean Journal of Experimental and
Clinical Medicine 2011; 1(1): 5-7. (In Russ.).]

2. Danilova M.A. Novye tekhnologii v klinich-
eskoj ortodontii [New technologies in clinical
orthodontics]. Ortodontiya [Orthodontics. 2018;
4(84): 62-63 (In Russ.).]

3. Kuznetsova D.S., Timashev P.S.,,
Bagrataishvili V.N., et al. Kostnye implantaty
na osnove skaffoldov i kletochnyh sistem v tka-
nevoj inzhenerii (obzor) [Scaffold- and Cell Sys-
tem-Based Bone Grafts in Tissue Engineering
(Review)]. Sovremennye tekhnologii v medicine
[Modern Technologies in Medicine. 2014; 6(4):
201-212. (In Russ.).]

4. Popova N.V., Arsenina O.l., Abakarov S.I..
et al. Metody lecheniya pacientov so skeletnymi

formami distal'noj okklyuzii zubnyh ryadov s po-
moshch'yu zuboal'veolyarnoj kompensacii. Rol'
cifrovyh tekhnologij i podhod k lecheniyu [Meth-
ods of treatment of patients with skeletal forms
of distal occlusion using dental alveolar com-
pensation. The role of digital technologies and
the approach to treatment]. Stomatologiya [Den-
tistry. 2024; 103(5): 24-36 (In Russ). https://doi.
org/10.17116/stomat202410305124.

5. Khlusov I.A., Litvinova L.S., Yurova K.A., et
al. Modelirovanie mikrookruzheniya mezenhim-
nyh stvolovyh kletok kak perspektivnyj podhod
k tkanevoj inzhenerii i regenerativnhoj medicine
(kratkij obzor) [Modeling of the mesenchymal
stem cell microenvironment as a prospective ap-
proach to tissue bioengineering and regenerative
medicine (a short review)]. Byulleten' sibirskoj
mediciny [Bulletin of Siberian Medicine. 2018;
17(3): 217-228 (In Russ.).]

6. Ortodontiya. Nacional'noe rukovodstvo. V
2 t. T. 1. Diagnostika zubochelyustnyh anomalij
[Orthodontics. National Guide. In 2 vols. Vol. 1:
Diagnosis of dental anomalies / Ed. by L.S. Per-
sin. Moscow: GEOTAR-Media, 2020. 304 p. (In
Russ.).]

7. Kozachenko V.E., Arsenina O.l., Popova
AV, et al. Primenenie apparata TWIN-FORCE
v kombinacii s breket-sistemoj pri korrekcii dis-
tal'noj okklyuzii u vzroslyh pacientov [Application
of the TWIN-FORCE apparatus in combination
with a bracket system for the correction of dis-
tal occlusion in adult patients. Arkhivarius. 2021;
6(60): 12-15 (In Russ.).]

8. Semenov M.G., Stepanova Yu.V., Trosh-
chieva D.O. Perspektivy primeneniya stvolovyh
kletok v rekonstruktivno-vosstanovitel'noj hirurgii
chelyustno-licevoj oblasti [Prospects for the use
of stem cells in reconstructive and restorative
surgery of the maxillofacial region]. Ortopedi-
ya, travmatologiya i vosstanovitel'naya hirurgiya
detskogo vozrasta [Orthopedics, Traumatology
and Reconstructive Surgery of Childhood. 2016;
4(4): 84-92 (In Russ.).]

9. Chergeshtov Yu.l., Lezhnev D.A., Ovcharo-
va L.V. Dinamika reparativnoj regeneracii
defektov nizhnej chelyusti, zameshchennyh ra-
zlichnymi implantatami s ispol'zovaniem stvolo-
vyh kletok po dannym komp'yuternoj tomografii
(eksperimental'noe issledovanie) [Dynamics of
reparative regeneration of defects of the lower
jaw replaced by various implants using stem cells
according to computed tomography data (exper-
imental study)]. Rossijskaya stomatologiya [Rus-
sian Dentistry. 2014; 7(1): 8-15.3 (in Russ.).]

10. Mitra |., Bose S., Dernell W.S., et al. D
printing in alloy design to improve biocompatibil-
ity in metallic implants. Mater. Today. 2021; 45:
20-34.

11. Bi R, Yin Q., Li H. [et al.] A single-cell
transcriptional atlas reveals resident progenitor
cell niche functions in TMJ disc development and
injury. Nat. Commun. 2023; 14(1): 830.

12. Amarasekara D.S., Kim S., Rho J. Regu-
lation of osteoblast differentiation by cytokine net-
works. Int. J. Mol. Sci. 2021; 22(6): 2851.

13. Mashimo T., Sato Y., Akita D., et al. Bone
marrow-derived mesenchymal stem cells en-
hance bone marrow regeneration in dental ex-
traction sockets. J. Oral Sci. 2019; 61(2): 284—-293.

14. Liu Y., Wang H., Dou H. [et al.] Bone re-
generation capacities of alveolar bone mesenchy-
mal stem cell sheet in rabbit calvarial bone defect.
J. Tissue Eng. 2020; 11: 2041731420930379.

15. Cao C., Tarlé S., Kaigler D. Characteriza-
tion of the immunomodulatory properties of alve-
olar bone-derived mesenchymal stem cells. Stem
Cell Res. Ther. 2020; 11(1): 102.

16. Wen Y., Yang H., Wu J., et al. COL4A2
in the tissue-specific extracellular matrix plays im-
portant role on osteogenic differentiation of peri-
odontal ligament stem cells. Theranostics. 2019;
9(15): 4265-4286.

17. Abaricia J.0., Farzad N., Heath T.J. [et al.]
/I Control of innate immune response by bioma-
terial surface topography, energy, and stiffness.
Acta Biomater. 2021; 133: 58-73.

18. Gan L., Liu Y., Cui D., et al. Dental tis-
sue-derived human mesenchymal stem cells and
their potential in therapeutic application / Stem
Cells Int. 2020; 2020: 8864572.

19. Gruenwald W., Bhattacharrya M., Jansen
D. [et al.] // Electromagnetic analysis, character-
ization and discussion of inductive transmission
parameters for titanium-based housing materials
in active medical implantable devices. Materials.
2018; 11: 2089.

20. Wei F.,, Song T., Ding G., et al. Function-
al tooth restoration by allogeneic mesenchymal
stem cell-based bio-root regeneration in swine.
Stem Cells Dev. 2013; 22(12): 1752-1762.

21.Jing Z., Zhang T., Xiu P., et al. Functional-
ization of 3D-printed titanium alloy orthopedic im-
plants: a literature review. Biomed. Mater. 2020;
15: 052003.

22. Machavariani A., Menabde G., Zur-
mukhtashvili M. Guided regeneration of jaw bone
defects with combination of osteoplastic materials
and stem cells. Georgian Med. News. 2019; 290:
131-135.

23. Haffner-Luntzer M. Experimental agents to
improve fracture healing: utilizing the WNT signal-
ing pathway. Injury. 2021; 52(2): S44-S48.

24. Aoyagi H., Yamashiro K., Hirata-Yoshi-
hara C. [et al] HMGB1-induced inflammatory
response promotes bone healing in murine tooth
extraction socket. J. Cell. Biochem. 2018; 119(7):
5481-5490.

25. Subramaniam S., Fang Y.H., Sivasubra-
manian S., et al. Hydroxyapatite—calcium sul-
fate—hyaluronic acid composite encapsulated
with collagenase as bone substitute for alveo-
lar bone regeneration. Biomaterials. 2016; 74:
99-108.

26. Fragogeorgi E.A., Rouchota M., Geor-
giou M., et al. In vivo imaging techniques for
bone tissue engineering J. Tissue Eng. 2019; 10:
2041731419854586.

27. Agarwal S., Loder S., Brownley C., et al.
Inhibition of Hif1a prevents both trauma-induced
and genetic heterotopic ossification. Proc. Natl.
Acad. Sci. U.S.A. 2016; 113(3): E338-E347.

28. Cafferata E.A., Terraza-Aguirre C., Barre-
ra R. [et al.] Interleukin-35 inhibits alveolar bone
resorption by modulating the Th17/Treg imbal-
ance during periodontitis. J. Clin. Periodontol.
2020; 47(6): 676-688.

29. Chopra H., Liao C., Zhang C.F. [et al.]
Lapine periodontal ligament stem cells for mus-
culoskeletal research in preclinical animal trials.
J. Transl. Med. 2018; 16(1): 174.

30. Nikfarjam S., Rezaie J., Zolbanin N.M., et
al. Mesenchymal stem cell derived-exosomes:
a modern approach in translational medicine. J.
Transl. Med. 2020; 18: 449.

The full version of the bibliography is in the
editorial office.



4 2025 N AW B

N.A. Nikolaeva, V.V. Rozanov, S.N. Mamaeva

EFFECT OF COMBINED STERILIZATION
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This paper presents a comprehensive analysis of the effects of radiation and combined exposure on the structure and properties of bone tis-
sue, with a particular emphasis on changes in the collagen matrix. This study aims to optimize a combined sterilization technology for biological
implants and bone tissue, ensuring effective inactivation of pathogenic microflora while maintaining the structural integrity and biomechanical
properties of the material. Particular attention is paid to the effect of ionizing radiation on the intermolecular interactions of collagen, its spatial
organization, and degradation processes. A mathematical model has been developed describing changes in interfibrillar distances in collagen,
enabling a quantitative relationship between the radiation dose and the level of protein matrix degradation. This work has practical implications for
improving sterilization methods for biomaterials intended for transplantology and reconstructive surgery. The studies were conducted using Fou-
rier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), atomic force microscopy (AFM), and micromechanical analysis
methods. For sterilization, an ozone-oxygen mixture obtained using a medical ozonizer with an adjustable concentration of active oxygen species
was used. Radiation irradiation was carried out on a UELR-1-25-T-001 continuous-flow linear electron accelerator (Institute of Nuclear Physics,
Lomonosov Moscow State University). It was found that combined sterilization allows reducing the radiation dose to 12 kGy, while maintaining the
structural integrity of collagen and the mechanical properties of bone material. A model of collagen degradation under the influence of radiation is
proposed, linking the dose load with a change in intermolecular distances; a quantitative correlation between the parameters Ar (according to the
model) and structural changes in collagen was established; The possibility of reducing the radiation dose while maintaining the sterilizing effect
through ozone pretreatment has been experimentally demonstrated. The proposed combined sterilization technology provides a pronounced
synergistic effect, enabling a high level of sterility while preserving the biophysical properties of bone implants. This approach significantly re-
duces the radiation dose and thermal impact compared to traditional radiation sterilization methods, ensuring safer use for biomedical purposes.

Keywords: radiation sterilization, ozone, collagen, bone tissue, FTIR, atomic force microscopy, mathematical modeling
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Introduction. Modern trends in recon-
structive surgery and tissue engineering
place increased demands on the quality
and biocompatibility of bone implants.
One of the key conditions for their safe
use is effective sterilization with minimal
changes in the material structure. Radi-
ation sterilization has proven itself as a
highly effective method, ensuring reliable
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inactivation of pathogenic microorgan-
isms without the use of toxic reagents.
However, excessive radiation doses
(more than 20-25 kGy) lead to the degra-
dation of the organic bone matrix, particu-
larly collagen, which significantly reduces
the mechanical strength and biological
activity of the material [2, 3, 7, 9].
Collagen is the main structural protein
of connective tissue, providing strength,
elasticity, and biocompatibility to bone [4,
11]. Its molecular organization is sensi-
tive to physicochemical influences, es-
pecially ionizing radiation. Damage to
the collagen matrix manifests itself as
cleavage of peptide bonds, destabiliza-
tion of the secondary structure, and an
increase in intermolecular distances be-
tween fibrils, which leads to disruption
of the bone tissue architecture. Under-
standing the mechanisms of radiation-in-
duced collagen degradation is key to
the development of gentle sterilization
regimens. One promising area for op-
timizing radiation sterilization is the use
of combined technologies that include
preliminary exposure to ozone [8]. Ozone
has pronounced bactericidal properties
and promotes partial destruction of the
cell membranes of microorganisms, in-

creasing the effectiveness of subsequent
radiation exposure. This approach allows
for a reduction in the required radiation
dose, thereby limiting radiation-induced
damage to structural proteins. It has pre-
viously been shown that radiation causes
dose-dependent changes in the spectra
of collagen amide groups (Amide I, 1I, 11I)
in the 1670-1500 cm( 1" range, indicating
disruption of the spatial organization of
the protein matrix [8]. However, the quan-
titative patterns of changes in intermo-
lecular distances and collagen fibril mor-
phology parameters under the influence
of radiation have been insufficiently stud-
ied. To address this issue, a mathemat-
ical model was developed in this study
that relates the radiation dose to changes
in the distances between dipoles in the
collagen structure. Ozone treatment prior
to radiation exposure not only enhances
the sterilization effect but also stabilizes
the structure of the protein matrix. This is
due to an increase in oxygen content in
bone tissue, which enhances the "oxygen
effect" and reduces the radiation dose re-
quired to inactivate pathogens [8].

This study presents a comprehensive
study of bone tissue collagen structures
after various types of sterilization—se-
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lective (ozone and radiation) and com-
bined. The primary objective is to as-
sess the degree of radiation-induced
collagen degradation and determine the
optimal parameters for combined steril-
ization that ensure the preservation of
bone tissue morphology and mechani-
cal properties.

Materials and Methods. To study
the structural changes in collagen in
bone tissue exposed to ionizing radiation
and ozone treatment, a combination of
modern instrumental and computational
methods was used. This allowed for a
comprehensive characterization of the
morphological, chemical, and mechan-
ical changes in bone samples at the
micro- and nanoscale levels. Compact
fragments of bovine bone tissue (2 x 2
x 3 mm) were used as model samples.
They were pre-cleaned, defatted, and
dried at a temperature not exceeding 40
°C to preserve the collagen structure.
Bone was considered as a two-phase
system: a mineral component (calcium
hydroxyapatite Caio(PO.)s(OH).) and an
organic matrix, represented mainly by
type | collagen, responsible for elasticity
and plasticity. All samples were stored in
sealed bags at room temperature until
analysis. IR spectra were recorded on
a Varian 7000 FTIR spectrometer in the
4000—400 cm" range with a resolution of
2 cm™. FTIR provided quantitative data
on the state of the organic and mineral
phases of bone tissue. The spectra were
analyzed using the main characteristic
absorption bands. For quantitative anal-
ysis, deconvolution of the amide bands
(I and 1) was used, which allowed us to
assess the degree of collagen fiber deg-
radation and changes in their cross-links
under radiation exposure. The morpholo-
gy and nanostructure of the collagen fibril
surface were studied using atomic force
microscopy on a Solver NEXT system
(NT-MDT, Russia). Three-dimensional
images of 5x5 ym and 10x10 ym areas
were recorded with a vertical resolution
of up to 1 nm. Using specialized software
(Nova and Image Analysis 3.4), the fol-
lowing were calculated: average fibril
thickness (do), interfibrillar distance (r),
orientation parameter (6), root-mean-
square roughness (Ra), and structural or-
dering coefficient (S). Particular attention
was paid to the change in r, the average
interfibril distance, reflecting the degree
of radiation-induced destruction of the
collagen network. Surface morphologi-
cal analysis and elemental composition
were performed on a JEOL JSM-7800F
microscope (Japan) equipped with an
energy-dispersive analysis system. SEM
made it possible to evaluate: surface to-

pography (cracks, defects, porosity), el-
ement distribution (C, O, Ca, etc.), etc.
Microhardness was determined by the
Vickers method using a DM8 device (It-
aly). For each sample, measurements
were performed, followed by statistical
averaging, and the results were com-
pared between groups (control, ozone,
radiation, and ozone + radiation). To
quantitatively describe radiation-induced
changes in collagen structure, a physical
and mathematical model was developed
based on the dipole representation of the
collagen molecule. The model relates
the absorbed radiation dose (D) to the
change in intermolecular distance (Ar)
between the dipole centers:
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where: “abs is the absorbed energy, m
is the mass of the sample, A is the dipole
interaction constant, p is the dipole mo-
ment of the collagen molecule, k is the
Boltzmann constant, T is the temperature
(K). From this follows the relationship:

where: i and r. are the distances be-
tween the dipoles before and after irra-
diation; N is the number of collagen mol-
ecules; c is a parameter that takes into
account the radiation quality factor and
the dipole constant.

The difference Ar = r. — i character-
izes the degree of radiation-induced
collagen destruction. The calculated Ar
values were compared with experimental
data, which allowed for quantitative con-
firmation of the correlation between the
radiation dose and changes in collagen
structure. Microbiological tests were con-
ducted to confirm the sterilizing effect of
the combined technology. The highest ef-
ficiency in inactivating fungal and bacte-
rial spores was observed with combined
treatment with ozone and radiation at a
dose of 12-15 kGy. Experimental data
were processed using OriginPro 2023,
Statistica 13.3, and Matlab. Student's
t-test was used to compare results at a
significance level of p < 0.05.

Results and Discussion. Experi-
mental data confirm that exposure of
bone tissue to ionizing radiation causes
a series of interrelated changes in the
organic (collagen) and inorganic (miner-
al) phases. At doses up to 10-12 kGy,

relative structural stability is maintained;
however, above 15-20 kGy, signs of col-
lagen network degradation are observed,
accompanied by a decrease in the in-
tensity of amide bands in the IR spectra
and an increase in microporosity in AFM
and SEM images. Radiation initiates the
formation of reactive radicals, leading to
the cleavage of peptide bonds and the
destruction of the collagen triple helix.
This is manifested by changes in fiber
configuration, an increase in interfibrillar
distances, and a localized decrease in
surface microhardness. Ozone treatment
prior to irradiation plays a significant role,
reducing the number of radiation-active
centers and partially offsetting the ener-
getic effects of gamma quanta or electron
beams.

Infrared spectroscopy: changes
in collagen structure. Table 1 shows
the characteristic spectra of bone tissue
before and after irradiation with doses
of 12 and 20 kGy: 1) the amide | band
(1670-1650 cm™), corresponding to
stretching of the C=0 bond in the pep-
tide group, gradually decreases with in-
creasing dose, indicating the destruction
of the secondary structure (a-helix and
B-sheets); 2) the amide Il band (1550
cm™), reflecting combined C—N and N-H
vibrations, becomes less pronounced at
doses above 15 kGy, indicating partial
destruction of hydrogen bonds in the pro-
tein; 3) a decrease in the intensity of the
amide Il band (1240 cm™), associated
with collagen cross-links, is observed.
4) A relative increase in the intensity of
phosphate bands (560 and 604 cm™) is
observed in the mineral phase, which is
associated with a partial loss of the or-
ganic component and a relative increase
in the proportion of apatite. These results
confirm that the collagen component of
bone tissue is the most radiosensitive
component. A decrease in the intensity of
amide group bands at doses 220 kGy in-
dicates degradation of the protein matrix,
which correlates with a decrease in mi-
crohardness and a change in the surface
nanorelief.

Atomic force microscopy: colla-
gen nanomorphology. AFM studies re-
vealed dose-dependent changes in the
nanostructure of the collagen network.
Control samples exhibited clearly defined
fibril ordering with a characteristic trans-
verse striation pitch of ~67 nm, which
corresponds to the normal D-periodicity
of type | collagen. After irradiation with
a dose of 12 kGy, the structure retains
a regular pattern, with only minor height
fluctuations observed (Fig. 1a, Fig. 2a).
However, at 20-25 kGy (Fig. 1b, Fig.
2b), a loss of order, fibril rupture, and
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Table 1

Stripe (cm™) Structure

12 kGy

20 kGy

Interpretation

1673 (amide 1) C=0 (peptide)

Minor decrease (~5%)

Significant weakening (~20%)

Rupture of collagen helices

1550 (amide 1) C—-N, N-H

Minor fluctuations

Decrease in intensity

Hydrogen bond disruption

1240 (amide IIT) C-N + N-H

It is saved

A decrease of 15-18%

Loss of cross-links

1030 (PO+*) Mineral grid

Minor increase

Relative share growth

Relative exposure of apatite

Substitution carbonate

870 (COs>)

No changes

Minor decrease

Loss of part of the carbonate

group
aggregate formation are observed. The
measured nanostructure parameters are

presented in Table 2. An increase in in- Measured nanostructure parameters

terfibrillar distances (r) and a decrease

in or-der (S) are direct markers of radia- Parameter Control 12 kGy | 20kGy | 25kGy
tion-induced changes. These data are in —

good agreement with the predictions of Average fibril thickness d, , nm 95+8 974+10 | 112£12 | 130+ 14
the theoretical model, which describes Interfibrillar distance » , nm 41 +5 43+ 6 62+9 75+ 11
an increase in Ar with increasing dose | Ordering coefficient § 0.92 0.89 0.71 0.64
(Table 3). The results of mechanical

tests demonstrate that at doses 20 kGy, | Re (roughness), nm 18+3 19+£3 | 27+£4 | 3445
collagen destruction occurs, leading to

weakening of interfibrillar bonds and a a b

decrease in elasticity.

Comparison of experimental data
and the model. The results of atom-
ic force microscopy and spectroscopy
were compared with model calculations
of changes in intermolecular distances
(Ar) with increasing dose (Table 3). The
theoretically calculated increase in Ar
correlates with the increase in interfibril
distances observed experimentally (cor-
relation coefficient R? = 0.94). This high
convergence indicates that the model
correctly describes the physical mech-

Fig. 1. Example of AFM images of collagen fibril structures after radiation exposure:
b) 20 kGy

a) 12 kGy,

Fig. 2. Example of obtained images of the surface relief of samples (AFM) after exposure to radiation with a dose of: a) 12 kGy, b) 20 kGy
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Table 3

Dependence of the change in intermolecular distance Ar on the values
of the absorbed dose

Dose (kGy) Ar (model), nm Ar (AFM), nm Deviation, %
5 4.6 50+1.2 8.6
10 9.9 103+£1.5 4.0
12 12.3 128+ 1.6 39
20 23.3 24.1+£2.2 34
25 31.2 30.8+2.9 1.3

anism: radiation leads to an increase in
the distances between collagen dipoles
and a weakening of intermolecular inter-
actions, resulting in a loss of order and a
decrease in strength.

Experimental data and mathematical
modeling mutually confirm that increas-
ing the radiation dose leads to destruc-
tion of the protein matrix, manifested by
an increase in intermolecular distances,
cleavage of peptide bonds, and a change
in the topology of the fibrillar structure.
These effects are evident at doses of 15—
20 kGy and become pronounced above
25 kGy, accompanied by a decrease in
microhardness and a disruption of the
elastic properties of the bone surface.
IR spectroscopy revealed a decrease in
the intensity of amide bands I-Ill, while
AFM and SEM confirmed morphological
changes such as fragmentation, thick-
ening, and fibril aggregation. The devel-
oped model of collagen intermolecular
interactions under radiation exposure
agrees well with experimental data: an in-
crease in the absorbed dose leads to an
increase in the distance between dipoles
(Ar), which can be considered a quanti-
tative criterion for the degree of protein
matrix degradation. The identified syner-
gistic effect of ozone pretreatment is of
particular significance. Ozone reduces
the concentration of microbial cells and
their radioresistance. This allows subse-
quent radiation exposure to be reduced
to doses of 11-12 kGy, which ensures
sample sterility without noticeable chang-
es in the morphological and mechanical
properties of the bone. This makes the
combined technology a promising alter-
native to standard methods of bone im-

plant sterilization, which use doses of 25
kGy or higher.

Conclusion. The obtained results
open up the possibility of creating gentle
technologies for radiation sterilization of
bone and collagen-containing biomateri-
als, applicable not only in clinical practice
(manufacture of bone implants), but also
in paleontological research, where pres-
ervation of the structure of ancient bone
remains is required without their thermal
or chemical destruction [1, 5, 6]. The
developed technology can be applied:
in the production of bone implants and
grafts in tissue banks; in sterilization of
paleontological samples requiring pres-
ervation of micro- and nanostructure; in
research laboratories to optimize the ra-
diation-chemical stability of protein mate-
rials; for the development of new biocom-
patible composites based on collagen,
etc. In addition, the mathematical model
proposed in the work can be used to pre-
dict the degree of structural changes with
various types of ionizing radiation (gam-
ma, electron beam, X-ray). Prospects for
further research: expansion of the range
of dose loads, taking into account the re-
laxation time of collagen structures after
irradiation; Using three-dimensional data
correlation to construct spatial models of
collagen network damage; and assessing
the biocompatibility and osteoinductive
properties of samples in cellular tests.
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ADVANTAGES OF THE SUBVASTUS
APPROACH IN PRIMARY KNEE

ARTHROPLASTY:

A SYSTEMATIC LITERATURE REVIEW

This systematic review evaluates the effectiveness of the subvastus approach (SVA) in primary total knee arthroplasty compared to the medial
parapatellar approach (MPA). The analysis includes 15 studies with a sample size exceeding 10,000 patients. The SVA demonstrated significant
advantages in the early postoperative period: reduced pain syndrome, accelerated recovery of extension function, improved range of motion, and
higher functional scores. A reduction in intraoperative blood loss was noted, although operative duration may increase. In the long-term period,
differences between methods become negligible. The SVA demonstrates safety comparable to MPA without increasing complication risks. When
combined with enhanced recovery protocols, this method facilitates early mobilization and reduces hospitalization duration.
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Introduction. Total knee arthroplas-
ty (TKA) represents a highly effective
treatment method for terminal stages
of gonarthrosis, providing sustained re-
lief of pain syndrome and restoration of
joint function. Numerous studies demon-
strate long-term improvement in patients'
health-related quality of life following this
intervention [13, 24, 35].

The medial parapatellar approach
(MPA), first described by Langenbeck in
1879 [45], has remained the gold stan-
dard for performing TKA for decades.
This approach provides excellent visu-
alization of the surgical field and optimal
conditions for implantation of prosthetic
components [31, 40]. Despite its wide-
spread use, the parapatellar approach
involves incision of the quadriceps fem-
oris tendon, which inevitably leads to
trauma of the knee joint extensor mecha-
nism. Consequences of such intervention
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may include excessive scarring, muscle
weakness, and persistent anterior knee
pain [15, 38].

As an alternative to the traditional ap-
proach, quadriceps-sparing surgical ap-
proaches have been developed, among
which the subvastus approach (SVA) oc-
cupies a special position due to complete
preservation of the anatomical integrity of
the extensor mechanism. This technique
allows minimization of soft tissue trauma
while maintaining adequate exposure of
the surgical field [8, 22].

Modern Enhanced Recovery After Sur-
gery (ERAS) protocols have optimized
perioperative management of patients af-
ter major joint arthroplasty, providing sig-
nificant reduction in hospitalization length
and decrease in postoperative compli-
cations [10, 29, 33]. The combination of
SVA with ERAS principles demonstrates
a synergistic effect, allowing achieve-
ment of faster restoration of joint range of
motion after TKA, early straight leg raise,
and reduction of intraoperative blood loss
compared to the traditional parapatellar
approach [4].

Analysis of data from the National
Joint Registry of England and Wales,
including 875,166 operations, revealed
a 20% reduction in revision surgery risk
when using quadriceps-sparing tech-
niques, which emphasizes not only the
clinical but also the economic feasibility
of this approach [5]. In the context of the
development of the minimally invasive
surgery concept and the pursuit of opti-
mization of early functional outcomes of
TKA, there is sustained growth of interest
in quadriceps-sparing techniques.

Study objective: To conduct a sys-
tematic review of current scientific liter-

ature in accordance with the PRISMA
protocol for comprehensive evaluation
of the advantages of the subvastus ap-
proach compared to alternative surgical
approaches in performing total knee ar-
throplasty.

Materials and Methods. The sys-
tematic review was performed according
to PRISMA guidelines [42]. Literature
search was conducted from January
2018 to December 2024 in PubMed,
Google Scholar, and eLibrary databases.

The search strategy included com-
binations of key terms: "subvastus ap-
proach", "total knee arthroplasty", "medi-
al parapatellar", "surgical approach" and
their variations in Russian and English.
Additionally, manual search was per-
formed in the reference lists of included
studies.

Inclusion criteria: studies of adult
patients (=18 years) with terminal go-
narthrosis undergoing TKA, where SVA
was compared with other techniques.
Randomized controlled trials (RCTs),
systematic reviews, and meta-analyses
were included. Revision surgeries, uni-
compartmental knee arthroplasty, and
case reports with samples of fewer than
10 patients were excluded. Extracted
data encompassed study characteristics,
demographic parameters, clinical out-
comes, and follow-up period. The search
methodology is presented in Figure 1.

Results and Discussion. Character-
istics of studies included in the review.
Data from 15 publications were included,
collectively encompassing 138 RCTs that
compared SVA with alternative surgical
approaches in TKA. The total sample of
analyzed studies comprised 10,475 pa-
tients, which allows the obtained results
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to be considered representative of the
general population of patients requiring
TKA. The vast majority of included stud-
ies were represented by randomized tri-
als of high methodological quality, includ-
ing several large meta-analyses, which
provides a high level of evidence for the
obtained data.

The primary object of comparison in
most studies was the traditional MPA,
which has been considered the gold stan-
dard in knee arthroplasty for decades. In
a number of studies, comparative analy-
sis was additionally conducted with other
quadriceps-sparing techniques, includ-
ing the midvastus approach (MVA) and
mini-incision techniques.

Based on the conducted analysis,
key clinical parameters were identified
by which SVA demonstrated statistically
significant advantages over alternative
surgical techniques. These parameters
include functional assessment scales
for knee joint condition (KSS - Knee So-
ciety Score, WOMAC - Western Ontario
and McMaster Universities Osteoarthritis
Index), range of motion in the operated
joint, pain intensity on the visual analog
scale (VAS), ability to perform active
straight leg raise in the early postoper-
ative period, operative time, length of
hospitalization, volume of intraoperative
blood loss, and frequency of postopera-
tive complications.

Comprehensive evaluation of study
results indicates the presence of sub-
stantial advantages of SVA, particularly
pronounced in the early postoperative
period. A brief characterization of studies
included in the systematic review is pre-
sented in Table 1.

Functional outcomes according to
KSS and WOMAC scales. SVA, char-
acterized by preservation of the integrity
of the quadriceps femoris tendon through
dissection of the capsule under the edge
of the vastus medialis muscle, demon-
strates statistically significant advantag-
es in the early postoperative period [2,
9, 11, 28, 37, 39, 46]. For example, in
the study by Dileep et al. [9], on day 3
after surgery, the mean KSS score in the
SVA group was 77.15 versus 67.15 in the
MPA group (p<0.00001). In a prospective
cohort study by Aladraii et al. [2], SVA
showed statistically significantly better
WOMAC assessment scores compared
to MPA at 3 and 6 months after TKA
(p<0.05). This advantage is explained by
minimal trauma to the knee joint extensor
mechanism with SVA, which promotes
earlier restoration of quadriceps femoris
function [26, 36]. Similar results are pre-
sented in the meta-analysis by Stubnya
et al. [39], where SVA and mini-SVA ap-
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proaches demonstrated the best indica-
tors for both total and functional compo-
nents of the KSS scale in the early post-
operative period. However, long-term re-
sults show gradual leveling of differences
between surgical approaches. By 3-6
months and beyond after TKA, no statis-
tically significant differences in KSS and
WOMAC scales between SVA and oth-
er approaches were detected [3, 7, 16,
19, 21]. This is confirmed by the study of
Hosseini-Monfared et al. [19], where the
use of SVA provided statistically signifi-
cantly better WOMAC and KSS scores
during the first year after surgery. Howev-
er, in the long term, differences between
groups become comparable, indicating
the absence of influence of approach se-
lection on the final functional outcome of
TKA[6, 12].

Range of motion in the knee joint.
Almost all RCTs note that patients who
underwent TKA using SVA achieve sig-
nificantly greater flexion range in the
joint in the first days after surgery com-
pared to traditional surgical approaches
[4, 7,9, 28, 39]. Thus, when using SVA
within 6 months after surgery, an in-

crease in flexion range of 11.1° was not-
ed compared to MPA (p<0.05) [39]. In the
study by Geng et al. [14], the difference
was noticeable by day 3, and the mean
flexion angle was 118.91° in the mini-SVA
group versus 107.6° in the MPA group
(p<0.00001). The advantage in range of
motion persisted until day 30 of postop-
erative observation [14], after which dif-
ferences became insignificant in the long-
term period [9, 14, 21, 25, 46], indicating
achievement of comparable functional
results with long-term follow-up regard-
less of the chosen surgical approach.

The mechanism of early functional su-
periority of SVA is due to preservation of
the anatomical integrity of the quadriceps
femoris muscle and minimization of trau-
ma to the knee joint extensor mechanism
[8, 34]. The absence of the need to incise
the quadriceps tendon in SVA promotes
faster restoration of muscle strength
and coordinated function of the extensor
mechanism, which is directly reflected in
the range of active movements in the ear-
ly postoperative period [30, 43].

Pain syndrome in the early post-
operative period. Analysis of studies
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Brief comparative characteristics of studies included in the review

Follow-up
Author, year Sal.nple Mean age Compared duration Main analyzed parameters
size approaches (months)
. 5042 (60 SVA, MVA, mini- KSS scale, WOMAC scale, range of motion, VAS
Bouché et al., 2020 [7] RCTs) HA PA, MPA, QSA 6 pain, operative time, complications
Stubnya et al., 2023 [39] 1774 (33 67.146.8 | SVA, MPA, MVA 16,5 KSS scale, range of motion, VAS pain, straight
RCTs) leg raise, operative duration
1694 (20 KSS scale, range of motion, VAS pain, straight
Berstock et al., 2018 [4] RCTS) H/J SVA, MPA 11,58 leg raise, operative duration, blood loss volume,
com-plications
1172 (14 KSS scale, range of motion, straight leg raise,
Wu et al., 2018 [46] RCTS) 69,14 mini-SVA, MPA 36 op-erative duration, blood loss volume, length of
hospitalization, complications
Madadi et al., 2021 50 64,8 £3,7 SVA, MPA 12 VAS pain, straight leg raise
Hosseini-Monfared et al KSS scale, WOMAC scale, range of motion, VAS
2024 [19] " 60 H/J SVA, MPA 120 pain, straight leg raise, operative time, blood loss
volume, length of hospitalization, complications
Giiven et al., 2024 [16] 17 67,11£8,10 SVA, MPA 3 KSS scale, WOMAC scale, straight leg raise
KSS scale, range of motion, VAS pain, straight leg
Lietal., 2018 [28] 50 69,0+4,65 | mini-SVA, MPA 12 raise, operative time, blood loss volume, length of
hospitalization, complications
Geng et al., 2022 [14] 58 |65,0+5,11| mini-SVA, MPA 1 Range of motion, VAS pain, straight leg raise,
operative time, complications
Jhurani et al., 2021[21] 186 | 64,6+7.9 SVA, MPA 12 KS8 scale, range of motion, VAS pain, straight leg
raise, blood loss volume, length of hospitalization
WOMAC scale, VAS pain, timing of straight leg
Badawi et al., 2024 [3] 60 62,8+4,14 SVA, MPA 6 raise, operative time, blood loss volume, compli-
cations
. KSS scale, VAS pain, range of motion, timing of
Dileep et al., 2022 [9] 54 65,89+5,46 SVA, MPA 12 straight log raise
Aladraii et al., 2024 [2] 98 63,9+7.,5 SVA, MPA 12 WOMAC scale
Sood et al., 2024 [37] 100 [62,5246,75|  SVA, MPA 12 KSS scale, WOMAC scale, VAS pain, length of
ospitalization
KSS scale, WOMAC scale, VAS pain, timing of
Fahim et al., 2024 [11] 60 64,2+5,02 SVA, MPA 12 straight leg raise, operative time, blood loss vol-
ume, length of hospitalization, complications

included in the systematic review demon-
strates substantial advantages of SVA
regarding the severity of pain syndrome
in the early postoperative period. This
pattern is traced in most of the analyzed
studies and is confirmed by meta-anal-
ysis results [3, 4, 7, 9, 14, 28, 37, 39].
In the meta-analysis by Stubnya et al.
[39], it was established that the use of
mini-subvastus technique is accompa-
nied by a statistically significant reduc-
tion in pain intensity on the visual analog
scale (VAS) during the first week after
TKA. Similar results were obtained in a

prospective randomized study by Geng
et al. [14], where patients operated us-
ing mini-SVA demonstrated significantly
lower pain scores both at rest and during
active movements in the first days after
TKA compared to the medial parapatel-
lar approach (2.67 versus 3.38, p<0.05).
An important feature revealed during
analysis of literature data is the gradual
leveling of differences in pain intensity
between compared surgical approaches
as the follow-up period increases. After
1-6 months following surgery, statistical-
ly significant differences in VAS scores

between SVA and traditional parapatellar
approach groups were absent in most
studies [11, 14, 19, 21, 25, 28]. In studies
by Madadi et al. [25] and Jhurani et al.
[21], the severity of pain syndrome in SVA
and MPA groups showed no statistically
significant difference at 6 and 12 months
after TKA.

The identified advantages of SVA
regarding early postoperative pain syn-
drome can be explained by features of
the surgical technique. Preservation of
the integrity of the quadriceps femoris
tendon and minimization of soft tissue
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trauma with the subvastus approach con-
tribute to reduction of nociceptive stimu-
lation and inflammatory response in the
early postoperative period. This creates
favorable conditions for faster patient ac-
tivation and early initiation of rehabilita-
tion measures [17, 18, 30].

The absence of significant differences
in the long-term period indicates that with
adequate surgical technique and com-
plete rehabilitation, long-term functional
outcomes are determined primarily by
the quality of prosthesis implantation and
individual patient characteristics, rather
than by the choice of surgical approach
[1, 23, 47].

Restoration of quadriceps femoris
function. One of the key advantages
of SVA is faster restoration of knee joint
extensor mechanism function. The most
significant differences between subvas-
tus and traditional approaches were ob-
served in the early postoperative period
[3,4,9,11,14,19, 21, 28, 39, 46].

The straight leg raise (SLR) functional
test served as the main objective crite-
rion for assessing restoration of quad-
riceps strength in most analyzed RCTs.
Wu et al. [46] in their study showed that
in the mini-SVA group, patients could
raise a straight leg after TKA on aver-
age 2.35 days earlier than in the MPA
group (p=0.003). In the study by Hos-
seini-Monfared et al. [19], the median
time to first successful performance of
the straight leg raise test was 1.8 days
in the SVA group versus 3.6 days in the
parapatellar approach group (p<0.001).
Similar results were shown by Geng et al.
[14], where the mean time to restoration
of the ability to raise a straight leg was
1.17 days in the SVA group versus 3.09
days in the MPA group (p<0.0001). This
confirms the thesis of earlier quadriceps
activation when its integrity is preserved.
However, after 1-6 months following TKA,
differences become insignificant [3, 4, 14,
28, 39, 46].

Operative time. Comparative evalua-
tion of operative duration in SVA and MPA
revealed heterogeneous results. Most
studies noted a statistically significant in-
crease in operative time with SVA [3, 4,
28, 39]. In particular, Li et al. [28] in their
study showed a significant increase in
operative time with mini-SVA (86.8 min.)
compared to MPA (66.6 min.) (p<0.001).
The authors emphasize that the clinical
advantages of this approach—reduction
of pain syndrome, acceleration of mobi-
lization and verticalization of patients, as
well as improvement of functional param-
eters of the knee joint—compensate for
the slight prolongation of surgery [28].
At the same time, a number of studies

demonstrate comparable duration of TKA
with subvastus and traditional approach-
es [7, 11, 14, 19]. Fahim et al. [11] found
no statistically significant differences in
operative time between subvastus and
parapatellar techniques (p=0.32).

Such variability in obtained results
may be due to differences in the expe-
rience of orthopedic surgeons and pas-
sage through the learning curve, as SVA
requires more delicate technique and
careful visualization of anatomical struc-
tures [20, 30]. Moreover, data heteroge-
neity may be explained by differences
in patient inclusion criteria, especially
regarding body mass index and degree
of knee joint deformity, which significantly
affects the technical complexity of per-
forming the approach [27]. Standardiza-
tion of surgical technique and accumula-
tion of experience in using SVA contribute
to leveling of differences in operative time
between compared techniques.

Blood loss. Intraoperative blood loss
represents a significant parameter char-
acterizing the degree of surgical interven-
tion invasiveness and associated risks
for the patient. Analysis of six compara-
tive studies demonstrated the advantage
of SVA in reducing blood loss volume
compared to the medial parapatellar ap-
proach [3, 4, 21, 46].

Meta-analysis of 20 RCTs, including
1,694 patients, revealed a statistically
significant reduction in blood loss when
using SVA by 58 ml (95% CI: 10.5-106.4
ml; p = 0.02) compared to the parapa-
tellar approach [4]. At the same time, in
individual studies, no statistically signifi-
cant differences in intraoperative blood
loss volume between SVA and standard
approaches were detected [7, 11, 19, 28].

The probable mechanism of blood
loss reduction with SVA is minimization
of musculotendinous structure trauma,
which causes reduction of intraoperative
tissue bleeding [32, 41, 44].

Length of hospitalization. Compar-
ison of hospitalization length between
SVA and MPA revealed no advantages of
the subvastus approach [11, 19, 37, 46],
and only two studies showed advantag-
es of SVA [21, 28]. Thus, the prospective
randomized study by Li et al. [28] showed
a statistically significant reduction in hos-
pitalization length in favor of SVA. The
mean duration was 4.8+0.9 days (range
3-6 days) in the mini-SVA group versus
6.3+1.1 days (range 5-8 days) in the MPA
group (p<0.001). This study shows the
most pronounced advantage of SVA for
this parameter.

The obtained results most likely reflect
the multifactorial nature of hospitaliza-
tion length, which depends not only on

the surgical approach but also on multi-
ple organizational, technical, and popu-
lation factors. The study by Li et al. [28]
stands out for its use of a strictly defined
mini-subvastus technique in relatively
young patients with unilateral TKA, which
may explain the obtained differences.

Postoperative complications. Com-
parative analysis of postoperative com-
plication rates when using SVA and tradi-
tional surgical techniques demonstrates
comparable results in most studies. Nu-
merous RCTs revealed no statistically
significant differences in overall compli-
cation rates between these techniques
[3, 4, 11, 14, 19, 28, 46].

The rate of infectious complications,
including superficial and deep surgical
site infections, remains comparably low
in both patient groups. Analysis of ran-
domized controlled trial data confirms
the absence of significant differences in
development of infectious complications
between SVA and MPA [3, 11, 19].

Particular attention should be paid to
the results of the study by Jhurani et al.
[21], which identified a specific problem
associated with SVA. This work docu-
mented a statistically significant increase
in the frequency of proximal wound de-
hiscence and delayed soft tissue healing
in the SVA group compared to the para-
patellar group (p=0.03). The authors as-
sociate this complication with technical
features of SVA, suggesting that limited
incision length and reduced exposure of
the surgical field may create excessive
tension at wound edges in individual clin-
ical cases.

It should be noted that the described
wound healing problems were not con-
firmed in other studies. The overall rate
of early postoperative complications, in-
cluding hematoma formation, thrombotic
complications, and infectious processes,
remains comparable between different
surgical approaches [19]. In studies by
Badawi et al. [3] and Bouche et al. [7], a
tendency toward reduction in the number
of complications in the SVA group com-
pared to control groups was noted, but
these differences did not reach the level
of statistical significance.

Thus, accumulated data indicate a
comparable safety profile of SVA and tra-
ditional surgical techniques in TKA, while
the question of potential risk of impaired
wound healing requires further study in
larger patient samples.

Conclusion. The systematic analy-
sis conducted according to the PRISMA
protocol demonstrates that the subvas-
tus approach provides statistically sig-
nificant improvement in functional out-
comes on the KSS and WOMAC scales,



greater range of motion in the joint, early
restoration of extension, and lower pain
intensity in the early postoperative pe-
riod. The advantages of this approach
are not accompanied by an increase in
intraoperative risks. After 3-6 months,
differences between approaches level
out, with the KSS and WOMAC function-
al scales showing comparable results. It
should also be noted that the subvastus
approach is particularly significant for the
ERAS protocol, contributing to reduction
of hospitalization period and economic
costs. Limitations of the review include
study heterogeneity and lack of long-term
data.

Thus, the subvastus approach rep-
resents an effective alternative to the tra-
ditional approach, providing advantages
in early recovery without deterioration of
long-term outcomes.

The authors declare no confiict of in-
terest.
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The article is devoted to topical issues of the complexity of the diagnosis of a rare pathology — Kazabach—Merritt syndrome in infants. Against the
background of progressive bilateral polysegmental pneumonia, the child retained thrombocytopenia and consumptive coagulopathy. Syndrome-
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Kaposiform hemangioendothelioma complicated by Kasabach—Merritt syndrome was suspected by the exclusion method, which was confirmed at
the Federal Center. Properly prescribed complex chemotherapy led to an improvement in the baby's condition. In clinical practice, there are often
situations where the symptoms of the disease can be masked by other conditions, such as infectious processes or other hemorrhagic disorders.
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Introduction. Kaposiform hemangio-
endothelioma (KHE) is a rare congenital
vascular tumor manifesting in infancy,
histologically resembling Kaposi's sar-
coma but not etiologically associated
with herpesvirus type 8. According to the
ISSVA classification, this tumor is classi-
fied as an intermediate malignancy with
infiltrative growth and no metastatic po-
tential. The most severe complication of
KHE is the development of Kasabach—
Merritt syndrome, which occurs in 80-
90% of cases and manifests from birth in
50% of cases. The clinical signs of the
syndrome are related to the size of the
tumor. Kasabach—Merritt syndrome is a
symptom complex characterized by the
presence of a vascular tumor and asso-
ciated consumptive coagulopathy and
thrombocytopenia. Currently, due to the
lack of randomized clinical trials, there is
no standardized clinical protocol for the
treatment of this disease.

The syndrome was first described by
Kasabach and Merritt in 1940, and since
then over 200 cases have been regis-
tered worldwide [5]. The incidence in the
Russian Federation has not been reliably

established [1, 2]. Among all vascular
tumors, Kasabach—Merritt syndrome ac-
counts for 1.0% in global pediatric prac-
tice [2, 5]. Mortality from this disease is
quite high due to heart failure, infections,
disseminated intravascular coagulation
syndrome, and thrombocytopenia lead-
ing to massive bleeding, reaching 10-
37.4% 1, 2, 8].

Treatment is primarily conservative,
including propranolol, corticosteroids,
vincristine, sirolimus [2, 3, 5, 8, 9]. Sur-
gical treatment is often impossible due
to coagulopathy, thrombocytopenia, and
the infiltrative growth of the lesion [1].

Aim: To demonstrate the diagnostic
challenges of a rare clinical case — Ka-
sabach—Merritt syndrome in an infant
during the first months of life.

Materials and Methods: We present
the medical history of a patient who re-
ceived inpatient treatment in the ICU of
the Perinatal Center and later in the ICU
of the Pediatric Center of the republican
hospital.

Life History. A boy born in 2024. The
child is from the 3rd pregnancy, which
proceeded without complications. Pre-



natal screening results: | — 13 weeks
pregnancy, marginal placenta previa; Il —
low-lying placenta, local myometrial tone;
Il — 26 weeks pregnancy, transverse lie
of the fetus.

Childbearing: second, natural, at 39
weeks. Birth weight: 3540 g, height 56
cm. Condition at birth: satisfactory, Apgar
score 8/9. Cried immediately. Put to the
breast on the 1st day, sucked actively.
Umbilical cord stump fell off on the 6th
day. Vaccination: Hepatitis B, BCG-M —
medical exemption due to thrombocyto-
penia in the complete blood count (CBC)
at birth. Ultrasound screening of the ab-
domen, hip joints, neurosonography — no
echopathology detected; Cardiac ultra-
sound — ventricular septal defect (VSD),
patent foramen ovale.

Clinically, the child developed jaundice
from day 2. At birth, CBC showed throm-
bocytopenia 113-109x10%L, with a grad-
ual decrease in platelet count (95x109/L
at discharge). Discharged home due to
the mother's refusal of further inpatient
observation and examination.

Medical history. The illness began on
the 20th day of life. The child had de-
creased appetite, and the family visited
the local central district hospital, where
a pediatrician detected shortness of
breath with intercostal retractions and
general weakness. The child was urgent-
ly hospitalized in the ICU of the central
district hospital; a pleural puncture was
performed, yielding 97 ml of serosan-
guinous fluid. The child was transported
by air ambulance to the republican hos-
pital in the Department of Anesthesiolo-
gy, Resuscitation and Intensive Care of
Newborns at the age of 3 weeks. Upon
admission, the condition was assessed
as severe due to grade 3 respiratory
failure and hemorrhagic syndrome. The
patient was intubated and connected
to a mechanical ventilator; hemostatic
therapy was initiated, with transfusions
of fresh frozen plasma (FFP), leukocyte-
and platelet-depleted erythrocyte mass
(LPDEM), and platelet concentrate. Con-
trast-enhanced computed tomography
(CT) of the chest was performed, reveal-
ing bilateral polysegmental pneumonia
and bilateral pleural effusion. Based on
the mother's ELISA results, the child was
diagnosed with congenital TORCH syn-
drome (mixed infection: mycoplasma,
parvovirus, and chlamydia). Antibacte-
rial therapy was prescribed: Cefepime/
Sulbactam 50 mg/kg/day every 12 hours,
Azithromycin 10 mg/kg/day once daily;
antifungal therapy with Fluconazole; and
for immunomodulation, Immunoglobulin
G (Privigen) 1 g/kg/day intravenously, mi-
crostream, daily for 5 days. Biochemical

analysis of pleural fluid showed increas-
ing triglycerides up to 3.34 mmol/L; the
patient was switched to total parenteral
nutrition, and Octreotide was prescribed
at a dose of 4 pg/kg/h microstream. With
the ongoing treatment, the amount of
pleural fluid decreased, and feeding with
Alfare formula was started at 10 ml every
3 hours, gradually increasing the volume
to 90 ml, without an increase in fluid out-
put.

At the age of 1.5 months, the child
was transferred to the Department of An-
esthesiology and Resuscitation affiliated
with the Surgical Department of the Pe-
diatric Center, where he remained until
further transfer to a Federal Center. At
2 months of age, contrast-enhanced CT
of the chest and abdomen (Fig.1) and
contrast-enhanced MRI of the abdomen
(Fig.2) were performed. Findings includ-
ed: a para-aortic mass at the level of the
diaphragm, extending into the retroperi-
toneal space and into the pelvic cavity
with involvement of the lumbar muscles;
destruction of thoracic vertebrae Th9-
Th12; fluid in the left abdominal cavity,
possibly hemorrhagic; enlarged adrenal
glands. The child was examined by a
pediatric oncologist and a phthisiatrician.
Tumor markers were within normal lim-
its, ruling out a specific process. Kapo-
siform lymphangiomatosis or kaposiform
hemangioendothelioma with Kasabach—
Merritt syndrome of the lower mediasti-
num, retroperitoneal space, and pelvis
was suspected. Following a remote con-
sultation, emergency hospitalization to
the N.N. Blokhin National Medical Re-
search Center of Oncology was planned.

At 2 months of age, the child was
transported to the airport for medical
evacuation, accompanied by an intensiv-
ist. At the airport, the patient's condition
was deemed non-transportable — there
was an increase in signs of respiratory
failure, cyanosis of the skin, and active
hemorrhagic discharge of 80 ml from
the pleural cavity. After fluid removal, the
child's condition stabilized. The dressings
were heavily soaked with hemorrhagic
discharge. The patient was returned to
the ICU of the Pediatric Center in ex-
tremely critical condition. Transfusion of
leukocyte- and platelet-depleted eryth-
rocyte mass, platelet concentrate, and
fresh frozen plasma was performed, sta-
bilizing the patient's condition.

A week later, the child developed
symptoms of pseudomembranous en-
terocolitis, which improved with treat-
ment: Metronidazole 7.5 mg/kg x 3 times/
day IV + Vancomycin 40 mg/kg/day, di-
vided into 4 doses per os. In coordination
with the D. Rogachev National Medical
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Research Center of Pediatric Hematolo-
gy, Oncology and Immunology, the child
was prescribed Sirolimus. This is a mac-
rolide obtained from Streptomyces hy-
groscopicus, which blocks calcium-me-
diated and calcium-independent intra-
cellular signaling upon activation of IL-2
receptors in T-cells, thereby suppressing
their activation and causing an immuno-
suppressive effect, at a dosage of 0.1 mg
every 48 hours enterally. The child's con-
dition stabilized on this therapy.

According to laboratory data, the child
had anemia, thrombocytopenia, leukope-
nia, impaired hemostasis of the hypoco-
agulation type, hypofibrinogenemia, and
elevated D-dimer levels. Throughout the
treatment, bacterial cultures from the oro-
pharyngeal and nasal mucosa, blood, en-
dotracheal tube, urine, stool, and drain-
age fluid from both pleural cavities and
the abdominal cavity showed no growth.

Summarizing the treatment provid-
ed, the patient received 11 individually
matched LPDEM transfusions, 42 FFP
transfusions, and 26 platelet concentrate
transfusions.

At the age of 2.5 months, the child was
referred for hospitalization to the N.N.
Blokhin National Medical Research Cen-
ter of Oncology of the Ministry of Health
of the Russian Federation, where he was
treated for 30 days. Upon admission to
the medical center, the child's condition
was severe, due to multiple organ fail-
ure (respiratory failure grade 2, heart
failure 2A, gastrointestinal insufficien-
cy), the course of an infectious process
(intrauterine mixed infection, TORCH
syndrome: parvovirus, chlamydia, com-
munity-acquired bilateral pneumonia),
bone marrow suppression syndrome,
DIC syndrome, and abdominal compart-
ment syndrome due to a retroperitoneal
space-occupying lesion.

At the Federal Scientific Medical
Center, additional examinations were
performed: tumor markers, myelogram,
cytology of pleural and peritoneal fluid,
consultations with specialists: geneticist,
neonatologist, cardiologist. A review of
the CT and MRI studies was conducted.
PET CT of the whole body: at the time
of the study, no data were obtained on
the presence of 18F-FDG-positive tumor
tissue in the retroperitoneal mass. A con-
sultation was held jointly with the Federal
Scientific Center. Considering the com-
prehensive examination data, the clini-
cal diagnosis of "Kasabach—Merritt syn-
drome" against the background of a vas-
cular formation of the posterior medias-
tinum was established. Given the child's
severe condition (persistent respiratory
failure, tachypnea, hypocoagulation,
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Dynamics of Laboratory Parameters

Clinical blood analysis
Indicator ; ; a S g 2 g g g E
s Z g2 g] ¢ g |22 2
Erythrocytes (RBC) 323 | 457 | 393 | 5.1 |3.99 3.72 3.87 3.5213.02| (3.90-5.90) 10E12/L
Leukocytes (WBC) 5.2 7.9 6.7 | 99 | 89 32 3.3 59151 (9.00 - 30.40) 10E9/ L
Hemoglobin (HGB) 98.0 | 140.0 | 119 | 150 | 119 109 113 100 | 86 (168.00 - 208.00) g/L
Hematocrit (HCT) 293 | 414 | 345 | 449 |34.8 32.1 334 299 25 (41.00 - 65.00) %
Platelets (PLT) 65.00 | 180 44 39 | 53 48 115 66 | 31 |(150.00 -400.00) 10E9/L
Thrombocrit (PCT) 0.05 | 0.18 | 0.05 | 0.04 | 0.06 0.04 0.11 0.05]0.03 (0.15-0.40) %
Lymphocytes (LYMF) abs 2.2 3.0 32 54 |35 1.4 1.6 21119 (1.20 - 3.00) 10E9/ L
Monocytes (MON) abs 0.8 1.00 0.4 0.6 (0.09 - 0.60) 10E9/ L
Granulocytes (Gran) abs 2.2 3.8 2.6 3.5 1.3 1.3 32|26 (0.00 - 0.00) 10E9/ L
Band neutrophils 4 1 4 1 4 3 2 1 (1.0 - 6.0)%
Segmented neutrophils 26 56 36 19 | 53 41 39 46 (16.0 - 45.0)%
Eosinophils 13 7 10 17 0 1 2 1 (1.0 - 5.0)%
Lymphocytes 42 30 39 55 | 33 44 47 44 (45.0 - 70.0)%
Monocytes 15 6 11 8 10 11 10 8 (4.0-10.0)%
Normoblasts 1 - 1 (0.0-0.0)%
Reticulocytes 5 (2,0-12,0) %
Coagulogram
Antithrombin-ITT 62.7 | 70.5 | 82.1 85.00 - 115.00%
Prothrombin time 17.80 | 14.8 | 16.8 | 17.1 | 17.4 15.7 16.2 15.4|14.8 9.00 - 12.60 sec
INR 1.57 1.3 148 [ 17.1 | 1.3 1.35 1.39 1.321.27 0.81 - 1.13 units
APTT 50.30 | 29.8 | 42.3 [42.00|41.7 coagll\lIl(;tion coaglilc;tion 3291363 23.40 - 35.00 sec
Fibrinogen 1.72 | 3.04 | 1.72 | 0.66 |1.03 292-4.12 g/L
D-dimer >10000(| >5000 | >5000 110.00 - 240.00 ng/ml
Prothrombin index 50.20 | 65.12 | 54.35 |47.00 [62.00 532 50.7 54.8|58.2 78.00 - 142.00 %

Fig.1. Contrast-enhanced CT of the chest and abdomen — revealed para-aortic mass Fig.2. Contrast-enhanced MRI — retroperitoneal
mass



thrombocytopenia) and the impossibility
of surgical intervention (including biopsy
of the mass), a decision was made to
initiate special treatment without histolog-
ical verification of the diagnosis for vital
indications, in accordance with the con-
sultation with the Federal Scientific Cen-
ter. Metronomic therapy was prescribed
— Cyclophosphamide, Vinblastine, Rapa-
mycin for 3 courses. Metronomic therapy
for 14 days: Cyclophosphamide 50 mg/
m?/day, divided into two IV bolus injec-
tions over 14 days; Vinblastine 1 mg/m?/
day 3 times a week. The course lasts 28
days, with chemotherapy administration
from day 1 to day 14 of therapy; Rapa-
mycin at a dose of 0.1 mg every 48 hours
(during the 1st week with determination
of the drug concentration in the blood,
followed by possible dose adjustment).
The child was discharged with recom-
mendations for further treatment at the
place of residence. The start of the 2nd
course of therapy was scheduled for
02/11/2025. A follow-up examination af-
ter the 3rd course of metronomic therapy
and contrast-enhanced MRI of the abdo-
men were recommended. The child was
hospitalized in the oncology department
of the Federal Scientific Center, where
the 2nd course of therapy was adminis-
tered: Rapamycin 0.2 mg/m?day as 0.1
mg (0.1 ml) x 2 times a day, per os, daily;
Vinblastine 1 mg/m? single dose — 0.28
mg IV strictly slowly, 3 times a week; Cy-
clophosphamide 50 mg/m?/day in 2 dos-
es, single dose 7 mg, daily dose 14 mg,
IV strictly slowly, 2 times a day.

The child was discharged with rec-
ommendations for further treatment at
the place of residence; at the age of 4

months, he was hospitalized in the oncol-
ogy department of the Pediatric Center of
the republican hospital. The 3rd course
of metronomic therapy was administered.
Magnetic resonance imaging (MRI) of
the abdomen and retroperitoneal space
was performed, again revealing a patho-
logical paravertebral, para-aortic mass
of unclear etiology, with infiltration of the
muscles on both sides, the right gluteus
medius muscle, and right pleural effu-
sion. Compared to previous studies, the
mass was unchanged, and bone marrow
edema of the Th9-L5 vertebral bodies
was not detected. Clinically, the condition
is stable, and the parents report no com-
plaints regarding the child's well-being.

Conclusion. This clinical case demon-
strates the difficulties in diagnosing and
treating newborns with Kasabach—Merritt
syndrome. The disease is characterized
by an extremely severe course and high
mortality. If a child presents with thrombo-
cytopenia and hypocoagulation in coagu-
logram tests, it is imperative to perform
CT/MRI of the retroperitoneal space,
abdominal cavity, and chest organs with
contrast to verify the diagnosis. Early
treatment will help avoid severe hema-
tological complications and reduce the
likelihood of severe functional disorders.

The authors declare no confiict of in-
terest.

References

1. Khachatryan L.A., Kletskaya 1.S., Remizov
AN., et al. Kaposhiformnaya gemangioendo-
telioma/sindrom Kazabaha—Merritt: kliniko-lab-
oratornaya harakteristika. Analiz klinicheskih
sluchaev [Kaposiform hemangioendothelioma /
Kasabach—Merritt syndrome. Slinical and labo-

4 2025 N AW B2

ratory characteristics. Analysis of clinical cases.
[Voprosy gematologii/onkologii i immunopatologii
v pediatrii [Pediatric Hematology/Oncology
and Immunopathology. 2021; 20 (3): 74-91 (In
Russ.).] DOI: 10.24287/1726-1708-2021-20-3-
74-91.

2. Khachatryan L.A., Maschan A.A., Orekhova
E.V., et al. Terapiya detej s sindromom Kazaba-
ha—Merritt [Therapy of children with Kazabach—
Merritt syndrome]. Pediatriya. Zhurnal imeni G.N.
Speranskogo [Pediatria. 2018; 97 (4): 125-134
(In Russ.).] DOI: 10.24110/0031-403X-2018-97-
4-125-134.

3.ChenC,YanH, YaoW, Wang Z, LiK. Analysis
of Risk Factors for Kasabach Merritt Phenomen-
om in Children With Kaposiform Hemangioendo-
thelioma. J Pediatr Surg. 2025 Feb;60(2):161932.
doi: 10.1016/j.jpedsurg.2024.161932. Epub 2024
Sep 28. PMID: 39389877.

4. Glltekin ND, Yilmaz FH, Altunhan H, Findik
S, Tokgéz H, Caliskan U. Coexistence of Kasa-
bach—Merritt Syndrome and placental chorio-
angioma in a premature infant. Journal of Neo-
natal-Perinatal Medicine. 2018;11(2):209-213.
doi:10.3233/NPM-181754.

5. Hafiz Khalid Pervaiz, Usman Jamil Mughal,
Rai, I. A., Mumtaz Touseef, & Aliezeh Fatima Rai.
A case of Kasabach-Merritt Syndrome in a nine-
month-old; a rare complication of haemangioma
in the young. Journal of the Pakistan Medical
Association. 2025;75(03): 488-491. https://doi.
org/10.47391/JPMA.11607.

6. Helligsg L, Mikkelsen TS, Hvas AM. Ka-
posiform hemangioendothelioma complicated by
Kasabach-Merritt phenomenon in an infant girl.
Clin Case Rep. 2023 Sep 13;11(9):e7859. doi:
10.1002/ccr3.7859. PMID: 37720715; PMCID:
PMC10500048.

7. Kelly M. Kasabach—Merritt phenomenon.
Pediatr. Clin. North Am. 2010; 57 (5): 1085-1089.

8. Tlougan BE, Lee MT, Drolet BA, Frienden
1J, Adams DM, Garzon MC. Medical management
of tumors associated with Kasabach—Merritt phe-
nomenon: an expert survey. J. Pediatr. Hematol.
Oncol. 2013; 35 (8): 618-622.

9. Zhou J, Qiu T, Zhang Z, et al. Consensus
statement for the diagnosis, treatment, and prog-
nosis of kaposiform hemangioendothelioma. Int J
Cancer. 2025; 156(10): 1986-1994. doi:10.1002/
ijc.35344.



. YAKUT MEDICAL JOURNAL

HEALTHY LIFESTYLE. PREVENTION

DOI 10.25789/YMJ.2025.92.15
YOK 796.015.132/369.254.44/356.169

V.D. Kuznetsoyv, V.S. Cherny, V.V. Arzhakov, A.l. Kravtsov,

E.D. Kuznetsova
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This article presents the results of a study aimed at developing a training methodology based on steady, continuous long-distance running
to restore the physical fitness and performance of wounded Airborne troops. This methodology aims to facilitate their rapid return to the combat
zone and to scientifically substantiate its effectiveness. A three-week training program was developed, including warm-up, base, and warm-up
microcycles aimed at gradually increasing the volume and intensity of running loads, developing overall endurance, speed, and sensory abilities.
A distinctive feature of the program is the individualization of the training process based on monitoring heart rate variability. The effectiveness of
the developed program was experimentally proven, as evidenced by statistically significant improvements in the morphofunctional indicators of
physical performance and physical fithess of the experimental group.

Analysis of heart rate variability dynamics demonstrated the program's ability to ensure an optimal level of adaptive capacity and prevent the
development of regulatory system overstrain. The results obtained can be used to improve the system of physical rehabilitation of military per-
sonnel and increase the combat readiness of Airborne Forces units.
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Introduction. Physical fitness is a key
element of military combat readiness,
especially for elite Airborne Forces units
operating in extreme conditions. Analysis
of combat injuries shows that the extrem-
ities are the most vulnerable, accounting
for 46% to 75% of all injuries. A significant
proportion of these injuries (42.5-54.3%)
are of a combined nature, and 9.5-14.4%
result in limb avulsion or destruction. The
main causes of such injuries are inju-
ries from small arms, artillery munitions,
and unmanned aerial vehicles (UAVs).
[14,15].

The urgency of the problem of rehabil-
itation for airborne troops after injuries is
driven by several factors. First, the high
intensity of modern military conflicts and
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the use of various types of weapons re-
sult in a significant number of wounded,
requiring effective rehabilitation meth-
ods to ensure their rapid return to duty.
Second, the consequences of injuries
can significantly reduce physical perfor-
mance and the body's functional capabil-
ities, limiting the combat effectiveness of
military personnel.

Physical inactivity during the recov-
ery period of military personnel after
injuries is a significant risk factor for
the development of obesity, which criti-
cally impedes the restoration of combat
readiness and a prompt return to duty.
Excess body weight reduces key phys-
ical performance indicators (endurance,
mobility) and increases the risk of co-
morbidities, making the development of
effective physical rehabilitation methods
extremely urgent. In this context, steady,
continuous long-distance running is
considered a key tool, as it specifically
promotes metabolic activation, improves
cardiorespiratory function, and reduces
weight, directly addressing the problem
of obesity prevention and accelerating
the readiness of military personnel for
combat missions [1, 3, 6, 10].

An important aspect of using running
exercises during the rehabilitation of mili-
tary personnel after injuries is the individ-
ualization of the training process taking
into account the body's functional capa-
bilities and current health status. In this

regard, the use of heart rate variability
(HRV) analysis appears promising, al-
lowing one to assess the body's adaptive
reserves and select optimal physical ex-
ercise regimens [2].

The aim of the study is to develop a
training method based on uniform con-
tinuous long-term running and to experi-
mentally prove its effectiveness in restor-
ing the physical fitness and performance
of wounded military personnel and their
rapid return to the combat zone.

Objectives:

1. To develop and scientifically vali-
date a training program for the physical
rehabilitation of military personnel, to en-
sure their rapid return to combat zones;

2. To experimentally demonstrate the
effectiveness of the developed training
program for the rehabilitation of military
personnel returning from hospitals.

Study materials and methods. The
study involved military personnel who
had returned to their home base after
receiving treatment for their wounds.
The average age of the participants was
31.2+4.3 years, body length 173.8+6.4
cm, and body weight 89.1+6.1 kg.

The study consisted of three stages
(Figure 1). The first stage (organization-
al) involved selecting candidates and
assigning them to the control (CG) and
experimental (EG) groups by randomiza-
tion, assessing their initial functional sta-
tus, performance, and physical fitness,



and developing a training program based
on the data obtained. The second stage
(formative experiment) consisted of con-
ducting training sessions with military
personnel according to the developed
program and adjusting training plans
based on heart rate variability indicators
and conducting tests to assess functional
status, physical performance, and phys-
ical fitness after completing the training
programs. The third stage — summariz-
ing the results — included mathematical
and statistical processing of the obtained
data, discussion of the study results,
drawing conclusions, and developing
practical recommendations.

Heart rate variability analysis was
used to assess functional status. The
analysis was conducted within an hour
of arriving for duty in the morning. Be-
fore the examination, service members
remained motionless in a dark room for
15 minutes. The results were recorded
in an individual protocol. Cardiac rhyth-
mograms were recorded for 300 cardi-
ac cycles in clinostasis. Spectral HRV
parameters were assessed, frequency
power parameters were calculated in the
high-frequency (HF, ms?), low-frequency
(LF, ms?), and very-low-frequency (VLF,
ms?) ranges, total spectral power (TP,
ms?), temporal parameters (SDNN, ms?
and rMSSD, ms?), and the stress index
(SI, c.u.) and regulatory system activity
indicators (PARS, score) were also as-
sessed.

To assess the level of physical perfor-
mance of military personnel, the “Stair-
case Test” test was used, and their phys-
ical fitness was determined using the
Margaria test, the Cooper running test,
and the «Complex agility exercise» test —
Exercise No. 30 from the NFP-2023.[11]
The choice of these tests was due to the
need to ensure a moderate load and the
possibility of prompt medical support.

We used various statistical methods
to analyze the obtained results. The
Kolmogorov-Smirnov test was used to
check the normality of the distribution of
quantitative variables. One-way analysis
of variance was used to compare the re-
sults of multi-day measurements. Com-
parisons of quantitative variables within
and between groups were performed
using the Student's t-test for dependent
and independent samples (M + m). When
comparing qualitative variables, we ad-
ditionally used the Pearson chi-square
test with significance adjustment (for be-
tween-group differences) and the McNe-
mar test (for within-group changes) (Md
[Q1;Q3]). Differences were considered
statistically significant at p < 0.05. Math-
ematical and statistical data processing
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was performed using STATISTICA 10
software.

Key provisions. Rehabilitation of mil-
itary personnel in medical and health re-
sort facilities (HRFs) is primarily focused
on the following objectives: accelerating
the resolution of edema and hematomas;
preventing the development of contrac-
tures; restoring the functionality of the
damaged organ; stimulating blood and
lymph circulation; developing compensa-
tory mechanisms for the loss of basic mo-
tor functions; improvement of the general
condition of the patient [3, 6].

The existing approach to the rehabil-
itation of wounded military personnel,
while successfully restoring them to a
level of basic working capacity, is insuffi-
cient for the full return to duty of airborne
assault units. Modern combat demands
fundamentally different requirements: the
ability not only to march long distances
with heavy equipment under enemy fire,
but also, crucially, to react instantly and
maneuver with high agility to evade UAV
attacks. Thus, there is an urgent need to
rethink rehabilitation, shifting the empha-
sis from simple recovery to the targeted
development of key physical qualities—
endurance, speed, strength, and agility —
to ensure not just a return to duty, but true
combat readiness [3, 8, 13].

Researchers A. A. Musin and |. V.
Polyakova (2024) argue in their work
that, in order to rehabilitate and restore
the professional readiness of military per-

sonnel, it is first and foremost necessary
to use game-based physical training,
justifying this by the popularity and spec-
tacle of team sports, especially football,
which, in addition to the physical devel-
opment of almost all necessary qualities
(speed, endurance, and agility), contrib-
ute to stress relief [10].

Unlike the game-based method, which
is difficult to individualize and carries the
risk of overexertion and injury, steady,
continuous running is a more effective
and accessible means of physical reha-
bilitation for wounded soldiers. This type
of exercise is easily dosed and adapted
to individual plans, allowing for target-
ed development of overall endurance,
speed, and willpower, ensuring a safe
and gradual restoration of physical fit-
ness for a return to professional activity.
[3,7,5,12].

An integrated approach combining
running training, proper nutrition, and
flexibility exercises ensures compre-
hensive recovery for military personnel.
Running effectively normalizes body
weight, develops strength endurance,
and, importantly, significantly improves
psycho-emotional well-being by reducing
stress. Incorporating flexibility exercis-
es into the program directly accelerates
physical recovery, reducing muscle ten-
sion and the risk of re-injury. Combining
these elements allows for faster and
more complete physical and psycholog-
ical rehabilitation, facilitating the rapid re-
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Average indicators of physical development, performance and physical fitness of military personnel in the experimental and control
groups before and after the experiment

. Before After p
Indicators
CG EG P CG EG P CG EG
Body weight, kg 89.9+1.1 88.4+1.1 0.15 85.8+1.1 75.5+1.1 0.05 0.05 0.01
BMI, kg/m? 29.4+0.4 29.7+0.6 0.3 28.1+0.4 25.4+0.5 0.05 0.1 0.05
Staircase test, bpm 139.8+1.8 140+1.7 0.8 125.6+1.7 114.5+1.9 0.05 0.05 0.01
. Watts 401.6+£9.4 390.5+9.2 0.25 424+9.8 557.8+15 0.05 0.25 | 0.001
Margaria test
Watts/kg 4.54+0.1 4.4+0.1 0.5 4.9+0.1 7.4+0.2 0.05 0.25 0.05
Exercise N30, sec 13.7+0.4 14.3£0.3 0.05 13.4+0.3 13.1£0.3 0.1 0.1 0.05
Cooper test, m 2167.24£31.6 | 2164.3£29.2 | 0.25 | 2381.8437.4 | 2665.2+38.9 | 0.05 0.05 0.05

turn of military personnel to full duty. [5,
6,7,9]

Based on the above-mentioned char-
acteristics, our working group developed
a training plan for the physical rehabilita-
tion of military personnel in a military unit
setting. This plan consists of a three-week
mesocycle aimed at improving marching
composure, developing general endur-
ance, speed, and sensory abilities, as
well as weight management through a
gradual increase in running volume.

The first, induction microcycle (Figure
2) serves as a fundamental stage for the
smooth and safe adaptation of military
personnel to the demands of continuous
long-distance running. Its program, de-
signed for five training sessions, is built
on the principle of gradual progression:
initially, walking predominates, but with
each session, the emphasis gradually
shifts toward increasing the proportion
of running. Each session begins with
a preparatory exercise program aimed
at activating muscles and preparing the
body, and concludes with restorative ex-
ercises to relieve tension and accelerate
recovery. A key control and safety tool is
strict heart rate monitoring (conducted
using personal fitness trackers and heart
rate monitors (Garmin, Polar, Suunto)),
the threshold of which is set at no high-
er than (130) 150 bpm, with planned rest
breaks if this threshold is exceeded. This
carefully considered approach allows for
careful adaptation of the cardiovascular
and respiratory systems, minimizing the
risk of injury and building a solid founda-
tion of physical fithness necessary for a
successful transition to more intense ex-
ercise during the subsequent micro-cycle
of rehabilitation.

The basic microcycle (Figure 2), which
comprises the second week of rehabilita-
tion, aims to gradually increase running
volume to 175 minutes over five training
sessions. Its key feature is the introduc-
tion of a post-run routine, alternating spe-
cific running exercises (4-6) to improve

running technique and strength exercises
(3-4) for the muscles of the arms, shoul-
der girdle, torso, and legs to reduce inju-
ry. The training process takes place in the
first developmental mode at a heart rate
of 130-150 bpm, ensuring optimal train-
ing effects with minimal risk of overtrain-
ing. This microcycle structure promotes
the effective development of overall en-
durance and running fitness, creating
conditions for the body's safe adaptation
to increasing workloads.

The preparatory microcycle, imple-
mented in the third week (Figure 2), aims
to integrate speed training by introducing
accelerations (30-50 m) into the struc-
ture of five training sessions. During the
training, basic running in the first devel-
opmental mode (heart rate 130-150
bpm) is interrupted by a progressively
increasing number of accelerations (from
6 to 10 per session), during which the
intensity reaches the third developmen-
tal mode (heart rate from 170 bpm). This
structure simulates the «jerky» nature of
running typical of combat conditions and
promotes the body's comprehensive ad-
aptation to high-intensity loads. As a re-
sult, this final stage of the mesocycle en-
sures the development of not only gener-
al endurance but also the specific speed
qualities, attention, and sensory abilities
of the service member.

At the end of three weeks, the study
was repeated with the servicemen of the
EG and CG groups (Table 1).

The servicemen in the experimental
group showed statistically significant and
more pronounced positive changes com-
pared to the control group. In particular,
the experimental group showed a signifi-
cant decrease in body weight (by 12.9 kg;
p<0.01) and a significant improvement in
physical performance according to the
"Staircase test" (a decrease in heart rate
by 25.5 bpm; p<0.01). A highly significant
(p<0.001) increase in absolute and rela-
tive power according to the Margaria test
and an improvement in agility indicators

in exercise #30 (p<0.05) were also re-
vealed, while in the control group similar
dynamics were statistically less signifi-
cant. In addition, the increase in overall
endurance according to the Cooper test
in the experimental group (500.9 m) was
more than twice as high as the results in
the control group (214.6 m).

An analysis of HRV dynamics con-
firmed the high adaptability of the exper-
imental program. The servicemen in the
control group, who initially had normal
parameters, demonstrated an adequate
response to the load: by the end of each
week, a temporary, statistically significant
(p<0.05) increase in regulatory systems
was recorded (e.g., a 20.5% increase in
Sl), which was fully compensated for af-
ter two days of rest, which also allowed
for individual adjustments to the program.
A key result was the state after the con-
trol tests: unlike the control group, which
demonstrated pronounced signs of over-
exertion (a 25.6% decrease in SDNN, a
30.7% decrease in rMSSD; p<0.01), the
servicemen in the control group main-
tained HRV parameters within physio-
logical norms. This demonstrates the ef-
fectiveness of the developed method in
increasing the body's adaptive potential
and preventing adaptation failure.

Conclusion. The study experimental-
ly validated the high effectiveness of the
developed three-week physical rehabili-
tation method for military personnel after
injuries, based on steady-state running
with individualized loads based on HRV
parameters.

The developed program, including
warm-up, base, and warm-up micro-
cycles, provided statistically significant
improvements in physical performance,
overall endurance, power, and agility in
the experimental group, while reducing
body weight. HRV monitoring confirmed
that the program maintains an optimal
level of adaptation, preventing overstrain
of regulatory systems, making it a reli-
able and effective tool for comprehensive



recovery and accelerated preparation of
military personnel for return to combat
zones.
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Introduction. In accordance with
Decree No. 400 of the President of the
Russian Federation dated 2 July 2021
‘On the National Security Strategy of the
Russian Federation,’ the national interest
of Russia is defined as ‘saving the people
of Russia, developing human potential,
improving the quality of life and well-be-
ing of citizens.’

Public health serves as a medico-so-
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cial resource of society. Risk factors have
a detrimental impact on public health.
This is evident in individuals experiencing
limitations in their social functions, while
a decline in reproductive capacity directly
reduces demographic potential [7].

Contemporary research identifies
five determinants of public health: ge-
netic and physiological characteristics;
socio-cultural conditions; natural and
climatic factors; individual behavioural
patterns; and the quality of medical care.
The medical factor is particularly import-
ant, covering the organisation of care, its
material and technical basis, and man-
agement systems [7].

Crucial aspects include human re-
sources factors such as qualification lev-
els, work engagement, job satisfaction,
the risk of professional burnout and the
degree of trust in the institution. These
factors have a direct impact on the ef-
fectiveness of the healthcare system and
consequently on public health [5].

In accordance with the Rules for the
Development and Approval of Profession-

" Decree No. 400 of the President of the Rus-
sian Federation dated 2 July 2021 ‘On the
National Security Strategy of the Russian
Federation.’

al Standards (as approved by Decree No.
23 of the Government of the Russian Fed-
eration on 22 January 2013), the imple-
mentation of professional standards with-
in Russian medicine was accompanied
by research into the professional compe-
tence that can be regarded as a method-
ological foundation for the introduction of
the term ‘professional potential of health-
care workers’. The term is proposed not
only as an assessment of competencies,
but also as an indicator of medical per-
sonnel’s readiness to develop a profes-
sional identity, enhance their expertise
and improve their knowledge and skills.
The authors propose a unified concept
of the personnel potential of the health-
care sector, which aligns with the aims
and objectives of our research. This con-
cept is based on an expert assessment.

The personnel potential of the health-
care sector is defined as the capacity
of a specifically professionally trained
and organised labour force (healthcare
workers) to achieve, to the fullest extent
possible, the objectives of improving the
quality of public health. It encompasses
components including the labour force
structure and its equitable distribution;
the anticipated duration of professional
activity within the healthcare sector; the
continuous enhancement by medical per-



sonnel of their professional knowledge,
skills, and abilities in the domains of med-
ical prevention, treatment, and rehabilita-
tion, as well as medical deontology and
ethics; and a high externally-derived val-
uation of the professional competencies
of the labour force.

The professional potential of health-
care workers can be regarded as a per-
sonal attribute that encompasses both
professional knowledge, skills, abilities,
and the capacity to implement them
in professional healthcare practice, as
well as integration into the profession-
al medical community. Furthermore, it
incorporates a receptiveness to profes-
sional growth and development aimed
at improving population health, the prior-
itisation of work within one’s life values;
satisfaction with both the chosen medical
profession and the current employment;
an association of one’s professional fu-
ture with the medical profession; and dis-
cipline, coupled with a sense of responsi-
bility for the work performed.

The development of a novel instru-
ment for evaluation of the professional
capabilities of healthcare workers is driv-
en by the mounting imperative to ensure

the adequate supply of qualified person-
nel to the healthcare system, a compo-
nent that is of paramount importance in
the context of public health.

The development of programmes for
the prevention of reproductive health dis-
orders and the early detection of diseases
is a priority for both the Russian health-
care system and the National Strategy
for Women 2023-2030. The primary ob-
jectives are to improve the demographic
situation, enhance the quality of medical
care, reduce pregnancy complications
and improve perinatal outcomes [1, 2].

Carbohydrate metabolism disorders
(CMD) during gestation are among the
most common pathologies encountered
in the clinical practice of endocrinologists
and obstetrician-gynaecologists [7]. Sev-
eral clinical conditions are included in this
category. These are: gestational diabetes
mellitus (GDM), which is hyperglycaemia
first detected during pregnancy that does
not meet the diagnostic criteria for overt
diabetes; overt diabetes mellitus, which
is a chronic elevation of blood glucose
levels identified for the first time during
pregnancy; and pre-gestational diabetes
mellitus, which is a condition diagnosed
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prior to the onset of pregnancy.

Annually, between 50,000 and
150,000 newborns are born to wom-
en with disorders of glycaemic control,
thereby highlighting the scale and rele-
vance of this issue in the context of peri-
natal medicine. [3]. Diabetes mellitus has
been demonstrated to exert a deleterious
effect on the course of pregnancy, giving
rise to vascular disorders and placental
insufficiency. This, in turn, has a detri-
mental effect on foetal development and
neonatal adaptation. [3, 6]. Pre-gesta-
tional diabetes has been demonstrated
to be associated with elevated perinatal
morbidity. The early infant mortality rate
in this group is 3—4 times higher than the
population average. The elevated inci-
dence of perinatal mortality (exceeding
65%) has precipitated the establishment
of specialised medical services catering
to these patients [4].

The study analyses the level of train-
ing of medical specialists in the regions
of the Russian Federation working with
pregnant women with carbohydrate me-
tabolism disorders (CMD). This analysis
is based on a standardised questionnaire
and digital data collection tools.
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Fig. 1. A method for evaluating the qualification of medical specialists (endocrinologists, obstetricians therapists) based on the analysis of risk
factors arising in the management of pregnant women with carbohydrate metabolism disorders. Industrial Design Patent No. 142286
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Materials and Methods. A method
for evaluating the qualification of medical
specialists  (endocrinologists, obstetri-
cians-gynaecologists, physicians-thera-
pists) based on the analysis of risk fac-
tors arising in the management of preg-
nant women with carbohydrate metabo-
lism disorders has been developed. As
part of the pilot testing of the method in
September-November 2024, quantitative
sociological research, online survey (au-
thor's questionnaire) of 140 doctors of the
above specialties from different subjects
of the Russian Federation (Arkhangelsk,
Vladimir, Volgograd, Kaliningrad, Kostro-
ma, Lipetsk, Moscow, Nizhny Novgorod,
Tula, Ryazan regions, Moscow, Altai and
Stavropol Krai, Republics: Adygea, In-
gushetia, Karelia, Komi, Mordovia) was
conducted, followed by an analysis of the
survey data on the management of preg-
nant women with gestational and preges-
tational diabetes mellitus.

An analysis was conducted of the
medical care provided to pregnant wom-
en with carbohydrate metabolism disor-
ders, based on quantitative sociological
study data. The analysis identified med-
ical risk factors associated with the pro-
fessional training of endocrinologists,
obstetricians and therapists as a factor
impacting public health.

A system based on a comparison
with approved clinical guidelines and
treatment protocols was employed to de-
termine the level of qualification of phy-
sicians (endocrinologists, obstetricians
and gynaecologists, and therapists) (see
Fig. 1).

A pilot test of the method was con-
ducted among endocrinologists, gy-
naecologists, and physicians, includ-
ing residents. The gender distribution
of respondents was 82.6% female and
17.3% male. The age structure showed
a predominance of young specialists:
59.7% were under 30 years old and
33.8% were aged 30-45 years. In terms
of work experience, 39.6% had no prac-
tical experience (residents), and 30.2%
had up to 10 years of experience. The
overwhelming majority (89.1%) did not
hold an academic degree, and 87.0%
did not have a professional category,
indicating a significant predominance
of young specialists without substantial
practical experience or scientific qualifi-
cations in the sample.

A digital data collection workbench
was employed for the study. The survey
was administered by distributing links to
the questionnaire electronically via cor-
porate email and popular messaging plat-
forms such as WhatsApp and Telegram.
The data obtained during the sociological

Table 1

Algorithm for Assessing Questionnaire Responses

Question
Indicator Scale Numbers |[Minimum Score| Maximum Score
(Quantity)
Key 30 questions TR
of the second | Indicative tiers | 5 5 30 (30) 0 83
section

Table 2

Stratification of Physicians’ Professional Competence

Professional Potential Level

Total Score Range

High with no

The score between 58 and 83 points,
‘do not know’ responses to the key questions
in the second section.

Intermediate

The score between 42 and 57 points or a score exceeding
58 points accompanied by at least one ‘do not know’
response to the key questions in the second section.

Low

The score under 41 or 5+ ‘do not know’ responses to the

key questions in the second section.

Indicative tiers

B0 High potential,
432

40

20

W High potential

Intermediate potential

Intermediate
potential; 46,8

Lew potential;
10,1

Low potential

Fig. 2. Distribution of respondents by level of professional competence

research was automatically aggregated
in Excel on a cloud storage platform.

Results. The electronic questionnaire
comprised four mandatory sections: so-
cio-demographic indicators, an objective
assessment of physicians’ knowledge (30
mandatory questions out of 65), a subjec-
tive evaluation of priorities for continuing
medical education, and clinical risk man-
agement system assessment. The de-
veloped assessment system comprises
a grading scale that categorises profes-
sional competence into three levels: high
(2 minimum of 70 points), medium (30-
69 points), and low (less than 30 points).
High level denotes that the individual has
undergone comprehensive training, me-
dium level indicates basic training, and
low level signifies substantial knowledge
deficiencies.

The methodology is based on a
points-based scoring system capable
of both manual and automated data
processing. Key functional capabilities

include diagnosing professional status,
identifying factors influencing compe-
tencies, and developing targeted man-
agement decisions. It is proposed that
a range of differentiated development
strategies be implemented at each level,
as follows: maintenance of qualifications
at the high level, targeted professional
development at the medium level, and
intensive training with mentorship at the
low level.

The technical implementation of the
system is characterised by the electronic
completion of tasks via automated phy-
sician workstations and online platforms.
The overall structure of the questionnaire
comprises 97 questions, 86 of which
pertain to professional topics, and 11 to
socio-demographic data. The proposed
system facilitates a comprehensive
evaluation of healthcare professionals’
competencies and the development of
effective professional development pro-
grammes.



For questions 2.1-2.16, 2.23, 2.27 and
2.28, 2 points are awarded for each cor-
rect answer, while incorrect answers and
‘do not know’ responses receive 0 points.
For questions 2.17-2.22, 2.24-2.26, 2.29
and 2.30, 1 point is awarded for each cor-
rect answer, while incorrect answers and
‘do not know’ responses receive 0 points.
(Table 1).

The survey, which was conducted us-
ing the developed instrument, provides a
comprehensive analysis of the following:
the level of professional preparedness
among the physician cohort; the current
state of clinical competencies; and the
potential for professional growth.

Discussion. According to the sur-
vey results, respondents fell into one of
three categories. High potential was not-
ed in 43.2% of participants, intermediate
potential in 46.8%, and low potential in
10.1%. (Figure 2).

The identification of key clinical risks
is enabled by the presented algorithm
for assessing the professional potential
of medical specialists. Survey results
demonstrate that 80.44% of respondents
incorrectly allow the use of a glucometer
to diagnose gestational diabetes melli-
tus (GDM). Only 60-70% of those sur-
veyed correctly identified the objectives
of glycaemic control. Even fewer—just
36.23%—accurately specified the target
glucose values for standardised contin-
uous monitoring metrics. Furthermore,
59.42% of respondents reported expe-
riencing difficulties when selecting an
insulin regimen approved for use during
pregnancy.

When it came to pre-gravid prepara-
tion and the potential risks of pregnancy
complications for the mother and foetus,
46.38% of respondents were able to
list the contraindications to conception.
When asked about the risk of the foetus

developing diabetes mellitus given that
the parents have type 1 diabetes, the
correct answer was given by 44.2% of re-
spondents for the father, 29.71% for the
mother and 36.23% for both parents.

Conclusion. The study identified spe-
cific areas for improvement in the training
of healthcare professionals managing
pregnancies in women with carbohy-
drate metabolism disorders. The key is-
sues identified include deviations from
the standards for GDM diagnosis, occa-
sionally improper selection of therapeutic
approaches, and limited awareness of
pre-conception counselling principles.

Promising future directions include the
establishment of specialised centres with
multidisciplinary teams, the updating of
educational programmes with an empha-
sis on interdisciplinary collaboration, and
the development of a system for pre-con-
ception counselling. The implementation
of these measures is expected to en-
hance access to healthcare and improve
pregnancy outcomes, thereby aligning
with the objectives of national initiatives
focused on motherhood and childhood.
The developed diagnostic tool has the
potential to be applied in healthcare man-
agement practice.

The study was conducted at the Fed-
eral State Budgetary Scientific Institution
N.A. Semashko National Research Insti-
tute of Public Health as part of a govern-
ment assignment.

The authors declare no conflict of in-
terest.
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The implementation in the Republic of Sakha (Yakutia) of a set of measures aimed at eliminating parenteral viral hepatitis and improving the
provision of medical care to the adult population with oncological diseases has had a significant impact on the effectiveness of hepatocellular carci-
noma diagnosis. Patients with advanced fibrosis and cirrhosis of the liver require special attention, as it is in this group of patients that the highest
proportion of fatalities is observed, as well as the greatest burden on the healthcare system budget.

The aim of the study was to evaluate the impact of an interdisciplinary approach on the etiological verification of the diagnosis and the effec-
tiveness of HCC detection using the example of the Republic of Sakha (Yakutia).

Materials and methods. A retrospective analysis was conducted of data from 632 patients with HCC in the Republic of Sakha (Yakutia) who
were examined and treated at the Yakutsk Republican Oncology Dispensary, and an analysis of the incidence rate based on official statistics before
and after the introduction of the interdisciplinary approach.

Results and discussion. Due to improved screening, the proportion of patients with viral hepatitis markers increased 2.5 times and ap-
proached 70%. Clinical and laboratory diagnosis of liver cirrhosis improved, which is extremely important when choosing a treatment strategy for
a patient. The rate of early diagnosis at stage | according to the TNM classification increased from 5.1% to 12.0% over 5 years. The increase in
the proportion of patients with early-stage HCC opens up broad opportunities for the use of local tumor destruction methods and is expected to
increase the overall survival of patients. It has been shown that an interdisciplinary approach reduces the time it takes to refer a patient from an
infectious disease specialist to an oncologist and improves the quality of morphofunctional diagnosis of the liver.

Conclusion. The experience of the Republic of Sakha (Yakutia) shows that improving dispensary observation of risk groups and continuity in
patient management within the framework of interdisciplinary cooperation between specialists is a promising direction that can ensure early diag-
nosis of HCC and improve treatment outcomes.
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Introduction. Due to its widespread
prevalence and alarming growth rate,
hepatocellular carcinoma (HCC) has
become a pressing health care issue.
Among malignant neoplasms, HCC ranks
fifth in the world in terms of prevalence
and second in terms of mortality, second
only to colorectal cancer [1]. Every year,
more than 600,000 patients worldwide
die from HCC [1].

As a rule, HCC develops against a
background of fibrotic changes in the liv-
er and directly depends on the duration,
severity, and stage of the disease. In 80—
90% of cases, HCC develops against a
background of liver cirrhosis (LC) [8]. An
exception is viral hepatitis B, in which the
virus genome integrates into the hepato-
cyte genome and has oncogenic proper-
ties [18].

In most countries around the world,
hepatitis B and C viruses play a leading
role in the development of HCC. Due to
vaccination of the population in all coun-
tries of the world, its significance as a
risk factor for HCC has significantly de-
creased. Therefore, the emphasis in the
structure of etiological significance has

shifted towards hepatitis C. The patho-
genesis of HCC in hepatitis C involves
the development of liver cirrhosis as the
first stage, against which the risks of HCC
increase many times over. Thus, even af-
ter the elimination of the virus as a result
of antiviral therapy, patients remain at risk
of developing HCC, which is 2.1% per
year for Child-Pugh class A cirrhosis and
7.8% per year for class B cirrhosis [11].

The absence of clinical symptoms in
the early stages and, consequently, late
diagnosis have led to high mortality rates
and low treatment effectiveness for HCC.
Thus, in 2023, the total number of newly
diagnosed patients with HCC in Russia
was 6,321 and the number of deaths
from malignant liver tumors was 10,571.
This fact indicates that the diagnosis was
often made post-mortem. It is worth not-
ing that 78.2% of the identified patients
were in stages llI-IV of the disease [4].
At the same time, in cases of early diag-
nosis and radical treatment, the 5-year
survival rate of patients increases to 70%
[15, 16].

In this regard, improving dispensary
observation of risk groups and continuity



in the management of patients within the
framework of interdisciplinary coopera-
tion between specialists appears to be a
promising direction capable of ensuring
early diagnosis of HCC and improving
treatment outcomes.

The aim of the study was to evalu-
ate the impact of an interdisciplinary ap-
proach on the etiological verification of
the diagnosis and the effectiveness of
HCC detection using the example of the
Republic of Sakha (Yakutia).

Materials and methods. A retrospec-
tive analysis was conducted of data from
632 patients with HCC in the Republic
of Sakha (Yakutia) who were examined
and treated at the Yakutsk Oncology
Dispensary between 2019 and 2023.
Men predominated among the patients
observed. For comparative assessment,
parameters such as gender, age, pres-
ence of viral hepatitis B, C and D, liver
cirrhosis, and HCC stage according to
the TNM scale were selected. The choice
of the periods being compared (2019
and 2023) is due to the introduction of a
number of regional regulatory documents
in the Republic of Sakha (Yakutia) after
2019 aimed at improving the detection
of viral hepatitis, HCC, patient routing,
and interdisciplinary collaboration among
specialists. To assess the long-term inci-
dence and staging of patients with HCC,
we used official statistics for the Republic
of Sakha (Yakutia) [5], in which malignant
neoplasms (MN) of the liver and intrahe-
patic bile ducts (IBD) are grouped under
code C22.

Statistical processing was performed
using the “Statistica” software package,
version v.10. Student's t-test and chi-
square (x2) were used to analyze differ-
ences between groups. The indicators in
the tables are presented as the frequen-
cy of occurrence of the indicator (%) or
the mean value with standard error (M £
m). The mean value, standard deviation,
and median were calculated. Statistical
significance was assessed at p < 0.05.

Results and discussion. As in the
rest of the world, the incidence of ma-
lignant liver tumors is growing annually
in the Russian Federation. Thus, since
2007, an increase in this indicator has
been observed in both men (Fig. 1) and
women (Fig. 2). Moreover, this oncopath-
ology occurs in men 2.2-2.7 times more
often. In the Sakha Republic (Yakutia), in-
cidence rates in both sexes significantly
exceed the national average, which can-
not but cause concern [3, 4]. Despite the
heterogeneity of indicators in the Sakha
Republic (Yakutia) from year to year and
a clear predominance of men, among
people diagnosed with the disease, a

trend towards a decrease in incidence
rates among women in this subject of
the Russian Federation is observed (Fig.
2), which is confirmed by the regression
equationy = 11.599 - 0.1673x.

HCC is a multifactorial disease, the
risks of developing which are deter-
mined by a combination of congenital
and modifiable risk factors [8]. It is clear
that today, HCC should be viewed not so
much as an independent disease, but
as a sequential change in pathological
conditions (hepatosis — hepatitis — liver
fibrosis — cirrhosis — hepatocellular car-
cinoma) that fall within the competence
of various internal medicine specialists.
Given the leading role of viral agents, this
sequence also determines the patient's
path from one specialist to another: ther-
apist/general practitioner — infectious
disease specialist/gastroenterologist —
oncologist. The lack of a well-thought-out
referral system for these patients leads to
late diagnosis and low five-year survival
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rates for patients with hepatocellular car-
cinoma associated with hepatitis B and C
[6, 9].

In this regard, based on Order No.
116n of the Ministry of Health of the
Russian Federation dated February 19,
2021 "On the Approval of the Procedure
for the Provision of Medical Care to the
Adult Population with Oncological Dis-
eases" for 2020-2023, a number of reg-
ulatory documents were adopted in the
Republic of Sakha (Yakutia) aimed at
improving the dispensary observation of
patients with viral hepatitis, the diagnosis
and treatment of oncological diseases,
namely:

- Order of the Ministry of Health of
the Republic of Sakha (Yakutia) No. 01-
07/1074 dated August 6, 2020, "On the
Organization of Region-Specific Screen-
ing Studies of Persons in Groups at In-
creased Risk of Cancer";

- Order of the Ministry of Health of the
Republic of Sakha (Yakutia) dated No-
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vember 2, 2020, No. 01-07/1607 "On the
organization of dispensary observation
of adults with oncological diseases in the
Republic of Sakha (Yakutia)";

- Order of the Ministry of Health of the
Republic of Sakha (Yakutia) dated Oc-
tober 6, 2021, No. 01-07/1368 "On the
organization of medical care for patients
with chronic viral hepatitis in the Republic
of Sakha (Yakutia)";

- Order of the Ministry of Health of
the Russian Federation No. 168n dated
March 15, 2022, "On the Approval of the
Procedure for Dispensary Observation of
Adults";

- Order of the Ministry of Health of the
Republic of Sakha (Yakutia) dated March
15, 2023, No. 01-07/509 "On the orga-
nization of specialized medical care for
patients with chronic viral hepatitis in the
Republic of Sakha (Yakutia)".

Later in the period under review, the
following orders of the Ministry of Health
of the Republic of Sakha (Yakutia) came
into force: "On the implementation of
measures aimed at improving the provi-
sion of medical care to the adult popu-
lation with oncological diseases in the
Republic of Sakha (Yakutia)" (dated July
24, 2024, No. 01-07/1179), "On improv-
ing medical care for adult patients with
chronic viral hepatitis in the Republic
of Sakha (Yakutia)" (dated February 6,
2025, No. 01-07/239-0OD), as well as the
order of the Government of the Republic
of Sakha (Yakutia) "On the approval of
the regional program "Fighting cancer in
the Republic of Sakha (Yakutia) for 2025-
2030" (dated June 30, 2025, No. 503-r).

All these regulatory acts should have
a significant impact on improving patient
routing and interdisciplinary interaction
between related specialists. Patients with
risk factors, primarily viral cirrhosis of the
liver, are subject to a specific algorithm
of observation and examination, which
significantly reduces the time required for
examination. Dispensary observation of
patients with chronic viral hepatitis (CHV)
and cirrhosis of the liver of viral etiology
is carried out on an outpatient basis by
an infectious disease doctor, or in his
absence, by a district therapist, general
practitioner (family doctor). The results
of the patient's examination are sent in
electronic format to the State Budgetary
Institution of the Republic of Sakha (Ya-
kutia) "Yakutsk Republican Center for
the Prevention and Control of AIDS and
Infectious Diseases" to decide on the ap-
pointment of antiviral therapy and moni-
toring to achieve a sustained virological
response. In chronic hepatitis C, this type
of treatment should be prescribed for
up to 1 year. However, patients with se-

Comparative characteristics of patients with HCC before and after the introduction
of an interdisciplinary approach in the Republic of Sakha (Yakutia)

. Total 2019 2023
Indicator (=280) | (n=138) | (n=142) P
Male (M), n (%) 158 (56.4) 74 (53.6) 84 (59.2)
Female (F), n (%) 122 (43.6) 64 (46.4) 58 (40.8) 0.351
F:M ratio 1:1.3 1:1.2 1:1.5
Age of men (M+m), years 63.740.9 63.8£1.3 63.7£1.3 >0.05
Age of women (M+m), years 69.5+0.8 68.6+1.1 70.5+1.1 >0.05
Total with hepatitis, n (%) 132 (47.1) 35(25.4) 97 (68.3) <0.001
hepatitis C, n (%) 67(50.7) | 21(60.0) | 46(47.4) | 0.203
Hepatitis B, n (%) 31(23.5) 5(14.3) 26 (26.8) 0.135
Svfhich' Hepatitis B+D, n (%) 27 (20.5) 7 (20.0) 20 (20.6) 0.939
Hepatitis B+C, n (%) 4 (3.0 2(5.7) 2(2.1) 0.635
Hepatitis B+D+C, n (%) 3(2.3) 0 3.1 0.256
Cirrhosis of the liver, n (%) 112 (40.0) 15 (10.9) 97 (68.3) <0.001
TNM stage I, n (%) 24 (8.5) 7(5.1) 17 (12.0) 0.04
TNM stage 11, n (%) 64 (22.9) 33 (23.9) 31(21.8) 0.679
TNM stage I11, n (%) 110 (39.3) 64 (46.4) 46 (32.4) 0.017
TNM stage IV, n (%) 82 (29.3) 34 (24.6) 48 (33.8) 0.093
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vere fibrosis or cirrhosis of the liver, due
to the high risk of developing HCC, are
subject to lifelong monitoring by a gastro-
enterologist or therapist with mandatory
examinations every 6 months, including
ultrasound examination of the abdominal
organs and determination of the level of a
specific tumor marker.

It is important to note that in recent
years, Yakutia has seen positive trends
in increasing the coverage of antiviral
therapy for people with hepatitis. In 2024,
1,198 people with chronic hepatitis C and
262 people with chronic hepatitis D re-
ceived a full course of treatment, which
exceeds the 2023 figures by 2.8 and 1.7
times, respectively.

For comprehensive centralized moni-
toring of patients at risk for HCC, a fed-
eral registry of patients with viral hepatitis
was launched in Yakutia on September
1, 2024. Thanks to this data, specialists
from medical organizations can track the
availability of examinations and treatment
for their patients and monitor the timeli-
ness of antiviral therapy prescriptions.

As can be seen from Table 1, the im-
plementation of measures aimed at im-
proving the provision of medical care to
the adult population with cancer in the
Republic of Sakha (Yakutia), including
the formation of interdisciplinary interac-
tions, over a five-year period has led to
a significant improvement in the etiolog-
ical interpretation of the causes of liver
damage and the quality of assessment of
the functional and morphological state of
the liver. Due to improved screening, the
proportion of patients with markers of vi-
ral hepatitis increased 2.5 times and ap-
proached 70%, which corresponds to the
literature data for the Euro-Asian region
[2, 12, 13]. The inclusion of infectious dis-
ease specialists and gastroenterologists
in the process of monitoring patients was
accompanied by an improvement in the
clinical and laboratory diagnosis of liver
cirrhosis, which is extremely important
when choosing a treatment strategy for a
patient, as well as in the early differential
diagnosis of focal liver lesions.

One of the key indicators of the effec-
tiveness of dispensary observation of pa-
tients from risk groups is the early diag-
nosis of HCC. The proportion of patients
diagnosed at stage | according to TNM
at the Yakutsk Oncology Dispensary over
5 years increased 2.4 times (Table), and
in the Republic of Sakha (Yakutia) as a
whole, 3.9 times (Fig. 3). This indicates
the effectiveness of primary health care
in terms of cancer awareness and pre-
vention, primarily on the part of infectious
disease specialists, therapists, and gas-
troenterologists.

An important informative criterion for
diagnostic effectiveness is one-year mor-
tality, i.e. the proportion of patients who
died from HCC within the first year after
diagnosis among patients registered in
the previous year (Fig. 4). This indicator
depends on the regularity of dispensary
observation, which is confirmed by the
increase in the detection of persons with
stage IlI-IV liver cancer in 2021-2022 in
the republic, associated with quarantine
restrictions on routine examinations of
persons, including those from risk groups.

The five-year survival rate of patients
with HCC diagnosed during the study pe-
riod increased by 1.7 times and amount-
ed to 18.3% and 31.9%, respectively,
confirming the positive impact of the or-
ganizational and managerial measures
taken.

In accordance with current regulations,
each patient with a confirmed cancer di-
agnosis is subject to review by a multidis-
ciplinary team to determine the treatment
strategy. It should be noted that an in-
terdisciplinary approach is important not
only for the early diagnosis of HCC, but
also after confirmation of the diagnosis,
in the treatment of concomitant complex
pathologie with different morpho-func-
tional statuses of liver damage. A signif-
icant reduction in mortality (p<0.01) and
an increase in 3-year survival to 92% in
patients with HCV-associated HCC af-
ter achieving a sustained virological re-
sponse [10, 14, 17,] was made possible
solely through the coordinated interdisci-
plinary collaboration of oncologists and
infectious disease specialists. Given the
unfavorable situation in the region with
regard to chronic viral hepatitis and its
outcomes (cirrhosis of the liver and he-
patocellular carcinoma), it is necessary to
further expand access to antiviral therapy
for people with chronic viral hepatitis B,
C and D, early initiation of antiviral ther-
apy regardless of the stage of fibrosis,
rational use of compulsory health insur-
ance funds and regional programs. It is
precisely this approach that ensures the
timely and safe administration of antiviral
therapy and directly determines the im-
provement of the oncological prognosis.

Conclusion. The literature data and
the republic's experience in implement-
ing an interdisciplinary approach to the
routing and clinical observation of pa-
tients with HCC allow us to recommend
its widespread use. It is necessary to
continuously improve the rules for routing
patients with chronic viral hepatitis in or-
der to decentralize the provision of medi-
cal care and expand access to treatment.
The question remains open as to how
the introduction of an interdisciplinary
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approach will affect the overall survival
of patients with HCC. The answer to this
question requires prospective observa-
tion of patients and careful analysis, and
the authors of the article hope to continue
the research in the foreseeable future.

The authors declare no conflict of in-
terest.
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DETECTION OF ANTIBODIES

TO THE HEPATITIS B VIRUS CORE
ANTIGEN IN DONORS OF YAKUTIA AS A
METHOD OF ENHANCING VIRAL SAFETY

The article presents the results of the study on antibodies to the hepatitis B virus core antigen
(anti-HBcore) among donors of the Republican Blood Transfusion Station during the period of
2021-2024. The purpose of this study is to determine the most effective method of identification
and exclusion from blood donation of individuals with latent infection and past hepatitis B virus
infection. In addition, the article reviews virus-safe blood components procurement, reduction of
discarded blood and minimization the risk of post-transfusion complications during hematrans-
fusions.

Throughout the study period, the overall detection rate of anti-HBcore was 26.3%, with no
statistically significant gender-based difference (25.3% in men vs. 28.2% in women; p = 0.912).
Donor age appeared to be one of the main factors influencing anti-HBcore prevalence. The find-
ings indicate that routine anti-HBcore testing at every donation made by the age group of over

30-35 years old is recommended.
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Introduction. An essential prerequi-
site of hemotransfusion therapy is the as-
surance of the infectious safety of blood
and its components [7, 10, 13]. At pres-
ent, in Russia, the cases of HIV, hepatitis
B virus (HBV), or hepatitis C virus (HCV)
transmission to recipients are not being
registered [8,12]. This is largely due to
continuous monitoring of all stages of
the process, thorough and attentive do-
nor selection, proper blood testing, and
pathogen inactivation. According to offi-

cial data, in 2020, out of 1,205,295 do-
nors in Russia, more than 9,000 cases
of infections were detected: HIV (9.4%),
HBV (18.8%), HCV (37.8%), and syphilis
(37.3%) [3, 4].

The prevalence of chronic HBV infec-
tion in the Republic of Sakha (Yakutia)
remains consistently high and exceeds
the average national level by 2.3 times.
In 2024, 214 new cases of chronic HBV
were reported in the republic, with an in-
cidence rate of 21.45 per 100,000 popu-



lation (compared with 9.37 per 100,000
in the Russian Federation) [6]. This fact
underlines the persistent risk of HBV
infection among recipients of allogene-
ic transfusions, despite the widespread
use of highly sensitive laboratory testing
methods of donor blood.

Ensuring viral safety in hematrans-
fusion practice requires comprehensive
prevention of transfusion-transmitted in-
fections (TTIs) [8, 9]. Since 2021, man-
datory testing for anti-HBcore has been
introduced in Russia in accordance with
Order No. 1166n of the Ministry of Health
of the Russian Federation, dated October
28, 2020, “On the approval of the proce-
dure for donor medical examination and
the list of medical contraindications (tem-
porary and permanent) for blood and/or
blood component donation, as well as
deferral periods in the presence of tem-
porary medical contraindications.”

High sensitivity and specificity of di-
agnostic tests, together with the expan-
sion of infectious marker screening, have
significantly reduced the probability of
transfusion-related HBV transmission
[15]. Nevertheless, latent HBV infection
(LHBV) in a donor, if blood or compo-
nents are collected and subsequently
transfused, may result in the develop-
ment of clinical hepatitis in the recipi-
ent [14]. Standard donor screening can
fail to detect HBV during the serological
“window period,” in cases of “wild-type”
virus with suppressed replication, gene
expression or in infection with mutant
HBV strains, which are undetectable by
reagents [11, 14].

The introduction of PCR testing for
HBV DNA has shown that this marker
is detectable only in a small proportion
of HBsAg-negative donors worldwide.
The detection of virus DNA depends
on regional infection prevalence. Do-
nors with LHBV and mutant HBV strains
can only be identified through anti-HB-
core testing, about 50% of whom also
test positive for anti-HBs [5]. Therefore,
blood screening for anti-HBcore is nec-
essary to ensure transfusion safety. Fol-
lowing the implementation of this new
approach, no proven cases of trans-
fusion-related HBV transmission have
been recorded [11].

Thus, continuous research and devel-
opment of methods for detecting anti-HB-
core in donors remains highly relevant
[11, 2].

Objective of the study: To assess
the prevalence of anti-HBcore antibodies
among donors in the Republic of Sakha
(Yakutia).

Materials and methods. The study
material comprised blood donations

made at the Blood Transfusion Station of
the Republic of Sakha (Yakutia) in 2021—
2024. In total, 59,456 donations were
analysed, including 616 samples tested
for anti-HBcore.The results interpretation
included the analysis of the following: en-
zyme-linked immunosorbent assay (ELI-
SA), chemiluminescent immunoassay,
Architect HBsAg Qualitative I, Architect
Anti-HBc Il Reagent Kit, and polymerase
chain reaction (PCR). Statistical analysis
was conducted using IBM SPSS Statis-
tics v26. Descriptive statistics and Pear-
son’s x? test were applied, with signifi-
cance set at p < 0.05.

Results and discussion. During the
study period of 2021 to 2024, 59,456 do-
nations were collected and presented by
gender on Table 1. This gender analysis
demonstrates that male donations are
significant and represent 68,5% of the
total amount of donations between 2021
and 2024.

Yakutia is distinguished by a predom-
inance of male donors (68.5%), com-
pared with the donors of other regions
with the following male representation:
Khabarovsk krai - 53.91%, Sakhalin
Region - 55.93% and the Republic of
Dagestan - 56.2.0% [5].
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There were 616 blood donor samples
collected with uncertain results from re-
curring immunological tests for hepatitis
B virus markers, and this accounted for
1.04% out of those 59,456 of total dona-
tions. All of them were included into the
study to reveal the antibodies to hepati-
tis B core antigen. Male donations rep-
resented 64,3%, whilst female ones -
35.7%, which differed significantly from
the overall gender distribution of all dona-
tions (Table 2).

The analysis of the frequency of the
antibodies to the hepatitis B virus core
antigen (anti-HBcore) in donor samples
revealed the following: in 2022 there was
a remarkable difference between male
donations (14.8%) and female donations
(26.0%), and 17.6% and 22.2% respec-
tively in 2023 However, during the entire
study period the overall detection rate of
anti-HBcore was 26.3% (considering an-
ti-HBcore positive was detected in 162
out of 616 blood samples), with no sta-
tistically significant gender-based differ-
ence (25.3% in men vs. 28.2% in women;
p = 0.912) (Table 3). These numbers not
only exceed the average across regions
in the Far East Federal district, but also in

the entire Russia [1, 5].
Table 1

Donation distribution by gender (absolute number in %)

D d Year
OnOT BenCer 021 2022 2023 2024 Total
Male 9737 (67) | 10073 (68.6) | 10 288 (69.4) | 10 659 (69.2) | 40 757 (68.5)
Female 4800 (33) | 4620 (31.4) | 4535(30.6) | 4744 (30.8) | 18 699 (31.5)
Total 14 537 14 693 14 823 15403 59 456
Table 2
Number of anti-HBcore tests by gender (absolute number in %)
Donor Year
Total
gender 2021 2022 2023 2024
Male 27 (64.3) 81(61.8) 102 (61.8) 186 (66.9) 396 (64.3)
Female 15 (35.7) 50 (38.2) 63 (38.2) 92 (33.1) 220 (35.7)
Total 42 131 165 278 616

Table 3

Frequency of anti-HBcore detection by gender (absolute number in %)

Gender 2021 2022 2023 2024 General p-value
Male 25(92.6) | 12(14.8) | 18(17.6) | 45(24.2) | 100 (25.3) 0.912%
Female 14(93.3) | 13(26.0) | 14(22.2) | 21(22.8) | 62(28.2)
Total 39(92.9) | 25(19.1) | 32(19.4) | 66(23.7) | 162 (26.3)

NB: *- y? Pearson’s criteria
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Screening tests conducted as part of
a research project, approved by the Eth-
ics Committee of the National Medical
Research Center for Hematology of the
Ministry of Health of Russia (2019), re-
vealed anti-HBcore in 21.6% of donors in
the Republic of Sakha (Yakutia) [1].

Further analysis examined the distri-
bution of the anti-HBcore positive donors
based age groups (Table 4). In the group
aged younger than 20 years, the anti-HB-
core was not detected. The lowest prev-
alence was observed in the 21-30 age
group, representing 3.8% and likely due
to the mass immunisation program initiat-
ed in the Republic of Sakha (Yakutia) in
2005 (Figure). In the group age of 31-40
years the prevalence of anti-HBcore was
20.3% The highest proportion of positive
anti-HBcore cases was observed among
donors aged 41-50 years and over 50
years (58.8% and 41.0% respective-
ly), with the latter two groups being the
highest. Similar results were found in
other studies conducted in the Russian
Federation, where the highest frequency
of anti-HBcore detection was registered
in the age group of 50 years and old-
er (23.39%), the lowest was in the age
group of 21-30 years old (3.37%), whilst
31-40 years old was at 11.49%, and 41-
50 years old at 22.48% [4, 1]. Thus, the
donor age was found to be one of the
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main factors influencing the frequency of
anti-HBcore detection.

Simultaneously, along with determin-
ing the antibodies to Hepatitis B Virus
Core Antigen (anti-HBcore), the struc-
ture of discarded donor blood was stud-
ied. Those donations were rejected due
to hepatitis B and represented 45.3% -

90.1% of all cases where the blood was
discarded and associated with transfu-
sion-transmittable infections (TTI). The
discarded donor blood components due
to anti-HB core ranged between 23.3% -
42.7%. The absolute volume of discarded
donor blood increased from 39.5 liters in
2021 to 54.6 liters in 2024 (Table 5).

Table 4

Frequency of anti-HBcore detection based on donor age (number, %)

Anti-HBcore (n)
Age group Male, % Female, %,
(n, anti-HBcore posi’tive / tested) (n, anti-HBcore positive / tested) Total, % out of tested, (n)
<=20 0 (0/12) - 0(0/12)
21-30 5(7/141) 0 (0/42) 3.8(7/183)
31-40 21.2 (28/132) 18.6 (13/70) 20.3 (41/202)
41-50 64.2 (43/67) 53.6 (37/69) 58.8 (80/136)
>50 47.8 (22/46) 32.4 (12/37) 41.0 (34/83)
Total %
(anti-HBcore positive / tested) 25.3 (100/398) 28.2 (62/218) 26.3 (162/616)

Table 5

Discarded blood due to transfusion - transmissible infections (TTIs)

Year Total discarded due to TTIs Discarded due to hepatitis B Discarded due to anti-HBcore
(HBV, HCV, HIV, Syphilis), liters (liters, % of total discarded) (liters, % of total discarded)

2021 39.5 35.6/90.1 12.2/30.9

2022 34.2 15.5/45.3 8.0/23.3

2023 34.5 19.5/56.5 11.6/33.6

2024 54.6 28.5/52.1 23.3/42.7




The results of the study of the anti-HB-
core and also the detection of the Hep-
atitis B virus in 90.1% discarded donor
blood is the evidence of high morbidity
of chronic Hepatitis B virus among the
population. The most obvious reasons
for the rise of the discarded donor blood
from 39 liters to 54 liters in 2024 are: 1)
an increase in the amount of donations
and blood cells and 2) predominancy of
donors aged 35 years and above.

Based on the above, it is confirmed that
in the Sakha Republic (Yakutia) there is a
detrimental situation regarding hepatitis B
virus among individuals over 30 years old.

Conclusion. As the findings indicate,
we can conclude that in order to support
and enhance viral safe transfusion it is
advisable to prioritise blood collection
from younger donors (under 35 years),
who are protected by the mass HBV im-
munization program. This measure would
significantly reduce the volume of dis-
carded blood due to HBV.

To prevent HBV transmission during
hematransfusions and minimize the risk
of post-transfusion complications, routine
anti-HBcore testing at every donation
made by the age group of over 30-35
years old is recommended.

In future, it is suggested to expand
the research on the detection of the an-
ti-HBcore among donors of diverse eth-
nic backgrounds and examine the possi-
ble association with erythrocyte antigen
group affiliation. These studies will have
important scientific and practical implica-
tions for ensuring virologically safe and
immunologically compatible transfusions.

The authors declare no confiict of in-
terest.
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The mining industry is one of the key industries for the economy of Russia and the Republic of Bashkortostan. However, despite its significant
contribution to economic development, this sector is characterized by a high level of industrial injuries. In this article, we will consider the main
causes of injuries, statistical data, and measures to reduce them.

According to statistics, the main causes of injuries in the mining industry are: violation of safety rules, faulty equipment, low level of production
control, insufficient training of workers, poor working conditions, lack of personal and collective protective equipment, and the human factor.

Industrial injuries in the mining industry of Russia and the Republic of Bashkortostan remain a serious problem that requires attention from
both employers and government agencies. Taking effective measures to improve working conditions, train workers, and monitor compliance with
occupational safety standards can significantly reduce the number of accidents at work and improve overall safety in the industry.
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Introduction. The mining industry is
a key component of the Russian econ-
omy, encompassing the extraction of
coal, precious metals, rare earth ele-
ments, and natural stones. In Russia, as
in other countries with developed mining
industries, this sector has a significant
impact on technological progress, living
standards, and generally accepted stan-
dards. Without mining, many industries,
including construction, electronics, and
many others, would be impossible.

The mining industry encompasses all
stages of deposit development—from
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prospecting and exploration to extraction
and processing. Despite the innovative
technologies and equipment used, min-
ing enterprises pose a high risk of harm
to worker health, due to the specific na-
ture of their production.

Over the past 10 years, the propor-
tion of workers working in hazardous and
harmful conditions at copper-zinc ore
mining enterprises has ranged from 40%
to 71.9%. These are extremely alarming
statistics, especially considering that in
underground ore mining units, this fig-
ure reached 100% [1-3, 6]. A high rate
of occupational injuries, including group
accidents and fatalities, is a direct conse-
quence of harmful and hazardous work-
ing conditions. Therefore, the analysis of
occupational injuries at mining enterpris-
es is of paramount importance [7].

Given the development trends of the
industry, as well as its specific character-
istics at the national and industry levels,
it is necessary to implement scientific
and methodological foundations for risk
management. One of the key aspects
and relevant areas for further research is
an objective assessment of working con-
ditions and safety systems at production
facilities.

Research Materials and Methods.
This study analyzed statistical annual re-
ports from Rostekhnadzor and the Feder-
al State Statistics Service for 2013-2023
on accidents and injuries in the mining
industry. Statistical data processing was
performed in Microsoft Excel. Descriptive
statistics were used to analyze the data
obtained.

Results and Discussion. Hazardous
production facilities in the mining indus-
try include underground mines (shafts),
quarries, processing plants, crushing and
screening plants, sintering plants, and
subsoil use facilities for purposes unre-
lated to mineral extraction.

According to official data from the Fed-
eral State Statistics Service, 30 to 35%
of workers in the Russian mining industry
perform heavy work and work in hazard-
ous and harmful conditions, under con-
ditions of elevated levels of the following
factors: chemicals, aerosols (primarily
fibrogenic), noise, vibration, insufficient
lighting, microclimate, and the severity
and intensity of the work process.

The proportion of workers in the Re-
public of Bashkortostan mining industry
engaged in hazardous working condi-
tions during the period under review was
44.5-43.0%, ranking first among all types
of economic activity [4].

In recent decades, the number of
accidents at Russian mining sites has
declined, despite an increase in rock
extraction volumes by 169 million m3.
This is possibly due to a reduction in the
number of workers in this industry by
197,780,000.

Over the past 10 years, accident
rates have more than halved across
the constituent entities of the Russian
Federation. In 2014, the number of ac-
cidents peaked at 58, and in 2023, it
dropped to 28 (Figure 1). A total of 499
accidents occurred during the period
under review. In the Republic of Bash-
kortostan, there were no accidents at



enterprises in this industry during the
period under review.

The number of fatal occupational inju-
ries from 2013 to 2023 decreased from
7 to 3 (in the Republic of Bashkortostan,
from 5 to 2 cases, respectively) (Figure 2).

Having examined the distribution of in-
cidents and fatalities in the Russian min-
ing industry from 2013 to 2023 (Table 1),
it can be concluded that in a number of
situations, fatal injuries were not related
to natural disasters. Based on this, it can
be argued that the human factor plays
a significant role in the occurrence of
life-threatening crises.

In practice, the most common trau-
matic factors are falls from heights, in-
juries caused by moving machinery, and
incidents related to rock falls (Table 1).
These circumstances often lead to seri-
ous consequences not only for the health
of workers but also for overall production
efficiency.

The distribution of accidents by trau-
matic factors in the mining industry is an
important aspect of industrial safety and
occupational health analysis. In the com-
plex technological environment typical of
this industry, accidents can occur for var-
ious reasons.

As can be seen from the data pre-
sented (Table 2), insufficient control over
production processes was the primary
cause of the greatest number of injuries
due to inadequate control over produc-
tion processes was the primary cause of
the largest number of injuries. These inju-
ries resulted from untimely inspections of
mining equipment, improper organization
of work areas, the absence of protective
structures at mine workings, poor coor-
dination among personnel, and the fail-
ure to start vehicles during maintenance
work. Violations of work procedures,
such as deviations from design solutions,
technical standards, and work permits,
are also a primary cause of accidents.
Failure to comply with work regulations
and discipline, including arriving at work
intoxicated, also has a significant impact.
Insufficient knowledge of safety rules and
regulations, in particular, allowing individ-
uals without the necessary training and
instruction to enter hazardous areas, has
caused between 2% and 7% of worker
deaths over the years.

According to the Department for Tech-
nological and Environmental Supervision
of the Federal Service for Environmental,
Technological and Nuclear Supervision in
the Republic of Bashkortostan, industrial
injuries at mining enterprises in Bashkor-
tostan are due to severe equipment dete-
rioration—70-80%. To improve safety at
these enterprises, it is essential to ensure
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a sufficient supply of serviceable equip-
ment, and equipment that has reached its
standard service life must undergo timely
inspections. Furthermore, given the spe-
cific nature of their operations, mining en-
terprises in the region are particularly in
need of qualified specialists, whose com-

petence is crucial for resolving issues
related to industrial safety and subsoil
protection.

According to statistics, the majority
of fatalities occurred as a result of the
operation of load-haul-dump machines
(LHDs) in underground mining opera-

Table 1

Distribution of accidents by injury factors in the mining industry for 2013-2023
in the Russian Federation, number [4]
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Table 2

Distribution of causes of accidents and incidents in the mining industry for 2013-2023
in the Russian Federation, % [4]

Causes of the accident
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tions and conveyors at crushing and pro-
cessing plants. The primary cause of fatal
accidents involving LHDs and conveyors
was poor production control—10 of the
17 incidents investigated (59%). In the
case of LHDs, this was due to a lack of
safety oversight by technical supervision,
poor workplace conditions, poor visibility
and lighting, the use of faulty equipment,
and the presence of people in hazardous
areas. Regarding conveyors, the main
problems were the lack of collective safe-
ty equipment (rotating and moving parts
were not guarded), the absence of shut-
off devices to stop the conveyor in the
event of belt slippage, the performance
of production operations in the conveyor
operating area, and the start-up of equip-
ment without warning signals.

Conclusion. Injuries in the mining
industry are caused by a variety of fac-
tors, including mechanical, chemical, and
physical impacts. To reduce the risk of in-
jury, it is necessary to implement modern
safety technologies and strictly adhere to
occupational health and safety standards
at all stages of production.

Industrial control in the mining industry
plays a key role in ensuring occupational

safety and environmental protection. It is
a system of measures aimed at monitor-
ing and managing technological process-
es, which helps minimize risks and in-
crease production efficiency. Fundamen-
tal aspects of control include continuous
measurement of parameters, analysis of
the obtained data, and the implementa-
tion of modern technologies.

A key element of industrial control is
the development and implementation
of standards regulating production pro-
cesses, which clearly define employee
responsibilities and ensure compliance
with safety regulations. Furthermore, reg-
ular audits and inspections help identify
deviations from established procedures
and prevent emergencies.

The introduction of new technologies,
such as process automation, sensors,
and monitoring systems, significantly im-
proves the accuracy of control and the
speed of response to unforeseen situa-
tions. Thus, effective industrial control is
not only a safety tool, but also a key fac-
tor in increasing the competitiveness of
mining companies in the global market.

The authors declare no confiict of in-
terest.
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EVALUATION OF THE APPLICABILITY

OF NONPARAMETRIC REGRESSION
MATHEMATICAL MODELS FOR ASSESSING
CAUSE-AND-EFFECT RELATIONSHIPS
BETWEEN DRINKING WATER QUALITY
AND POPULATION MORBIDITY

Introduction. The health of the population depends on the chemical composition of water
used for domestic and drinking purposes. The chemical composition of consumed drinking water
can have a negative impact on various human organ systems. There are sanitary and hygienic
standards for maximum permissible concentrations (MPC) of chemicals in drinking water, which
can be used to determine its safety. To study the degree of influence of the chemical composition
of drinking water on public health, it is necessary to identify causal relationships between water
quality and specific disease nosologies in the population. There is also a need to find the optimal
statistical and mathematical model and to compare different models.

Objective. To assess the applicability of regression models for establishing a relationship
between drinking water quality (water samples non-compliant in chemical indicators) and popu-
lation morbidity.

Materials. Open data from social-hygienic monitoring over an 11-year period (2013-2023) for
the Republic of Bashkortostan.

Methods. Correlation analysis (Spearman's) and three regression models robust to small
samples and outliers: robust regression, polynomial regression, and Theil-Sen regression.

Results. Statistically significant relationships were identified between poor-quality water in
terms of chemical indicators and the following diseases: angina pectoris, diseases of the circula-
tory system, and diseases of the musculoskeletal system. For many other diseases (congenital
anomalies, respiratory diseases, diabetes mellitus, neoplasms, etc.), no significant relationship
with water quality was found within this model.

Discussion. The results partially agree with literature data (e.g., the influence of hard water
on the cardiovascular system, strontium on the musculoskeletal system). The main limitation
is the small sample size (only 11 data points - by year), which reduces the study's power. The
model is generalized and does not account for specific chemicals and their concentrations (e.g.,
hardness, nitrates, iron) that are prevalent in the region. Morbidity is also influenced by other fac-
tors (lifestyle, environmental conditions, socio-economic factors) not accounted for in the model.

Conclusion. Potential causal relationships were found between poor-quality drinking water
and the incidence of angina pectoris, other diseases of the circulatory system, and possibly
diseases of the musculoskeletal system in the Republic of Bashkortostan. Further research with
larger datasets, analysis of specific pollutants, and consideration of additional risk factors is
needed to confirm these links. Enhanced monitoring of both the chemical composition of water
and population morbidity is necessary for implementing targeted measures to improve the situ-
ation.

Keywords: drinking water, mathematical model, regression, causal relationship, morbidity,
public health monitoring (SGM).
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Introduction. Providing the popu-
lation with high-quality drinking water
is a significant challenge. Although
access to quality drinking water is in-
creasing, a portion of the population
still receives water of unsatisfactory
quality from centralized water supply
systems. According to Rospotreb-

nadzor, cases of morbidity associated
with the consumption of poor-quality
drinking water have been registered in
the Russian Federation. The chemical
composition of drinking water can af-
fect the gastrointestinal tract, genito-
urinary and musculoskeletal systems,
among others [27].
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Within the framework of the global sus-
tainable development goals set for 2030,
one of the key tasks is to ensure univer-
sal and equitable access to safe and af-
fordable drinking water for all inhabitants
of the planet. In Russia, the regulation of
drinking water quality is particularly im-
portant, as it directly affects the health
and quality of life of the population. In this
context, state initiatives and measures to
control and improve water supply quality
become a priority, aimed at creating con-
ditions for sustainable development and
the well-being of citizens [14, 18].

The chemical composition of drinking
water is one of the factors affecting public
health, both in terms of general morbid-
ity and specific disease nosologies. The
most common diseases associated with
the consumption of poor-quality drinking
water are considered to be diseases of
the genitourinary, digestive, musculo-
skeletal, and cardiovascular systems.
Exceeding hygienic standards for cer-
tain chemicals can negatively affect the
health of both adult and child populations
[1,5,6,9,10, 12, 16, 23, 26].

The list of controlled chemical sub-
stances in drinking water includes about
70 chemicals, but it is also necessary to
consider that water should be physiolog-
ically complete for human health. The list
of sanitary-chemical indicators of drink-
ing water that significantly affect public
health includes chemicals of both natural
and artificial origin [3, 17, 25].

Establishing cause-and-effect rela-
tionships between the health status of the
population and the influence of environ-
mental factors is the basis of social-hy-
gienic monitoring (SGM). This system
ensures continuous observation and as-
sessment of environmental factors, as
well as forecasting potential adverse con-
sequences. Based on the data obtained,
decisions are made aimed at reducing
risks to public health [28].

Research Objective. To assess the
applicability of regression models for
evaluating causal relationships between
drinking water quality and population
morbidity.

Materials and Methods. Data from
open sources were used as materials.
Morbidity rates per 1000 population of
the Republic of Bashkortostan were
taken from statistical collections, and in-
formation on drinking water quality was
obtained from the annual state reports of
the UPRNRB.

Morbidity categories per 1000 popu-
lation included: neoplasms, diseases of
the endocrine system (including diabe-
tes mellitus), diseases of the blood and
blood-forming organs and certain disor-

ders involving the immune mechanism
(including anemias), diseases of the ner-
vous system, diseases of the circulatory
system (including diseases characterized
by elevated blood pressure, ischemic
heart disease, including angina pecto-
ris and myocardial infarction), diseases
of the respiratory and digestive organs
(including gastric and duodenal ulcers),
diseases of the skin and subcutaneous
tissue, as well as diseases of the muscu-
loskeletal system and connective tissue.

The analyzed factors influencing popu-
lation morbidity were selected as the pro-
portions of drinking water samples from
non-centralized and centralized (distribu-
tion network) water supply systems that
did not comply with sanitary-chemical
standards (Figure 1).

The sample covered an 11-year period
from 2013-2023. The average proportion
of non-compliant samples for hardness
was 26.7%; the average proportion of
non-centralized water supply samples
non-compliant for sanitary-chemical in-
dicators was 26.8%; the average propor-
tion of non-centralized water supply sam-
ples for the rural population non-compli-
ant for sanitary-chemical indicators was
26.8%; the average proportion of sam-
ples from centralized water supply sys-
tems non-compliant for sanitary-chemical
indicators was 12.9%.

Average morbidity rates over the 11-
year period according to state statistics
(per 1000 population) were: neoplasms
— 42.6; Diseases of the endocrine sys-
tem, nutritional and metabolic disorders
— 67.5; Diabetes mellitus — 29.9; Dis-
eases of the blood and blood-forming
organs and certain disorders involving
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the immune mechanism — 24.4; Anemias
— 23.2; Diseases of the nervous system
— 128; Diseases of the eye and adnexa
— 110.25; Diseases of the ear and mas-
toid process — 45.86; Diseases of the cir-
culatory system — 286.6; Elevated blood
pressure — 128.9%; Ischemic heart dis-
ease — 62.4%; Acute myocardial infarc-
tion — 1.22%; Angina pectoris — 18.31%;
Diseases of the respiratory organs; Dis-
eases of the digestive organs — 166.38%);
Gastric and duodenal ulcers — 7.05%;
Diseases of the genitourinary system;
Diseases of the skin and subcutaneous
tissue — 69.8%; Diseases of the muscu-
loskeletal system — 146.7%; Congenital
anomalies — 6.53%. The statistical col-
lections provided general morbidity rates
per 1000 population without specifying
ICD codes.

Spearman's correlation and three re-
gression models were used as statistical
methods: robust regression, polynomial
regression, and Theil-Sen Regression.
The choice of these methods is justified
by the fact that non-parametric methods
are robust to non-normal distribution, out-
liers, and small sample sizes.

Spearman's correlation calculation
and correlation matrix construction were
performed in the JASP statistical pro-
gram, and regression model construction
was done in Python using libraries such
as pandas, numpy, scipy.stats, sklearn,
etc.

Results. The results of the correlation
analysis (Table 1) indicate a significant
relationship between the proportion of
non-compliant drinking water samples
and population morbidity. The most pro-
nounced relationships are with diseases
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Proportion of drinking water samples non-compliant with sanitary-chemical standards
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Table 1

Spearman's correlation between the proportion of non-compliant drinking water samples
by sanitary-chemical indicators and morbidity per 1000 population

Proportion of non-compliant water samples
(according to UPRNRB data)

Morbidity category per 1000 population
(according to Bashstat data)

Spearman's Correlation Result

Proportion of non-standard samples Congenital anomalies (malformations), r=0.59
by hardness, % deformations and chromosomal disorders p-value =0.029
) . . r=0.55
Proportion of water samples from Diseases of the respiratory organs p-value =0.044
non-centralized water supply non-compliant =053
itary-chemical indicators, 9 i ; =0.
by sanitary-chemical indicators, % Angina pectoris p-value =0.047
. r=0.71
Diseases of the musculoskeletal system p-value =0.007
Diseases of the respiratory organs p_Vali:S'gg 016
. . r=0.76
Angina pectoris p-value =0.003
Proportion of water samples from the centralized =0.64
water supply distribution network non-compliant | Diseases characterized by elevated blood pressure p-value ~0.017
by sanitary-chemical indicators, % "y .
Diseases of the circulatory system p-VaEe ':g 011
Diseases of the endocrine system, nutritional and r=0.60
metabolic disorders p-value =0.026
r=0.59

Diabetes mellitus

p-value =0.028

Table 2

Regression Models for Establishing Causal Relationships between Drinking Water Quality and Population Morbidity

Variables Regression/Significance

Dependent Variable Independent Variable Rgg(;glssiton Il){oelgrrgrs?gﬂ ggg?éﬁfo% Significance
Congenital Anomalies Hard Water Samples 0.0112 [0'_(())’. 80%%2’ 0.0208 (al;ll()ttlliie%nririlﬁgs::lts)
Angina Pectoris Incidence Non-Centralized Supply Samples | 0.1914 [0'_(())’. (())056(% L, 0.2252 (Robusﬁiiggi%?lrétﬂ-Sen)
Respiratory Diseases Non-Centralized Supply Samples | 1.7916 [0?612317 69]36’ 3.3431 (g\lll(ithiiagenrirfli(fgglts)
Angina Pectoris Incidence Non-Centralized Supply Samples |  0.6475 [0'_%’. g 526%)?1’ 0.6149 (Robusstiiﬁi?%?g[il-Sen)
Circulatory System Discases Distribution Network Samples 5.1629 [O'?i "Eggfs’ 5.2005 (Robusstiiﬁgi%%ggl-Sen)
Elevated Blood Pressure Distribution Network Samples 2.9351 [0?615310 56]14’ 3.3820 (ﬂott};é%nfgggs)
Musculoskeletal System Diseases | Distribution Network Samples 1.1405 [0_’01.2'934666]7’ 1.0695 (Robus tS li{ggfecsz?én only)
Respiratory Diseases Distribution Network Samples 10.4147 [O_’ 15g8()5§)5] 1, 8.9512 (;ﬁq[thi;genrifsgglts)
Diabetes Mellitus Distribution Network Samples | 0.5689 [(.)6.10'2%]7 - | 0.8297 (E"t‘hi%“éfgggfs)
Endosne utiond | pisviuson Nework samples | 05676 | 5 | gons0 | Mot
Elevated Blood Pressure Distribution Network Samples 2.9351 [0:01.2'901651]4’ 3.3820 e signlilil’lggélltsgall iirss
Angina Pectoris Incidence Distribution Network Samples 0.6475 [(_)62()§g(9)]1 > 0.6150 S}i{gélgiicsz?érglz?ﬁ;;t
Circulatory System Diseases Distribution Network 5.1629 [0_’ 13. Z'738%7]3’ 5.2005 SIi{gengiflecs?il(t)S({)ng;)St
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of the cardiovascular system, respiratory
system, and musculoskeletal system.

For further analysis of the causal re-
lationship, pairs of variables with posi-
tive satisfactory Spearman correlation
coefficients from Table 1 were selected,
and regression analysis was conducted.
Three types of regression models were
chosen (Table 2): robust, polynomial, and
Theil-Sen Regression. These methods
are robust to outliers, small sample sizes,
and non-normal distribution.

Based on the statistical data process-
ing [19, 20], conclusions can be drawn
and it can be suggested that:

° A significant relationship is ob-
served (according to robust regression
and Theil-Sen Regression) in the case of
drinking water samples from non-central-
ized water supply and angina pectoris.
This indicates a possible influence of wa-
ter quality from non-centralized sources
on the incidence of angina pectoris.

° A significant relationship was
found (according to robust regression
and Theil-Sen Regression) in the case
of samples from the distribution network
and angina pectoris. This may indicate
the influence of water quality from the
distribution network on the risk of devel-
oping angina pectoris.

° A significant relationship was
identified (according to robust regression
and Theil-Sen Regression) in the case
of samples from the distribution network
and diseases of the circulatory system.
This suggests that water quality in the
distribution network may influence the
incidence of circulatory system diseases.

° A significant relationship was
found (only according to robust regres-
sion) between samples from the distri-
bution network and diseases of the mus-
culoskeletal system. This may indicate
a weak link between water quality and
musculoskeletal diseases, but additional
data are needed for confirmation.

For congenital anomalies, diseases
of the respiratory organs, elevated blood
pressure, diabetes mellitus, diseases of
the endocrine system, and other diseas-
es, no significant relationship with water
samples was found. This may mean that
water quality is not a primary risk factor
for these diseases in this study.

Discussion. The mathematical model
is generalized; the chemical composition
of drinking water is diverse, and it is nec-
essary to account for the maximum per-
missible concentrations (MPCs) of chem-
icals and the degree of their influence on
human organ systems. The model also
presents a general indicator of oncolog-
ical morbidity without localization. For
example, according to literature sources,

long-term consumption of drinking wa-
ter with high nitrate content is known to
cause malignant neoplasms in the gen-
itourinary system [21]. Our calculations
did not find a link between drinking water
and malignant neoplasms from the gen-
eralized data, but a causal relationship
was found between drinking water and
diseases of the cardiovascular and mus-
culoskeletal systems.

The research results are supported by
literature data. Foreign literature sources
contain information on the influence of
hard water (calcium and magnesium) on
the incidence of cardiovascular diseases
[29, 30, 31, 33]. Itis known that the water
in the Republic of Bashkortostan is quite
hard, but our model did not detect a sta-
tistically significant link from the general-
ized data. To establish a connection, it is
necessary to study several districts with
exceeding hardness indicators and the
dynamics of cardiovascular diseases. Lit-
erature data also confirm the relationship
between the consumption of poor-qual-
ity drinking water and diseases of the
musculoskeletal system. It is known that
strontium in drinking water negatively
affects the development of the muscu-
loskeletal system, particularly in children
[4, 24, 32]. In addition to musculoskeletal
morbidity, literary sources present stud-
ies on the influence of the mineral com-
position of drinking water on the dental
morbidity of the child population [22].

The problem of assessing the hygien-
ic safety of water is exacerbated by the
insufficient reliability of the maximum per-
missible concentrations (MPCs) of some
chemicals. For example, the MPCs for
lead, perchlorates, molybdenum, arse-
nic, and acrylonitrile do not always pro-
vide sufficient protection. In particular,
the MPC for arsenic is not sufficiently
reliable for women's reproductive health.
Furthermore, the MPCs for molybdenum,
antimony, perchlorates, nitrates, fluoride,
cyanides, dimethylamine, and phthalates
do not provide adequate protection for
children. These shortcomings highlight
the need to revise and refine existing
standards to ensure a more reliable as-
sessment of the hygienic safety of water
[8, 15].

According to Rospotrebnadzor data
for 2023 (Figure 1), 98.435% of the pop-
ulation is supplied with drinking water
from centralized systems; an increase
in drinking water samples non-compliant
for sanitary-chemical indicators is noted.
Drinking water does not meet standards
for indicators such as "Turbidity," "Total
Hardness," "Total Mineralization," "lron,"
"Manganese," "Nitrates," "Sulfates,"
"Lithium," "Strontium" [20].

Conclusion. The study is a mathe-
matical model; the smaller the sample
size, the lower the study's power. The
sample size significantly affects the accu-
racy of calculations. In our case, the sam-
ple consisted of an 11-year period.

Statistically significant causal rela-
tionships are observed between drinking
water samples from non-centralized and
centralized water supplies, non-compli-
ant for sanitary-chemical indicators, and
some diseases of the cardiovascular
system, as well as the musculoskeletal
system. This may indicate a potential
influence of water contaminants on the
cardiovascular and musculoskeletal sys-
tems. For other diseases, no significant
link was found, which may indicate the ab-
sence of water quality influence on these
diseases within the scope of this study.

To confirm the causal relationship,
additional research is needed, including
analysis of specific chemicals in drinking
water and their impact on public health,
as well as accounting for other factors
(e.g., socio-economic conditions, life-
style, etc.).

To reduce diseases associated with
the consumption of poor-quality drinking
water, monitoring of morbidity and the
chemical composition of drinking water is
necessary.

To manage the risks associated with
exposure to poor-quality drinking water
on public health, it is necessary to en-
hance the chemical monitoring system,
improve the regulatory framework and
water treatment technologies, and im-
plement zoning for areas with high envi-
ronmental risks within industrial and eco-
nomic zones.

The authors declare no confiict of in-
terest.
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ing for herpes zoster since 2019. In the structure of HVI, the largest share is occupied by chickenpox (88.8%) and the smallest - cytomegalovi-
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Introduction. Herpesvirus infections
(HVI) are becoming increasingly import-
ant in the structure of infectious patholo-
gy. The ongoing spread of the human im-
munodeficiency virus and SARS-CoV-2
contribute to the reactivation of herpes-
viruses and an increase in the number of
registered forms of HVI [4, 5, 9].

HVI is a widespread group of infec-
tions. It is believed that by the age of
18-20, more than 90% of people are in-
fected with one or more of the 8 known
types of human herpes viruses. This
article discusses four key infections
caused by viruses of the Herpesviridae
family: chickenpox, shingles, cytomeg-
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alovirus infection, and infectious mono-
nucleosis [7].

Among the HVIs, one of the most
frequently registered is chickenpox.
This nosology is characterized by a
high level of morbidity, uncontrollability
of the epidemic process and often the
development of severe complications
[1, 11].

A chronic recurrent form of chickenpox
is herpes zoster (HZ), which, in turn, is
characterized by widespread distribution
and prevalence among elderly patients;
in children and adolescents it is rare and
is associated with metabolic and tumor
disorders. The disease manifests itself in
various clinical stages with variable man-
ifestations, some of which increase the
risk of complications [7].

Unlike the previous diseases, cyto-
megalovirus infections are latent and op-
portunistic. In most cases, the infection is
asymptomatic or the symptoms are mild.
However, in vulnerable groups (immuno-

compromised patients and newborns),
the virus can replicate to high levels and
cause serious disease of target organs
[3, 10].

As for infections caused by the Ep-
stein-Barr virus (EBV), in childhood they
are usually mild or asymptomatic; in ad-
olescents and adults, primary EBV infec-
tions are usually characterized by infec-
tious mononucleosis (IM) [6, 12].

The aim of the study is to study the
trends in the epidemic process of key
herpesvirus infections in the Irkutsk re-
gion for 2014-2023.

Materials and methods of the
study. A retrospective epidemiological
analysis of the incidence of the main
herpesvirus infections was carried out
according to the reporting forms of the
Office of Rospotrebnadzor No. 2: chick-
enpox, cytomegalovirus infection, in-
fectious mononucleosis for 2014-2024
and herpes zoster for a 6-year period,
since the registration of cases of this

Table 1

Incidence of the total population of HVI in the Irkutsk region for 2014-2024
and forecast for 2025 (per 100 thousand, 95% CI)

HVI average long-term | average annual growth/ forecast indicator
indicator decrease rate (%) for 2025
chicken pox | 598,3 [588,5+608,0] -1,5 762,5 [629,4+895,6]
herpes zoster* 33,9 [31,6+36,3] +19,4 42,8 [36,9+48,7]
infectious |48 87117,0+20,5] +52 16,8 [11,921,7]
mononucleosis
CYlomegaOVIIUS| 5 3 [1,7:2,9] 0,7 5,0 [3.4+6,6]
Y HVI * 597,3 [587,5+607,1] +3.9 -

*2019-2024, the forecast is approximate due to the short dynamic series



nosology began in 2019. The struc-
ture of HVI was calculated based on
the sum of four nosological forms for
2019-2024; the forecast for 2025 was
calculated based on statistical analy-
sis of dynamic series of indicators (re-
gression equation, standard regression
error and forecast interval Ptm_) using
a polynomial trend of the second and
higher orders. The material was pro-
cessed using mathematical and statis-
tical methods using Windows applica-
tions (Microsoft Excel).

Results and discussion. The inci-
dence of HVI in the total population of the
Irkutsk region for the period under study
is characterized by very unstable dynam-
ics with different values of average annu-
al growth rates (Table 1) and a tendency
to increase in recent years (Fig. 1).

Forecast calculations indicate a con-
tinuing increase in the incidence of cyto-
megalovirus infection and chickenpox in
the total population of the Irkutsk region
(Fig. 1), although the latter has an aver-
age annual decline rate of 1.5%.

The largest number of registered cas-
es of HVI are varicella pox (VP), which
accounts for 88.8% of the total number
of cases. Children predominate in the
structure of cases - 94.3%. The epide-
miological manifestations of VP in the
region were previously presented [2]: an
increase in incidence in 2021-2022 with
a risk group of children under 6 years
of age, and an increase in the volume
of vaccination, against which the epide-
miological effectiveness of this measure
is not observed. The situation remains
unfavorable in 2024 (Fig. 2); the highest
incidence of morbidity is recorded among
children aged 3-6 years.

Herpes zoster accounted for 7.0% of
the total number of herpes zoster cases.
A clearly expressed upward trend was
also observed in the dynamics of her-
pes zoster incidence: over the 6-year
observation period, the incidence rate
increased more than 2-fold. The aver-
age long-term incidence rate (ALI) of
the total population was 33.9 per 100
thousand [31.6 + 36.3]. The ALI of adult
incidence was statistically significant-
ly 2.3 times higher than that of children
under 17: 39.2 [36.4 + 42.1] and 17.2
[13.8 + 20.6] per 100 thousand, respec-
tively. The incidence rates varied among
adults within the range of 22.1-57.2
per 100 thousand, and among children
13.6-25.6 per 100 thousand. Adults pre-
dominated in the structure of cases —
87.8%. However, cases of herpes zoster
were also observed in children, with the
highest proportion in the 7-14 age group
— 63.0%. Age-specific incidence rates
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Table 2

Average long-term indicators and average annual growth rates of HVI among children of different age groups in the Irkutsk region

for 2014-2024 (per 100 thousand, 95% CI; %)

VI long-term average, 95% CI / average annual growth/decrease rate, %
up to 1 year 1-2 years 3-6 years 7-14 years 15-17 years
chicken pox 1181.9 2829.3 5840.8 1176.7 490.7
p [1061.0-1302.9]/-0.5| [2701.7+2956.9]/+2.4 | [5716.8+5964.8]/-1.9 | [1134.5+1218.8]/-0.2 | [442.0-539.3]/-1.9
herpes zoster™ 36.3 165.9 114.7 38.1 35.5
P [15.0+57.6]/ +14.4 [134.6-197.2]/ +2.6 [96.8+132.6] / +3.5 [30.5+45.8]/+8.2 [22.4+48.6] / +12.2
infectious 43.7 19.0 5.1 1.2 0.6
mononucleosis | [20.3+67.1]/+8.2 [8.4+29.6] / -4.3 [1.3+8.9]/-6.4 [0.0+2.6]/-21.9 [0.0+2.4] /-
cytomegalovirus 2.6 5.9 10.3 22.8 22.3
infection [0.0+8.7]/ - [0.0+12.2]/+51.6 [4.8+15.7]1/+13.7 [17.1+28.5]1/+9.0 [12.2+32.5]/+15.7
*2019-2024

among children were unevenly distrib-
uted: risk groups are children aged 7-14
and 15-17: 22.8 [17.1+28.5] and 22.3
[12.2+32.5] per 100 thousand, respec-
tively — Table 2.

Infectious mononucleosis (IM) ac-
counts for 3.8% of the total number of
HVIs. The incidence of IM during the
observation period was without a clear-
ly defined trend; the rates varied from
a minimum in 2020 - 10.3 [9.0 + 11.6]
to a maximum in 2024 of 25.8 per 100
thousand [23.7 + 27.8]; the average inci-
dence rate of the total population is 18.8
per 100 thousand [17.0 + 20.5]. Adults
and children are involved in the epidem-
ic process of IM in a ratio of 1: 8.4. The
group of children aged 3-6 years pre-
vailed in the structure of cases (39.0%
of the total number of children or 34.8%
of the total number of cases). The inci-
dence rates of infectious mononucleo-
sis (per 100 thousand) were: in children
-71.2 [64.2 =+ 78.1]; in adults - 2.6 [1.9
+ 3.4]. The period of epidemiological un-
favorability for this infection was 2024,
when the highest level of MI incidence
was observed.

Cytomegalovirus infection (CMV) ac-
counts for only 0.4% of the total number
of HCV infections. The average long-term
incidence rate of CMV in the Irkutsk re-
gion was 2.3 [1.7 + 2.9] per 100 thou-
sand people. The incidence rate varied
significantly by year, the minimum inci-
dence rates were recorded from 2020 to
2021. Children prevailed in the structure,
among whom children under 2 years of
age predominated. The average inci-
dence rate of children was 6.8 [4.6 + 9.0],
adults - 1.0 [0.6 + 1.5] per 100 thousand
people.

An analysis of the incidence rates of
HVI infection in individual age groups of
children showed (Table 2) that the risk
group for CMV infection are children
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Fig. 3. Forecast of incidence rates of infectious mononucleosis and cytomegalovirus infection ir
risk groups of children in the Irkutsk region for 2025 (per 100 thousand)

under 1 year of age, and for infectious
mononucleosis, children aged 1-2 years.
A short-term forecast was calculated for
these age groups, according to which,
most likely, in 2025 for children aged 1 to
2 years, the incidence rate of infectious
mononucleosis is expected to be almost
the same as in 2024: 207.5+43.1 per 100
thousand, i.e. in the range from 164.4
to 250.7; and for cytomegalovirus infec-
tion, the incidence rate of children under
1 year will continue to increase - up to
95.8+27.6; i.e. the indicator will be in the
range from 68.2 to 123.5 per 100 thou-
sand (Fig. 3).

No clear cyclical pattern was observed
in the long-term dynamics of incidence in
the HVI group during the analyzed obser-
vation period. The sharp decline in rates
in 2020-2021 was associated with the im-
plementation of anti-epidemic measures
against the novel coronavirus infection
COVID-19 [8]. For certain HVIs (shingles,
infectious mononucleosis), the incidence
rate in 2023-2024 significantly exceed-
ed the previous period in the compared
groups — by 1.5-2 times, respectively.

The intra-annual dynamics of inci-
dence for the studied infections in the

region did not differ significantly from
published data [7]. For example, chicken-
pox was characterized by a pronounced
winter-spring seasonality. Cases of
shingles and infectious mononucleosis
were evenly distributed throughout the
calendar period, with the highest num-
ber of registered cases in the fall-winter
period. Isolated cases of CMV were re-
corded throughout the year without a pro-
nounced seasonal increase.
Conclusion. According to the results
of the analysis, the incidence of HVI in
the total population of the Irkutsk region
from 2014 to 2024 demonstrates unsta-
ble dynamics with an upward trend in
recent years, which raises serious con-
cerns in the field of public health. Children
predominate in the structure of cases of
all studied HVIs, excluding herpes zoster,
which is more often registered in adults.
Chickenpox remains the most common
infection, accounting for a significant pro-
portion of cases (89%), especially among
children (94%). Each age group of chil-
dren is a risk group with the highest aver-
age long-term rates for one of the HVIs:
children under 1 year old — for CMV; 1-2
years — for infectious mononucleosis; 3-6



years — for chickenpox, 7-14 and 15-17
years — for herpes zoster. Projections for
2025 indicate a further increase in the in-
cidence of chickenpox and cytomegalo-
virus infection (including in the risk group
of children under 1 year of age), which
emphasizes the need for active preven-
tive measures and monitoring to protect
vulnerable population groups.

Full-scale epidemiological surveil-
lance of HVIs (including recording the
absolute number of cases and incidence
rates, identifying risk factors and groups,
and implementing anti-epidemic and pre-
ventive measures) is only implemented
for officially registered HVIs. For HVIs
not subject to official registration and re-
porting, anti-epidemic measures are lim-
ited. Despite the availability of vaccines
against chickenpox and shingles, these
infections are considered "uncontrolla-
ble" by immunoprophylaxis.

Given the high prevalence of varicel-
la-zoster virus infections and the limita-
tions of specific preventive measures, it
is important to focus efforts on early de-
tection, isolation, and laboratory testing
of all patients with symptoms of herpes
infections. At the regional level, there is
an objective need to change the chicken-
pox vaccination strategy from selective to
routine, with a gradual expansion of the
cohorts eligible for vaccination.

Effective management and preven-
tion of these infections can significantly
reduce the incidence and improve the
overall health of the region's population.

The authors declare no conflict of
interest.
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SOCIAL DETERMINANTS OF BREAST
CANCER RISK AND LATE DIAGNOSIS:
A MEDICO-SOCIOLOGICAL STUDY

OF KHABAROVSK KRAI

This study analyzes the social determinants of breast cancer (BC) among the female population of the Khabarovsk Krai. The relevance of the
problem is determined by the complex influence of not only biomedical but also socioeconomic factors. An analysis of the studied cohort revealed
a characteristic clinical and demographic profile, which includes a predominance of patients from older age groups and a burdened somatic history.
The key conclusion of the work is that the effectiveness of measures to combat BC is significantly limited by structural, predominantly organiza-
tional, deficiencies within the healthcare system. Manifestations such as low accessibility and untimeliness of medical care, expressed in delays
in diagnosis and treatment, as well as insufficient follow-up care, exacerbate the existing social inequality in healthcare provision in the region.
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Introduction. Breast cancer remains
a critical medico-social problem, leading
in terms of oncological morbidity and
persisting as the primary cause of can-
cer-related mortality among the female
population worldwide [3]. The distribution
of the breast cancer burden is charac-
terized by significant heterogeneity, both
between countries and within them. Con-
temporary research indicates that this
disparity is determined predominantly
not by the biological characteristics of
the tumor, but rather by socioeconomic
factors and structural barriers within the
healthcare system [1]. Although the role
of modifiable lifestyle factors [12] and ge-
netic predisposition [6] in the pathogene-
sis of breast cancer is acknowledged, it
is the social determinants of health—in-
come level, education, and geographic
accessibility of medical care—that serve
as critical predictors of adverse disease
outcomes.

Within the framework of Russian sci-
entific discourse, the problem of breast
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cancer has traditionally been considered
through the prism of an organization-
al-clinical approach. This is reflected in
studies devoted to the reorganization of
healthcare services [7, 9], the improve-
ment of diagnostic algorithms [11, 10],
and the assessment of patients' quality of
life [2, 8]. However, a systemic analysis
of the impact of structural barriers and
social inequality factors on the regional
specifics of breast cancer epidemiolog-
ical indicators remains an understudied
area.

In this regard, reducing the burden of
breast cancer requires the implementa-
tion of a comprehensive approach that,
along with health promotion and the as-
sessment of genetic risks, must be fun-
damentally oriented towards minimizing
socio-economic disparities in access to
all components of the healthcare sys-
tem—from prevention and early detec-
tion to high-tech treatment and palliative
care. The necessity for a comprehensive
study of the social determinants of health
defines the relevance of this research.

Materials and Methods. The re-
search methodology was structured ac-
cording to a sequence of stages, implying
the comprehensive use of data collection
and analysis methods. The initial stage
involved an analysis of secondary data,
which included examining official statis-
tics from the P.A. Hertsen Moscow Oncol-
ogy Research Institute (for the Russian
Federation, the Far Eastern Federal Dis-
trict, and Khabarovsk Krai) [4, 5], along-
side federal statistical reporting forms
No. 7 and No. 12. The obtained statistical
trends formed the basis for conducting
a targeted sociological survey aimed at

their in-depth understanding through the
acquisition of relevant empirical data.

The main group consisted of women
with a verified diagnosis of breast cancer
(n=100) who received treatment at the
Khabarovsk Krai Regional Clinical Oncol-
ogy Center of the Ministry of Health. The
control group (n=100) comprised women
without oncological pathology, who were
employees of medical organizations in
the same region. Respondents were se-
lected using a simple random sampling
method. Data collection was carried out
from November 2024 to May 2025 us-
ing two specialized questionnaires, the
validity of which was confirmed by high
Cronbach's alpha coefficient values
(0.76-0.81). Statistical processing was
performed using the SPSS.10 statisti-
cal data analysis package, employing
descriptive statistics methods and the
non-parametric Mann-Whitney U test for
comparing independent groups; the sta-
tistical significance of differences was
determined at p<0.05. The study was ap-
proved by the ethics committee, and all
participants provided informed consent.

Discussion of Results. The dynam-
ics of key statistical indicators for breast
cancer (BC) in Russia from 2013 to 2023
are characterized by contradictory yet
overall positive trends. Despite a steady
increase in primary incidence (by 21.6%
over the decade), likely associated with
improved diagnostics, a substantial de-
crease in mortality—by almost 25%—has
been observed. The anomalous decline
in incidence during 2020-2023 is presum-
ably an artifact caused by disruptions in
the system of prophylactic medical check-
ups during the COVID-19 pandemic.



The cumulative lifetime risk of de-
veloping BC increased from 5.34% to
6.45%, reflecting both a real growth in
the threat and improved detection rates.
Progress in early diagnosis is confirmed
by a significant increase in the propor-
tion of BC cases detected at stages I-ll
(from 66.7% to 75.2%) and a concom-
itant decrease in the proportion of ad-
vanced cases. However, the persistently
high proportion of diagnoses estab-
lished at late stages (24.9% in 2023)
indicates unresolved systemic problems
in the organization of healthcare and the
timeliness of patients seeking medical
attention.

The epidemiological situation regard-
ing breast cancer in the Far Eastern
Federal District (FEFD) is characterized
by systemic under-detection. This is
masked by a formally low incidence rate
(475.7 per 100,000 population) but mani-
fested by a high mortality rate (12.19 per
100,000 population), suggesting frequent
diagnosis at late stages. The situation
is particularly critical in the Khabarovsk
Krai, where high primary incidence (65.61
per 100,000 population) and high mortali-
ty (14.11 per 100,000 population) point to
systemic challenges in the organization
of healthcare. Despite a five-year sur-
vival rate close to the national average
(66.2%), a low accumulation index for
registered patients (10.2) and high case
fatality rate (2.6%) confirm problems in
follow-up care and patient routing. This
dictates the necessity of prioritizing im-
provements in active case finding and
the accessibility of BC diagnostics in the
region.

Despite demonstrating higher treat-
ment outcomes than the national and
Far Eastern Federal District averages
(five-year survival rate - 66.5%, cancer
prevalence index - 11.4), the 20.2% in-
crease in primary morbidity recorded be-
tween 2018 and 2023 in the Khabarovsk

Territory represents an ambiguous
epidemiological indicator that masks
significant inter-territorial  disparities.

Sharp fluctuations in indicators across
municipalities, including the multi-year
absence of registered cases in some
districts and a sporadic surge in others,
point to systemic issues: unreliable sta-
tistics, chronic instability of cancer regis-
tration, patient migration, and an acute
shortage of medical personnel in periph-
eral areas.

A conducted sociological study and
subsequent analysis revealed key char-
acteristics of the sample of female cancer
patients compared to the control group.
Patients diagnosed with breast cancer
(Group 1) were significantly older than

women without oncopathology (Group Il),
as evidenced by the median age values:
51.5 years (interquartile range 25th—75th
percentile 46.3-67.0 years) versus 45.0
years (37.0-50.7 years), respectively
(p < 0.05). Analysis of the geographi-
cal distribution of participants showed
a similar pattern in both the main and
control groups: the majority (59.0+4.9%
and 60.0+4.8%, respectively) resided in
major regional cities (Khabarovsk, Kom-
somolsk-on-Amur), while the remainder
(41.0+4.9% and 40.0+4.8%) represented
urban settlements of municipal districts,
such as Vanino, Chegdomyn, and Niko-
laevsk-on-Amur, among others.

Despite a comparable proportion of
individuals with higher education in the
groups (66.0+4.7% and 63.01+4.8%, re-
spectively), their employment status
differed radically. In the control group,
it was one hundred percent, whereas
among patients with breast cancer, only
36.8+4.8% were employed; the rest were
distributed among the statuses of tem-
porary unemployment (24.2+4.2%), dis-
ability (24.0£4.2%), and being students
(15.0+3.5%). However, the questionnaire
data indicate a potential inaccuracy in
self-reported employment status in the
latter group.

Medical indicators also demonstrated
a substantial difference: the prevalence
of chronic diseases in Group | reached
50.0+£5.0%, significantly exceeding the
rate in the control group (11.0£3.1%).
Furthermore, in 60.0+4.8% of patients in
the main group, the duration of chronic
pathology exceeded five years. The dis-
tribution by stages of breast cancer at
the time of diagnosis in Group | was as
follows: Stage | — 21.0+4.0%, Stage |l
— 31.0%£4.6%, Stage lll — 38.0+4.8%,
Stage IV — 10.0£3.0%.

At the same time, parameters such as
a history of at least one pregnancy (100%
in both groups) and childbirth (70.0+4.0%
vs. 75.0+4.3%) showed no significant
difference (p > 0.05). The observed
trend towards a lower prevalence of
breastfeeding in the breast cancer group
(60.0+4.8% vs. 66.0+4.7%), in the ab-
sence of statistical significance, indicates
the need for further analysis of this pro-
tective factor. The unexpectedly low fre-
quency of hormonal contraceptive use in
the breast cancer group (61.0£4.8% vs.
100%) requires additional verification re-
garding its reliability. Thus, the obtained
results underscore the multicomponent
nature of breast cancer risk, with the
dominant role of endocrine and genetic
components.

The study results revealed statistical-
ly significant differences in a number of
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behavioral factors between women diag-
nosed with breast cancer and the control
group of healthy women.

Systemic discrepancies were ob-
served in the perception of working con-
ditions, where breast cancer patients
demonstrated a more critical assessment
(U=850, p<0.001): only 25.0+4.3% char-
acterized them as favorable compared
to 48.0+4.9% in the control group. Fur-
thermore, the vast majority of patients
(87.5£3.3%) considered work a factor
that worsened their health, whereas only
11.34£3.1% of healthy women shared this
view (p < 0.001).

A significant difference was record-
ed in the subjective assessment of in-
come level (U = 500, p < 0.001). While
81.0£3.9% of respondents in the con-
trol group reported a high income,
only 31.0+4.6% in the breast cancer
group gave a similar assessment, and
40.0+4.8% reported a low income. Par-
adoxically, despite the serious diagno-
sis, breast cancer patients subjectively
assessed their stress levels as lower (U
= 3352, p < 0.001): 41.0+4.9% reported
a low level versus 41.0+4.9% of healthy
women reporting a high level. However,
the structure of stressors differed rad-
ically: for women with breast cancer,
the main source was work (51.0£4.9%),
while for healthy women it was financial
issues (76.0+4.2%). This was accompa-
nied by a significantly higher level of con-
stant health anxiety among breast cancer
patients (59.0+4.9% vs. 34.024.7%; U =
3352, p <0.001).

The results of the statistical analysis
demonstrated a significant deterioration
in sleep quality in the group of patients
with breast cancer (BC) compared to
the control group (U = 2940, p < 0.001).
Specifically, 20.0 + 4.0% of respondents
in the study group rated their sleep as
low-quality, with none of the participants
selecting the highest rating on the five-
point scale. However, it should be noted
that, as additional analysis showed, the
identified differences may be partially at-
tributable to age disparities between the
compared groups.

Regarding eating behavior, the oppo-
site pattern was observed: the diet in the
BC patient group was more balanced,
and the attitude towards it was more pos-
itive (Me = 3.5, Mo = 4), whereas in the
control group, the ratings were statisti-
cally significantly lower and unanimous-
ly negative (Me = 1, Mo = 1; U = 1850,
p<0.001).

Concerning behavioral factors, no
significant differences were found in
the frequency of alcohol consumption
or smoking intensity among smokers
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(p>0.05). However, a significantly lower
reported prevalence of coffee consump-
tion was recorded among BC patients
(39.0£4.8% vs. 83.5 £ 3.7%; U = 20506,
p < 0.001), with no differences in the
amount consumed among consumers,
which may indicate a socially desirable
response bias. At the same time, BC pa-
tients demonstrated significantly higher
adherence to regular physical activity
(80.0 £ 4.0% vs. 28.0 + 4.4%; U = 2400,
p <0.001).

The most alarming differences were
identified in the realm of healthcare ac-
cessibility. Women with BC were signifi-
cantly less engaged in the system of dis-
pensary observation prior to diagnosis
(U = 4656, p < 0.001). They also faced
more substantial systemic barriers:
90.0+3.0% reported various obstacles
in obtaining care, and the hospitaliza-
tion process lasted more than a month
for 61.0 + 4.8%, with 20.0 + 4.0% wait-
ing from four to five months. No statis-
tically significant differences were found
between the groups regarding the diffi-
culty of scheduling an initial appointment
with a general practitioner (U = 4643, p =
0.3). However, scheduling specialized di-
agnostic procedures for BC patients was
associated with greater difficulties (U =
4260, p<0.05).

Thus, the experience of an oncological
disease shapes a distinct system of eval-
uations, shifting the focus of perceived
distress from financial difficulties and
general stress onto systemic problems:
the perceived threat from working condi-
tions and, most critically, the catastrophic
inaccessibility of timely and high-quali-
ty medical care, which exacerbates the
course of the disease and creates an at-
mosphere of constant struggle.

Conclusion

1. Despite a nationwide positive
trend of decreasing breast cancer mortal-
ity and improved early-stage diagnosis,
the situation in the Far Eastern Federal
District, and in particular, the Khabarovsk
Territory, remains challenging. The identi-
fied discrepancies between the relatively
low officially registered incidence, high
mortality, and problems with follow-up
care indicate systemic under-detection
and late diagnosis in the region. This
negates nationwide achievements and
necessitates the development of differen-
tiated approaches to organizing medical
care, taking into account geographical
and logistical specificities. The validity of
this conclusion is based on the consis-
tency of official statistics and epidemio-
logical patterns.

2. The conducted study revealed
a complex interplay of similarities and dif-

ferences in the medico-social character-
istics between women with breast cancer
and the control group in the Khabarovsk
Territory. While statistically significant dif-
ferences (p < 0.05) were found for age
(mean age in the breast cancer group
was 6.5 years higher), level of comorbid-
ity (50.0£5.0% vs. 11.0£3.1%), and so-
cioeconomic status (a significantly higher
percentage of unemployed individuals
was recorded in the breast cancer group),
the groups were comparable in terms of
education level and geographical distri-
bution. In both groups, the proportion of
residents living in large regional cities
was approximately 60.0+4.8%, indicating
homogeneity of the samples for this pa-
rameter.

3. The analysis revealed the
complex nature of behavioral and re-
productive risk factors for breast cancer.
Statistically significant differences (p <
0.05) confirm the key role of endocrine
background, manifested in a significantly
more frequent history of hormonal disor-
ders, irregular menstruation, and use of
hormone replacement therapy (HRT), as
well as a family history of the disease. At
the same time, factors such as smoking
and alcohol consumption did not demon-
strate a significant difference between
the groups; however, the high proportion
of evasive answers among breast can-
cer patients may indicate an underesti-
mation of their actual contribution. The
subjective perception of lifestyle appears
to be important: women with breast can-
cer were significantly more likely to rate
their working conditions as negative and
their income level as low. This, along
with identified dietary peculiarities and
increased adherence to physical activi-
ty after diagnosis, paints a multifaceted
picture of behavioral patterns associated
with the disease.

The obtained data, which are statisti-
cally significant (p < 0.05), indicate low
accessibility and timeliness of medical
care for female oncology patients. The
current situation is characterized by sig-
nificant obstacles in organizing follow-up
care (only 7.0£2.5% of patients visited
a doctor annually), widespread difficul-
ties in scheduling diagnostic procedures
(encountered by 90.0+3.0% of respon-
dents), and critically long waiting times
for hospitalization. For the majority of
patients (61.0+4.8%), inpatient treatment
began a month or more after it was pre-
scribed. These facts point to a profound
gap between the needs of patients and
the actual capabilities of the healthcare
system.

The authors declare no conflict of
interest.
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Malignant neoplasms of the reproductive system are the leading cause of cancer mortality
among women. Vascular endothelial growth factor (VEGF) is one of the most important factors
in the malignancy process, but association of its gene polymorphisms with the risk of developing
reproductive organ cancers remain contradictory. Polymorphisms in the VEGFA gene promoter
region (rs2010963, rs699947) are functionally significant and associated with increased protein
expression, which enhances angiogenesis. The rs3025039, located in the 3'-UTR, influences
post-transcriptional regulation of the gene. The aim of the study was to compare the association
of rs2010963, rs699947 and rs3025039 polymorphisms of the VEGFA gene with the risk of de-
veloping malignant neoplasms of the female reproductive system using a meta-analysis method.
Materials and Methods. A systematic literature search of domestic and international databases
identified 15 case-control studies. Statistical analysis was performed using a random-effects
model. Results. A significant increase in the risk of female reproductive system cancers was
associated with the minor alleles of VEGFA polymorphisms rs2010963 (OR = 1.24; 95% CI:
1.09-1.41; p = 0.0008) and rs699947 (OR = 1.16; 95% CI: 1.04-1.28; p = 0.0058). No such as-
sociation was identified for rs3025039. The analysis indicated substantial heterogeneity among
the included studies. Conclusion. The results of the meta-analysis confirm the role of VEGFA
gene polymorphisms in modulating the risk of female reproductive system cancer and indicate

the need to consider ethnic and nosological characteristics in further research.
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One gene whose protein product
may potentially be involved in malignant
growth is VEGFA (Vascular endothelial
growth factor A) [16]. This gene is locat-
ed on chromosome 6p21.1 and is over
16 kb in size; its coding region consists
of 8 exons and 7 introns [26]. The VEGF
family consists of five homologous mem-
bers: VEGF-A (commonly known as
VEGF), VEGF-B, VEGF-C, VEGF-D,
and placental growth factor [12]. Vascu-
lar endothelial growth factor A (VEGFA),
encoded by the VEGFA gene, plays a
critical role in angiogenesis. Angiogen-
esis is a key process for tumor growth
and metastasis. Therefore, the VEGFA
gene and its products are of consider-
able interest in the context of oncology
[7, 8]. Single-nucleotide polymorphisms
of this gene may serve as potential
markers of oncogenesis. The rs2010963
(c.-634C>G) polymorphism, located in
the promoter region of the VEGFA gene,

is functionally significant and may affect
protein expression levels [9]. There is lit-
erature data on increased plasma VEG-
FA levels with this single-nucleotide sub-
stitution [13]. Experimental data indicate
that genetic variability in the regulatory
regions of the VEGFA gene can influ-
ence cancer risk and the progression of
tumors that rely on angiogenesis. The
€.-634C>G allele (rs2010963) can affect
translation by potentially enhancing the
efficiency of translation initiation, lead-
ing to increased VEGFA production [9].
The variable locus rs3025039 C>T of the
VEGFA gene is located in the 3'-UTR
region and can affect post-transcription
processes and gene expression [27]. It
has been reliably studied that rs3025039/
VEGFA affects the secreted levels of
VEGFA protein and in most studies has
been identified as having a clear asso-
ciation with the risk of developing can-
cer [18]. The rs699947 is localized in



the promoter region of the VEGF gene
and is associated with the substitution
of cytosine for adenine at position 2578
of cDNA. The presence of the A allele of
rs699947 was found to be significantly
associated with increased VEGF ex-
pression [11]. A number of studies have
demonstrated the contribution of these
polymorphisms to the development of
malignant neoplasms of the female re-
productive system [2,3,4,10,14, 17, 19,
21, 23, 24, 29]. However, the results of
these studies remain contradictory. A
meta-analysis summarizing the results

of these studies is necessary to obtain a
single statistically valid assessment.

The aim of the study was to compare
the association of rs2010963, rs699947
and rs3025039 polymorphisms of the
VEGFA gene with the risk of developing
malignant neoplasms of the female re-
productive system using a meta-analysis
method.

Materials and Methods. Litera-
ture Search and Selection. For each
polymorphism (rs2010963, rs699947,
rs3025039), an independent system-
atic search was conducted in PubMed,
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Web of Science, Google Scholar, Cy-
berLeninka, and Elibrary. Search que-
ries included combinations of keywords
related to the VEGFA gene and its
polymorphisms (including alternative
designations: VEGF -634G>C, VEGF
-2578C>A, VEGF 936C>T) and gyne-
cologic malignancies (ovarian cancer,
endometrial cancer, cervical cancer).
The search was limited to human stud-
ies with no language or publication date
restrictions. Inclusion criteria: case-con-
trol studies containing data on genotype
distribution in patients with gynecologic

Table 1

Main characteristics of the studies included in the meta-analysis

{ Minor allele
First author Year Nosology Country Population Case (n) Co(?lt)ro frequency
(cases) | (control)
rs2010963/VEGFA
. Russian
A.B. Porasnes [7] 2023 | Cervical cancer Federation Eastern European 120 112 41.25 30.8
A. Madrid-Paredes [23] | 2020 Breast cancer Spain Mediterranean 80 123 32.50 33.33
Z.Li[22] 2021 Breast cancer China East Asian 259 273 45.75 37.36
. Russian
J1.P. Tonrosa [1] 2019 Ovarian cancer Federation Eastern European 87 70 37.93 22.86
R. James [17] 2014 Breast cancer India South Asian 200 200 33.50 35.25
J. Rahoui [24] 2014 Breast cancer Morocco North African 70 70 39.29 27.14
Y.H. Kim [20] 2010 Cervical cancer South Korea East Asian 199 215 41.84 40.70
rs699947/VEGFA
Z.Li[22] 2021 Breast cancer China East Asian 259 273 23.94 25.46
A. Madrid-Paredes [23] | 2020 Breast cancer Spain Mediterranean 80 123 41.88 51.63
Al Balawi LA. [10] 2018 Breast cancer Saudi Arabia Arabian 100 100 40.50 27.50
M. Rezaei [25] 2016 Breast cancer Iran Near Eastern 250 215 42.00 33.02
J. Rahoui [24] 2014 Breast cancer Morocco North African 70 70 34.29 44.29
S. Zidi [29] 2014 | Cervical cancer Tunisia North African 86 124 40.70 31.05
Russi
B.MN.Kouenkos [4] 2012 Breast cancer Fe(zssrsal?ign Eastern European 389 287 52.44 45.64
Y.H. Kim [20] 2010 | Cervical cancer South Korea East Asian 199 215 24.37 25.83
Y. Li[21] 2010 Ovarian cancer China East Asian 303 303 2591 22.44
rs3025039/VEGFA
Amnppeesa E.A. [3] 2025 Ovarian cancer FE&LS:;ZEH Eastern European 205 259 15.85 16.41
Bricia M Gutiérrez- . . .
2024 Breast cancer Mexico Latin American 231 201 31.17 21.89
Zepeda [14]
Z.Li[22] 2021 Breast cancer China East Asian 259 273 16.22 19.45
M. Rezaei [25] 2016 Breast cancer Iran Near Eastern 250 215 15.00 13.95
R. Kapahi [19] 2014 Breast cancer India South Asian 192 192 9.90 5.73
B.J. Konenkos [4] | 2012 | Breast cancer Russian Eastern European 389 241 16.58 | 15.56
Federation
Y.H. Kim [20] 2010 Cervical cancer South Korea East Asian 199 215 18.18 20.33
Y. Li [21] 2010 Ovarian cancer China East Asian 303 303 16.17 18.15
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malignancies and in the control group.
Exclusion criteria were duplicate data,
lack of full text or required genotype fre-
quency data, and non-compliance with
Hardy-Weinberg equilibrium (p<0.05).
The final analysis included 7 studies
for the rs2010963 polymorphism, 9
studies for rs699947, and 8 studies for
rs3025039. The main characteristics of
the studies included in this meta-analy-
sis are presented in Table 1.

Statistical Analysis of Study Re-
sults. An independent meta-analysis
was conducted for each polymorphism
using a random-effects model. Asso-
ciations were assessed by calculating
the pooled odds ratio (OR) with a 95%
confidence interval (Cl) within an addi-
tive model. Heterogeneity among stud-
ies was assessed using the |? statistic.
Statistical analysis was performed in MC
Office Excel.

Results and Discussion. The me-
ta-analysis included data from 15 stud-
ies, comprising 2,771 cases of gyneco-
logical cancer and 2,698 controls. The
results of the meta-analysis are present-
ed in Table 2.

The meta-analysis revealed a statisti-
cally significant association with the risk
of gynecological cancer for two polymor-
phic loci, rs2010963 and rs699947, of the
VEGFA gene. The presence of the minor
allele C of the rs2010963 polymorphism
was associated with a 24% increased
risk (OR = 1.24; 95% CI: 1.09-1.41; p
= 0.0008). For the rs699947 polymor-
phism, the pooled OR was 1.16 (95% CI:
1.04-1.28; p = 0.0058), corresponding to
a 16% increased risk. For the rs3025039
polymorphism, no statistically significant
association was found (OR = 1.05; 95%
Cl: 0.92-1.18; p = 0.4487). Since the
rs2010963 and rs699947 polymorphic
loci are located in the promoter region,
their effect on VEGFA expression and,
consequently, on the intensity of an-
giogenesis seems to be the most likely
mechanism for increasing the risk. The
rs3025039, located in the 3'-UTR, may
have a less significant regulatory effect.
The available literature data are limited
to meta-analyses focused on individual
nosological forms [15,28]. The present
study offers a comprehensive assess-
ment of the associations of VEGFA poly-
morphisms for a heterogeneous group of
malignant neoplasms of the reproductive
system as a whole, which is a poorly
studied area. Moderate to high heteroge-
neity (1> = 59.1% - 70.5%) was observed
for all analyses, indicating variability in ef-
fect size between studies. The observed
level of heterogeneity may be associated
with ethnic differences in the populations

Table 2

Results of the meta-analysis of associations of VEGFA gene polymorphisms
with the risk of gynecological malignancies

Polymorphism N%g;‘t;gccz)t;lség(li)ies Pooled OR (95% CI) P-value 12, %
rs2010963 7 (1015/1063) 1.24 (1.09-1.41) 0.0008 59.8
1$699947 9 (1736/1710) 1.16 (1.04-1.28) 0.0058 70.5
rs3025039 8 (2028/1899) 1.05 (0.92—-1.18) 0.4487 59.1

and the diversity of disease entities in the
pooled sample.

Conclusion. The rs2010963 and
rs699947 polymorphisms of the VEGFA
gene are significant risk factors for fe-
male reproductive system cancers and
can be considered candidate markers for
the development of genetic predisposi-
tion profiles. The identified heterogeneity
necessitates validation of the obtained
data in large, homogeneous cohorts,
separating the samples by disease entity
and ethnicity.

The work was carried out according to
the state order of the Ministry of Science
and Higher Education of the Russian
Federation No. 075-03-2025-407/2 dated
March 27, 2025.

The authors declare no conflict of
interest.
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APPROACHES TO THE TREATMENT
OF AUTOSOMAL DOMINANT
SPINOCEREBELLAR ATAXIAS

This article is devoted to prospects for treating neurodegenerative diseases caused by dynamic mutations, based on published studies search-
ing for therapeutic approaches to spinocerebellar ataxias. Although these diseases are incurable, research results show that some medications
and physiotherapy can alleviate symptoms of cerebellar ataxia. Thanks to progress in the study of spinocerebellar ataxias in recent years, there is
considerable hope that gene-therapy methods can be developed that will slow disease progression or even halt it.

Keywords: spinocerebellar ataxia, dynamic mutations, treatment, gene therapy, physiotherapy

For citation: Kononova S.K. Approaches to the treatment of autosomal dominant spinocerebellar ataxias. Yakut Medical Journal. 2025; 92(4):
103-107. https://doi.org/10.25789/YMJ.2025.92.24

Introduction. Autosomal dominant
spinocerebellar ataxias (ADSCA) rep-
resent a large heterogeneous group of
hereditary ataxias, currently including
about 40 types that differ by geno-phe-
notypic manifestations [18, 55]. ADSCAs
are numbered chronologically as the
genes responsible for the disease are
discovered; for example, SCA47 was re-
cently described by Gennarino V. et al.,
2018 [5,30]. The most studied are SCA1,
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SCA2, SCA3, SCAB, SCA7, SCA17. Cer-
tain ADSCA forms are known to be con-
centrated in particular world populations:
SCA1 in the Yakut population [3,31,63];
SCAZ2 in the Indian population [56]; SCA3
in Portuguese, Brazilian and Chinese
populations [27].

Characteristic clinical signs of ADSCA
are slowly or rapidly progressive dys-
arthria, oculomotor disorders and gait
ataxia, and impaired coordination. The
cerebellum, brainstem and spinal cord
undergo neurodegeneration [1].

A common feature of all ADSCA sub-
types is the presence of an unstable (dy-
namic) mutation caused by expansion of
CAG repeats in the coding region of a

gene, leading to formation of a polygluta-
mine (polyQ) tract in the encoded protein
[43,55]. There is a relationship between
age at onset and severity of neurological
symptoms and the size of the polyQ-re-
peats expansion [45]. The expanded
polyglutamine tract causes synthesis of
a misfolded, aggregation-prone protein
which, at advanced stages of aggrega-
tion, disrupts regulation of gene expres-
sion at the transcriptional level and leads
to disturbance of neuronal homeostasis
[26].

Table 1. Various ADSCA diseases with
polyglutamine mutations.

The Republic of Sakha (Yakutia) is
a region with the highest accumulation
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of autosomal-dominant ataxia type 1
(SCA1). Epidemiological, population,
molecular-genetic and bioethical studies
of this socially significant neurodegener-
ative disease have been conducted ear-
lier [3,31,63].

Currently there is no treatment for he-
reditary neurodegenerative diseases with
polyglutamine mutations, but it is neces-
sary to discuss directions for improving
patient condition.

At present there are three main thera-
peutic approaches to ADSCA:

° symptomatic treatment using
known pharmaceutical agents [18,38];
. gene methods or gene-edited

products to reduce toxic consequences
of polyglutamine mutations [22,27,43];

° neurorehabilitation [14].

Most studies related to SCA patho-
genesis are carried out using populations
of transgenic mice that overexpress mu-
tant and normal transgenes (the latter
as controls) [6]. In addition, studies are
performed directly in Purkinje cells of
mice with gene knock-outs using genet-
ic vectors carrying large segments of the
human gene with expanded polygluta-
mine sequences and regulatory elements
[6,32,43].

Studies on the Use of Certain Phar-
macological Agents in ADSCA Ther-
apy. The main cellular disturbances in
the cerebellum (Bergmann glia, Purkinje
cells) targeted by therapeutic strategies
are:

° disrupted expression and func-
tion of ion channels and receptors [32];
° excitotoxicity, where excessive

accumulation of glutamate in the extra-
cellular space (synaptic cleft) causes tox-
icity to neurons [2,33];

. decreased levels of potassi-
um-calcium channels in Purkinje cells
[19].

Studies of  3,5-dimethyladaman-
tane-1-amine (memantine) for possible
neuroprotective effects and synaptic
plasticity with long-term use in SCA1
model mice (Belozor et al., 2024) showed
that memantine increases expression of
amino-acid transporter proteins, thereby
reducing reverse glutamate uptake and
enhancing signaling within Purkinje cells.
It is claimed that memantine reduces an-
atomical signs of neurodegeneration in
SCA1 model mice and partially amelio-
rates the ataxic phenotype; at the same
time it also affects cerebellar plasticity
and impairs motor learning. The authors
suggest that clinical use of memantine
in SCA1 may be complicated by its sup-
pression of cortical plasticity [2,38,46].

Kalla R. & Strupp M., 2019, in recent
studies showed the promise of obtaining a

neuroprotective effect in SCA1 treatment
with 4-aminopyridine. In SCA1 mouse
models motor activity was disrupted due
to decreased electrical activity (firing
rate) in Purkinje cells, their dysfunction
and atrophy. Nonselective blockade of
voltage-dependent potassium channels
with 4-aminopyridine increased Purkinje
cell excitability, partially protected against
cell atrophy and improved motor behav-
ior of the animals [8,36].

Over the last ten years there has been
intensive research and clinical trials of
the amino acid derivative acetyl-DL-leu-
cine in symptomatic therapy of different
SCA types. Acetyl-DL-leucine regulates
the membrane potential of Purkinje cells
by interacting with membrane phospho-
lipids. In a series of clinical trials across
different research groups, modified ace-
tyl-DL-leucine improved ataxia and dys-
arthria in patients with SCA1, SCAZ2,
SCA3, SCAG6 [54,64,65].

Another therapeutic strategy is study-
ing mechanisms of autophagy in the cell,
by which excess or damaged proteins
and organelle structures are degraded
by enzymes and removed from the cell;
this may become a new approach to
ADSCA therapy. It has been shown that
enhancing autophagy in cells of mouse
models reduced neurodegeneration and
eased the course of SCA3 [10,41]. For
example, in SCA3 excessive polygluta-
mine repeat length causes misfolding of
ataxin-3 and formation of aggregates that
disrupt cellular processes, cause cellular
toxicity and degeneration [42,60]. This
protein is toxic; one of the main pathways
for degradation of misfolded proteins is
autophagy [42]. Burnett et al. suggest
that the ubiquitin—proteasome pathway,
where ataxin-3 is involved, plays a key
role in the development of neurodegen-
erative diseases characterized by mis-
folding and aggregation of proteins [13].
The deubiquitinating active ataxin-3 is
widely expressed in the brain. The polyQ
domain of ataxin-3 binds the Beclin-1
(BECN1) protein, which initiates autoph-
agy [42,44].

Cellular repair systems and mitochon-
drial energy production become active
under caloric restriction. Food shortage
engages protective systems of the or-
ganism and activates autophagy. The
beneficial effects of fasting observed in
mice remain to be confirmed in patients
with neurodegenerative diseases [59,60].
The well-known protein sirtuin 1 (SIRT1)
induces autophagy and suppresses neu-
roinflammation. In a study by Zhu L. et
al., 2025, the dietary supplement resver-
atrol was shown, via activation of SIRT1,
to influence core mechanisms of neuro-

degeneration. As a result of SIRT1 acti-
vation by resveratrol, oxidative stress,
mitochondrial dysfunction and protein ag-
gregation decrease, while neuronal sur-
vival and function and neuroinflammation
improve [35].

The widely consumed and well-known
compound 1,3,7-trimethylpurine-2,6-di-
one (caffeine) has recently been studied
as an effective protective agent in some
neurodegenerative disorders. Caffeine is
a nonselective antagonist of adenosine
receptors (A2A). These receptors partici-
pate in synaptic viability, neuroinflamma-
tion and neuronal apoptosis. Inactivation
of A2A receptors reduces neurodegener-
ation, making caffeine a potential thera-
peutic candidate for neurodegenerative
diseases [11,47].

Potential Gene-Therapy Methods
for Neurodegenerative Diseases.
Gene-therapy strategies are developing
along several directions:

° regulation of gene expression
using RNA interference with small in-
terfering RNAs (siRNAs), short hair-
pin RNAs (shRNAs) and microRNAs
(miRNAs) to target and degrade mRNA
molecules. Gene silencing occurs via a
multiprotein ribonucleoprotein  complex
[29,53];

° application of targeted thera-
pies based on antisense oligonucleotides
(ASOs) [58];

. gene editing using CRISPR/
Cas9 (clustered regularly interspaced
short palindromic repeats / associated
nuclease 9) [22].

Table 2 presents results of gene-ther-
apy methods for some types of SCAs; as
a rule these are at the stage of studies
in genetically modified model organisms
and have not reached clinical trials. Wide
use of various regulatory microRNAs
is due to their universality and ability to
induce or inhibit gene expression (tran-
scription, translation, processing, etc.)
[4,7,25,37,50]. The goal of gene therapy
in SCAis to inhibit or remove the expand-
ed gene region that encodes the toxic pro-
tein. Animal-model studies have shown
encouraging results: reduced levels of
toxic proteins, decreased degeneration
of cerebellar cells, alleviation of motor
deficit and overall improvement in neuro-
pathological measures [4,7,25,37,50].

The CRISPR-Cas9 system was dis-
covered and obtained from Streptococ-
cus pyogenes as an adaptive bacterial
immune system for protection against vi-
ruses; in this system CRISPR and guide
RNAs work together with Cas proteins
[9]. It turned out that this system is very
convenient not only for various genomic
modifications in research, but also for
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Table 1

Various ADSCA diseases with polyglutamine mutations [30]

number number of repeats
. . : number
name gene locus protein repeats of repeats of | of intermediate of repeats
normal alleles alleles P
SCAl | amxvi | ep223 | Ataxin-1 (CAG), (CAT), (CAG), of patho ogical 36-38 39-91
SCA2 ATXN2 | 12q24.12 | Ataxin-2 [CAG, CAA (CAG) ], 14-31 32 33-500
SCA3 ATXN3 | 14932.12 | Ataxin-3 | CAG2 CAAAAG CAA (CAG), 11-44 45-59 60-87
SCA6 CACNAIA | 19p13.13 | CACNAIA (CAG)n 4-18 19 20-33
SCA7 ATXN7 3pl4.1 Ataxin-7 (CAG)n 4-19 28-33 34-460
SCA17 TBP 6927 TBP [(CAG)n (CAA)n (CAG)n] 25-40 - 41-66

Note. (CAG)n — cytosine-adenine-guanine repeats; CAT — cytosine-adenine-thymine stop codon; CAA — cytosine-adenine-adenine-stop
codons; AAG — adenine-adenine-guanine-stop codon.

gene therapy via selective targeting of
the eukaryotic cell genome [39]. Delivery
of CRISPR-Cas9 components into target
cells occurs as a ribonucleoprotein con-
sisting of the Cas9 protein and an sgRNA
— single-guide RNA[9,21,39].

A case of deleting the coding poly-Q
region using CRISPR/Cas9 gene-edit-
ing was described by Ouyang S. et al.,
2018. For the first time the authors pro-
vided preliminary data for CRISPR/Cas9
editing in SCA3 in the ATXN3 gene and
showed the possibility of using a pair of
single-guide RNAs to delete the expand-
ed polyglutamine region of the gene [22].

In the study by He et al., 2021, in in-
duced pluripotent stem cells (iPSCs)
derived from a patient with SCA3, using
paired single-guide RNAs and a homol-
ogy-directed repair strategy, they suc-
cessfully repaired 74 CAG expansions

Examples of gene therapy for some SCAs [30]

in exon 10 of ATXN3, leading to specific
and effective suppression of mutant atax-
in-3 protein expression [23]. Using CRIS-
PR/Cas9 with homology-directed repair,
Song et al., 2022 developed effective ap-
proaches for one-step genetic correction
of patient-derived SCA3 iPSCs. They lat-
er advanced their research by develop-
ing disease models in disease-relevant
neurons differentiated to cerebellar phe-
notypes [24]. The study by Pappada et
al., 2022 allowed development and val-
idation of a therapeutic approach using
CRISPR/Cas9 for fibroblasts obtained
from patients with SCA1. This sgRNA/
Cas9 method effectively reduced produc-
tion of both normal and mutant ATXN1
protein [52].

Neurorehabilitation as an Adjunc-
tive Therapy for SCA. Researchers con-
ducting clinical studies in neurodegener-

ative diseases suggest that cerebellar
changes are associated with significant
cognitive and affective deficits in ADSCA
patients due to degeneration of the cere-
bellum and its connections [17,61,62].
Antal, 2022 described in detail non-
invasive brain stimulation methods for
studying brain function in healthy people
and the possibility of improving cognitive
processes using these methods [40].
Methods such as transcranial magnet-
ic stimulation (TMS) and transcranial
direct-current stimulation (tDCS) are
used to accelerate neuropsychological
or psychiatric rehabilitation by modulat-
ing neuroplasticity. In TMS protocols,
a coil placed over the scalp delivers a
brief high-amplitude current generating a
magnetic pulse that induces a brief elec-
tric current on the brain surface beneath
the coil. At sufficient intensity a single

Table 2

disease method model system effect
. .. Improvement of neuropathology
SCALl Created mlcsri()}{%\I AA‘ containing mice SCA1 K1 parameters and reduction
of ATXN 1 protein levels by 58-72% [50].
A 75% reduction in ATXN2
SCA2 AON: decreased levels mice ATXN2 , protein levels in mouse brain Purkinje cells
of ataxin-2 protein BAC-Q72 SCA2 and significant improvement in motor
phenotype [7].
shRNA: allele-specific Reduction of neuropathological
SCA3 downregulation rats SCA3 abnormalities [4]
. . Alleviation of motor deficits
SCA6 miRNA-3191-5p mice SCA6 K1 and Purkinje cell degeneration [37]
SCA7 miRNA-124 Cells N2A and mice SCA7 80% reduction in ATXN7 protein levels [25]
SCA3 CRISPR/Cas9 Neurons derived from patient-specific Successful removal of the polyQ
immunopluropatent stem cells coding region [22]

Note. AON — antisense oligonucleotide; iPSCs — immunopluropatent stem cells; mi RNA — short RNA; si RNA — short interfering RNA;

sh RNA — short hairpin RNA
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TMS pulse elicits highly synchronized
action potentials in the target area (Fig.
1). Ten or more minutes can lead to mod-
ulatory effects that extend the period of
stimulation for many minutes or hours,
with more pronounced behavioral effects
often observed immediately after the end
of stimulation [51].

Some data indicate TMS effectiveness
in treating core symptoms and cognitive
functions in various neurological and
neuropsychiatric disorders, as well as in
improving behavioral and socio-affective
deficits [16,30].

Farzan F. et al., 2013 provide evidence
for cerebellar stimulation as a treatment
strategy for degenerative cerebellar atax-
ia. Observed improvements in physical
function, gait kinematics and coordinated
muscle contraction, as well as cerebel-
lar—cortical interactions, were fairly con-
vincing. However, the authors noted that
the study lacked control participants and
control conditions, and they emphasized
the need for further controlled studies to
examine the effects of TMS in SCA pa-
tients [15].

The aim of the study by Maas et
al,, 2022 was to determine whether a
two-week regimen of daily cerebellar
tDCS sessions reduces ataxia and se-
verity of nonmotor symptoms and wheth-
er it changes cerebello-M1 connectivity
in individuals with spinocerebellar ataxia
type 3 (SCA3). Change in the Scale for
the Assessment and Rating of Ataxia
(SARA) after two weeks was the prima-
ry endpoint. After the final stimulation
session both groups showed significant
short-term improvements in several mo-
tor, cognitive functions and patient-re-
ported outcomes, but no treatment effect
in favor of active tDCS was found. Some
patients in the intervention group showed
sustained reduction in SARA scores for
six or even twelve months, indicating in-
dividual variability in treatment response
[16].

The main adjunctive neurorehabilita-
tion method for patients with cerebellar
ataxia is therapeutic physical exercise
(physiotherapy), so mechanisms by
which aerobic training and balance ex-
ercises improve cerebellar ataxia symp-
toms have been studied more closely.

In Burciu, 2013, postural and clinical
assessments as well as structural mag-
netic resonance imaging were performed
before and after training. The main re-
sults were: first, training improved bal-
ance measures in patients with cerebel-
lar damage. Second, unlike the control
group, patients showed a significant in-
crease in gray-matter volume in the dor-
sal premotor cortex after training. Third,

[TPUHLAT PAEE)TbI TPAHCKPAHUAJIbHOW
MAFHUTHOW CTUMYNALWUK (TMC)

Transcranial magnetic stimulation

associated with training there was an in-
crease in cerebellar gray-matter volume
that was more pronounced in the control
group than in patients [12].

Recent studies provide evidence that
intensive motor training can be effec-
tive in degenerative ataxia: coordination
training — via physiotherapy or game-
based exercises — benefits ataxia pa-
tients; improvements result from reme-
diation of ataxia-specific deficits rather
than nonspecific changes; maintenance
of training effects depends on continued
training; even patients with progressive
neurodegeneration benefit from these
treatments. This research asserted that
intensive aerobic training is safe for
people with cerebellar ataxia, with high
participant engagement and adherence.
Home aerobic training for people with
cerebellar ataxia may be more effective
against ataxia than balance training, be-
cause aerobic exercise may induce neu-
roplastic changes in the degenerating
cerebellum [28,34,49,57].

Conclusion. There is currently in-
tensive growth of ADSCA gene-therapy
related research. Animal studies have
shown promising results: reduced lev-
els of toxic proteins, decreased degen-
eration of cerebellar cells, alleviation of
motor deficits and overall improvement in
neuropathology.

On the one hand, these diseases are
incurable, but on the other hand studies
show that known pharmaceuticals, di-
etary supplements, noninvasive transcra-
nial neuromodulation and physiotherapy
are alternative treatment options and can
alleviate ataxia symptoms.

Thanks to progress in SCA research

-

in recent years, there is strong hope that
therapies can be developed that will slow
disease progression or even halt it.

Asmopebl 3asenstom o6 omcymemeuu
KOHGbrIuKma uHmepecos.
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In order to study the clinical and morphological features of fibromatosis of the desmoid type, a literature review was conducted. It was found that
fibromatosis of the desmoid type is a locally ag-gressive myofibroblastic tumor that occurs in muscular-aponeurotic structures. The clinical picture
is affected by the localization of the tumor and its invasive growth into the surrounding tissues.

The complexity of diagnosis is due to the rarity and morphological similarity to soft tissue sar-comas. Immunohistochemical research is used to
exclude malignancy. It was found that the features of fibromatosis of the desmoid type are characterized by pronounced diffuse nuclear expression
of beta-catenin, reactions to DOG1, CD117, S-100 and SMA are negative.

Keywords: fibromatosis, desmoid tumor, immunohistochemistry, morphological features

For citation: Pilkevich N.B., Khabibullin R.R., Markovskaya V.A., Yavorskaya O.V., Smirnova A.P. Clinical and morphological features of des-
moid type fibromatosis. Yakut Medical Journal. 2025; 92(4): 108-112. https://doi.org/10.25789/YMJ.2025.92.25

Introduction. Desmoid tumors (syn-
onyms: desmoid fibromatosis, aggres-
sive fibromatosis, desmoid fibroma) are
rare connective tissue neoplasms [6, 24]
with an intermediate degree of malignan-
cy [5], arising in deep soft tissues [10]
and characterized by locally aggressive
growth [5, 6]. They can reach 5-20 cm in
diameter [16] and lead to compression or
invasion of adjacent structures [2, 6]. The
growth pattern of this tumor is variable:
it can gradually increase, remain stable,
or in some cases spontaneously regress
[10].

Desmoid tumors (DT) have a low inci-
dence: from 2-4 [10, 29] to 5-6 cases per
year per million people [11, 27], which is
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approximately 0.03% of all tumors [9, 10,
16, 29] and less than 3% of soft tissue
tumors [15, 17]. It should be noted that
from 3.5% to 32% of cases are associ-
ated with familial adenomatous polyposis
(FAP) [5, 10, 11, 27].

These tumors do not metastasize.
About 20% arise in the abdominal cav-
ity (the mesentery of the small intestine
is most often affected) [13, 28], 16% on
the abdominal wall (more often in women
during or after pregnancy) [13] and 64%
are extraperitoneal localizations (extrem-
ities, pelvic girdle, chest, head and neck)
[13, 27]. DT can also affect the urinary
system [18], mammary [12] and pancre-
as [28].

DT of the abdominal cavity usually
present in two forms: large, dense forma-
tions that are palpable or sheet-like white
plaques found in the mesentery [16]. DT
is 2-3 times more common in women
than in men [8, 27]. Most patients are di-
agnosed between the ages of 15 and 60
years [20], with the peak incidence occur-
ring between the ages of 30 and 40 years
[5, 20, 27]. Thus, the population of pa-
tients with DT includes a significant num-
ber of women of reproductive age (70%)
[5, 23, 30, 31]. In turn, low incidence is
observed in children, with its peak occur-
ring between the ages of 5 and 8 years
[2].

The low prevalence of this pathology
limits awareness of it [8]. In turn, diag-
nosis is complex due to morphological
heterogeneity and variability of clinical
manifestations [8, 18].

Treatment of DT is a challenge for
healthcare due to their diverse clinical
presentation and unpredictable disease

course [6] with cycles of tumor progres-
sion, stabilization [26], and spontaneous
regression [17] observed in 20-30% of
patients within 2-3 years [31]. All this af-
fects the quality of life, as well as daily
activities in some patients [6].

The aim of our study is to analyze pub-
lications devoted to the study of clinical
and morphological features of desmoid
fibromatosis.

Materials and methods. In this re-
view, we examined the literature on
desmoid fibromatosis. We searched
PubMed, Web of Science, and Goo-
gle Scholar for the period 2020-2025.
Search terms included fibromatosis, des-
moid tumor, immunohistochemistry and
morphological features.

A microscopic method conducted at
the Belgorod Pathological Anatomy Bu-
reau was also used during our own re-
search. The material was fixed in 10%
neutral buffered formalin for 24 hours,
then it underwent histological process-
ing in a Thermo Scientific Excelsior AS
closed-loop histoprocessor (sequential
dehydration, degreasing, and tissue im-
pregnation with paraffin). Sections of 4
pum thickness were cut from the prepared
paraffin blocks using a Thermo Scientific
HM340e semiautomated rotary micro-
tome. The sections were stained with
hematoxylin and eosin, and antibodies
manufactured by Cell Marque (USA)
were used for immunohistochemical ex-
amination: beta-catenin (clone E247),
CD117 (clone YR145), DOG1 (clone
SP31), S-100 (clone 4C4.9), SMA (clone
1A4).

Results and discussion. Desmoid
fibromatosis (DF) is a locally aggressive



myofibroblastic tumor [18] that arises in
musculoaponeurotic structures [21, 22].
The World Health Organization (WHO)
defines desmoid as a clonal fibroblastic
proliferation that arises in deep soft tis-
sues, characterized by infiltrative growth
and a tendency to local recurrence with-
out the ability to metastasize [11, 22, 23].

The term "desmoid tumor" was intro-
duced in 1838 by Mueller and comes
from the Greek term desmos, indicating
its consistency and resemblance to ten-
dons [4, 11]. However, the first descrip-
tion of this disease was made in 1832 by
MacFarlane [11].

The etiology of DF is not fully under-
stood [11, 23] and genetic, endocrine and
physical factors play a decisive role in the
development and growth of the tumor [9].
Depending on the etiology, DF can be
divided into two groups: sporadic and fa-
milial [16, 30].

Sporadic DF occurs in 85-90% of cas-
es, predominantly in extraperitoneal loca-
tions [11, 21] and is associated with var-
ious factors. Thus, most patients have a
history of surgery or trauma [10], includ-
ing breast [14], pregnancy [9], cesarean
section, hormonal fluctuations [10, 14],
and use of oral contraceptives [11, 21].
However, the exact role of hormonal in-
fluences has not been fully studied [19,
23].

In contrast, the familial form of DF is
an autosomal dominant inherited form
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associated with familial adenomatous
polyposis (FAP) [16]. These tumors are
located predominantly in the abdominal
wall or abdominal cavity, mesentery, and
visceral organs [6, 11, 21, 29].

The pathogenesis of DF also remains
unclear, but studies have shown that ac-
tivation of the Wnt/B-catenin signaling
pathway is crucial in the development of
DF [9, 10, 33]. The Wnt protein plays an
important role in the proliferation of mes-
enchymal cells. Mutations in this signal-
ing pathway lead to the absence of the
Whnt protein and disruption of the regu-
lation of fibroblast proliferation, resulting
in mesenchymal stem cells remaining
undifferentiated (in a proliferative state)
[16]. B-catenin is a molecule with multiple
functions that are regulated by the ade-
nomatous polyposis coli (APC) gene and
the Wnt signaling pathway [11, 20, 30].

Most sporadic tumors are associated
with a somatic [31] mutation in exon 3
of the B-catenin 1 gene (CTNNB1) [6, 9,
20-22, 29], most commonly at mutation
sites T41A (50-55%), S45F (25-35%) and
S45P (9-10%) [10, 11, 31].

The CTNNB1 mutation interferes with
the phosphorylation of $-catenin protein,
blocking its proteasomal degradation in
the cytoplasm. This leads to the accu-
mulation of 3-catenin, which translocates
to the nucleus [4, 10, 31], activates tran-
scription factors [9, 20] and forms a com-
plex with T-cell factor/lymphoid enhancer
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factor (TCF/LEF), increasing the expres-
sion of target genes [10, 20], which pro-
motes cell proliferation, differentiation,
migration, and apoptosis [9].

In DF associated with FAP, a muta-
tion in the APC gene is usually observed
[10]. Most mutations are located on chro-
mosome 5921 [16], which interferes with
the phosphorylation of B-catenin, leads to
an increase in the amount of cytoplasmic
B-catenin and increased cell proliferation
[10], which ultimately leads to tumor de-
velopment [9, 11, 18, 21].

The second pathway involved in the
development of desmoid tumors is the
Notch pathway, which is activated in re-
sponse to dysregulation of the Wnt path-
way [8, 14]. Overactivation of the Notch
pathway in desmoid tumors can be reg-
ulated by y-secretase inhibitors, as they
block Notch signaling through selective
inhibition of y-secretase-mediated cleav-
age of Notch receptors [8, 9, 17].

Although DF do not metastasize, they
can exhibit a wide range of clinical mani-
festations, including spontaneous regres-
sion, indolent progression, or potentially
life-threatening organ damage [8, 32].

Clinically, the tumor appears as a
dense, well-defined or poorly defined
mass [4]. It should be noted that the clin-
ical picture of DF is influenced by the lo-
cation of the tumor [18] and its invasive
growth into surrounding tissues. This
can affect vital structures or disrupt body

b

Fig. 1. Patient, born in 1955. Desmoid fibromatosis in the stomach wall. a — the tumor is represented by multidirectional bundles of spindle-shaped
cells; b — infiltrative tumor growth in the fatty tissue of the omentum; c — extravascular accumulations of erythrocytes (extravasates); d — elongated

capillary blood vessels (magnification a, b x50, ¢ x100, d x200, staining: hematoxylin and eosin).
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Fig. 2. Patient, born in 1955. Desmoid fibromatosis in the stomach wall. a - tumor cells lack CD117 expression (stain: antibody to CD117); b -
tumor cells lack DOG1 expression (stain: antibody to DOG1); ¢ - tumor cells lack S-100 expression (stain: antibody to S-100); d - tumor cells show
diffuse nuclear expression of beta-catenin (marked with arrows, stain: antibody to beta-catenin); e - tumor myofibroblasts show weak cytoplasmic
expression of smooth muscle actin (marked with arrows, stain: antibody to SMA) (magnification a, b x50, c, d x100, e x200).

functions [26], compress blood vessels
and nerves [20, 31], cause paresthesia,
severe pain or polyneuropathy [4, 11, 14,
25], and also destroy bones and affect
muscles [31].

Thus, tumors located in the abdom-
inal cavity grow asymptomatically until
they reach a large size. They cause in-
testinal obstruction, ischemia and, in rare
cases, perforation, bleeding [11, 24, 31],
abscess [23], fistula [9], as well as flatu-
lence, constipation [3, 9, 25], weight loss,
cachexia and malaise [9, 31], ureteral ob-
struction and hydronephrosis [3, 15, 16].
In case of invasion of the bladder, clinical
manifestations of DF are a sensation of
volume with frequent urination or hema-
turia [18].

Extraperitoneal DF are most often
localized in the head and neck region,
where they affect the airways or large

vessels, which can manifest as dyspho-
nia and shortness of breath. In patients,
tumors in the extremities manifest as pal-
pable masses [23]. Limited joint mobility
[5, 8, 15, 31], muscle contractures [23],
problems with arm or hand movement,
lameness, or other movement disorders
may also be observed [17].

In addition, specific symptoms of DF
may negatively impact (everyday life):
study, work, psychosocial functioning [8,
15, 25], cognitive and emotional spheres
[31]. Fatigue, insomnia, anxiety and de-
pression may be observed [5]. In rare
cases, a fatal outcome is possible [26],
which is due to the local aggressiveness
of the tumor, especially with intraperito-
neal location [16].

FAP is associated with adenomatous
polyps of the colon (tubular, villous, tu-
bulovillous), adenomatous polyps of the

stomach and small intestine, and a risk
of developing periampullary carcinomas.
In addition, osteomas and various types
of skin lesions (fibromas, neurofibromas,
pigmented skin lesions) are observed in
50% of cases, occurring in almost two-
thirds of patients [16].

Tumors associated with FAP usually
progress more aggressively and pres-
ent 10 years earlier as larger multifocal
tumors than in the sporadic variant [11].

Accurate differential diagnosis is a
serious challenge due to its rarity and
numerous histological and clinical sim-
ilarities with other soft tissue sarcomas.
According to some authors, the misdiag-
nosis rate during initial examination can
reach 30-40% [5, 24].

Macroscopically, DF appear as dense,
uneven, elastic [16] formations of gray
or white color, elongated in the direction



of muscle fibers and resembling fibrous
scar tissue [11, 16, 31]. A cross-section
reveals a shiny white surface with a
rough trabecular structure [16].

The histological hallmark of DF is a
heterogeneous, poorly defined [11] and
uniform proliferation of elongated spin-
dle-shaped cells with rare mitotic figures
[29] that resemble myofibroblasts em-
bedded in a collagen-rich stroma and
unencapsulated vasculature. Atypia, ne-
crosis or mitoses are typically absent.
The nuclei may contain euchromatin or
heterochromatin [11, 18, 24, 31]. In turn,
the proliferation of cells without clear
boundaries with uneven collagen deposi-
tion may mimic the proliferative phase of
wound healing [14, 19]. These tumors are
unencapsulated and infiltrate surround-
ing tissues, often merging with adjacent
normal structures [2] and demonstrating
intratumoral heterogeneity [14].

Our study is consistent with the au-
thors’ opinion, since DF consists of mul-
tidirectional bundles of spindle-shaped
cells, elongated capillary-type blood ves-
sels, and extravascular accumulations of
erythrocytes (fig. 1 a-d).

Immunohistochemical testing for spe-
cific cellular markers of various origins is
an effective method for differentiating DF
from other tumors. DF has characteristic
immunohistochemical features, primarily
nuclear staining of B-catenin, to be con-
sidered positive [14, 19, 28], and can also
be positive for vimentin and smooth mus-
cle actin, indicating their fibroblast origin.
Their mitotic activity is usually low and
they do not have marked nuclear atyp-
ia or necrosis, which distinguishes them
from malignant sarcomas [2, 18], cyclo-
oxygenase-2 (COX-2) and often B-es-
trogen receptors [31], androgens [11,
16] and negative expression of CD34,
CD117, S-100 and SMA, which excludes
gastrointestinal stromal tumor, schwan-
noma, leiomyoma and leiomyosarcoma,
respectively [16, 19, 23, 28].

The results of our immunohistochem-
ical study are consistent with the results
of other authors; thus, diffuse nuclear
expression of beta-catenin is detected in
tumor cells; reactions to DOG1, CD117,
S-100 and SMA are negative (Fig. 2 a-e).

Due to the unpredictable course of DF,
it resolves on its own in 20-28% of cases,
remains stable in 32-60% of cases, and
progresses in 20-40% of cases [6]. Due
to possible spontaneous tumor regres-
sion, dynamic observation of asymptom-
atic patients is recommended [20]. Until
the 2010 [7], the main method of treating
this pathology was surgery [1]. It should
be noted that resection of locally aggres-
sive tumors without clear borders [13]

and invasive growth patterns [28] leads
to local recurrences in more than 40% of
cases [7], and also negatively affects lo-
cal soft tissue structures, including mus-
cles, nerves, or blood vessels, which can
lead to more serious complications [13].
Risk factors for recurrence include pa-
tient age under 30-37 years, tumor size
greater than 5 cm in diameter, and a his-
tory of trauma in the area of the primary
tumor [13].

In recent decades, active surveillance
in combination with pain relief [18, 31, 33]
has been recommended as an alternative
to surgical treatment [9]. The term active
surveillance was introduced in the 1990.
Initially, active surveillance was offered
only to patients with recurrent tumors, but
after 2005, it was also offered to patients
with primary tumors [1]. This approach
to the management of patients with this
pathology is justified, since spontaneous
tumor regression is possible [1, 33] with-
out treatment [31].

Conclusion. The analysis revealed
that desmoid fibromatosis is a locally
aggressive myofibroblastic tumor arising
in musculoaponeurotic structures. The
clinical presentation is influenced by the
tumor's location and its invasive growth
into surrounding tissue.

The diagnosis is challenging due to its
rarity and morphological similarity to soft
tissue sarcomas. Immunohistochemistry
is used to exclude malignancy. Desmoid
fibromatosis is characterized by pro-
nounced diffuse nuclear expression of
beta-catenin, and negative reactions to
DOG1, CD117, S-100, and SMA, which
we confirmed in our study.
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terest.

References

1. Timbergen MJM., et al. Active surveillance
in desmoid-type fibromatosis: A systematic lit-er-
ature review. Eur J Cancer. 2020. Vol. 137. P. 18-
29. doi: 10.1016/j.ejca.2020.06.022.

2. Margarint IM., et al. A Rare Case of Neo-
natal Desmoid Tumor Leading to Severe Aortic
Coarctation: Review of Literature and Case Re-
port. Life (Basel). 2025. Vol. 15. No 1. P. 123. doi:
10.3390/1ife15010123.

3. Tansir G, et al. A real-world study on the
clinicopathological profile, treatment outcomes
and health-related quality of life, anxiety and
depression among patients with desmoid tu-
mor at two tertiary care centers in India. Front.
Oncol. 2024. Vol. 14. P. 1382856. doi: 10.3389/
fonc.2024.1382856

4. Wu M., et al. Breast Desmoid Tumours:
A Review of the Literature. Breast J. 2024. Vol.
2024. P. 5803290. doi: 10.1155/2024/5803290.

5. Kasper B., et al. Capturing Patient Voice to
Improve Outcomes That Matter to Patients with
Desmoid Tumor. Cancer Manag Res. 2024. Vol.
16. P. 617-628. doi: 10.2147/CMAR.S362694.

6. Taqgi K., et al. Cryotherapy in the Treatment

4 2025 N AW

of Extra-Abdominal Desmoid Tumors-A Re-view.
Curr Oncol. 2025. Vol. 32. No 3. P. 137. doi:
10.3390/curroncol32030137.

7. Lee YS., et al. Current Treatment Con-
cepts for Extra-Abdominal Desmoid-Type Fibro-
ma-tosis: A Narrative Review. Cancers (Basel).
2024. Vol. 16. No 2. P. 273. doi: 10.3390/can-
cers16020273.

8. Bektas M., et al. Desmoid Tumors: A Com-
prehensive Review. Adv Ther. 2023. Vol. 40. No 9.
P. 3697-3722. doi: 10.1007/s12325-023-02592-0.

9. Sanchez-Mete L., et al. Desmoid Tumors
Characteristics, Clinical Management, Active
Sur-veillance, and Description of Our FAP Case
Series. J Clin Med. 2020. Vol. 9. No 12. P. 4012.
doi: 10.3390/jcm9124012.

10. Guo HP., et al. Desmoid tumors of rectus
abdominis: A case report and literature review.
Medicine (Baltimore). 2024. Vol. 103. No 30. P.
9089. doi: 10.1097/MD.0000000000039089

11. Garcia-Ortega DY., et al. Desmoid-Type
Fibromatosis. Cancers (Basel). 2020. Vol. 12. No
7. P.1851. doi: 10.3390/cancers12071851.

12. Laakom O., et al. Desmoid-type fibroma-
tosis of the breast: about two cases and literature
review. Pan Afr Med J. 2022. Vol. 41. P. 184. doi:
10.11604/pamj.2022.41.184.28549.

13. Fernandez MM., et al. Disease and eco-
nomic burden of surgery in desmoid tumors: a
re-view. Expert Rev Pharmacoecon Outcomes
Res. 2023. Vol. 23. No 6. P. 607-618. doi: 10.1
14. Kangas-Dick A., et al. Diagnosis and Man-
agement of Desmoid Fibromatosis of the Breast.
World J Oncol. 2024. Vol. 15. No 3. P. 394-404.
doi: 10.14740/wjon1844.

15. Ou J., et al. Efficacy and safety of systemic
treatment for progressive and refractory des-moid
tumor: a systematic review and Bayesian network
meta-analysis. Discov Oncol. 2024. Vol. 15. No 1.
P. 619. doi: 10.1007/s12672-024-01494-z.

16. Figueredo C, Schiano T.A Review of the
Clinical Presentation, Outcomes, and Treat-
ments of Patients Having Desmoid Tumors //
Gastro Hep Adv. 2023. Vol. 2. No 4. P. 588-600.
doi: 10.1016/j.gastha.2023.01.010.

17. Gounder MM., et al. GOunder/Desmoid
Tumor Research Foundation DEsmoid Symp-
tom/Impact Scale (GODDESS®): psychometric
properties and clinically meaningful thresh-olds
as assessed in the Phase 3 DeFi randomized
controlled clinical trial. Qual Life Res. 2023. Vol.
32. No 10. P. 2861-2873. doi: 10.1007/s11136-
023-03445-7.

18. Hung YT, Huang YF, Wu PY. Des-
moid-type fibromatosis mimicking uterine fibroid
in-vade the urinary bladder: A case report and
literature review // Taiwan J Obstet Gynecol.
2023. Vol. 62. No 1. P. 158-162. doi: 10.1016/j.
tjog.2022.04.011.

19. Litchinko A., et al. Large Desmoid Tumor
of the Pancreas: A Report of a Rare Case and
Review of the Literature / Am J Case Rep. 2022.
Vol. 23. P. 937324. doi: 10.12659/AJCR.937324.

20. Mangla A, Agarwal N, Schwartz G. Des-
moid Tumors: Current Perspective and Treat-
ment. Curr Treat Options Oncol. 2024. Vol. 25.
No 2. P. 161-175. doi: 10.1007/s11864-024-
01177-5.

21. McLean TD, Duchi S, Di Bella C. Molecu-
lar Pathogenesis of Sporadic Desmoid Tu-mours
and lIts Implications for Novel Therapies: A Sys-
tematised Narrative Review. Target Oncol. 2022.
Vol. 17. No 3. P. 223-252. doi: 10.1007/s11523-
022-00876-z.

22. Mohammadi S, Mohammadi S, Khosra-
viani F. A Submandibular Fibromatosis; A Case
Report and Review of Literature. Med J Islam
Repub Iran. 2022. Vol. 36. P. 94. doi: 10.47176/
mjiri.36.94.



. YAKUT MEDICAL JOURNAL

23. Simonetti I., et al. Multimodality Imag-
ing Assessment of Desmoid Tumors: The Great
Mime in the Era of Multidisciplinary Teams. J Pers
Med. 2022. Vol. 12. No 7. P. 1153. doi: 10.3390/
jpm12071153.

24. Rosa F., et al. Multimodality imaging fea-
tures of desmoid tumors: a head-to-toe spectrum.
Insights Imaging. 2020. Vol. 11. No 1. P. 103. doi:
10.1186/s13244-020-00908-0.

25. Gounder M., et al. Nirogacestat, a
y-Secretase Inhibitor for Desmoid Tumors. Fu-
ture On-col. 2025. Vol. 21. No 8. P. 889-901. doi:
10.1080/14796694.2025.2462519.

26. Kummar S., et al. Nirogacestat-the path-
way to approval of the first treatment for des-
moid tumors, a rare disease. Ther Adv Rare
Dis. 2025. Vol. 6. P. 26330040251317546. doi:
10.1177/26330040251317546.

DOI 10.25789/YMJ.2025.92.26
YK 159.9

27. Chae Y.K,, et al. Phase Il basket trial of
dual anti-CTLA-4 and anti-PD-1 blockade in rare
tumors (DART) SWOG S1609: the desmoid tu-
mors. J Immunother Cancer. 2024. Vol. 12. No 9.
P. 3009128. doi: 10.1136/jitc-2024-009128.

28. Tanishima T., et al. Radiological features of
pancreatic desmoid-type fibromatosis: a case se-
ries and systematic review. Abdom Radiol (NY).
2025. Vol. 50. No 2. P. 839-850. doi: 10.1007/
s00261-024-04570-8.

29. Ramirez Stieben LA, Pozzi D. Papillary
thyroid carcinoma with desmoid fibromatosis:
a case report and review of literature. Rev Fac
Cien Med Univ Nac Cordoba. 2023. Vol. 80. No
3. P. 289-300. doi: 10.31053/1853.0605.v80.
n3.40408.

30. Napolitano A., et al. Recent Advances
in Desmoid Tumor Therapy. Cancers (Basel).

2020. Vol. 12. No 8. P. 2135. doi: 10.3390/can-
cers12082135.

31. Riedel RF, Agulnik M. Evolving strategies
for management of desmoid tumor. Cancer. 2022.
Vol. 128. No 16. P. 3027-3040. doi: 10.1002/
cncr.34332.

32. Chang YC., et al. The Desmoid Dilem-
ma: Challenges and Opportunities in Assessing
Tu-mor Burden and Therapeutic Response. Curr
Oncol. 2025 May 21; Vol. 32. No 5. P. 288. doi:
10.3390/curroncol32050288.

33. Kwon J., et al. Whole-Genome and Tran-
scriptome Sequencing Identified NOTCH2 and
HES1 as Potential Markers of Response to Ima-
tinib in Desmoid Tumor (Aggressive Fibro-mato-
sis): A Phase Il Trial Study. Cancer Res Treat.
2022. Vol. 54. No 4. P. 1240-1255. doi: 10.4143/
crt.2021.1194.

A.M. Khafizova, T.K. Davydova

THE NEUROPROTECTIVE POTENTIAL
OF BILINGUALISM IN THE PREVENTION
OF COGNITIVE IMPAIRMENT

This literature review analyses current scientific research that focuses on the impact of bilingualism and multilingualism on human cognitive
functions. The focus is on the impact of two or more language experiences on executive functions such as inhibitory control, cognitive flexibility and
working memory. The article examines the concept of «bilingual advantage» and the factors that modulate its manifestation, as well as the role of

bilingualism in the formation of cognitive reserve.

Keywords: bilingualism, multilingualism, cognitive functions, neuroplasticity, cognitive reserve, neuropsychology.

For citation: Khafizova A.M., Davydova T.K. The neuroprotective potential of bilingualism in the prevention of cognitive impairment. Yakut
medical journal. 2025; 92(4): 112-114. https://doi.org/10.25789/YMJ.2025.92.26

The phenomenon of bilingualism has
stimulated scientific interest in studying
how the experience of managing multiple
language systems affects cognitive pro-
cesses and brain structure.

In the context of globalization and
growing cross-cultural communication,
the phenomenon of bilingualism and
multilingualism is attracting increasing
attention from researchers in psychology,
neuropsychology and neurology.

A central focus in research on the cog-
nitive effects of bilingualism is the study
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of its influence on executive functions — a
set of higher-order cognitive processes
responsible for planning, attention con-
trol, ignoring distractions, and multitask-
ing.

The key components of executive
functions are inhibitory control, cognitive
flexibility, and working memory. The "bi-
lingual advantage" hypothesis suggests
that the constant need for bilinguals to
control and manage two simultaneously
activated language systems, by inhibiting
the irrelevant language, acts as continu-
ous training for executive functions [32].

Numerous studies confirm the exis-
tence of this advantage. For example,
the work of A.N. Veraksa and co-authors
(2020) demonstrated that bilingual chil-
dren exhibit higher performance in tasks
requiring attentional switching and the
suppression of impulsive responses com-
pared to their monolingual peers [18].

The constant practice of switching
between languages seems to develop a
general ability for cognitive flexibility, that
is the ability to switch between different
tasks or mental settings.

Studies using non-verbal tests, such
as the Stroop task or the task-switching
paradigm, often show that bilinguals per-
form better on them, with faster reaction
times and fewer errors [16]. All of the
above is related to the fact that the mech-
anism used to inhibit one language and
activate another is domain-general and
extends its influence to other cognitive
tasks requiring control.

However, simply being bilingual or
multilingual is not enough to protect
against cognitive decline. It is important
to note that only certain types of so-called
"active" bilingualism have the greatest im-
pact on brain health, namely those where
individuals are sufficiently exposed to
their languages, use them regularly, and
are actively engaged in situations that re-
quire switching between languages [14].

Bilinguals constantly face an addition-
al cognitive load: unlike monolinguals,
they have to control their languages.
Research shows that all languages of
bilinguals/multilinguals are constant-
ly activated, regardless of contextual
necessity or conscious intention. Lan-



guages need to be managed to switch
the choice to the one that matches the
given communicative context [15], there-
by avoiding unwanted interference from
a contextually irrelevant language. For
bilinguals, the necessity of switching
between languages in the real world is
dynamic, complex, and not always pre-
dictable. One might use language X or
switch between languages X and Y (be-
cause the interlocutor's context allows
and requires it) when someone exclu-
sively associated with language Y enters
the room or calls. However unexpected
this may be, an instantaneous switch to
(another) monolingual mode is required.
It is argued that this constant suppres-
sion of contextually irrelevant language
through substantial and continuous en-
gagement of executive control process-
es "trains" the relevant cognitive skills
and brain networks, making them more
efficient. Indeed, this "training" has been
shown to alter general processes and
the underlying neural architecture direct-
ly and fundamentally [10].

However, it is worth noting that the
hypothesis of the "bilingual advantage"
is not universally accepted and has been
subjected to active criticism in recent
years. A number of studies have failed
to replicate previously obtained results
or have shown that the advantage only
manifests under strictly defined condi-
tions and depends on a multitude of fac-
tors, such as the age of second language
acquisition, proficiency level, and socio-
linguistic context [17].

Reas E.'s research revealed the "dose
effect": each additional decade of active
second language use reduces the risk of
cognitive impairment by 20%, and profi-
ciency in 3+ languages quadruples the
likelihood of maintaining cognitive health
in old age [26]. The key is not formal
knowledge, but regular communicative
use of languages throughout life [14].

Unlike formal education or profes-
sional complexity, bilingual experience
creates a daily cognitive load compara-
ble to continuous training. Ellen Bialystok
emphasizes that it is precisely the con-
stant switching between languages that
trains the prefrontal areas, compensating
for changes in the hippocampus. This ex-
plains why bilingualism affects not mem-
ory itself, but the compensatory capabili-
ties of the frontal lobes [23].

Some authors argue that the observed
differences may be attributable not to bi-
lingualism itself, but to other confound-
ing variables, such as socioeconomic
status or cultural specificities. Thus, the
contemporary discussion is shifting from
the question "Does an advantage exist?"

to the question "Under what conditions
does it arise and through what mecha-
nisms is it mediated?".

Advances in neuroimaging have en-
abled a shift from observation to the study
of the neural underpinnings of bilingual-
ism's influence. Research indicates that
the experience of multilingualism leads
to significant structural and functional
changes in the brain, demonstrating its
high neuroplasticity [2; 3].

Most studies demonstrate changes in
the brains of bilinguals that topographi-
cally coincide with areas closely associat-
ed with language processing and control,
memory, and executive functions [13].
MRI studies show increased efficiency
of neural engagement during task perfor-
mance in bilinguals, even in the absence
of measurable behavioral differences
[14]. More recently, neuroimaging work
has demonstrated how greater bilingual-
ism is associated with individual neuro-
anatomical variations and more efficient
neural engagement during behavioral
tasks [28].

Bilinguals exhibit increased gray mat-
ter density in regions associated with lan-
guage control and executive functions,
specifically the inferior parietal lobule
and the dorsolateral prefrontal cortex [5;
6]. These brain areas play a crucial role
in attention, task switching, and interfer-
ence suppression.

Functional MRI studies suggest that bi-
linguals often exhibit more efficient neural
network activation during cognitive tasks,
implying that their brains may utilize few-
er resources compared to monolinguals
to achieve the same outcome [13].

The idea that bilingualism creates
"cognitive noise" has long given way to
the concept of structured neurocognitive
training. The essence of the phenomenon
lies not in the parallel storage of two lin-
guistic systems, but in the formation of a
dynamic system for suppressing interfer-
ence, where the prefrontal cortex acts as
an arbiter of competing signals [31]. MRI
studies demonstrate that even during si-
lent speech production, bilinguals main-
tain a background level of activation in
the dorsolateral prefrontal cortex (DLP-
FC) and anterior cingulate cortex (ACC)
— areas responsible for conflict resolu-
tion and the selection of relevant stimuli
[20; 21]. This explains the phenomenon
of neural economy: when performing
non-verbal executive control tasks, bilin-
guals show reduced activation of control
networks compared to monolinguals, in-
dicating a more efficient allocation of re-
sources [15].

Neurophysiological differences are
also evident in information processing
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strategies. While monolinguals engage
the right middle frontal gyrus to compen-
sate for age-related changes, bilinguals
activate the left inferior parietal lobule
(IPL) [30]. The left IPL is involved in pho-
nological and semantic processing and
plays a key role in second language ac-
quisition and vocabulary knowledge [24].
This alternative activation pattern allows
for the maintenance of cognitive perfor-
mance even in the presence of early de-
generative processes.

Enhanced neural efficiency is a result
of constant training of cognitive control
networks [25]. Furthermore, studies us-
ing diffusion tensor imaging (DTI) have
revealed higher white matter integrity
in the corpus callosum and other tracts
connecting different brain regions in bi-
linguals. The foregoing, thus, indicates
a more sophisticated and rapid transfer
of information between and within hemi-
spheres, which is a prerequisite for the
effective management of two language
systems [10; 11; 12].

Diffusion Tensor Imaging (DTI) in the
study by Reyhaneh Bakhtiari, Carol Bo-
lik, and Jacqueline Cammin [7] revealed
structural differences underlying function-
al advantages. Individuals with extensive
bilingual experience exhibit:

. Increased fractional anisotropy
in the inferior fronto-occipital fasciculus
and superior longitudinal fasciculus, indi-
cating enhanced myelination and axonal
tract organization.

° Increased functional connectiv-
ity between nodes of the Default Mode
Network (DMN) and the executive control
network, with the strength of the correla-
tion directly depending on the frequency
of foreign language use.

These changes create a neuroana-
tomical substrate for cognitive reserve.
The epidemiological study by Alladi
and colleagues (2013), which includ-
ed 648 patients with dementia in India,
showed that the clinical manifestation
of Alzheimer's disease began 4.5 years
later in bilinguals than in monolinguals,
regardless of education level and socio-
economic status [1]. Paradoxically, how-
ever, bilinguals with dementia showed
a greater degree of atrophy in medial
temporal structures compared to mono-
lingual patients with the same symptom
severity.

Neuroanatomical and neurofunctional
changes underlie the observed advan-
tages in bilinguals and serve as a clear
example of how life experience can
shape the structure and functioning of the
human brain throughout life.

One of the most significant and prac-
tically important areas of research is the
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role of bilingualism in the formation of
cognitive reserve. Cognitive reserve is
the brain's ability to withstand patholog-
ical changes (e.g., age-related or neu-
rodegenerative diseases) and maintain
normal cognitive functioning [8].

The concept is that life experiences,
including education, professional activ-
ities, and multilingualism, create a "re-
serve capacity" in the brain that allows
for compensation of emerging impair-
ments [22].

A series of large epidemiological stud-
ies has shown that older adults who are
bilingual or multilingual experience the
onset of dementia symptoms, particular-
ly Alzheimer's disease, on average 4-5
years later than monolinguals [19].

It is important to note that bilingual-
ism does not prevent the disease itself
— pathological changes in the brain (e.g.,
amyloid plaque accumulation) occur just
as they do in monolinguals. Neverthe-
less, thanks to the developed cognitive
reserve, the bilingual brain is capable of
compensating for these changes for lon-
ger, maintaining functionality at an ade-
quate level [9; 27].

The mechanism of this protective ef-
fect is linked to the same brain changes
discussed above: more developed exec-
utive functions and increased efficiency
of neural networks [28].

When some neural pathways are
damaged as a result of illness, the bilin-
gual brain is better able to find alterna-
tive routes to solve cognitive tasks, uti-
lizing more flexible and efficient networks
trained by years of language manage-
ment experience [1; 29].

This effect is seen even when a sec-
ond language is learned as an adult, sug-
gesting potential for language learning
as a preventative measure for cognitive
health in old age.

Analysis of contemporary scientif-
ic literature shows that the experience
of bilingualism and multilingualism has
a profound and multifaceted impact on
cognitive functions and the neural orga-
nization of the brain. The constant need
to manage multiple language systems
leads to significant changes, manifesting
both at the behavioral level in the form of
improvements in certain aspects of cog-
nitive control, and at the neurobiological
level in the form of structural and func-
tional reorganization of the brain.

Therefore, bilingualism can be con-
sidered a contributing factor to cognitive
plasticity and the development of a life-
long neurocognitive reserve.
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SOME CLINICAL ASPECTS
OF ANTIRESORPTIVE TREATMENT
IN PATIENTS WITH BONE METASTASES

Complications associated with bone metastasis and bone involvement in multiple myeloma include pain, disability, loss of self-care abilities,
and a decline in quality of life, often requiring the use of narcotic analgesics. The use of bone-modifying agents (BMAs) helps to delay or avoid the

development of bone complications.

All practical recommendations are consistent with each other and follow a single strategy for administering antiresorptive therapy (ART) to pa-
tients with bone metastases. Despite this, there are several practical issues that are of particular interest to clinicians: 1) the choice of drugs for ART
in patients with various types of tumors and bone metastases; 2) schemes and regimens for the safe use of BMAs, and the prevention of adverse
events during long-term treatment. The review article discusses some aspects of the use of ART to preserve bone microarchitecture and reduce
the risk of fractures in patients with bone metastases. The authors conclude that there is currently no alternative to ART for the prevention of bone

complications and the management of pain.
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Introduction. Modern antiresorptive
therapy (ART) is aimed at reducing bone
loss, preserving bone microarchitecture,
and decreasing fracture risk. The key to
preventing bone loss is the suppression
of osteoclast function — multinucleated
giant cells responsible for bone tissue
resorption. Osteoclasts initiate physio-
logical bone remodeling during growth,
tooth eruption, and fracture healing [30].
However, they can also cause bone loss
in pathological conditions such as bone
metastases [23].

Bisphosphonates, synthetic ana-
logues of pyrophosphates that naturally
occur in the bone matrix, are among the
most widely used agents for suppress-
ing osteoclast activity [9, 25, 26, 31]. In
bisphosphonates, an oxygen atom is re-
placed by a carbon atom, which makes
the molecule more stable. The mecha-
nism of action of bisphosphonates (alen-
dronic, zoledronic, risedronic, and iban-
dronic acids) is not fully understood. It is
believed that during bone resorption, the
osteoclast — while removing bone tissue
— takes up the bisphosphonate, most
likely along with calcium and the bone
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matrix [32].Consequently, the alteration
of signaling proteins crucial for osteoclast
activity is halted, potentially inducing
apoptosis in the bone-resorbing cell [11].

Within this class of compounds, zole-
dronic acid (ZA), a nitrogen-containing
bisphosphonate, demonstrates the high-
est activity [29]. ZA has a high affinity for
bone because it binds to hydroxyapatite
in bone tissue through Ca?* chelation [10,
28]. After being taken up by bone-resorb-
ing osteoclasts, ZA can induce osteoclast
apoptosis by inhibiting the mevalonate
pathway mediated by farnesyl pyro-
phosphate synthase (FPPS), as well as
through the activation of reactive oxygen
species (the ROS-induced pathway) [33].
In addition, ZA can suppress the differen-
tiation of macrophages into osteoclasts.
It also reduces the expression of the re-
ceptor activator of nuclear factor-kB li-
gand (RANKL), thereby diminishing the
interaction between RANKL and RANK.
The results are in a reduced number of
osteoclasts and a subsequent decrease
in bone resorption and tumor-related
bone destruction. ZA can also influence
non-canonical Wnt signaling by lowering
the levels of the signaling proteins Wnt5a
and CaMKIl (Ca*/calmodulin-dependent
protein kinase Il). It markedly decreases
intracellular Ca?*, suppresses the expres-
sion of calmodulin and CaMKII, and ulti-
mately inhibits osteoclast differentiation.
ZA exerts multifaceted antitumor effects
by inhibiting proliferation, survival, mi-
gration, invasion, and angiogenesis of
cancer cells, inducing apoptosis, coun-
teracting chemoresistance, stimulating

immunity, and synergizing with other an-
ticancer therapies.

Denosumab [19] is another agent that
suppresses bone resorption. It is a fully
human recombinant monoclonal 1gG2
antibody against RANKL, a cytokine that
plays a key role in osteoclast activation
[27]. By blocking RANKL, denosumab in-
hibits osteoclast formation, function, and
survival, thereby reducing the intensity of
bone resorption. Thus, denosumab ex-
hibits antiresorptive activity. Recent stud-
ies have shown that denosumab may
also modulate the antitumor immune re-
sponse by enhancing the activity of cy-
totoxic T-lymphocytes [16]. Comparative
studies have demonstrated that deno-
sumab is more effective than bisphos-
phonates in slowing the development of
skeletal-related complications [13, 18].
Denosumab reduces osteoclast forma-
tion without impairing the function of ma-
ture cells. As a biologic agent, denosum-
ab does not accumulate in bone tissue
and does not exert delayed effects, with
its impact fully reversible upon treatment
discontinuation [8].

The prevention of skeletal complica-
tions is especially important in patients
with bone metastases from malignant
tumors. Such complications are often as-
sociated with pain, functional disability,
loss of independence in daily activities,
and a decline in quality of life, frequent-
ly requiring the use of opioid analgesics.
Studies indicate that 65-75% of patients
with bone metastases experience pain,
impaired mobility, and reduced physical
function [21].
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Early initiation of bone-modifying
agents (BMAs) can delay or even pre-
vent the onset of skeletal complications.
Evidence suggests that BMA therapy
reduces the incidence of such complica-
tions by 41-54% [12], thereby improving
five-year survival in cancer patients and
lowering the additional healthcare costs
associated with managing these events.
Consequently, antiresorptive agents
have become an essential component
of supportive care for oncology patients
with bone metastases or bone involve-
ment in multiple myeloma.

In Russian Federation, physicians
can follow the practical guidelines of
the Russian Society of Clinical Oncolo-
gy (RUSSCO) for supportive therapy in
“Bone Tissue Pathology” [6], which are
updated annually in accordance with new
scientific evidence and international ap-
proaches to patient management. In oth-
er countries, practical guidelines are de-
veloped by organizations such as NCCN,
ESMO, ASCO, and others. All these
guidelines are largely consistent with one
another and follow a unified strategy for
prescribing ART to patients with bone
metastases. Nevertheless, several prac-
tical issues remain of particular interest
to clinicians. Key among these are: 1) the
selection of agents for ART in patients
with different tumor types and bone me-
tastases; and 2) the regimens and sched-
ules for the safe use of BMAs, including
the prevention of adverse events during
long-term treatment.

The use of BMAs for specific disease
entities is outlined in the clinical guide-
lines of the Russian Ministry of Health for
the management of patients with breast
cancer [3], prostate cancer [4], and lung
cancer [2]. In addition, a guideline enti-
tled “Metastatic Bone Disease in Malig-
nant Tumors” has been developed and is
available on the websites of the Russian
Society of Clinical Oncology and the As-
sociation of Oncologists of Russia [22].
BMAs are an effective component of
supportive therapy and should be admin-
istered alongside primary cancer treat-
ment. Their effectiveness in preventing
skeletal complications has been consis-
tently demonstrated in numerous clinical
studies [1, 5, 7, 21].

Antiresorptive therapy for tumors
with bone metastases. This section fo-
cuses on selected aspects of ART use
in solid tumors with a high incidence of
bone metastases. There are certain dis-
crepancies in the approaches to ART in
prostate cancer (PC). According to the
general description of the drug denos-
umab 120 mg, its administration is rec-
ommended for patients with solid tumors

in the presence of bone metastases. In
other words, the presence of metastases,
regardless of their characteristics, may
be an indication for prescribing BMAs.
However, according to all clinical guide-
lines, ART is prescribed only upon the de-
velopment of castration resistance. Data
from randomized clinical trials indicate
that adding zoledronate to first-line long-
term hormonal therapy (STAMPEDE ftri-
al) in patients with endocrine-sensitive
prostate cancer (ESPC) did not show any
signs of improved survival. Moreover, in
the CALGB 90202 study, comparing zole-
dronate and placebo in ESPC with bone
involvement as the primary endpoint,
early treatment with zoledronate did not
lead to a significant reduction in the inci-
dence of skeletal events. Similar studies
have not been conducted to assess the
efficacy of denosumab 120 mg. Never-
theless, a beneficial effect of bone-mod-
ifying agents in reducing pain in these
patients cannot be excluded. In random-
ized clinical trials comparing denosumab
and zoledronate in men with bone metas-
tases from castration-resistant prostate
cancer, denosumab delayed the time to
the first skeletal-related event and re-
duced the overall incidence of skeletal
complications by 18% compared to zole-
dronate [17].

In contrast to prostate cancer, there is
no controversy over administering BMAs
to all patients with bone metastases from
breast cancer. Randomized clinical tri-
als have shown that in these patients,
denosumab was statistically superior
to zoledronate in delaying both the first
and subsequent skeletal-related events,
as well as in slowing the progression of
bone pain [15].

ART is recommended for patients with
breast cancer and castration-resistant
prostate cancer who have bone metasta-
ses, regardless of the presence of clinical
symptoms. For other solid tumors, thera-
py with bone-modifying agents is advised
when the expected survival is 23 months
or if the symptoms are clinically signifi-
cant [12].

Over the past decades, the use of
BMAs for the treatment of patients with
metastatic malignancies has increased.
The patients with oligometastatic dis-
ease may survive more than 10 years
after diagnosis. As life expectancy has
increased, it has become important to
assess the cumulative risks of long-term
use of bone-modifying agents, the in-
cidence of adverse events, and the fre-
quency of drug administration [12].

Regimens and protocols for the
safe use of bone-modifying agents.
The choice of ART administration sched-

ule is of critical importance. Randomized
clinical trials in patients with breast can-
cer, castration-resistant prostate cancer,
or multiple myeloma demonstrated com-
parable efficacy in preventing skeletal
complications when zoledronate was
administered every 12 weeks versus ev-
ery 4 weeks. However, a greater number
of patients receiving zoledronate every
12 weeks required surgical intervention
on bones [20]. Considering that the fol-
low-up period was relatively short and the
results suggested a potential increase in
serious skeletal events with less frequent
dosing, a 4-weekly administration sched-
ule is considered appropriate during
the first 3-6 months of treatment [12].
Based on pharmacokinetics, treatment
interruptions with denosumab are not
recommended [14]. Denosumab 120 mg
should be administered once every 28
days for an extended period, until other-
wise indicated. Unlike bisphosphonates,
denosumab does not integrate into the
bone matrix. This drug can be regarded
as “heavy artillery,” providing faster and
more effective suppression of bone re-
sorption compared with zoledronic acid,
thereby helping to prevent disabling
complications. Maximum benefit from
denosumab is observed in patients with
active malignancy, multiple metastases
localized in the axial skeleton, and at risk
of pathological fractures. If denosumab
is discontinued for more than 6 months,
a single dose of zoledronic acid is rec-
ommended to suppress rebound osteol-
ysis [6].

In most cases, therapy with osteomod-
ifying agents (OMAs) is initiated upon
detection of bone metastases and con-
tinued throughout the course of cancer
treatment. Therefore, the safety profile
of OMAs and the incidence of adverse
events are of particular importance.
Among these, osteonecrosis of the jaw
(ONJ) and atypical fractures are the most
clinically significant. ONJ occurs more
frequently with intravenous administra-
tion of OMAs and is influenced by both
dose and dosing frequency. Monthly ad-
ministration of bisphosphonates or deno-
sumab is associated with a higher risk of
ONJ compared to oral bisphosphonates
or administration of zoledronate or deno-
sumab 60 mg every six months for bone
loss prevention. The risk may be some-
what higher in patients with multiple me-
tastases compared to those with solid tu-
mors and can be further increased when
OMAs are combined with antiangiogenic
agents or corticosteroids [6]. With month-
ly treatment, the incidence of ONJ for
both zoledronate and denosumab is ap-
proximately 1% per year [12]; however,



some studies suggest that this rate for
denosumab may be substantially under-
estimated [24].

Another serious adverse effect asso-
ciated with the use of BMAs is atypical
femoral fractures in the subtrochanteric
region and femoral shaft in patients. Ra-
diographic studies of fractures indicate a
link between femoral fractures and the
use of bisphosphonates, which tend to
accumulate in areas where stress frac-
tures develop, while suppression of in-
tracortical remodeling at fracture sites
may impair healing processes. The
absolute risk of fractures in patients re-
ceiving bisphosphonates or denosumab
is low, ranging from 3.2 to 50 cases per
100,000 person-years. The risk is higher
with long-term use of BMAs (on average
7 years) and may decrease after discon-
tinuation of therapy [12].

It should be noted that most clinical
questions regarding the use of antire-
sorptive drugs are addressed in the
supportive care guidelines available on
the RUSSCO website [6]. Bone-mod-
ifying agents are compatible with all
existing anticancer drugs and radiation
therapy methods, and their administra-
tion is not a contraindication for surgical
treatment.

Conclusion. Antiresorptive agents
are an essential component of support-
ive therapy for oncology patients with
bone metastases and bone involvement
in multiple myeloma. To date, there is no
alternative to ART for preventing skele-
tal complications and managing pain in
these patients. This is supported by nu-
merous clinical studies.

The authors declare no confiict of in-
terest.
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ASSOCIATION OF OBESITY

WITH C-REACTIVE PROTEIN LEVELS
AND NON-ALCOHOLIC FATTY LIVER
DISEASE IN FEMALE RESIDENTS

OF SOUTHERN YAKUTIA

A study working women in Southern Yakutia to analyze obesity rates and their association with serum C-reactive protein levels and the preva-
lence of non-alcoholic fatty liver disease revealed that only 25% of the participants had normal body weight. Obesity, as measured by their body
mass index, was found in half of the women, abdominal obesity, as measured by waist circumference, was found in four out of five women, and
abdominal obesity. Extreme obesity (class Ill) is typical for women nearing menopause. Body mass index, waist circumference, and hip circumfer-
ence are closely correlated with serum C-reactive protein levels, the frequency of elevated C-reactive protein levels, and the incidence of non-al-
coholic fatty liver disease. The frequencies of elevated C-reactive protein levels and non-alcoholic fatty liver disease show signs of a complete
functional relationship. One-third of the study participants with normal body weight are likely at risk for developing non-alcoholic fatty liver disease
and related diseases. The analysis revealed an urgent need for targeted care, including medical assistance, involving clinical specialists in nutrition
and physical fitness. The lack of timely and effective healthcare response will exacerbate the progression of obesity and related diseases among

working women in Southern Yakutia.

Keywords: body mass index, inflammation, women's health.
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Introduction. Nowadays Obesity has
become a global crisis. The World Health
Organization defines obesity as a chron-
ic, complex disease characterized by
excess fat deposition, which negatively
impacts health. Obesity can lead to an
increased risk of type 2 diabetes and car-
diovascular disease, affect bone health
and reproductive function, and can also
increase the risk of certain cancers. Obe-
sity was once considered a problem in
high-income countries, but today, some
of the highest rates of overweight and
obesity are found in middle-income coun-
tries [9]. Obesity is most often assessed
using the body mass index (BMI) [1].
Other body parameters, particularly waist
circumference, also provide additional in-
formation to BMI for predicting morbidity
and mortality risk [6].

Closely associated with obesity is
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non-alcoholic fatty liver disease (NA-
FLD), which is characterized by excess
accumulation of fat in the liver and is
one of the most common liver diseases
worldwide with a global prevalence of ap-
proximately 30%. The rising prevalence
of obesity is projected to further increase
the prevalence of NAFLD, which is the
basis of chronic liver diseases, including
cirrhosis and hepatocellular carcinoma.
NAFLD has multiple clinical phenotypes
and is heterogeneous due to the com-
plexity of its pathogenesis and clinical on-
set conditions. The gold standard for con-
firming fatty tissue changes is a biopsy,
but it has limitations related to its inherent
non-safety concerns due to the invasive
nature of the procedure. Non-invasive
methods, such as computed tomogra-
phy, ultrasound, and magnetic resonance
imaging, are also used to detect fatty
changes in the liver. Therefore, data on
the incidence and prevalence of NAFLD
vary depending on the diagnostic meth-
od used. Since NAFLD is characterized
by chronic inflammation, inflammatory
markers have been studied in patients
with NAFLD. It has been established that
C-reactive protein (CRP) levels are asso-
ciated with liver inflammation, and their
determination (high-sensitivity CRP) can
predict NAFLD progression [2].

In 2022 the Yakut Scientific Center of
Complex Medical Problems conducted
an expeditionary survey of working-age

individuals in Southern Yakutia to ana-
lyze their health. Among the results a link
was identified between NAFLD and arte-
rial hypertension [8].

The aim of this study was to analyze
the relationship between obesity rates
and serum CRP levels and the preva-
lence of NAFLD among women working
in enterprises in Southern Yakutia.

Materials and methods. The study
contains sample data from an expedi-
tionary survey of working-age individ-
uals in Southern Yakutia [8]. Indicators
were selected from women of Russian
nationality who underwent anthropomet-
ric measurements (height, weight, waist
circumference (WC), and hip circumfer-
ence (HC)), abdominal ultrasound, and
serum CRP levels determined using an
enzyme-linked immunosorbent assay.
Based on these criteria, the total number
of study participants was 69, ranging in
age from 22 to 66 years.

The following were calculated: BMI
in kg/m? using the generally accepted
formula [1], waist-to-weight ratio (WTR)
using the formula WTR=WC (cm)/weight
(kg), and waist-to-hip ratio (WHR) using
the formula WHR=WC (cm)/HC (cm).

In accordance with the classification
of obesity in BMI values for the Cauca-
sian population as outlined in the Rus-
sian National Recommendations [1], five
comparison groups were formed. Group
| - 17 women with normal body weight



(NormW) with a BMI of 18.5-24.9 kg/
m2, group Il - 19 women with overweight
(OvW) with a BMI of 25.0-29.9 kg/m2,
group Il - 18 women with Class | obesi-
ty (Ob1) with a BMI of 30,0-34,9 kg/m2,
group IV - 9 women with Class Il obesity
(Ob2) with a BMI of 35,0-39,9 kg/m2 and
group V - 6 women with Class Il obesity
(Ob3) with a BMI> 40,0 kg/m2.

The Shapiro-Wilk test was used to test
the normality of variable distribution. A
one-way analysis of variance was used
to identify differences between indicators
in five or two samples with normally dis-
tributed data. If the distribution was not
normal, the Kruskal-Wallis test was used
to determine differences between data
in five samples, and the Mann-Whitney
test was used between two samples. The
mean (M) and standard deviation (SD)
were calculated. Quantitative and quali-
tative data were also described as rela-
tive variables (%). Spearman's correla-
tion coefficient (rho) was used to identify
pairwise relationships. Differences and
rho were considered statistically signifi-
cant at p <0,05.

The study was conducted in accor-
dance with the ethical principles of the
Helsinki Declaration of the World Medi-
cal Association (2008) and approved by
the Protocol of the Bioethics Committee
of the Yakut Scientific Center of Complex
Medical Problems.

Results and discussion. The dis-
tribution of the participants in this study
by body weight type depending on their
calculated BMI, presented in Figure 1,
showed obesity to varying Classes had
half of them, approximately a quarter
were overweight, and only the remaining
quarter had normal body weight. Signs
of abdominal obesity - WC values above
80 cm and/or WHR values above 0,85 [9]
were detected in 79% of cases (54 of 69
people) and in 48% of cases (33 of 69
people), respectively. The combination
of BMI above 25 kg/m2 and WC above
80 cm was detected in 49% of cases (47
of 69 people). The prevalence of obesi-
ty among the participants of this study
significantly exceeds the results of the
ESSE-RF epidemiological study, which
showed the presence of obesity in a third
of cases among all Russian women [1].

A between-group analysis was per-
formed to determine the differences in
age, anthropometry, and serum CRP
levels according to body mass type, the
results of which are shown in Table 1.
The study participants' anthropometric
parameters, including weight, WC, HC,
WTR, and WHR, differed statistically
significantly between the groups. Their
mean values across the comparison

groups increased with increasing BMI,
so it was expected that they would have
a complete functional relationship with
the group’ mean BMI values (rho=1,
p=0,000).

The height and age indicators of the
study participants did not show statis-
tically significant group differences, al-
though for differences between mean
age values, the obtained p-level (0,167)
still suggests a greater than 80% proba-
bility of their presence. Moreover, the av-
erage age of women with stage Ill obesity
was statistically significantly higher than
that of women with normal body weight
(p=0,014 for paired one-way analysis of
variance). To confirm the presence of
statistically significant differences in age
depending on body mass type, whereby
older age corresponds to a higher BMI,
a larger number of study participants is
needed. However, an increasing BMI
with age in some ethnic groups has been
confirmed [10]. Similar to other recent
scientific studies [4], this study revealed
statistically significant differences in se-
rum CRP levels varies by body mass
type. Herewith, mean values in the com-
parison groups as well as anthropometric
parameters (except height) are increas-
ing with increasing BMI. Accordingly, the
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Distribution of the number of study participants
by their body weight type (abbreviations here
and below are presented in the text of the ar-
ticle).

mean values of serum CRP and BMI
showed a close functional relationship
(rho=1, p=0,000), calculated for the study
participants' groups.

Elevated serum CRP levels (>5 IU/ml)
were detected in 65% of the study par-
ticipants (45 of 69 people) and found in
all groups: in women with normal body
weight - in 36% of cases (6 of 17 people),
with overweight - in 53% of cases (10 of
19 people), with Class | obesity - in 73%

Table 1

Age. anthropometry. and serum CRP levels in female patients by body mass type

o BME | 8 ey | (e | omo | WWR| HC | wiR | CO0
Normal M | 2256 | 40.70 [162.94| 59.88 | 73.41 | 9.48 | 93.52 | 0.78 | 4.97
body mass | SD | 0.85 11.13 738 | 508 | 8.02 | 0.88 | 3.29 | 0.07 | 5.13
(n=17) P’ 0.107 | 0.439 |0.776 | 0.197 | 0.268 | 0.101 | 0.699 | 0.074 |0.002"
Overweight M [ 27.57 | 44.11 |162.95| 73.31 | 85.47 | 9.99 104 0.82 | 7.03
body mass | SD | 1.58 12.28 699 | 741 | 6.78 | 0.68 | 3.94 | 0.06 | 6.68
(n=19) P 0.144 | 0.787 |0.579 |0.871|0.530(0.854| 0.632 | 0.365 |0.003"
Class 1 M [ 31.81 | 42.89 |163.28| 85.00 | 94.83 | 10.29 {109.83| 0.86 | 9.07
Obesity SD | 1.53 10.44 5.10 | 8.04 | 941 | 0.75 | 7.12 | 0.06 | 5.41
(n=18) P 0.175] 0.691 |0.797 |0.368|0.447|0. 648 (0.005"| 0.995 | 0.331
Class 2 M [ 3698 | 4233 |163.00( 98.33 |109.78| 11.08 [118.88| 0.92 | 12.22
Obesity SD | 1.40 10.25 8.00 | 889 | 8.01 | 0.70 | 6.31 | 0.08 | 5.57
(n=9) P 0.605| 0.072 |0.5380.904|0.740(0.213 1 0.230 | 0.126
Class 3 M | 41.26 | 53.83 [160.17[106.00(116.00| 11.28 | 127 | 0.91 | 15.22
Obesity SD | 0.77 10.80 821 | 996 | 7.10 | 0.55 | 3.28 | 0.04 | 3.35
(n=6) Pl 10555 0.218 [0.919(0.744(0.854|0.978| 0.890 | 0.955 | 0.093
P’ 0.000*| 0.167 | 0.902 {0.000*|0.000*[0.000*| N/A 0.000*| N/A
P’ N/A N/A N/A | N/A | N/A | N/A [0.000*%| N/A |0.000*

Note: M - the mean value, SD - the standard deviation; pl - the significance level of the Shap-
iro-Wilk test, ” - the distribution is not normal; p2 - the significance level of the multiple one-
way analysis of variance; p3 - significance level of the Kruskal-Wallis test, * - the differences
in the indicators have reached the required significance level; N/A - not applicable.



. YAKUT MEDICAL JOURNAL

of cases (13 of 18 people), with Class Il
obesity - in 67% of cases (6 of 9 people)
and with Class lll obesity - in 100% (all
6 people). These data had a statistical-
ly significant strong positive relationship
with the average BMI value calculated for
the groups of study participants (rho=0,9,
p=0,037).

NAFLD, detected using an abdominal
ultrasound, was observed in 26% of wom-
en (18 of 69 people) and also occurred in
all groups: in women with normal body
weight in 6% of cases (1 of 17 people),
with overweight - in 16% (3 of 19 peo-
ple), with Class | obesity - in 39% (7 of 18
people), with Class Il obesity - in 23% (2
of 9 people) and with Class Ill obesity - in
84% (5 of 6 people). The prevalence of
NAFLD, as well as the above-mentioned
prevalence of elevated serum CRP lev-
els, showed a statistically significant
strong positive association with the mean
BMI value calculated across the study all
participants (rho=0,9, p=0,037).

The conducted correlation analysis re-
vealed a complete functional relationship
between the frequency of elevated levels
of serum CRP and the occurrence of NA-
FLD (rho=1, p=0,000).

A paired correlation analysis among
all study participants (69 individuals),
regardless of body weight, revealed sta-
tistically significant positive relationships
between serum CRP levels and BMI,
weight, WC, HC, WTR, and WHR. The
results of which are shown in Table 2. Al-
though the rho values for these relation-
ships did not reach the values required
for medical research (rho should be at
least 0,7), but moderate positive correla-
tion was found between serum CRP lev-
els and WC and between CRP and HC.

It is known that the values of the
WC and related indices can reflect the

Table 2

Spearman's rank correlation coefficients
(rho) between CRP
values and age and anthropometric
parameter in all female patients

Patients (n=69)

rho p
Age 0.082 0.504
Height -0.017 0.888
Weight 0.474%* 0.000
WwWC 0.503* 0.000
HC 0.527* 0.000
WWR 0.441* 0.000
WHR 0.367* 0.002
BMI 0.496* 0.000

Note: * - differences in indicators have

reached the required level of significance

amount of abdominal fat [6]. Abdominal
fat acts as an endocrine organ, secreting
inflammatory cytokines such as IL-6 and
TNF-a. The constant release of IL-6 sig-
nals the liver to secrete CRP and leads
to low-grade systemic inflammation
throughout the body, which maintains el-
evated levels of serum CRP [5]. System-
ic inflammation contributes to the devel-
opment of NAFLD and is present in the
chain of its pathogenesis, in which also
includes lipid metabolism disorder, apop-
tosis, fibrogenesis in the liver, etc. [2].
We were interested in the relatively
high prevalence of elevated serum CRP
in normal-weight study participants—al-
most a third of them (36% of cases, as
noted above). Of course, elevated serum
CRP levels are associated not only with
abdominal obesity and NAFLD, but are
also present in many infectious and im-
mune-inflammatory diseases. However,
research has shown that elevated serum

Table 3

Age and anthropometric parameters in normal-weight female patients depending

on CRP levels
BMI Age Height | Weight| WC He | wwr | wHR
(years) | (cm.) | (kg.) | (cm.)

M | 2210 | 4091 [162.82] 58.54 | 71.90 | 92.90 | 9.38 | 0.77

Normal CRP "oy 1y 27 [ g 61 | 584 | 504 | 865 | 3.78 | 0.81 | 0.07
levels (n=11)

P | 0547 0629 [0234]0558]0374] 088702230248

M | 2339 | 4033 |163.16] 62.33 | 76.16 | 94.66 | 9.66 | 0.80

Elevated CRP "oy T 095 | 1341 | 856 | 588 | 7.93 | 1.96 | 096 | 0.08
levels (n=06)

P 0517 | 0563 |0981]0.741 | 03140659 | 0.728 | 0.549

P 0.120 | 0915 [0.922 ] 0.183 | 0335 | 0.309 | 0.541 | 0.459

Note: M - the mean value, SD - the standard deviation; pl - the significance of the Shapiro-
Wilk test; p2 - the significance of the one-way analysis of variance.

CRP levels can predict the development
of NAFLD in non-obese individuals [3].
Therefore, to identify differences be-
tween their anthropometric parameters
depending on the level of serum CRP,
the parameters of the study participants
with normal body weight were divided
into two subgroups: with normal (11 peo-
ple) and with elevated levels (6 people) of
serum CRP (Table 3). Although the anal-
ysis revealed no statistically significant
differences, the mean values of anthro-
pometric parameters—BMI, weight, WC,
HC, WTR, and WHR —were still lower
in the subgroup with normal serum CRP
levels than in the subgroup with elevat-
ed levels. For differences between the
mean BMI and weight values in the sub-
groups, the obtained p-value (0,120 and
0,183, respectively) suggests a greater
than 80% probability of their presence.
Of course, to confirm the hypothesis of
statistically significant differences in BMI
and other anthropometric parameters de-
pending on serum CRP levels in women
with normal body weight, a larger number
of study participants is needed.

Thus, it was found that only 25%
of the participants in this study had a
normal body weight. Obesity, as mea-
sured by BMI, was found in half of the
women, abdominal obesity, as mea-
sured by WC, was found in four out of
five women, and abdominal obesity, as
measured by WHR, was found in half of
the study participants. Extreme obesity
(Stage Ill) is typical for women nearing
menopause.

| this study along with the increase in
BMI, WC, HC and their indices, there is
a parallel increase in such indicators as
the mean of serum CRP, the frequency
of its elevated values and the prevalence
of NAFLD. The frequencies of elevated
serum CRP levels and the prevalence of
NAFLD show signs of a complete func-
tional relationship. One-third of the wom-
en with normal body weight are likely at
risk of developing NAFLD and related
diseases [7].

Conclusion. The results demon-
strate that women in Southern Yakutia
are not immune to the global obesity
crisis, which poses a health threat. Al-
though obesity and NAFLD are known
to be lifestyle-related, primarily to diet
and physical activity, the significantly
increased prevalence of obesity and
NAFLD in the examined women and the
high potential risks of developing them
in women with normal body weight high-
light the urgent need for targeted care,
including medical interventions, involv-
ing clinical specialists in nutrition and



physical fitness. The lack of timely and
effective healthcare responses will ex-
acerbate the progression of obesity and
related diseases among working women
in Southern Yakutia.

The authors declare no confiict of in-
terest.
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E.E. Blokhova, R.A. Gudkov, A.V. Dmitriev, N.V. Enenkoy,

A.O. Slavova

CARTAGENE SYNDROME:
PROBLEMS OF DIFFERENTIAL DIAGNOSIS

Introduction. Kartagener syndrome is a classic variant of primary ciliary dyskinesia, characterized by abnormal structure or function of cilia,
leading to impaired mucociliary clearance, and manifested by chronic respiratory infections and incomplete or complete abnormal arrangement of
internal organs. The rarity of this disease, the lack of a "gold standard" for diagnosis, the unavailability of high-tech diagnostic tests and low alert-
ness of physicians, complicate the diagnosis, which leads to a late start of treatment and a decrease in the quality of life of such patients.

Description of a clinical case. The patient, 12 years old, was urgently admitted to the hospital with symptoms of iron deficiency anemia. During
the physical examination, changes in the fingers of the hands of the "drumstick" type and nail plates of the "watch glass" type were recorded. From
the anamnesis it was established that from the first days of life the child was diagnosed with dextrocardia, incomplete rotation of the intestine and
annular pancreas. Since 1.5 years old the child has been regularly observed in medical institutions with repeated inflammatory diseases of the
upper and lower respiratory tract, periodically undergoes treatment for diseases of the urinary system. Since 8 years old chronic bronchitis was
diagnosed. During the examination a decrease in spirometry indicators, dextrocardia, chronic bronchitis changes in the lungs were revealed. The
number of points on the PICADAR scale is 13. The set of clinical, laboratory and instrumental data, assessment on the PICADAR scale, allowed
to establish the diagnosis of primary ciliary dyskinesia: Kartagener syndrome.

Conclusion. The presented clinical case clearly demonstrates the problems of differential diagnosis of Kartagener syndrome. Increasing the
alertness and awareness of doctors about this disease can help in rapid diagnosis, timely treatment and improving the quality of life of such pa-

tients.

Keywords: Kartagener syndrome, primary ciliary dyskinesia, differential diagnosis, late diagnosis.

BLOKHOVA Ekaterina Eduardovna — PhD
in Medical Sciences, Associate Professor of
the Department of Children's Diseases with
the course of hospital pediatrics of the Fed-
eral State Budgetary Educational Institution
of Higher Education "I.P. Pavlov Ryazan
State Medical University"of the Ministry of
Health of the Russian Federation, pediatri-
cian of the Restoration and Rehabilitation
Department for Children of the State Bud-
getary Institution of the Ryazan region "N.V.
Dmitriev Regional Children's Clinical Hospi-
tal", https://orcid.org/0000-0002-3915-2242;
GUDKOV Roman Anatolyevich — PhD in
Medical Sciences, associate professor of the
Department of Children's Diseases with the
course of hospital pediatrics of the Federal
State Budgetary Educational Institution of
Higher Education "I.P. Pavlov Ryazan State
Medical University"of the Ministry of Health
of the Russian Federation, https://orcid.
org/0000-0002-4060-9692; DMITRIEV An-
drey Vladimirovich — MD, Professor, Head
of the Department of Children's Diseases
with the course of hospital pediatrics of the
Federal State Budgetary Educational Institu-
tion of Higher Education "I.P. Pavlov Ryazan
State Medical University” of the Ministry of
Health of the Russian Federation, https://or-
cid.org/0000-0002-8202-3876; ENENKOV
Nikita Vasilievich — student of the medical
faculty of the Federal State Budgetary Edu-
cational Institution of Higher Education "I.P.
Pavlov Ryazan State Medical University"of
the Ministry of Health of the Russian Fed-
eration,  https://orcid.org/0000-0001-7430-
9359; SLAVOVA Anna Olegovna — student
of the medical faculty of the Federal State
Budgetary Educational Institution of Higher
Education " I.P. Pavlova Ryazan State Med-
ical University"of the Ministry of Health of the
Russian Federation, https://orcid.org/0000-
0002-8202-3876

For citation: Blokhova E.E., Gudkov R.A., Dmitriev A.V., Enenkov N.V., Slavova A.O. Kart-
agener syndrome: problems of differential diagnosis. Yakut Medical Journal. 2025; 92(4): 122-

124. https://doi.org/10.25789/YMJ.2025.92.29

Introduction. Ciliopathies are a group
of rare hereditary diseases caused by
mutations in proteins that determine the
structure and functions of cilia. Due to
the widespread prevalence of the ciliary
epithelium in the body, cyliopathies are
affected by various tissues and organs,
including a number of states, including
the Cartagener syndrome (KS) occupies
a significant place.

Cartagener syndrome is a classic ver-
sion of primary ciliary discinesia (PCD),
characterized by pathology of the struc-
ture or function of the cilia leading to a
violation of mucociliary clearance, and
manifested by chronic infections of the
respiratory tract and incomplete or com-
plete abnormal arrangement of internal
organs [11]. Currently, more than 50 ge-
netic variants of the UK, characterized
by clinical heterogeneity [3]. So, accord-
ing to Kondratyeva E.l. Sub. (Moscow,
2024), patients with SK in 90% of cases
are born of full-term, in 47% of cases are
hospitalized in intensive care units in the
neonatal period, suffer from recurrent
bronchitis, pneumonia, sinusitis and otitis
media in 86.6% -76% -51.6% of cases,
respectively. In 28.3% of such patients,
heart defects are recorded, in 5% - nasal
polyposis, in 8.3% - kidney pathology [5].

Despite the presence of clinical rec-
ommendations, the diagnosis of the KS
remains difficult due to the fact that the

clinical picture is not specific only for the
PCD, there is no “gold standard” diag-
nostics and all diagnostic recommenda-
tions include a combination of various
anamnestic, functional, structural and
molecular genetic methods [4]. Current-
ly, the characteristic clinical- (quantitative
assessment of the significance of clinical
features is the PICADAR scale (from the
English. Primary Ciliary Dyskinesa Rule)
and instrumental data in conjunction with
the results of special studies: measuring
the nasal oxide (NO) in exhausted nasal
air, high-speed digital. Video microscopy
(to evaluate the mobility of ciliary viable
cells), transmission electron microscopy
(assessment of the state of ultrastruc-
ture of the axonema), immunofluorescent
staining of various structural proteins and
genetic testing [10]. Due to the inaccessi-
bility for wide use of high -tech diagnostic
tests in non -specialized hospitals, and
the PCD are often diagnosed by the PDC
is often diagnosed by late life dates or are
not diagnosed at all, which leads to the
late start of treatment or its absence.

The complexity of the diagnosis of
PCD demonstrates the presented clinical
case.

Clinical case. A child from fifth un-
complicated pregnancy, from young
healthy parents who were not related.
With a prenatal screening of 20 weeks,
was revealed. A full-term baby with a



weight of 3600 g and a height of 53 cm
was born from the second birth. Evalua-
tion on the Apgar scale 7/7 points. Due to
the manifestations of increasing respira-
tory disorders, she was transferred from
the delivery room to the neonatal inten-
sive care unit.

On the fourth day of life, the symptoms
of intestinal obstruction developed, due
to the incomplete turn of the intestines
and the ring-shaped pancreas. During
the examination, it was confirmed that
the child has a right -handed heart, lum-
bar dystopia of the left kidney.

Throughout the first year of life, the
condition of the child was stable. From the
age of 1.5, she often (6-7 times a year)
suffered from respiratory diseases, mani-
fested in the form of laryngotracheobron-
chitis, bronchiolitis, and broncho-obstruc-
tive syndrome. During the convalescence
period, a productive cough persisted for a
long time. At the age of 5, an X-ray com-
puted tomography examination revealed
hypoplasia of the right lung. Upon repeat-
ed CT examination, at the age of 8 years,
the changes characteristic of chronic
bronchitis were determined: thickening of
the bronchial walls, the presence of a pa-
rietal substrate (sputum). At the age of 9
years, a urolithiasis clinic appeared, and
therefore, a lithotripsy was performed in
the “NMIC of the health of children” (Mos-
cow).

Preventive vaccinations were carried
out according to the individual sched-
ule. Allergic history without any special
features. Neonatal screening was carried
out, pathology was not detected.

At the age of 12, the child is admitted
to the hospital of the regional children's
clinical hospital named after N.V. Dmitrie-
va with signs f iron deficiency anemia.

During the physical examination, a
change in the fingers of the hands ac-
cording to the type of "drumsticks", a
change in the nail plates according to
the type of "watch glasses" was recorded
(Fig. 1). Acrocyanosis of the fingers was
observed, which increased in the stand-
ing position. The child's physique is as-
thenic. When calculating the body mass
index, moderate malnutrition was detect-
ed (z-score -2.27). A number of dysem-
briogenesis stigmas have been identi-
fied: high palate, knee joint recurvation,
and low nipple location. During ausculta-
tion of the lungs, uneven harsh breathing
was detected, mainly dry diffuse wheez-
ing is heard, more on inspiration. Sa02
96-99%. During auscultation of the heart,
a short systolic murmur is heard to the
right of the sternum in the fourth intercos-
tal space. Physiological functions without
special features.

Fig. 1. Changes in the fingers of the hands ac-
cording to the “drumstick” type, changes in the
nail plates according to the “watch glass” type

The child underwent a comprehen-
sive examination. A general blood test
revealed a decrease in the level to 66 g
/1, MCV (from English Mean Corpuscular
Volume) was 68.4 fl, single reticulocytes
in the smear. In blood biochemistry, there
is a decrease in serum iron levels to 6.0
mmol/L, serum ferritin to 2.5 mg/L, and
other indicators (bilirubin, alkaline phos-
phatase, ALT, AST, creatinine, urea, pro-
tein, electrolytes, and CRP) are within
reference values. Plasma coagulation
levels are within the age range. When
assessing the acid-base state of the
blood, no changes were detected. Oxal-
uria is detected in urine: daily excretion
was 209.8 mmol/day (the norm is up to
134.8 mmol/day). The study of humoral
immunity (immunoglobulins A, E, M, G)
is within the normal range. Screening for
celiac disease is negative. The level of
fecal calprotectin is <50 mcg/g. Coprolo-
gy showed no signs of pathology, and no
hidden blood was found in the stool.

Fibroesophagogastroduodenoscopy
revealed fibrinous reflux esophagitis, car-
dia insufficiency, duodeno-gastric reflux,
and a condition after gastroenteroanas-
tomosis. A comprehensive ultrasound ex-
amination revealed: rotation and lumbar
dystopia of the left kidney, concretions in
the calyx-pelvic system of both kidneys
up to 6 mm in size; uterine hypoplasia.
Changes in the thyroid gland and abdom-
inal organs have not been established.
On an EchoCG, a congenital heart anom-
aly: a right-angled right-angled heart,
pulmonary artery pressure less then 30
mmHg.

Computed tomography (CT) of the
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chest organs shows signs of congenital
malformations: dextrocardia, hypoplasia
of the right lung (due to the middle and
lower lobes); transposition of the right
upper lobe bronchus into the area of the
middle lobe and lower lobe bronchus;
signs of chronic bronchitic changes in
the acute stage (thickening of the walls
of the distal bronchi on the right; parietal
substrate (sputum) in the lumen of large
bronchi and trachea; multiple centrilobu-
lar nodules and Y—shaped structures with
the formation of a “tree in the kidneys"
pattern, lobular seals) (Fig.2 and 3). Ac-
cording to spirometry data, there was a
marked decrease in forced vital capacity
and forced exhalation volume after a sal-
butamol test without dynamics. An MRI
scan of the brain revealed no pathology.

The child is rated on the PICADAR
scale, the number of points is 13 ("diag-
nosis is valid") [2].

The combination of clinical, laborato-
ry and instrumental data, assessed on
the PICADAR scale, made it possible to
establish the diagnosis of primary ciliary
dyskinesia: Kartagenera syndrome.

Discussion. The presented clinical
case demonstrates the complexity of the

¢

Fig. 2. Computed tomography of the chest.
Dextrocardia (right-sided, right-formed heart)

Fig. 3. Computed tomography of the chest.
Thickening of the walls of the distal bronchi
on the right; parietal substrate in the lumen of
large bronchi and trachea; multiple centrilobu-
lar nodules and Y-shaped structures with the
formation of a “tree-in-bud” pattern
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diagnosis of PCD. The average age of
verification of this disease is an import-
ant indicator of the effectiveness of the
healthcare system in detecting a rare pa-
thology in children [1,6]. Thus, according
to A.A. Novak (Moscow, 2024), the aver-
age age of verification of the disease in
the Russian Federation is 5.8 years, in
the Australian cohort of patients, the di-
agnosis is established at the age of 6.4
years, in China-8.2 years, and in South
Korea-11.8 years [3,13,7,8].

Due to the relatively low frequency of
the KS, the variety of phenotypes, the
lack of screening, low awareness and
alertness of doctors, the diagnosis of
PCD is often postponed for years, which
significantly reduces the quality of life of
such patients [12]. According to the clini-
cal recommendations of the Russian Fed-
eration, as well as the diagnostic recom-
mendations of the European respiratory
and American thoracic societies, patients
with constant productive coughing, the
anomalies of the location of the internal
organs and congenital heart defects are
subject to an additional comprehensive
examination using high -tech diagnostic
tests for the verification of PCD [10,9].

In the case presented from the first
days of life, the child was diagnosed with
dectrocardia, incomplete intestinal rota-
tion and ring-shaped pancreas. From the
age of 1.5, the child is regularly observed
in medical institutions with repeated in-
flammatory diseases of the upper and
lower respiratory tract, and periodically
undergoes for diseases of the urinary
system. From the age of 8, chronic bron-
chitis was diagnosed. This child, despite
the frequency of outpatient visits and in-
patient hospitalizations, was not compre-

DOI 10.25789/YMJ.2025.92.30
YIIK 616.8(571.56)

FSBSI "Yakut Scientific Center of Complex
Medical Problems": VARLAMOVA Marina
Alekseevna — researcher, neurologist Clin-
ics ORCID: 0000-0001-9904-1555, varla-
mova.m@yandex.ru; DAVYDOVA Tatyana
Kimovna — PhD, Head of the CND, OR-
CID:0000-0001-9525-1512,  tanya.davydo-
va.56@inbox.ru; SIDOROVA Oksana Gavri-
levha — researcher, ORCID: 0000-0001-
7089-6736, okssi66@mail.ru.

hensively examined, and did not take into
account the dispensary accounting for
chronic bronchitis.

Conclusion. The presented clinical
case clearly demonstrates the problems
of the differential diagnosis of the KS.
An increase in the awareness of doctors
about this disease can help in quick diag-
nosis, timely treatment and improve the
quality of life of such patients.
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M.A. Varlamova, T.K. Davydova, O.G. Sidorova

A FAMILY CLINICAL CASE OF COMBI-
NATION OF TWO MENDELIAL DISEASES:
SPINOCEREBELLAR ATAXIA TYPE 1

AND HYPOPHOSPHATEMIC RICKETIS

The combination of two genetic syndromes in a single patient is a rare occurrence. This ar-
ticle describes a clinical case of a rare combination of two Mendelian diseases: spinocerebellar
ataxia type 1 and hypophosphatemic rickets in a single Yakut family. Given the low incidence of
both diseases, this finding is of scientific and practical interest. The paper discusses a clinical
observation of family members examined in 2012 and 2025. This clinical example is also relevant
for practicing physicians. It is necessary to develop algorithms for monitoring complications of
spinocerebellar ataxia and phosphate diabetes and to identify pathogenetic therapy.

Keywords: spinocerebellar ataxia type 1, hypophosphatemic rickets, bone deformity, phos-

phate diabetes, family case.
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Introduction. Spinocerebellar ataxia
type 1 (SCA1) is a heterogeneous neuro-
degenerative disorder with an autosomal
dominant inheritance pattern, character-
ized by progressive cerebellar ataxia,
dysarthria, and gradual deterioration of
bulbar function [5]. In the early stages
of the disease, patients may experience
gait disturbances, slurred speech, bal-
ance problems, brisk deep tendon reflex-
es, hypermetric saccades, nystagmus,
and mild dysphagia. Later symptoms in-
clude slowing of saccade velocity, devel-
opment of upward gaze palsy, dysmetria,
dysdiadochokinesia, and hypotonia. In
late stages, muscle atrophy, decreased
deep tendon reflexes, loss of propriocep-
tion, cognitive impairment (e.g., frontal
dysfunction, verbal memory impairment),
chorea, dystonia, and bulbar dysfunction
are observed [3, 7]. The disease typically
presents between the ages of 30 and 40
years, although cases have been report-
ed in childhood and the elderly. Patients
whose disease onset is after 60 years
may have a purely cerebellar phenotype.
The interval from disease onset to death
ranges from 10 to 30 years; patients with
juvenile onset have more rapid progres-
sion and a more severe course of the
disease. Axonal sensory neuropathy, de-
tected by electrophysiological testing, is
common; brain imaging typically shows
cerebellar and brainstem atrophy [3, 8].

Hypophosphatemic rickets (phosphate
diabetes) is a hereditary tubulopathy with
a defect in phosphate reabsorption in the
proximal tubules and high resistance to
normal doses of vitamin D, resulting in
hyperphosphaturia, hypophosphatemia,
and clinical features of rickets [6]. The rel-
evance of studying phosphate diabetes is
associated with many unresolved issues
in patients suffering from this pathology.
Issues of diagnosis, drug therapy, dis-
pensary observation, and rehabilitation of
patients with complications remain open
[2]. Late diagnosis of hypophosphatemic
rickets is associated with a great similarity
of the clinical features with other geneti-
cally determined metabolic disorders and
diseases of mineral-bone metabolism [1].
A small number of publications with clin-
ical examples of phosphate diabetes in
recent years also leads to late detection
of this pathology in clinical practice [4].

Materials and methods. Family V., a
member of the Yakut ethnic group living
in a rural area, was studied. An increase
in the number of trinucleotide (CAG) re-
peats up to 42 in one of the alleles of

the 6p21.3 locus in the ataxin-1 (ATXNT)
gene and a deletion of exon 15 of the
PHEX gene were detected.

Research methods:

1. Molecular genetic testing to deter-
mine mutations in the ataxin-1 (ATXNT)
and PHEX genes;

2. Montreal Cognitive Assessment
(MoCA);

3. Hospital Anxiety and Depression
Scale (HADS);

4. Morse Falls Risk Scale;

5. Hendrick Fall Risk Model lI;

6. Scale for the Assessment and Rat-
ing of Ataxia (SARA);

7. Magnetic resonance imaging;

8. Spirometry;

9. Radiography;

10. Biochemical research methods.

Clinical observation. Patient V., 43,
was admitted to the neurology depart-
ment of the Center for Neurodegenera-
tive Diseases (CND) of the Yakut Scientif-
ic Center for Complex Medical Problems
(YSC CMP) in 2025. Complaints upon
admission included unsteadiness and
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instability when walking, deterioration of
handwriting, slurred speech, occasional
choking on solid and liquid food, stiffness
and weakness in the legs (which sudden-
ly become "wobbly"), general weakness,
increased fatigue, and occasional loose
stools.

Medical History and Past Medical His-
tory: Patient V. was born the third of four
children. The author identified the patient
in 2012 as part of a mobile team in the
Lensky District, in the village of Tolon.
Examination revealed short stature (127
cm), varus deformity of the femoral shafts
(more on the left), and shortened lower
limbs. Since she began walking inde-
pendently as a child, she developed leg
deformities, which required repeated sur-
gical treatment from 1987 to 2004. She
was diagnosed with chondrodysplasia
and has been disabled since childhood.

The patient has two sons, both of
whom have short stature, rickets-like
skeletal changes, knee and ankle defor-
mities, and varus deformities of the lower
extremities.
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The diagnosis of phosphate diabetes
was confirmed in both sons using mo-
lecular genetic testing. A heterozygous
mutation—a deletion of exon 15 of the
PHEX gene—was also detected in the
mother and her siblings.

In 2015, following a referral from the
Medical Genetic Center of the Republi-
can Hospital No. 1 - National Center of
Medicine, she was hospitalized for the
first time at the FSBI "NMRC of Endocri-
nology" of the Ministry of Health of Rus-
sia, where she was diagnosed with E83.3
X-linked dominant hypophosphatemic
rickets. Deletion of exon 15 of the PHEX
gene. Bow-shaped deformity of the low-
er extremities (post-surgical correction).
Osteoarthritis of the left and right knee
joints. Somatic short stature. Secondary
hyperparathyroidism. Decreased BMD.
Vitamin D deficiency.

The diagnosis of phosphate diabetes
was confirmed in both sons by molecular
genetic testing. A heterozygous muta-
tion—a deletion of exon 15 of the PHEX
gene—was also detected in the mother
and her siblings.

In 2012, patient V. underwent DNA
testing at the molecular genetics labo-
ratory of the Medical Genetics Center
of Republican Hospital No. 1, which re-
vealed an increase in the number of tri-
nucleotide (CAG) repeats to 42 in one
allele of the 6p21.3 locus in the ataxin-1
(ATXNT) gene. She had no symptoms of
SCA type 1 at the time of testing.

Family history of hypophosphatemic
rickets and spinocerebellar ataxia type
1. Figure 1 shows the pedigree of patient
V. for both conditions. She has a strong
maternal family history of phosphate di-
abetes. The proband was born the third
of four children. All four suffer from this
hereditary disorder. A genealogical study
of the proband revealed that three of the

Fig. 4. MRI picture of isolated cerebellar atrophy

Fig. 3. Patient B. Typical changes in the skele-
ton and lower extremities in hypophosphatem-
ic rickets

four siblings suffer from these two he-
reditary disorders: the proband and two
brothers (Fig. 3). The older sister was
diagnosed with only type 1 spinocere-
bellar ataxia; no heterozygous mutation
(deletion of exon 15 of the PHEX gene)
was detected. The remaining three chil-
dren were found to have two concurrent
mutations in the genes that cause hypo-
phosphatemic rickets and type 1 spinoc-
erebellar ataxia.

A family history of spinocerebellar
ataxia type 1 was identified on the pater-
nal side. The father, at age 42, developed
unsteadiness when walking and speech
impairment. He was bedridden for the
last five years due to unsteadiness and
died at age 67 from aspiration pneumo-
nia. According to his daughter, molecu-
lar genetic testing was performed on the
father, which revealed a mutation in the
ATXN1 gene with a repeat count of 32/48.
The father's mother had the disease and
died at age 55. She had the disease for
15 years, walking with assistance due
to unsteadiness. The father was the el-
dest child. Of the father's eight siblings,
two currently have spinocerebellar ataxia
type 1, and four have died from spinocer-
ebellar ataxia type 1.

During examination and assessment
of the neurological status, the following
was revealed: short stature - 120 cm, with
varus deformity of the lower limbs, short-
ening of the right lower limb by 1.5-2.0
cm, weight 40 kg (Fig. 2). Consciousness
is clear, orientation in space and time, in
one's own personality is not impaired.
CN: sense of smell is not impaired, pupils
D = S, photoreaction is brisk, no limita-
tion of the visual fields was revealed by
the control-comparative method, double
vision does not bother. Eye movements
are full. Convergence is insufficient. Tri-
geminal points are painless upon pal-




pation, sensitivity on the face is normal.
Asymmetry of the nasolabial folds is mild
- smoothed on the left. Tongue slight de-
viation to the right, uvula is mobile, to the
right. Speech is slightly altered accord-
ing to the type of cerebellar dysarthria.
Mild dysphagia for liquid and solid food.
Pharyngeal reflex is slightly reduced. The
patient can distinguish whispered speech
from left to right at a distance of 6 meters.
The sternocleidomastoid and trapezius
muscles are intact. Motor function: wide-
legged gait with the aid of two canes,
similar to cerebellar ataxia.

Muscle tone: D=S, increased in the
arms. Contractures in the extremities are
present at the hip joints on both sides,
with movement limited at the knees when
lying horizontal. Muscle strength in the ex-
tremities is equal proximally to 5.0 points,
equal distally to 5.0 points, equal proxi-
mally to 4.0 points, equal distally to 4.0
points. Tendon reflexes in the upper and
lower extremities: D=S, high, with wid-
ened reflexogenic zones. Abnormal foot
signs (-) on both sides. In the Romberg
position, there is moderate unsteadiness,
which increases with eye closure. The pa-
tient performs the finger-to-nose test with
ataxia on both sides; heel-to-knee tests
are impossible due to deformities in the
lower extremities. There is no impairment
of deep sensory sensation in the fingers
or toes. No impairment of superficial sen-
sory sensation was objectively detected.
Pelvic functions are normal.

Results:

Montreal Cognitive
(MoCA) - 30 points (normal).

Hospital Anxiety and Depression
Scale (HADS): Anxiety - 4 (normal), De-
pression - 5 (normal).

Morse Falls Risk Scale - 80 points, in-
dicating a high risk of falls.

Hendrick Fall Risk Model Il - 5 points,
also indicating a high risk of falls.

Scale for the Assessment and Rating
of Ataxia (SARA) - 16 points (maximum
40 points).

Magnetic resonance imaging (MRI)
of the brain: signs of mild cerebellar and
brainstem atrophy (Fig. 4).

Needle electroneuromyography: nee-
dle EMG revealed... Left, Vastus lateralis,
Femoralis, L2, L3, L4 — no spontaneous
activity detected; interference EMG — hor-
izontally extended turn-amplitude cloud,
increased average MUAP frequency to
600/s; MUAP examination revealed EMG
stage llla (intermediate type). Clinically,
no evidence of primary muscular or pri-
mary neuronal disorders was detected.

Spirometry, conclusion: moderate de-
crease in vital capacity. Moderate restric-
tive VFL impairment.

Assessment

Blood tests showed thrombocytope-
nia: 11 *10 10 9/L upon admission, rising
to 74 *10 10 9/L by discharge; parathy-
roid hormone — 27.2 pg/ml. Thyroid hor-
mones: TSH - 0.20, free T4 - 8.41, free
T3 - 3.12, antibodies to TPO - 34.6 1U/ml.

Discussion. In this case report, we
describe a previously unreported case of
two concurrent hereditary diseases trans-
mitted in an autosomal dominant manner
from both parents. The mother suffered
from hypophosphatemic rickets, and the
father from spinocerebellar ataxia type
1. As a result, the couple had children
with both conditions. All affected siblings
developed symptoms of hypophospha-
temic rickets in childhood, and all were
recognized as disabled from childhood.
Symptoms of spinocerebellar ataxia type
1 began at the age of 39-40 years.

Molecular genetic analysis revealed
a heterozygous mutation—a deletion of
exon 15 of the PHEX gene—and a patho-
logical expansion of 40 CAG repeats in
the ATXN1 gene in both patient V. and
her siblings.

The patient developed SCA type 1
symptoms at age 40 in 2021: unsteadi-
ness when walking and slurred speech.
Due to unsteadiness and limited mobility
in her legs, she cannot walk down stairs
independently and only walks short dis-
tances. She has noted a worsening of her
condition over the past year and uses a
wheelchair for longer distances.

The onset of SCA type 1 in her older
brother and older sister also occurred at
age 40. Both brothers were diagnosed
with @ mutation in the ATXN1 gene with
a pathological expansion of 40 CAG re-
peats.

The older sister was diagnosed with
an expansion of 29/42 CAG repeats in
the ATXN1 gene, but was not diagnosed
with a heterozygous mutation (deletion of
exon 15 of the PHEX gene) and has no
signs of chondrodysplasia. At the same
time, she is also registered with a rheu-
matologist with the following diagnosis:
Rheumatoid arthritis, seropositive, an-
ti-CCP?, late stage, low DAS28CRP-2.72
activity, erosive arthritis, radiographic
stage lll, functional class 1. Partial anky-
losis of both wrist joints. Secondary go-
narthritis 11-111.

Thus, based on the family history, mo-
lecular genetic testing for type 1 SCA and
hypophosphatemic rickets, neurological
status, and clinical examination data, the
final clinical diagnosis was:

Primary: G11.2 - Late-onset cerebel-
lar ataxia: Spinocerebellar ataxia type 1,
autosomal dominant inheritance pattern
(mutation in the ATXN1 gene, increased
CAG repeats 29/42), with cerebellopyra-
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midal and mild bulbar syndrome, moder-
ately progressive course.

Concomitant: E83.3 - Disorders of
phosphorus and phosphatase metabo-
lism: X-linked dominant hypophospha-
temic rickets. Deletion of exon 15 of
the PHEX gene. Bow-shaped deformity
of the lower extremities (condition after
multiple surgical corrections). Osteo-
arthritis of the left and right knee joints.
Somatic short stature. Secondary hyper-
parathyroidism. Decreased BMD. Vita-
min D deficiency.

Varus deformity of the lower extrem-
ities (post-severe surgical corrections).
Osteoarthritis of the left and right knee
joints. Biconcave deformity of the bodies
of the Th5 (grade 1), Th6 (grade 2), Th7
(grade 2), Th8 (grade 2), Th9 (grade 2),
Th10 (grade 1), L1 (grade 1), L2 (grade
1), L3 (grade 2), L4 (grade 2), and L5
(grade 3) vertebrae.

BPPV syndrome. Left-sided nodular
goiter, euthyroidism. D69.5 - Secondary
thrombocytopenia: mixed genesis, due
to severe secondary immunodeficien-
cy; H52.2 - Astigmatism: Simple myopic
astigmatism OU.

Conclusion. The authors present a
family case of a previously undescribed
combination of two genetic syndromes.
The combination of two hereditary pathol-
ogies in this clinical description presents
a very challenging diagnostic challenge
for neurologists due to the rare nature of
the two hereditary disorders and the fact
that the symptoms of hypophosphatemic
rickets may overlap with those of ataxia,
which can complicate timely diagnosis.
This family case should alert the medi-
cal community and health authorities not
only of the Lensky District but also of the
entire Republic of Sakha (Yakutia) and
should direct the efforts of the medical
organization toward public education re-
garding hereditary diseases, taking into
account the bioethical issues that inevi-
tably arise when discussing this area of
medicine.

The authors declare no confiict of in-
terest.
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PAGET’S DISEASE OF BONE AS A RARE
CAUSE OF HEADACHE

Headache is one of the most common complaints encountered in clinical practice. Although primary headaches (such as migraine and ten-
sion-type headache) are most prevalent, timely identification of secondary headaches is essential, as they require distinct diagnostic and thera-
peutic approaches. This paper presents a clinical case of Paget's disease of bone with isolated skull involvement, manifested solely by chronic
headache. Based on elevated serum alkaline phosphatase levels, further examination was performed in a 47-year-old patient initially diagnosed
with tension-type headache. Magnetic resonance imaging (MRI), computed tomography (CT), and bone scintigraphy confirmed the diagnosis of
Paget’s disease of bone, after which pathogenetic therapy was initiated.

Keywords: headache, secondary cephalgia, Paget’s disease of bone, alkaline phosphatase.
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Introduction. Headache is one of the
most common reasons for seeking med-
ical care [1, 8]. According to the Global
Burden of Disease (GBD, 2022) study,
the overall prevalence of headache was
52.0% (95% CI: 48.9-55.4), migraine
- 14.0% (95% CI: 12.9-15.2), and ten-
sion-type headache — 26.0% (95% CI:
22.7-29.5). Chronic headaches lasting
15 or more days per month were reported
in 4.6% (95% CI: 3.9-5.5) of cases [16].
Headache significantly reduces quality of
life and often leads to temporary or per-
manent disability [14].

In most cases, primary headaches—
migraine, tension-type headache, and
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cluster headache—are observed. How-
ever, secondary headaches are not un-
common; these are symptoms of other,
often more serious disorders, requiring
specific diagnostic approaches [8].
Paget’s disease of bone (PDB, also
known as deforming osteitis) is a chronic,
slowly progressive skeletal disorder char-
acterized by focal abnormalities in bone
remodeling [2]. Excessive osteoclastic
resorption, coupled with disorganized
osteoblastic bone formation, results in
structurally weakened, deformed, thick-
ened, and hypervascularized bone [3].
PDB typically affects older individuals,
particularly men, and occurs in approxi-
mately 1-5% of people over 50 years old
[5]. There is marked geographic variation,
with the disease being more common in
populations of European descent and
relatively rare in Asians [11]. Although
its exact cause remains unclear, PDB
is thought to develop in genetically pre-
disposed individuals, as a positive fami-
ly history is reported in 5-40% of cases
[9]. Environmental factors, including viral
infections (especially paramyxoviruses)
and vitamin D deficiency, have been pro-
posed as contributing factors [3].
Clinically, the disease manifests with
bone pain (73.8%), bone deformities
(18.1%), hearing loss (7.9%), and patho-

logical fractures (5.7%). However, in up
to 22% of patients, PDB may remain
asymptomatic [15]. Neurological compli-
cations include hearing loss (76%), neck
pain (2-5%), cranial nerve palsies (0.2—
41%), and peripheral nerve involvement
(2-5%) [13]. Although headache is fre-
quently reported in PDB, it is a nonspe-
cific symptom [4]. Typically, headaches
are localized in the posterior head and
are aggravated by increased intracrani-
al pressure, such as during coughing or
defecation. Possible mechanisms include
skull hypervascularization, basilar im-
pression, hydrocephalus, compression of
trigeminal nerve roots, thickening of facial
bones, and intracranial hemorrhage [7].

Thus, although rare, Paget’s disease
of bone should be considered in the dif-
ferential diagnosis of chronic headache.
We present a clinical observation of a
patient in whom headache was the only
manifestation of Paget’s disease of bone.

Case Description. A 47-year-old man
was admitted in August 2025 to the neu-
rology department with persistent dull
and aching headaches localized in the
temporal and infraorbital regions (VAS
score 7), unaccompanied by nausea or
vomiting.

History of present illness. The patient
had been experiencing headaches since



2023, initially on the right side only, later
involving both sides and the infraorbital
area. The onset was associated with a
remote head injury (without loss of con-
sciousness). The headache was nearly
continuous. Self-administration of nime-
sulide (2 tablets three times daily) provid-
ed moderate relief. There were no clear
triggers or factors affecting the frequency
or intensity. The patient denied nausea,
vomiting, photophobia, phonophobia,
and aura. He had not been under neu-
rological supervision prior to this hospi-
talization.

Comorbidities: hypertension; chronic
sinusitis with frequent exacerbations.

Medications: nimesulide 2 tablets
three times daily.

Family history of headache: unremark-
able.

Neurological examination: within nor-
mal limits.

Upon admission, based on the dura-
tion and nature of the headache, chron-
ic tension-type headache complicated
by medication-overuse headache due
to prolonged use of simple analgesics
(nimesulide) was suspected.

Laboratory findings: Routine blood
and urine tests, coagulation profile, para-
thyroid hormone, serum protein electro-
phoresis, and tumor markers were within
normal limits. Biochemical testing re-
vealed elevated alkaline phosphatase of
183.0 U/L (reference range: 40—150 U/L).
Given this abnormality, further evaluation
was undertaken.

Ultrasound of the abdominal organs
and prostate showed no pathology

Brain MRI (FLAIR sequence) demon-
strated foci of pathological bone remodel-
ing in both parietal bones, accompanied
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Fig. 1. Brain MRI (FLAIR sequence), sagittal
slice — foci of bone remodeling in the parietal
bones

Fig. 2. Brain CT, axial slice — bone remodeling
in both parietal bones.

by reactive changes in the adjacent dura
mater and soft tissues (Fig. 1). Brain CT
confirmed areas of pathological bone re-
modeling in the same regions (Fig. 2).
Whole-body bone scintigraphy per-
formed three hours after radiopharma-

Fig. 3. Bone scintigraphy showing hyperfixation in the right parietal bone
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ceutical administration revealed physi-
ological tracer uptake in the facial skel-
eton, sternum, scapular angles, spine,
iliac wings, and shoulder and hip joints.
A focus of increased radiotracer accumu-
lation was identified in the parietal bones,
more pronounced on the right (Fig. 3).

Sternal bone marrow aspiration, per-
formed to exclude multiple myeloma, re-
vealed no abnormalities.

A multidisciplinary consultation involv-
ing a neurologist and a rheumatologist
concluded with a diagnosis of Paget's
disease of bone with isolated skull in-
volvement. Treatment with zoledronic
acid 5 mg/100 mL intravenously once
yearly was prescribed. The patient was
referred for long-term rheumatologic fol-
low-up.

Discussion. Paget’s disease of bone
is the second most common metabolic
bone disorder, with a prevalence ranging
from 1.5% to 8.8% [10, 17]. Neurolog-
ical symptoms are reported in approxi-
mately 76% of patients [6]. Headache is
a rare manifestation, described in only
about 1.6% of cases; seizures are also
uncommon [4, 7]. Radiographic meth-
ods, including CT, MRI, and bone scin-
tigraphy, play a crucial role in diagnosis.
Differential diagnosis may be required to
distinguish PDB from metastatic lesions,
lymphoma, or multiple myeloma [12].

The present case illustrates a rare
but clinically important manifestation of
PDB—chronic headache as the only
symptom. Given the high prevalence of
tension-type headaches, such cases can
easily be misinterpreted as primary head-
ache disorders. In this case, the elevated
alkaline phosphatase level prompted fur-
ther investigation, leading to the correct
diagnosis through MRI, CT, and bone
scintigraphy, and subsequent initiation of
pathogenetic therapy.

Conclusion. Headache remains one
of the most common reasons for medi-
cal consultation. Although the vast ma-
jority of cases (up to 90-95%) are due
to primary headache disorders such
as tension-type headache or migraine,
clinicians must maintain vigilance for
secondary causes. Secondary head-
aches may indicate serious underlying
pathology and typically require specific
diagnostic and therapeutic approaches.
The presented case emphasizes the im-
portance of comprehensive evaluation
and consideration of Paget's disease
of bone as a potential cause of chronic
headache, particularly in middle-aged
and older patients with elevated alkaline
phosphatase levels.

The authors declare no conflict of in-
terest.
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A CASE REPORT OF FREDERICK'S
SYNDROME: COMPLETE TRIFASCICULAR
BLOCK WITH ATRIAL FIBRILLATION

This article presents a clinical case of a patient with newly diagnosed Frederick's syndrome, in this case persistent atrial fibrillation and complete
trifascicular block, including proximal complete AV block, anterior hemiblock, and complete right bundle branch block. The possible mechanism
of development of this condition and the treatment provided at Regional Clinical Hospital No. 1 in Tyumen, Russian Federation, are discussed.

Keywords: Frederick's syndrome; electrocardiogram; atrial fibrillation; trifascicular block; complete heart block; anterior hemiblock; complete

right bundle branch block
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Introduction. As is often the case in
medicine, Frederic's syndrome (FS) is an
eponym. In 1904, the Belgian physiolo-
gist L.L. Frederick, during an experiment,
established that in animals with atrial
fibrillation (AF), the intersection of the
His bundle causes regular contractions
of the ventricles, despite the persistent
arrhythmia in the atria [7]. In humans,

VEDERNIKOV Artyom A. — MD, cardiologist,
Cardiology Department No. 2, Regional Clin-
ical Hospital No.1, Tyumen, Russian Federa-
tion, ORCID iD: 0009-0002-1297-5035, bar-
terer55@yandex.ru; MEZHONOV Evgeny M.
— MD, D. Sci. (Med.), Professor of the Depart-
ment of Cardiology and Cardiac Surgery with
an Emergency Care Course at the Institute of
Clinical Medicine, cardiologist; Tyumen State
Medical University, Regional Clinical Hospital
No.1, Tyumen, Russian Federation, ORCID
iD: 0000-0002-6086-4578, emmrus@mail.ru

FS is characterized by a combination of
complete atrioventricular (AV) block and
AF or atrial flutter, which leads to a com-
plete cessation of impulse conduction
from the atria to the ventricles. Under
these conditions, the ventricles are excit-
ed by the pacemaker from the AV node
or ventricular conduction system, while
chaotic contractions of individual muscle
fibers occur in the atria. On an electro-
cardiogram (ECG), this manifests itself
as both an f-wave and regular ventricular
contractions. FS occurs in 0.6-1.5% of
patients with AF [1,4]. Data on the epide-
miology of FS are outdated and require
updating. FS is mentioned in isolated
English-language publications, which
suggests the use of this eponym by phy-
sicians in the post-Soviet space rather
than the extreme rarity of this pathology.
The clinical presentation of FS may in-
clude episodes of loss of consciousness

(Morgagni—Adams—Stokes attacks), diz-
ziness and weakness, as well as brady-
cardia.

Objective: to describe a clinical case
of a patient with FS, with a trifascicular
block against the background of AF.

Materials and Methods: A retrospec-
tive analysis of the medical records of
an inpatient in the arrhythmology depart-
ment of the Tyumen Regional Clinical
Hospital No. 1 was conducted. Data from
clinical observation, laboratory tests, in-
strumental diagnostics, and the surgical
protocol were used.

Case Report. A 74-year-old man pre-
sented to our emergency department with
complaints of severe general weakness,
dizziness, hypotension for 3 months, and
syncope for 1 year. The last brief, unat-
tended loss of consciousness, without
bladder or bowel movement, occurred 2
months ago. There was no previous histo-



ry of similar complaints. He discontinued
his cardiotonic medications (losartan, in-
dapamide, bisoprolol) 3 months ago due
to low blood pressure as self-monitored.
His cardiac history revealed hypertension
and persistent AF for 5 years, for which
he regularly takes apixaban. He did not
report taking any other medications.

Patient history. No family history. He
denies any bad habits. His allergy and
epidemiological history are unremark-
able. He has a sigmoid colon tumor. He
underwent surgery in 2011, which result-
ed in a temporary stoma. No other treat-
ments were performed. He was removed
from the oncologist's list in 2022. Does
not report any other chronic diseases.

Objective data. Examined in a hori-
zontal position. The body constitution is
abnormal - congenital deformities of the
limbs, fusion and rotation of the toes on
the left foot, as well as on the right and
left hands. Consciousness is clear. Mu-
cous membranes are clean, moist. The
skin is clean, somewhat pale. The lymph
nodes are intact. Moderate pastosity of
the lower third of the shins and feet. The
number of breaths per minute is 18 per
min. SpO2 98%. On auscultation, breath-
ing is vesicular, conducted in all parts,
no wheezing. The shape of the chest is
normosthenic. Heart rate is 32 beats per
minute. Pulse is rhythmic. Blood pressure
on the right arm is 150/80 mmHg, on the
left arm 150/70 mmHg. Heart sounds are
clear, rhythmic. Heart murmurs are not
auscultated. Pulsation in the peripheral
arteries is determined. The abdomen is
not distended and is soft. The liver is at
the costal margin. Urination and defeca-
tion are unremarkable.

Laboratory diagnostics. Troponin | is
18 ng/L (reference range up to 22 ng/L),
sodium uretic peptide is 1492 pg/mL (ref-
erence range up to 440 pg/mL), glomer-
ular filtration rate (MDRD) is 95.03 mL/
min, and there is mild normocytic anemia
(Red blood cells (RBC) 4.32 10*12/L;
Hemoglobin (HGB) is 118 g/L; Mean cor-
puscular volume (MCV) is 86.2 fl). Other
laboratory tests showed no significant
abnormalities.

The patient was admitted to the inten-
sive care unit due to severe bradycardia
and complete heart block leading to syn-
cope.

Instrumental diagnostics. Figure
shows the patient's ECG. Echocardiogra-
phy (table 1) reveals moderate right heart
dilation, signs of pulmonary hypertension,
marked left atrial dilation, and moderate
concentric left ventricular (LV) myocardi-
al hypertrophy. Grade 1 aortic and mitral
valve regurgitation was present. Against
the background of diffuse myocardial

hypokinesis, areas of local contractility
impairment were not reliably identified.
Global contractility of the LV myocardium
is reduced, ejection fraction is 32%.

Coronary angiography (CAG) was per-
formed - no significant obstructive lesion
of the coronary arteries was detected.
According to ultrasound dopplerography
of the brachiocephalic arteries, hemody-
namically insignificant atherosclerosis is
present. Triglycerides are 1.11 mmol/L,
high-density  lipoproteins are 1.22
mmol/L, cholesterol is 4.16 mmol/L, and
low-density lipoproteins are 2.8 mmol/L.

Surgery was then performed. An In-
gevity 7842 59 cm endocardial electrode
was inserted into the right ventricle via
the subclavian vein and positioned in the
middle third of the interventricular sep-
tum. The electrode was connected to the
Essentio SR pacemaker in VVI mode.
Pacemaker monitoring data are present-
ed in table 2. During subsequent hospital
observation, syncope was absent, epi-
sodes of hypotension were not recorded,
and a neurologist examined the patient.
Neurogenic causes of syncope were
excluded. For technical reasons, stress
tests for coronary artery disease were
not performed.

The final clinical diagnosis was cor-
onary artery disease. Cardiac rhythm
and conduction disturbance: third-de-
gree atrioventricular block secondary to
atrial fibrillation (Frederick's syndrome).

pEF VLR
e S S ¥

e

"
FEEfEFEibafiy
Vi

QRsH-0,12

L S e N, f e e "W‘f
= S et LTSS "r J
—-"“'--.n.,u_,.d_.,-w,.a'z e e B

5

P =
Al P
Pt A R

= \
P ———— e

e P ——

4 2025 N AW &

CHA2DS2-VASc 3 points. HAS-BLED 2
points. Implantation of the Essentio SR
(VVI) pacemaker with an endocardial
electrode on August 12, 2025. Stage 1
CHF (RKO 2023), CHF 1A (according to
Vasilenko-Strazhesko), low EF-32%, FC
2. Stage lll hypertension. Target blood
pressure level not achieved. Risk 4 (very
high). The patient was discharged in a
satisfactory condition. Upon discharge,
the following medications were recom-
mended for regular use: Dapagliflozin 10
mg, 1 tablet once a day. Bisoprolol 2.5
mg, 1 tablet in the morning. Apixaban 5
mg, 1 tablet 2 times a day. Valsartan 80
mg, 1 tablet in the morning. Amlodipine
10 mg, 1 tablet in the evening. Spirono-
lactone 25 mg, 1 tablet in the morning.
Atorvastatin 20 mg, 1 tablet in the eve-
ning. An appointment with a cardiolo-
gist qualified to program pacemakers is
scheduled in two months.

Discussion. The main period of
studying the cardiac conduction sys-
tem, mostly in animal models, occurred
in the 20th century, but today, various
conduction pathologies continue to be
investigated by the medical community.
Of interest is the newly identified Bayes
syndrome, characterized by the associ-
ation of severe interatrial block and atri-
al arrhythmias, in particular AF, with an
increased risk of dementia, stroke, and
mortality [6]. Also recently, a rare case
of combined cardiac conduction disor-
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ECG of the patient upon admission (recording speed 50 mm/s, amplitude 10 mm/mV)
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der was described, in which alternating
bundle branch block was accompanied
by second-degree AV block [10]. FS, like
the above-described Bayes syndrome
and alternating block, are an uncommon
cardiac conduction disorder in the daily
clinical work of a cardiologist, but this fact
does not reduce its severity and signifi-
cance. In routine practice, when reading
an ECG, it is necessary to increase phy-
sician alertness to changes in the charac-
teristics of the pacemaker and slowing of
impulse conduction through various parts
of the myocardium.

The causes of FS are pronounced
sclerotic, degenerative, or inflammatory
changes in the myocardium due to severe
organic heart diseases, such as coronary
artery disease (CAD), acute myocardial
infarction, myocarditis, cardiomyopathy,
or other structural disorders. Factors that
provoke manifestation may be excessive
physical activity, taking medications that
have negative chronotropic, dromotropic
and bathmotropic effects, as well as elec-
trolyte imbalance and stress [3]. There is
also evidence that CAD and hypertension
are the main cause of the combination of
right bundle branch block and left anterior
fascicular block [9].

The presence of significant cardiac
rhythm and conduction disturbances and
the patient's advanced age may suggest
infiltrative myocardial diseases, particu-
larly amyloidosis. The echocardiographic
picture (absence of both asymmetrical
pronounced hypertrophy and dilation of
the heart, absence of signs of restriction,
absence of significant damage to the aor-
tic valve, absence of myocardial hetero-
geneity), as well as the absence of clinical
signs of a systemic pathological process,
namely, damage to the gastrointestinal
tract, nervous system, eyes and kidneys
in addition to the heart, speak against this
diagnosis in this patient. However, there
is evidence that trifascicular block may
be a primary manifestation of cardiac
amyloidosis [11].

In the present case, we observe prom-
inent AF f-waves and regular, infrequent
ventricular contractions, as well as signs
of anterior hemiblock and complete
right bundle branch block. AF f-waves
are not always visualized on the ECG,
which creates difficulties in differential
diagnosis. The deformation of the QRS
complexes on the ECG in this patient is
moderate and is associated with a block
along the left and right branches of the
His bundle, with the pacemaker located
in the AV junction, indicating a proximal
type of block, often not accompanied by
a disturbance in the biomechanics of car-
diac contraction [2, 5, 8]. Distal AV block

Table 1

Echocardiography data
Parameters Value
Left Atrium 46 mm
EDV 89 ml
ICV 50 ml/m?
Right atrium 41x59 mm
Right ventricle 36 mm

Anterior wall of the right ventricle

6 mm

not dilated, walls are compacted, in the

Aorta ascending section - 39 mm
Aortic valve leaflets compacted
Systolic leaflet opening unlimited
Leaflet divergence 18 mm
Vmax 1.6 m/s
Pgmax 11 mmHg
Regurgitation Ist degree
Left ventricle:

EDV 51 mm

EDV 124 ml

ESR 43 mm

ESV 83 ml
Simpson ejection fraction 32%

Local contractility G Qy3HBII THITOKITHE3
Myocardial mass:

LVM 241 g

LVMI 137

TCR 0,47

Mitral valve:

Customers not thickened, compacted
Diastolic valve opening unlimited
peak E: Vmax 0.7 m/s
Regurgitation Ist degree
Interventricular Septum diastolic 12 mm
Posterior Wall of the Left Ventricle diastolic 12 mm
Tricuspid valve:

Customers not thickened
Diastolic valve opening unlimited
Vmax 0.55 m/s
Regurgitation Physiological
Pgmax 1.2 mmHg
Pulmonary valve:

Cutlets thin

Systolic leaflet opening unlimited
Vmax 1.4 m/s
Pgmax 8 mmHg
Regurgitation Ist degree
Collapse of the IVC during inspiration less than 50%
IvC 20 mm

Signs of pulmonary hypertension:

pulmonary artery diameter 28 mm

PAS 47 mmHg

is characterized by widened, deformed
ventricular-type QRS complexes.

As mentioned above, such cardiac
rhythm and conduction disturbances in
patients may be associated with CAD.
Initially, a large volume of atherosclerot-
ic coronary lesions, possibly multivessel
plaque localization, can be suspected.
Also, given the high incidence of AV
block in inferior myocardial infarction, the
physician should assess for patterns of
vascular accident in the leads of the cor-
responding location. In our case, there

were no electrocardiographic signs of
myocardial infarction, and the intact cor-
onary arteries according to invasive cor-
onary angiography and a negative tropo-
nin test in the patient rule out acute forms
of coronary artery disease as a cause of
FS.

The development of complete AV
block in the context of AF is associated
with significant cardiac remodeling, the
development of various complications,
and a worsening prognosis, which is of-
ten underestimated by doctors. The ab-



Table 2

Pacemaker examination

Parameters

Meaning

Model of pacemaker

Essentio SR

On the monitor

rhythm from pacemaker in VVI mode 60 bpm

Stimulation mode VVI
Base rate 60 bpm
Amplitude RV 35V
Duration RV 0.4 ms
Threshold RV 04V
Sensitivity RV 2.5mV
Voltage of wave RV (R) 14.9 mV
Impedance RV 678 Ohm

Expected service life

more than 8 years

Statistics

AsVs: 4 %; AsVp: 96 %

sence of atrial systole in AF, as well as
the presence of AV dyssynchrony with a
marked decrease in heart rate, lead to a
decrease in the atrial and ventricular con-
tribution to LV filling during diastole. As a
result, the degree of mitral regurgitation
and pulmonary artery wedge pressure in-
creases, the load on the right ventricle in-
creases, which over time causes its dys-
function and expansion, as well as dila-
tion of the fibrous rings of the AV valves.
Similar echocardiographic characteristics
are observed in our patient, who likely
has arrhythmogenic cardiomyopathy.
The first step in treating patients with
bradycardia is discontinuing medica-
tions that lower the heart rate, primarily
beta-blockers and digoxin. A detailed
patient history is helpful in this regard.
The next step, if bradycardia persists and
the accompanying symptoms described
above appear, is pacemaker implanta-
tion. The literature describes the practice
of implanting a permanent pacemaker
with bundle-His pacing in FS, which en-
sures the most physiological conduction
of the impulse through the cardiac con-

duction system [5]. Our clinic does not
yet use this technique. To date, there is
no scientific data on the comparison of
different pacemaker modes for FS and
their effectiveness.

Conclusion

This clinical case contributes to ex-
panding knowledge about FS. Due to
the difficult diagnosis and treatment of
this combined arrhythmia, especially in
elderly patients, increased attention is
required to the possible development of
FS. Early detection of cardiac symptoms
allows for timely administration of drug
therapy and/or referral of the patient for
pacemaker implantation, which will con-
tribute to an improved prognosis and re-
duced mortality among patients with such
a common arrhythmia as AF.

The authors declare no conflicts of in-
terest.
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A RARE CLINICAL CASE OF TUBEROUS
SCLEROSIS WITH CARDIAC
RHABDOMYOMA IN A NEWBORN

This article presents a rare case of tuberous sclerosis with cardiac rhabdomyoma in a newborn. Rhabdomyoma is a benign tumor in the heart
cavity, arising from embryonic muscle cells, and is frequently associated with tuberous sclerosis (TS), serving as its diagnostic marker. The disease
was not detected prenatally. Postnatally, the infant was found to have a heart murmur; within days depigmented patches appeared all over the body,
predominantly on the back, groin area, and legs. The diagnosis was established based on echocardiography. To determine further management
tactics, a telemedicine consultation was conducted with the Federal Center for Cardiovascular Surgery in Khabarovsk, and the diagnosis was
confirmed. Urgent planned surgical intervention was indicated.
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Introduction. The most common be-
nign cardiac tumor in children is rhabdo-
myoma. In 50% of cases, the tumor has
an intracavitary localization, in 30% - it af-
fects the myocardium, and it is extremely
rare for it to be found on the heart valves
[3]. The clinical presentation of rhabdo-
myoma is variable and depends on the
localization, size of the tumor, involve-
ment of the cardiac conduction system,
and may manifest as an asymptomatic
condition and a result of an incidental
finding, or may lead to a fatal outcome
in the perinatal period [4]. Rhabdomyo-
ma is frequently (in 50-86% of cases)
associated with tuberous sclerosis (TS),
and is its diagnostic marker [4]. Tuberous
sclerosis (Pringle—Bourneville disease,
epiloyia) is an autosomal dominant dis-
order phenotypically manifesting as be-
nign hamartomas in various organs and
systems. lts prevalence is established
as ranging from 1:6,000 to 1:10,000 in
different populations [5, 6]. The cause of
tuberous sclerosis (TS) is mutations in
chromosomes 9 and 16 —specifically, in
region 34 of the long arm of chromosome
9 (TS type 1—TSC1), and in region 13
of the short arm of chromosome 16 (TS
type 2—TSC2) [1, 5, 7, 8].

This article presents a clinical exam-
ple of a child with cardiac rhabdomyoma
in the setting of tuberous sclerosis.

Objective: To describe a rare clinical
case of a child with cardiac rhabdomyo-
ma in tuberous sclerosis.

Materials and Methods: A retrospec-
tive analysis of the medical records of a
patient hospitalized in the Department of
Pathology of Newborns and Premature

Infants No. 2 (DPNPI No. 2), Republican
Hospital No. 1 — National Medical Center
named after M.E. Nikolaev (RH No. 1 —
NMC), was performed.

Clinical Case. A newborn girl was
admitted to State Autonomous Institution
RS(Y) "RH No. 1-NMC named after M.E.
Nikolaev ", Department of Pathology of
Newborns and Premature Infants No. 2
(DPNPI No. 2) on the 6th day of life. Ac-
cording to the mother's obstetric history,
she had been under observation at an
antenatal clinic since 7—8 weeks of preg-
nancy. The child was born from the fourth
pregnancy. The first half of pregnancy
was complicated by threatened mis-
carriage, marginal placenta previa, and
retrochorial hematoma, for which she re-
ceived inpatient treatment at her place of
residence. In the second half of pregnan-
cy, she developed grade 1 anemia, which
was treated on an outpatient basis.

Prenatal screening results: First
screening (12 weeks): marginal chorionic
previa, retrochorial hematoma; Second
screening (22 weeks and 4 days): no
pathological findings; Third screening:
not performed.

The third delivery occurred at 40
weeks of gestation, with vertex presenta-
tion. Birth weight was 3896 g, length 57
cm, head circumference 37 cm, chest cir-
cumference 37 cm. Apgar score was 8/9
points. The newborn's condition at birth
was assessed as relatively satisfactory. A
pronounced blowing murmur was detect-
ed at all auscultation points of the heart.
No resuscitation was required.

At the central district hospital (CDH),
a complete blood count and blood bio-



chemistry showed no abnormalities;
blood gas analysis was not performed.
Abdominal ultrasound and chest X-ray
revealed no pathology. Echocardiogra-
phy (ECHO-KG) was not performed due
to the lack of equipment.

Upon admission to DPNPI No. 2: the
skin was pink with peeling, and there
were single round depigmented patches,
up to 1.0 mm in diameter, on the posterior
trunk and buttocks (Fig. 1).

The heart sounds were rhythmic but
muffled, with a systolic murmur of mod-
erate intensity at all auscultation points.
In the subsequent days, the spots spread
over the entire body, predominantly on
the back, inguinal area, and legs; there
were numerous solitary whitish lesions
resembling areas of depigmentation,
without hyperemia.

The results of the complete blood
count, blood biochemistry, blood gas
analysis, ELISA, PCR for intrauterine
infections, infectious screening, coagu-
lation profile, and urinalysis were unre-
markable. Instrumental studies — Includ-
ing neurosonography (NSG), abdominal
ultrasound (US), hip joint ultrasound,
EEG, abdominal CT, and brain MRI — re-
vealed no pathology.

During the clinical-instrumental exam-
ination, the following findings were iden-
tified:

- Chest X-ray: Congenital heart defect.
Pulmonary hypertension. Hypervolemia
in the pulmonary circulation. Grade 3 thy-
momegaly.

- ECG: |Intraventricular conduction
disturbance. Increased potentials of the
right ventricle (RV). Disturbed repolariza-
tion processes.

- Echocardiography (EchoCG): Addi-
tional masses detected in the left ven-
tricular (LV) cavities; the right ventricle
shows obstruction of the inflow tract of
the left ventricle and of the inflow tract
of the right ventricle (presumably rhab-
domyomas). Patent foramen ovale (0.34
cm). Grade 1 regurgitation at the tricuspid
valve. Right ventricular dilation. Ejection
fraction 74.2% (Fig. 2).

Fig. 1. Areas of skin depigmentation

- Holter ECG: Baseline ventricular re-
polarization disorders. ECG signs of right
ventricular enlargement.

- Cardiac CT with contrast: Addition-
al structures in the outflow tracts of the
left and right ventricles. Small areas of
ground-glass opacity in the dorsal seg-
ments of the lungs, most likely zones of
hypoventilation. Grade 3 thymomegaly.
Nodule in the right lobe of the thyroid
gland.

- Lab studies: Elevated cardiac mark-
ers: CK-MB 29.05 U/L, high-sensitivity
troponin 35.200 ng/L, and tumor marker
AFP 24,590.60 IU/mL.

The child was examined by a cardi-
ologist, dermatovenerologist, geneticist,
ophthalmologist, and neurologist. The
patient had two major criteria for tuber-
ous sclerosis: skin depigmentation and
cardiac rhabdomyoma.

To determine further treatment tac-
tics, a consultation with a federal center
was conducted. Following a telemed-
icine board decision with the Federal
Center for Cardiovascular Surgery in
Khabarovsk, the patient was indicated for
surgical removal of the cardiac tumor-like
masses.

On the 8th day of life, considering the
increased risk of fatal outcome due to
obstruction, the board decided to trans-
fer the child for observation in the ICU.
During observation in the ICU, the baby
required no respiratory support and was
subsequently transferred to the special-
ized department (DPNPI No. 2) for fur-
ther preoperative preparation.

<" Paccr 0.699 cm
+ Pacct 0.892cm

s Paccr 0.766cm
+ Pacer 1.11cm

Fig. 2. Masses in the cavities of the left and
right ventricles of the heart
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During hospitalization, the child was
exclusively breastfed and received con-
servative treatment.

On the 13th day of life, in stable condi-
tion, the child was transferred to the Fed-
eral Center for Cardiovascular Surgery in
Khabarovsk for further surgical treatment
with the following diagnosis: Multiple
congenital malformations. Benign cardi-
ac neoplasm. Rhabdomyomas (in the left
ventricle cavity, 0.7 x 0.9 cm; right ventri-
cle, 0.7 x 0.8 x 1.1 cmand 0.4 x 0.4 cm)
with obstruction of the LV outflow tract
and right ventricular inlet. Patent foramen
ovale, 0.34 cm. Heart failure 0. Tuberous
sclerosis. Thyroid gland nodule (right
lobe). Unspecified anetoderma.

Conclusion: This case demon-
strates the potential for early diagnosis
and timely surgical correction of cardiac
rhabdomyoma in early childhood. Early
diagnosis and surgical intervention im-
prove prognosis. Cardiac rhabdomyoma
in newborns requires a multidisciplinary
approach (involving cardiologists, cardi-
ac surgeons, and geneticists). The man-
agement strategy depends on the tumor
size, the presence of symptoms, and its
association with tuberous sclerosis.

In recent years, only isolated cases of
prenatal diagnosis of cardiac rhabdomy-
oma have been reported in the literature.
For instance, during fetal ultrasound at
21 weeks of gestation, volumetric mass-
es were detected in the region of the right
and left ventricles. Histopathological ex-
amination revealed the presence of “spi-
der cells.” Molecular genetic testing iden-
tified a pathogenic variant in the TSC2
gene [2].

Thus, early diagnosis of cardiac rhab-
domyoma is possible in the perinatal pe-
riod using the tools of prenatal ultrasound
and molecular genetic studies.

The authors declare no conflicts of in-
terest.
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VENOUS THROMBOSIS OF THE LOWER
EXTREMITY IN A 13-YEAR-OLD PATIENT

A clinical case of the venous thrombosis of the lower extremity in a 13-year-old patient is represented in the article, the thrombosis occurred
in the course of post-COVID syndrome (enzyme-linked immunosorbent assay for SARS-CoV2 by 18.09.2024 detected 50000 BAU/mL. Onset
of the disease acute fever up to 38C, abdominal pain. Diagnostic laparoscopy performed in the central district hospital. Diagnosis: right ovarian
apoplexy, cystic ovaries, adhesions, anemiya (hemoglobin - 75 g/l, dizziness, weakness). Prior to that, she was examined in Yakutsk, autoimmune
thyroiditis was diagnosed. On the 6th day after laparoscopy, fever up to 39,2C, pain in the popliteal pits and lower legs appeared. Transferred to
the childrens department of the central district hospital, from there sent to the admission and diagnostic department of the pediatric center RH1.
Electroneuromyography revealed signs of progressive muscle damage. Transferred to the cardiorheumatology department for further examination
and treatment. Laboratory data showed an increase in all inflammatory markers (CRP, D-dimer, ferritin). Ultrasound imaging revealed occlusive
thrombosis of the sural veins of both lower extremities. Received low molecular weight heparin, antucosgulants, aspirin, diclofenac as treatment.
The adequate therapy resulted in positive dynamics.

Keywords: thrombosis, thromboembolism, coronavirus, children, vessels, veins
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Introduction. Thrombosis is the for-
mation of the blood clots in the blood
vessels both in the arteries and the veins.
Venous thromboembolism is most com-
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mon and results in fatalities in the adult
population. However, it is uncommon and
rare among children and adolescents.
Its estimated prevalence varies from 0.5
to 1.9 per 10,000 children population.
Those children diagnosed with blood clot-
ting disorders are at the highest risk [2,8].

Deep vein thrombosis can be com-
plicated with thromboembolism and
post-thrombotic syndrome. Most of the
thromboses are associated with central
veinous catheterization. The other factors
are traumas, surgical interventions, post-
traumatic disorders, hereditary and ac-
quired thrombophilic conditions, such as
the presence of the factor V Leiden muta-
tion, protein C and protein S deficiencies,
disorders of the intestines, kidney, circu-
latory system, infections, rheumatic dis-
eases, antiphospholipid syndrome and
many others. The other causes of throm-
bosis are the inherited abnormalities (in-
ferior vena cava agenesis, atresia, occlu-
sion or uncomplete substitution) [3,6].

As a rule, the onset of deep vein
thrombosis in children is asymptomat-
ic, though there can be swollen upper

and lower extremities, elevation of body
temperature, weakness, erythema, pos-
itve Homan'’s sign (pain response in the
dorsiflexion of the foot). The diagnosis of
venous thrombosis is confirmed by Du-
plex ultrasonography with color Doppler
imaging; contrast venography, computed
tomography, angiography and MRI are
less common [2,4,8,9].

Despite all the mentioned causes post-
COVID and multisystemic inflammatory
system should be added, as they man-
ifest by vasculopathy and hemostasis.
The pathogenesis of SARS-coV-2 affects
the vascular endothelium, disturbs hemo-
stasis that result in risk of clot formation
[10]. The patients after COVID-19 show
high indices of D-dimmer and fibrinogen
which increase clot formation [3,9].

The clinical case. The female patient
K., aged 13, was admitted to the depart-
ment of cardio-rheumatology of the Pe-
diatric Center of the Republican hospital
#1, M.E. Nikolaev National health center.
She complained of weakness, pains in
the lower extremities when walking, nau-
sea and dizziness.



Case history: She lost consciousness
a month before the admission to the Pe-
diatric center, the patient was admitted
to the neurological department of the
Central regional hospital. On examina-
tion no neurological abnormalities were
revealed. Thyroid profile changes as well
as changes in the thyroid gland were no-
ticed. On the 13-th day after the onset
of the disease she was discharged from
the hospital with the diagnosis of autoim-
mune thyroiditis. At home she felt pains
in the abdomen, the body temperature
increased up to 38C. The diagnostic lap-
aroscopy was carried out. She was diag-
nosed with apoplexy of the right ovarium,
cystic changes in the ovarium, peritoneal
adhesion, anemia (hemoglobin — 75g/L).
To increase the level of the hemoglobin
the erythrocyte mass was transfused on
the 16" day. On the 2™ day after blood
transfusion the body temperature in-
creased up to 38-39C, the fever lasted
for a week. On the 20-th day she experi-
enced pains on the calves and lower legs.

The results of the tests showed: LDH
—896Un/L (N-250 Un/L), CRP-30.0 mg/L
(N-5mg/L); coagulogram: time — 12.5
sec. (N: 6+-1.6), Protromb.index -97%
(N:89+-4.2), PT — 1.02 (RI:0.8-1.14), PLT
— 200-280 (RI: 160-380), ferritin — 192
mcg/L (7-140).

Past medical history: chicken-pox,
acute respiratory diseases.

Family history: Her mother is 40, she
suffers from chronic bronchitis, pyelone-
phritis, hypertension, bronchial asthma in
close relatives. Her father is 39, with no
medical conditions.

On admission, the patient's condi-
tion was moderately severe. There was
marked weakness. Appetite and sleep
were not disturbed. Clinically, swollen
lower extremities, which were more
marked at the lower legs, were noticed,
the vascular pattern was expressed on
the skin of the lower legs. The other or-
gans and the systems had no abnormal-
ities.

Local status: the patient limps, the pa-
tient cannot crouch. She has difficulties
with tiptoeing and walking on heels. The
muscles of the thigh and lower legs are
painful on palpation.

Complete blood count on admission:
increase erythrocyte sedimentation rate
— 50mm/h, (N-4-15mm/h), neutrocyto-
sis — 72% (N-40-65%), granulocytosis —
63,3x10E9/I (N-4.5-13,0x10E9/I), hemo-
globin — 92g/l (N-115-150g/l). During the
treatment, all blood counts returned to
normal, hemoglobin increased to 114g/I.

Blood chemistry is presented in
Table 1.

Biochemical blood test dynamics
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The coagulogram on the 33 day of
the disease showed that: free protein S
was 55.00% (normal rages are 50.00-
134.00), antithrombin [l was 110.00%
(normal ranges are 96.00-126.00), pro-
tein C — 126.00% (normal ranges are
68.00-125.00);

The coagulogram on the 61t day of
the disease showed that: prothrombin
index was 100.00% (normal ranges:
70.00-140.00), Prothrombin time was
12.30 sec. (normal ranges: 13.50-17.00),
INR was 1.00 (normal range: 0.81-1.13),
fibrinogen was 3.71 g/L (normal range:
2.12-4.33), aPTT/PTT was 30.60 sec.
(normal range: 30.80-41.40);

The coagulogram on the 89" day of
the disease showed that: prothrombin in-
dex was 100.00% (normal range: 70.00-
140.00), Prothrombin time was 12.80 sec
(normal range: 13.50-17.00), INR was
1.00 (normal range: 0.81-1.13), fibrino-
gen was 4.49 g/L (normal range: 2.12-
4.33), aPTT/PTT was 30.70 sec (normal
range: 30.80-41.40).

Enzyme-linked immunosorbent assay
for SARS-CoV2 by 18.09.2024 detected
IgG>5000.0 BAU/mL.

The main values of thromboelastogra-
phy are represented in the table 2.

The result of the lower extremities ultra-
sound scan is represented in the table 3.

Table 1

The day AST (Unw/L) | ALT (Un/L) | Albumin (g/L) D-dimer (mcg/mL) Ferritin (mcg/Ij) LDH (Un/L). C-RP (meg/L)
of the disease Normal value is | Normal value | Normal level: Normal range: Normal range: | Normal range: | Normal range is
up to 40 is up to 37 38-54 0.16-0.39 7-140 250-295 up to Smeg/L
The 33-rd day 17.70 9.70 32.80 3.48 192 896.0 30.0
The 42-th day 16.10 9.90 - 1079.82 - 158.40
The 52-nd day 38.70 64.20 42.80 799.93 46.10 -
The 55-th day 43.90 58.40 38.10 - 39.50 136.50
The 61-st day 21.30 25.30 38.90 349.57 24.80 117.30
The 70-th day 39.50 41.30 43.40 1.42 - 165.30
The 79-th day 16.20 15.60 43.50 0.27 29.10 125.30 1.25
The 89-th day 16.50 15.60 43.30 - - 132.70 2.09

On the 32-nd day of the onset she was
referred to the diagnostic department of
the Pediatric center of the Republican
hospital #1, the National health center.
Later she was admitted to the depart-
ment of cardio-rheumatology for further
examination and treatment.

Anamnesis: The patient is a sec-
ond child born after the second preg-
nancy; the pregnancy had no abnor-
malities during its course. It was a
spontaneous vaginal delivery at due
time. Her birth weight was 3750 g,
height 52 cm.

Table 2

Thromboelastography (TEG) data on the 42nd day of the disease

The procedure code TEG parameter Measurement | Result | Normal value
1002237 oot min 230 | Upto6min
ormation
1002377 Reaction time min 8.00 Up to 12 min
1002302 Maximum mm 56.70 50 mm
amplitude
1002252 Maximum mm 58.10 40-65
clot strength
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The results of the ultrasound scan of the veins of the lower extremities

Table 3

The day of the disease The 33"

The 52

The 67"

The 90™

Occlusive deep
vein thrombosis
of the both
lower extremities

Medical assessment
report

Non-occlusive  deep  vein
throm-bosis of the lower ex-
tremities with-out expressed
floating parts. There is mod-
er-ate infiltration in subcutane-
ous adipose tissue of the both
lower legs. Inguinal lymphad-

Ultrasound signs of the par-
tial re-canalization of the right
femoral vein, deep veins of the
lower leg. Oc-clusing throm-
bosis of the right femo-ral
vein, deep veins of the both

Ultrasound signs of the par-
tial canaliza-tion of the pop-
liteal veins of the both sides.
Non-occlusive throm-bosis of
the external iliac vein, com-
mon femoral, great sa-phenous

enitis of the both sides. lower legs.

vein on the both sides.

Electromiography was carried out on
the 33 day. The medical finding: the mo-
tor point needling of the m.Tibialis ante-
rior s. revealed the signs of progressive
initial muscular disturbance: the poten-
tials of the motor units showed expressed
reduced time, amplitude (by 34.9%), all
entirely polyphase, disperse, denervation
/ reinnervation process (DRP) is at the
stage 2.

Secondary examinations on the 30"
day of the disease revealed: 1) the syn-
drome of the median, ulnar, fibular and
tibial nerves disorders was not detected
on the both sides;

2) Motor point needling of m.Tibia-
lis anterior s. revealed signs of initial
muscular disturbance: the potentials of
the motor units are reduced by 12.4%,
polyphase, denervation / reinnervation
process (DRP) was at stage 2 in com-
parison with the previous investigation
(19.09.2024) positive dynamics is no-
ticed: the amplitude of the potentials of
the motor units (PMU) was normal, time
of PMU increased, the polyphase index
reduced.

Echocardiography of the 39" day of
the disease revealed regurgitation of
the tricuspid valve stage 1, unstable in
the aortic valve — 1% stage. Mitral valve
disease with minimum regurgitation. The
heart cavities are not enlarged. Ejection
fraction was 66%.

The ultrasound scan of the organs
of the abdominal cavity and the kidneys
was carried out on the 2" day of the hos-
pitalization. Findings: deformation of the
gallbladder. Additional blood vessel was
noticed in the right kidney.

Examination of the specialists.

An ophthalmologist revealed mixed
astigmatism. Myopia of the 1t degree,
complicated myopic astigmatism of the
left eye. Retinal angiopathy of the both
eyes.

A hematologist diagnosed thrombosis
of the lower extremities. Secondary anti-
phospholipid syndrome.

A vascular surgeon indicated no sur-
gical treatment according to the objective

medical examination and findings of the
instrumental investigations. Conservative
treatment and follow up control examina-
tion are recommended.

A rheumatologist of the Federal center
corrected the course of treatment, the pa-
tient was recommended to take etaner-
cept 50 mg 1 per week, rivaroxaban 2.5
mg 2 times a day for 10 days, low-mo-
lecular heparin, aspirin, diclofenac and
omeprazole.

Taking into account hyperinflammato-
ry phenotype such as increased markers
of inflammation (CRP, D-dimmer, LDH,
ferritin) in the serum of the patient’s blood
etanercept was prescribed.

The condition was moderately severe
on discharge. The patient does not com-
plain of anything. She does not limp and
she can crouch. She can tiptoe and go
on her heels.

The patient is recommended a fol-
low-up care in her local polyclinic and to
apply for disability, walk moderately and
wear compression stockings; physical
trainings at school are contraindicated.

The hematologist and the vascular
surgeon should be consulted again in
a month. The patient should continue
taking rivaroxaban in the recommended
dose.

Discussion. We have presented the
clinical case of a rare childhood disease,
thrombosis of the veins of the lower ex-
tremities at the age of 13. The childhood
thrombosis is always a great clinical is-
sue due to the severity of its course and
outcome. One of the main causes of the
venous thrombosis in childhood is the
central venous catheterization and a ge-
netic predisposition [3,9]. The research-
ers revealed that the risk of thrombosis
increases and results from the deficien-
cies in antithrombine Ill, protein C and
protein S due to gene mutation, throm-
bophilia is one of the candidates [11].
According to the scientific data it is rel-
atively rare complication of post-COVID
syndrome. Moreover, multisystem inflam-
matory syndrome (MIS) can develop af-
ter COVID infection in children and ad-

olescents. According to the latest inves-
tigations of the recent years, the criteria
of multisystem inflammatory syndrome
(MIS-C) diagnosis were updated by the
Council of state and territorial epidemiol-
ogists (CSTE) and the Center for disease
control (CDC) of the USA this could al-
low to identify the disease from the other
similar conditions. Thus, MIS-C is diag-
nosed in all patients under 21 years with
COVID infection in the anamnesis which
occurred within 60 days before or during
the hospitalization, accompanied with
high fever of 38C or above and lasting
for any time. The only laboratory finding
was an increased level CRP from 3.0 mg/
dL and more. To diagnose MIS-C there
should be at least two signs of the organ
or system involved: affection of the heart,
skin and mucous membranes, gastro-in-
testinal tract, hematologic changes in the
laboratory findings and shock [1,5]. The
risk of thrombosis increases in that case.
Disfunction of the platelets is most com-
monly associated with COVID-infection.
According to the researchers, who
studied the link of COVID-19 and devel-
opment of thrombosis in such COVID-pa-
tients, the infection results in thrombotic
complications as there is accumulation of
the proinflammatory factors. Pathogene-
sis of the thrombotic complication is as-
sociated with a complex of pathophysio-
logical mechanisms which develop after-
wards. Thus, viral respiratory infections
including COVID-infections, are associ-
ated with platelet activation and hyper-
coagulation. The platelets display the re-
ceptors on the surface, which recognize
the viruses and release lots of pro-inflam-
matory mediators, which are responsible
for interaction of platelets with leukocytes
and endothelial cells initiating coagula-
tion and activation of different interleukins
[11]. In that case an increased inflamma-
tory and coagulant activity takes place,
which results in thrombosis [7,11].
Conclusion. This clinical case shows
that there are long-lasting post-COVID
effects, which was asymptomatic when
it was complicated by thrombosis. The



main feature of the disease manifestation
is its comorbidity course in the child. The
description of this case underlines the im-
portance of early diagnosis and adequate
therapy administration to treat such pa-
tients.

The authors declare no conflicts of in-
terest.
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