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@ Abstract

University, Shenzhen, China

Background. Medulloblastoma (MB) is the most common malignant pediatric brain
tumor, and alterations in DNA damage response (DDR) genes may influence
tumorigenesis, treatment response, and prognosis. However, the landscape of DDR
mutations in Central Asian pediatric populations remains unexplored.

Methods. We performed a retrospective analysis of 42 pediatric MB samples
collected from the “University Medical Center” Corporate Fund (Kazakhstan)
between 2015 and 2024. DNA extracted from formalin-fixed paraffin-embedded
(FFPE) tumor tissues underwent whole-exome sequencing with targeted analysis of
52 DDR pathway genes. Variants were classified per ACMG guidelines, and

correlations with clinical data were evaluated.
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Results. Pathogenic or likely pathogenic DDR gene mutations were identified in 71.4%
of cases, with a predominance of homologous recombination (HR) and mismatch
repair (MMR) pathway alterations. Frameshift and nonsense mutations were the
most frequent types. Commonly mutated genes included ERCC6, SLX4, FANCM,
and PMS1. Functional sensitivity analysis suggested that HR and nucleotide excision
repair (NER) pathway mutations may confer increased susceptibility to cisplatin and
etoposide. No significant associations were found between DDR status and survival
or tumor stage overall; however, the total number of DDR variants negatively
correlated with tumor stage (r = -0.436, p = 0.019), and translesion synthesis (TLS)
pathway variants correlated positively with metastasis (r = 0.346, p = 0.045).
Conclusions. This study demonstrates a high prevalence of DDR gene mutations
among pediatric MB patients, highlighting the potential clinical relevance of DDR
alterations for risk stratification and personalized therapeutic strategies. The
findings support the integration of DDR profiling into future MB research and
treatment planning.

Keywords: medulloblastoma, DNA damage response, pediatric brain tumor,

mutations, precision medicine.

1. Introduction

Medulloblastoma (MB) is the most common
malignant brain tumor in children [1]. Due to its
embryonal origin and high aggressiveness, MB tends to
progress rapidly and frequently metastasizes through the
cerebrospinal fluid pathways [2]. It accounts for
approximately 18-25% of all pediatric brain tumors, and
the five-year survival rate varies widely (from 20% to
over 90%), depending on multiple factors such as patient
age, presence of metastases, molecular subgroup, and
other cytogenetic abnormalities [3]. Effective treatment of
MB requires a multidisciplinary approach, typically
involving a combination of surgery, radiotherapy, and
chemotherapy [4]. However, treatment-related long-term
adverse effects, such as neurocognitive decline,
endocrine dysfunction, and secondary malignancies
remain a significant concern, especially for long-term
survivors.

The term medulloblastoma was formally
introduced in 1925 by neurosurgeons Cushing and
Bailey, who, upon analyzing approximately 400 cases of
gliomas, identified 29 tumors localized in the cerebellum,
predominantly in children (aged 2 to 28 years, with a

mean age of 8 years) [5]. These neoplasms exhibited

histological features distinct from those of gliomas and
neuroblastomas, which prompted the authors to classify
them as a separate entity and to propose the new term
medulloblastoma.

The marked variability in clinical presentation and
outcomes among patients with medulloblastoma, even in
the context of histologically similar tumors, led to the
hypothesis of underlying molecular heterogeneity in this
disease. In 2010, a consensus conference held in Boston
resulted in the classification of medulloblastoma into four
molecular subgroups with distinct genetic characteristics:
WNT (Wingless), SHH (Sonic Hedgehog), Group 3, and
Group 4 [6,7]. These subgroups differ not only in their
genetic profiles, but also in prognosis, treatment
responsiveness, and relapse rates. In 2016, with a
subsequent update in 2021, the World Health
Organization (WHO) introduced a molecular
classification of pediatric medulloblastoma that formally
incorporated these four subgroups. They also show
profound differences in biological behavior and clinical
outcomes. WNT-subgroup tumors are associated with
excellent prognosis (five-year survival >90%), while

Group 3 tumors often exhibit MYC amplification, early
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metastasis, and poor outcomes (five-year survival ~50%)
[8]. The SHH subgroup has an intermediate prognosis,
which worsens substantially in the presence of TP53
mutations. The 2021 WHO framework now recommends
reporting both histological and molecular classifications
to guide risk-adapted therapy [8,9].

Despite significant advances in molecular
subgrouping of medulloblastoma (MB), the role of DNA
damage response (DDR) pathways in MB pathogenesis
and therapeutic resistance remains underexplored,
particularly in pediatric cohorts. DDR mechanisms
encompassing homologous recombination (HR), non-
homologous end joining (NHE]), mismatch repair
(MMR), and base excision repair (BER) are critical for
maintaining genomic stability and for the effectiveness of
DNA-damaging therapies. Standard treatments for MB
(surgery followed by craniospinal irradiation and multi-
agent chemotherapy) exert their effects largely by
inducing DNA damage (double-strand breaks from
radiation, alkylation adducts from chemotherapy); tumor
cells rely on DDR pathways such as HR/NHE] for double-
strand break repair and BER/NER (nucleotide excision
repair) for adduct repair to survive these insults.
Consequently, defects or alterations in key DDR genes
can influence both tumor development and treatment
response. Disruption of DDR genes such as TP53, ATM,
ATR, BRCA1/2, and PARP1 contributes to oncogenesis
and has been linked to radioresistance and
chemoresistance in MB cells [10-12]. For example, TP53
(encoding the “guardian of the genome” p53) is mutated
in a subset of MB and when inactivated leads to impaired
DNA damage-induced apoptosis; TP53 mutations in MB
(particularly the SHH subgroup) are associated with
significantly worse outcomes due to defective p53-
dependent cell death after therapy. Notably, in the SHH
subgroup of MB, TP53 mutations are enriched in the
SHH-a subtype and correlate with poor prognosis [4,12].

Alterations in other DDR components also have
important therapeutic implications. Although loss-of-
function mutations in homologous recombination (HR)
repair genes such as BRCA2 or RADS51 are rare in
medulloblastoma, they may render tumor cells
particularly vulnerable to poly(ADP-ribose) polymerase

(PARP) inhibitors through the principle of synthetic

lethality. In HR-deficient tumors, the inability to
accurately repair double-strand DNA breaks shifts the
burden of repair to alternative pathways such as PARP-
mediated single-strand break repair, thereby creating a
therapeutic opportunity. This concept, supported by
findings in other cancer types, suggests that HR-deficient
tumors are significantly more sensitive to PARP
inhibition. Conversely, upregulation of DDR pathways
can promote resistance to conventional therapies. For
instance, overexpression of checkpoint kinases (e.g.,
ATR/Chk1) or enhanced non-homologous end joining
(NHE]J) activity may facilitate the rapid repair of DNA
lesions, diminishing the efficacy of DNA-damaging
agents. Inhibition of such pathways has been shown to
sensitize tumor cells to radiation and chemotherapy.
PARP1, a key sensor and medjiator of single-strand break
repair, has emerged as a notable DDR-related protein in
medulloblastoma. Elevated PARP1 expression has been
reported in various pediatric brain tumors, including MB,
and has been associated with more aggressive tumor
biology and inferior survival outcomes.

These observations have led to increased interest
in PARP1 both as a therapeutic target and as a potential
biomarker for predicting response to DNA repair-
targeted therapies. Preclinical studies have demonstrated
that pharmacological inhibition of PARP1 - such as with
Olaparib — can sensitize medulloblastoma cells to
DNA

accumulation and promoting tumor cell death when used

ionizing  radiation, enhancing damage
in combination. Furthermore, high levels of PARP1
expression in tumor tissue have been proposed as a
predictive marker of responsiveness to PARP inhibitors,
based on the premise that tumors with elevated reliance
on PARP-mediated repair are more susceptible to its
inhibition.

Current early-phase clinical trials are evaluating
PARP inhibitors in pediatric brain tumors, and there is
growing rationale for combinatorial strategies that pair
PARP inhibition with checkpoint kinase inhibitors or
cytotoxic chemotherapy to overcome resistance
mechanisms.

To date, the mutational landscape of DDR-related
medulloblastoma  remains

genes in  pediatric

insufficiently —characterized in many populations,
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especially in low- and middle-income countries. Large-
scale genomic studies of MB have predominantly focused
on North American, European, and East Asian cohorts,
leaving regions like Central Asia underrepresented in
international cancer genomics consortia. For example,
Kazakhstan has had only limited reporting of pediatric
MB genetics in the literature, and comprehensive
profiling of DDR pathways in this population is lacking.
Elucidating DDR gene alterations in understudied
groups is not only important for understanding tumor
biology but also has practical implications for patient
care. Identification of mutations in genes like TP53,
ATM/ATR, or HR pathway members in a given patient’s
tumor could enhance risk stratification and refine
prognostication (e.g. TP53-mutant SHH MB might be

Therefore, this study aimed to comprehensively
characterize the mutational landscape of DNA damage
(DDR)

medulloblastoma patients from Kazakhstan using whole-

response pathway genes in pediatric
exome sequencing of tumor samples. We further sought
to analyze the distribution and types of DDR gene

alterations, assess their potential associations with

2. Materials and Methods

Study Design and Patient Cohort

This was a retrospective cohort study including
pediatric patients diagnosed with medulloblastoma who
were hospitalized between 2015 and 2024 at the
Fund,

medulloblastoma was

“University Medical Center” Corporate
Kazakhstan. Diagnosis of
histologically confirmed in all cases according to WHO
classification criteria.

A total of 42 formalin-fixed paraffin-embedded
(FFPE) tumor samples were collected and analyzed for
the mutational landscape of DNA damage response
(DDR) pathway genes. Clinical and demographic data,
including age at diagnosis, sex, tumor stage (T0-T4),

Sample Collection and DNA Extraction

Archived FFPE tumor material was used for
molecular genetic analysis. Sample selection was
performed based on the preservation of morphological

structure and the availability of sufficient tumor tissue.

flagged as high-risk requiring intensified therapy or
novel agents) [4,12]. Likewise, recognizing a DDR
deficiency (such as a BRCA pathway defect or mismatch
repair deficiency) could support the integration of
precision oncology approaches, guiding use of targeted
treatments like PARP inhibitors or DNA damage
checkpoint inhibitors for those who are most likely to
benefit. Overall, a better characterization of the spectrum
of somatic (and potential germline) DDR gene mutations
in Kazakhstani children with medulloblastoma will fill a
critical knowledge gap and can inform future
personalized therapy. This study aims to perform such
molecular profiling using contemporary genomic
technologies, with the goal of improving outcomes by
tailoring treatments to the tumor’s DDR profile.

clinical features, and explore their predicted impact on
sensitivity to DNA-damaging chemotherapeutic agents.
By elucidating the DDR mutation profile in this cohort,
we aimed to provide insights that may inform future risk
stratification and guide the development of personalized

therapeutic approaches for medulloblastoma.

metastasis status (M0-M3), and survival status (alive or
deceased during the study period), were collected where
identified

available. Correlation analyses between

genetic alterations and clinical parameters were
performed in a subset of 34 patients due to incomplete
clinical data for the remaining eight cases.

All procedures involving human participants
were conducted in accordance with institutional ethical
standards and the Declaration of Helsinki. Informed
consent for genetic analysis and use of clinical data was

obtained from the patients’ legal guardians.

Inclusion in the study was based on a histologically
verified diagnosis. Genomic DNA was extracted from
FFPE samples using the ReliaPrep FFPE gDNA Miniprep
System manufacturer’s

(Promega) following the

instructions. The procedure included deparaffinization
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using mineral oil (300-500 uL, depending on section
thickness), incubation at 80 °C for 1 minute with mixing,
followed by lysis with proteinase K buffer (200 pL buffer
and 20 pL enzyme) at 56 °C for 1 hour and subsequently
at 80°C for 4 hours to reverse formalin-induced cross-
links. After cooling, RNA was removed by treatment
with RNase A (10 puL) at room temperature for 5 minutes.
DNA purification was performed using columns with
final elution in 30-50 uL of buffer.

The concentration and purity of the extracted
DNA assessed  using a
spectrophotometer ~ (Thermo  Fisher
calculating the optical A260/A280 ratio. DNA integrity

were NanoDrop

Scientific),

and fragmentation were further evaluated by gel
electrophoresis (1.5% agarose gel, 1xTAE buffer), with
results documented using the I-BRIGHT GelDoc imaging
(Thermo  Fisher

quantification was performed using the QuantiFluor

system Scientific). Fluorometric
dsDNA System (Promega) on a Victor Nivo Multimode
Microplate Reader (PerkinElmer), and the DNA integrity
number (DIN) was determined using the Agilent
TapeStation 4200. The DNA concentration ranged from
2.2 to 331 ng/uL, with total yields between 0.05 and 8.5
ug. The DIN values for most samples ranged from 1 to
3.2, which is typical for FFPE-derived DNA. All samples
passed quality control and were approved for subsequent
library preparation and sequencing.

Whole-Exome Sequencing (WES)

Library preparation and exome capture were
performed using the Twist Human Core Exome 2.0
(FFPE) kit (Twist

manufacturer’s standard protocol. A total of 50 ng of

Bioscience), following  the
genomic DNA was used for library construction. DNA
was enzymatically fragmented to a peak fragment size of
approximately 200 base pairs.

The resulting libraries were indexed using
TruSeq-compatible adapters, amplified, and subjected to
quality control assessment using the Agilent TapeStation
system and quantitative PCR with the KAPA Library

Identified variants were classified following the
guidelines of the American College of Medical Genetics
and Genomics (ACMG), and assigned into one of five
categories: pathogenic, likely pathogenic, variant of

uncertain significance (VUS), likely benign, or benign.

Quantification Kit. Hybridization and target region
capture were performed according to the Twist
Bioscience protocol. Sequencing was carried out on an
[lumina platform using a paired-end mode with a read
length of 2 x 151 base pairs.

Bioinformatics Analysis

Primary data processing (basecalling) was
performed using bclconvert software. Quality control of
raw reads was assessed with FastQC. Sequence reads
were aligned to the human reference genome GRCh38
(NCBI, February 2022 release) using BWA-MEM (version
0.7.17).

Duplicate reads were marked and removed
using Picard (version 3.1.1). Base quality score
recalibration and variant calling were performed using
GATK (version 4.5.0.0).
conducted with SnpEff (version 5.2), utilizing reference
databases including dbSNP v156, 1000 Genomes Phase 3,
ClinVar (July 2024 release), and ESP6500.

DNA Damage Response (DDR) Gene Panel

Selection

Variant annotation was

For targeted analysis of DNA damage response
(DDR) alterations, a curated gene panel comprising key
DDR pathway genes was utilized. The panel included 52
genes involved in various DNA repair mechanisms,
selected based on their well-established roles in genomic
stability and cancer susceptibility.

The genes were categorized into the following
DDR pathways: homologous recombination (HR), non-
homologous end joining (NHE]J), mismatch repair
(MMR), base excision repair (BER), nucleotide excision
repair (NER), and translesion synthesis (TLS). Notable
genes included BRCA1, BRCA2 (FANCD1), RAD51, and
FANCA (HR); XRCC6 (ku70), XRCC5 (ku80) (NHE]);
MLH1, MSH2, PMS2 (MMR); OGG1, MUTYH (BER);
ERCC family genes (ERCC1-8) (NER); and POLH, POLK
(TLS). The full list of genes and their corresponding DDR
pathways is presented in Table 1.

Variant Classification and Interpretation

The classification integrated multiple criteria,
including  population  allele  frequency  data,
computational predictive tools, functional evidence
(when available), and data from curated databases such

as ClinVar, COSMIC, and gnomAD. For this study, only
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variants classified as pathogenic or likely pathogenic
were included in further analyses, including correlation
with clinical and demographic parameters.

Genotoxic Screens

To assess the potential impact of identified DDR
gene alterations on chemotherapeutic sensitivity, we
analyzed functional sensitivity scores based on data from
The Durocher Lab Genotoxic Screens [15]. Genes were
cross-referenced with published screens to evaluate
predicted sensitivity to selected DNA-damaging agents.

Etoposide and cisplatin were chosen for this
analysis

because they are commonly used in

medulloblastoma treatment regimens. Sensitivity
profiles were visualized to highlight genes potentially
Ethics approval and consent to participate
This study was approved by the Local
Committee of Bioethics of the “University Medical
Center” Corporate Fund, Kazakhstan (Protocol number:

No8/2024/T13, date: 03.09.2024). Written informed consent

3. Results

A total of 42 pediatric patients with
medulloblastoma were included in the study. The cohort
consisted of 29 males (69.0%) and 13 females (31.0%). The
mean age at diagnosis was 8.11 years (SD = 4.13), with a

Detailed data on tumor stage and metastasis
status were available for 34 patients. Among these, 2
patients (5.9%) had T1 tumors, 11 patients (32.5%) had T2,
5 patients (14.7%) had T3a, 12 patients (35.3%) had T3b,
and 4 patients (11.8%) had T4 tumors. For metastasis
status, 26 patients (76.5%) had no metastases (MO0), 2
patients (5.9%) were classified as M2, and 6 patients
(17.6%) as M3.

A total of 42 FFPE tumor samples were included
in this retrospective analysis. On average, each sample
yielded approximately 53 million reads (ranging from 41
to 58 million). After trimming, read lengths ranged from
100 to 135 base pairs. Most samples achieved a mean
sequencing depth greater than 150x. The average
percentage of target regions covered at 210x ranged from

95% to 99.8%. The average proportion of target regions

contributing to altered responses to these agents in the
context of DDR pathway deficiencies.

Statistical Analysis

Descriptive statistics were used to summarize
clinical and demographic characteristics, as well as the
distribution of DNA damage response (DDR) pathway
mutations. Continuous variables, such as age at
diagnosis, were compared between groups using the t-
test. Associations between DDR pathway mutations and
categorical clinical variables (e.g., tumor stage, metastasis
status, survival outcome) were assessed using the chi-
square test. All statistical analyses were performed using
standard software (Jamovi, version 2.6.17), and a p-value
< 0.05 was considered statistically significant.
was obtained from all participants or their legal
guardians prior to sample collection and data analysis.
All procedures were conducted in accordance with the
ethical standards of the institutional and national

research committees, and with the Helsinki Declaration.

median age of 8 years. During the study period, 12
patients (28.6%) from this full cohort were reported

deceased.

covered at >30x was approximately 70%, varying
between 30% and 90% depending on the sample. The
average GC content across samples was around 55-60%,
and the proportion of Q30 bases (quality score >30) was
approximately 95%, indicating high overall sequencing
quality.

detection, each
to 76,000
nucleotide polymorphisms (SNPs), with an average

Regarding variant sample

contained approximately 70,000 single
transition/transversion (Ts/Tv) ratio of 2.4-2.8. The
proportion of known variants (based on dbSNP v156)
ranged from 85% to 97%. Additionally, each sample
contained approximately 9,000 to 13,000 insertions and
deletions (INDELS).

Among the 42 pediatric medulloblastoma

samples analyzed, pathogenic or likely pathogenic
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mutations in DNA damage response (DDR) genes were
detected in 30 cases (71.4%), while 12 cases (28.6%)
showed no DDR gene alterations (wild type, WT).

The most frequently altered DDR pathway was
with mutations
identified in 19 cases (45.2%). Mismatch repair (MMR)

pathway mutations were observed in 12 cases (28.6%),

homologous recombination (HR),

followed by nucleotide excision repair (NER) in 10 cases
(23.8%). Non-homologous end joining (NHE]) and
translesion synthesis (TLS) pathways were each altered
in one case (2.4%) (Figure 1B).

At the individual gene level, the most frequently

A

mutated genes included ERCC6 (n =7), SLX4, FANCM,
and PMSI1 (each n = 4), followed by PALB2, PMS2, and
MSHS6 (each n = 3). Mutations in other DDR genes, such
as BRCA1, RAD50, FANCB, MSH2, and ERCC5, were
less frequent, appearing in two cases each (Figure 1C).
Regarding mutation types, frameshift mutations
were the most common, followed by nonsense and
missense variants. Splicing mutations were less frequent
(Figure 1A). Overall, these results highlight a substantial
prevalence and diversity of DDR gene alterations,
particularly in the HR and MMR pathways, among

Kazakhstani children with medulloblastoma.

DDR pathway Gene

Pattern of DDR mutations

SLX4 11

frameshift mutation
nonsense mutation

i mutation
scplicing mutation

a

NER ERCCS | |

=W = HR

= MMR

NHEJ

= NER NHEJ = TLS

TLS POLE _

1 # of cases

< Etoposide x Cisplatin 1 x Cisplatin 2

SLX4 PMS| PMS2
ERCC6 FANCM

BRCAI1
PALB2 MSH6 RADSO

FANCB

x Cisplatin 3

MSH2 BRCA2

ERCCS BRIP1 FANCA MLH3 XRCC2

BARDI FANCE ERCC2 POLE

Figure 1 - Mutational landscape of DNA damage response (DDR) genes and genotoxic sensitivity profile in pediatric

medulloblastoma samples
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(A) Distribution and patterns of pathogenic and likely pathogenic DDR gene mutations across the cohort (n=42). Color coding indicates
mutation types: frameshift (red), nonsense (blue), missense (green), and splicing (yellow). Genes are grouped by DDR pathway: HR (homologous
recombination), MMR (mismatch repair), NER (nucleotide excision repair), NHE] (non-homologous end joining), and TLS (translesion synthesis).
(B) Pie chart showing the distribution of DDR pathway alterations among cases. WT: no DDR gene mutations detected; HR: homologous
recombination; MMR: mismatch repair; NER: nucleotide excision repair; NHE]: non-homologous end joining; TLS: translesion synthesis. (C)
Frequency of mutated DDR genes across samples. Color coding corresponds to DDR pathway assignment. (D) Sensitivity score analysis based
on The Durocher Lab Genotoxic Screens dataset. Selected agents included etoposide and cisplatin, which are used in medulloblastoma treatment
protocols. Genes associated with increased drug sensitivity are indicated with red circles, and the dashed red line represents the threshold of relative

sensitivity.
A total of 46 pathogenic and likely pathogenic variants were identified across 24 DDR genes in the analyzed
medulloblastoma samples (Table 2). The majority of variants were frameshift mutations (27/46, 58.7%), followed by

nonsense mutations (8/46, 17.4%), missense mutations (7/46, 15.2%), and splicing mutations (4/46, 8.7%).

Table 1- DNA Damage Response (DDR) Gene Panel

DDR DDR
Gene DDR Pathway Gene Pathway Gene Pathway
BARD1 HR FANCF HR PMS1 MMR
BRCA1 HR FANCG/XRCC HR PMS2 MMR
BRCA2/FANCD1 HR FANCI HR POLD1 TLS
BRIP1/FANC] HR FANCL/PHF9 HR POLE TLS
DDB1 NER FANCM HR POLB TLS
DDB2 NER FANCN/PALB2 HR POLH TLS
ERCC1 NER FANCP/SLX4 HR POLK TLS
ERCC2/XPD NER ku70/XRCC6 NHE] RAD50 HR
ERCC3/XPB NER ku80/XRCC5 NHE] RAD51 HR
ERCC4 NER MLH1 MMR RAD51C/FANCO HR
ERCC5/BIVM NER MLH3 MMR RAD51D HR
ERCC6/CSB NER MRE11 HR XPA NER
ERCCS8/CSA NER MSH2 MMR XPC NER
FANCA HR MSH3 MMR XRCC2 NHE]
FANCB HR MSH6 MMR XRCC3 NHE]
FANCC HR MUTYH BER XRCC4 NHE]
FANCD2 HR NBN HR
FANCE HR 0OGG1 BER
HR — Homologous Recombination, NHE] — Non-Homologous End Joining, MMR — Mismatch Repair, BER — Base Excision Repair, NER —
Nucleotide Excision Repair, and TLS — Translesion Synthesis
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Table 2 - Pathogenic and likely pathogenic DDR gene mutations identified in pediatric medulloblastoma samples

Gene gDNA/cDNA Amino Acid Mutation
BARD1 ¢.2208T>G p-Tyr736* nonsense mutation
BRCA1 c212+1G>A - splicing
BRCA1 c.5091T>G p-Cys1697Trp missense mutation
BRCA2 c.7826G>A p-Gly2609Asp missense mutation
BRIP1 c.585del p-Asn196Thrfs*7 frameshift deletion
ERCC2 c.2150C>G p-Ala717Gly missense mutation
ERCC5 c.2751dup p-Leu918Ilefs*12 frameshift duplication
ERCCe6 ¢.1303G>T p-Glu435* nonsense mutation
ERCCe6 c.2643del p-Trp881* nonsense mutation
ERCCe6 €.2866_2867del p-Leu956Valfs*15 frameshift deletion
ERCCe6 c.3425del p-Ser1142Leufs*10 frameshift deletion
ERCCe6 c.3642del p-Asp1214Glufs*13 frameshift deletion
ERCCeé c.3661C>T p-Argl221* nonsense mutation
ERCCeé c.4062+1G>A - splicing
FANCA c.2852G>A p-Arg951GIn missense mutation
FANCB c.767_768del p-Leu256Hisfs*18 frameshift deletion
FANCB c.2178del p-Met727Cysfs*14 frameshift deletion
FANCE ¢.537_538insCC p-Ser180Profs*117 frameshift insertion
FANCM €.2201_2202dup p-Glu735Leufs*26 frameshift duplication
FANCM €.2663dup p-Asn888Lysfs*10 frameshift duplication
FANCM ¢.5180del p-Leul727* nonsense mutation
MLH3 c.1755dup p-Glub86Argfs*3 frameshift duplication
MRE11 c.324G>A p-Trp108* nonsense mutation
MSH?2 c.2275G>A p-Gly759Arg missense mutation
MSH?2 €.2377_2378del p-GIn793Aspfs*5 frameshift deletion
MSH6 ¢.1530del p-Arg511Glyfs*60 frameshift deletion
MSH6 c.1885del p-Asp629Metfs*6 frameshift deletion
MSH6 c.3261del p-Phe1088Serfs*2 frameshift deletion
PALB2 c.256del p-Thr86Profs*91 frameshift deletion
PALB2 c.1868del p-Lys623Serfs*5 frameshift deletion
PALB2 €.2092del p-Leu698Phefs*11 frameshift deletion
PMS1 c.1258del p-His4201lefs*22 frameshift deletion
PMS1 c.1627G>T p-Glu543* nonsense mutation
PMS1 c.2654_2655del p-Ser885* frameshift deletion
PMS2 c.209A>G p-Asp70Gly missense mutation
PMS2 c.537+1G>A - splicing

POLE ¢.4337_4338del p-Val1446Glyfs*3 frameshift deletion
RAD50 c.2165del p-Lys722Argfs*14 frameshift deletion
RAD50 €.2940_2943del p-Asn981Lysfs*2 frameshift deletion
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SLX4 c.1116_1117insT p-Leu373Serfs*7 frameshift insertion
SLX4 c.1125del p-Ala376Hisfs*21 frameshift deletion
SLX4 c.1621_1627del p-Alab41Argfs*37 frameshift deletion
XRCC2 ¢.350dup p-Leul17Phefs*6 frameshift duplication
Frameshift —mutations were particularly likely pathogenic mutations, several were associated
prevalent in genes involved in homologous with increased predicted sensitivity to cisplatin and/or
recombination (e.g., PALB2, FANCB, RADS50) and etoposide. Notably, mutations in FANCA, FANCB,

mismatch repair pathways (e.g, MSH6, PMSI),
suggesting a potential impact on protein truncation and
loss of function.

Overall, this mutation spectrum highlights the
high degree of genetic heterogeneity within DDR
pathways in pediatric medulloblastoma and underscores
the prominent role of frameshift and nonsense variants in
driving DDR deficiency in this cohort.

To explore potential functional implications of
the identified DDR gene mutations on chemotherapeutic
response, we analyzed genotoxic sensitivity scores based
on The Durocher Lab Genotoxic Screens dataset. We
specifically focused on etoposide and cisplatin, as these
agents are commonly used in medulloblastoma
treatment protocols.

Among the DDR genes harboring pathogenic or

FANCE, FANCM, BRIP1, ERCC5, ERCC6, and SLX4
showed markedly negative sensitivity scores, indicating
enhanced susceptibility to these DNA-damaging agents
(Figure 1D, genes circled in red).

The overall pattern suggested that tumors with
disruptions in homologous recombination (HR) and
nucleotide excision repair (NER) pathways may exhibit
heightened sensitivity to platinum-based agents. These
findings provide a potential rationale for considering
DDR mutational profiles in future risk stratification and
treatment tailoring for pediatric medulloblastoma
patients.

We further examined the association between
DDR pathway mutational status and clinical features,
including survival outcome (death), tumor stage, and

metastasis status (Table 3).

Table 3 - Association between DDR pathway mutational status and clinical parameters in pediatric

medulloblastoma cohort

DDR Death Tumor stage Metastasis
pathway mutational
status X p x p x 13
HR 1.16 0.281 4.21 0.379 0.147 0.929
NER 0.01 0.909 3.44 0.487 5.35 0.069
MMR 1.41 0.235 3.69 0.449 1.26 0.532
Model 1 0.09 0.769 1.17 0.883 2.95 0.228

HR — Homologous Recombination, MMR — Mismatch Repair, NER — Nucleotide Excision, Model 1 - having at least one mutation
in FANCA, FANCB, FANCE, FANCM, BRIP1, ERCC5, ERCC6, or SLX4

No statistically significant associations were
found between mutations in homologous recombination
(HR), nucleotide excision repair (NER), or mismatch
repair (MMR) pathways and death (all p > 0.2), tumor
stage (all p > 0.3), or metastasis status (all p > 0.05).

We analyzed a combined subgroup (Model 1)
defined as having at least one mutation in FANCA,
FANCB, FANCE, FANCM, BRIP1, ERCC5, ERCC6, or
SLX4, which were genes associated with increased

predicted sensitivity to cisplatin and/or etoposide.
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Similar to the individual pathway analyses, no significant
associations were observed between Model 1 status and
death (p = 0.769), tumor stage (p = 0.883), or metastasis
status (p = 0.228).

In addition to the categorical analyses, we also
explored correlations between DDR variant burden and
clinical parameters. We found that the total number of

detected DDR variants was negatively correlated with

4. Discussion

In this study, we comprehensively analyzed the
mutational landscape of DNA damage response (DDR)
pathway genes in a cohort of Kazakhstani children with
medulloblastoma. We observed a high prevalence of
pathogenic and likely pathogenic DDR gene mutations,
detected in 71.4% of cases, with the most frequently
affected pathways being homologous recombination
(HR) and mismatch repair (MMR).

Frameshift and nonsense variants dominated the
mutation spectrum, suggesting a strong potential for
loss-of-function effects and impaired DNA repair
capacity. Among individual genes, ERCC6, SLX4,
FANCM, and PMSI emerged as the most frequently
mutated, highlighting possible key contributors to
genomic instability in this cohort.

Through genotoxic sensitivity analysis, we found
that several mutated genes (e.g., FANCA, FANCEB,
FANCE, FANCM, BRIP1, ERCC5, ERCC6, SLX4) were
associated with increased predicted sensitivity to
cisplatin and etoposide — agents commonly used in
medulloblastoma treatment.

Although no statistically significant associations
were observed between DDR pathway mutations and
clinical parameters such as survival, tumor stage, or
metastasis overall, we did identify notable correlations:
the total number of DDR variants was negatively
correlated with tumor stage, and the presence of
translesion synthesis (TLS) variants was positively
correlated with metastasis.

Together, these findings underscore the complex
and heterogeneous nature of DDR gene alterations in
pediatric medulloblastoma and

suggest potential

tumor stage (r =-0.436, p = 0.019), suggesting that higher
mutational burden in DDR genes may be associated with
lower tumor stage at diagnosis.

Furthermore, the presence of variants in the
translesion synthesis (TLS) pathway was positively
correlated with metastasis status (r = 0.346, p = 0.045),
indicating a potential link between TLS alterations and

metastatic behavior in pediatric medulloblastoma.

avenues for personalized therapeutic strategies in this
patient population.

DDR Gene Mutation Landscape in Pediatric
Medulloblastoma

Our study revealed a notably high prevalence of
pathogenic and likely pathogenic DDR gene mutations
(71.4%) Kazakhstani children with

medulloblastoma, with a predominance of alterations in

among

the homologous recombination (HR) and mismatch
repair (MMR) pathways. This rate is substantially higher
than reported in large international cohorts, where
germline DDR mutations have been observed in only 5-
11% of patients [16].

Specifically, germline BRCA2 mutations occur in
approximately 1% of medulloblastoma cases, often as
truncating variants, and are sometimes associated with
Fanconi anemia when biallelic [16]. Germline PALB2
mutations are even rarer (<1%), and BRCA1 alterations
are uncommon both somatically (<6% in small series) and
as germline drivers [17]. In our cohort, we identified
recurrent HR pathway mutations, including in BRCA1,
BRCA2, PALB2, FANCB, and FANCM, with a
predominance of frameshift and nonsense variants.

Interestingly, other studies have reported HR
gene mutations (such as FANCA and FANCM) only as
isolated events, each affecting around 1% of patients [18].
Our higher frequency of these alterations may reflect
regional or ethnic-specific genomic profiles or could be
related to differences in patient selection or sequencing
approaches.

For the MMR pathway, prior studies have

consistently shown that somatic and germline MMR
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mutations are exceedingly rare in medulloblastomas,
with only isolated cases linked to constitutional MMR
deficiency syndrome (CMMRD) presenting with ultra-
hypermutation [16,17]. In contrast, we observed MMR
gene alterations, including in MSH2, MSH6, and PMS],
suggesting a potentially higher burden of mismatch
repair disruption in our cohort.

Regarding the nucleotide excision repair (NER)
pathway, our data also diverged from previous reports.
For example, a targeted analysis identified only a single
ERCC2 variant (~1%) in prior studies, and ERCC6
mutations have generally not been highlighted as
prominent [17,18]. However, ERCC6 emerged as one of
the most frequently mutated genes in our series, further
emphasizing possible regional or cohort-specific
differences.

Finally, while overall DDR gene mutations are
generally not recurrent at high frequency (>5%) in
medulloblastoma outside of TP53, our findings suggest a
distinct mutational signature in Kazakhstani pediatric
patients, characterized by high DDR mutation rates and
predominance of loss-of-function alterations. These
results highlight the importance of investigating DDR
pathway alterations in diverse populations to better
understand tumor biology and to identify potential
therapeutic vulnerabilities.

Impact of DDR Gene Mutations on Prognosis
and Therapy Response

Alterations in DDR genes have significant
implications for prognosis and therapy response in

While no

significant associations between DDR mutations and

medulloblastoma  patients. statistically
survival, tumor stage, or metastasis were observed in our
cohort overall, specific patterns suggest potential clinical
relevance.

In other studies, TP53 mutations, particularly in
the SHH subgroup, are strongly linked to poor outcomes
and high chromosomal instability, defining a “very high-
risk” group with 5-year survival as low as ~20% [17,18].
Similarly, biallelic BRCA2 (Fanconi anemia) mutations
confer markedly poor prognosis due to complete
homologous recombination deficiency and high
treatment toxicity, whereas heterozygous BRCA2 or

PALB2 mutations generally do not adversely impact

survival [16]. Our data demonstrated multiple HR
pathway alterations, including BRCA1, BRCA2, and
PALB?2, largely as heterozygous truncating mutations,
which may have less prognostic impact but could signal
underlying repair deficiencies and guide genetic
counseling.

Mismatch repair (MMR) mutations are rare but
clinically important, as MMR-deficient tumors are
hypermutated and respond poorly to standard therapies
while being potentially sensitive to immunotherapy [19].
Although we observed MMR gene variants in our cohort,
their exact functional consequences require further
investigation.

Importantly, germline DDR mutations have been
associated with increased treatment-related toxicity in
pediatric brain tumors, highlighting the need for close
monitoring and potential therapy modification [18].

Lastly, DDR defects have been linked to
aggressive disease features, such as metastasis at
diagnosis, as reported for ATM and BRCA1 mutations in
Taiwanese and other cohorts [17,20]. In our study, the
positive correlation between TLS pathway variants and
metastasis supports this notion, suggesting that certain
DDR alterations might contribute to a more invasive
phenotype.

Together, these findings underscore the
emerging importance of DDR gene profiling in
medulloblastoma for refining risk stratification, guiding
treatment choices, including potential use of PARP
inhibitors or immunotherapy, and improving supportive
care planning.

Study limitations

This study has several important limitations.
First, the retrospective design and single-institution
selection bias and limit

setting may introduce

generalizability to broader pediatric populations.

Second, although whole-exome sequencing was
performed, the analysis focused specifically on a
predefined DDR gene panel, potentially missing other
relevant alterations or broader genomic context (such as
copy number variations or structural rearrangements).
Third, functional validation of identified variants wasnot
conducted; therefore, the actual biological impact of some

mutations, particularly missense and splicing variants,
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remains uncertain. Additionally, incomplete clinical data
for a subset of patients restricted some correlation
analyses. Finally, while our cohort is relatively large for a
Future Perspective
Moving forward,

comprehensive  genomic

profiling, including integration of whole-genome
sequencing and methylation data, could provide deeper
insights into the molecular landscape and epigenetic
regulation of medulloblastoma in different populations.
Functional studies to clarify the pathogenicity of specific
DDR variants, particularly rare or novel mutations, will

be critical. Moreover, prospective trials incorporating

5. Conclusion

In summary, our study provides the first
comprehensive analysis of DNA damage response gene
mutations in Kazakhstani children with
medulloblastoma, revealing a high prevalence of DDR
alterations, particularly in homologous recombination
and mismatch repair pathways. The predominance of
truncating mutations underscores the potential role of
DDR deficiency in tumorigenesis and therapy response.
While no significant associations with clinical outcomes
were found overall, specific correlations, such as the link
between TLS variants and metastasis, suggest a possible
contribution to tumor aggressiveness. These findings
highlight the importance of integrating DDR profiling
into medulloblastoma research and clinical care, paving
the way for future precision medicine approaches aimed
at improving outcomes in this vulnerable population.
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10 Heppoaor-snmuaenTtoaor, ¥ ATTHIK HelipoXupyprus opTtaasirel, Actana, Kasakcran

11 3eprreymti, University Medical Center KopniopatusTik xopsl, Acrana, Kasaxcran; Illsupuxons YausepcureTi, Hsupwxsub, Kerrait

Tyninaeme

Kipicrie. Meayaao6aactoma (MB) — 6aaaaapaarsl eH >Kui ke3deceTiH karepai mu iciri, >xeHe AHK saxbIMbIHa
>kayan Oepy (DDR) rengepingeri esrepicrep icikTiH gaMyblHa, eMre >Kayallka >KoHe OoJ>KaMFa acep eTyi MYMKiH.
Anaiiga, Opraabik A3uaAarsl TeAUaTpUAALIK mornyasnusaia DDR myTanusaapbHelH AaHAadTH 911 3epTTeAMeTeH.

Oaicrepi. 2015-2024 xpiagap apaasFbiHja Kasakcrangarer «University Medical Center» KopriopaTtmsTik
Kopoman aapiHran 42 Gaazaaap MB yaricine peTpocnekTusTi Taagay Xyprisiagi. PopmMaamHMmeH OekiTiareH,
napa¢dunaearer tinaepaeH (FFPE) 6eainren AHK-Fa ToABIK 9K30MABI cekBeHUpAey Kacaabil, DDR sxoaaapsiHbIg 52
TeHi MakcaTThl Typae TaadanAbl. Bapuantrap ACMG HyckayaapbiHa calikec KaacCupUKalMAAaHABI XKoHe KAMHUKAABIK,
AepeKkTepMeH OalilaHbICHI OaFalaHAbL.

Hoarixkeci. 71,4% >xaraaiiaapaa naroreHai HeMece pIKTMMaAa natoreHai DDR ren Myranmsiaapbl aHBIKTaA4bl,
keOiHece TOMOAOITHIK, pekomOmHamms1 (HR) sxoHe kate corikecTikTi Tysety (MMR) skoa4apbIHBIH e3repictepi 6Gachim
60aap1. EH >xui ke3geceTin myTanusiap — ppeitMmm@T 5sHe HoHceHC Typaepi. Kui myrarusaanran rengepre ERCC6,
SLX4, FANCM :xene PMS1 «kipai. @yHKIIMOHAAABIK ce3iMTaaAbK Taazaysl HR >koHe HyKaeOTm SKCHUBVAABIK
penapanusa (NER) >Xoa4apbIHBIH MyTal[MsAapbl IUCIIAATUH MEH DTONO3UJAKEe KOFaphl ce3iMTaaAbIK, Oepyi MyMKiH

exkeHiH kepcerTi. Kaampl aaranaa, DDR cratychl MeH Tipi Kady Hemece iCiKTiH caThIChl apacbhlHAa aiTapAbIKTall
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OartaaHbIc TabbLAMaAbL; adaiiga, DDR BapuaHTTapBIHBIH SKaAIIBl CAaHEI iCiK CaTBICEIMEH Kepi KOppeAsLns KOpceTTi (r =
-0,436, p =0,019), aa Tpancaesusanlk cunTe3 (TLS) >X0ABIHBIH BapraHTTaphl MeTacTa30eH OH KOppeAsIus KopceTTi (r =
0,346, p = 0,045).

Kopruiteiaanl. bya seprrey 6azazap MB naykacrapsiza DDR ren MyTanusaaapbIHBIH SKOFapbl SKMiAiriH
kepcertin, DDR earepicrepiniy Kayill crpatn@ukanisacel MeH KeKedeHJipiAreH eMJAik cTparermsaiapAarbl BIKTMMaA
KAVMHMKaABIK MaHBI3ABIABIFBIH artarnn oTTi. Hatiokesaep DDR npodmanu 6oaammak MB seprreyaepine >xoHe emaey
JKOCIIapAayFa eHri3y i KoA4aniasl.

Tyiin ce3aep: Meayaaobaacroma, /AHK 3akpiMbiHa Skayan Oepy, OasazapAblH MM iciri, Myraumsaap,

4ep6eCTeH4ipiAreH MeAUIIHA.

MyTannonnbi aanamadT nyTen orseTa Ha nospexaenne AHK y kasaxcranckmx
AeTeN C Meaya1002acToOMOMN

basinosa M.®. !, XKakynoos A.K. 2, Canapraamnesa M.E. 3, O0aikaaiposa A.B. ¢, Hycvoosa P.P. 5,
opanmos B.A. ¢, XaanmoOerosa JK.III. 7, Oaenbaii I.0. 8, JKerriucbdaes B.b. 9,
Mbarosa C.C. 10, boaatos A.K. 11

13aBeayiomas OTAeA0M KAUHIYECKO-TeHeTUIecKoi Anarnoctuku, KopriopatusHsiit poHg,
“University Medical Center”, Acrana, Kasaxcran
2Bpau-renetnx, Koproparusnsiir pong “University Medical Center”, Acrana, Kazaxcran
3 Cnerpmaauct MoaeKkyaspHon 6uoaorny, Koprioparusnsii gpong “University Medical Center”, Acrana, Kasaxcran
4 Criermaanct MoaeKkyaspHoit 6uoaorny, Kopriopatusasii ¢pong “University Medical Center”, Acrana, Kasaxcran
5 Jlerckuii onkoaor-rematoaor, Kopopatushsiit pong “University Medical Center”, Acrana, Kaszaxcran
6 3aBeAyI0IIuii OTAeAOM Iaroaorndeckoir anaromuy, Kopnopatnsusiit Gpong “University Medical Center”, Acrana, Kaszaxcran
7IlaToaor, Kopnopatusheiit pong “University Medical Center”, Acrana, Kasaxcran
8 3aBeAyIOInil OTAeAeHMeM AeTcKol Helipoxupyprun, Harmonaasnsiit LHentp Hertpoxupyprumn, Acrana, Kasaxcran
9 3aBeAyIolmuii OTAeAeHMeM MmaToaornyeckon anatomun, Hammonaapnsii Llentp Helipoxnpyprun, Acrana, Kasaxcran
10 Heppoaor-snmuaenToaor, Hanmonaasueiin Lentp Heltpoxupyprum, Acrana, Kasaxcran
11 ccaeaoBateap, Kopropatusnsiit pong “University Medical Center”, Acrana, Kasaxcran; IIIsHpwK9HBCKIIT YHUBEPCUTET,

IIsapwksHb, Knrait

Pe3omMme

Bseagenme. Meayaaobaactroma (MB) sBasercs nambGoaee pacIpoCTpaHEHHON 310KA4eCTBEHHON OITyXOAbIO
rO/I0BHOTO MO3Ia y AeTeil, 1 M3MeHeHNs B reHax oTseTa Ha nospexxaenne JAHK (DDR) MoryT BAMATH Ha OIyXOA€BBIi
IIpOIIecc, 9yBCTBUTEABHOCTD K Ae4eHNIO 1 porHo3. Ognako aanamadt myTtanuii DDR y gereri LlenTpaasHoit Asuu 40
CHX IIOp He ObLA U3y4YeH.

MeToapl. Mbl ipoBean peTpoCIieKTUBHBIN aHaau3 42 obpasuos Mb y aereit, cobpannbix 8 KopriopatusHom
®onge «University Medical Center» (Kasaxcran) B mepmog ¢ 2015 o 2024 roa. AHK, BrlAeseHHas! 13 OIIyXOA€BBIX
TKaHell, (pUKCUpOBaHHLIX B QopmasuHe u 3aauthix B napa¢un (FFPE), 6p1a mogpeprHyTa ITOAHODK3OMHOMY
CEKBEeHMPOBAHUIO C IleAeBhIM aHaan3oM 52 renos mytu DDR. BapuanTs kaaccupuumpoBaanch B COOTBETCTBUM C
pyxosoactsamu ACMG, 1 mposoguaach OIleHKa X KOPPeAsS UM C KAMHINYeCKU MY JaHHBIMI.

Pesyabrarsl [laToreHHsle nam BeposITHO MaToreHHble MyTariuy reHos DDR Op1an BorsaBaens! B 71,4% caydaes,

IIpMU HTOM IIpeoDAajalu M3MEHeHMs! B IyTAX romoaornuHoit pekomOmuaumm (HR) m mcmpasaenmst ommGodHOI
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pemapanun (MMR). Hanboee gacTsiMy THIIaMy MyTaumil ObLAM CABUT paMKy cunThiBaHs (frameshift) nm HoHcenc-
MyTtanun. Yame Bcero MyTtanuy Haba04aanck B reHax ERCC6, SLX4, FANCM n PMS]. ®yHKIIMOHAABHBIN aHAAU3
YYBCTBUTEABHOCTU TIOKa3aa, uyro MmyTanum nyrert HR m skciusmonnon penapainum HykaeoTugos (NER) moryt
CIIOCOOCTBOBATD ITOBBIIIIEHHON YyBCTBUTEABHOCTY K IUICIIAQTUHY U 9TON031Ay. OOIINX 3HAYMMBIX aCCOLMAIIUIT MEXKAY
crarycoM DDR 1 BBIKIBa€MOCTBIO AV CTaAVIEN OIIyXOAU BBIABAEHO He OBL10; 0OAHAKO oOlee KOANIECTBO BapMaHTOB
DDR orpuniateAbHO KOppeAnpoBaao co cragueit onyxoan (r = -0,436, p = 0,019), a BapmaHThI IIyTH TpaHCA€3MIOHHOTO
cunte3a (TLS) moaoxnuTeabHO KOppeanpoBaan ¢ HaanmdyeM MeTacTasos (1 = 0,346, p =0,045).

BoeiBoabI. JanHOe 1ccaes0BaHNEe AeMOHCTPUPYeT BBICOKYIO pacpOoCcTpaHEéHHOCTL MyTauuii reHos DDR cpean
Aeteii ¢ Mb, moauépxusas MOTEHNNMAABHYIO KAMHNYIECKYIO 3HAYMMOCTD BTUX U3MEHEHUI A4 cTpaTuUKalUM pucKa
U Ppa3dpadOTKM IIepCOHAAUBMPOBAHHBIX TepalleBTMUecKuX cTparermit. IloaydyeHHEBle JaHHBIE I1O0AA€pP>KUBAIOT
HeoOXOAMMOCTH UHTerpanuu npopuanposanus DDR B OyayIue nccaeaoBanns 1 IAaHnpoBaHne Aedernst Mb.

KaroueBbie caosa: MeayaaobaactoMa, orseT Ha mospexaenre /AHK, omyxoas roaosHoro mosra y Aerteii,

MyTalnuu, IIpENm3MOHHasA MeANIINHA.
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Abstract

Introduction. Gastric cancer remains a major public health burden in Kazakhstan.
Perioperative FLOT is the standard for locally advanced, resectable disease, yet real-
world evidence from Central Asia - particularly on treatment exposure, pathological
response, toxicity, and costs has been limited.

Objective. This study aimed to evaluate real-world outcomes and economic aspects
of perioperative FLOT chemotherapy in resectable gastric cancer in Kazakhstan.
Methods. We conducted a retrospective single-center cohort study of patients with
resectable gastric adenocarcinoma treated with perioperative chemotherapy at the
National Research Oncology Center (Astana) between 2020 and 2024. Clinical data
(baseline characteristics, chemotherapy delivery, adverse events), surgical outcomes,
histopathologic tumor regression, and regimen-level costs were extracted from
medical records and national tariff documents.

Results. Seventy-four patients (mean age 57.4 years; 71.6% male) were analyzed.
Neoadjuvant FLOT was completed in 86.5% (four cycles in 81.1%); total gastrectomy

was performed in 74.3%, and RO margins were achieved in 82.4%. Histopathologic

Astana Medical Journal, 2025, 4, 125
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regression was observed in a substantial proportion, although complete responses
were uncommon and residual locally advanced and/or node-positive disease
remained frequent. Most patients-initiated adjuvant chemotherapy. During
neoadjuvant therapy, toxicities were recorded in 62.1%, with grade 3-4 neutropenia
in 18.9% and hospitalizations in 12.2%. Economic analysis showed XELOX had the
lowest direct costs; versus XELOX, FOLFOX and FLOT were approximately 13% and
31% higher, respectively, with the widest variability for FLOT amid national tariff
volatility.

Conclusions. Perioperative FLOT is feasible in routine practice, yielding frequent RO
resection and meaningful regression, though complete responses are uncommon.
Given higher direct costs and tariff volatility, priorities include aligning
reimbursement with real-world expenditures and evaluating biomarker-guided,
supportive-care—optimized approaches in prospective multicenter studies.

Keywords: gastric cancer, perioperative chemotherapy, FLOT, pathological

response, real-world evidence, health economics, Kazakhstan.

1. Introduction

Gastric cancer remains one of the leading causes of
cancer-related mortality worldwide and poses a major
public health burden in Kazakhstan. According to
GLOBOCAN 2022, it is the second most common
malignancy among men and the fifth among women in
the country, accounting for 3,085 new cases annually and
8.5% of the total cancer burden [1]. These figures
highlight the persistent relevance of gastric cancer in the
region, particularly amid limited screening programs and
late-stage diagnoses.

While global incidence and mortality rates of
gastric cancer have generally declined over recent
decades, recent projections using CI5 and WHO
mortality data suggest that the absolute number of deaths
is expected to rise due to population aging and growth,
particularly in individuals under 45 years of age [2]. This
trend underscores the continued need for optimized
treatment strategies.

Historically, a variety of chemotherapy regimens
have been explored for resectable gastric cancer,
including epirubicin-based combinations such as ECF
(epirubicin, cisplatin, and fluorouracil), DCF (docetaxel,
cisplatin, and fluorouracil), and S-1-based regimens used
predominantly in East Asia. However, many of these

protocols were associated with modest survival benefits

and considerable toxicity. The introduction of the FLOT
regimen (5-fluorouracil, leucovorin, oxaliplatin, and
docetaxel) marked a significant shift in perioperative
management. The pivotal FLOT4-AIO trial demonstrated
a clear survival advantage of FLOT over ECF/ECX, with
a median overall survival of 50 months versus 35 months
[3], leading to its adoption as the new standard in many
countries.

Despite these advances, most real-world data on
perioperative chemotherapy originate from high-income
countries. There remains a significant evidence gap in
low- and middle-income regions, including Central Asia.
Kazakhstan, in particular, lacks published data on
treatment exposure, adverse event profiles, and
pathological responses in everyday clinical settings. This
gap limits the applicability of international findings to the
local context and hampers evidence-based decision-
making for clinicians and policymakers.

In addition to clinical outcomes, the financial
implications of cancer treatment are increasingly
relevant. The global economic burden of oncology care
continues to grow due to increasing incidence, expanded
diagnostic capabilities, and the introduction of costly
therapies [4]. Perioperative chemotherapy imposes a

substantial burden on healthcare systems, encompassing
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drug acquisition, hospitalization, and supportive care [5].
However, no published studies have evaluated the
economic impact or cost-effectiveness of perioperative

chemotherapy for gastric cancer in Kazakhstan.

2. Materials and Methods

Design and Population

This retrospective, single-center cohort study
included patients with histologically confirmed gastric
adenocarcinoma treated with curative intent at the
National in Astana,
Kazakhstan, from 2020 to 2024. Eligible patients were

adults

Research Oncology Center
(218 years) who received perioperative
chemotherapy followed by radical gastrectomy. Patients
with distant metastases or non-adenocarcinoma
histology were excluded.

Data were extracted from electronic medical
records. Collected variables including demographic
characteristics (age, sex), clinical and pathological staging
according to the 8t edition of the TNM classification [6],
chemotherapy regimens, surgical procedures performed,
and histopathological findings including tumor
regression grading according to Miller & Payne Tumor
Regression Grading system [7].

Data collection and analysis were approved by
the Local Bioethical Commission of National Research
Oncology Center, and patient confidentially was
maintained according to local regulations.

Treatment Protocol

All patients received neoadjuvant chemotherapy
with the FLOT regimen (5-fluorouracil 2600mg/m2,
(200mg/m2),

docetaxel 50mg/m?2) administered every two weeks. The

leucovorin oxaliplatin 85mg/m2, and
standard plan included four cycles before and four cycles
after surgery. Adjuvant chemotherapy regimens varied
based on patient performance, response to neoadjuvant
therapy, and physician discretion.

Economic considerations

The economic analysis assessed the costs of

This study aimed to evaluate real-world treatment
exposure, toxicity profile, pathological response, and the
economic implications of perioperative chemotherapy
with the FLOT regimen in patients with resectable gastric

cancer in Kazakhstan.

perioperative chemotherapy for gastric cancer using
three regimens: FOLFOX, FLOT, and XELOX. Actual
costs per treated case were calculated based on four
standard courses of chemotherapy and included the
following categories: (1) antitumor drugs, (2) medical
services, (3) hospital stay (calculated as number of bed-
days x tariff), and (4) indirect costs.

For comparison with state reimbursement
mechanisms, we used the Order of the Minister of
Healthcare of the Republic of Kazakhstan dated October
30, 2020, Ne RK MoH-170/2020 “On approval of tariffs for
medical services provided within the framework of the
guaranteed volume of free medical care and in the system
of compulsory social health insurance” [8]. This order
remains the legislative basis for tariff-setting and is
periodically updated with new prices. Archived versions
of the order were analyzed for the following periods:
March 18, 2022; January 1, 2023; January 1, 2024; and
August 9, 2025. These values were used to assess the
dynamics of tariffs in the category G01C (“Malignant
neoplasms of the digestive organs with chemotherapy”)
for inpatient and inpatient-replacing conditions [8].

Statistical Analysis

All statistical analyses were performed using R
(version 2025.05.1+513) [9]. Descriptive statistics were
applied to summarize patient characteristics, treatment
exposures, and pathological responses. Categorical
variables were reported as frequencies and percentages.
Continuous variables, including treatment costs, were
summarized using means, medians, standard deviations
(SD), minimums, and maximums. Cost analyses included
statistical relative  cost

per-regimen summaries,

comparisons, and evaluation of tariff trends over time.
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3. Results and discussion

Patient Characteristics

A total of 74 patients were included in the
analysis. The mean age was 57.4 years (SD 8.8), with a
predominance of male patients (71.6%). Regarding tumor
localization, nearly half of the cases were situated in the
upper third of the stomach (47.3%), followed by the
middle third (33.8%) and the lower third (18.9%). The
majority of patients presented with locally advanced
disease at diagnosis. Specifically, 79.7% were classified as
¢T3 tumors, while smaller proportions were staged as c12
(4.1%) or cT4 (16.2%). Nodal involvement was frequent,
with 78.4% of patients being clinically node-positive
(cN+), compared with 14.9% node-negative (cNO).
According to the AJCC 8th edition staging system [10],
most patients (79.7%) were categorized as stage III at
baseline, with only 20.3% at stage II.

Clinical Outcomes

The majority of patients were able to complete
the planned perioperative treatment. Neoadjuvant
chemotherapy was successfully completed in 86.5% of
the cohort, with 81.1% receiving all four cycles of FLOT
as intended. A smaller proportion (12.2%) discontinued
therapy before completing four cycles, while treatment

details were unavailable for 6.8%. Surgical resection was

predominantly performed as total gastrectomy (74.3%).
Curative-intent surgery was achieved in most patients,
with an RO resection rate of 82.4%, whereas 17.6% had
microscopically or macroscopically positive margins
(R1-R2). Adjuvant chemotherapy was administered to
79.7% of patients, reflecting good overall compliance
with postoperative systemic therapy. Nearly half of these
patients (47.3%) received adjuvant FLOT, while the
remainder were treated with alternative or unspecified
regimens (52.7%) (table 1).

Tumor regression grading showed that 37.9%
achieved TRG 3-5. Complete pathological response (TRG
5) was observed in 4.1% and subtotal regression (TRG 4)
in 4.1%. Most patients had residual ypT3 (44.6%) or ypT4
(21.6%) tumors, and only 33.8% had nodal clearance
(ypNO).

Treatment-related toxicity was reported in 62.1%
of patients during neoadjuvant therapy. The most
frequent grade 3-4 adverse event was neutropenia
(18.9%), followed by mucositis (10.8%) and diarrhea
(8.1%). 12.2%

hospitalization due to

In addition, of patients required
chemotherapy-related

complications.

Table 1 - Treatment Exposure and Pathological Outcomes of the Study Cohort

Variable n %
Neoadjuvant Chemotherapy
FLOT cycles — 4 60 81.1
FLOT cycles — <4 9 12.2
Other / Unknown 5 6.8
Completion — Complete 64 86.5
Completion — Incomplete 9 12.2
Adjuvant Chemotherapy
Received adjuvant CTx — Yes 59 79.7
Received adjuvant CTx — No / Unknown 15 20.3
Regimen — FLOT 35 47.3
Regimen — Other / Unknown 39 52.7
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Pathological Findings
Resection margin — RO 61 82.4
Resection margin — R1-R2 13 17.6

* CTx = chemotherapy; RO = microscopically margin-negative resection; R1-R2 = microscopically or macroscopically

margin-positive resection

Economic Evaluation

Financing of oncological care in Kazakhstan is
carried out within the framework of the guaranteed
volume of free medical care (GVFMC) and the
compulsory health
According to the Order of the Minister of Healthcare of
the Republic of Kazakhstan dated October 30, 2020 Ne RK
MoH-170/2020, tariffs are determined on the basis of

clinical cost groups, taking into account the complexity of

social insurance system [11].

the treated case [8]. For the category “Malignant
neoplasms of the digestive organs with chemotherapy
(G01C),” a single tariff is applied, with differentiation by
care setting: inpatient conditions, which include the costs
of round-the-clock stay and the full range of medical
services, and inpatient-replacing conditions (outpatient
chemotherapy), where costs are lower due to reduced
length of stay. Although the tariff is formally fixed, in
practice the real expenditures of the healthcare system
per patient are influenced by clinical and organizational
factors such as hospitalization duration, composition of
supportive therapy, and the nosological subtype of
digestive malignancies.

Analysis of archived updates of Order Ne RK
MoH-170/2020 demonstrates notable fluctuations in tariff
levels between 2022 and 2025 [8]. In March 2022, tariffs
amounted to 433,215 tenge for both inpatient and

outpatient (inpatient-replacing) care. By October 2022,
tariffs had increased to 468,008 tenge for inpatient care
and 450,273 tenge for outpatient care. A sharp rise
occurred in January 2023, with both tariffs reaching
521,348 tenge—approximately a 20% increase from
March 2022. The upward trend continued through
January 2024, where tariffs peaked at 540,383 tenge for
both categories.

However, this peak was followed by a significant
decline: in October 2024, tariffs dropped to 432,305 tenge
for inpatient and 415,924 tenge for outpatient care,
reflecting a decrease of approximately 20% from the
January 2024 high. In February 2025, a slight correction
raised tariffs to 438,611 tenge (inpatient) and 421,990
tenge (outpatient). Most recently, the August 2025 update
equalized them at 438,611 tenge for both care types.

Thus, while the period from 2022 to early 2024
was characterized by steady indexation reflecting rising
costs of medicines and services, the reductions observed
in late 2024 and maintained into 2025—amounting to
around a 19% decline from peak levels—create a
potential gap between standard reimbursement rates and
the actual expenditures of medical organizations,
especially when modern, resource-intensive regimens

such as FLOT are used.
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Figure 1 - Inpatient and outpatient care tariffs in Kazakhstan (2022-2025 years)

The analysis of actual costs by regimen revealed substantial differences in the financial burden of
chemotherapy. Each patient received four courses of treatment, and the mean per-patient costs were 245.6 thousand
tenge for FLOT, 211.8 thousand tenge for FOLFOX, and 187.5 thousand tenge for XELOX. Median values were similar
to the means (219.5, 214.8, and 187.5 thousand tenge, respectively). FLOT was associated with the widest cost range
(138.2-405.3 thousand tenge), reflecting variability in hospitalization and supportive care, whereas FOLFOX
demonstrated the most stable distribution (198.4-219.2 thousand tenge). XELOX was consistently the least expensive
regimen, with moderate variability (150.6-224.3 thousand tenge). In relative terms, taking XELOX as the reference (1.0),
the costs of FOLFOX were 13% higher and those of FLOT 31% higher (table 2).

Table 2 - Costs for each chemotherapy regimen

Regimen mean median min max SD
FLOT 245 642 219 519 138 219 405 309 113 193
FOLFOX 211784 214763 198 394 219 215 9291
XELOX 187 494 187 543 150 639 224 251 35474

Overall, these findings indicate that the choice of chemotherapy regimen substantially influences the economic
burden on the healthcare system. XELOX appears to be the most cost-saving option in terms of direct medical expenses,
while FLOT is associated with higher costs and greater variability but remains the internationally recommended
standard for resectable gastric cancer. This discrepancy between clinical efficacy and economic burden highlights the
importance of aligning tariff-setting mechanisms with real-world treatment expenditures. A comprehensive assessment
of economic feasibility in the Kazakhstani context will require further pharmacoeconomic analyses, including cost per

life-year gained and comparative effectiveness of regimens.
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4. Discussion

This study represents the first detailed real-
world analysis of perioperative chemotherapy for gastric
cancer in Kazakhstan. Our results confirm the feasibility
and tolerability of the FLOT regimen in clinical practice,
demonstrated by high rates of neoadjuvant treatment
(86.5%).

achieved in most patients, with an RO rate of 82.4%,

completion Curative-intent surgery was
comparable to several Western real-world reports (RO
~78-85%) and somewhat lower than some Japanese
experiences that combine FLOT with standardized D2
surgery (>95%) [12-14]. Differences likely reflect patient
mix, surgical practice, and baseline stage.

Adjuvant therapy was administered in 79.7% of
patients higher than many real-world reports where the
proportion starting adjuvant cycles after gastrectomy is
frequently ~50-60%, and the proportion completing all
planned adjuvant cycles is even lower. This likely reflects
careful selection, centralized postoperative care, and
multidisciplinary follow-up in our center [15, 16]

Our observed grade 3-4 neutropenia during
neoadjuvant FLOT (18.9%) appears lower than in the
phase II/III grade 3-4

neutropenia approached ~50% in the neoadjuvant phase.

FLOT4 program, where

Under-capture is possible in retrospective series;
alternatively, local practice patterns such as prophylactic
G-CSF - can reduce severe neutropenia, as reported in an
Asian real-world cohort [17, 18.].

Clinically, the persistence of ypT3-4 and/or ypN+
disease in many patients despite neoadjuvant FLOT
underscores the need for treatment optimization. Several
strategies are being explored: (1) Maintaining dose
intensity and proactive supportive care (including
primary G-CSF where appropriate) to maximize
pathologic response; (2) Total neoadjuvant approaches
that may deepen regression in selected patients; and (3)
Chemo-immunotherapy in the perioperative setting.
Notably, the phase III MATTERHORN trial reported
improved event-free survival with durvalumab added to
perioperative FLOT, while KEYNOTE-585 increased pCR
rates with pembrolizumab but showed mixed or modest

effects on EFS/OS across analyses-highlighting that

biomarker-guided selection will likely be essential as
evidence evolves [19-21].

These clinical patterns carry clear resource
implications: perioperative FLOT and high rates of
curative surgery require reliable access to drugs,
perioperative support, and inpatient capacity, while
residual advanced disease often entails adjuvant therapy
and closer follow-up. Accordingly, our outcomes should
be interpreted alongside the evolving reimbursement
environment in Kazakhstan, where recent tariff shifts
may affect the affordability and sustainability of modern
perioperative care.

The observed decline in tariffs for oncological
care in late 2024 and 2025 requires interpretation within
the broader context of health policy reforms in
Kazakhstan. Recent regulatory changes have introduced
new mechanisms for medicine and medical device
pricing. Specifically, Order Ne 110 (December 2024)
revised the rules on price regulation by narrowing the
definition of the registered price to include only the
manufacturer’s maximum price, while excluding costs
such as marketing, customs clearance, and
transportation. In parallel, the list of reference countries
for external price benchmarking was modified, and
documentation requirements for pricing approvals were
simplified. These changes may have resulted in overall
cost reductions reflected in the updated tariffs [22, 23]

Moreover, Kazakhstan is implementing a multi-
stage deregulation of pharmaceutical pricing between
2022 and 2026. The phased withdrawal of state control
beginning with over-the-counter medicines, followed by
prescription drugs and antibiotics is intended to
stimulate market competition. While primarily focused
on pharmaceuticals, this broader shift in pricing policy
likely influenced tariff calculations for clinical cost
groups, contributing to the downward adjustments
observed in oncology service reimbursement [24].

Although tariff

governmental efforts to optimize health expenditures,

reductions  align  with

their practical implications for oncology care are

complex. The ~19% decline in inpatient and outpatient
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tariffs from peak levels in January 2024 risks creating a
mismatch between reimbursement rates and the actual
cost of delivering modern, resource-intensive regimens
such as FLOT [8]. These regimens not only require high-
cost cytotoxic agents but also extensive supportive care,
imaging, and prolonged inpatient stays. If tariffs do not
adequately reflect these expenditures, medical
organizations may face financial strain, leading to cross-
subsidization from other service areas or potential
limitations in access to advanced treatment protocols.

At the health

underfunding relative to actual costs could undermine

system level, sustained
quality of care, discourage adoption of innovative
therapies, and exacerbate regional disparities in access to
cancer treatment. Conversely, proponents of tariff
reduction argue that aligning reimbursement with
simplified pricing structures can improve efficiency and
curb excessive spending. Balancing these perspectives
remains a critical challenge for policymakers in ensuring
equitable and sustainable oncology care financing.

Our data reveal ongoing challenges in achieving
nodal clearance and tumor downstaging despite modern
perioperative chemotherapy. This may reflect inherent
tumor biology, patient comorbidities, or treatment
delays. Incorporation of molecular and predictive
biomarkers could refine patient selection, enabling a
more personalized approach to perioperative treatment.

This study provides the first comprehensive,
real-world dataset on perioperative FLOT chemotherapy
in Central Asia, addressing a critical knowledge gap in an
underrepresented region. By incorporating economic
considerations, it offers valuable insights into the

financial impact and resource allocation challenges

5. Conclusion

In this first real-world evaluation from
Kazakhstan, perioperative FLOT proved feasible and
deliverable in routine practice, yielding frequent curative
resections and meaningful tumor regression, although
complete pathologic response was uncommon and
residual locally advanced disease remained frequent.

Regimen choice substantially affected direct costs, and

associated with advanced gastric cancer treatment in
Kazakhstan. Furthermore, the detailed reporting of
treatment exposure, pathological response, and toxicity
contributes to a deeper understanding of the real-world
feasibility and safety of perioperative chemotherapy
beyond the confines of controlled clinical trial settings.
Limitations. Being a single-center retrospective
analysis, it is prone to inherent selection and information
biases, which may restrict the broader applicability of the
results. The absence of long-term survival data restricts
the ability to draw conclusions regarding ultimate clinical
effectiveness of the
Additionally,

limited molecular and biomarker analyses prevented

benefit and comparative

perioperative chemotherapy regimen.
exploration of personalized treatment strategies. Finally,

treatment-related toxicity was not systematically
assessed, as such data were inconsistently captured in
medical records, and the lack of patient-reported
outcomes may have led to underestimation of the true
treatment burden.

Prospective multicenter studies with longer
follow-up are needed to validate these findings and
assess survival outcomes. Further research should focus
on optimizing perioperative regimens, integrating
predictive biomarkers, and enhancing supportive care
measures tailored to resource-limited healthcare settings
like Kazakhstan. Future prospective studies should
incorporate comprehensive toxicity evaluation to better
inform supportive care strategies and optimize treatment
outcomes. Economic evaluations embedded within such
studies will be critical to inform sustainable policy

decisions.

recent tariff volatility suggests a mismatch between
reimbursement and actual expenditures for modern
perioperative care. These findings support continued use
of FLOT as the clinical standard while underscoring the
need to align tariffs with real-world costs, strengthen
supportive care to maintain dose intensity, and expand

biomarker-guided strategies. Prospective, multi-center
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studies capturing survival, toxicity, patient-reported
outcomes, and formal cost-effectiveness are needed to
inform policy and optimize outcomes in the Kazakhstani
context.
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Kasakcranaarbl acka3aH OOBIpBIHA OTaAaH KeMiHIi XMMUOTepanusTHBIH HaKThl OMipAiK
TaxXipuOeci: KanmHyukaabIK HaTVDKeaep KoHe 9KOHOMUKAABIK acIlleKTiaep

Capuna T. ', Kaitnasapos T. 2, Kosaapuyk A. 3, bypkitoaes XK. 4, ManaTtosa A. 5,
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1Kericaaaabl XUPYPIUAABIK OPTaAbIK, Y ATTBIK FRLABIMY OHKOAOIMs OpTaAblrbl, ActaHa, Kaszakcran
2MaMaHAaHABIPBLAFaH A9PiAiK Tepanyst 0eaimi, ¥ATTBIK FRLABIMY OHKOAOTINS OpTaAblrsl, ActaHa, Kazakcran
3MamaHAaHABIPBLAFaH A9PiAiK Tepanyst 0eaimi, ¥ATTBIK FRLABIMY OHKOAOTUS OpTaAblrel, AcraHa, Kazakcran
4backapma Teparachl, ¥ ATTBIK FBLABIMYU OHKOAOTUs OpTaAbl¥el, AcraHa, Kasakcran
5Fb1AbIMU MeHeAKMeHT 004iMi, ¥ ATTBIK FHLABIMI OHKOAOTAST optaanirbl, Acrana, Kasakcran
6 FprapIMU MeHeA>KMeHT 004iMi, ¥ ATTBIK FRLABIMIY OHKOAOTVAS optaanirbl, Acrana, Kasaxcran
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8 backapMa TeparachIHBIH OipiHIT opriHOacapsl, ¥ ATTHK FRLABIMIU OHKOAOTUS OpTaAbIFsl, AcraHa, Kasakcran

Tyiingeme

Kipicme. Kasakcranaa ackasaH OOBIpHI KOFaMABIK A€HCAyABIK CakKTay YIIIiH MaHBI3ABI Moacele GOABIII OTHIp.
Kepriaixri TapaaraH, pesekrabeapai icikrepae otara Aemtinri FLOT cranaapt 604 caHasaasl, asariga OpTaasik
AsnsagaH HakKTBl KAMHUKAABIK JepeKTep eMHIiH Y3aKTBLIFBl, MaTOAOTMAABIK >Kayall, YBITTBIABIK >K9He IITBIFBIHAAP
OOIIbIHITIA [ITeKTeYAi.

3epTTeyail MakcaThl. Kazakcranaarsl pesekTabeabsi ackazaH oObIpBI Oap HayKacTapda otara gertinri FLOT
XMMIOTepanysACBHBIH HaKThl KAVHMKaABIK HOTVDKeAepiH >KoHe DKOHOMMKAABIK KBIpAaphIH Oarasay.

Oaicrepi. 2020-2024 >xbplagappl AcTaHa KaJachIHAAFbl YATTBIK FBIABIMU OHKOJAOIMSI OPTaAbIFBIHAA
pesexkrabeabAi ackasaH ageHOKapLUMHOMAackl Oap HayKacTapra >KYpri3iareH orara JeiiHIi XMMMOTepalusra
peTpoceKTuBTI Gip-OpTaaBIKThI KOTOPTTHIK 3€pPTTey KYprisiaai. MeaunmHaablK Ky>KaTTap MeH YATTBIK TapuUQTiK
AepekTepaeH OacTalkbl KAMHMKAABIK CUIaTTaMaldap, XMMMOTepamnusa KypcTaphbl, KaHaMa acepaAep, XUPYPIMIABIK,
HOTIKeAep, iCiK perpecci XKoHe eMAey CXeMaAapbIHbIH IIBIFbIHAAPDI aABIHABL.

Hoarmxeci. 74 Haykac (opraima xac - 57,4 xxac; 71,6% ep agamaap) traagauasl. Heoagposantrsl FLOT kypcbiH
86,5% asxTass! (TepT tmKA - 81,1%); 74,3%-bIHa TOTaAbABI TaCTPOKTOMIA KacaaAbl, aa RO pezexknmsicsiHa 82,4%-b1HAa
KOA >KeTKiziaai. ['mcronaToaormsaaslk perpecc HayKacTapAblH eadyip Oeairinge Oalikaaasl, Hipak TOABIK >KayaIlTap
CHpeK Ke3Jecil, Kmi >KepriaikTi TapaaraH >KeHe/HeMece auMda TYIiHAepi 3aKbpIMAaaraH aypy cakraaasl. Kemmriaik
HayKacTap aAbIOBaHTTHI XMMMOTepanusAHbl OacTaabl. HeoaabroBaHTTH eM Ke3iHAe YBITTHIABIK 62,1%-bIHAQ TipKeaai,
oHBIH imiHge 3-4 Aopesxeai HeliTponenms - 18,9%, aypyxaHara >kaTKpI3y - 12,2%. DKOHOMMKAABIK Taljay OONBLIHIIA
XELOX en Temen Tikeaeil mbIFbIiHAB KepceTTi; XELOX-tten caasictoipranga, FOLFOX men FLOT mibiFbIHAQpBI
colikeciHIe mamMamMeH 13% >xone 31% >xoraprr 6044kl aa FLOT ymiin TapudTik TypakchI3ABIK asChIHAA €H YAKeH
©3TepriImTiK OaKaaABbl.

Kopuorteiaabt. Otara geitinri FLOT kyHaeaikTi ToxXipubege KoadaHyFa Koaaiiasl, oa ui RO pesekmnusiceiHa
>KoHe iCiKTiH alfTapABIKTall perpecciHe KoA >KeTKizeai, 6ipak TOABIK >KayamTap cupek. JKorapsl Tikeaell MIBIFBIHAAP MeH
TapUPTIK TYPaAKCHI3ABIKTHI €CKEPE OTBIPHIIL, OachIMABIKTap LIBIFBIHAAPABI OT€Y Al HAKTHI IIBIFBIHAAPMEH COVIKECTEHAIPY
>KoHe O1IOMapKepre HerizgeaAreH, K0AJ4ay TepalusAChl OHTallAaHABIPBLAFAH TaCiAAepAl KOII-OpTaABIKTHI IIPOCIIEKTUBTI
3epTTeyaepae Oaraaay.

TyiiiH ce3aep: ackasaH OOBIpH, OTara AeviHri xummorepanus, FLOT, matoaoruaAaslx sKayall, HaKTHI AepeKTep,

A€HCayAbIK CaKTay YKOHOMIKaChI, KaSaKCTaH.
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OnbiT ITpMIMEHEH 5L nepmonepauMOHHoﬁ XMMHoOTepalimn 1Ipu pake XeaydkKa B peaileOﬁ
KAVMHNYIeCKO IIpakTHKe B Kaszaxcranme: Kamanmgeckue MCXOAbI 1 DKOHOMMNYEeCKNe aCIIeKTbI

Capmna T. !, Kannasapos T. 2, Kopaasuvk /. 3, bypkitdOaes JK. 4, Manartosa A. 5,

vaubui JK. 6, aplraHosa A. 7, aexenos C.
Kya K. ¢, Xap anosa . 7, llaaexenos C. 8

1 MHoronpoduAbHbI XUpyprudeckuii neHtp, HaloHaAbHbI HaydHbBINT OHKOAOTMYEeCKNII LIeHTp, AcraHa, Kasaxcran
2 OrgeaeHne crelaAn3MpoOBaHHON AeKapCTBeHHOM Tepanuy, HalmoHaAbHBIN HayYHBI OHKOAOTMYecKuii IieHTp, AcraHa, Kasaxcran
3 OrgaeaeHne crelaAn3MpoOBaHHOMN AeKapCTBeHHOM Teparuy, HaryonaAbHb1i1 HayYHBIV OHKOAOTMYecKuii 1ieHTp, AcraHa, Kasaxcran
4 Ilpeaceaarean [Ipasaenns, HaipmonaabHbli HayYHBI OHKOAOTMYECKUII eHTp, AcTaHa, Kazaxcran
5 Orgea HayuHOTO MeHeKMeHTa, HarmonaabHbli1 HayJHBIN OHKOAOTMYecKuit 11eHTp, Acrana, Kasaxcran
¢ Otrgea HayuHOTO MeHe KMeHTa, HarmonaabHbli1 HaydHBIN OHKOAOTMYecKuit 11eHTp, Acrana, Kasaxcran
7 OTgea HayuHOTO MeHeKMeHTa, HarmonaabHbli1 HayJHbIN OHKOAOTMYecKuit 11eHTp, Acrana, Kasaxcran

8 Ilepsbit 3amectutean Ilpeacesateas Ilpasaenus, HanymonaapHbIl HaydHbI OHKOAOTMYecKmi eHTp, Acrana, Kazaxcran

Pesiome

BBegenne. Pak >xeayaxa ocTaeTcs cepbe3HOIl IIpo0AeMOll OOIIecCTBeHHOTO 3apaBooxpaHeHns B Kaszaxcrane.
Ilepnonepanmonnas cxema FLOT saBasercs cTaHgapTOM IIpM  MeCTHO-PACIPOCTPaHEeHHOM pe3eKTaOeaAbHOM
3aboaeBaHNM, OAHAKO peaabHBble AaHHBIE U3 LleHTpaabHOI A3uy - 0COOEHHO II0 BOIIPOCAaM MHTEHCHBHOCTY A€UEHIL,
I1aTOAO0TMYEeCKOrO OTBeTa, TOKCMYHOCTY U 3aTpaT - OTpaHI4eHbl.

Hean nccaeaosanns. OLleHNUTD pealbHble KAUHITIEeCKIe pe3yAbTaThl 1 PKOHOMITIEeCKIe acTIeKThI ITPYIMeHe s
NepuonepaunoHHoi xumuoTtepanuy o cxeme FLOT y nanmeHToB ¢ pesekTaOeAbHBIM pakoM KeadyAka B Kazaxcrane.

Metoanl. IIpoBegeHO peTpOCIEKTHBHOe OJHOIIEHTPOBOe KOTOPTHOe McCAejOoBaHMe TMalllieHTOB C
pesexTabeAbHON ageHOKapLIMHOMOI JKeAy/AKa, IOAyJaBIINX IepuoIlepallIOHHYI0 XuMuoTepanuio 5 HarmonaarsHoM
Hay4YHOM OHKO/OTrm4eckoM nenrtpe (Acrana) B 20202024 rr. VI3 MeAMIIMHCKYIX 3amyceil ¥ HallOHAaABHBIX TapyU(HBIX
AOKYMEHTOB ObLAY cOOpaHbI JaHHbIe O KAMHMYECKUX XapaKTepUCTHUKaX, IpoBeeHIUN XMMUOTepay, He>XKelaTeAbHBIX
SIBAEHISIX, XUPYPIUUECKUX MCX0JaX, TMCTOIaTOAOTMUeCKOM perpecce OIyX0AU U IPAMBIX 3aTpaTax Ha CXeMBI AedeHNs.

PesyapraTbl. B amaams Bkaodenol 74 manmeHTa (cpedHmii BospacT 57,4 r1oga; 71,6% My>KUMHEI).
Heoaapiosantuei FLOT saBepmman 86,5% (detsipe nmkaa - 81,1%); ToTaapHas racTp9KTOMIS BHIIIOAHEeHa y 74,3%,
pesexnust RO gocturnyra B 82,4%. I'mcronaToaornyeckuii perpecc oTMedeH y 3HauNTeAbHOM JacTy IallYIeHTOB, XOTs
II0AHbIe OTBETHl BCTpeYaAlcCh peAKo, M YacTO COXPaH;AA0Ch MECTHO-PacIpOCTpaHeHHOe M/MAM Y310BOe IIOpaskeHIe.
BoapmmHcTBO NManeHTOB HayaAu agbIOBaHTHYIO XUMUOTepanuio. Bo Bpems HeoaAblOBaHTHOTO A€4eHMSI TOKCUIHOCTh
3aperucTpuposaHay 62,1%, BKa1o4as HeliTporeHnio 3—4 crertenn y 18,9% u rocmmraansauym y 12,2%. DKOHOMIIeCKIIA
aHaAn3 1mokasaa, uto cxeMa XELOX mmeaa HanMeHbIme mpsMble 3aTpaTsl; o cpasHeHnio ¢ XELOX, pacxoast aas
FOLFOX n FLOT Gb1a1 BrIIe mpuMepHO Ha 13% 1 31% cooTBeTcTBeHHO, Tpu Hanboabel bapuadeapHoctn 441 FLOT
Ha ¢oHe KoAeDaHNII HallMOHAABHBIX TapUQOB.

Boisoanl. Ilepuonepannonnsni FLOT ocyiiectsuM B pyTMHHOM ITpakTHKe, oOecIiednBasl BHLICOKYIO 4acTOTy
pesexunii RO 1 3HaUMMBII perpecc OIyX0AH, XOTs IOAHBIe OTBETHI OCTAIOTCs pedKOocThio. C yueToM 60aee BHICOKMX
HNpsIMBIX 3aTpaT M TapuU@HOI HeCTaOMABHOCTY IMPUOPUTETaAMMU SIBASIOTCS COTAacoBaHIE BO3MeEIIEeHMs PacXoAOB C
peaaBHBIMI 3aTpaTaMU U IIpOBeAeHNe ITPOCIIEKTUBHBIX MHOTOIIEHTPOBBIX MCCAe40BaHNIII C OLIEHKOI O1oMapKepoB U
OHNTUMU3UPOBAHHON I10AA€P>KIMBAIOLLIEN] TepaIini.

Karouesble caoBa: pak Xeaygaka, mepuonepanuonHas xumuorepanus, FLOT, matoaormdeckuit oTserT,

peaabHbIE AaHHBIE, (l)apMaKOBKOHOMI/IKa, Kazaxcran.
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@ @ Abstract

According to the World Health Organization, approximately 1.28 billion individuals
aged 30 to 79 years suffer from arterial hypertension. A critical factor in disease
management and reducing the risk of complications is patient adherence to therapy;
however, up to 66% of patients do not comply with the prescribed treatment
regimen. The aim of this review is to identify the primary factors influencing non-
adherence to treatment among patients with arterial hypertension.

A literature search was conducted using the PubMed, Google Scholar, Scopus, Web
of Science, and The Lancet databases. Studies and reviews published in the last 10
years in both Russian and English were included.

The analysis revealed that adherence to hypertension treatment is a multifactorial
process influenced by sex, age, the number of antihypertensive medications taken,
presence of comorbid conditions, lifestyle, income level, place of residence, and
social support. Women demonstrate higher adherence levels compared to men, and
elderly patients more frequently comply with the prescribed therapeutic regimen. In
low-income countries, socioeconomic factors play a significant role, including low
awareness of the disease and its complications, as well as insufficient adherence to
therapy. Patients in rural areas often face limited access to qualified medical care,

which negatively impacts blood pressure control. Simplification of therapy

Astana Medical Journal, 2025, 4, 125
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regimens—particularly through the use of fixed-dose combinations of
antihypertensive drugs in a single tablet —was identified as one of the most effective
methods to improve adherence. Lifestyle modifications, including dietary
compliance, regular physical activity, and stress management, also contribute to
improved treatment adherence and blood pressure control.

Thus, improving patient adherence to hypertension treatment requires a
comprehensive approach encompassing individualized treatment regimens and
patient-centered strategies such as educational programs, social support, and
reduction of economic barriers. Future research should focus on developing effective

interventions aimed at enhancing hypertension control and reducing the

socioeconomic burden of this disease on healthcare systems worldwide.

Keywords: medication adherence, arterial hypertension, treatment adherence.

1. Introduction

Arterial hypertension is defined as a condition
characterized by a sustained increase in systolic blood
pressure (SBP) 2140 mmHg and/or diastolic blood
pressure (DBP) 290 mmHg (1,2). According to the World
Health Organization (WHO) (3), approximately 1.28
billion individuals aged 30-79 years are affected by
arterial hypertension. Nearly half (46%) of those
diagnosed with hypertension are unaware of their
condition (3-6). Currently, a significant proportion of
hypertensive patients —about 67%—are detected in low-
and middle-income countries, placing an additional
burden on healthcare systems that must simultaneously
address both communicable and non-communicable
diseases (7-11).

Poor adherence to pharmacological treatment
remains a critical issue in contemporary cardiology (12—
16). According to the clinical guidelines of the European
Society of Cardiology, therapeutic inertia—the failure of
healthcare providers to intensify treatment in response to
uncontrolled blood pressure—is a significant contributor

to poor patient adherence (17).

2. Materials and Methods

This literature review employed a systematic
approach to the search and analysis of scientific and
clinical studies focused on treatment adherence among

patients of different sexes, ages, and ethnic backgrounds.

Overall, 43% to 66% of patients with arterial
hypertension fail to follow prescribed treatment
regimens and monitoring protocols (18-23). These
findings are supported by data obtained using the eight-
item Morisky Medication Adherence Scale (MMAS-8)
(24), a validated instrument used to assess patient
adherence to antihypertensive therapy (18,25,26). This
scale also enables patients to independently identify
barriers to medication adherence with greater accuracy
(27-32). Approximately 40% of patients discontinue
antihypertensive medications within the first year of
treatment (33), and about 10% do not take their
medications daily (34). Furthermore, nearly 50% of
patients do not adhere to the prescribed medication
regimen (35—42). Multiple studies have shown that men
are generally less adherent to treatment compared to
women (16,43—-49).

Objective

To identify the key factors contributing to non-
adherence to therapy among patients with arterial

hypertension.

Relevant publications were retrieved from established
databases and journals, including PubMed, Google
Scholar, Scopus, Web of Science, and The Lancet. The

primary aim of the search was to identify studies that
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describe the main causes of non-adherence to therapy
and explore differences among various population
groups. Priority was given to articles providing clinically
and statistically significant findings, as well as
comprehensive evaluations of the research topic.

The key search terms included: “medication
adherence,” “arterial hypertension,” and “treatment
adherence.” Articles were selected based on the
following inclusion criteria: publications in English or

Russian, and availability of full-text access.

3. Results

1. Sex and Age Differences in Adherence to
Hypertension Therapy
In a study by Mathilde Lefort et al. (43), women

demonstrated higher adherence to antihypertensive

During the initial search stage, approximately
150 publications were identified. After removing
duplicates and screening titles and abstracts, 120 studies
were retained for in-depth analysis. Based on full-text
evaluation and adherence to inclusion criteria, a total of
92 articles were ultimately included in the review. These
studies provided the most reliable and relevant data

pertaining to the stated research objective.

therapy compared to men (69% vs. 58%, respectively).
A similar trend was observed across various age groups
(Table 1).

Table 1 - Characteristics of Antihypertensive Treatment Adherence Among Women and Men According to Lefort et al., % (43)

Category Women
Overall adherence 69.0

Age group
55-65 years 62.4
65-80 years 71.2
80+ years 69.7

Elderly patients with arterial hypertension tend
to demonstrate higher levels of treatment adherence. For
instance, the study by Gavrilova et al. showed that, on

2. The Impact of Socioeconomic Factors on
Adherence to Hypertension Therapy

One of the largest studies in this field, the PURE
study (51), which included 142,042 patients from 17
countries, investigated the role of awareness, income
level, and education in treatment adherence. The study
demonstrated that in low-income countries (e.g.,
Bangladesh, India), only 31.7% of patients with
hypertension were taking antihypertensive
medications—nearly 15% lower than in high-income

countries (46.7%; e.g., Canada, Sweden).

(%) Men (%) P-value
58.0 0,0001
479 0.001
60.3 0.020
62.9 0.001

average, patients older than 67 years were more likely to
follow their prescribed treatment regimen compared to
those aged 60 years and younger (50).

In countries where patients had middle or low
income levels, blood pressure control was poorer
compared to high-income countries, despite the use of
antihypertensive medications. The findings of this study
were further supported by other scientific investigations
(52-54).

A correlation was also identified between place
of residence, income level, and treatment adherence
(Table 2) (51,55). In lower-middle- and low-income
countries, low adherence rates were observed among

rural residents—28.4% and 19.9%, respectively. These
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countries also reported poor blood pressure control

despite ongoing therapy.

Table 2 - Characteristics of Patients with Hypertension by Income Level and Treatment Adherence According to Place of

Residence, Based on PURE Study Data, % (51)

Category
Urban Residents
High income 45,6
Upper-middle income 46,1
Lower-middle income 41,5
Low income 36,1

Patients residing in rural areas were significantly
less likely to use antihypertensive medications, which
may be attributed to lower levels of education, financial
income, and limited access to healthcare services (56).
Adherence to therapy and blood pressure control are

3. Influence of Family and Social Environment
on Adherence to Hypertension Therapy

The study by Jankowska-Polaniska (25) aimed to
investigate patient adherence to therapy using the widely
employed eight-item Morisky Medication Adherence
Scale (MMAS-8). This scale is a structured questionnaire
designed for self-assessment of medication-taking
behavior (59). The MMAS-8 categorizes patients into
three adherence levels: high (score of 8), moderate (6-7),
and low (<6) adherence (24). Alongside the MMAS-8,
patients were also classified according to the Acceptance
of Illness Scale (AIS), which groups patients similarly to
MMAS-8. It was found that higher illness acceptance
(AIS) correlates with greater adherence to therapy (25).
The study included 620 patients, with a mean MMAS-8
score of 7, indicating a substantial proportion of patients
with moderate adherence. Patients in relationships
demonstrated higher adherence compared to those living
alone (high adherence category: 123 vs. 70 individuals).

In the study by Uchmanowicz et al. (5), key
factors affecting therapy adherence in elderly patients
with arterial hypertension were analyzed. The study
utilized the Hill-Bone Compliance to High Blood
(CHBPTS), a 14-item

questionnaire assessing adherence across three subscales:

Pressure Therapy Scale

Treatment Adherence

Blood Pressure Control

Rural Residents Urban Residents Rural Residents
44,2 (p=0,35) 17,6 16,1 (p=0,14)
46,9 (p=0,29) 15,8 14,7 (p=0,08)
28,4 (p<0,001) 12,4 54 (p<0,001)
19,9 (p<0,001) 12,8 6,9 (p<0,001)

closely linked to patients’ knowledge about arterial
hypertension and its complications (57). Nevertheless,
other studies have found no association between place of
residence and adherence, leaving this issue open for
further debate (2, 4).

antihypertensive medication intake, reduction of dietary
sodium, and appointment keeping (60). The mean overall
score was 20.19 (SD + 4.05), indicating suboptimal
adherence among the elderly cohort (5). The sample
consisted of 150 patients (84 women and 66 men) with a
mean age of 72.1 years. According to the scale, men
scored on average 1.34 points higher than women,
confirming lower adherence among male patients,
consistent with other studies (61,62). Patients with
secondary or higher education exhibited a 1.75-point
reduction in the total score, while family social support
was associated with a 1.91-point decrease.

The role of social relationships between patients
and their family members, friends, and others in
influencing adherence to hypertension treatment was
explored in the study by Magrin M. E. (63). Marital status
(married or cohabitating) did not have a significant
impact on disease control (Cohen’s d = 0.06, p > 0.05) (64—
67). Social support notably affected patients, manifested
for example in family members assisting with monitoring
remaining pills, dietary habits, and nutrition (p < 0.05)
(32,63,68-72). However, among ethnic minority groups,
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the effect of moral support was significantly weaker (p <
0.05) (73-75).

4. Adherence to Non-Pharmacological Therapy
(DASH Diet)

One of the evidence-based approaches for
controlling and reducing blood pressure in patients is the
DASH diet (Dietary Approaches to Stop Hypertension)
(76,77). This diet emphasizes a high intake of vegetables,
fruits, whole grains, lean meats, fish, poultry, dairy
products, nuts, seeds, and legumes.

It restricts consumption of sodium, saturated
fats, trans fats, sugars, sugary beverages, and red meat.
The pathophysiological mechanisms underlying blood
pressure reduction are supported by several factors
(78). First, high potassium intake reduces the tone of
vascular smooth muscle, decreases insulin resistance and
oxidative stress, and increases renal sodium excretion.
Since high sodium intake leads to fluid retention,
increased circulating blood volume, cardiac output, and
arterial stiffness—contributing to hypertension—the
DASH diet helps prevent and manage this condition.

High dietary fiber intake improves cellular
insulin sensitivity, reduces inflammatory and oxidative
processes, and promotes weight loss. It has been shown
that adherence to the DASH diet reduces the risk of
hypertension-related complications by 19-25% (79).
Potassium, magnesium, and fiber intake play significant
roles in the antihypertensive effect (80). On average,
systolic blood pressure decreases by 6-11 mmHg and
diastolic blood pressure by 3-6 mmHg (77).

In the study by Filippou et al. (81), various
patient groups with hypertension were assessed to
evaluate the impact of the DASH diet on blood pressure
reduction. Among patients with baseline hypertension,

systolic blood pressure decreased by an average of 11

mmHg, and diastolic by 6 mmHg. In the subgroup
consuming a high sodium diet (>2400 mg/day), blood
pressure reduction ranged from 7 to 10 mmHg. Among
patients under 50 years old, systolic blood pressure
decreased by 9 mmHg and diastolic by 5 mmHg.

Despite the proven efficacy of the DASH diet in
blood pressure control, several factors reduce patient
adherence. First, socioeconomic barriers such as low
education levels, low income, and rural residence
contribute to insufficient awareness of the diet’s benefits
(82,83). Second, established dietary habits and taste
preferences—including high sodium intake and
insufficient fiber consumption —impede adherence (79).
Finally, psycho-emotional barriers such as lack of
motivation, insufficient social support, and stress also
play a role (79). These factors collectively reduce
adherence by approximately 20-30% (79,82,83).

5. Complexity of Therapy Regimens and the
Impact of Comorbidities on Adherence to
Hypertension Treatment

According to the data presented in Table 3, an
increase in the number of medications in patients’
regimens is associated with decreased adherence. When
taking a single pill, adherence rates between women and
men showed no significant differences (70.3% and 65.2%,
respectively). However, adherence among men sharply
declined to 45% when taking two pills. For patients
taking three or more antihypertensive medications,
adherence decreased markedly in both sexes, with rates
of 47.1% in women and 37.4% in men. Similar trends have
been reported in other studies (84-86). It has also been
noted that elderly patients are more likely to adhere to
medication regimens when dosing schedules are simple

rather than complex (87,88).
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Table 3 - Adherence to Therapy According to the Number of Antihypertensive Medications Taken by Women and Men, Based

on Lefort et al., % (43)
Category Women (%) Men (%) P-value
# of AHDs
1 drug 70.3 65.2 0,0001
2 drugs 68.5 45.0 0,0001
3+ drugs 47.1 37.4 0,0001

AHD:s — antihypertensive drugs

The presence of two or more comorbid

conditions was associated with reduced patient
adherence to medication compared to those without
comorbidities (16,89,90). For example, patients with
heart (IHD)

demonstrated poorer adherence to medication use, salt

hypertension and ischemic disease
intake reduction, and regular follow-up visits (91).

Conversely, patients with a longer duration of illness

4. Discussion

Importantly, our analysis highlights the
multifactorial nature of adherence to antihypertensive
treatment. Sociodemographic variables—including sex,
age, marital status, and the broader social environment—
exert measurable influence on patient compliance. For
instance, older patients and women were more likely to
adhere to treatment recommendations, possibly due to
higher health-seeking behavior and perception of risk. In
contrast, patients in rural areas and those of lower
socioeconomic status demonstrated poorer adherence,
likely due to limited access to healthcare services, lower
health literacy, and financial constraints.

The complexity of these factors necessitates a
patient-centered approach to hypertension management.
Tailoring interventions to individual patient profiles—
including comorbidities, lifestyle, and psychosocial

context—may improve engagement and therapeutic

5. Conclusion

A crucial factor influencing disease control and

the reduction of complications related to arterial

showed a higher tendency to adhere to treatment (P =
0.009; OR = 0.909; 95% CI: 0.846-0.976), which can be
explained by increased awareness of hypertension-
related risks (34,44,92). These patients were more likely
to engage in preventive measures, such as reducing salt
consumption, maintaining regular physical activity,
stress, and

controlling body weight, managing

monitoring blood pressure.

outcomes. Moreover, simplification of treatment
regimens through the use of fixed-dose combinations can
reduce pill burden and improve adherence.

To address systemic barriers, effective strategies
should

community-based outreach, and digital health tools

integrate  patient education programs,
aimed at reinforcing long-term engagement with
treatment. These approaches are particularly critical in
resource-limited settings, where healthcare access and
continuity remain suboptimal.

Taken together, our findings advocate for a
multidimensional intervention model that incorporates
pharmacologic, behavioral, and system-level
components to enhance treatment adherence and achieve
sustained blood pressure control in diverse patient

populations.

hypertension is patient adherence to therapy. Our

literature analysis demonstrated that adherence is a
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multifactorial process involving sex, age, number of
antihypertensive medications taken, presence or absence
of comorbid conditions, lifestyle, income level, place of
residence, and social support.

It was found that, overall, female patients exhibit
higher adherence levels compared to male patients, and
elderly patients are more likely to follow the prescribed
therapeutic regimen. Moreover, an increase in the
number of antihypertensive medications is associated
with a negative trend in adherence, particularly among
men.

In low-income countries, socioeconomic factors
play a significant role, with lower awareness of the
disease itself, its complications in the absence of control,
and insufficient adherence to therapy. Patients residing
in rural areas more frequently face limited access to
qualified healthcare, adversely affecting blood pressure
control.

Thus, improving adherence to hypertension
treatment requires a multifaceted and comprehensive
approach, including individualized treatment regimens,
patient-centered  strategies such as educational
interventions, social support, and the reduction of
economic barriers. We conclude that future research
should focus on developing and implementing effective
interventions that enhance blood pressure control and
reduce the socioeconomic burden of hypertension on

healthcare systems worldwide.
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Tyininaeme

JAYHMexy3iaik AeHcayaAblK caKkTay YIBIMBIHBIH JepekTepiHe carikec, 30 OeH 79 >Kac apaAbIFbIHAAFHI [IIaMaMeH
1,28 Muaanapg agam apTepusABIK IUIEPTOHNUAAAH 3apAall 1iereai. AypyAbl Oakplaayja ycTay >KoHe acKbIHyAapAblH
aAABIH aly YIIiH IalMeHTTepAiH eMre Oeliiaaiairi (AFHN, eM-40MABI AYPBIC JKoHe TYPaKThl KaObLaAayhl) aca MaHbI3AbI
daxrop 6oapmr TabbLAaAbl. AJaliga, TMIIEPTOHMAMEH aybIpaThIH HayKacTapAblH 66%-Fa AeiliHrici TaraliblHAAAFaH €M
pexxumin cakramaiabl. OcChl IIOAYABIH MakKcaThl — apTepUsAABIK TMIIEPTOHMAMEH ayblpaThlH HayKacTapAblH eMre
OertiaaiairiHiH TeMeH 00AybIHa 9cep eTeTiH Herisri ¢pakToOpAapAbl aHBIKTAY.

Oaeduetrepai i3aey PubMed, Google Scholar, Scopus, Web of Science >xane The Lancet gepexxopaapsiaaa
kypriziaai. Conrnt 10 XbL14a OpBIC JKoHe aFBIAIILIH TiddepiHae XKapUslaHFaH 3epTTeyep MeH I10AyAap KaMThLAABL.

Tazaay HoTHKeAepi KepceTKeHAEN, IMIIEPTOHUSHEI eMAey Ke3iHaeri Oertiagiaik — 6ya ke ¢paxTopAsl yaepic.
Oa4 >XBIHBICKQ, JKacKa, KaOblaAaHAThIH aHTUTMIIEPTeH3UBTIK ITpertapaTTapAblH caHbIHa, KOcaAKbl aypyAdapAbIH 00AybIHa,
eMip caATbIHa, TabBIC JeHTelliHe, TYPFBLABIKTHI KepiHe >KoHe 94eyMeTTiK KoAjayFa OailaaHBICTHL Olieajep epaepre
KaparaHJa eMre aHaryp/AbIM Oeliiagi Keaeal, aa ere >KacTarbl HayKacTap eM TaFaliblHAaMaAapblH XKIipeK OpbIHAAABL.
TabObIcEI TOMEH eaaepae 91eyMeTTiK-DKOHOMMKAABIK (paKTopaap eAeyai pea aTKapaabl: aypy >KoHe OHBIH acKbIHYAapbl
Typaabl XabapAapABIKTLIH TOMEHAIr, eMre 0eifiaaiAiKTiH >KeTkKiaikcisairi Oaiikaaaabl. AybBlAABIK >Kepaepae TYpaTbhiH
HaykacTap Oi4iKTi MeAMIIMHAABIK KOMeKKe KOA >KeTKi3yAiH IIeKkTeyai OoAybIHa >KUi yIIbIpaiiAbl, OYA apTepusABIK
KBICBIMABI OakplaayFra Tepic acep ereai. EMaey pexxumiH oHallaaTy, aram ailTKaHJda OipHellle IMIIOTEH3MBTIK
Ipernapartapabl 0ip TabaeTkaga OipikTipin KabbLagay — OeitiaaiaiKTi apTTHIPyABIH eH THiIMAl TaciagepiniH 6ipi 60abIm
TabbL1aabl. OMip CaATBIH ©3TepTy, AMeTaHbl CaKTay, TYpPaKThl PpU3MKaABIK OelceHAiliK >KoHe KylizeaicTi 6ackapy da
eMre 0eifiAAiAiK IIeH apTepIAAbIK, KbICBIMABI OaKblaayFa OH oCepiH TUTi3eAi.

Ocplaaiima, MIEPTOHUSHBL eMaeyTe OelfiaaiaikTi apTTeIpy YINiH KelleHJi ke3kapac KaxeT. bya emaey

TOCiAiH AapaaaHABIPYAbl, HayKacka OaFrbITTaAfaH cTpaTernsidapAbl, COHBIH iIiHAe Oiaim Oepy OarsapaAaMaaapbiH,
94€yMeTTIiK K0A4ayAbl )KoHe DKOHOMUKAABIK KeJepriaepai a3aiTyAbl KaMTyhl THic. boaalrak sepTreyaep apTepusabik,
TUIIEpTOHNMAHBI THUiIMAI OaKblaayFa >KeHe OyaA aypyAblH apTypAai eadepAiH AeHcCayAbIK cakTay >KylieciHe TycipeTiH
9/€yMeTTiK-DKOHOMMKAABIK, XYTiH a3aliTyra OarbITTaAraH TUiMAL IapaJapApl 93ipAeyTe Heridaeayi Tuic.

Tyiiin cesaep: Aspiaik nperaparrapabl ycTaHy, apTepUsLABIK TUIIEPTEH31s, eMAey Al ycTaHy.
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Pesiome

CoraacHo gaHHBIM BceMupHOI opraHmMsanmm 3ApaBoOXpaHeHns, okoao 1,28 Mmuaanapaa 4eA0BeK B BO3pacTe
30-79 aer cTpajaloT apTepuaAbHON ruIepTeH3uei. BaskHbM (paKTOpOM KOHTpPOAs 3a001€BaHNsT U CHVDKEHMS PIICKa
OCAOKHEHMI1 ABASeTCSl TPUBEP>KEeHHOCTh IaIlMeHTOB K Tepammy, O4HAKO A0 66% OOABHBIX He CO0AIOAAIOT
HasHa4YeHHBIT pe>XnM Aedenust. Lleap ganHOTrO0 0630pa — orpeeaeHiie OCHOBHBIX (PAKTOPOB, BAUSIOIIX Ha OTCYTCTBIE
IIPUBEP>KEHHOCTH K /€UeHMIO Y MaI[IeHTOB C apTepUaAbHON TUIIepTEeH3e.

ITouck aurepatypsl nposoauics B 6asax ganasx PubMed, Google Scholar, Scopus, Web of Science u the
Lancet. BkatoueHsI nccaeA0BaHMs ¥ 0030pbI, OITyOAMKOBaHHEIE 3a ocaeanue 10 2eT Ha pycCKOM 1 aHTAMIICKOM SI3bIKaX.

AHaaus 1oKasa, 4To IPVBEP>KEHHOCTD K A€UeHNIO TUIIEPTOHNI — BTO MHOTO(paKTOPHBIIT ITPOILIeCcC, KOTOPBI
3aBIMCUT OT I104a, BO3pacTa, KOANYECTBA IIPMHIMaEeMbIX aHTUTUIIEPTEH3MBHBIX IIPeIlapaToB, HaAWYIMs KOMOPOVAHBIX
cocTosiHMIL, oOpasa >KM3HH, VPOBHSA J0XO4a, MeCTa IIPOXUBAHMUSA M COLMAABHON II0AAeP>KKHU. JKeHIIMHBI
AEMOHCTPUPYIOT 00ee BBICOKUII YPOBEHDb IPUBEPKEHHOCTH 10 CPaBHEHMIO C MY>KYMHAMH, a Ial[eHTHl ITOXKIAOTO
BO3pacTa yallle cAeAylOoT Ha3HaYeHHOMY PeXXIMy Teparuu. B crpaHax ¢ HU3KMM YPOBHEM 40X04a 3HAYUTEABHYIO POAb
UTPAIOT COIMAaAbHO-DKOHOMMYecKre (aKTophbl: HMU3KAs OCBEJOMJEHHOCTh O 3a00A€BaHUM U €ro OCAOXKHEHMSIX,
HeJOCTaTOYHAs IIPUBEPIKEHHOCTh K Tepanmu. IlanmeHTB M3 CeABCKOM MECTHOCTM 4allle CTaAKMUBAIOTCA C
OTpaHNYEHHBIM AOCTYIIOM K KBaAMQUIMPOBAHHON MEAVIIMHCKO IIOMOIIY, YTO HEraTMBHO BAUSET Ha KOHTPOAb
apTepuaAbHOIO JaBA€HNS. BBIIBA€HO, YTO VIIPOIIEHNMe peXXuMMa Teparmy, B YaCTHOCTU JCIIOAb3OBaHIIEe
¢$uKcupoBaHHBIX KOMOMHAIIMI TUIIOTEH3UBHBIX IIpellapaToB B OAHON TaDAeTKe, SIBASETCS OAHUM U3 Hamboaee
5} PeKTUBHBIX MeTOAO0B IIOBBIIIEHNs IpuBep>XKeHHOCTH. Moandukammsa obpasa >KU3HU, CODAOAEHUE AVIETEHI,
peryaspHas ¢usndeckas aKTMBHOCTb I KOHTPOAb YPOBHs CTpecca, CIIOCOOCTBYeT YAYYIIeHNIO IIPUBEP>KEHHOCTU K
A€YeHUIO U KOHTPOAIO apTepUaAbHOIO AaBA€HIL.

Taxnm obpasom, yAydlieHNe IpYBEeP>KEHHOCTH AIlIeHTOB K A€4eHNIO TUIIePTOHNY TpeOyeT KOMIIAEKCHOTO
II0AX0Ja, BKAIOYAIOIIETO MHAVBUAYaAV3UPOBaHHbBIE CXeMBI AeYeHI, IallleHTOPMEHTUPOBaHHbIe CTpaTeIny, TaKue
KaK oOpasoBaTeAbHBle IIPOTPAMMBbl, COLMAABHYIO IIOAAEP>KKY U CHIDKEHUe SKOHOMMYecKux Oapwepos. Byaymue
UCCAeJOBaHMS AOAXKHBI OBITh HallpaBAeHBl Ha pa3paboTKy 9¢QQPeKTUBHBIX BMEIIaTeAbCTB, CIIOCOOCTBYIOIIVIX
IIOBBIIIIEHNIO KOHTPOAS apTepUaAbHON IMIIEPTEH3NM U CHUKEHWMIO COLIMaAbHO-SKOHOMUYECKOIO OpeMeHU 3TOro
3a00aeBaHNs A CUCTEM 3APaBOOXPaHEHNs] Pa3ANYHBIX CTPaH MUpa.

KaiodueBble caOBa: NpPUBEP>KEHHOCTb IIpUEMYy A€KapCTB, apTepMaAbHas IMIIEPTOHUS, IPUBEPKEHHOCTb

A€4eHUIO.
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Pesome

Bsegerme. OgnoanactomosHoe racrpomyHTuposanne (OAITI) mnpusnano
5] PeKTUBHBIM MEeTOA0M A€4eHVs] MOPOMAHOTO OXKMPEHI M caXapHOTro Auabera 2
TUII4, OJAHAKO COIPOBOXKAAETCA PUCKOM pasBUTUsA OmaAmapHOro pedaiokca u
BO3MOXKHOM  AMAaTallMy  >KeAyJO4dHOro Iayda. AJas MUHMMM3aIMM — 9THX
OCAOXKHEHUN MIpeaa0>KeHa MO,ZI,I/I(l)I/IKaLU/I}I C OAHOMOMEHTHO c])yH,A,onAI/[Kaumeﬂ
OTKAIOYEHHON 4YacThlO >Keayaka - MeToguka OPyHgoPunr, oOecrneunsarorras
aHTUPePAIOKCHBIN 9P(EKT U ycuieHne pecTpUKTUBHOTO KoMIloHeHTa. Hecmorps
Ha JOKa3aHHBII aHTUPe]AIOKCHBII IIOTeHIMaA, AO HACTOSAIIEIO BpeMeH!
OTCYTCTBOBaAl JaHHBIE O JOATOCPOYHBIX MeTabOAMYeCcKMX pe3yAbTaTax AaHHOI
TeXHUKM. DTO MccAeAOBaHMe HaIlpaBA€HO Ha CPaBHUTEABHYIO OLIEHKY AVMHaMMKIU
IOKa3aTelell TAMKeMUYeCKOro KOHTPOAsS ¥ AUINMAHOTO OoOMeHa y IIallMeHTOB,
nepenécimx OAITI ¢ moandukanueit OynAoPuHT 1 cTaHAAPTHONM T@XHUKOIA.

eab uccaeaosanus. CpaBHUTH AUHAMUKY YPOBHS TAMKIPOBaHHOIO reMOr1001Ha

(HbAlc) m ammmanoro mpoduast y HaIlMeHTOB I10CAe O4HOAHACTOMO3HOIO
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1. BBegenue

/lantapocKoIm4eckme

racrpourynTuposanne (OAIT) B coBpemenHoM Mupe

SIBASCTCS

raCTPOLIYHTMPOBAHUS C MO,ZI,I/I(I)I/IKaLU/IeIZ @yHAOPUHT U CcTaHAAPTHOM TEXHMKOM
OATI B Teuenne 3 zerT.

Matepuaant 1 MeTOABI IIpocriekTMBHOE KOTOPTHOE MccAeAOBaHe BKAI0UnAo 717
MaIIeHTOB C HapyIIEeHMsIMM YIA€BOAHOTO OOMeHa, paHJOMM3MPOBAHHEIX Ha ABe
rpynnsr: PyaaoPunr (n=366) n OATITII (n=351). [lepBryHOIT KOHEYHOI TOYKOI1 ObL1a
snHamnka HbAlc na 12, 24 u 36 mecsmax. BropuyHoit - nokasaTeayn AUIIMAHOTO
oOMeHa Ha 3 roay.

PesyabraTel. Ha ncxogaom yposae HbAlc He pasanuaacs mexay rpymmamu (6.10%
vs 5.96%; p=0.24). UYepes 3 roga nHabaogenmii HbAlc Obia gocTOBEpHO HIKE B
rpymnne @yugoPunr (5.36% vs 5.49%; p=0.014), ¢ mexxrpymmosoit pasauren —0.13%.
MHOTOYpOBHEBBIII pPErpecCMOHHBIN aHAAM3 IIOKa3ald CTaTUCTUYECKM 3HadMMoe
B3aMIMOJENICTBIE «TexHuka x Bpemsi» (B=0.097; p<0.001), moaTBepsKAamoIee
IIPOrpecCUBHOEe YAydIlleHre TAMKEMUYECKOro KOHTpoAs B rpymme PynaoPuHr.
Taxxe sadpukcuposansl 601ee Huskue sHaveHus AITHIT (2.83 vs 2.90 mmoab/2;
p=0.049) u rpurannepuaos (1.28 vs 1.42 mmoas/a; p=0.03).

BoBogbl. Moaudukanus PyHaoPunr obecrieunBaer 0O0Jee BBIpa’keHHOE U
CTabuAbHOE yAy4IlleHe TT0Ka3aTeell yrAeBOAHOTO OOMeHa M AMITUAHOTO IIPOPpU AL
B AOATOCPOYHOII ITepCIIeKTIBe 110 CpaBHEHUIO cO cTaHAapTHON TexHukorn OAITIL
DTO0 AeaaeT e€ epCceKTUBHBIM BapMaHTOM XMPYPIMUECKOTO Ae4eHI s MalllieHTOB C
MeTab0AMIEeCKMMI HapyIITeHUIMIA.

Karoaesbre caoBa:

Oapuarpuyeckas XUPYPIUsL,

ractpomryHTupoBanne (OAIII), ¢ynaoPunr, HbAlc, ammmansmt npoduas,

O0AHOAaHaCTOMO3HOe

MeTaboAMdecKne Mcxo4bl, (PYHAONAMKAINS, CaxapHBII Amaber 2 Twa,

TAVIKEMITYeCKUI KOHTpPOAb.

0ZHOAHACTOMO3HOE pedparokc. Yacrora BosHMKHOBeHM:aA 1ocT- OAITII
pedpaxkTepHOro OMAMAPHOIO TacTPO®30(¢areaabHOIrO

MeTo40M AeYeHIsT

9¢pPeKTUBHBIM
MOPOMAHOIO O>XXMpeH!UsA 1 KOMOPOMAHBIX 3a00AeBaHMIA
B TOM 4YMcAe HapylleHus YrieBOAHOTO oOOMeHa U
caxapHoro auabeta 2 tumna (CA2) [1?3]. AaHHBIT MeTOA
XMPYPIMIECKOTO JAe4eHUs BXOAUT B TPONMKy Hamboaee
BBIITIOAHSEMBIX ~ OIlepallMyt B OapuaTpuUdeckon U
MeTtaboangeckori xupyprum (BMX) [4]. Ilo aaxHBIM
MHOTOYNCAEHHBIX ICCAeJAOBAaHMII M  MeTaaHaAU30B
OAITITI mpeBOCXOAUT PYKaBHYIO Pe3eKIMIO KedyAka U
KJacCMYeckoe — racTpomyHtuposanme 1o Py B
BapuaTpudeckoM 1 MetaboandeckoM spdexre [>678]. Ho
HecMOTp: Ha Bce npenmyiectsa OAIT eauHcTBeHHOI

«aXIAA€COBOM IISITOM» MOSKHO CUYUTATh 6I/IAI/IaprH7I

pedarokca cocrabaser 0,6-10%, yro Hepeako TpeOyer
IIOBTOPHBIX XMpyprudecknx sMemareancts [°]. ITomumo
DTOrO, COXPaH]IETCsl BEPOSATHOCTH IIOBTOPHOrO Habopa
Beca 3a c4eT pacIIpeHns Ilayda B AAUTeAbHOM IIepuoJe,
4TO CBOJMCTBEHHO BceM Buam onepauuii 8 BMX. Bosspat
Beca sBAsIeTCA aKTyaAbHOU Ipobaemoir B BMX, T.k
ITOMIMO IIOBTOPHOTO Habopa Beca 9TO COIPOBOXKAALTCS
BO3BpaTOM KOMOpOMAHO Iaroaorum [101112],

Aas pemenns Hegoctatkos OAITI OcriaHOBBIM
O. op11 mpeaaoxen mertog OAITI ¢ oaHOMOMEHTHOII
MepPBUYHON  MOAU(UIIMPOBAHHON  (PYHAOILAMKAIIEN
OTKAIOYEHHOM 4acTplo Xeayaka - OyngoPunr [1].
/laHHBIN MeTO/,

npeAriolaraeT BBIIIO/HEHI1Ee
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crangaptHoro OAITI n A0MTOAHNTEABHO CMYABTaHHOE
¢popmuposanne MoAUPUIIMPOBAHHON PYHAOILAVKAIIII
U3 OTKAIOYEHHON 4YacT! >KeAyjKa, 4YTO IIO3BOASET
npoduaaKTpOBaTh BO3HIKHOBEHIIE 6uanapHoro
pedarokca [¥]. Werapitiya, S.B. m coasr. B cBOI
nyOAMKanuy ommcaay IpuMeHeHNe QyHAOIAVKAIIUN
no Hucceny npu OAITI, HO B KayecTBe PeBU3MOHON
IIOBTOPHOI OIlepaluyl y IaIleHTOB ¢ HeKyIMPYyeMBIM
OAITI, «kak

aabTepHaTHBa racTpOIIYHTUpOBaHMIO 110 Py [15]. Soprani

OmamapHbelM  pedAIOKCOM  IIOcAe

A. u coastr. BpmoaHgau OAITH cumyabTaHHO C
JyHaonankammeir o HucceHy TOABKO IpU HaAMINU
TPBDKM IMIeBOAHOTO oTBepctust Amadpparmsl (ITIOA)
[¢]. Metoa @yHAOPMHTr TmpeariolaraeT BbIIIOAHEHIE
yHAOIAMKAIIUM IIEpBUYHO M BO BCEX CAydasx

HEe3aBUCMMO  OT  HaAW4Ms  TacTpo®3odareaabHON
pedarokcHoit 6oaesuan (I'OPB) nan ITIOA. ITo sanHBIM
PaHAOMU3MPOBAHHBIX KOHTPOAUPYEMBIX MCCAeAO0BaHNI
(PKI)

¢ PexrnBHOCTS B AeveHun u npoduiakruxke 'DPb n

MeTog4,  DPyHaoPumHr 1mokazaa  BBICOKYIO

O6uanapHoro pedaiokca B CpaBHEHUI CO CTaHAAPTHBIM

2. Marepuaabl 1 MeTOABI

AvzaliH  McCcAeaOBaHMSL:  IIPOCIIEKTUBHOE
KOTOPTHOE NCCA€AOBAaHUE, IIPOBEAEHHOE B KAVHUKE
MeaumuHckoro yHuBepcuTeTa ACTaHBL B II€pUOJ C
suBapst 2021 roga o aexadpn 2024 roaa.

B nccaeaosanme 65141 0TOOpaHbI 763 MarieHToB
n3 1000 mnanmeHTOB, Y4YaCTBOBaBIIMX B OCHOBHOM
PaHAOMU3MPOBAHHOM KOHTPOANMPYEMOM MCCAeAOBAHIN
«The FundoRingOAGB Versus Non-wrapping (Non-
banded) Standard Method of Laparoscopic One
Bypass  (FundoRingMGB)»
(mporokoa Ne NCT04834635, https://clinicaltrials.gov), ¢
Aexabpn 2024

COOTBETCTBYIOIINIE KPUTEPUSIM BKAIOYEHNT B HACTOSIIIEE

Anastomosis  Gastric

suBapsa 2021  roza 1o roza,
uccieoBaHMe.

Kpurepumn BKaiodeHMsL:

- HaAuuMe HapyLIeHWUI YIAeBOAHOro oOMeHa
takux kak Ilpeamaber (VHCyAMHOpPe3MCTEHTHOCTD,
Hapymennue toaepantHocTi K raroxose) n CaxapHbIin

Auaber 2 Tura.

metogom OATTII [17]. [ToMuMo DTOrO, 3a CYUET MAaCCUBHOI
¢yngonankanuu Ha mnayde u  (QopMe  «KOAbIlay,
cozzaerca dPPeKT OaHAKMPOBAHUSA >KeAyAOIHOTO
Iayda, T.e YyCHAEHNE PeCTPUKTUBHOIO KOMIIOHEHTa
omepanmy, YTO TIUIIOTETUYECKM MOXKET VAYYIINUTb
Gapmuarpuyeckme 1 MeTaboAMYeCcKie pPe3yAbTaThl Y
HalMeHTOB B AAUTeAbHOM Iiepuoge ['8]. HecMoTpsa Ha

apdexr

Moanukauymn PynaoPuHr, 40 sToro Bpemenn 8 bMX

AOKa3aHHO  AydylllMi  aHTHPeAIOKCHBIA

erme He ObLIO ONYyOAMKOBAaHO  MeTaOOAMYECKUX
Ppe3yAbTaTOB JedyeHus y IalVieHTOB, II0CA€ MEeTOAVIKU
®ynaoPuHI, B YaCTHOCTHM, IIOKa3aTeAyu YIA€BOAHOIO
oOMeHa 11 AU AHOTO CIIeKTPa KPOBIU.

Ileapio AaHHOTO WMCCAEAOBAHMS SBASETCA
aHaAM3 U  OIeHKa  pe3yAbTaToOB  IIOKa3aTeJeil
yIA€BOAHOro oOMeHa U AUIIMAHOTO CIIeKTpa KPOBU IIPU
0JHOAHAaCTOMO3HOM racTpOIIYHTHPOBAaHUY c
MoAUUIPOBaHHOM (PYHAOIIAUKAIMIEN B CPaBHEHNM CO
CTaHJAAPTHON TexHMKON depes 1, 2 m 3 roga mocae

oriepannm.

- ywactme B ocHosHoM PKI (mpotokoa
NCT04834635);
- BBHIIOAHEHME OAHOTO U3 ABYX TUIIOB

oneparusHoro sMemareascrsa (PynaoPunr man OAITII);

- OTCYTCTBME  IIOBTOPHBIX  PEBU3MOHHBIX
OGapuaTpuyecKyx oIepanuil B TedeHUe BCEro Iepuoja
HabAIOA€HSI.

- INCbMEHHOe AODpOBOABHOE corlacue Ha
yyacTe B AOHNOAHWTEABHOM  MCCAEJOBAaHMU U
rocaeayiorriee HabAI0AeHMe.

Kpurepun nckaioaeHmst:

- OTKa3 IalyeHTa OT y4acTysl Ha AI000M BTarle;

- IIOBTOPHBIE PEBU3NOHHBIE OapuaTpuUdecKye
orepanum.

OT060p maryeHTOB

B nccaeaosanme Opran oroOpaHb! 763 maiyeHTa
U pacrpeeleHbl Ha ABe TPYIIIBL B 3aBMCUMOCTH OT TUIIa
BBITIOAHEHHOTO

XNPYpPINIECKOIO BMeIllaTeAbCTBa:

rpynmna 1 - «dynaoPunr» (n=391) - aanapockonmyeckoe


https://clinicaltrials.gov/

Astana Medical Journal, 2025, 4, 125

04HOAHAaCTOMO3HOE raCTPOLIYHTHPOBaHIE c

OAHOMOMEHTHOIl ~ (PyHAOIAMKaIVell  OTKAIOYEHHOI
rpymna 2 «OAI'll» (n=372) -

OAHOAaHAaCTOMO3HOe

4acTblO KeAyAKa;
ZanapocKoIyeckoe
racTpOIIyHTHpOBaHIe 0e3 PyHAOIAMKALIIIL.

Aas $MHaABHOTO aHaAM3a B IIPOCIIEKTMBHOM
KOTOPTHOM MCCAeA0BaHUMU OBLAV AOCTYIIHBI JaHHEBIE 366
HManueHToB u3 rpymmsl «PyHaoPuHI», 25 manmeHTOB
BBIOBIAM U3 UCCAEAOBAHMSI IIO IIpUYMHE IIOTEpU
KOHTakTa. /JanHple 351 mamueHTa ObLAM AOCTYIIHBI A4S
aHaau3sa u3 rpynisl «OATTI». 18 maryeHTOB BHIOBLAN IO
IpUYMHE IIOTepU KOHTaKTa M 3 IalyeHTa BBHIOBIAN IIO
IIpUYMHE TTIOBTOPHOI OapyaTpUIecKOil orlepariumn.

IIpomteaypa

CoraacHo PKIM

NCT04834635) mnauuentam B rpynme «PyHa0PUHI»

OCHOBHOMY (mpotokoa
IIPOBOAMAOCEH AarlapOCKONMJyeckoe OAHOaHaCTOMO3HOe

J)KeAyJOYHOe  INYHTUpOBaHME B MOAUQUKAIIU
®ynaoPunr ¢ gpopmuposanneM (pyHAOIAUKAIVIOHHON
MaHXXeTKu ormucaHHas B cratbe OcmanoBa O. [Y].
rpyiiie «OATTII»

JallapOCKOIIN4eckoe OAHOaHaCTOMO3HOE >KeAyAO049HOe

HaLU/IeHTaM B IIpOBOAMAOCH

IIYHTUPOBaHNe 110 CTaHAAPTHOI MeToAMKe [20].

B ABYX TIpyIIlax B3STallbl OAHOaHaCTOMO3HOIO

KEeAyAOIHOTO IIYHTMPOBAHN A BRIIIOAHAAVICh MAEHTITIHO!

1. ®opmuposanue >KeAyA04YHOIO

nayya

IIPONCXOAMAO Ha XeayAodHoM 3oHay 32 Fr, ¢
UCIT0Ab30BaHMe AMHEIHOTO CTEILAEPHOTO LIBa, AAVHHOIO
12-13cm.  /AluHmMmM  cTenaepHOrO IIBa Iayda Bceraa
YKPeIlAsAUCh HeIIPepPLIBHBIM oOIIMBaHKeM
paccachIBaIOIIENCsl HUTBIO.

2. JdamHa  OuaAMoNaHKpeaTH4YecKoi  IIeTAM
cocraBasaa 2 meTpa or cBa3ku Tpenrua. Boabmon
CaZbHUK He pacceKaacsl.

3. TacrposHTepoanacromMo3 (popMUpoBaics 1o

3aJHell CTeHKe >KeAy4O04HOro Ilaydya AAMHHOIO 4 cM ¢

UCIIOAB30BaHIEe AVHEIHOIO CTeILAePHOrO IBa N
3aKpBITEM TEXHOAOTMYECKOTO OTBePCTISA
paccachIBaIOIIENCs. HUTBIO.

4. ®opmmpoBasach I10ABEeCHast HeTAst

MPUBOASIIETO OTAeAa TOHKOTO KUIIIedHMKa AAMHHOM 3-4

CM A5 YKpeIlA€eHns1 aHaCToMOo3a.

Aaa rpynmbl  «@yHAOPUHI»  AOHOAHUTEABHO
¢popmuposasacn MOAUPUIIMPOBAHHAS
PpyHAOIAMKAIIMOHHAS MaH>KeTKa:

- XKeayaouno-ceaezéHouHas

CBJ3Ka  BcCerga

nepecekalach  AAd obecriedeHnsI  IMOAHOLIEHHOI
MOOMAM3aIUN AHA XKeayaKa.

- Ilepearsisa n 3aaHsAsa yacTM MOOMAM30BAaHHOTO
AHa COEAVHSIANCH B TIIOAOXeHun «2-3 daca» (110
YCAOBHOMY undgepoOaary). d®opmMmposaaach
LUPKyAspHas MaHXXeTa IIUPUHON 40 5—6 cM.

- Caeayiomum »TarnoM Iocae ILIUPKYASIPHON

PpyHz0MAMKAIIIN OBLA0 co3gaHue HINPOKOM
Hap1MaAbHON MaH>KEeTBbI: HeIIpephIBHBIN
HepaccachlBaIOIUIICA ~ IIIOB  HAaKAAABIBAACSI — MEXAY

TrepejHeil 4acThIO gHa KeAyAKa M AMHUeN CTelAepHOro
IBa >KeaAygodyHoro mayda. Ilaprnmaaspnas mamskera
CAY>X11Aa AOTIOAHUTEABHOM MPOpIAaKTUKOV CMeIlleHs
dyBAONAMKAIMM ¥ yCHAEHNWEM aHTUPeAIOKCHOTO
MexaHu3Ma.

- OyHaoPuHT OKOHYaTeABHO (POPMUPOBAACA B
ITOAOXKEHNY «5—6 9acoB» I10CA€e ABOHOMN KaAOpOBKIU.

- uHmsa mBa IIOAHOCTBIO  yKphlBaJach
OCTaBIIIeNCs YacThIO >KeayAKa AAs IpejoTBpallleHiis
KpOBOTeUeHIs I YTeUKU U3 SKeAyJ09HOIO MelIIKa.

Bce manmenTsl 1moaydaam — AedeHme IO
crangaptHoMy nporokoay Fast Track Surgery / ERAS
(Enhanced Recovery After Surgery). Ilpodmiaaxruka
aHTMOMOTMKaMI IIpOBOAMAAach BHyTpuBeHHO 3a 30

MUHYT AO KOXHOIO pa3pe3a B COOTBETCTBUU C

pekoMeHganyaAMy  KavHukn.  Kpome  Toro, Bcem
ManyMeHTaM  BBOAMANCH IHpOodUAAKTIYECKNE  A03BI
HM3KOMOAEKYASIPHOTO reriapyHa (Hammpumep,

pHOKCcanapuH 40 Mr 1oaxoxHO 1 pa3s B CyTKu), HaUMHas
3a 12 yacoB 40 omepauuy U BIAOTH 4O BBIIIVCKM U3
CTalMOHapa, 445 IIPeAYTIPeXAeHUs TPOMOOIMOOAUN.

Koneunble TOYKM MCCAeA0BaHIAS

IlepBuranas KOHe4YHast TOUKa:

1. Ouenxa AVHAMUKU YPOBH
rAMKO3MAMpOBaHHOTO remoraodnna (HbAlc) uepes 12,
24 m 36 Mecs11eB I10cAe OoIleparvmn.

Bropuynas KoHedHas TOUKa:

2. Ormenka ANIMAOTPaMMEI 4epe3 36 MecslieB
rocJe oIepanuu, BKAIOYas cAeAyloIiue IlapaMeTphl
(MMOAB/a): OOyt

XOA€CTePUH, Xoaecrepun
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AUTIOIIPOTENAOB ~ HUBKOM  ITAOTHOCTU (ATTHIT),

XoaecTepuH AUMIONPOTENAOB BBICOKONM  IAOTHOCTU
(ATTHIT), Tpurannepuapr (TT), VHaexc aTeporeHHOCTH
nnaasmel (VIATIT)

ITpoTroxoa HabAIOAeHMST

OroOpaHHBIM nareHTam HPOBOAVACS
KOHTPOABHBII OCMOTP U 3a00p HEOOXOAMMBIX aHaAN30B
yepes 1, 2 m 3 roga mocae omnepaunu. Bce BusKTEHI
npoxoAuAu B aMOyJaTOPHBIX YCAOBMSX IIO 3apaHee
VTBEP>KAEHHOMY TpaUKy C IIOAHON JOKyMeHTallueil
Ka>kA0 MepBUYHOM 1 BTOPUMYHON KOHEYHO TOUKM. /a5
MMHMMHU3aUUM TOTepbh IpU HaAOAIOAEHUM IIaljVieHTHI,
IIPOITYCTUBIINE BU3UTHI, OTCAEKMBAAVCH IOCPEACTBOM
IIOBTOPHBIX TeAe(POHHBIX 3BOHKOB I HAIIOMMHAHWUII ITO
9AeKTPOHHOJ IIouTe.
Craructuyecknii  aHaaU3

AHaan3 AaaHHBIX.

IIPpOBOAMACST C JICITIOAb30BaHMEM

StatPlus:Mac © 2010 Analystsoft Inc. KareropuaasHsre

IpOrpaMMBbl

IepeMeHHble aHaAM3pOBaAN C IIOMOIIIBIO Xz-KpI/ITepI/UI,

HellpepbIBHbIe - t-xpuTepuem CrpiozeHTa.

MHoroypoBHeBblit perpeccioHHbII aHaaus C
ITIOBTOPHBIMM M3MePEHNSIMI BBIIIOAHEH C IIPUMeHeHeM
AUHEHOM cMerrianHoit Mogean (linear mixed-effects
model). CraTucTUYecKyi0 3HaAYMMOCTh yCTaHABAWMBAAU

npu p<0.05. Becs mudpopmanms o maumeHrax Oblia

(Kazakhstan Metabolic Surgery Registry - LIVE Database
https://kzkhbsr.e-dendrite.com)  Ha
cepsepe Dendrite Clinical Systems Ltd.

3aMUILEHHOM

XapakTepucTuKa IOILy ATV

Aemorpadgudeckue 1 aHTpONOMeTpudecKye
IIOKa3aTeA HA MOMEHT BKAIOUeHMs IpeJCTaB/AeHbl B
Tabaume 1.

B wuccaeaoBanme BkaOdyeHbl 717 manueHTOB,
pacripegeaénnbix B rpyniy @yHaoPuHT (n=366) 1 rpymmy
OAITII  (n=351).

peobajaHne >XeHIIUH B 06enx rpymmax: 83.9% (n=307)

lengepusni  aHaAM3  IIOKa3aa
B rpynre @ynaoPunr nporus 79.8% (n=280) B rpymrre
OAIT, ©6e3

(x>=2.07; p=0.15). Cpeaumit BO3pacT NalLVMEHTOB OBLA

CTaTUCTUYECKNM 3HAa4YMMBbIX paSAI/ILII/Iﬂ

conoctasum: 40.149.2 et B rpynne @PyHAOPUMHT 1
39.7+8.8 aer B OAIlIl (t=0.68;, p>0.5).

AHTpOHOMeTpI/I‘{eCKI/Ie ITIOKa3aTeAan TakK>Ke He BbIIBUAV

rpymime

3HAUMMBIX pa3dAN4uii: Macca Teaa cocrasmaa 109.6+17.3
kr vs 111.7+19.6 xr (p=0.13), a MHAeKc MacchH Teaa —
39.7+5.3 kr/m? vs 40.1+5.2 xr/m? (p=0.31).

OrcyrcTBRIE CTaTUCTUYECKN 3HAYMMBIX
pasanunii (p>0.05) mo aemorpadmuueckumM, BO3PaCTHHIM
UM aHTPOIIOMEeTPUYEeCKUM IapaMeTpaM IOATBep>KAaeT
KOPPEeKTHOCTb paHAOMU3ALMM U COIIOCTaBYMOCTD IPYIIII

Ha MCXO4HOM YpOBHE. DTO TO3BOASIET UCKAIOUUTD

coxpaHeHa M pa3MellleHa Ha canTe KasaxcraHckoro BAVSIHME VKa3aHHBIX (PaKTOpOB Ha IIOCAeAyIoInue
HaIIOHAABHOTO OapuaTpu4ecKoro perucrpa pas3aAnans B XUPYPrudecKmx 1UCxoax.

Tabauma 1 - ba3osble XapakTepUCTUKHA IAIMEeHTOB
ITapametp I'pyrma @ysaoPunr (n=366) I'pyra OATII (n=351) P-value
Kewnrunsl, n (%) 307 (83.9%) 280 (79.8%) 0.15
Mysxunssr, n (%) 59 (16.1%) 71 (20.2%)
Bospacr (aeT) 40.1+9.2 39.7+8.8 >0.5
Macca Teaa (xr) 109.6 £ 17.3 111.7 £ 19.6 0.13
VIMT (xr/m?) 39.7+5.3 40.1+5.2 0.31

AﬂHHbZE npe()cmameﬁbl Kax cpeaﬁee + cmuﬁaapmﬁoe OMKAOHEeHUEe UAU KOAUHECHTB0 (npot;eHm). P-value pacciumato ¢ UCNOAL306AHUEM t-

mecma (HenpepblGHble nepeMeHHble) u )(Z—mecma (KﬂmEZOpMHJ\beZE H6PEM€HHbl€).
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3. PesyabTaThl 1 00CyXaeHIe

IlepBuuHbBIe 1CXOABI
IlepBuyHOIT KOHEYHOM TOYKOM MCCA€AOBaHMNA
Op11a guHamnka HbAlc yepes 3 roga mmocae oneparumn.
Anaams mnokasareaeini HbAlc

BbUIBMIA  3Ha4YlIMbIe

MEKIPYIIIIOBbIe pasanuns B AOATOCPOYHOI
nepcriektuse (TaGamma 2). HecmoTps Ha oTcyTcTBUe
CTaTUCTUYECKI
yposHe (6.10% vs 5.96%; p=0.24), x 36 Mecsam

Ha6/lIOAeHI/I5[ IrpyIiria qDyHAOPI/IHI' IIpOoAEMOHCTPpUpPOBasa

3HAQUMMBIX OTAMYMITI Ha JICXOAHOM

sHauenuss HbAlc mo
cpasHenuio ¢ rpyrmoit OAITI (5.36% vs 5.49%; p=0.014).

Mexxrpynmosas pasanna (A) cocrasuaa -0.13% B 110463y

AOCTOBEPHO Oosee HuU3KMeE

TexHuku OyHAOPMHT.

Ha nepsom roay mocae omnepanymy HabA10Aaaach
TeHAEHIV K ITpeBocxoAcTBY PyHA0PuHT (4.90% vs 5.00%;
p=0.08),

HIUBEANPOBAAVICDH

TOoraa Ha
(p=0.49).

rpynmne OyHAoPuHT 3aduKcpoBaHO 00.ee BrIpaskeHHOe

BTOPOM  ToAy

IIpumMeuaTeasHO,

pasan4anmst

qTO B

carokenne HbAlc Ha mepsom roay (-1.20% ot ncxoaHoro
-0.96% B OATI) ¢

rocaeaylonieli cradbuAnaaneii rIokasaTeael.

YpOBHs  IPOTHUB rpymme

IToayyeHnHple  gaHHBIE  CBUAETEABCTBYIOT O
3HAYUTEABHOM AOATOCPOYHOM IpenMylecTse
MOANPUIIMPOBAHHON TeXHUKU dynaoPuHr B

oJJep>KaHuU TAMKeMUYecKoro KoHTpoas. Kaiouesnie
0CODEeHHOCT:

1. Boaee BhIpa’keHHOe HayaAbHOE CHIKEHME
HbA1lc (-1.20% 3a mepBblii TOA)

2. CrabuapHOCTh MeTaboAMyeckoro sdpdexra B
TedyeHue 3 AeT

3. Craructuyecky 3HaYMMOe IIPeMMYIIecTBO K
36 mecsiam (p=0.014)

4. Ab6coarotHas pasHuna -0.13% cooTtseTcTByeT

CHIDKEHIIO pUcKa AnabeTyecKyX OCA0KHeHui Ha 5-7%

MHoroypoBHeBbI perpecCrMOoHHbIN aHaAu3
aunamuku HbAlc
A KOMIIA€KCHOI OLIeHKM pa3Auuuii B

TPaeKTOPISIX M3MEHEHISI TIAUKEMUIECKOIO KOHTPOASL
MeXAy TpyIIlaMy OblA IIPUMEHEH MHOIOYPOBHEBBI
PEerpecCHOHHBI aHaAN3 C IOBTOPHBIMU M3MePeHUsIMI
(linear mixed-effects model) (Pucynox 1). Mogean
BKAIOUaJa:

o ODukcuposaHHsle dPHEKTH: XUPypIUUecKas
texaunka (PyngoPunr vs OAI'TI), Bpemsa nHabaoenm (0,
1, 2, 3 roza) 1 ux B3aUMOJEVICTBIE

¢ PpexTsr:

OTK/AOHEHM:I ITaIjeHTOoB (intercept)

e Cayuaiinple VMHAVMBUAYaAbHBIE
Karouessle pe3yabTaTel MOAEAN:

1. BoaBaeHo CTaTUCTUIECKU 3HaYMMOe
B3anMo/elicTsue "TexHnka x pems” (= -0.097; 95% A:
-0.151 —-0.043; p< 0.001)

2. B

AOTIOAHUTEABHBIN TOA, Ha6/lIO,Z|,eHI/I}I acconumpoBaacs co

rpyrme OyHa0PUHT KaKABIN
3HaunMbIM cHukeHneM HbAlc Ha 0.097% (p < 0.001)

3. B rpynme OAITI He oOHapy>keHO 3HaYMMOII
BpeMeHHOI AnHamuku (3 =0.081; 95% AU: -0.026 — 0.188;
p=0.138)

4. Kymyastusasni »¢dekr K 3-My rogy B
rpynne ®yngoPunr cocrasuma -0.291% ot mcxoaHoro
YPOBHS

DTU gaHHBIE TIOATBEPKAAIOT, UTO:

HbAlc
CYIIIeCTBEHHO pasAnyalorcst Mexay rpynnamu (F =12.53;
p <0.001)

e Texnuka

e Tpaexropun M3MEHEHN

OynaoPuHr oOecrieynBaeT
IIPOTpeccUBHOE yAydIlleHle TAMKeMITIeCKOTO KOHTPOAS
o  Dddexr OAT'I

HecTaOMABHOCTBIO 0e3 BBLIPA’KEHHOI  A0ATOCPOYHON

XapaKTepu3yercs

AVTHAMWUKIL.

TabGavmia 2 - Ansamnka nokasareaest HbAlc (%) B rpyrmax @ysaoPusr n OATTI nocae onepamym

ITapamertp / I'pynma basosbii ypoBeHb

1roa 2roaa 3roaa

DynaoPumr (n=366) 6.10 £2.07

4.90+0.81 5.18 +0.64 5.36 + 0.63
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ITapameTtp / I'pynma basosbi yposeHb 1roa 2roga 3roga
OATHI (n=351) 5.96 +0.95 5.00£0.75 5.21£0.53 5.49 £0.78
Mexrpynmnosas pasauna (A) +0.14 -0.10 -0.03 -0.13
P-value (mexxrpymmosoe) 0.24 0.08 0.49 0.014

70 OwnHamuka HbAlc c oTobpakeHnem CTaHAapTHOro oTKNoHeHwus (SD)

5.0

Pucynoxk 1 - Perpeccnonnsiit anaans amHamuky HbAlc o rogam
Boaee BrIpakeHHOe NepBOHaYaAbHOE CHIKEHIEe BropiraHbie 1cxoabl

HbAlc B rpynne ®ynaoPuHr Moxer oTpaxkarb Ammaaeni . npoduar  depes 3 roaa
coyeTaHUe MeXaHUYeCKMX VI TOPMOHAABHBIX 9(PPeKTOB HabaoAeHNs
npu  GOpMUPOBaHMM  KEAYAOYHOIO  IIayda  C CpaBHUTeABHBIN aHaAu3 AU AHBIX

(bYHAOHAI/IKaLH/IeIZ, 4TO yCUAMBaeT I/IHKpGTI/IHOBbIﬂ OTBeT

U 9YBCTBUTEABHOCTD K MHCYAVIHY.

Crabmamsanuss  IAMKEMUIECKOTO  KOHTPOAS
IocJe BTOPOIO TIoOJa yKa3blBaeT Ha JOCTVIKeHUe
«MeTab0ANIeCKO TOYKIM paBHOBECHUST», Koraa

AaapHerime u3MeHeHs1 yposHsa HbAlc saBucar y>ke He
CTO/ABKO OT XMPYPIUUECKOTO BMeIIaTeAbCTBa, CKOABKO OT
oOpasa XXU3HU U MeAVKaMEeHTO3HO TepaIun.

AbcoarotHas pasHmna B 0,13 % xora m

HeOoAbIIAs, C  KAMHAYECKO  TOYKA  3PEHUs
COOTBETCTBYeT  CHVDKEHMIO  pHUCKAa  MMKPO- U
MaKpOCOCYAMCTBIX ~OCAOXKHeHmMir Ha 5-7 %, dro

IIOATBEP>KAaeT 3HaYMMOCTh MOAVI(PUKAITI TeXHUKA A4S
AOATOCPOYHOIO UCXOAA [MalVIeHTOB.

MHOroypOBHEBbIII ~ PETpPecCHOHHBI  aHaAN3
IIOKa3a 3Ha4MMOe B3aIMOAEIICTBIE «TeXHUKA X BpeMsI»,
4YTO MAAIOCTPUPYET, YTO MMEHHO COYeTaHMe MEeTOAVIKI
®yngoPunr obecrieunBaeT IpPOrpeccUBHOe yAydllleHue
TAMKeMIYecKOro KOHTpoAas, Torda Kak spdexr OAITI

0OCTaéTCsI MeHee CTaOVABHBIM.

NokaszaTeaein MexAy rpymnmoin dyngoPunr (n=366) u
crangaptHoit OAITI (n=351) BBIABMA caegylOlIye
CTaTUCTUYECKN 3HaUYMMBIe Pa3AN4ns yepes 3 roga mocae
ontepariun (Tadanma 3):

1. AllHII-xoaecrepun: B rpynme ®ynaoPunr
3aperucTprpoBaHbl 4OCTOBEPHO 00.ee HM3KNE ypOBHMU
(2.83 = 0.51 mmoap/a mportus 2.90 + 0.44 Mmoab/a; P =
0.049)

2. Tpuranmepuap: OTMedeHo Boaee
BhIpa>keHHoe cHIkeHue B rpyrne @yngoPunr (1.28 +0.94
MMob/a mpotus 1.42 + 0.77 mmoas/a; p = 0.03)

3. ATepOreHHbIA nHaexc: Habaogaaacn
TeHAEHIIV: K IPeMMYIIeCTBeHHOMY CHIKEHUIO B TPYIIITe
OynaoPunr (A-0.60 mportus A-0.83; p = 0.085)

MeXprHHOBIﬂe pasanans 10

ApyTUM
rapameTpaM He JOCTUTAN CTaTUCTUYECKON 3HAYMMOCTI:
e  O6mmit xoaectepuH (p = 0.22)

e /IIBII-xoaectepun (p = 0.28)
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MCXO,ZI,HbIe II0Ka3aTeAmnm AUIINMAHOIO HpO(I)I/I/lSI
Me>XX4ay rpynmnamMm A0 orepanumn He MMeAn 3Ha4MMBIX

pasanunii (sce p > 0.05).

Ta6anma 3 - Anmmaaeni npoduab rpynm PyuaoPunr u crangaptaoit OAITI gepes 3 roaa

HMcxoanbi yposeHb (PyHa0Pysr 3 roaa (PyuaoPunr vs
IlapameTp P p
vs OATTII) OATTI)

OO0mmit xoaecTepuH, MMOAB/A 498 +0,93vs5,11+1,35 0,46 4,65+0,87 vs 4,72 + 0,66 0,22
ATITHIT, mMmoab/a 3,14 +0,71 vs 3,18 £ 1,02 0,54 2,83+0,51vs2,90+0,44 0,049
ATIBIT, MMoab/a 1,28 +0,26 vs 1,32 + 0,55 0,20 1,43 +0,35vs 1,39 + 0,61 0,28

Tpurannepuas;, MMOAB/A 1,70+ 0,94 vs 1,78 +1,32 0,35 1,28 +0,94 vs 1,42 +0,77 0,03
ATteporennslit naaexc (Al), ea. 3,02+1,08vs 3,34 +1,59 0,14 2,42 +0,84 vs 2,51 +0,53 0,085

AIHIT n

TPUTANLIEPpUAOB y nauyeHTos ¢ PyHaoPunr coraacyercs

Boaee BrpaxeHHOe CHUKeHME
C JaHHBIMU O AydllleM MeTaOOAMYecKOM OTBeTe IpU
yAep>KaHNy HeDOABIIIOTO o0beMa KeayAKa.

TeHnaeHIIS K CHIZKEHUIO aTepOTeHHOTO MHAEKCa,
HeCMOTpsA Ha CTaTUCTMYECKYIO He3HadMMOCTh, MOXeT
yKasblBaTb Ha JONOAHUTEABHYIO TIIOAL3Y TeXHUKU
®ynaoPuHT B acrexkTe cepAeuyHO-COCYAMCTOIO PUCKa,

¢ dekra

HOTpe6y10TC}I 0oaee KpyIIHbIE BI)I60pKI/I n AANTEAbHOE

OJAHAaKO  AAs  IIOATBEp>XKAEHU:A  DTOIO
HabAOAeHUe.

OrcyTcTBIE pa3AnMumii 110 OOIIIeMy XO1eCTepUHy
n AIIBIT noguépkmBaeT, 4TO KAIOYEeBBIMUM MapKepamu
9 PeKTUBHOCTM BMeIaTeALCTBAa OCTAIOTCA  MIMEHHO
«BpeJHbIe» AUIMABl M COOTHOLIeHMe (paKUuMii, a He
abcoAI0THBIE 3HaYeHMsI BceX KOMIIOHEHTOB ITPOQIASL.

B BMX 40 sToro speMenu He ObLA0 IPOBEAEHO
UCCAeAOBaHUII ~ CpaBHUBAIOIIUX MeTaboAM4ecKue
OAITI B

®OyngoPunr u OAITI B crangaprtHOit TexHmke. K

pesyapTaThl  METOAVIKU MoauduKanuu
Hanbo/Aee TMOXOXUM MCCAEAOBAaHMIM MOXKHO OTHECTU
nyOoAMKaIuy, TIAe CpaBHMBAANUChH OaHAa>KMpPOBaHHOE
racTpOLIYHTUpPOBaHIME M TIacTPOLIYHTMpOBaHUe 0e3

Dangaxxa T.K. OaHAaXMpoBaHIe npeArnoAaaraeT
YCUAEHHBIN PEeCTPUKTUBHBI DPQeKT omnepanum u
MEHBIIYIO AuAaTalMI0 >KeAyJOdHOIO Ilayda, YTO
TUIIOTETUYECKM IIPUCYTCTBYeT B MeToaukKe OyHAOPUHT.

Marc Bessler u coast. cpasHuBaAu OaHAaXXMPOBaHHOE

racTpOIIyHTMpOBaHUe IT0 Py ¢ racTpoIlryHTHpoBaHueM
1o Py Ge3 baHaa>Ka, B KOTOPOM Pa3ANINIL B paspereHnn
KOMOPOUMAHON IaroA0ruyu He OBLAO ODHApY>KEHO B
TeyeHNe 3-X AeT, HO OTMedaJach TeHAEHIUs AydIen
IoTepy Beca B TedeHMe TpeX AeT U IHPOIEeHT IOoTepu
AVIITHETO Beca OblA BHIIIIE B TPYIIIe ¢ OaHAAKMPOBaHNEM
[21]. Ricardo Arceo-Olaiz u coasT Taxxe cpaBuyan 5 PKI
OaHAaXMPOBaHHOE TacTpOILIyHTHpoBaHMe 1o Py ¢
racTpouyHTuposanueM 1o Py 6e3 Oangaxka 11 B TedeHe
2-X AeT 3HAYMMBIX pa3ANuMii B pe3yAbTaTax He OBLIO
oOHapy>keHO [2]. XoTsa aad 2-X JeTHero Ilepuoja
3HAUMMBIX pa3sAndnii He ObIA0 OOHApPY>KeHO, OCHOBHBIE
pasAmuys MOIYT BO3HMKATbh B AJAUTEABHOM IIepuoJe
Habamogenns 3-5 aer, uYro OBLAO OTMEYEHO B
nccaegosanum Marc Bessler u coast. Everton Cazzo n
COaBT IIpoBeAN cpasHeHue DangaxuposanHoro OAITII c
HebaHgaxuposanHeiM OAITI B xoropom B Teuenue 1
roza HabAIOAeHMII He OTMeTUAN 3Ha4UTeABHOM PasHMUITHI
B pesyabTaTax [?]. B Hamem mccaegoBannu taxcke 1 u 2
roJ He TIpMBeA K 3HAUYMUTeABHBIM pa3ANdusAM B
rokasareasx HbAlc, mpu coxpanHOI TeHAeHIyn. /nib
B 3 TO4y HabAIOAeHMII OTMeYaloCh 3HAYMMOe
IIPEBOCX0ACTBO MeTOAUKM PyHAOPUHT cO cTaHAapTHBIM
OAIT. B neaoMm mccaeioBaHms ¢ OaHAa>KUPOBAHBIMU
raCTPOIIYHTMPOBAaHMSIMM ITOMCKOBBIX Hay4YHBIX Oaszax
BCTPEeYaloTCsI PeAKO M KaK IIPaBIA0 B KOPOTKOM IleproJe
HabAIOAeHNsA 3HAYMMBIX pa3AM4duii B pe3yabTaTax He

oTMe4daeTcCs, 94TO AOIMMYHO. Y‘II/ITLIBa}I, YTO CHUZKEHIIA


https://pubmed.ncbi.nlm.nih.gov/?term=Bessler+M&cauthor_id=17544335
https://pubmed.ncbi.nlm.nih.gov/?term=Bessler+M&cauthor_id=17544335
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Beca mocze CTaHAAPTHBIX METOAUK

raCcTpOIIyHTMPOBaHMA MOXKET AAUTCT A0 2-X AerT.

4. 3akaoueHue

B A0ATOCPOYHON IepCIIeKTUBe

MoAMPUIMPOBaHHAas TeXHMKa dynaoPynr
obecrieunrBada 0Oo/ee yCTONYMBEI KOHTPOAD YPOBH
HbAlc

ITanmenTsl,

o cpasHeHMio co cra”gaptHon OAITIL

onepupoBaHHBIE ~ C  HpUMeHeHHeM
®yrgoPunr, aemoHCcTpupoBaaum ©Goaee BBIpakeHHOE
IepBOHaYaAbHOe CHVKeHMe IIOKa3aTeAs
TAMKeMUYECKOTO KOHTPOAS VM COXPaHsAAU CTaOMAbHbIE
pe3yAbTaThl B IOCAeAYIOLIE TOADL.

ANnmMAHBIN mocae

npoduab HpYIMeHeHs

@yHa0PuHT  XapakTepmsopadcs — 0AaronmpUSATHBIMU
U3MEHEHVSIMI  «BPeAHBIX» (PpaKIuil XoAecTepuHa W
TPUTAUILIEPUAOB, B TO BpeM: KakK OOIlMe ITOKa3aTeAu
X0JeCTepMHa U <«3alUTHBIX»  AUIIOIPOTENHOB
OCTaBaAMCh COIIOCTAaBUMBIMU MeXKAY TPyHIIaMIA.

IToayuyenHrple JaHHBIE TIOATBEP>KAAIOT, 4TO
MoauduimposaHHas MeToAnka PyraoPuHr coueraer B
cebe ®PPEKTUBHOCTD TIANMKEMUYECKOTO KOHTPOAL W
IIOAOKMUTeAbHble CABUIM B AWIIMAHOM OOMeHe, 4TO
JAesaeT e€ IIepCIIeKTMBHBIM BapUaHTOM IIpM BHIOOpe

Bkaaa aBTOpOB

Konnenryaansanmus - O.0.; merogoaorns: - B.E.;
nposepka - I.J.; nposeaenne nuccaegosanus - O.0., B.E,,
I A, AbB, opmaasurnt anaans - B.E, Id., nu ADB,;
HamnucaHMe (OpMUIMHaAbHasA YepHOBas 1oArotoska) - b.E.;
HarucaHne (003op u pegakruposanme) - O.0. B.E,

Pyxosoactso - O.0.

Aurepartypa

OcHOBHBIE OTANYNA CAeAyeT OKIAATE B Iepuode 3-5 aetT

HabAIOAEHUI.

XNPYpPImM4YecKoro I104X0J4a AASL

COYeTaHHBIMI MeTabOAMIECKUMIU HapyImeHVsIMIL.

IIalIeHTOB C

Kon@auxt narepecos

ABTOpHI 3asBASIOT 00 OTCYTCTBMM KOH(AMKTa
MHTEPECOB.

DTUdueckoe 3asiBaAeHUe

Bce IIPOLIEAYPH, BBIITOAHEHHEIe B
MUCCAEAOBAHIIX C y4YacTMeM AIOAei, COOTBETCTBOBAAU
OTUYECKUM CTaHAApTaM MHCTUTYLVOHAABHOIO W/VAN
HaIMIOHAABHOTO MCCAeA0BaTeAbCKOIO KOMITETA, a TAKKe
XeabcuHKCKO Aekaapanuy 1964 roga m ee Goaee
[IO3AHMM IIOIIpaBKaM MAM COIOCTaBUMBIM BDTUYECKUM
CTaHAapTaM.

PabGora BBIITOAHEHa B paMKaX BBIITOJAHEHUS
AP23490186

BHegp€eHIEe JKeAYAOYHOIO INYHTUMPOBAHIM IIO METOAY

Hayunoro I'panta “PaspaboTtka 1

«FundoRing» AAS AeJdeHIsT TareHTOB C
MeTab0AMIecKuM CMHAPOMOM» MIHICTepCcTBa HAyKN U
BpICIIIero oOpasoBaHmsa Pecnybamkm Kasaxcran Ha
nepmnod ¢ 2024 o 2026 roasl.

COraacuAuUCh ¢

Bce aBrOopn mpounrtaan,

OKOHYaTeAbHOM Bepcmeﬁ pykomnucm m IoAalmcaan

¢popMy nepegaun aBTOPCKIX IIpas.
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JKoHe CTaHAApPTTHl djicremeci Oap SAG XyprisiareH mamueHTTepaeri IAMKeMUAABK Oakbliay >KoHe AUIUATEP
aAMacCybIHBIH AMHAMMKaCHIH CaAbICTBIPMaAbl Oaralay¥a OaFbITTaAFaH.

3epTTeyain MakcaTbl 3 Xbia imiHge FundoRing moanduxanmsiceiven koHe cranaapTrel OAGSh aaicimen
Oip aHacTOMO3ABI acKasaH IIYHTTayblHaH KelliH IauyeHTTepJeri ramkupaenren remoraodmn (HbAlc) aenreiriniyg
AVHaMIVKacCBIH >KoHe AUMUATI IpOPNAbA] CAABICTHIPY.

Marepnaagap Men Taciagep. IlepcriekTuBTi KOTOpPTTHIK 3epTTeyre keMipcyadap aaAmacybl OysblaraH 717
MalMeHT KOChLAABI, OAap eKi Tomka pangomusarusaianrad: FundoRing (n=366) sxene OAGSh (n=351). Herisri conFrs
HyKkTe 12, 24 >xane 36 atiaapaarel Hb Alc gaunammkacsr 004451 ExiHII COHFBI HYKTe 3 SKBLAAAFBI AUTINATEP aAMaCybIHBIH
napameTpaepi 6044pl.

Hatmxeaep. bacranksiga HbAlc Tonrap apacreiHga epekiteaenteai (6,10% xapcrr 5,96%; p=0,24). 3 >XBLAABIK
OakplaayaH keitin HbAlc FundoRing ToOsHAa ariTapAbiKTait TeMeH 00445 (5,36% Kapcer 5,49%; p=0,014), Torapaasik
atpipMarnelablk, -0,13% ©Ooaapr. KemgeHreiiai perpeccusiablk Taaday FundoRing TOOBHAAFBI TAMKEMUSABIK
0akblAayAbIH IIPOTPECCUBTI >KaKCapyblH pacTall OTBIPBHII, TexHmMKa x yakwT ($=-0,097; p<0,001) apacsiHAaFrbI
CTaTUCTUKAABIK MaHBI3ABI ©3apa opekerrecyai kepcerri LDL (2,83 xapcer 2,90 mmoan/a; p=0,049) >xoHe
Tpurannepuarep i (1,28 kapcer 1,42 mmoas/a; p=0,03) ToMeH MaHAepi 4e Tipkeaai.

Kopoerteiaaer. FundoRing moaudukanmsacst OAGSh cTaHAapTTBI TeXHMKaCHIMEH CaABICTBIPFaHAA Y3aK
Mep3imMal IepcriekTnBaja KeMipcylap aAMacybl MeH AUIUATep IpOQPUAIHIH aiflKbIH >XoHEe TYPaKThl >KaKCapybIH
KaMTaMachl3 ereai. bya oHB MeraDoamkaablK OysblabicTapbl Oap HayKacTapAbl XUPYPIUAABIK —eMAeyAiH
TMepCIIeKTUBaAbl HYCKAChIHA alfHaAAbIpajbl.

Tyminai ce3aep: GapuaTpusAAbIK Xupyprus, Oip aHacTOMO34bI ackasaHAbI aitHaawlI o1y (SAGSh), FundoRing,
HbAlc, annuari npoduas, MeTaboAMKAABIK HITVDKeAep, PYHAOILAMKALIN, 2 TUITI KaHT AvaOeTi, TAMKEeMUIABIK

Oakblaay.
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Abstract

Background. One-anastomosis gastric bypass (OAGB) is recognized as an effective method for treating morbid
obesity and type 2 diabetes mellitus. However, it is associated with risks such as bile reflux and pouch dilation over
time, which may compromise long-term outcomes. To address these limitations, a modified technique was developed,
involving a simultaneous fundoplication using the excluded stomach. This approach enhances the anti-reflux barrier
and adds a restrictive component by reinforcing the gastric pouch. While its anti-reflux effectiveness has been
demonstrated, the long-term metabolic outcomes, particularly regarding carbohydrate and lipid metabolism, have not
been fully evaluated. This study aims to compare glycemic and lipid control outcomes following standard OAGB and

the OAGB with modified technique of fundoplication over a 3-year period.
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Objective. To compare the dynamics of glycated hemoglobin (HbAlc) and lipid profile in patients undergoing
one-anastomosis gastric bypass (OAGB) with the modified fundoplication versus the standard OAGB technique over a
3-year follow-up period.

Materials and Methods. A prospective cohort study included 717 patients with carbohydrate metabolism
disorders, randomized into two groups: first one - OAGB with the modified fundoplication (n=366) and standard OAGB
(n=351). The primary endpoint was the change in HbAlc at 12, 24, and 36 months postoperatively. The secondary
endpoint was lipid profile assessment at 36 months. A linear mixed-effects model was used to analyze the interaction
between surgical technique and time.

Results. Baseline HbAlc values were comparable between the groups (6.10% vs. 5.96%; p=0.24). At 36 months,
the HbAlc level was significantly lower in the group OAGB with the modified fundoplication (5.36% vs. 5.49%; p=0.014),
with a between-group difference of —0.13%. The regression model revealed a significant "technique x time" interaction
(p =-0.097; p < 0.001), confirming a progressive improvement in glycemic control in the OAGB with the modified
fundoplication group. Additionally, significantly lower LDL cholesterol (2.83 vs. 2.90 mmol/L; p=0.049) and
triglycerides (1.28 vs. 1.42 mmol/L; p=0.03) were observed in the OAGB with the modified fundoplication group.

Conclusions. The OAGB with the modified fundoplication technique provides more pronounced and stable
improvements in glycemic control and lipid metabolism compared to the standard OAGB in the long term. This
modification appears to be a promising surgical option for patients with metabolic disorders.

Keywords: bariatric surgery, one-anastomosis gastric bypass (OAGB), HbAlc, lipid profile, metabolic outcomes,

fundoplication, type 2 diabetes mellitus, glycemic control.
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Tyiingeme

Kemipcy aamacybmHbH Oy3blABICTapBl  MeTaDOAMKAABIK, CHUHAPOMHBIH HeTi3ri
KOMITOHEeHTi 00ABIIl TabblaaAbl >kKoHe apTypAi MeTabOAMKaABIK Oy3blABICTapMeH
KaTap Xypyi MyMKiH. by OarbITTarsl KeTKiAiKCi3 3epTTeAreH acneKkTiaepais 0ipi —
KeMipcy aaMacysl Oy3bLABICTAPBIHBIH TeMip aaMacy KopceTKillITepiMeH >kKoHe Oayblp
MapkepepiMeH e3apa 0ail1aHbIChIH 3epTTey.

3eprTeyain makcarbl. Kemipcy aamacynl Oysblabichl Oap adaMgapda Temip
aaMacybl KepCeTKilTepi MeH OaybIpAbIK KOpCeTKIITepAiH (JKaAIlbl KeHe Tikeaeln
6manpyomun, AAT, ACT) GariaaHbICHIH aHBIKTaY.

Oaicrepi. Typkicran kaaaceiHaa TyparteiH, Koxa Axmer flccayn aThiHgars Kasak-
Typik yansepcureriniy  KAQO - ra Tipkearen KOHTUHIeHT apachiHaH 175 naruenr
3epTTeyre KaThICTHIPBLAALL AKIIapaTTaHABIPBLAFaH KeAiCiMHEeH KelliH KAThICYIIbLAap
JKAAIbl KAMHUKAABIK TeKCepyAeH OTTi. AHTPOIIOMeTPUAALIK eAlemaep: Ooii,

caaMak, ©Oea >koHe >KaMmOac earemMAepi aabHABL KaH O1MoXuMmsasIK TaadaybiHAa
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Pepputun, AAT, ACT, OuaanpyOuH, amKkapBIHABIK IAI0KO33a, ITOCTIPaHAVABABI
rAI0KO3a, MHCYAVH KOPCEeTKIIITePi aHbIKTaAABbL.

Harioxeci. ®eppurtun xene AAT apacwmga (r=0,197; p=0,009); pepputnn xsne
ACT apacwga (r=0,167"; p=0,027) >xoHe (eppmuTMH >XoHe Tikeaell OMAMPYOVH
apachlHAa CTATMCTUKAABIK MaHBI3ABL, Tikedell KOppeAsSUMSABIK, —OallaaHBIC
anpikTaaasl (r=0,209; p=0,006). ConsiMeH KaTap, (PeppUTUH >K9HE aIIKapbIHABIK
rAI0KO3a apachIHJja TikeAell KoppeAsuysAbIK Oaitaansic kepcetTi (1=0,166; p=0,028);
MHCYAMH JeHTelliMeH  Tepic OallaaHbIC aHBIKTaAAb! (r=-0,242; p=0,001).
KoperteiHABL. PepputnH keMmipcy aaMacysl Oy3bLABICTapBl MEH MeTa0OAVMKAABIK
CUHAPOMHBEIH JaMybIH OOZXKaWTBIH IPeAUKTOp PeAiH aTKapybl MYMKiH. Amr
KapBIHABIK —runeprankemns kafgarisiiga AT, ACT, ouanpyoun ¢paxnmsaiapsl
CISIKTBL PYTMHAL Oayblp MapKepAepiHiH JAeHTelliH 3epTrey MeTabOAMKaAbIK
CUHAPOM asIChIHJa OaybIp 3aKbIMAaHYBIH epTe AMarHOCTMKalay YIIiH MaHbI3AB POl

OJHaybl MYMKIiH.

Tyiia cesaep: pepputnH, OayHIpABIK KOpPCETKIIITep, IAI0KO3a, TeMip aamacysl,

KGMipr aaMacybl, alll KapbIHABIK TUIIEPTAMKEMUL.

1. Kipicmie

Mertaboankaasik cuaapom (MC) - kauT Anaberi,

JKYpeK-KaH TaMbIpAaphl aypyJaphl >KoHe >KaAIbl ©4iM

KayIiMeH OarAaHbICTHI TUIIEpTOHMS, CceMi3 ik,
AVCAUTIVIAEMUST SKoHe KaHJAaFrbl TAIOKO3aHbIH
aAMacCybIHBIH OyY3BLABICBIMEH curmaTTalaThiH

MeTab0AMKaABIK OY3bLABICTAP TOOBL

MC mnerisri KoMIIOHeTTepiHiH Oipi - kemipcy
aaMacybl OY3bLABICHL, MHCyAMHTe pesucTeHTTiAik (VIP),
TUIIepTAMKeMIs >KoHe eKiHINi THITI KaHT AuadeTiHiH
(K4) aamysiHa aapmn  kKeaeai. I'vmepramkemms o3
Ke3eringe MUKPOBACKyAAPABIK, (MBICaAbl, AmabeTTik
peTnHOmaTVs, HepoIaTUA  JKoHe  HeMpOoIaTyi)
aypyJap4blH >KoHe MaKpOBaCKyAsIpABIK (KypeK-KaH
LlepeOpOBacKyAsIPABIK)  aypyAapAblH

JAaMybIHa aAblll Keaeai. Exinmmi tunTi anader MC Gacka

TaMbIpdaphl,

Aa KOMIIOHEHTTepiMeH KaTap >Kypedi, MbICaAbl apThIK
caaMak/ceMi3 ik xoHe aucautaemust [1].

MC xoraMABIK JeHcayAblK cakrayabig XXI f.
KeHiHeH TapaAfaH Herisri geprrepinin 6ipi. JKypex-kaH
TaMbIpAaphl aypyaapeiHbH (KKA) KayIiH apTTeIpyMeH
karap, MC >xeHe OHBIH Kayill (paKTOpAapbl, COHBIH
iminge cemisgik meH kaHT auaberi (KJ) Oaysp

aypyaapbiMeH OaiiaanbicTh [2]. Baybrp raroxosa men mait

KBINIKBIA4apbl aaMacyblHAa MaHBI3ABI PO aTKapaAbl.

BaYI)IpAaH)I TAIOKO3aHBbIH aAMacybl VHCyAVIHI€e

cesiMTaaAbIKKa acep  eTedi, aa nepudepusabK
VHCYAVMHIe TO3IMAIAIK ITeH Auroans Oayblpaa MailgbIH
KMMHaAybIHa BIKIIaa eTei (DaysIp cTeaTossr) [3].
MetaboanKaAbIK ~ acCOUMPAEHTEH  CTeaTO3AbI
baypip aypysl (MACBA) MC-ubiH OaybIpAbIK, KepiHici
MACBA

CUHAPOMHBIH 2-J€H >KOfapbl KOMIIOHeHTTepiMeH (0ea

00ABIII TabbLAAABL. MeTabOAMKAABIK,

1meHOepiHiH ~ yAFalObl, apTepUsAbIK — TMIIePTeH3MNs,
AUCAVITIVIA@MMS, VHCYAVIHIE TO3IMAiAiK >KoHe >Xylieai
KaObIHy >Karjaiidapbl apachbiHJa) OalidaHbIchl Oap
GaypIpAbIK TaToaorms [1].

Temip romeocTasbHBIH OY3BIABICE HEMece AYPhIC
TapaaMaybl Tikeaen

Gaynip

AUCPYHKIVACBIMEH
OaliaaHBICTEI  >KoHe  OayBIpABIH  (PYHKIIMOHAAbABI
>Kafjaripl OY3BLABICHIHBIH IIOTEHLIMAAbABI OuoMapKepi
60aybr MyMkiH. PeppuTnH TeMmipAi cakTayra apHaJAfaH
Tabplaaapl  >KoHe  KaH

Heri3ri 00ABIII

aKybI3
CapbICYBIHAAFEl (PEPPUTUHAL ©AIIEY ar3ajarbl TeMipAiH
KOPBIH aHBIKTayFa MYMKiHAIK Oepeai [4]. Depputnn
AeHrerti >Xoraphl agamgapaa K/ aamy kayrmi >Korapb

eKeHi aHBIKTaAABI [5].
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3epmmeydir;, Mmaxcamvl, — KeMmipcy aaAmacybl (xaamsr  >xoHe Tikeaeit Omampyoun, AAT, ACT)
OysplabIicel  Oap  agamgapda  Temip — aamacybl OallaaHBICHIH aHBIKTAY.
KOpceTKilTepi MeH OayBIpABIK  KOPCETKIIITepAiH
2. 3epTTey d4ici MeH KypaaAapbl
bya xeaaenen obcepBallMAABIK 3epTTEY OOAABI OMOXVMMILABIK aHaaM3aToOpAa
(cross-sectional study). TypxicTan kKaaackiHAa TypaTbIH, VMMYHOTYPOUAUMMETPUAABIK — dAICIIeH  Kyprisiaai.
Koxa  Axmer Jflccaym arbmHgarsl  Kasak-Typik AzanmHaMmHOTpaHCPepasa (AAT),
yHusepcutetiniy  KAO-fa  TipkeareH  KOHTUHIEHT acntapratramuHorpaHcgepasa (ACT) Cobas integra-400

apacplHaH 175 IIalMEHT IIMNMAOTTHI KOAAEHEH 3epTreyre

KaTBICTBIPBIAABL.
DTuKa KOMUTETI OekiTiareHHeH KeViiH
KaTBICYIIIBIAQp 3epTTey MakKcaTTaphl, 9AiCHaMachl,

BIKTMIMaA ToyeKeaaepi >koHe KyTideTiH Haligackl Typaabl

MYKMAT ~ xabapgap  0©oagsl.  KarsicymibraapAbs

3epTTeyAiH OapABIK aclekTidepiH, COHBIH imriHAe

npolieaypadapAbl, 0AapAblH peAAepiH >KoHe Ke3 KeAreH
TycCiHyiH
KaMTaMachI3 eTy YIIiH er>Keli-TeIr’KeliAli TyciHiKTeMeaep

DaridaHBICTBI ~ MiHAeTTeMeAepAl  TOABIK
Oepiaai. Ocwl kemenai OpuduHrreH keiin OGapaAbIK
KaTBICYIIbLAapAbIH KaThICyFa epiKTi KeAiCiMiH pacTaliThiH
aKlapaTTaHAbIpblAFaH KeAiciMi aAbIHABL

AKTapaTTaHABIPBLAFaH KeJiciMHeH KelliH
KaTBICYIIbIAAp >KaAIlbl KAMHUKAABIK TeKCepyAeH OTTi.
AHTpOIIOMeTPUAABIK, ©AllleMAep: 00If, caamak, Oea
>KoHe >kaMbac eallleMaepi aAbHABL.

Kan  OmoxmmmsaablK  TaadayblHAa Keaeci
KepceTkimTep seprreai: peppurun, AAT, ACT, xaamsr
JKoHe Tikeaell OMAAMpPYOMH, aIIKapBIHABIK TAIOKO3a,
roctipanAnAapAbl raiokosa (II1I), mucy anm.

Am KapblHFa KaH I1J1a3MachIHAAFbl MHCYAVH
Roche-Hitachi

¢upmaceinbly  Elecsys ammaparsiHJa adaMHBIH —KaH

AeHrerri (Fepmanms-’Kamonn)
CapBICYBIHAAFLI JKoHe KaH I11a3MachIHAAFbl MHCYAMHAL
aHBIKTayFa apHaJAfaH >KMHaKTapAbl aligalaHa OTBIPHIIL,
dayopecuentri  agicrien  aHbpIkTaaapl.  PeppuTyH
aenreniin (FERR, Hr/ma), tpancpeppunai (TSER, r1/a),

epuTi TpanceppuH periennTopbH (STFR, Mr/a) anbIKTay

OMOXMMIISIABIK aHaAM3aTOPBIHAA CTaHAAPTTHI
DH3VMMaTHUKAaABIK 94iCTepMeH XYpTisiaai.

AT KapBIHABIK, >KoHe TIOCTIPaHANaAbAl TAI0KO3a
KaInAAsIpABl KaHABL DKcIIpecc-aaicrieH Abbott Diabetes
Care Ltd. (YawOpurtanmsa) xoMmaHUACBIHBIH Optium
Xceed

TAIOKOMETpiMeH aHBbIKTaAABbI.

BE€HO34bl KaH IIdaa3MacCbIHa KaAMGpAeHI’eH

[T

TaHFBI ac KaOblAgdaFaHHaH 2 caFaTTaH KeliH BeHO3AbI KaH

CTaHAapTTaAfaH

IAasMachiHa KaAuOpAeHIeH IAIOKOMeTpiMeH aABHABL
Hoatmxeaep MMoab/a-MeH OaradaHABL

Cratuctuxaanlk, agicrep. Hommuaaanr maHAep
[InpconHbIH X1-KBaJpaT KpUTepuiiiMeH caAbICTBIPBIAADL.
TapaayAblH KaABIITBIABIFBIH — TeKCepy CHUIIaTTaMaablk,
CTaTUCTMKa, KBaHTTHIK AMarpaMmadap, TucrorpaMmmadap
JKoHe

Koamoropos-CmupHOB, [Manmpo-Yuak

KpuTepuiiaepi  apKblABl  KYpriziagi. 3epTreaerin
yATiZepAiH KaABIITBI Tapadybl >KarJaliblHAA AepeKrep
oprama MaHgep (M) >kxeHe cTaHAapTThl aybITKy (SD)
TYpiH4e yChHBIAALL Erep caAbICThIpbIA¥aH TOHTapAbIH
AepeKTepi KaAbIIITH TapalyJaH earerie 6o4ca, MeauaHa
(Me), 25 >xeHe 75 mporneHTnAbAep Kopcetiaai (Q1, Q3),
€Ki TayeACi3 TONITHI CaABICTBIPY YIOiH MaHH-YuTHN
rnapaMeTpAaik eMmec KpuUTepuili KOAA4aHbIAABL — Eki
TOYeACi3 TONTBLIH CaHABIK JEPeKTepiH Taaday KaAbIIThI
SKoHEe TeHAiri

TapaaMaybIHa AVICIIEpCHUsIAap bIHBIH

0oaMaybiHa OallAaHBICTBI T9YyeACi3 yATidep  yIIiH

Kpackea — Yoaanc apxplabl Xyprisiagi. Kputnkaasik
MaHbBI3 ABLABIK, AeHrei (p)

runore3asapasl Tekcepy kesinge 0,05 gen kaObLA4aHABL.

CTAaTUCTUKAABIK
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3. Hatmxxeaepi

ITnaotTel KeaaeHeH 3epTreyimisre 175 maryeHT CTaHAAPTTHL  ayBITKY 48,32 (SD-10,60) xepcerrTi.

KaTBICTBL. ~ JepTTeyllilepAiH opTalla >Kachl >KoHe JKerusicer 6orpaa 30 ep sxone 140 aife ajaM KaTbICTEL

Kecre 1 - 3epTTeaeTiH TaHAaMaHBIH KaAIbl CHMIIaTTaMacbl

Kepcetxkimrep Ep (n=30) Oriea (n=140) P
Oprama >xacsr (M, SD) 52,39 (9,54) 47,52 (10,64) 0.052
I'aroxoza (Me, Q1-Q3) 5,85 (5,25; 7,52) 5,80 (5,30; 6,20) 0.386

IMoctnipangraaaer raokosa (Me, Q1-Q3) 5,40 (5,02;7,20) 5,40(4,97;5,80) 0.441
Mucyama  (Me, Q1-Q3) 6,42 (3,31; 9,65) 6,54 (4,40; 9,36) 0.759
AAT(Me, Q1-Q3) 15,90 (14,42; 22,45) 18,15 (13,60; 20,55) 0.179

ACT, Me (Q1-Q3) 23,74 (19,23; 27,747 ) 19,89 (17,70; 26,49) 0.176

Kaamsr onanpyonn (Me, Q1-Q3) 16,07 (14,32; 18,08) 15,50 (13,05;18,01) 0.270
Tikezeit Granpyoun (Me, Q1-Q3) 2,55(2,04; 3,25) 2,30 (2,03;3.01) 0.109
FERR, Me (Q1-Q3) 105,70 (72,85;140,2) 58,50 (35,6;78,40) 0.001

TRSF (Me, Q1-Q3) 2,88 (2,56;3,12) 3,07 (2,65;3,71) 0.055

HAPT (Me, Q1-Q3) 1,620 (1,28; 1,87) 1,47 (1,051,97) 0.551

STFR (Me, Q1-Q3) 6,99 (3,70; 8,76) 7,02 (4,03;10,27) 0.716

AaapIH  aza 3epTTey HoOTMIKeci OoVibIHIIA GariaaHBICTapABIH OaFBITBIH KoHe KYIIiH 3epTTey YILiH

alieadep MeH epaep apachiHAa GeppUTUH CapbICYABIK KOppeAsAlMsAABIK —Taajay >Kyprisiagi. 3epTreaerin

AeHrerii OOJIbIHIIIA CTAaTUCTUKAABIK, MaHbBI3AbI CaHABIK, alHBIMaAbLAapAbIH KAABITITHI Tapaay
alfBIpMAIIBIABIK, ~ KOPCETTi, KaAfaH KepCeTKIIITep 3aHABLABIFBIHA OarpiHOAyBIHA 0al1AaHBICTHI,
OoIibIHIIIa aliBIpMaIIIbLABIK aHbIKTaaMaAs! (Kecre 1). KOppeAsINAABIK OariaaHbIC Crimpmen

Temip aamacypl, kxemipcy aamacybl >KoHe KOppeAsMAABIK, KOD(PQPUITMEHTI apKbIAbl >XYprisiaai

DaybIpABIK, KepCeTKillTep apachIHAAFBI (Kecre 2).

Kecre 2 - Temip aamacynl KepceTKimTepiMeH OaybIpAbIK XX9He KOMipCy aaMacybl IlapamMeTpaepi apacbIiHAarbI

KOppeAsaIsAbIK TaaAay AbIH HOTIDKeaepi

A1l KapBIHABIK Mucyama | IMocropan- AAT ACT XKaamwr Tikeaevi
ra10Ko3a AVIaaabl Oonanpyomun onanpyoun
TAI0KO3a

FERR r=0,166" r=-0,242" r=0,019 r=0,197" r=0,167* r=0,137 r=0,209**
p=0.028 p =0.001 p =0.807 p=0.009 p=0.027 p=0.071 p=0,006

TRSF r=0,040 r=-0,050 r=-0, 021 r=-0,126 r=-0,098 r=-0,191 r=-0,171
p=0.600 p=0.511 p=0.779 p=0.096 p=0.197 p=0.011 p=0.024

HAPT r=0,037 r=-0,052 r=-0,225** r=0,017 r=-0,013 r=-0,031 r=-0,122
p=0.628 P=0.498 p=0.003 p=0.822 p=0.867 p=0.689 p=0.108

STFR r=0,080 r=-0,013 r=0,024 r=-0,105 r=-0,043 r=-0,143 r=-0,167%
p=0.294 p=0.868 p=0.756 p=0.168 p=0.573 p=0.059 p=0.027
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Temip aamacysl OMOXMMUAABIK KepceTKirmrepi
(pepputun, TRSF, HAPT, STFR)

napamerpaepi (AAT, ACT, xxaams! OuanpyOuH, Tikeaeir

>KoHe OaybIp aaMacybl

OmMAMpyOMH) apachHAAFE KOPPEAAIUAABIK —aHaAN3
HoTmKeaepi: pepputnn xoHe A/T apaceiga (r=0,197;
p=0.009); ¢peppurun xosne ACT apacwraa (1=0,1677;
p=0.027), combiMeH Karap, (eppuUTUH >KoHe TiKezeil
OuAMpyOMH apacklHAQ  CTAaTMCTUKAABIK, ~ MAaHBI3ABL
TikeAel, 94Ci3 KOppeAslVAABIK Oaif1aHBIC aHBIKTaAAbI

(r=0,209; p=0.006).

Temip a/AMaCybIHBIH OMOXIMIMISIABIK,

kepcetkimrepi (pepputun, TRSF, HAPT, STFR) xene
KeMipcy aaMacyhl IlapameTpaepi (TA10K03a, MHCYAUH,
IITII') apachiHA@FBI KOppeAALUAABIK, — Tadday Keaeci
HOTIKeAepAl KopceTTi: (peppUTUH >KoHe allKapBIHABIK,
IAI0KO3a apachlHAA CTaTUCTUKAABIK MaHbI3Abl, Tikeaelt,
94Ci3 KoppeaanusAAblK Oariaansic kxepcerri (r=0,166;
p=0.028); mHCY AMH geHTelliMeH CTaTUCTUKaABIK MaHBI3AbI,

Tepic HariaaHbIc aHBIKTaAARI (1= -0,242; p=0.001).

Kecre 3 - Kemipcy aamacysl mapameTpaepi xXoHe OaybIp MapKepaaphl apacbIHAAFbI  KOPP eAAIIVSABIK,

TaaAayAbIH HOTVDKeAepi

A1 KapbIHABIK I1I0KO3a IlocTopanaynaaabl ra0Ko3a Nacyans (am KapbIHABIK)
AAT r=0,048 r=0,019 r=-0,196*
p=0.531 p=0.807 p=0.014
ACT r=0,014 r=0,065 r=-0,216**
p=0.850 p=0.393 p=0.004
XKaaner r=0,084 r=0,156* r=-0,047
Onanpyomn p=0.268 p=0.040 p=0.535
Tikeaein r=0,094 r=0,093 r=0,048
Onanpyomn p=0.216 p=0.221 p=0.532
Kemipcy aamacysl kepceTkimrepi MeH OaywbIp OmanupyOMH  JeHreiti ~ MeH IIIII'  apacpmAa

Mapkepaepi  apacoiHgarsl ~ CrimpMmeH — OOJBIHIIIA
JKYPTi3iAreH KOppeAsalMsAAbIK, Tallay HITUKeciHge (3-
KecTe) alll KapbIHABIK MHCYyAMH AeHreiti meH AAT (r= -
0,196; p=0.014), congait-a ACT (r= -0,216; p=0.004)
apachlHAa CTaTUCTUKAABIK TYpPFblga MaHBI3ABI Tepic

OaiiaaHpicTap aHBIKTaaAbl. COHBIMEH KaTap, >KaAIlbl

CTaTUCTUKAABIK TYpPFblda MaHBI3ABI OH OalllaHBIC
aHbIKTaaas! (r=0,156; p=0.040).

[InaorTel  3eprTTeyAiH >Kaamlbl TaHgamaga 65
(37,14%) mammenTTe KeMipcy aaAMacybl Oy3BLABICHI
110 (62,86%) mnaumentre

allIKapbIHfa IMIIEPTANKEMIS aHbIKTaAAbI.

aHBIKTaAMAaAbl, KaAfaH

Kecre 4 - A1 KapbIHFa rIepraukeMusicbl Oap NaimeHTTepae GpeppUTHH XaHe TpaHcaMIMHa3aaap

AeHTelliHiH Taaaaybl

Kepcetkimrep A1 KapbIHABIK Al KapbIHABIK, P
TUIEePrANKeMUSICHI )KOK, TUIepranKeMmsicel 0ap
(n=65) (n=110)
abc abc Y%
®epputnH (Tepyab TOITAPLI)
FERR_T1 29 49,2% 30 50,8 % %=5,72
FERR_TII 19 33,3 % 38 66,7 % p=0.023
FERR_TIII 17 28,8 % 42 71,2 %
ALT (Tepmap TonTapb)
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ALT _T1 25 43,1% 33 56,9% x=5,73
ALT _TI 15 25,0 % 45 75,0% p=0.042
ALT _TII 25 43,9 % 32 56,1%
AST (Tepruanb TonrTapbl)
AST_T1 25 43,1% 33 56,9 % x=8,85
AST _TII 13 22,0 % 46 78,0 % p=0.012
AST _TIII 27 46,6 % 31 53,4%
Temip aaMacybl KepceTKilliTepi apacbhlHaH AmkapbIHFa TUIEePTAUKEMIL aHbIKTaAFaH
$eppurnn ayiHbIMaABICBIMEH KOpPeAALSABIK HalueHTTepAiH (QeppUTHH >KoHe TpaHCaMMHa3alap
OajidaHBIC ~ aHBIKTaAyblHa  OaifAaHBICTBI  TEpPLILAb AEHTeliHiH Taajay HOTMKeCl OolIbIHIIIa,

tonrtapbiHa 6eainai (FERR-TI-59 agam , FERR_TII-57
azaMm, FERR_III-59 aaam).

TAIOKO3aHBIH CapbBICYABIK AEHTeliHiH KaAbIIITH >KoHe

Op TomnTa aIIKapbIHFa
rurepraukemMus (25,6 MMO0Aab/A) — KepCeTKiITepiHiH

TapaAy >KM1iAiri aHbIKTaAAbl.

80
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o O o

FERI

M KanbinTbl rAnkemuaA

TUIIeprAMKeMIs XXOraphl GeppUTHH AeHTeili Oap TomTa

Kui  kedgeckeH.  TpaHcaMmuHaszadapAblH — AeHTelfi,
COHBIMEH Karap, IMIeprAMKeMuscel Oap agamaapda
CaphICYABIK, JeHTelliHiH >KorapblaaybiHa OelfiMaiaik

KOpCeTTi.

71.2
66.7
49.2 50.8
50
40 33.3
28.8
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FERII FERIII

H Mmnepravkemuma

Cyper 1 - ®epputnn aeHreviiHe 6ai11aHBICTHI alll KAPBIHABIK IMIIEPrANKEMVTHBIH Tapaady >Kuidiri

FERR_I TOOBIHAA TUIIEPTAMKEMUSHBIH TapaAybl
FERII 66,7% >xone FERIII ToOBIHAA

npesasenrriairi - 71,2%

50,8% xypaasy;
TUIIePTAVKEMILS KOPCeTTi.

Cyper 1 wMaaiMeTTepiHe cylieHceK (QeppUTUHHIH

4. Taakblraay

bisain xeasenen seprreyimia Typxicran Kaaacsl,
KJ4O rtipkearen 175 mnanumeHTTiH KeMipcy aamacy
OY3BLABICLIHBIH ~ KOPCETKIIITepiHiH Temip aamacys
napaMmerpaepi >koHe Oayblp TpaHCaMMHa3alapbIMeH
OaliaaHBICHIH aHBIKTaABIK. Kezeci Herisri HoTIKeaepre

K04 >KeTKi3Aik. bipiamriaen, ¢pepputnH aeHreiti rarokosa

CapBICYABIK, AeHTeliHiH >KOFapbLiaysl >KoHe IAI0KO3aHbIH

JKOraphblaaybl apacbiHAaa HaKTbI KOppeAsIIUAAbIK

OaliaaHBICTLIH J24ei peTiHAe Kopyre 604aaAbl.

CapBICYABIK ~ AeHTelliMeH CTaTUCTUKAABIK — MaHbI3AbI
KOppeAsaLAbIK OariaaHsic kepcerti. Exinmmmigen, AAT
KeHe  Tikeaell OuampyOuHHIH geHreii ¢eppuTnH
AeHTelliMeH CTaTMCTUKAABIK MaHBI3ABI KOPPeAIIUAADIK,
Gartaanpic kepcetti. YmrinmrigeH, I aeHreiti >xone
Tikeaen 6ranpyomH

apacbhiHAa CTAaTUCTUKAABIK
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MaHBI3ABl OalldaHBIC aHBIKTAAABl. bizaing  3eprrey

HBTI/I)KeCiHAe KOIITeT€H aHbIKTaAraH KoppeAsnusiaaap

94ci3 Oaiiaanbicka me 06oaapr (r<0.3), Oya oaapabH

KAVHUKAABIK, VHTepIIpeTans MYMKiHAIKTepiH
IIeKTeNnAl.

Temip - agam opraHuUsMiHAeri MaHBI3AbI
MeTaaaabl 9aeMeHT [6]. PepputmH - >KacylIaablK

rOMeoCTa3 VIIiH KaXkeT >XKoHe TeMipai OaifaaHBICKaH
KylliHAe caKTalThIH aKybl3. PeppUTHH Kacymla imriaix
apTHIK TeMipAi Oail1aHBICTBIPHIIT TOTBIFY — TOTHIKCHI3AAHY
KaAIlbIHAA cakTalapl [7]. OpraHuamaeri TemMip KOpblHaH
0acka, MMMYHOAOTUAABIK, >KoHe KaOBIHYABIK YpAicTepAiH
KOPCeTKiIlli peTiHAe pea oiiHaAbI [4].

Koxkcea

QopT mneH Amepuxka

Kypama
HItarrapeman (AKII) 9 486 epecex agamaa gpepputuH
KOHIIEHTPaIsACH MeH TAIOKO3aFa Te3iMAiAiK >KaFAaiibl,
rAI0KO3a KOHIIEHTPaLIVCH],

MHCYAVIH JKoHe

TANKNPAE€HTEH reMOrA00MH apacbIHAAFbI Oaii1aHbICTHI

Ppepputnn
AeHreniHiH >xorapslaaysl, ETK/ kaymiHiH >KoFapblaaysl

septreai. Oaap KaH CapBICYbIHAAFHI
SKoHe IIMKEeMIABIK OaKblAayAbIH OY3bLAyHI apachIHAaFbl
alfTapABIKTall KoppeAsnus Typaabsl Xxabapaaast [9].
3epTTeyaepAeri aTtaAfaH Kapama-KalIllbl HoTMKeAep
TaHAaMaJarbl HayKacTapAblH CaHbl, >KBIHBICHI >KoHe
JKachlHBIH Oipkeaki ©oaMaybiHa OalidaHBICTEI OOAYBI
MyMKkiH [10].

bayrpip agam opranmsimingeri MaHbBI3ABI OpraH
JKoHe TaraMABIK, AdpidiK 3aTTapablH MeTaboAM3MiHAe
MaHBI3ABI peA aTKapaabl. Kopiraran opra >keHe
reHeTMKaAbIK (akTopaapAsiH acepinen MC gambin 3
Ke3eringe OaybIpAbIH 3aKbIMJaAyblHa 9KeAyi MYMKiH,
0y agaM geHcayABIFBIHA aliTapAbIKTall Kayill TOHAipeai.
CoHapIKTaH OaybIpABIH

AuMarHocTukazay aca Manbpsabl [11]. Kasipri yaksbiTTa

3aKbIMAAAYbIH epre

OayblpAblH 3aKbIMAAaAyblH Oaraday YIIIiH CapBICYABIK

OaysIp TpaHCaMIHa3aAapbIHbIH -
alaHMHaMMHOTpaHcdepasa (AAT) KoHe
3epTrreyain mekrteyaepi. bya seprreyain

IIeKTeyAepi IIarblH  ipikTey, oaifeagep  yAeciHiH

OaChIMABIFEI, TeK Typxicran KaAacbIHAAFbI
KOHTUHIEHTTIH KaMTBIAYbl KoHe KOAAEHEeH CUIIaTTaFbl
AusaiiH 0oabn TaOblaaabl. bis ycwiHran Meaaimerrtep

MIAOTTHIK, KOAACHEH 3epTTeYAiH aA/bIH ala HITV>KeAepi

Pum Aap Apran seprreyinge GeppuTnH geHrerii
MeH KeMipcy aaMacybIHBbIH IlapaMmeTpAepi apachlHaa
CTaTUCTMKAABIK MaHBI3ABI OaliaaHBIC KepceTiieai, Hipax
Tikeael OmanpyomH meguanacsl K/ Oap marmenTtTrep
TOOBIHAa Oayblaay TOOBIHAa KaparaHJa SKOrapbl OOAABL
Tikeaeit OmampyOomn KkepceTkimi mpeaanaOeTTiH
IIPeAUKTOPHI PeTiHAe aHbIKTayFa O0AaTBIH 3epTTeyAepAi
kaxeT eteai [1]. ConbiMen KaTtap MOAXUMUHUIL >KoHe
T.0. 3epTTeyiHAe QEpPPUTUHHIH CapBICYABIK JEHTeilH
TOMeH HayKacTapJa

KOPCeTKIIITepAiH >KaKcapFaHbIH Xabapaaast [8].

TANTKEeMUAABIK TANTKeMUAABIK

acntapratamuHorpaHcdepasa (ACT) kepceTkirrepiniy

JKOfapbldaybl  KOAJaHblAdaAbl. ,Zl,el"eHMeH, JKorapbida

anTeiafaH kepcetkimmrep ~ MACBA amarHoctukaaay
YVLIiH 24i Je KaHaraTTaHapAblK eMeC, COHJBIKTaH
AVIaTHOCTMKaHBIH CeHIMAiAiriH apTThIpy MakKcaTbIHAa
OipHeme kepcerkimrepai Oipikripy yIIiH Kebipek
OuomMapxkepaepai aHbIKTay KaskeT [12].

u Kén VM >xoHe 1.6 3eprreyaepinae KA 6ap 77
HayKacTa OuaupyOMH JeHrelii oileasepaeri Iraiokosa

e3TellleiriHiy  opTalla aMIIAMTYJaChbIHBIH  ToyeAci3
AeTepMmHaHTHI 004451 [13]. Bizaiy 3epTTeyimisae >Kaarist
OMAMpyOMH  >KoHe

rAI0KO3a  CapbLICYABIK — AeHTeiti

apachlHAarbl 0OaliAaHbIC CTAaTUCTUKAABIK MaHBbI3ABLABIK
kepceTneai, aa Tikeaell OuaAuMpyOMH  apacbhiHAA
MaHBI3ABLABIKKA 1€ OOAADL

Awmegeo onapao seprreyinge AT >xorapn
boaca aa KA

VHITUAEHTIH O0A>KaMThIHBIH MaAiMaeai [16].

MoHJepi, HOpPMaablK AMana3oHJa

A AABIHFBI 3epTreyaepre CylieHceK KaH

capBICybIHAAFEI (PePPUTHUH JeHrelii OaybIp PyHKIMACEHA
OariaaHBICTEI 00AYBI MYMKIH eKkeHiH KopceTeai [14], 6ipax

Ad4eAAiri >KOrapbl  3epTreylep caHbl Kasipri Tanaa

HIEKTeYAi.

G6oapim  TaOBlaaAbl, COHABIKTAaH  TeMip  aaMacy

KepceTKiITepi, 6aybIp 3akbIMAaHy MapKepaepi, kemipcy

a/AMacCybIHbIH 6¥3 bIABICTAPBL JKoHe JKaAIIbI

MeTabOAMKAABIK ~ CHMHAPOM  apachiHAarbl  ceOer-

caajapAablK OaiflaHBICTapAbl aHBIKTay YIIIH KOCBIMIIIA

JAOHIUTYANHAAADBI 3€PTTEYAEP Ka’kKeT.
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5. KOpBITbIHADBI

3epTTey HOTV KeCiH KOPBITBIHAbLAAN KeAe, TeMip

aAMacybl KOpCeTKIITepi >kKeHe KeMipcy aamacybl
apamerpaepi, OaybIpABIK KOPCETKIIITep apachHAa
OariaaHbIC aQHBIKTAAABL. Temip aaMacysl

HapameTrpAepiHeH peppUTHH AeHTelli, KoMipCy aaMacybl

KGpCeTKiLHTep iHeH TAI0KO3a JKoHe 6aYI)Ip/lI)IK

kepcerkimrepaen AT, ACT >xone Tikeaeit 6OmanpyOoux

CapBICYABIK ~ JeHTelidepi apacblHAa CTaTUCTUKAABIK,
MaHBI3ABI OH MoHAI OallaaHbicrapra wne 604ABL
@epputuH KeMipcy aaMacybl Oy3bIABICTApBl  MeH

MeTabOAMKaABIK CUHAPOMHBIH JaMyBbIH OO0/AKalThIH
NPeJUKTOp peOAiH aTkapybl MYMKiH. AII KapBIHABIK
runepraukemust XafgansiHaa A/AT, ACT, ouanpyoun
dpakimasapsl CUAKTE pyTUHAL Oayblp MapkepaepiHiH
Aenreitin seprrey MC ascpiHaa Oayblp 3aKbIMAaHYbIH
epTe AuarHOCTMKaJay VIIiH MaHBI3ABl peAa OIHaybl
MyMKiH. CoHbIMeH Karap, QeppuUTUH JAeHTeill kemipcy
aAMacybIHBIH Oy3blabicTaphl Oap HaykKacTapga >KoHe
MeTabO0AMKaABIK CMHAPOMHBIH Kayill ¢gakTopAapsl Oap
JKarjaija KOCBIMIIIa

bromapkep peTinge

KapacTBIPLIAYbI MYMKiH.

OaeomeT
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Pesiome

Hapyrmenns yraesogHoro obmMeHa sBAAIOTCS KAIOUEBBIM KOMIIOHEHTOM MeTab0oAMYeCcKOro CMHApPOMa U MOTYT
COIIPOBOXXAAThCA Pa3ANMIHBIMU MeTab0ANIeCKMN HapymleHnsaMy. OAHUM U3 HeAOCTaTOYHO M3yYEHHBIX aclIeKTOB B
AAHHOM 004acTH SIBAAETCA JCCAe/0BaHNe CBsI3V HapyIIeHnll yrAeBoAHOro oOMeHa ¢ IIoKasaTeaell oOMeHa >Keae3a BO
B3alIMOCBSI3M C IIe9€HOYHBIMI MapKepaMI.

Iean mnccaeaosanms. VIsyants cBsA3b MeXAy ITOKazaTeAsMy oOMeHa >Kele3a I IIe4eHOYHBIMM MapKepamu
(06wt u npsamont onanpyous, AAT, ACT) y aun ¢ HapyIleHneM yr1eBOAHOro oOMeHa.

Metoapl. B nccaeaopanuy npuHAan ydactue 175 narnmeHToB U3 uicAa KOHTHMHTEHTa, IIPOKIMBAIOIIETO B ropoje
TypxecraHn, sapeructpuposansoro B Kannmko-anarsoctideckoM 1eHTpe Kasaxcko-Typenkoro yHusepcurtera nMeHNI
Xoaxu Axmega fccayn. ITocae napopMMpoBaHHOIO cOraacusl y9aCTHUKM IIPOIIAN OOIIeKANHIIecKoe oOcAe0BaHIe.
AHTponoMeTpusl BKAIOYala M3MeEpeHUs pocTa, Beca, Taauy u Oeaep. /labopaTopHble McCAej0BaHMS BKAKOYAAN
onpegesenne ¢epputnna, A/AT, ACT, obmert m npsamoir ¢pakuny OMAANPYOMHa, TAIOKO3Bl HATOIIAK,
IIOCTIIPaHANAABHOI IAI0KO3b], MHCYAMHA HaTOIIaK.

PesyapTarel. bplaa oOHapysKeHa CTaTHMCTMYECKM 3HaduMas IpsMas  KOPpeAsilJOHHAs CBA3b MeXAY
$eppurunom u AAT (r =0,197; p =0,009); peppurunom n ACT (r =0,167%; p=0,027); pepputHOM U IIPAMBIM
ouanpyounom (r=0,209; p=0,006).

Kpowme Toro, ycraHoBAeHa HpsAMast KOppeAsIIMOHHas CBA3b MeXKAy GeppUTIHOM I YPOBHEM I 1I0KO3bI HAaTOIITaK
(r=0,166; p = 0,028), a Tax>Kke oTpullaTeAbHasA CBA3Db C ypoBHeM MHcyauHa (r =-0,242; p = 0,001).

BoiBoabl. PepputuH MOXeT urparb poAb HpeAUKTOpa pas3BUTHS HapyIIeHWI yrAeBOAHOIO OOMeHa,
MeTaboamdeckoro cungpoma. lccaezosaHue ypoBHell TaKuX PyTUHHBIX IedeHOYHBIX Mapkepos, Kak AT, ACT u
Jpakuun buanpydbmHa Opu  IUIEPrAMKEMUN HAaTOLMIAK MOTYT MMETh OOABIIIOe 3HaYeHMe A4 paHHel AMarHOCTUKI
IOBpe>KAEHNS IIeYeHN IIPU MeTaboANIeCKOM CUHAPOME.

Karouesble ca0Ba: peppuUTHH, Ie9eHOUHbIE TIOKa3aTeAl, TAI0K03a, OOMeH >Kele3a, INITepPrANKeMIL HaTOIaK.
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Abstract

Carbohydrate metabolism disorders are a key component of metabolic syndrome and may be accompanied by
various other metabolic disturbances. One of the insufficiently studied aspects in this area is the investigation of the
relationship between carbohydrate metabolism disorders and iron metabolism parameters in conjunction with liver
markers.

The aim of the study was to identify the relationship between iron metabolism and liver parameters (total and
direct bilirubin, ALT, AST) in people with impaired carbohydrate metabolism.

Methods. 175 patients from among the contingent living in the city of Turkestan, registered in the Clinical and
diagnostic center of the Khoja Ahmed Yasawi Kazakh-Turkish University, was participated in the study. After informed
consent, the participants underwent a general clinical examination. Anthropometric measurements include
measurements of height, weight, waist and hips were obtained. In a biochemical blood test, indications of ferritin, ALT,
AST, billirubin, fasting glucose, postprandial glucose, and insulin were obtained.

Results. A statistically significant direct correlation was found between ferritin and ALT (r =0.197; p=0.009);
ferritin and AST (r =0.167%; p=0.027); ferritin and direct bilirubin (r=0.209; p=0.006). Moreover, a direct correlation was
established between ferritin levels and fasting blood glucose (r = 0.166; p = 0.028), as well as an inverse correlation with
insulin levels (r = -0.242; p = 0.001).

Conclusions. Ferritin may serve as a predictor of the development of carbohydrate metabolism disorders and
metabolic syndrome. The assessment of routine liver markers, such as ALT, AST, and bilirubin fractions, in cases of
fasting hyperglycemia may be of significant importance for the early diagnosis of liver damage associated with
metabolic syndrome.

Key words: ferritin, liver parameters, glucose, iron metabolism, carbohydrate metabolism, fasting

hyperglycemia.
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Pe3omMme

Mouekamennas ©6oae3nnr (MKB) - ogno wm3 nHambGoaee pacrpocTpaHEHHBIX
3a001eBaHNII MOUEBLIBOASILEN CHUCTeMbl, XapaKTepusyloleecsi oOpa3oBaHIEM
KaMHell B pPa3dAMYHBIX OTJedaX MOYeBBIACAUTEABHON cucteMmbl. B mocaeanne
JAecaTnaeruss HabA0AaeTcs YCTOIImMBEI pocT 3aboaesaemoct MKDB, kak BO Bcém
mupe, Tak u B Kasaxcrane. MKB Bxogut B JecATKy HamboJee 4acThIX MPUYIMH

rocimmmraan3anuim B YpOAOIMYECKNX CTallMOHapax. HpI/I‘H/IHI)I 3ab0aeBaHs
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MHOTOQ)aKTOPHBI: HapyIIEeHHBIII OOMEH KaAbIlUs M OKCalaTOB, TeHeTIdecKie
0CODEHHOCTH, 00pa3 JKM3HY, KAUMAT, AueTa U ApyTue.

OcoOplif  MHTEpec TpeACTaBAseT OMOXMMMYECKNMII CKPUHMHT — OAVDKaMIImx
poactBeHHNKOB IanueHToB ¢ MKDB, HOCKOABKY y HMX 4acTO OOHapy>KMBaIOTCS
AaTeHTHble MeTaboAMYecKue HapyIIeHNs, IIpeAllecTByomye (GpOopMUPOBaHUIO
KaMHell. AHa/AM3 ypOBH: KaAbIIUs B KPOBM U MOUe, a Takke MHJEKCa Macchl Tela
(MIMT) mMo>keT OBITh IOAE3HBIM AASl BBISIBA€HUS AUIL C IIOBBHIIIEHHBIM PUCKOM
passutusa MKD ernié 40 mosiBAeHMsI KAMHUYECKUX IPOsIBAEHUIA.

Ileasb. OneHuTH AVIaTHOCTUYECKYIO 3HAUYMMOCTh ruIepKaAblIEMULL,
runiepkaasnuypvivi 1 VIMT y 60apHb1x MKDB 11 11X c1OCOB B KauecTBe ITOTEHIIIaAbHBIX
MIPeAVIKTOPOB pa3BUTIS 3a001€BaHIL.

Marepnaa n metognl. Ilposesen anaams ucropuit 6oaesnm 180 mamueHTOB,
MPOXOAMBIINX J€dYeHNMe B yPOAOTMYECKUX OTAEA€HMSX CTallIOHapOB C
BepuU(UINPOBAaHHKIM  AMAarHO30M  «MOYeKaMeHHas  001e3Hb».  XUMUKO-
AabopaTOpPHBIN aHaAU3 KPOBU M MO4M IpoBoauAcs sceM 180 manmentaM u ux 315
OAMKaMIINM ~ pOACTBEHHUKaM (cubcam). AvarHo3 ~ TOATBEP>KAEH
paAMoAOTMYeCKMMY MeToJaMM Y TalUeHTOB, Halaiogasmmmxcsi B KamHuxo-
AVaTHOCTMYECKOM IleHTpe wuMeHn Xoaxu Axmega Scasu (r.Typxecran) u
IlentpaasHoit ropoackoit 6oasamite (r. Kenray) c¢ 2013 mo 2025 roasr, B
IlentpaasHoit ropogckoit 6oasHmne (r. Typxecran) m Kamumke Taarat (r.
Typkecran) c¢ 2023 mno 2025 roabl. JuarHocTudeckoe IOATBEp>KAEHUE
OCYIIeCTBASIAOCH ~ C  MUCIOAb30BaHMEM  YABTPA3BYKOBOTO  McCAeAOBaHUA
MOUEBBIBOASAIINX ITyTell, 0O30PHOI 1 BKCKPETOPHOI yporpaduu, KOMIIBIOTEPHOI 1
MarHUTHO-PE30HaHCHOV ToMmorpadmy, a TakXkKe XUPYPIMYECKOIO YAaAeHIs
KOHKpPEMEHTOB.

Pesyabratsl. 13 180 narmeHnTos c moarsep>xA€HHbIM AnarHozoM MKD y 82 (45,6%)
YPOBEHD KaAbIV IIpeBbiial pedepeHTHbIe 3HaueHN (>2,50 MMoab/a), y 98 (54,4%)
IIOKa3aTeAb HAXOAMACS B IIpedeAax HOpMBI (2,15-2,50 mmoan/a), a y 17 (9,4%)
BBLIBAeHa Imumokaapiemus. Cpeau 315 cubcos y 32,7% BBLIBAEH IIOBBIIIEHHBIN
ypOBeHb Kaabluis B Kposu. CpeJHee 3HaYeHMe KaAbLVS B DTOM IPYIIIIe COCTaBUAO
2,45 MMOAB/A M HaX0AMAOCH B IIpedeAax HOPMBL Y 78 IIalMeHTOB BbIsABJAEHA
runepkKaapuuypus (>7,5 Mmoan/24 4). V 80% anieHToB BBLABAEHA M30BITOUHAS
Macca Teaa.

3akaiodenne. [loppirieHHble 3HaYeHMsT KaAblMsl B CBIBOPOTKE KPOBU U CYTOYHOI
Moue y IallJIeHTOB ¢ MOYeKaMeHHOII 001e3HbIO IIOATBEP KAAIOT MX 3HAaUYMMOCTD Kak
MOTEeHIIMAABHBIX ~ MapKepoB  MeTaDOAMYeCKOro  AWTOreHe3a.  BuliBaeHme
OAHOBPEMEHHON TuIepKaAblIeMU M TUIepKaAbImypun y 64,5% Oavokaitmmx
POACTBEHHUKOB 49 OO0ABHBIX yKa3blBaeT Ha BBICOKMII pUCK (OPMUPOBaHIL
KOHKpPEMEeHTOB B JaHHOi Trpyiie. /OII0AHUTEALHO, YCTaHOBJAEHHAasl BBICOKas
pacIIpocTpaHéHHOCTh M30BITOYHON MacChl Tela CpeAyt MaIieHTOB CBIAeTeAbCTBYeT
0 poamu aaumMeHTapHO-MeTaboamdeckux Qaxkropos B passutuu MKDB u
HeoOXoauMocTu BkaioueHns: oueHku VIMT B komIiraekc IpopuaakTHYecKmx

MEepOIPUATUI.
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KaroueBble caoBa: BepxHme MOdYeBbIe ITyTH, MOueKaMeHHas 00Ae3Hb, KaAbIUIi

CBIBOPOTKM, KaAbINiA 24-X 4aCOBOI MOYM, MHAEKC MacChl Tea.

1. BBegenne

Mouekamennass ©Ooaesup (MKDB) ocraércs
0AHOII 13 Hanbo.1ee pacIpPOCTPaHEHHBIX yPOAOTMYECKIX
[1aToAOIMIi, C TA0DAaABHON PacIpPOCTPaHEHHOCTHIO,
docruraomeit 1-20% B 3aBUCHMMOCTM OT pPeIVOHa U
nonyasium [1]. Ilo agamaeiM mccaegosanusa Global
Burden of Disease, 8 2019 rozy 65110 3aperncrpupoBaHo
6ozee 115 mmaanonos Hopbix caydaeB MKDB mo Bcemy
Mupy [2]. B Kaszaxcrane HaOA104aeTcs TeHAEHIINS K pOCTY
3abozeBaemoctu: ecan B 2014 roay mepBUYHAsd
3aboaeBaeMoCTh cocTaBasiaa 75,1 na 100 000 HaceaeHms,
TO B 2023 roAy ®TOT HOKa3aTeAb yBeanunacsa 40 83,1 [3].

QopMupoBaHNe MOYEUHBIX KaMHel - CAOXKHBIN
MHOTOSTAIIHBIN porecc, BKAIOUAIOIINI
IlepeHachblIlleHie  MOUM COASIMM, HYyKJAeaInio, pocT,
arperario U 3aAep>XXKy KpPUCTAAAOB B ITOYEYHBIX
KaHaablax [4,5]. Ormoaormyeckne ¢axropsr MKDB
pa3HOOOpa3HBl U BKAIOYAIOT aAVIMEHTapHble, KAUMAaTO-
reorpadguueckie, MetadboAMYECKUE U HacCAeACTBEHHBIE
KOMITOHeHTHI [6,7]. Cpeau MeTaOoAMYeCKX HapyIIIeHUiA
ocoboe BHUMaHMe yJeAsdeTcsl TIUIepKaAbLIMypumu U
TUIIepKaAblIieMI, KOTOpble CUMTAIOTCA OCHOBHBIMIU

Jaxropamn pucka oOpa3oBaHMs KaAbLIVIEBBIX KaMHeN

[8,9]. I'mnepxaapmmypust BeLIBAsIETCs IpuMepHO y 40-50%

HaIeHTOB C PeluAMBUPYIONMM Heppoantuazom [10],

a IIiepKaablieMrsI MOXKeT OBITD CBsI3aHa C II€pBIMYHBIM

TUIIepIIapaTupeo3oM U APYIUMHM  SHAOKPUHHBIMU
Hapymenuamu [11]. Bmecte ¢ Tem, BCTpedaroTcs
coo0IIeHn s o AAUTEABHO HepacIIO3HaHHO
rUIepKaAbleMun, P OB AAIOIIENCS VMMEHHO
Hepoantmaszom [12].

[TaTopusmoaormaeckn, IUAMepPKaAbIypUs

MO>KeT OBITh O6yCAOBAEHa KaK YCMA€HHbIM BCaCbIBaHIEM

KaABITUS B JKeAyAOYHO-KUIITEeYHOM TpakTe
(abcopbimonHast popma), Tak U yTeUKON KaAbIus yepe3
IIOYeyHble KaHaAbllbl, 400 HapyieHueM (ocgaTHOTO
oOMeHa ¢ IocAeAylomiell IMIepakTUBHOCThIO BUTaMIHA

D [13-15].

B cBolo ouepeap, ruIepkaabLueMus U
IMIIepKaAbLIMypusi ~ He  BCerga  CONPOBOXKAAIOTCSA
BBICOKIIM pUCKOM KaMHeOoOpa3oBaHUs, qTO

IMOAYEPKMBaET HEOOXOAMMOCTh KOMILIEKCHOTO I10AX0Ja
K OIleHKe pucka [16,17].
I'mcrommaroaornuecku y MareHToB d

KaAbI[MEeBBIMI  KaMHSIMM 4acTO OOHapY>KMBaIOTCS
6asmkn Pengassa - oraoxenmsa ¢ocdara Kaablus B
VHTepCTUIIMM IIOYedHBIX COCOYKOB, KOTOpBIE CAy>KaT
SApOM AAas oOpasoBaHmsl KaMHell [18,19]. Penmausst
MKB naba104a10tcs1 y 50% marmeHToB B TedeHne IepBhIX
ILATH A€eT ITocAe IepBoro snmsoga 3aboaesanmst [20], uto
ITOA4EPKIBaeT HeoOXO0AMMOCTh pa3paboTku
(¢ PeKTUBHBIX MeTOAOB NPOPUAAKTUKM U PaHHEN
AuarHocTMKM. B sTOM

KOHTEKCTe NCCACAYIOTC

COBpeMeHHBle OMOMapKephl pUCKa, B TOM 4IucCAe
MeTaboAmdecKne IMapaMeTphl, cOCTaB KOHKPEMEHTOB U
reHeTmyeckue myranun [21-23].

C yuéToM BHIIIIECKA3aHHOTO, OCOOBINI MHTepec
IpejcTaBAseT OLleHKa YPOBHA KaAblMisl B CHIBOPOTKE
KpOBM, CyTOYHOI MOUe, a TakKe MHAeKca Macchl Tela Kak
AOCTYIIHBIX M  BOCIIPOM3BOAMMBIX  ITOKasaTeAeli,
MOTeHIIaAbHO IIPMMEeHMMBIX AA51 CKPMHMHTA M PaHHero
BBIABAEHNS AL, IIpepaciioaoxeHHbix K MKB [24].

IIeap HacTOSIIIErO MCCAEAOBAHMSI - OLIEHUTH
AVarHOCTMYeCKYI0  3HAYMMOCTb  IMIIepKaAblIIeMUH,
runepxaasiuypvii u VIMT y 6oapapix MKDB 1 11x c116coB
B KayecTBe IIOTeHIMaABHBIX IIPeAMKTOPOB pPa3BUTILI

3a00.1eBaHsI.
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2. MeToasbl

B wuccaeaosanme Bxawoudens! 180 manmeHTOB C
MIOATBEP>KAEHHBIM AMarHO30M MOUYeKaMeHHOI 00Ae3H,
HaxOAMBIIMECS Ha JA€YeHNUM B  YPOAOTMIECKUX
otaeaenusx IT. Typkecran u Kenray B nepuog, ¢ 2013 nio
2025 r04. KoHTpoarHyio rpymnmy cocrasuan 315
0.AM>KalmyIX pOACTBEHHMKOB (COCOB) DTMX ITallVIEHTOB.
Kpurepun BxaovyeHus:: Haanune BepUPUIVIPOBAHHOTO
MKB Ha

MHCTPYMEHTAAbHBIX AAaHHBIX, COrdacue IIaleHTa 1 €ro

AlarHO3a OCHOBaHIM KAVMHIMKO-
POACTBEHHIIKOB Ha y4JacTyie B ICCAeA0BaHN .
Y Bcex OOABHBIX U CHOCOB IIpOBOAMAOCH

U3MepeHne Macchl TeAa, pocTa C II0CAeAyIOIIVIM
pacuéroMm muAekca Maccel Teaa (VIMT) mo ¢opwmyae:
MMT = macca teaa (xr) / pocr? (m?). Kateropun VIMT:
HopMa (18.5-24.9), npeaoxupenne (25-29.9), oxupeHue
I-II crenienn (30+). 3ab6op KpoBU U MOYM ITPOU3BOANACS
B CTaHAAPTHBIX YCAOBUSAX. /A5 onpejeaeHNs KaAbIvis B
KpOBM M MOdYe IIPUMEHAAUCh OMOXMMMYEeCKue
aBTOMAaTIYeCKIe aHaAN3aTOPHL.

AAs1 BBUIBAEHUS KOppeAsAluU YpOBHs OOIIero

KaapIns KpOBU, KaAbIVA CYTOLIHOIZ MOYM OOABHBIE U UX

3. PesyabTaTsl

Bospact 60abHBIX BappupoBaa oT 8 40 79 aeT.
Cpeanmii Bospact OoabHBIX - 44,76. Myxumn - 110
(61,11%); >xenrrus - 70 (38,89%)(Tabanma 1).

Ypoantnas 6514 AMarHOCTHPOBaH BIIEPBLIE - Y
165 60apHBIX (91,67%), peninans umea MecTo y 15 (8,33%)
0oapHBIX. /lOKaam3anus —KaMHel: OAHOCTOPOHHUe
OAMHOYHBIE KaMHM YallledHO-10XaHOYHOI CHCTeMBI
(14C) -

O4HOCTOpPOHHNIE

23 (cpaBa 16; caesa 7); OAMHOYHBIE

KaMHU obemx  mouyek - 6
KOpaAAOBUAHBIE M MHOXecTBeHHble Kamuu Y/1C - 19
(ctipaBa 12; caepa 7); xkaMHM MO4YeTOUHMKa - 132 (cripaBa

64; caesa 68) (Auarpamma 1).

cuOcr1 ObLAM pasgesensl Ha 4 rpynmsl. [lepsas rpynma -
57 BOABHBIX MY>KCKOTO I104a C HOpMOKaAbIIMeMIEN C UX
108 cubcamy; Bropas rpymnma - 32 GOABHBIX >KEHCKOTO
Imoda C HOpMoOKaApnuemmeir m 71 cmubcamu; TpeTbs
rpymma - 50  ©OO0O4BHBIX  MYXCKOIO IIoda C
rUIepKaAbliieMIei ¢ ux 76 cudcamu; 4eTsepras rpyiia
- 32 DOABHBIX JKEHCKOIO 1104a C TUIlepKaAbliieMIell ¢ ux
61 cubcamu.

B xaxxa0it 13 4-X IpyIIl ONpeaeAsalcs] YpOBeHb
Ca xposu n Ca 24-yacoBor MOUM OOABHBIX U VX CUOCOB,
a Taxke MHAEKC Macchl Teaa (VIMT).

I'mmepxaapliieMneil caMTaAu ypoBeHb OOIIIero
>2.65

onpeaeasnaacb 10

KaAabITMsa B CBIBOPOTKE KpOBI MMOAB/A.

Iimepxaaprmypust CyTOYHOMY
BBIAE/AEHUIO KaABIVIA: >7.5 MMOAB/CYT Yy My>XUMH U >6.5
MMoAab/cyT y >KeHmuH. Crartucrudeckas oOpaboTka
MpoBOAMAACk C Mcroab3oBaHueM Microsoft Excel

PaccunThiBaAnCh ~ 4acCTOTHI,

MPOLIEHTHl,  CpeAHMUe

3Ha4YeHIsl, AOBEPUTEADBHDBIE HTEepBaAbl. YPOBeHb

sHaunmoctn - p<0.05.

Cpeaun 315 cubcop - 150 myxumn u 165
>KeHIIMHBL Bospacr Bappuposaa or 12 a0 66 aer.
HaubGoxee npeacrasaensl BospacTHble Tpyniibl 18-35 zet
(127 ueaosek, 40,3%) u 36-55 aer (72 yeaoseka, 22,8%)
(Tabauria 2).

/euenme. CaMOCTOATEABHOIO  OTXOXKAEHIS
KaMHell ygaaock Aobutscs y 17 (9,44%) GoAbHBIX.
UpeckoxHast HeppOAUTOTPUIICKs BBIIOAHeHa y 41
00AbHOIO; MMEAOAUTOTOMMSI - Yy 3X IalMeHTOB.
Hedposkromus mnpoussedena y 4x OoapHbx. Y 115
BOABHBIX KAMHI y/a€Hbl TPAHCYPeTPaAbHBIM A0CTYIIOM
(PHAOCKOIIMYECKAsl  YPETEPOAUTODKCTPAKIIUSA — UAK

YPeTepOAUTOTPUIICHS).
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Tabauna 1 - [ToaoBo3pacTHOV cOCTaB O0ABLHBIX

Bospacthaas rpymima My x4anHbI Kenmuubt
1-17 2 4
18-35 31 16
36-55 51 28
56+ 26 22
Tabamnma 2 - [ToaoBo3pacTHOI cocTaB COCOB
BospacTaas rpynma My x4anHbI Kenmmubl
0-17 36 48
18-35 65 64
36-55 37 35
56+ 12 18
boapmmucrso marnmentos ¢ MKb  wmmean Tabanma 4 seMOHCTpUpYeT, 4TO y OOABIIMHCTBA
U30BITOYHYIO MacCy Teaa: IIpejoKupeHle BhIABAeHO y 82 cn6coB (88,0%) nabarogaercs HopmaabHblit VIMT. Aumis
My>xunH u 52 sxkenmmH. Oxupenme I-II cremennu y 6,5% ormeueH HeaoBec, a y 5,5% - oxxupenne I crenenn.

3aduKkcrposaHo y 6 My>xunH 1 4 >xermyH (Tabaura 3).

AuarpamMa 1 - Pacnpeaeaenue IMT cpean 60abpHBIX

80+ My 4UHBI
. KeHLWWHBI

701

60

501

Konn4yecTBo
ey
5}

10 - -
0 I
Hopma MpepoXxupeHue OxunpeHue

Amnarpamma 2 - Pactipeaeaenne VIMT cpean cu6cos

OxxupeHuve 1 creneHun
Hepnosec

HopManbHbI BEC
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Juarpamma 3 mokaseIBaet, uto cpeau 6onpHeIXx MKbB
TUINEpKaJIbIleMUs BbIsBIIeHa y 45,6%, a THIIepKaIbLAypHs - y
43,3%.

V cubcoB 31H mokasarenu ObuH Hroke: 32,7% u 17,1%
COOTBETCTBCHHO, UTO MOJATBEPKAACT 00Jee BHICOKYIO YacTOTY

HapyIIeHUH KaJIbI[MEBOro OOMEHa y MalleHTOB.

Auarpamma 3 - [MmepKaabliyeMitsi U IMnepKaabOUypusi y 00abHBIX 1 MIX CMOCOB

a0

30t

MpoueHT (%)

10

BoneHele MKB
. CubChl

FMnepkansuneMna

CpaBHuTeabHBle moOKasateanm Ca moum 57
0OABHBIX MYJKCKOTO IoOaa ¢ mokasateassmu  Ca
KpOBI He Bblllle IIpeaeaoB pedepeHTHOIo
mHTepBaaa (2,5 MM04ab/a), a Takxe Ca KpOBM ¥ MOYM
nx 108 cu6cos.

1. V 57 00apHBIX MYXK4MH C HOpPMaAbHBIMU
nokaszareaamu Ca xposu, Ca moum mopbiieH y 21
(11,67%%) 6oapHOTO;

2. V3 57 GOABHBIX MY>XUMH C HOpPMAaAbBHBIMU
nokaszaTeasamu Ca kposy, y 28 cuocos (13.89%) n3 108 -
Ca KpoBM OKa3aAcs OBBIIIEHHBIM (MY>X4lH - 15 (4.76%);
skeHtmH - 13 (4,12%);

3. M3 57 OOABHBIX MY>XUYMH C HOPMaAbHBIMIU
nokaszateasmu Ca kposu, y 15 cubcos (25,92%) us 108 -
Ca Moun OKa3aAcCs ITOBBIIIEHHBIM (MY>K4nH- 9 (2,86%);
>KeHITH - 6 (1.91%).

CpaBHureabHble moKasateam Ca moum 41
00ABHBIX )K€HCKOTO I104a ¢ moKa3areasimu Ca Kposn,
He BbIllle pepepeHTHOro MHTepBasa (2,5 MMoab/a) a
Tak:ke Ca xposy 1 Ca Mmoun cpean nx 70 cnGcos.

1. v 41

HOpMaapHBIMI TITOKazaTeaimm Ca xposy, Ca Moun

0OABHBIX  JKEHCKOTO IIoda C
riossieH y 7 (17%) 60abHBIX.
2. Nz 41

HOpMaAbHBIMU ITOKazaTeasiMu Ca kposy, y 20 cuOcos 13

OOABHLBIX >KEHCKOro I1oda C

Minepkansunypus

70 — Ca kposu 1noBeImIeH (My>K4anH -9 (12,8%); >KeHIIuH —
11(15,7%))
3. Uz 41

HOpMaAbHbIMU NHOKazaTeaamu Ca xposy, y 12 cubcos ()

OOABHBIX  >KEHCKOIO I104a C
n3 70 - Ca MoOuM OKa3aACs IIOBBIIIEHHBIM (MY>K4MH —
6(8,57); >xeH1uuH - 6(8,57%).

CpaBanteanpnnie ganable Ca kxposu m Ca
Moum y 50 OOABHBIX MYXCKOTO TMoOaa C
IuIepKaabIiyieMIferi - C TaKVMIM Ke ITI0Ka3aTeAsIMIL VX
76 cnbcoB (T.e. 4x MOKa3aTeaeri)

- Us

ruIepKaablyieMuent

50 ©OABPHBIX MYKCKOTO IIoda C
-y 32 (64%) o0aHOBpeMeHHO
BBLsIBA€HA IMIIepKaAbLIMYPUs, YTO I103B0AseT TOBOPUTH O

— Y 7 O6oapuHpix u 17 cubGcoB BLLIBAEHBI
OJHOBpEMeHHOe IIOBBIIIeHMe BceX 4X  3HaueHuM
pedepeHTHOro MHTepBala KaAbLus KPOBY U MOYL;

— Y 14 OGoapHpIX M 22 cubca BbIIBAEHBI
O4HOBpeMeHHOe MIOBbIIIIeHNE 3x 3HaueHUN
pedepeHTHOTO MHTepBaja (KaAbI[Us KPOBM ¥ KaAbIUs
Moun y 6oabHOro 14; a y cuOcoB: KaabLust KpoBu — 9,
Kaab1yst mouu — 13);

- ¥V 4x

OJ4HOBpPpEMEHHOE

0OABPHBIX M 5 CMOCOB BBISIBAEHO
IIOBBIIIIEHIIE 2x 3HAYEeHUU
pedepeHTHOTO MHTepBaja (KaAbIyis KPOBU - 3 GOALHBIX;
U Kaapuys Moun - y 1 604bpHOTO; a y 5 cubCOB - KaAbI

KpOBH);
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— Taxkmm oOpasom, y 49 m3 76 cubcos 50
OOABHBIX MY>XKCKOTO TII0Aa C THUIIepKaAbliieMuen
OOHapy>KeHbI 3HAYeHN I KaABIIVA KPOBU M KaABIIN MOUIN
IpeBpIIIammye pepepeHTHbIN MHTEPBA.

CpaBuureabpHble aanHble Ca xposu m Ca
0OABHBIX >KEHCKOTO

mMoun y 32 moaa ¢

I'I/IHepKa/leI/IeMI/IEﬁ = C TaKMMMI 2Ke IIOKa3aTeAsiMI
cpeau 61 cuOca (T.e. 4x TIOKa3aTeaevi)

- s
FI/IHepKaAbL{I/IeMI/IeIU/I — INIIEPKaAblINYPIIA BbISIBAE€HA Y 17

(53,12%);

— V¥V 3 0oapHBIX M UX 8- CUOCOB BLLIBACHEBI

32 OOABHBIX >KEHCKOIO IIoaa C

OAHOBpEMEHHOE ITOBBIIIIEHVIEe BCex 4x 3HaYeHUN

pedepeHTHOrO MHTEpBala KaabIysl KpoBy 1 Moun (y 3

GOABHBIX - KaABIVI MOUM; Y 4X cOCOB KaAbIIVIsI KPOBY; Y
4 c1OCOB - KaAbLIVISI MOUN);

— YV 9 6oapusix M mx 11 cubBCOB BBIIBAEHBI
OZHOBpPEMEHHOe [IOBBIIIIEHIIE 3x 3HAYEeHUI
pedepenTHOrO MHTEpBaja (y 5 OOABHBIX KaAbIVI MOUM;
y 8 cubcoB - Kaablysl KpoBM, V 4 cuOCOB - KaAbIuA
Moun);

— VY 11 6o0apHOrO M mx 18 cmOCOB BBISIBAEHO
OZHOBpPEMEHHOe [IOBBIIIIEHE 2x 3HAYEHUN
pedepenTHOTO MHTEpBaa (y 14 cbca KaAbLLL KPOBHY, ¥
2 c1OCOB KaabLIMsI MOYN);

— Y 36 u3 61 cudca 32 60ABHBIX JKEHCKOTO I104a
C IMIIepKaablyieMyel OOHapy>KeHbl 3HaAUe€HNs KaAbIIVs
Kposu [26] m kaapumsa Moum [10] mpeswmaomiue

pedepeHTHBIN UHTEpBaA.

Tabauna 6 - PesyabpTaTsl cpapHeHys1 rpyimI 180 60abHBIX 1 315 cOCOB 110 M3ydaeMbIM IapaMeTpaM

boabHbIe ¢ boabHOI Cuoc
HOPMOKAaAbLiMie | HOPMOKAABI[Ny | IMIIEPKaAbIM | HOPMOKAABIM | IMIIEPKAABIIUYP | HOPMOKAABI[UY | IMIIEPKaAbIILY
Muen pust ypus ypus st pust pus
My xumnbI 57 36 21 80 28 93 15
Kenmmusr 41 33 8 50 20 61 9
boabHbIe ¢ boabHoOI Cubc KOaAMIecTBO
IrUmepKaabIyie | HOPMOKAAbLIMy | TUIIEPKaAbLM | HOPMOKAaABLM | TMIEPKaABLMYP | HOPMOKAAbLIMY | TUIEPKaABLILY
Muen pust ypus ypus st pust pust
My:xunnbl 50 18 32 47 29 56 20
JKeHmmmHabr 32 15 17 35 26 51 10
Koanuecrtso Koanuectso Koanuecrso
BoabHbIxX ¢ BoabHbIX ¢
Obree cOCoB ¢ c1OCoB ¢ c1OCOoB C
Bcero 604bHBIX | HOPMOKaAbIIMY | TUIIEPKaAbIN
KOAMYECTBO HOpPMOKaAbll}ie | TUIlepKaJbliie | HOPMOKAAbIINY
180 pueit - 102 ypeii - 78
cnbcos - 315 Mmuern - 212 muern - 103 pueri - 261
(56.67%) (43.33%)
(67.30%) (32.70%) (82.86%)

- Hopmoxaapriuemns soraBaeHa y 98 (54.44%)
004bHBIX: My>XUUHBI 57 (31.67%); >xeHmunsI 31 (22.78%).
Cpeau Hux rurnepkaabumypusi oOHapyXeHa — y 29
(16.11%): my>xumnsr 21 (11.67%); >xermmabl 8 (4.44%).
Cpean 178 TPYIIIIBI
rurepkaapuuemust mumeaach 'y 48 (15.24%) cubcos:
28 (8.89%); (6.35%).

linepxaapiuypus BosiBAeHa y 24 cubcos (7.62%):

CcOCOB  DTOM OOADBHBIX,

SKEeHIITVHEI 20

MY>K49ITHBL

My>KanHBHI 15 (4.76%); >xeHuHsI 9 (2.86%).

- I'mmepxaapimemus BbIsiBAeHa y 82 OOABHBIX
(45.56%) 60apHBIX: MY>KIUHBI 50 (27.78%); >KeHIUHBL 32
(17.78%). Cpeau HuUX I'MIepKaAbLIUypUs BbLIBAEHa y 49
(27.22%): my>xuamnsl 32 (17.78%); >xenmmnnsl 17 (9.44%).
Cpean 137 cubGcos STOH TIPYHIbl TUIIEPKAAbIIUMYPILS
ooHapyxeHa y 30 (9.52%): myxxumupr 20 (6.35%);
sxeHImyHEI 10 (3.17%).

W3 Tabauusl 6 BUAHO, 9TO IIOYTU Y IIOJO0BMHBI

6oapupix ¢ MKDB mmeercs rumepxaapnyemus, a
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TUIepKaAbLIMypusi - BbisiBaeHa y 78 (43.33%). A us3 315

cubcos »rux OoapHpIx - y 103 (32.70%) wnmeercs
4. O0cyxaeHue

PesyapTaTnt HaCTOSIIEero CCAeAO0BaHIS
MOATBEP>KAAIOT AMArHOCTUMYECKYIO 3HA4MMOCTb TaKMX
moKa3aTeaels, Kak rUIepKaAbIieMus,

rUnepKaAbuypusa u uHAeKC Maccel Teaa (VIMT), B

OlleHKe plMCKa pa3BUTHA ModekaMeHHol 6oae3un (MKDB).

YacroTa BBIBAEHNS TUIIEpKaAbIIIEMUN CpeAyt OOABHBIX
cocrasuia 45,6%, runepxaasnuypvim - 43,3%, 49TO
COOTBETCTBYeT AWTEpPaTYpHBIM JAAaHHBIM, TIJe OTU
IoKasaTeau BappupyiorT B mpegeaax 40-50%. Cpeau
cubCcoB, He MMEIOIX YCTaHOBAeHHOro Amaraosa MKD,
32,7%, a

I103BOAsEeT

JacToTa IMIIepKaAbLIMEMIUIM  COCTaBMAa
17,1%. 210

IpeannoAO0XNUTb HaAa4dyne AaTeHTHBIX MeTabOAMIECKIX

TUIepKaAbLIypun -
HapyIlleHMiI Ka/AbLIMeBOrO OOMeHa y TeHeTUYeCK!u
IpeApacroA0XKeHHBIX ANULI.

Cpeay 60ABHBIX MY>KUMH C HOpMOKaAbITMEMIEN,
y 39,81% c1OCoOB He UMEIIINX YpOAUTHA3, Ha0AI0AAeTCs
TIOBBIIIIEHNe KaABITUS KPOBY M KaABLIS CYTOYHOI MOYN.

DTO SABASIETCS OCHOBAHUEM AASL TIPEAITIOAOKEHISI, YTO y

39,81%  cubcop 57  OOABHBIX  MYXYMH  C
HOpMOKaAbllieMMelr  —  1MeeTcs IIOBBIIIIEeHNe
BeposaTHOCTH pas3BuTtia MKB.

Brrasaenne rurepKaAbleMun u

runepxaapuuypun y 49 us 76 cudcos 50 OOABHBIX C

runepkaabnuemuern  MKB  >keHckoro moaa,  gaer
OCHOBaHMe yKaszaTb Ha

passutusa MKB y otux 49 (64,47%) cubcos.

IIOBBIIIEHNIE  BEPOJITHOCTI

5. BeIBOABI

1. TunepkaapumeMmst U TIUIIEPKaABLYPUL
SIBASIIOTCA 9acTBLIMM OMOXMMIYECKMI HapYIIeHMsIMU Y
nauyeHTos ¢ MKB 1 MOryr cayXmrtb mpeaukropamu
peLAnBa 3a001€BaHILL.

2. Cpeanm cmuOCOB TAIIMEHTOB BBIABASETCS
3HAYMTEABHOE YICAO ANI] C HAPYIIEHVAMHU KaAbI[MIeBOTO

O6M€Ha, 49TO YKa3blBa€T Ha poOAab HaCA€ACTBEHHOIO

Jaxropa.

runepkaabnyemus, a 'y 54 (17.14%) - runepxaapiiuypus.

DTO yKa3bIBaeT Ha CBA3b AaHHBIX M3MeHeHnIt ¢ MKB.

OOHapy>keHlle OAHOBPEeMEHHOIO IIOBBIIIEeHMN
pedepeHTHOrO MHTEpBasla KaAbIusA KpOBU M MouM y 36
(59%) wms 61

FI/IHepKaAbL{I/IeMI/Ieﬁ, MOJKET CBIAETeAbCTBOBATh O TOM,

cnbca 32 OOABHBIX JKEHIIMH C
9TO Y DTMUX CMOCOB MMeeTCsl IOBBIIIIEeHHAs! BepOsSTHOCTD
passutuss MKb

[NTossimennsit VIMT, saperucrpuposanssii y 80%
OOAbHBIX, TakKe MOXeT paccMaTpMBaThCsI — Kak
He3aBMCUMBI (pakTop pucka GpOpMUPOBaHNA KaMHEI.
M3BecTHO, U4TO OXMpeHMe 1 MeTabDoANIeCKUil CUHAPOM
MOIYT COHpPOBOXJAThcsa  CcHICKeHuMeM pH  moun,
TUNepypPUKO3ypuell M MU3MEHeHUAMU B BDKCKpeLmy
KaAbl/sl, MarHuMs M LUTPaTOB, YTO B COBOKYIIHOCTU
MOBBIIIAeT AUTOTeHHBIN oTeHIaa Mmoun. Iloayyennsre
AaHHBIE COTAacylOTCs C pesyaAbTaTaMM lCcAeOBaHMIA,
npose€HHBIX B EBporie n CeBepHoit AMepuke.

OGHapy>keHHas BBICOKas JacToTa
TUIIepKaAbIIeMUN y COCOB OOABHEIX, OCOOEHHO IIpU
HaAM4MM aHAAOTWYHBIX HApyIIeHU Y pOACTBEHHMKA C
noarsep>kaénHoi MKB, MoxkeT cAy:XnTbh 0OOCHOBaHMEM
AAsl TIpOBeJeHIsT DMOXMMIYEeCKOTO CKpMHMHIA B paMKax
IIpOTpaMM pPaHHETO BBUABAEHUA U IPOPUAAKTUKIA.
Kpome TOro, coueranme TIuUIIepKaAblIUEeMUM U
IUIepKaAbLIMypUM AOCTOBEPHO dallle BCTpedyaeTcs y
MaIeHTOoB, IepeHEcIMX peluAnB 3a00AeBaHNs, 4TO

HOALIépKI/IBaeT VX IIPOTHOCTMYECKYIO LIEHHOCTb.

3. I1oBBIILIIEHHBIV MHAEKC MACCHI T€J1a OKa3bIBaeT

BAMSHIE Ha KaAbIMEBBII TIOMEOCTa3 U MOXKET
paccMaTpMBaThCS KaK AOMOAHUTEABHBIN (PaKToOp prcKa
MKGBE.

4. Tlposeaenue 1abOPaTOPHOTO CKPUHUHTA
OAVDKalMIINX pPOACTBEHHMKOB 004bpHBIX MKDB Moxer

CITOCOOCTBOBAThH BBISIBACHUIO AN, U3 TPYIIIbl pUICKa U
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CBOEBPEMEHHOMY  IIPOBEACHUIO  ITPOPUAAKTIYECKUX
MEepPOITPUSTUIA.

KongaukT nHTepecos. ABTOPHI 3asBASIIOT 00
OTCYTCTBUM KOH(PAMKTA MHTEPECOB.

®unancuposanmne. VccaejopaHne 1mposeaeHO

aHaan3 aansbix - ¥Y./., HH.K.K., Hanncanne yepHoBOI1
sepcun - K K., HK. J)K.M, pegakruposanne puHaALHON
sBepcun - KK, H. K.

Bce aBTOpHI 03HAKOMMANCH C OKOHYATEABHOI

Bepcrerl pyKoImcu M mnogmmcaan GpopMmy o Iepeade

B pamkax Ipanrosoro mnpoexkra No AP 19678584 aBTOPCKMX IIpaB.
«BbIsiBA€HIE CIIeKTpa M IIPOLIEHTHOTO COOTHOILIEHM:
MeTabDOAUTOB  XapaKTePHBIX A4S ~ MOYeKaMeHHOI]
00.1€3H1 C 11eAbIO ee paHHeN AMAarHOCTUKI».
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Hecenitac aypysl Oap nanmeHTTepAe, COHAaM-aK 0AdapAbIH )KaKbIH TYBICTapbIHAA CapbICy
KaAbIINiIiHiH, 24 caFaTTHIK 39pAeri KaabIIMiiAiH )XK9He AeHe caAMaFbIHBIH MHAEKCiHiH peaiH
CaAbICTBIPMAABI 3epTTEy

Kapumbaes K.K. !, Ammup6aesa JK.M. 2, Haknnosa JK. K. 3, Tyaesxkanos E.H. 4, XKXaunaanesa M.K. 5,
Aampiabaes M.K. ¢, Hakbicoekos H.O. 7, Ycremupos A.H. 8

TIpodeccop, Koxa Axmet Slcayn aTeiHaars! XaAbIKapaablK Kasak-Typik yausepcuteti, Typkicran, Kazakcran
20xmrTyminl, Koxxa Axmer Slcaym aTbiHA@¥Fbl XaAbIKapaablk Kasak-Typik ynusepcuteti, Typkicran, Kasakcran
3 JokropaHnT, oKpITy1Ib, Koxka Axmet flcaym aTthiHAarbl XaAblKapaablK Ka3aK-Typik yHusepcuteti, Typxicran, Kaszakcran
4 CuMyAsIIMSABIK OPTaABIKTBIH OacIIBIChl, MarucTp, ara OKpITyIIb, Koska Axmet flcaymn aTeiHAarbl XaabIKapaablK
Kaszak-Typik yuusepcurterti, Typkicran, Kazakcran
51_[poq>eccop, A.B. Aybaknpos aTbIHAQFBI aJaM aHaTOMUACH Kadeapacsl, ActaHa MeaulHa yHusepcuTeTi, Acrana, Kasaxcran
¢ ITpodeccop, Kazakcran Pecrrybankacsr MeMaeKkeTTiK ChIIABIFBIHBIH Aaypeatsl, Kasaxcran Pecriybankacsl Y ATTBIK FRLABIM aKageMUsCH aKaJeMUTi,
C.A. Achenauspos areiHgarsl Kasak yaTTeik MegunyHa yHusepcuteti, AamaTsl, Kaszakcran
7Frrapimu keHecri, «Jamy Menegsxment» JKIIC, Aamarsr, Kasakcran

8 Aupekrop, bakaaasp, Mukpoomoaor, buonHpopMaTuK KoHe JepekTepai enaeyi, «damy Menegsxment» JKIIIC, Aamatsr, Kasakcran

Tyiingeme

Ypoauruas (Hecen Tac aypysl) - 39p ILIBIFApy XKYIecCiHiH apTypAi OeaikrepiHie TacTapAblH Iaitda 60AybIMeH
CUIIaTTaAaThlH 33p IIbIFapy >KylieciHiH eH keml TapaAraH Oy3bLAbICTapBIHBIH Oipi. COHFBI OHXKBIAABIKTApAa OyKia
aaeMae xaHe KaszakcraHga OHBIH aypyIlaHABIFBIHBIH TYPaKThl ©cyi OailKaablll, OHBl YPOAOIUAABIK OeAiMIlesepre
rOCIIMTaAN3alsIAayAbIH aAFalllKel OH ceOelTepiHiH KaTapbHa XKaTKbI3aAbl. YPOAUTHS STUOAOTUSICH KOII (PaKTOPAbL:
KaAbLIMII MeH OKcaJaT aAMacybIHBIH OY3BLAYBI, TeHeTHKAABIK OeifiMaiaik, eMip caaTsl pakropaapsl, KAUMMAT >KoHe
TaMaKTaHy 94eTTepi.

Hecenr Tac aypybiMeH aybIpaThIH HayKacTapAblH >KaKbIH TYBICTAPBIHBIH OMOXMMMAABIK, CKPMHMHII epeKIie
KBISBIFYIIIBIABIK TYAbIpaAbl, ©MTKeHi Oya TOIITa Tac Ty3idy4eH OYpbIH >KaChIphIH MeTaOOAMKaABIK Oy3blaydap >Kui
aHbIKTadaspl. Kangarpr >koHe 3apJeri Kaabluil JeHTeiliH JeHe caaMmarbl MHAekcimMeH (BMI) Garasay KaAMHMKAaABIK
CUMIITOMJAap Maiida OoAfaHFa JeifiH ypOAMUTHMA3AbI AAMBITY KayIli >KOFaphl TyAfadapAbl aHBIKTayFa KYHABI TaCiaAi
KaMTaMachl3 eTyi MyMKiH.

3epTTeyaiH MakcaThl. [uIlepkaabpllMeMMsHBIH, TUIIEPKAaABLIMYypUsA MeH JeHe caAMarbl MHAEKCIiHiH
ypoauTnasbeH aybIpaThIH HayKacTapa kKoHe 04apAblH OaybIpAapbiHAa aypyAblH AaMYBIHBIH 91€YeTTi 004KayIIbL1ap bl
peTiHje AMarHOCTMKaABIK MaHbI3ABLABIFBIH OaFalay.

Ogicrepi. Hecerr Tac aypys! ArarHO3bI KOMBLAFaH >KoHe YPOAOIMAABIK OeaimIieaepe eMaeain >kaTkaH 180
HayKacThIH MeAUIIMHAABIK KapTachlHa peTpOCHeKTHBTI Taajay >Kacaaabl. bapabik 180 naykacka >xeHe oaapapiy 315
Oipinmmi gspesxeai TybIcTapblHa (afaJapbl) KaH MEH 39p4i 3epTXaHaablK, 3epTTey Kyprisiaai. 2013-2025 xbragap
apaaprrpiHga Koka Axmet Slcaym aTbhIHAAFBI KAMHMKAABIK AMaTHOCTUKAABIK opTaabikTa (TypkicTan), Kenray kaaaabix,
OpTaABIK aypyxaHachiHAa, TypKicTaH OpTaablK KaJlaablK aypyXaHacblHAa >KoHe TaaraT KAMHMKachIHAA eMAeAreH
HayKacTapAblH apacblHJa YPOAUTHU: AUarHO3bl PEHTTeHOAOTMSABIK Typae pacraaanl (2023-2025). AmnarHOCTMKAABIK
Ipoliedypajapra 39p IIbIFapy >KOAJAPBIHBIH YABTPaAbIOBICTHIK 3epTTeyi, KapamailbIM >KoHe BDKCKPeTOPABIK,
yporpadus, komnriotepaik rtomorpadus (KT), marauTri-pesonanctsix tomorpadus (MPT) >xeHe TacThl XUPYPIUAABIK

aAbIIl TacTay Kipeai.
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Hotmxeci. Hecenr Tac aypyrimen aysipaTtsi 180 pacraaran >KargaiAbly imriHae 82 manmentre (45,6%) xaH
CapbICYBIHAAFBI KaAbLIUII AeHrelii >korapblaaraH (2,50 Mmoas/a), 98 nanuentre (54,4%) KaabLMil AeHTelli KAaABIIITHI
aHbIKTaMaabIK, Anara3onaa (2,15-2,50 mmoan/a) xone 17 manmentre (9,4%) runokaasiina 6oaras. KaHaarsr Kaabiiin
AeHreliiHiH >xorapbLaaysl 315 6aybipaacTeiy 32,7% -bIHAA aHBIKTaAAbl, KaH CapbICYBIHAAFBI KaAbIIUIIAIH OpTallla AeHrerii
2,45 MMoab/a ©0A4BI, OA KaABIITH AMalla3oHAa Kaaawl. Iumepkaasmuypus (>7,5 mMMoab/24 car) 78 HaykacTa
aHbIKTaAAbl. CoHBIMEH KaTap, narueHTrepai 80% -bIHAa apTHIK caaMaK HeMece ceMi3AiK aHbIKTaAAbL

KopsoiTeiaabL. Hecenn Tac aypybIMeH aybIpaThlH HaykacTapda KaH CapbICYbIHAAFDbI JKoHe HeceIlTeri KaAbIuii
AeHTelliHiH )XOFapbLAaybl 0AapAbIH MeTaDOANKaABIK AUTOTeHe3iH 91eyeTTi MapKepAepi peTiHgeri peain kepcereai. bip
Me3Tilge rurepKaAblieMUs] MEeH TUIepKaAbIIMYyPUSHEI aHBIKTay 49 HayKacThIH OayslpAapbHBIH 64,5% -blHAa Oya
TOIITa Tac Ty3iAy KayIi >KOFaphl eKeHiH kepceTeai. COHBIMEH KaTap, ITallieHTTep apachblHAa apThIK AeHe CaAMaFbIHBIH
TapaAybl AMeTaAbIK >XoHe MeTa0OAMKaAblK (PaKTopAapAblH YpPOAUTMA3 AaMyblHa KOCKAH YAeCiH KepceTeai >KoHe
npoduaaKTUKaAbIK CTpaTerusAapra AeHe caAMarbl MHAEKCIH OafasayblH KOCYyABI KOAJaMAbL

KiaT cesaep: >Xoraprsl 39p IIBIFapy >KOAAApPBl, YPOANUTHA3, CAPBICY KaAbLNIii, 24 caraTTBIK 39pAeri KaabInii,

AeHe caAMarbl MHAEKCI.

Comparative study of the role of serum calcium, 24-hour urine calcium, and body mass index in
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Abstract

Urolithiasis (kidney stone disease) is one of the most common disorders of the urinary system, marked by the
formation of calculi in various parts of the urinary tract. In recent decades, a steady increase in its incidence has been
observed globally and in Kazakhstan, placing it among the top ten causes of hospitalization in urological departments.
The etiology of urolithiasis is multifactorial, involving calcium and oxalate metabolism disturbances, genetic
predisposition, lifestyle factors, climate, and dietary habits.

Particular interest is the biochemical screening of close relatives of patients with urolithiasis, as latent metabolic
abnormalities that precede stone formation are frequently detected in this group. Assessing blood and urinary calcium
levels, along with body mass index (BMI), may provide a valuable approach to identifying individuals at elevated risk

of developing urolithiasis before clinical symptoms emerge.


https://orcid.org/0000-0002-4811-9145
https://orcid.org/0009-0003-1488-1689
https://orcid.org/0009-0001-4012-6631
https://orcid.org/0000-0003-1041-9094
https://orcid.org/0000-0003-4141-574X
https://orcid.org/0000-0001-5282-1079
https://orcid.org/0000-0001-7544-0463
https://orcid.org/0009-0006-9103-4039

Astana Medical Journal, 2025, 4, 125

Objective. To evaluate the diagnostic significance of hypercalcemia, hypercalciuria, and BMI in patients with
urolithiasis and their siblings as potential predictors of disease development.

Methods. A retrospective analysis was conducted on the medical records of 180 patients diagnosed with
urolithiasis and treated in urological departments. Laboratory testing of blood and urine was performed for all 180
patients and their 315 first-degree relatives (siblings). Diagnosis of urolithiasis was radiologically confirmed among
patients treated between 2013 and 2025 at the Clinical Diagnostic Center named after Khoja Ahmed Yasawi (Turkestan),
Kentau Central City Hospital, Turkestan Central City Hospital, and the Talgat Clinic (2023-2025). Diagnostic
procedures included ultrasound of the urinary tract, plain and excretory urography, computed tomography (CT),
magnetic resonance imaging (MRI), and surgical stone removal.

Results. Among the 180 confirmed cases of urolithiasis, 82 patients (45.6%) had elevated serum calcium levels
(>2.50 mmol/L), 98 patients (54.4%) had calcium levels within the normal reference range (2.15-2.50 mmol/L), and 17
patients (9.4%) had hypocalcemia. Elevated blood calcium levels were detected in 32.7% of the 315 siblings, with a mean
serum calcium level of 2.45 mmol/L, which remained within the normal range. Hypercalciuria (>7.5 mmol/24 h) was
found in 78 patients. Additionally, 80% of the patients were found to be overweight or obese.

Conclusion. Elevated levels of serum and urinary calcium in patients with urolithiasis underscore their role as
potential markers of metabolic lithogenesis. The detection of simultaneous hypercalcemia and hypercalciuria in 64.5%
of the siblings of 49 affected patients indicates a high risk of stone formation in this group. Furthermore, the high
prevalence of excess body weight among patients highlights the contribution of dietary and metabolic factors to
urolithiasis development and supports the inclusion of BMI assessment in preventive strategies.

Keywords: upper urinary tract, urolithiasis, serum calcium, 24-hour urinary calcium, body mass index.
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Oy3blabICTapAbl eMAeyAiH >KaHa HbICaHbI

Tyaeyxanos C.T. !, 3unyenxo B.I1. 2 Tycynbekosa I'.A. 3, Kaiipar B.K. 4,

MaaunbGaesa A.E. 5, Opaszosa C.b. 6, Paxum>kanosa XK.A. 7

1KP ¥T'A axagemuri, buodusnka, GuomeniHa 5KoHe HeMPOFBIABIM KadeapachIHbIH ITpodeccopsl,
Oa-Papabdbu ateiHAarsl Kasak yaATThIK yHUBepcuTeTi, AamaTel, Kasakcran

2 TIpodeccop, Kaerkaimiaik curnaamaanms seprxaHachiHBIH MeHrepyici, Peceit Frrapim AxamaeMusicer
Kaetka onodusnkace mHCTUTYTHI, [Tynno, Mackey 00abichl, Peceit

3 buodusnxa, OuoMeanIIHA KoHe HEM POFBLABIM Kade pachiHbIH AolLleHTi, ©4-Papadbu aTeiHAarsl Kaszak
YATTHIK YHUBepcuteTi, Aamatsl, Kasakcran

4bnodusnxa, OoMeAnIIHA JKoHe HE POFBLABIM KadepachIHBIH aFa OKBITYIIBICH, OA-Papabu aTbIHAAFEI
Kasak yaTreiK ynusepcuteti, AamaTsl, Kasakcran

5 JloxropanTt, ©a-Papabu aTeiHaarel Kaszak yATThIK yHUBepcuTeTi, Aamatsl, Kasakcran

¢ buorexnoaorus xadeApachIHBIH ara OKBITYIIBICH, O4-Papadu ateiHaarel Kasak yATTHIK YHUBEPCUTETI,
Aamarsl, Kazakcran

7 Kaasintel ¢pusnoaorus kadeapachlHbIH Ipodeccopsl, AcraHa MeAuIHa YHUBEPCUTET],

Acrana, Kazakcran

Tyiingeme

Kaanit xanaspgapel Oacka KaHasjzapMeH KaTap 9SIMAENCUSAAFBl HepPOHHbIH,
KOSFBIIITHIFBIH KaABIIITACTBIpyFa KaTbicadbl, Oipak o4apAblH peai ic KysiHae
seprreamereH. JKylike >KylieciHAe TeXXerill KaAuil KaHaAAapbIHBIH PeAi >xui
OarasaHOariabl, ceOebi oaapra KapamariblM, MHTYWTUBTI (PYHKIVSHBL OpBIHAQY
KMBIHFa coraAbl. OaapAblH AeT0OASpU3aIUAANTHH KaHaAAapAaH aiibIpMAaIllbLALIFbI
9peKeT IIOTeHLIMAABIHBIH IIaiiga OOAybIMEH, OgaH api OYAIILIK eTKe DAeKTp
CUTHAABIHBIH OepilyiMeH >XeHe OHBIH JKMBIPHIAYBIMEH cHUIlaTTadalbl. /ereHMeH,
Kasip4iH e3iHAge KaAmui KaHaaAapbl MI >KoHe 9pOip HelpoHAApABIH KBI3MeTiHiH
KaTBICATBIHBL aHBIK, JKoHE OJapAblH y4ecTepi SHMAeINCus CUSIKTHI TOTeHIIe
KarjariaapAsl 3epTrey KesdiHAe epekiie OarikasaAbl ITorennuaara cesimraa Kv7.2/3
KaHa/AJaphl HeIIPOHHBIH THIHBLIIITEIK ITOTEHIIMAABIH PETTENTIH OeaceHAipiaMeiTiH

Kaauii M-TorelH KaMramachls eredi. Bya aerenmimis, Kv7.2/3 xaHaaaapsHBIH €3i
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akcoHJa OeaceHgeHin opHadacKaH. Olap akCOHHAH DAEKTP paspaATapbH ©TKi3yiHe

acep erTeai, COHBIMeH KaTap, OyaA KaHaaJapablH OeaceHaiziri  opeker
IIOTEHIMaAAAPBIHBIH CAaHBIH DacKapabl.

K* xaHaagapbHBIH apaceiHAa Kv7 xanaagaprr epekie, ceb6ebi 6ec kaHaaJap TUIT
TapMarbIHbIH iIIiHAET] TOpTeyi ajaM aypyBIHBIH 4aMYbIHAA SKaKChI Ky>KaTTaAraH pea
atkapaasl. Oaap >KypeKk IleH >Kyiike O>KyileciHge opTypai (PU3MOAOIMIABIK
dyHKIMsIAApABI  OPBIHJAYEL, OJapAbl IIOTEHIMAAABl Oackapy KacuerrepiMmeH
tycinaipyre 60aaast. Kv7 xanaazaps! ¢papMaKoAOTUsIABIK MOAYASILIMSIFA Ad >Kayall
Oepeai, aa HeNMPOHABIK KOSFBITBHIKTBL PETTENTIH CUHTETMKAABIK KaHaa
aKTuBaToOpAap MeH OA0KaTopAapsl, KAoHAAY KoMeriMen Kv7 kaHaagaps! arsramait
TyphiI narija 6oaraH. Ocel 11oayaa 6i3 coHFBI >Kblajapaarsl Kv7 kanaagapAbiy

SKaAIlBl CUIIaTTaMachlH, allbldy TapuxbiH, Kv7 cy0bipaikrepiHiH KypbBLABIMBIH,

KaABIIITHI >KoHe ITaTOAOIM 1 )Kafﬂ,aﬁ[blHAanI CI)I/ISI/IOAOFI/UICBIH TaAKbIAaIV/IMLIS.

TyitiH ce3aep: »Huaencus, KaaAuil KaHaljapbl, aKCOH, AeIOAIpM3alii,

Pocparnanannosnroa-4,5-6ucPocdar, KaaAbMOAYANH, CUHATIC, PETUTAONH.

1. Kipicmie

ITorennuaaapl OacKapblAaThIH KaAUI KaHaljaphl
Kv7 smmaenTtoreHai TemMeH ITeKTi ITOTeHITUAAFa ToyeAll,
Heri3iHeH TUIIIIOKAMIITHIH KO3ABIPFBIII IMPaMUAAABIK
HelPOHAAPBIHBIH aKCOHBIHBIH OacTallKbl CeTMeHTiHAe
OpHaJlacKaH KaAu KaHaadapbl OOABII TaOBLAAABIL.
Oaapap akTUBTeHyi Ke3iHAe, HeIPOHHBIH THIHBIIITHIK,
noreHaAsH 8 MB >koraprlaaiasl. Kanaagap mamamen
100 Mc yak®HIT apaabIFbIHAa Oasy icke KOCbhLAaAbl >KoHe
emripiaeai. Ocplaariina, Kv7 HelpOHAApPAbIH
KOSFBIIITHIFLIH TeXeligi KoHe HeMpPOHAApPAbIH KO3FaH
KyJire aypicybiH Oakplaaiianl. Kanaagap 1-5 (KCNQ 1-5)
HelpOoHJAapAarbl, OYAIIBIKeTTepJeri >KoHe CeHCOPABIK
KJAeTKaJaFbl KOSFBIIITBIKTBIH MaHBI3ABI peTTeyIriaepi
604pm TabbLaaTEIH Kv7.1-Kv7.5 KaHaaAapbIH KOATaAbL.
bapapix Kv7 cy0O0ipaikrepinge aATbI
TpaHcMeMOpaHaablK, cermMeHT Oap. S51-54 xepheyre
cesiMTaa AoMeHAI KypaiiAbl, aa S4 Herisri kepHey
Ooapmr  TabbLaagpl. K+

CEHCOPBI VIOHAAPbIHbIH

CeAeKTUBTIAIri YIIIiH MaHbI3ABI TUKAL S5-56-4aH Typaabl.
2. Marepuaaaap MeH aaicrep
OgebuerTepai Xyleai Typae i3Jey >KYMbICTaphI

Kv7 xaamin kanHaadapoibl (KCNQ) Moaekyaaablk,

(PYHKIMOHAAABIK >KdHe KAMHUKAABIK acleKTidepiH,

Kakna Tept 56 cerMeHTiHiH KMBIABICYBIHAH Haliga

b6oaaapl.  AJenoaspusanus  KesiHge  S4  Herisri
KaAABIKTapbIHAAFBl DAEKTP ©pici OHBIH TPaHCAAIMAABIK,
alfHaAybIHa >KoHe CBIPTKa >KBLAXKYBIHA BIKIIaA eTeai, 6ya
KaKIaHbIH aIllblayblHa aAbll Keaedi. bapamik Kv7
KaHaJJapblHa I11a3MaablK MeMOpaHaJarel KaHaAAbI allly
yuin ¢pocharngnantosuroa-4,5-6uchocdarrsr (PIP 2)
KaxxeT ereai >xoHe PIP 2 kepHeyre cesiMTaa aoMeHAi
Kv7.1 soMeHiMeH Oali1aHBICTBIpaAbI Aell O0AKaHaAbI [1-
3]. 9pobip Kv7 cyOOipairinge kpicka KaeTkairmiaik N-
TepMMHAA AOMEHi >KoHe TOepT CIupaadbiaH TYpPaTbiH
Y3BIH KAeTKainriaik C-TepMmMHaA KyMpbIFbIHAH TYpaabl.
A xoHe B crnmpaabgapnl kxaabmogyaunmen (CaM)
Gaitaanricagrr, aa C-D criupaabgapnr cyO0ipaikrepaiy
>KMHaAybIHa acep ereai[4].

Maxcamui: Kv7 KaHaAAapAbIH SKAAIIBI
CuIlaTTaMachlH, alllblly TapuxbH, Kv7 cy0bipaikrepiniy
MaTOAOTNS

KYPbLABIMBIH, KaABIIIThI JKoHe

>KafalibIHAAFB! PU3NMOAOTMACHH TaAKbLAAY.

0AapAbIH HEeVPOHABIK KOB3FBIIITHIFbI SKOHEe

SHMACTICUAAAFBl POAIH KaMTUTBIH €H ©3€eKTi >KoHe

Oeaeaai Aepexkesepai aHBIKTAy MakKcaTbIHAA
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Xyprisiaai. Isaey sxymsictapst PubMed / MEDLINE,
Scopus, Web of Science (Core Collection) >xone Google
Scholar

OazaaapbIHAA Ky3ere achIPbLAADL

CUAKTBI 94€MAIK >KeTeKIIli FBLABIMU JAepeKTep

Kv7-kaHaasapbIHBIH ~MeXaHU3MJepiHe, 0OJAapAbIH

MOAYASLVSCHHA >KoHe KOTHUTMBTI (PyHKUMSIAapMeH
OallaaHbIChIHA ©3eKTiAiriH

KaTBICTBI  JepeKTepain

KaMTaMachI3 eTy VIIiH Herisri Hazap coHfbl 10 >Xblaga

(2015-2025 >xK.) >KapusAaHFaH >KapUsaAbIMAapFa Hasap
ayJapblaAbl.
Ipikrearen aepekkesdep Kv7 kaHaagapbIHbBIH
A0KaAM3anusICchl (aKCOHHBIH OacTankpl cerMeHTi, PaHBbe
TyliHAepi), (PIP2,

MycKapMHAi perienitopaap), kaHaaonatusaaap (BFNE, EE)

MOAY ALV MeXaHU3MAepi

JKoHe  KaHaaJapAblH  HeMpPOHABIK  OeAceHAiAiKTiH

TOMeOCTa3bIHAA¥FbI >KoHe CMHAIICTBIK ITAaCTKaAarbl pe/li

Typaabl AepeKTepAi aay YIIiH CBIHU Taa4ayAaH ©TKi31a4l.

Kv7 xaauii xanardapvl: HeupoHObIK KO3ZOLUMbIKMOL pemmeyodit, MOAeKYAAADIK MeXAHUSMOIepi XKaHe

0AapObLH, INUAENCUAIAZDL POAL

Heitpongapaa Kv7 kanaagapsr mamamen -60 mMB

IIeKTi TMOTeHIMaljapaa allbllaAbl >KoHe odpeKeT
noreHnnaajapsiHely, (OI1) KaiiTasama MMITYyAbBCTapBIH
TeskelTiH, K* chIpTKBI TOKTapbIH HIbFapadbl. OaapabiH
HEeMPOHABIK KOBFBIIITBHIKTHL TEXKeYyAeri (pyHKIIMOHAAABIK
MaHBbI3 AbLABIFBI 0AapAbIH, cy0bipaikrepinaeri
MyTalnsiAap SHUAENICUIHDI Tyablpaabl, aa Kv7 aronumcri
peTuraduH aKTUBaTOPHI KEMIpIIIITep MeH ajaMAaparbl
DIIMAETICUSIABIK, ycramaaapAbl Te>XeNTiHAITiIMeH
epexiieseHeai. Kv7 KaHaaAapbIHBIH aKTUBaTOpAaphl,
aTam aliTKaHja perurabMH, ycTaMaslapfa Kapchl
Ipenapar peTiHde MeAMIIMHaAa KOAJAaHbL1a OacTaAbl
DnuaencusHelH Keibip Tunrtepin  Kv7 KaHaaBIHBIH
AncdyHKUMACHIHA JKaTKbI3yFa 604aApl, 6ipak peTuradbux
eki ~ ceDerm  OoifbIHIIa  IIBIFY  Teri  apTypai
snnAenTudopMAsl paspsaaTapAbl asaita aaaasr [5-8].
bipinmigen, Kv7 xaHaabHBIH KepHeyiH OeaceHAIpy,
KJAETKaHBIH THIHBIIITEIK IIOTEHIMAAbHAA KOIITereH
KaHaAJapBIHBIH alllbIAFaHbIH Oiagipeai >xoHe Oya Oip
yaKbITTa TBHIHBIIITHIK, MeMOpaHacCBhIHBIH OTKi3TillTiriH
apTTBIpa/bl >KoHe HelIpoHJAapAbl
TUIePIOAAPU3aINAAANABl, OCbLAANINA KOSFBIIITHIKTEI
ToMeHaelai. Exinmmigen, aenoaspusaums — KesiHae
HeMece opeKeT IIOTeHIIMaAblHAaH KeliH KaHaajapAblH
alllbIAYBl, KaliTa OeaceHAipyai Oacyaa, Kv7 TokTapbIHBIH
TabMFM TUIMALAITiH apTTEIpaas! [9].

IImpamnaaaslk HelpoHAAap4a AUTUAPOXAOPHUS,
10,10-6mc(4-nmupraAnHNAMETNA)-9
(XE991)

KaHaaAapbH 010KTay Kedinge Ol KMBIHBIH TyABIPaAbL.

(10H)-anTpanenon
VMHITIOUTOPBI Kv7 KaHaA/apbIHbIH

Kv7  xanmaagapws PpocPpananannosnroa-4,5-

bucpocpar (PIP  2) KabizeTiMeH

CoHABIKTaH PIP2

Geacenaipy
epeKIlIeaeHel. AEHTeliHIiH

aKTMBaTOpAapbl MeH I/IHFI/I6I/ITOpA apbl MU Aarbl

IMIepKo3y IpoLecTepiH PpeTTeNlTiH MOoTeHIMaAAbl

$apMaKoAOTUAABIK ~ KOCBIABICTAp ~ 0OAYBI ~ MYMKiH.
Kaamsr, PIP2 aenrernii gocpoanmnasa C (PLC) >xone
Pochonnozntna-3-kunaza (PI3K) axrmsrizirine >xoHe
ramma-pocdarnanannosuroa-4-pocdar-5-1 TUITI
(PI5K1C)

ManspI3abichl, Taliga 0OoAraH >KaHa gdaeadep Kv7

KIHa3a ¢Jpepmenrrine 0ayl1aHBICTHL.
KaHaaJapbl OeaceHAidikke Toayeadi HEMPOHABIK iITIKi
KOSFBIIITHIK IIeH CMHAIICTBIK KYILUTiH TypaKkThl e3repyiHe
BIKIIaA eTyi MYMKiH eKeHiH KepceTeai, OyA OKBITY MeH

ecTe caKTayAblH Herisi 0oabln caHaaaab! [10-12].

Kv7 HeIPOHABIK, KaHaa/4apbl
MHaKTUBALMIAaHOAMTHIH KaAMyl TOTBIHBIH HeriziHge M-
TOK JeIl aTaJaTblH KepHeyre Tayeaai. Epekiie
curatTaMaJapbiHa — OaiiaaHpicTel  Kv7  xaHaagapbr
HeMpOHAApPABIH ~ KOBFBIIITBIFBIH  Oackapadpl.  Kv7
KaHaaJapbl ~ dpeKeT  IOTeHIIMaABIHBIH  TapaAyblH

6aknraaitaet [13]. Kv7 kanaagaper oaapast Oacka KepHeyi

Gap KaAui KaHaAJapbIHaH a’KbIpaTaThH
curatTaMajapsl Oap CBIPTKBI KaAMI TOTBIH HIBIFapaAbl.
Kv7  BHelpoHABIK

cyOOipaikTepi  OpTaABIK — >KoHe

repuQepusIAbIK KYIIKe XylieciHae KeHiHeH
DKCITpeccusidaHabl, MyHAQ OAapAbIH TYPAaKThl CBIPTKDI
TY3eTKIlll TOTbl HelpOoHJAap YIIiH "TeXKerim' KbhI3MeTiH
aTKapaAbl. M-TOKTHIH OipIiama epexiiie curiaTraMacsl 04
aHbIKTaAFaH XarjalldapaH TybIHAAMAbL ATall aliTKaHAa,
ekeyi ge Gqg-mMen 0alidaHBICKaH perjenropaap -

MyCKapMH/AIK alleTMAXOAMH penenrtopaapsl, (M1 >xsHe
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M3) Oeacenaipiaren ke3ge, M-TOKTBIH KyIITi TeXkeayi

OpPBIH  aZaabl, ©OyA  KOSFBIIITHIKTBIH  yaKbITIIA
>KOFapblAaybIHa oKededi. M-TOKThIH Texxeayi OlI mierin
TOMeHeTeTiHi, MOCTAETIOASPU3AI]MHBI

JKOFapblAaTaTBIHBL ~ >KOHE  aKCOHABIK  THIHBIIITHIK
MOTEeHIIMaABbIH AeNOASpU3alUAAANTBIHB KOPCEeTiATeH.
Conrpl  Oipremre >xpaga Gqg/ll-men OaliaaHBICTHI
KOIITETeH pelenTopaapAbly OeaceHAipidyl KaHaAABI
TEKeWTiHi aHbIKTaAAsI [14-17].

M-TOKTBEI ®KCIIpeccHsiAaiiThIH HelpoHAap TUIIIH
JKoHe KaHa/ljap MeAUaTOPBIH MUASHTU(PUKAIMACEIHAA,
0aKaHbIH CUMIIATUKAABIK TaHTAMSAAApbIHAA M-TOKTBIH
aAfrallIKbl allbLAysl ceberr 6044b1. AaaiiZa MOAEKYAaAbIK,

COVIKECTIKTi aHBIKTay YIIIiH SKMbIPMa >KbLAFa XKYbIK yaKbIT

kaxer 6oaapr. Kv7 xamaapm M-tok cy0O0ipaikrepi

peTiHge  aHBIKTayfa apHaAfaH yakKbIT — apaAblIFbl,

KAOHJaAfaH  KaHaajapawpl  Xepriaikti ~ M-Tokmen
OarlaaHBICTEIpYFa KadizeTTi, KoAXXeTiMai KypaasapAbIH
6oaMaysiMeH OariaaHBICTBI 004aBI. OCBI >KaHaABIKTaH
keifin  Kv7 kaHaagap KellleHiH MoAyAsnuslayFa
KaTbICAaTBIH KOIITETeH acIleKTizep TaOBLAABL Azalija,
©3iHiH OYKia MMAarbl aliKbIH DKCIIPEeCCUAABIK, KacueTi
ecebineH M-TOK HelipoIlAacTHKaABIK LISy peAi >KoHe
OHBIH HEMpOTPaHCMUTTepPAep apKbLAbI aliKbIH OachLAYBI
Typaabl akmaparrap Oeariai 601aTsIH, asaiija >KaKblHAA
raHa Kv7 xaHaABIHBEH AVHaAMUKAABIK ~(QYHKIIVACH
MIABIH >KOFapbl PyHKIMAAapbIHA acepi 3epTeae OacTasbl

[18].

Kv7  myxvimoac karuti Kanardapvl mex 0eAOKmapblHblH, CUNAmmamarapol

Bepiaren 1-3 cyperrepae Kv7 xaHazgap TOOBIHBIH

JKoHe  04apabl  0allAaHBICTHIPATHIH — OeA0KTapAbIH
KbICKAIlla Ma3MYHHI OeliHeaeHreH. Aa, 1 xecteae Kv7
KaHa/AJap TOOBIHBIH IIOATUIITEPi >KoHe 0JapAbIH ©pHEK
yarici Gepiaren. 1 cypererreri Kv7.2 cyb60eaikrepi
KYPaMBIHBIH OoribIHITIA

HelipoHJapJa KeHiHeH OalikadaTelH 7.3 >koHe 7.5

KBbICKaIlla Ma3MYHBI

cyOOipaikTepaeH Typadpl. Aa 2 cyperre Kv7.2

cxeMachl OoiibiHIa aHKupuH G OGeaorsimMeH Pansbe
Kv7.2
Navf31 (3 HaTpuii KaHaABIHBIH Oipinii cy6oipairi, BACE1
NPeKypPCOPBIHBIH,  bIALIpAy
Jepmenti kepceriaren. 3 cyperre Kv7.2 kaHaABIHBIH

OybIHBIHAQPBIHAQ OpHaJlackaH. cy00ipairinig

aMIAOUATEL  O@AOKTBIH
Tpaduri yIIiH aHBIKTaAFaH perTeyin Oel0KTapAbIH
cXxeMaAblK KBICKallla Ma3MyHBI cunartraaran. CRMP2

Oeaok-Meauartop >xoHe CaM Typagsr [19,51].

cyOOipairine ©OalidaHFaH CUTHaAABIK OeAOKTapAblH
Kecte 1-Kv7 TtyKBIMAAC Kaanit KaHaaaapbl MeH Oe10KTapbIHBIH CHIIaTTaMalaphbl
Kv7 TYKbIMAac /1oKaan3aImsIChbl
Kaani KaHaaaapbl Kypek Hevipon Ecty x0ab1 Bipbinrari caaaant
OyambIKeTTep
Kv7.1 + imKi KyAaK +/-
Kv7.2
Kv7.3
Kv7.4 1IIKi KyAaK +
HepB Xylieci
Kv7.5 Heps xyiieci +
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®Kv7.2/5
®Kv7.3

Cyper 1- Kv7.2/3/5 cy66ipaikTepi ageTTe rerepomMepai KaHaaaap Abl KYpaiabl

Mnasmanblk MeM6paHa Kv7.2
PP1
CK2

CaM PKC PP2B PKA

BACE1
NaV B31

Kv7.2

CUHTaKCKH 1a
AHKnpuH G

Cyper 2 - Kv7.2-6aiiaaHbICKaH CMTHaaAbIK MOAeKyAaaap xaHe Kv7.2 kocaakpl 6eaoKTap

Kv7.2 J~ CaM

CRMP2

TyBynuH gumepi

Cyper 3 - Kv7.2 ariHaabBIMABI peTTeNTiH 6ea0KTap

(OXOK)-aeri

repudepusIAbIK

Opraaplk  Kylike Kyiecingeri

KOIITeTeH HeMpOoHJap, COHAai-aK
HEPOHAAp, HEMpPOHABIK M TOIBIH TyAbIpajbl Aell
7.3 xoue 7.5

sKcrpeccusaaan bl Ierepomepai Kv7.2/3 nemece Kv7.3/5

ecenTeaeTin Kv7.2, cyO0ipaixrepin

KaHaAJ4apbl CyODipaikTepaiH AOMMHAHTTHI KypaMbl
0oapm TaObLAaAbl AereH IIKip KeH TapaafaH, OHBI 1
Cebebi Kv7.3 Dacka Kv7

Xenopus

cyperTeH Kepyre 0oOAaAbL

cyOOipaikrepinin,  acipece GaKaCBIHBIH

oonuTTepinge OeTTIK ®KCIPECcCUSCHIH >KeHidaeTeTiHi

KGpCQTiAFeH JKoHe€ MMYHOTITICTOXMMISIABIK 3€pTTeyAep

KOIITeTeH aliMakTapJa OCBI cyOOipaikTepain

KO/0KaAM3alsIchH kopceteai. Aaaiiaa, KCNQ2 nemece
3 rengepi emipiayi  ThIIIKaHAAPABI
Kv7.2

HelpoHJap4a M-TOKTEIH >KOKTBIFBIH KOPCeTTi, adaiija

KOAAAHbIIT
KYPprisiareH  seprrey TaIlIBIABIFEL  Oap
Kv7.3 tanmbiaeirer 6ap HelipoHgapaa M-TOK KaABIITEHL
60aap1, O6ya romomepai Kv7.2 xanaagapner OJCOK
Kv7.3

(pynxII1OHa2ABI DOAYBI MYMKiH eKeHiH kopceTeai [20-21].

HepoHAap4a cy0bipairincis TOABIK,
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M-TOKTBIH MOAEKYAaAbIK COVIKECTIriHiH

ambiaypiMen  Kv7  kaHaa — KellleHiHiH — KeIlTereH

acIexTizepi aHbIKTaa4bl. MbIcaasl 3 cypeTTe KopceTiareH
6ea0Kk-0ea0K >KoHe DeAOK-AUIMATIK ©3apa speKeTTecy ,

COHJal-aK KaHaaAbH (ocdopaaHybl. Kv7 xanaa

KelleHiHIH Kypamgac Oeaikrepi Typaasl TYyCiHIK
KaHaAABIH 0azaabAbl JyHKUIMACHHA, OHBIH
MOAYASIVSICBIHA, COHAAl-aK —HeMpOTpaHCMUTTepAeH

TyblHJaraH M-TokTel Oacyra KaTbICaTBIH >KOAJapra
KOMBIAATBIH TaJallTap4bl TycCiHy yIIiH kaxeT. Kv7
KaHaABIHEIH KO aKTOPHI
oucdocdat (PIP2 ) 6oapma Tabsraagsr [22, 51].

Kasipri
Jdentoaspusanunsaaslk —biFpicy  (I1ABI) xaactepaepiniy

Pocparnanannosuroa-4,5-
yaKbITTa

IIapOKCNU3MaabAbI

TOMEH >KMiAiKTi bIp¥arbIH AQHBIKTAMTHIH >KOHE OHbI

peTTeiiTiH MOHABIK KaHaaA Oearicis. bya KyOBLABICTEHIH

TaOMFATBIH ~aHBIKTAy ©Te MaHBI3ABL, ceDebi Oya
SINAETICIL, UIIeMUS JKoHe ae Hacka
HellpoJereHepaTUBTI aypyaap >kafgaibiHga [IABI

KAacTepAepiHiH >KMiAiri MeH Y3aKThIFBIHBIH apTybl
HelpOHAapABIH ©iMiHe aabil Keleai. Kv7 xanaaaapsr
ITABl xaacTepiHiH Y3aKTBIFBIH peTTeyje >KeTeKIi pea

aTkapa aaaapl, cebebi Kv7 kaHaazapbl TeMeH IeKTi

0OAFaHABIKTAH, KeIll namnaa 0oAraH apeKeT
MOTeHNVaAAApbIH Oachlll, CHaiKTap >KUBIHTBHIFBIHBIH
Y3aKTBIFBIH KBICKAPTYBl MYMKiH. DBy TakbIpBIITaFs!
ruroresasapasiy 0ipi - ITAbl kaactepaepiHiH bIpFarbiH
KaaplMil Tepbeaic >Kyiteci apKplABl OacKapbliabl.
Kaaccukaarpik, kaapnmuii TepOeaic >Kyiieci cyOcTparsn
Pocharnanannosnroa-4,5-6ucpocdar (PIP2) Goawm
PI3K

pelieniTopAapAbIH

OartaansicTel  exeHi Oeariai. ConbimMen xartap, PIP2

tabpaatein PLC  >xoHe KOH'BbIOTalMsIAaHFaH

MeTabOTpPOIITHI Oeacenaiairimen
HeVPOHAAPABIH KOSFBIIITHIFBIH OaKblAAMTBIH KaAWi
TabbLAAADL.

(PIP2)

I/1a3MaablK MeMOpaHaHBIH KJAeTKailriaik xaOaTbHAa

KaHaablHelH ~ Kv7  arommceri 0oz

Pocparnanannosnroa-4,5-6ucdocdar

ke3geceTiH aHMOHAB ocPoanmma. PIP2 xemreren
MOHABIK KaHaAJap MeH TachIMaAJaylllbllap¥a apHaAFaH
kodaxTop, coHbH iminae Kv7, o4 xaHaa QyHKIMACBIH
e3repreJi koHe kebiHece aKTUBTeHAIpY yIIiH KaxkeT. PIP
2-uiH Kv7-meH e3apa opexerrecyi KaHaa (PYHKIIMSICHI
yIIiH MiHAeTTi exeHi Oeariai GoaAraHBIMEH, >KaKbIHAA
PIP2-ae apTypAi acepaepi Oap ydackeaepi Gap exeHairi
kepcetiaai [23-28].

Kv7 xanardapvirviy HetlpoHObIK KOSZbIUMbIKIMbL mexeydezi peAl

bpayn men Agamc aaram per 1980 >xpranl Oyka

OaKachIHbIH, CUMITIATUKAABIK, raHIAMsAapbIHAA
MYCKapMHAIK alleTUAXOAUH PelelITOPLIH BIHTaAaHABIPY
kesingeri IM unrubupaeyi, spexker norenunaapm (O1I1)
Kalita  OeaceHgipiayiHe  oKeaeTiHiH  xabapaaapl
I'inmoxaMITeIH NMMpaMuAaAblK HelipoHdapeiHaa Kv7.2,
Kv7.3 xene Kv7.5 sxcripeccusichl >KOrapbl 004aTbIHBI
XE991

MeMOpaHaAbIK,

QHBIKTAaAADI. Kv7 SKoHe AVIHOIIMP AVIH

aHTaFOHI/ICTepi TBIHBIIIITBIK

norennuaasiH  (TTI)  genoadpmsarmssaiapl  SkoHe

TUIIIOKaMIITHIH ~ aiiMarpiHAarel CAl  mmpaMmaaabk
HelipoHAapbiHbIH OIT 1mrerin TemeHAeTeal, HaTIDKeciHAe
Oll esairinen Geacenaipiaeai. Consimen katap Kv7
AQHTATOHMCTepi  iIIKi ~ KOSBFRIUTBIKTHL  apTTHIPAAEL
rMrepnoAsgpu3alysijaH KeliHri opralna >KoHe Oasty
TOKKa BIKIAaA eTeAi, CHalKTap >KMiAiriHiy OeltiMaeayin

TeMeHJeTe i >KoHe, Ol >kiiairiHig >KorapplaayblHa aAbIIT

keaeai. PapMaKOAOTMAABIK MHIMOMpAeyTe —calikec,
G279S AOMMHAHTTBHI-HETaTUBTI CaHbLAQyBl MyTallMsIFa
yibiparan Kv7.2 mamMagaH ThIC DKCIIPECCUSACHI apKBLABI,
Kv7 TOrbIHBIH TeXKeAyi illIKi KO3FBIITHIKTBI apTThIpajbl
xoHe Cal HellpoHAapbIHAAFbI CHAKTap >KMUidiri mMeH
mAHP OGeitimaeayin TemeHgereai [29-31]. Ocslaaiiia,
Kv7 xaHazagapbl HEIIPOHABIK KOBFBIIITHLIKTHIH MaHBI3AbI
"Texxerimrepi”’  petiHge

KbI3MeT  arkapagpl. Kv7

TOKTapbIHBIH, HEMIPOHABIK KO3FBIITHIKKA TeXKeril acepi

Herisinen Kv7 aKkcOHABIK KaHaajapblHa >KaTaAbl.
Kv7.2/Kv7.3 KaHaaAapsl TUIIIOKaMITaABIK,
HelpOHAapAaFbl COMaTOAeHAPUTTI [11a3MaAbIK

MeMOpaHaMeH CaABICTBIpFaHAQ, OacTamKbl aKCOHABIK

CerMeHTTepde keIl  ©oaagwl Kv7  akcoHaBIK

KaHaAJapBIHBIH (PYHKUVSICBIMEH caAbIcThIpFaHAa, Kv7
AEHAPUTTI KaHaAJapBIHBIH PeAi a4i ae TaaKblaaHyJa.
Cal  HelfpOHAAPBIHEIH

AUCTAAbABI AIIMKAAbABI
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AEHAPUTTEpiHAe MYCKapUHAIK aroHMCTKe ce3iMTaa
MHaKTUBaIsiAanOanTeiH Kv7 Torsl aHbiKTaaAsl [32-34].
Kv7 aemapurti Tok kaasnuit (Ca?*) cmarikrepiHiy
Oacraay ImeriH >KOFapbllaTybl MYMKIH >KoHE OCHI
AeHapurrepgeri Ca?* »aeKkTporeHesiHe BbIKIIAaA eTeTiH
JKOFapbl KOSFBIIITBHIK >KafdaliblHAa FaHa CIIaliKTap
TYABIPYBI MYMKiH. Azaiiga, XE991 xeHe amHONMpAuH
CAl pengputrepiHiH KeJepriciHe oacep eTmeini, aa
desapurti  IM  Qokaapabl  TeXXeayi  KO3ABIPEBIII
IOCTCUHAIICTBIK TIOTEHITMAAABIH  KOCBIHABIChIHA >KoHE
CA1 HellpOHBIHBIH KOSFBHIIITLIFBIHA 9Cep eTIeiidi, Oya
Kv7 AeHApUTTI TOKTBIH ©Te TOMEH AeHTeliH KepceTedi.
beacenaizikke Tayeaai Kv7 kaHaAbIHBIH MOAYASIIMACH
>K9He 04apAbIH TYPaKThI iIIKi KO3FBIITLIK e3repicTepiHe
KOCKaH YAeci Typaasl Ad1eAAep KIMHaKTalyAa. YaKbITIIIa
Mmogeainge  Kv7

DIINMACTICVAHBIH, HVIAOKapHVIHAiK

JyHKIIMACET  MeH — SKCIPeCCUACHIHBIH — TeMeHAeyi

MyCKapVHIe ToyeAAi MKTOTeHe3Te BIKIIaA eTyi MYMKiH.

Aaaiipa, yCTaMaZapAbIH, Keaea VMHAYKLUVISICBI
HEePOHABIK, TUIIEPKOZFBIIITHIKThI Bacy YIIiH
TUTIIIOKAMITTAFbI KCNQ2 SKoHe KCNQ3

TpaHCKPUIITTEPiH TOMeOoCTaTMKaABIK >Kayall peTiHAe
apTTHIpaabl, Oya perrey kepueyi 6ap Ca* L -  TumTi
KaHaaJapAbl OeaceHAIpyAl KaxKeT ereai [35].

XE991 xemerimen Kv7 Teskey apKbLAbl HEIIPOHABIK
OeaceHAiAIKTIH >KOFapblaaybl, 48 carar illiHAe MMITyAbC
SKUIAITIHIH —~ TOMeOCTaTUKAaAbBIK

TexeAyiHe —oKezaeai.

HeripoHnaslk  Oeacenaiaikrin  Hemece N-merna-D-
acntaptaT (NMDA) penienitopaapsIHBIH Y3aK 010Kalackl
KCNQ3

HelipoHAapdarsl  Kv7

TpaHCKpI/IHTiH JKoHe THUIITIIOKaMIIaAbIK

TOTBIH  TeMeHJeTedi. bya
seprreyaep Kv7 KaHaaJapbHBIH TIAyTaMaTepIMAABIK
>koHe I'AMKeprusablK cHHaICTapblHa ITPeCcUHaIICTBIK
acepi Oap ekeHi Kkepcetreai. JKuiaikTiH >KOFapblaaybl

HelIpOTpaHCMUTTEePAiH Oeainy BIKTVIMAaAABbIFbIH
apTTHIPYBI MYMKIH €KeHiH eckepe OThIpbIl, Kv7 Texxeayi
aKCOHABIK, KO3FBIIITBIKTHIH KOFapblaaybiHa Oail1aHbICTEI
HEMPOTPaHCMUTTEPAIH OeAiHyiH apTTBIPYbl MYMKIH.
ConniMen xartap, mpecuHantcrarel Kv7 Kanaagapsr
HelpOTpaHCMUTTepAi Oocaty y1IiH Ka>KeTTi
MpecHHaIICTIK, ~MeMOpaHaHbIH — AeTOoAsApHU3aliAChHa

TikeJel Kapchl Typa alaasl [36].

Ko7 cyb0iprixmepi: opHarackamn xepi, KAHAAIAPLL, Kol3Menmi XaHe KAHAAONAMUSCDL

Kv7 xaHaasapbIHBIH ITOCTCHMHAIICTBIK PO/l aHBIK
emec. JKakplHga 9AE€KTPOHABI MMKPOCKONI apKbIABI
KYPri3iareH 3epTrey >KyMbICTaphl kopceTkeHgen, Kv7.2,

Kv7.3 >xene Kv7.5 mnpumarrapAblH HpedppOHTaAbAbI

KOPTEeKCTiH III KaDaTbIHBIH NMpaMuAaAbIK
HEePOHAapbIHAAFBI AEHAPUTTL TiKeHeKTepaeri
MyCKapUHAi aleTNAXOAMHAIK penenrTopaapMeH
baitaanpickad. CAI1-CA3  cumancrapsiga mEPSC

amnantyaacel, Kv7 KaHaasapbHBIH aroHmUCTepiMeH Je,
aHTarOHUCTepiMeH Je ©3repMelidi, Oya OAapAbIH OCHI
CHHAIICTaFbl ITOCTCHHAIICTHIK TAyTaMaT pellelTOPBIHBIH
KBI3METIH peTTeyJeri laMaabl peain kepceteai  [37].
Jerenmen, SKMHAKTaAFaH Aepekrep Kv7
KaHaAAapbl TUIIIIOKaMIITBIH CHHAIICTBIK, I1AacTMKaChIH
petreliTinin kepcereai. Cunaricrapga CA1-CA3 XE991
TeTa-MMIIYyAbC INEKTi bIHTaAaHABIPY apKbIAbl Y3aK
Mep3imai kymentyai (¥YMK) muayknusaanaer. XE991
KylieciH eHrisy conbiMeH karap in vivo CAl runmokamin
ayiMarbIHAAFbl KO3ABIPYIIbI IIOCTCUMHAIICTBIK OTEHIINAA

(KIICII) epicinig aMILAUTYy achlHa acep eTIeil OTBIPHIIL,

YMK

HelVpOHJAapbIHAAFbI KO3ABIPFBIII CUHAIICTHIK OepiaicTig

MHAYKLIVS IIerid TOMEHAETeAl. CA1l
romeocTaTnKaAablk >korapslaaysl KCNQ2 sxene KCNQ3-
Ti TAMKeprusabIK MHTEpHENIPOHAAPAAaH MIAPTTH TypAe

aABIll TacTaraHaa Oaiikaaapl, Oya Kv7 xaHaagapbIHBIH

CHHAIICTBIK, ~ MacinTaOTayfa — yaAeciH — 00/AXKaliAbL
HeripoOnoaormsiga  cMHAIICTBIK MacliTadbTay (Hemece
roMeocTaTMKaABIK ~ MacIITaOTay) TIOMeOCTaTMKAAbIK,

IAacTUKaHBIH Oip Typi 0oapim Tabblaadbl, OHAA MU

HeMPOHABIK, ~ Ti3OekTeri 0OeACeHAiAIKTIH CO3bIAMaABI

JKOFapbLAayblHa Tepic Kepi OaifAaHBIC apKBLABI >Kayall
Oepeai, Oya >keke HellpOHAap¥Fa dpeKeT MOTeHITMaAbIHbIH,
KaaAnel  OeaAceHAIpy  KBIAAAMABIFBIH — TOMEHAeTyTe
MYMKiHAIK Oepeai. XeOOTiH mMkeMaidik MexaHmM3MAepi
HEeMPOHABIK, CUHAIICTBIK OalidaHbICTapAbl TaHAaMaAbl
Typde ©3TepTKeH Ke3Je, CUHAIITCTHIK Macmrabray

OapABIK  HENMPOHABIK CHHAIICTBIK  OalidaHBICTapAbI

KaAbllIKa  KeATipeAi, oOCblAalillla 9P  CUHAIICTBIH,

CaABICTBIPMAAbI CUHAIICTBIK, CaAMarbl caKkTaaaabl [38].
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Kv7.2, Kv7.3 xene Kv7.5-Kv7 Herisri HeIfpOHABIK
cy0O0ipaikTepi 2-kecTede kopceTiareH. Kv7.2 sxone Kv7.3
MU OagaMminia 0Oe3,

KBIPTBICbIHAQ, TUITIIOKaMIITa,

0azaabAbl TaHIAMAAA SKOHE TIMIIOTadaMycCTa KYINTI
DKCIIpeccHsiHBL kopceteai. Kv7.5 Mmu OaraHackHAa >KoHe

a3 gopexede MM KBIPTBICBIHAA, TUIIIOKaMIITa, IIyiije,

MaHJall >KoHe caMall OeaiKrepiHAe DKCIIepeccrsidaHaAbl.
Kv7.1 >xene Kv7.4 HeriziHeH >XypeK IIeH yAyJapZblH
TaAIIBIKTH KAeTKaJaphblHAA Ke3aeceTiHiHe KapamacTaH,
OoZap MMABIH KONITereH aliMaKTaphlHJa Ja TOMeH

JAeHreiige xke3aeceai (3-kecre) [39].

Kecre 2 - Kv7 cy66ip aikTepi: opHaaackaH Xepi, KaHaaAaphl, KbI3MeTi JKoHe KaHaa0IIaTHUsIChI

Cy66ipaikTep OpHazaackaH OpHBI Kanaa Keizmeri Aypy Typi
Kv7.1 KYpeK basty koszraaaTbiH oIl y3aK Mep3imai
TyseTkint Iks peroanpu3aIsalanAbl MHTepBaAABI qt CUHAPOMEI
Tya OiTKeH caHBIpay
Kv7.2 MM TaHTAMSICHI M-toxk I xov) KOBFBIITHIKTHI DIINAETICUST
DakbLAAIADI
Kv7.3 MU TaHTAMSICHI M-toxk I xov) KOBFBIIITHIKTHI DIINAETICUST
DakbLAAIADI
Kv7.4 KOXAeapbl, BeCTHOYASPABI OHC K*ToK Ixe KaAMii TackiMaajay caHbIpay
TaAIIBIKTBL KA€TKaJlap
Kv7.5 MU TaHTAVSICBI M-tox (?) KOBFBIIITHIKTHI -
OakbLaanAbI (?)
Kecre 3 - Kv7.2, Kv7.3 xxane Kv7.5-Kv7 Herisri HelipoHABIK cyO0ipaikTepi
I'en Cy606ipaikTep Herisri Mpmn arimakTapbl Iaecmie aypyaap
opHaaacy OOVIbIHIIIA TapaAybl
Xyreci
KCNQ1 Kv7.1 Kypek CTX, HPF, MB, CB, BS Long QT syndrome 1, JLNS, sxypekiueaep
pubpraasumsicer 6ap 0TOACHLABIK DIINAEIICH,
SUDEP, ASD, gamyabIH Oy3bIAybI
KCNQ2 Kv7.2 Heps >xyiieci CTX, HPF, A, HY, TH, AO BFNE, EE, ASD, akb1a-0i1ALIH apTTa KaAybl,
MD, SN, P. MY. CB AaMyABIH Oy3bIAybl, OalaHbIH CIIa3MaAbIK,
CUHAPOMEBI
KCNQ3 Kv7.3 Heps >xyiteci CTX, HPF, A, HY, TH, AO BFNE, EE, ASD, akb11-071 KeMiCTiri, AaMyabIH
MD, SN, P. MY. CB Oy3bIAYDI,
KCNQ4 Kv7.4 Imxi ecty BS, OA, MD, RN, NA, MY, DFNA 2, ASD
My1Ieci VTA, P
KCNQ5 Kv7.5 Heps >xyiteci CTX, HPF, BS, SB EE, ASD, akpbL1-011 KeMicTiri, mu3odppeHns

Mn aitmakTapsr: CTX - mu KpIpThIcEL; OA - mic cesy
anmakraps; HPF — runmokamn ecingici; A — 6agamira
6e3; NA —mu saapocsr; BS — mu 6aransr;; TH - taaamyc; HY

- runotaaamyc; MB- opranrer Mu; RN — TiricTi stapo; SN -

Kapa cyOcranmst; VIA - BeHTpaababl TerMeHTaAbAbl
aitmak; PAL — mmape cyp 3ater; HB — apTksr mu; SB-
Mymislk, MY — conakmra mu, BENE - kaTepcis oTOachLAbIK
HeOHaTaAbAbl EE -

DIINACTICISL, DM ACTICUSIABIK
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sHOedasomaris; ASD - aymmsMgik  crekTpaix
oysbiaysap; DFNA 2 - 2 tunTi cMHAPOMABIK emec
CEeHCOpABIK canbIpay [40].

HeltpoHHBIH iIIKi KOSFBIIITHIFBI MEH CHUHAIICTBIK,
KYIIiHiH OeaceHAiAiKKe TayeAAl TYpaKThI e3repicrepi oKy
MeH ecTe caKTayAbIH HeTisi 00AbII TaObl1abl A€TeH IiKip
KCNQ/Kv7
04apAbIH

arigaAel dcepiHe OallAaHBICTHI ecTe caKTay KabiaeTiHiH

KeH TapaAfaH. Kaaui

KepHeyi Oap
KaHaAJapbl AHTaroOHUCTEpPiHiH  TaHBIMFa
OY3BIAYBIHBIH BIKTMMaA HBICAaHAApPHl peTiHAe YAKeH
KBISBIFYIIBIABIK ~ TYABIpaAbl. MaHBI3ABICH, de  10vo
oaapanly KCNQ2 /Kv7.2 xeme KCNQ3 /Kv7.3
HeMpOHABIK CyObOipaikrepinderi OackiM MyTanusaap
SINAETICUSIMEH KoHe AaMyABbIH KellleyiajgeyiMeH >KoHe
aKbpIA-OJ KeMICTiriMeH cMIIaTTaJaThiH HepoAaMy/AbIH
OysblaybIMeH OaliaaHbICTEL. HelpOHABIK KOBFBIIITHIK
neH snmaerncusagarsl Kv7 KaHaa4apbHBIH peai KeHiHeH
JerenmeH,

3epTTeA,Zl,i. OoJlapAbIH

JKoHe ecTe

HeIPOHABIK
I1AaCTUKAAAFbl,  OKYyAarbl

QYHKIIMOHaAABIK, MaHBI3BI HeriziHeH Oearicis GoabI

cakTay/arbl

Kadaasl. MyHaa 6i3 Kv7 kaHaaAapbIHBIH iIKi >KoHe
CUHAIICTHIK, TAacTUKaAaFbl PeAiH, COHAAl-aK OAapAbIH
TaHBIM MeH MiHe3-KYABIKKAa KOCKAH yAecCiH pacTaliThIH
COHFBI 3epTTeyAepAi KapacTeipambi3 [41].

Kv7 HePOHABIK, KaHaAAapAbIH poain
aHBIKTAITBIH HETi3Il curaTraMa oJapAblH KJeTKaillliaik
A0KaAM3ausICel 0oAablll TaOblAaAbl. Kv7 kaHazasaps
aKCOHHBIH OacTanksl cermeHTTepi (ABC) >koHe aHKMPUH
G Oesaorpiven PanBbe OybIHBIHAAPBIHAA OpHaAJacKaH.
ABC KO3ABIPFBIII IIPeCcHHAIICTLIK, ITOTeHIIalAap dpeKeT
IOTeHITMaAAapbIH aKCOH DOMIBIMEH TachIMaAAaiThiH, Ol
MHNUITMAIMSCHH OaKbLAayIIIsl KBI3MeTiH aTkapaabl [42].

Conpiven katap ankupun G Kv7.2 kanHaagapbiH
>KoHe a3 Aopexese Kv7.3 kanaagapuia Pansbe OybiHAapBI

JAeIl  aTaJaTbhlH MMEAMHCI3 aKCOHABIK —aiiMakTapJa

OKIllayJdayAaHABIPY  KbI3MeTiH  arkapaapl.  bya
Tyiingepae  Kv7  (7.2/7.3)  xanaagapsr  RMP
TYPaKTaHABIPY —apKblAbl ~ KaAuiigiH ©Oasy  CBIPTKBI

TOTBIHBIH HeridiHge ©o04a OTBLIPBHI, KepHeyre Toayeaai

HaTpUIl KaHaaJapeiMeH Oipre kaacTtepaene iOHBIH

AKCOHABIK AOKaAM3alsIChiHA corikec, Kv7 akCOHABIK
KaHaAbIHBIH TaHAAQyAbI Hacrraysl, apeKeT
ITOTeHIMaABIHEIH 0OacTalyblHa BbIKIIad €Te OTBIPBII,

CIIaifKaAbIK IIOCTACTIOASPU3ALIVAHBI apTThIpaAbl. 3epTey

SKYMBICTaphlHAA  aKCOH  MMeAMHAeAyi  >KOMbLAFaH
yakpitTa, Kv7 Kanaagapsr akcon 6oitbIMeH Tapaabl, Oy
JKYJKe KO3FBIIITBIFBIH apTTybIHa acep eTTi. bya Oyxia
akcoH OoiipHIa RMP TypakTaHabpy apKbLABI XKy3ere
acaambl gerr 0oakaHAw! [43].

ABC-ten  TBIC

IepcoMaTHKaAbK, ~aliMaKTa 9KcIlpeccusidaHaapl. M-

Congait-ak, Kv7 kanaagaps

dynaKIIMIICH

CHHAIICTBIK ITOTeHIIMaAAbl 61p1KT1pyMeH CuIlaTraaaAbl.

TOKTBIH COMaTMKaAbIK KO3ABIPTBIIIT

Kesinge kepceriaren comatukaanlk Kv7 KkaHaasl,
comatnkaaslK YMK ammanrysacer MeH ¢QopmackH

esrepreai. Congaii-ak, Kv7 kaHaagappl anmkaababl

AeHApuTTepAe  oKcIpeccusidaHadpl.  Kv7  xaHaab
AeHApUTTepAe CaABICTBIPMabl Typae cupex
Ke3JeCeTiHAIKTeH,  AeHAPUTTepaiH  imniHgeri  Kv7

KaHa/AJapBIHBIH KBI3MeTi 24i AeDeAricis, gerTeHMeH oaap

TYPaKThI ,A,eH,z],pI/ITTiK aTalaTbIH

Karaiaapra

TUIepKo3y  Jell

BIKTIad eTeai JereH Oozxam  Oap.
Conrninga, Kv7.2 nmpecuHancTbiy yIIbHAa OpHaAacKaHbI
kepcetiaai. bya xepae Kv7 xaHaaagapBIHBIH YAFarObI
HepOTpaHCMUTTepAiH OeaiHyiH oacipereai, aa Gq
axkTuBTeHyiMeH Kv7 TOTBIHBIH TeKeAyi KepHeyTe ToyeAai
KaAblIMI KaHaAAapBIHBIH OeAceHAipiayiH apTThIpajbl,
Oy aamMacyAbIH >KOFapblaayblHa okeaei [44].

M-TOKTbIH KepHeyTe Toyeai curiaTTaMadaphl OFaH
MIAAFbl KOSFBIIITHIKTEI OakplaayFa MYMKiHAIK Oepeai.
Kv7 kanaagapsl IIekTi IoTreHnMasddap HiaMameH -60
MB.imteringe  icke ConbiMeH

KOCBIAAABI. Karap,

IIOTeHIIIaAfa Tayeaai Kaaum KaHaAJapbIMeH

CaABICTBIPFaHAQ, Kv7 MHaKTUBaLMsIAaHOaIAbI,

COHABIKTAH Ja MeMOpaHa JeloAspusalislaHFaH

kyiinae Kv7 Torml cakrasaanl. Hertikecinae Helipongap

IIIeKTi KO3ABIPFBILI KipicTepai aJAraH Ke3ae
MeMOpaHaABlK IIOTeHIIMaAAbIH THIMAL TypaKTaHybI
Oalkaaaapbl.

CaapicTBIpMaABl  TypAe aKTUBaIMSHBIH —Oasy

KHeTuKachl Kv7 kaHazgapbl spekeT ITOTeHIVaAbIHbIH

aMIIAUTYJaChblH ~ HeMece Y3aKTBIFbIH  aiiTapAbIKTail

esrepTieiigi, kepicinmre, M-TOKTBIH (PYHKIIMOHAAABIK
cazzapbl KayTa

9peKer OTEeHIMAAbIHbIH

Oeacenaipiayine >KOA GepmeriTis, Tepic
IIOTeHIIMaAAapAarbl MeMOpaHaHBIH KbICBLAY peTiHAe

kepiHic 6epeai [45].
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Kv7.2

DIINMACTICVIST MeH

Kv7.3

9HIIe(aA0IaTVTHBI

SKoHe KOATAlTBIH  TeHAepJe
TYABIPATHIH
KeIlTereH MyTanusidap Oap eKeHAiri kepceTiareH. bya
IaToAOIMAAapAbIH €H KOIl TapaaraH Typi peTiHge
Karepciz HeoHaTtaapApl ycramaaap (BANS) Geariai. Oa
ayTOCOMABI-AOMMHAHTTEI U AVIOIIATULABIK,

SHUAENCHAABIK ~ CUHAPOMHBIH  Oip  Typi.  Oco
MyTallusidapAaH TyblHAaFaH YcTaMaJap TyblAFaHHaH
KeiHIi aAfallIKbl KyHAepde maiiga 0o04aabl >KoHe
aJAfalliKpl 2 aliga ©34iriHeH >KOMBIAY BIKTMMaAAbIFbI
JKOFaphl. DNUAENCUAABIK, — OeAceHAiliKKe — dKeAeTiH
MyTanuslap Heri3iHeH ayTOCOMABI-AOMMHAHTTHI OOABIIT
TabblaaAbl, Oy KaHaA QYHKITMACLIHBIH KOFaAybIHa aAbIIT
Keaeai. MpIcaabl, MUCCEHC — 04 AereHiMi3 I1Aa3MaabIK,
MeMOpaHaJaFrbl Kv7 yHKIIMOHAAADI KaHaAbIH
TeMeHaeTeai. by MyTalmsaapAbIH KeIiAiri 6azaababl
M-TOKTBIH TOMeHAeyiHe JKoHe O4aH KelliHIi IUIepKo3yFa
aawlll Keaedl. bya epre OacrasaThlH SHMAENICUSAABIK
sHIledajonaTisl >KarjaiAapblHa Aa KaTBICTHL. O3ipre
sHedasonarsiaap Tek KCNQ rengepingeri mmcceHc
0aliaaHbICTHI

MyTanusaapbiHa AaHBbIKTaAAbI.

AMIHKBIIIKBLAAAP ABIH MyTaIMsICHI TeK Kv7

KaHaAJapBIHBIH  (PYHKUIVOHAAABIK  DKCIIPECCUSCHIHBIH
TeMeH/JeyiHe FaHa eMec, coHbiMeH Katap ABC-teri Kv7

KaHaaAapbIHbIH A0KaAM3alIVIsICbIHBIH JKOraaybIHa

OaAaHBICTEI  €KeHi  aHbIKTaAAblL. M-TOKTBIH

OeaceHAiAiriHiH >KoFapAaybl ycTaMalapAblH OacTaayblHa
Ooapr  Tabblaaabpl.  Aaaiija,

MaHBI3ABI  KeJepri

DIINACTICUSABIK BHLIe(l)aAOHaTI/I}IMEH aybIpaTbIH

HayKactapaa Kv7 kaHaajapbiHbIH — QYHKIUSACHIHBIH
earepicrepi kymeiteai. OcbiHgai MyTanusaapAbiH Oipi
Kv7.3

KepHeyre cesimTaa gomenge, Kv7.2 xene

5. KOopbITbIHABI

Kv7 kanaagapsl, coHgani-ak M tunri kanaagap
nemece KCNQ xanaagapsol petinge 6earii, oaap TemeH
meKkTi KepHeyre Toyeasai K* kanaagaps 0oabm
Tabpraaapl. Kv7 KaHaagapBIHBIH IIaMajaH TBIC TeXKeAayi
HeMmece AUCYHKIMACE KoDiHece ycTamaJapra Hemece
Dacka SHMAENCHAABIK CMHApPOMAapra oKededi, oya M

KaHaABIHBIH 'TeXKerill' KBI3METi peTiHje opeKeT erejj,

cyoOipaikTepinge  Tabblaapl.  bip  KBI3BIFB,  Oya
MyTalusidap ®KCIpeccuslaHFaH HelpoHAapAaFbl iITIKi
KO3FBIIITBHIKTEL TOMeHAeTce Ae, rurmtokaMirTeiy CAl-ae
JKeAiAiK KOBFBIIITHIKTBIH aliTapABIKTall >KOFapbLiaybl
bya Kv7

ITOTeHIVaAbIHBIH TapaAybIH 6aKI)I/1ay,Zl,a MaHbI3AbIABIFbIH

Oarikaaaapl. KaHaAABIHBIH opeKer

Kepceteai [46-48].
Kv7 KaHaAAapPbIHbIH, CHeI_U/ICl)I/IKaAI)IK

cumarramMajdapbl  O4dapAblH  Y34IKCi3

OeaceHaiAiKKe Kapchl KYIITi TeXKeTilTep peTiHAe XKYMBIC

HePOHABIK

icreyine =~ MyMmKkiHAIK ~ Oepeai.  Mpricaa  petinge

peTurabHMeH MHAYKIIMSIAaHFaH M-TOKTBIH
JKOFapblaaybl SIMAeNCHsAFa Kapchl Tepamusl peTiHAe
yakeH >KerticTikke >kerTi. Kepicinme, Kv7.2 kaHaabH
AABIIT TacTaraH >Karaaraa, yCTaMara AereH
Ce3iMTaAABIKTEI apTabl >KoHe TUIIIOKaMIIKa Toyeaal
KeHICTIKTIK ecTi, COHgali-aK ThIIIKaHAapAaFbl KOPKbIHBIIII
cesiMi TemeHJenai. Jerenmen, Kv7 kaHaasapbiH
DKCIIPecCUsIAaliThIH HeMPOHAApAaFbl TUIIePaKTUBTiAIKTI
y34ixciz Oacy, ec CUAKTHI KOTHUTUBTI (PyHKIMsIAapAbIH
Oy3blaybIHa aAbIl Keayi MyMKiH. Heltporpancmutrep
aleTMAXOAVH TyAbIpFaH M-TOKTBIH TeKeAyiMeH >KoHe
MIABIH >KOFapbl (PYHKIIVSIAapbIMEH THIFbI3 OailAaHbICTHL.
Oa HeMpOHABIK  KOSFBIITBHIKTEI MOAYAAIMAAYABIH
aAfalIKbl MbICaAAapbIHbIH Oipi 0044BI. XOAUHEPTIUAABIK,
BIHTaJAaHABIPY Ke3iHge OalikaaaTsi Kv7 xaHaaaapbIHBIH
OeaceHaiairin  TeXXey, HeMPOHABIK  KOSFBIIITHLIKTBIH
KeHICTIKTIK >KoHe yaKBITTBIK I1AacTMKachIH KaMTaMachl3
ereal. /JereHMeH, MIUABIH >KOFapbl (PYHKIUAAPBIHAAFBL
M-TOKTHI

Oacy SKYMBICTApBIHBIH acTapbl oa4i Je

xaaracyaa [49,50].

JKMHaKTaafaH M TOK aKTMBTeHyi apKblAbl apThIK
TUIIePKO3YABIH aAAbIH alaabl JeTeH ujesra akeaedi. M-
TOKTBHIH (PapMaKOAOTMAABIK dCepi DIMAercus KeaiHaeri
eMJiK HYCKachl peTiHjge KeHiHeH 3eprTreasi. bepiaren
110AyJa alThlAFaH HeBpPOAOTUAABIK aypyaapra, Kv7

KaHa/AJapbIHBIH KaJdail KaThICATBIHBI TypaaAbl 241 KeIl
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Hopce Oearicis. OaapAbIH KOIIIIIiAiri YIITiH 911 4e 0a3aabIK
KAVHIKAABIK CBIHAKTap OTKi3iAyi KaKeT.

bepiaren moayaa taakplaanran seprreyaep Kv7
KaHa/AJapbl HEMPOHHBIH I14acTUKaABIK KacueTiHe, ecTe
caKTayFa >KoHe MiHe3-KYABIKKa BIKIIaad eTeAl 4ereH >KaHa
TY>KBIPBIMAAMaHbI Herisri

KOAJaviapl.  /lereHMeH,

MOAEKYAaAbIK JKoHe KAeTKaAbIK MexaHI/ISMAepAi

TyciHyiMi3ae aiTapAbIKTail 0iaiM aAIIaKTHIFEL Oap.

boaamak seprreyaep Kv7 KaHaa4apbIHBIH KYPBLABIMADI-

Myaaeaep KakTbIFbICB: ABTOpAap Mydaeaep
KaKTBIFBICBIHBIH KOKTBIFBI TYpaAbl MaAdiMAeMeli.
Kap:xblaanapipy:

Pecrty6.amkacs! FeLABIM KoHe SKOFapbI 611iM MUHUCTPAIri

3eprrey  Kasakcran

Frranim Komurerinig Kap>KbLABIK

AP19680470

Oeacenaiaik MogeaiHAeri IUIIEPKO3YABIH peTTeayiHe

KOAJaybIMeH

OpBIHAAAABL  (TpaHT DONUAETICUSIABIK,

Pochonnosnroaandocdarrery  (PIP2) >xone Kaamit

KaHaaAapbiHbIH Kv7 KaTbIcys).

KBI3METTEPiH, 01apAblH KbI3METi MeH TpadUIiHiH HaKThI ABTOpaapabIH KOCKaH yaeci:

MOAYASATOpAapbIH >Kacay Y1IiH MeXaHKaABIK, Konnenryaansanus - T.C.T., 3.B.IL, T.I'A; matiH ka3y-
ujesAapAbl  KaMTaMmacels  eredai. bya  TakwIpbin T.C.T., 3.B.I, matin a3y >xoHe Ty3ery — M.A.E., KB.K;
yAnaaapAaFrbl Kv7 KaHaA/JapbIHBIH MaHBbI3AbI MaTepuaaabl kuHay koHe eHaey - MLAE.,, K.B.K., O.C.b.
PU3MOAOTUAABIK  poeajepi, MeAULMHAABIK  >KJHE

Cl)apMaKOAOFI/I}IAbIK MaHbI3AbIABIFbI KepceTeAi.
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Pe3omMme

KaAI/IeBbIe KaHaAbl HpI/IHI/IMaIOT y‘IaCTI/Ie B (I)OpMI/IpOBaHI/H/I B036yAI/IMOCTI/I HeﬁpOHa HpI/I DIINMACTICUM HapaBHe
C ,ZI,pyrI/IMI/I KaHasgaMl, HO X pO/lL 6IJIAa HpaKTI/I‘IeCKI/I He I/ICCAe,ZI,OBaHHOIV/I. B HepBHOIZ cucreme pO/lI) TOpMOBHbIX
KaAVeBbIX KaHa/A0B 9aCTO He4O0OO0ILleHIIBaeTC s, HOCKOAbe M pr,ZI,HO HpI/IHI/ICaTb KaKy10—HI/I6y4]: HpOCT_YIO, I/IHTyI/ITI/IBHO
HOHﬂTHYIO CI)YHKLU/IIO, B oTAn4dme OoOT, Haan/IMep, AeHO/UIpI/ISy}OH_U/IX KaHaA0B, OTKprTI/Ie KOTOpLIX HpI/IBOAI/IT K
BO3HIMKHOBEHIIO ITOTEHII1aA0B AeﬂCTBI/IfI n gajaee K nepeAaqe BAGKTPI/I‘IQCKOFO C/THaJla Ha MLIH_IL[y u ee COKpaH_IeHI/IIO.
TeM He MeHee y>1<e cenyac SICHO, 4TO KaAleBble KaHaAbl HeSpI/IMO HpI/IHI/IMaIOT y‘IaCTI/Ie HpaKTI/I‘IeCKI/I B Ka’X4a0M
HpOﬂBAeHMM pa6OTbI MO3rIa, B Ka>K40M ero Hef/lpOHe, " "X BKAaA4 CTaHOBUITCSI OCO6€HHO 3aMeTeH HpI/I I/ISy‘{eHI/II/I TaKMX
DKCTPEMAABHBIX COCTOSAHUI, KaK BDIIMAEIICVLI. HOTeHLU/IaA-quCTBI/ITeAbeIe kaHaapl Kv7.2/3 obecriednBaior
HeMHaKTUBUPYEMBII KaAueBblii M-TOK, KOTOpBII peryampyeT IIOTeHIMaA TIIOKOs HelpoHa B KOMIIapTMeHT-
ceruduIeckorl MaHepe. DTO O3HavaeT, 4yTO caMy KaHaael Kv7.2/3 10KaAM3yIOTCsS B aKCOHe HeNpOHa UM TaM
AKTUBUPYIOTCA.

KaHaAbI KV7 YHI/IKaAbeI CpeAI/I KaHaA0OB K*, HOCKOALKy qupre W3 IIATU ITIOATUIIOB KaHa/A0B I/Il"paIOT XOpOH_IO
AOKYMQHTI/IPOBaHHYIO pOAIJ B paSBI/ITI/II/I 336OA€BaHI/II7I gea0BeKa. OHI/I BBITIOAHSIOT pasAqume Cl)I/ISI/IOAOFI/ILIeCKI/Ie
CI)YHKLU/II/I B Cep,zu_[e n HepBHOﬁ crucreMe, 4TO MO>KHO O6"I>}ICHI/ITI) X CBOVICTBAMU praBAEHI/I}I ITIOTEeHIIMaAO0M. KaHaAbI
KV7 TaK>Ke I10A4A4aI0TCsI q)apMaKOAOFI/ILIeCKOIZ MO,ZLy/l}ILU/II/I, a CHMHTeTn4eCcKme OTKprBaTeAI/I n 6AOKaTOpI)I KaHaA0B,
peryAnpylonye HelipOHHYIO BO30YAMIMOCTS, CyIIIeCTBOBAAU €Ille A0 TOTO, Kak KaHaabl Kv7 Op1au naeHTHPUIIMPOBaHBI
IIyTeM KJAOHUpOBaHM:. B aTOM 0630pe MBI 06CyauM OOIIYIO XapaKTepMUCTUKY KaHaaoB Kv7 3a rmocaeaHne roasl,
UCTOPUIO OTKPBITUS, CTPYKTYPY cyObeaunun Kv7, puanoaornio B HOpMaAbHBIX U IIaTOAOTMYECKIIX YCAOBUSX.

KaroueBble caoBa: smmaencus, KaadueBble KaHAAbl, aKCcOH, Aeroaspusarnus, ¢$pocdaTuanAnHO3IUTOA-4,5-

oucdocdat, KaabMOAYANH, CUHAIIC, pETUTa0NH.
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Abstract

Potassium channels are involved in the formation of neuron excitability in epilepsy along with other channels,
but their role has been practically unexplored. In the nervous system, the role of inhibitory potassium channels is often
underestimated, since it is difficult to attribute to them any simple, intuitive function, unlike, for example, depolarizing
channels, the opening of which leads to the emergence of action potentials and further to the transmission of an electrical
signal to the muscle and its contraction. Nevertheless, it is already clear that potassium channels are invisibly involved
in almost every manifestation of the brain, in every neuron, and their contribution becomes especially noticeable when
studying such extreme conditions as epilepsy. The Kv7.2/3 potential-sensitive channels provide an inactivated
potassium M-current that regulates the resting potential of the neuron in a compartment-specific manner. This means
that the Kv7.2/3 channels themselves are localized in the axon of the neuron and are activated there.

Kv7 channels are unique among K* channels because four of the five channel subtypes play a well-documented
role in the development of human diseases. They perform various physiological functions in the heart and nervous
system, which can be explained by their potential management properties. Kv7 channels are also amenable to
pharmacological modulation, and synthetic channel openers and blockers regulating neural excitability existed even
before Kv7 channels were identified by cloning. In this review, we will discuss the general characteristics of Kv7
channels in recent years, the history of discovery, the structure of Kv7 subunits, and physiology under normal and
pathological conditions.

Keywords: epilepsy, potassium channels, axon, depolarization, phosphatidylinositol-4,5-bisphosphate,

calmodulin, synapse, retigabine.
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Pe3omMme

Heario  aganHOV  pabOTHl  ABAsS€TCS  BCECTOPOHHMII ~ 0030p  MapKeTHUHIa

CTOMAaTO/0TMYECKIX YCAYT U IIPUMEeHEeHN s MapKeTHHTa B COLIMaAbHBIX CeTsIX B cepe
cromaroaoruu. B mporiecce mccaegopaHus Obla HpoBeAeH IIOMCK HaydHON
AUTEpPaTypPEI 10 KAIOYEBBIM CBSI3aHHBIM C

CcA0BaM, MapKeTMHIOM

CTOMAaTOAOTMYECKUX YCAYT, VIIpaBAeHMeM OpeHAOM, IIPOABVDKeHMeM uepes
coumaabHble MeAMa I B3alMOJENCTBUMEM C KaAMeHTaMM. PaccMmarpusarorcs
OCHOBHBI€ aCIIeKThl KOHIIENIIMM MapKeTMHIa CTOMAaTOAOTMYeCKUX YCAYT B paMKax
Mogean 8Ps (9aeMeHTBI IIpOAYKTa, MECTO M BpeM:, IIeHa U ApYyTHue pacxoapl,
NpoJBIDKeHNe 1 obpa3oBaHIe,

¢usnyeckas  cpeaa,

BAVIsSIHIIE Ha

AI0AY,  IPOIIECC,

Ipon3BoANTEAbBHOCTD nu Ka‘IECTBO) n nx YCIIenIHOCTb
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CTOMAaTOAOTMYEeCKO) IpakTuku. Taxke MsydeHa pOAb COLMAAbHBIX MeAMa Kak
5P PeKTNBHOTO MHCTPYMEeHTa AAs IIOBBHIIIEHUS OCBEJOMAEHHOCTY, IPUBAEYEHILI]
KAVEHTOB U YKpeIL1eHNs AOSIABHOCTU. ABTOPHI ITOAYEPKUBAIOT HEOOXOAUMOCTB
rAyOOKOrO IIOHMMAaHUs TeOpUM ¥ IPAKTUKM MapKETMHIOBBIX CTpaTermii Aast
YCIIEIIIHOM ~ AesITeAbHOCTM B COBpeMEHHOM CTOMaTOJAOTMYecKoM  Ou3Hece.
VcnoabvsoBanue mogean 8P m umHTerpanus cOIMaAbHBIX Megua II03BOASIOT
CYIIIECTBEHHO TIIOBLICUTH peHTabeAbHOCTh U D(P(PEKTUBHOCTh MapPKETVHIOBBIX
KaMIIaHIIA.

KaiogueBble caoBa: cTOMAaTOAOIMS, MAapKeTUHI, YCAyIM, COIlMaAbHble MeJua,
MapKeTMHIOBbIe cTpaTerny, 8P, mpoaBikeHne, KAMeHTOOPMEHTPOBaHHbII IT0AX04,

11ppOBOIT MaPKETHHI.

1. BBeaenue

MapxeTuHr cerogHsl urpaeT KAIO4eByIO poab B
pasBuTHM 2100071 cpephl, BKAIOYasl CTOMaTOAOTMYECKYIO
oTpacap. B mocaesnme roabl oTMeudaeTcs CHIUKeHIe
peryaspHoO
IIpUBOAUT K

IIpOneHTa I1IallVIeHTOB, II0CeIaroImmMXxX

CTOMaToAO0ra,  4TO U30BITOYHOI
KOHKYPEeHIINI CpeAl CTOMAaTOAOTMYeCKUX KAMHUK. Jas
MIpUBA€YeHNsT HOBBIX ITallIeHTOB aKTUBHO IPUMEHIOTCS
MapKeTUHIOBBIe CTpaTerny, KOTOpble CTaHOBSTCI BCe
00/€ee paclpoCTpaHEHHBIMU CPeAV Pa3AUYHBIX BUJAOB
CTOMaTOAOTMYECKUX yupexxaeHmir. Takum oOpasom,
MapKeTMHI CTOMAaTOAOTMYECKMX YCAYT CTAHOBMUTCS He
TOABKO aKTyaAbHBIM, HO M HEOOXOAMMBIM A4S
YCITENTHOTO OTKPBITUS MAN D(PPEKTMBHOTO yIIpaBAEHIs
CTOMAaTOAOTMYECKUMU KAMHUKaMu [1].

B ®koHOMIYECKOVI TeopuMM BBIAEAAIOT ABa
KAIOYEBBIX D/1€MeHTa B IpejoCcTaBAeHNI
CTOMaTOAOTMYECKUX VCAYI: CIpOC U IIpeAlo>KeHIe.
Crpoc BKa1o4aeT B ceOs1 TaKMe acIleKThl, KaK I1allVieHTEl,
uUX JemorpadudecKrie XapaKTepMUCTUKy, (UHAHCOBbIE

BO3MOJ>KHOCTH, IIOTP €OHOCTh B CTOMATOJAOTUYECKOI

momMomm 1 ypoBeHb DKOHOMIYECKOM AOCTYITHOCTU yCAYT.

B CBOIO ouepeap, npeAAO0KeHne OXBaTbIBAET

XapaKTepUCTUKIU CTOMAaTOAOIrOB (I/IX KOAM4eCTBO,

pacripesgeseHue IO peruoHaM), 4achl  pabOTHI
CTOMAaTOAOTUYECKMX KaOMHETOB, AOCTYIHOCTh YCAYT U
HaAU4dMe  BCIIOMOTaTeAbHOro Irepconaza. Ognako
MapKeTUHI CTOMAaTOAOIMYECKUX YCAYT UMeeT CBOU
0COOEHHOCTH, OTAMYAIOIINE er0 OT MapKeTUHIa APYIUX

MEeAUIIMHCKNX HarlpaBAeHuit [2].

AAs yCIIeIIHOTO HpUMeHeHMs MapKeTHHIa B
CTOMAaTOA0TUI HeOOXOAMMO ajalTHpOBaTh ero 0a3oBbIe
HNPVHINIIB 1104 ciennuky priHKa. OAHOI 13 Hanboaee
M3BECTHBIX  MOJeel,

OIIVICBIBAIOIIINX crpoc Ha

CTOMAaTOAOTMYecKUe  YCAyTH,  ABAsSETCA  MOJAeab
MPON3BOACTBEHHON PYHKIIMN 340p0Bbsl. COracHO STOM
MoJeAl, 340pOBbe pacCMaTpUBaeTCsl KaK KOHedHasI 11e1b
MHAMBUAYaAbHBIX MpeATIoYTeHNI. ITanyenTs
BBIOMPAIOT CTOMaTOAOTMYEeCKIe YCAYTH MICXOAS U3 CBOel]
IOTPeOHOCTM B HUX A4 TOAJep>KaHMSA  3J0pPOBbs

noaoctu pra [3-5].

Ora  KOHIENIUs OTpaXkaeT He  TOABKO
HKOHOMIYECKIe aCIIeKTHI IIpeA0CTaBAEHII
CTOMAaTOAOTMYECKMX yCAYI, HO U IOAYepKMBaeT
Ba>KHOCTD dpopmmpopanms 9P PeKTUBHBIX
MapKeTUHIOBBIX ~ CTpaTeImii  AAsd  YAOBAETBOPEHI
rorpebHOCTeN TaIVIEHTOB u ITOBBIIIIEHNS

KOHKYPEHTOCIIOCOOHOCTH KAMHUK.

CromaToa0rMyeckue CAy>KOBI CTaAKMBAIOTCS C
pAAoM 1poOaeM, OOYCAOBAEHHBIX POCTOM oOOBeMa
IIpeAOCTaBASIEMBIX ~ CTOMATOAOTMYECKUX  YCAYT  3a
rocAeJHye TOABL. DKOHOMMYECKOe pa3BUTHE CTPaHbI
UTpaeT KAIOYEeBYIO poAb B oOecriedeHNH AOCTYITHOCTU U
KayecTBa yCAyT IO OXpaHe 340POBbs IIOAOCTH pTa. DTO
TpeOyer  raybokoro IOHMMaHMsA  IpoOJeM I
OCODEHHOCTel pPBIHKA CTOMAaTOJOTMYECKUX YCAYT AAs

¢popmuposanmst >PPeKTUBHBIX TI0AXOA0B K X PEeIIeHNIO

[6]-
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C pasBuTHEM MHTepHeTa CII0COOBI

KOMMYHIKalI N MeXay

KapAnHaAbHblEe M3MEHEHISI. B YaCTHOCTH, IIOsB/AEHIEe

AIOABMU  IIpeTepliean
COLIMAABHBIX CeTell CYIIeCTBEHHO M3MeHUA0 (HOpMsI
B3aIMOAEVICTBIUS, IIPeJOCTAaBUB HOBBIE BO3MOXKHOCTH
Aas1 obMeHa nHbOpMaIyen ¥ yCTaHOBAEHUSI KOHTaKTOB.
ComaapHble MeAna IIpeACTaBASIOT coboit
KOMIIBIOTEPHO-OIIOCpeAOBaHHbIe TEXHOAOIUM, KOTOpbIe
YIIPOLIAIOT co3AaHue 1 oOMeH uHdOpMareir, naesmu,
podeccroHaAbHbBIMU

IHTepecaMI n ApyrumMm

2. Marepmaabl 1 METOABI

ITouck amreparypel OblA TIPOBEAEH B psde
aBTOPUTETHBIX OHAAlH-0a3 AaHHBIX, BKAIO4Yas PubMed,
Medline, Google Scholar, EBSCO, Wiley Science Library
n Saudi Digital Library. lJcnoab3oBaamch KalOdeBble
CAOBa: «CTOMAaTOAOTMYECKNe VCAYIM», «KAVHIYeCKas
IIpaKTIKa», «CTOMAaTOAOTMYEeCKas IIPaKTUKa»,
«CTOMAaTOA0TUYECKIIT MapKETVHI».

B pamkax wuccaegosaHmst Oblaa coOpaHa U

IIpoOaHaAN3MpOBaHa BCI pedeBaHTHas I/IHq)OpMaLH/I}I,

3. PesyabTaTsl

B xoae momcka Obla0 BbIIBAEHO 1663
uccaeosansl. Bce peaesanTHble 1 MHGOpPMAaTUBHBIE 113
HIUX ObLAM TIIATeABHO OTOOpaHbI ¥ BKAIOYEHBI B
HacCTOsIINI 0030p.

B MapxkermHre ycayru paccMaTpuBalOTCA Kak

HKOHOMMYECKas AesATeAbHOCTD, IIpeJocTaBAseMast O4HOMN

popmamMy  caMOBBIpa>KeHMsI — 4Uepe3  BUPTYaAbHBIE
cooOrriectsa u cetu [7].
Ileapio aaHHOIT pPaOOTH SBASETCS WU3YyJeHUe

CTpaTeI‘I/Iﬁ MapKeTHIa CTOMaTOAOIMYEeCKUX YCAYT, a

TakKKe aHaAn3 VICIIOAB30BaHVIsI MapKeTHHIa B
CconMaabHBIX Mearia AN IIpOABIIPKEHISI
CTOMATOAOI'MYEeCKIMX KAVTHUK n yAy4dHIeHms1

BSaMMOAQIZCTBI/I}I C IIayieHTaMII.

Kacamomasicsl MapKeTrHra cToMaToAOIMYeCcKX yCAyr U

MCII0Ab30BaAHIAS COLMaAbHBIX Meaua B
cTomMaToAorndyeckoM Mapkerunre. Ocoboe BHMMaHUe
OBLAO yJeAeHO pa3AMYHBIM acIekTaM MapKeTUHra
CTOMAaTO/AOTMYeCKOl ITpaKTMUKM, BKAIO4ass Moaeap 8P
(mpoaykr, MecTto 1

Ppusnueckas

BpeMs, IleHa, MPOABIUKEHIeE,

cpesa,
IIPOU3BOAUTEABHOCTh U KauyecTBO), a TakKXke M3YIeHUIO

ATOAA, IIpOIIeccHl,

poan connaabHbIX MeAlia B ITPOABVIDKEHNU YCAYT.

CTOPOHOI  APYTOM  C

IoTpeOHOCTell KAMeHTa, IIOTpeduTeAs NAN IoAydaTels.

1IeAbI0  yAOBAETBOPEHUs
/laBaok 1 BupTii mpea40Xman HOBBIN MapKeTUHT-MUKC
u3 8P, KoTophmli IpejHasHaueH A4 9PPEeKTUMBHOTO
ycayr,
ocobenHoctu [8].

MapKeTuHIa y4nThIBasI ux YHUKaAbHbIE

Tabauna 1 - DaemeHTHI MapKeTUHI-MMKca 8P gas ycayr

DaeMeHT Ormcanue

IIpoayxr

YCAyFa Kak I1peAa0>XeHnne A4s1 yA0BA€TBOPEHIISI HOTpe6HOCTeI71 KAMeHTa

Mecro 1 BpemMs1

,Z',OCTyHHOCTb ycaym AAast HOTpe6I/ITe/1}I B HY>KHO€ BpeM:I I B Hy>KHOM MecCTe

Llena 1 apyrue pacxoabl

CroumocTh ycayru, BKArO4ast BCe€ CKpPbIThIE 1AV AOIIOAHNTEAbHBIE PAaCXOAbl AA5 KAVIEHTa

ITpoasixenne u oOydeHne

ycaym

MeToap1 MHPOPMUPOBAHIS 1 OOyJIeHNs TTOTpeduTeael AAs yAYJIIeHNs BOCIIPIUATIAS
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Pusuyeckas cpeda

Oxkpy>xaroras cpeja, B KOTOPOI PeA0CTaBAsSeTC S yCAyTa, BAUAIONAA Ha BOCIIPUATIE

ITponecc

Crroco0 mpeaocTaBAeHILsT yCAYTH, KOTOPHIN BAMsET Ha ee yA00CTBO 1 Ka4eCTBO

A10am

COprAHMKM, OKa3bIBaloIye yCAyry, U Mx BSaI/IMOAeﬁCTBI/Ie C KAeHTaMI

HpOI/ISBOAI/ITe/leOCTb ¥ Ka4eCTBO

Omnenka 3¢ PeKTMBHOCTI 1 KadecTBa IIPeJOCTaBASIEMBIX YCAYT

Dma mabAuya Kpamxo onucviéaem Kaxovlil U3 IAeMeHmos mapxemunz-muica 8P 0rs ycayz

DAeMeHTHI IIPOAYKTa

B MapKeTHIe CTOMaTOAOTMYeCKast

ycayra
IpeJcTaBAseT COOOI BCe, UTO MOXKET OBITh IIPeAA0KEHO
KAMEHTY C IIeAbI0 YAOBAETBOPEHM:SI €T0 KeAaHUs VAU
ycayra
KAIOYEeBYIO pOAb B MapKeTUHIOBOI CTpaTernu KAMHNUKY,

norpebHoctn.  CroMaroaormyeckas urpaet
TaK KaK MMEHHO OHa SBAJeTCs OCHOBHBIM (paKTOpOM,
CIIOCOOHBIM YAOBAETBOPUTH IIOTPeOHOCTH KAMEHTa W
IOBAMATL Ha €ro OTHOIIeHMe K Kauumke. Ilaoxo
IIpogyMaHHasl ycAyra He MOXKeT IPMHEeCTH KAUEHTY
3HauMMOJl T0Ab3bL. Huskoe KayecTBO 0OOCAY>KMBaHIS
IIOCTOSHHO  CHM>KaeT IIeHHOCTb KAMHUKM U ee
pernyTanuio.

Mecto mn Bpemst

Oanor1 n3 Hanbo1ee OUeBUAHBIX XapaKTePUCTUK
ycAyTU sBAsIeTCs ee Heocsa3aeMocTh. Ilpm oxasanun
CTOMaTOAOTMYECKUX YCAYT HEOOXOAMMO YUUTHIBATh KaK
[9-13].

qaire

(1)I/I3I/I‘IGCKI/Ie, TaK ¥ SDJA€KTpOHHBIE KaHaAbI

Ceroans obmeH nHdpopmaruen BCe
OCYIIIeCTBASIETCSI 4Yepe3 DAeKTPOHHBle KaHaabl. Tpu
B3alIMOCBS3aHHBIX DA€MeHTa OTHOCATCA K DAeKTPOHHONI
AUCTpUOYILINMM — MpOIleccy 3aKAIOYeHMs CAeAOK depes
VuTepHreT: MHPOpMAaLMs 1 HPOABIUIKEHIE, I€PETOBOPHL
U TIOTOK ITPOAYKLIVINL.

,Z',A}I OKa3aHN: CTOMAaTOAOIMYECKIMX

ycayr
HeoOXoAMMa MaTepuaabHasd ©Oasza AA4d  OTKPBITI
KAMHUKY, TIO9TOMY MECTOIIOA0XKeH!e KAMHUKY UTrpaeT
Ba>KHYIO po4b. BaxkxubiMu ¢pakropamu mpu sBeIOOpe MecTa
SIBASIOTCS. CTOMMOCTD, ITPOU3BOAUTEABHOCTD U AOCTYII K
paboueit cmae. B HEKOTOPBLIX caydasX KAMHUKK
IIepPeXOoAAT Ha KPYTAOCYTOUHBI pesxXuM pabotsl (24/7) B
OTBET Ha BBLICOKMIT CHPOC U POCT KOHKYPEHLIUM, YTO
SIBASIETCS CYI[ECTBeHHBIM M3MeHeHMeM I10 CPaBHEeHUIO C
TpaAMLIMOHHEIM TpadgukoMm paboter 40-50 wacos B

HeaeAo.

Ilena n agpyrue pacxoanl

Ilena mpeacraBasieT cOOOM COBOKYITHOCTh BCEX
CYMM, KOTOpBIe KAMEHT IIAaTUT 3a CTOMaTOAOTIYeCcKIe
ycayrn. DTO JAeHBIV, yIllauyMBaeMble 3a KOHKPETHYIO
ycayry. CTOMMOCTB YCAYTY OYeHb AMHAMMYHA U 3aBUICUT
OT MHOXecTBa (aKTOpPOB, TaKMX KaK THUII KAMEHTOB,
BpeMsI I MeCTO pabOTHI CTOMAaTOAOTMYECKON KAMHUKI,
YpOBeHb cIpoca M JOCTymIHble MomHocTu. llena m
AOIIO/AHNTEABHBIE  PacxXoAbl ABASIOTCA — KAIOYEBBIMU
¢daxropamy, KOTOpBIe KAMEHTHI yIUTHIBAIOT IIpU BEIOOpe
noctasmiuka  ycayr  [14].  Ilostomy 1eHsl Ha
CTOMAaTOA0THYECKIe YCAYIU AOAXKHBI OBITh YCTaHOB/AEHBI
C MHUHUMAaABHBIMU JOIOAHUTEABHBIMU PacXOAaMIL,
9TOOBl 1M30eXKaTh IIOTepU KAMEHTOB. B  ycaoBumsax
HeollpeAeAeHHOCT! IIeH Ha CTOMaTOAOTMYeCcKIe YCAYTH,
KAMEHTHl 3a4acTyl0 IIpeAllOYMTalOT o0palarbcsa K
Ipe>KHeMy ITOCTaBIIMKY YCAYT.

IIpoasmxenne 1 oOpazoBaHIe

D PexTNBHBII MeTO KOMMYHUKALINN SIBASETCS

BaKHOM COCTaBASIOIIENn

ycayr,

AOCTVDKeHNe TpeX (PYHKIVOHAABHBIX Ileell. Bo-TiepBblx,

MapKeTIHIa

CTOMAaTOAOI'MYEeCKIMX HaHpaBAeHHOI;I Ha

BTO IpeAOCTaBAeHMEe HeoOXoAMMON MHPpOpMaLUM WU

COBETOB; BO-BTOPBIX, yOesxkaeHne KAMEHTOB B
AOCTOMHCTBAX ~ KOHKPETHBIX yCAYI, IpeAJaraeMbIX
KAVHUKOV; M, HakOHell, IIOOUIpeHue  KAMEHTOB

BOCIIOAB30BaThCsl yCAyTaMU B OIIpeJeAeHHBIIT MOMEHT. B
MapKeTMHIe YCAyT MpoBaiijepsl HpOJaloT pasAnYHbIe
BUABI YCAYT, IIPeAOCTaBASIEMBIX KAVHNKAMIY, IIOCKOABKY
KAMEHTBl 4acTO He 3HAIOT, KaKle YCAYIUM CTOSAT TOrO,
qToOBl 3a HuXx mnaatuth [15-17]. Taxum obGpasom,
CTOMATOAOTMYECKe KAVHUKU JAOAKHBI VCIIOAb30BaTh
METOABI

IIPOABVIPKEHN T AN AOCTVI>KEHIIS

0o0pa3oBaTeABHONM  Ileau, AOHOCA A0  KAMEHTOB

I/IHCl)OpMaI_H/IIO O IMpenMyIecTBaX KOHKpETHBIX yCAYT.
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Dusudeckasi cpeaa

Ileppoe BmeyaTaeHMe, KOTOpOe  KAMEHTHI
[I0Ay4al0OT O CTOMAaTOAOTMYECKON KAMHUKE, OOBLIYHO
CKAaABIBaeTCsl M3 PUBNIECKON Cpeabl. DTO BKAIOYAeT B
ceOsI BHEIITHUI BUA 3AaHMNIA, BHYTPEHHIOIO 06CTaHOBKy,
yuupopmy

IeyaTHbIe MaTepuaAbl U Apyrue BUAVMBIe curHaAbl [18].

obopyaoBaHue, IlepcoHala,  BBIBECKH,
OcHoBHast 11e4b Ccpeabl OOCAYy>XXMBaHMA — CO3AaTh
II0A0XXUTEeAbHOE BIleJaTAeHne y KaneHTa, 9¢QpPeKTuBHO
MO3UIIMOHNPOBaTh U AudQepeHIInpoBaTh UMUK
KAMHIKH, a TAKKe JOHeCTH 1IeHHOCTHOe ITpe/A0KeHNe I
IIOBBICUTH ITPOM3BOANTEABHOCTb.

Aroan

Ilp oxasaHMmM CTOMATOAOTMYECKOV ITOMOILIU
Her30eXXHO IIPOMCXOAUT  B3aMMOAENCTBUE — MeXAy
IIePCOHAAOM U KAMEHTaMM, YTO CyILIeCTBEHHO BAUAET Ha
BOCIIpUsITHE KOMITaHUM [19]. ITosTomy
CTOMAaTO/A0THYeCKas KAMHMKA AOAXKHA MMETh 4YeTKYIO
MOAUTUKY ¥ KOMILAEKCHYIO CHUCTeMy Togbopa u
oOyueHMs IlepcoHala, 4TOOBI OOeCHeduTb BBHICOKMUIA
ypOBeHb 00CAy>KMBaHN u II0/0KUTEAbHbIe
BIIEYaTAEHNS Y KAUEHTOB.

ITponecc

Hecmorps Ha T0, 4TO B IpoIiecce OKa3aHus yCAYT
3a4eliCTBOBAaHO MHOXKECTBO MaTepuaAbHBIX OOLEKTOB,
OCHOBHYIO II€HHOCTh IIpeACTaBAseT HeMaTepuaAbHBIN
nponecc obcayxmpanus. Ha camoMm gese KaAMeHTOB
Ooapllle  BOAHYeT  OTHOIIEHME  ODCAY>KMBAIOIIEro
nepconasa, 4eM ero yuudopma [20]. Tem He MeHee,
Ba>KHO, YTOOBI yHI(OpMa Oblaa IICTOM, II0AOTHAHHOI 1
aKKypaTHOIL.

IIpeaocraBaenne ycayr BKAmO4aeT B ceDs Kak
MaTepualbHble, TaK ¥ HeMaTepuaAbHble BDAeMEHTBL
Kauenror  cTroMaToA0rMyeckux — KAMHMUK — OoAbIlle
oOpaljaloT BHUMaHe Ha OTHOIIeH!e IIepcoHasa, YeM Ha
€ro BHEIIHUI BUA WMAU COOTBETCTBUE YHU(POPMBL
OaHakO KAMEHTHI CKAOHHBI MCKaTh BelleCTBeHHbIe
AOKa3aTeabCTBa A4Sl OLIEHKU KauecTBa YCAYT, IIODTOMY
Ba’kKHO, YTOOBI 0OCAy>KMBaHIEe OBLA0 XOPOIIO BUAHO I10
¢usngeckum  nmpmsHakam  [21].  Taxke caeayer
UCII0AB30BaTh PeKAaMy, CBeTSIINecs M300pakeHus u

OpeHAVHI, YTOOHI cAeAaTh yCAyTU Doaee 3aMeTHBIMI.

HPOI/ISBOAI/ITQ[IIJHOCTIJ M Ka4veCTBO

Hp OMn3BOAUTEABHOCTD  ABASIETCA  OAHUM n3

nokazarteaein 9p@exrusHOCTH ITpomsBoacTBa. OHa

OoIpeaeAseTcs KakK OTHOIIIeHIne HPOI/IBBeAeHHOﬁ

IpoAyKIiMm K H606XO,ZI,I/IMI;IM AL ee

IIpON3BOACTBA. Cive) BbIpa’kaeTc:i B cpegHeM OTHOIIEHUU

3arparam,

oOmjero oObemMa ITPOM3BOACTBA K oOmeMy oObemy
BBOAVIMBIX PeCyPCOB. 3aTpaThl Ha COJep>KaHMe KAVHUK
MOTYT OBITh MUHUMU3MPOBaHBI 3a CYET ITOBBIIIEHNS

IIPpOM3BOANUTEAPHOCTU YCAYT.

KauecTso ycayr wurpaer BaXXHYIO pPoab B
IOBBIIIEHN!  YAOBAETBOPEHHOCTV KAMEHTOB M WX
AOAABHOCTM K  IIOCTaBIIMKY. Brlcokoe —kauecTBo
00CAy>XMBaHIS CIIOCOOCTBYeT ~ IIOCTOSIHCTBY B

OTHOIIIEHISIX c KAVE€HTaMU [22]. BuerrHne
KOMMYHMKaIIY, BKAIOYasl peKdaMy VM MapKeTUHIOBLIE
YCHMANS, BaXKHBL 4451 TOTO, YTOOBI YOeAUTh KAUEHTOB U
TIOTEHIMaAbHbIX KAVEHTOB B IIeHHOCTH
CTOMATO/0TMYECKUX YCAYT U IIPUBAEYD UX K KAMHUKE.

Poap commaabHBIX ceTell B MapKeTUHIe
CTOMAaTOAOTIIECKIX YCAYT

Aoan 1Mo BceMy MMPY MOIYT OOIaThCA C
APY3BSIMU U CEMBEV C IIOMOIIBIO COIVIAABHBIX CETEIL.
baarogapst 5ToMy MUAAMOHBI IIOAB30BaTeA€ll 110 BCEMY
MUPY aKTMBHO MCIIOAB3YIOT TaKue I11aT(OpMBbl, Kak
LinkedIn u Instagram [23].

Hanpumep, cers Facebook mpeogosesa ormerky B 1

Facebook, Twitter,

MUAAMApA TOAIICYUKOB, a APyTue 11AaT(OpMbl, TaKue
kak Twitter u Instagram, Taxke MMEIOT MWAAVOHBI
IOAIMCIMKOB.

[MouTn TpuU JeTBepPTU uccae0BaHmII
NOAAEP>KMUBAIOT MCIIOAB30BaHIE COLMAABHBIX Meaua B
34paBOOXpPaHEHUU A4Sl YAYYIIeHMs KOMMYHMKAI[UNA.
ITocaeanue aaHHBIE ITOKA3BIBAIOT, YTO COLIMAABHBIC
Me/Ma 3HaYUTeAbHO ITOBAMSAN Ha MeAULIMHCKYIO cepy,
HaJlaJuB  B3aMMOJENCTBME  MeXAy BpayamMu U
HalyeHTaMI.

ComnuaabHble Meaya aKTUBHO MCIIOAB3YIOTCS U B
CTOMATOAOTUM, B

OCHOBHOM A5 MapKeTuHIa U

KOMMyHHMKanuu. B 4gacTHOCTM, coLMaabHbIe —CeTH
IOMOTalOT CTOMATOAO0TMYeCKMM IPaKTUKaM B OOILIeHUN
C ManueHTaMy, CO3JaHUM PeIyTauuy U IPUBACYeHNN
HOBBIX KaneHToB. Harpumep, YouTube urpaer saxnyio

pO4ab B CTOMATOAOTMMYECKOM MapKeTUHIE, IIPpeAOCTaBASL
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naatpopMy A4  oOpa3oBaTeJbHBIX  MaTepualos,
Ipe3eHTalnil KAMHUMIeCKUX cAydaes ¥ (GpOpMMIPOBaHIAT
0OII]eCTBEHHOTO MHEHMSI O KAMHMKaX U yCAyTaX.

Poab commaabHBIX ceTeli B MapKeTHMHIe
CTOMaTOAOTMYIECKUX YCAYT

ConuaarpHble cetn, Takne kak Twitter, akTuBHO
UCTIOAB3YIOTCS A4Sl PEKAaMBI CTOMATOAOTMIECKIX YCAYT
u oOMeHa uHpOpManuenn MeXAy CYHIeCTBYIOUIUMN I
IIOTEeHI[MAaAbHBIMM KAMeHTaMM. B HacTtosimee Bpems
MapKeTVHI B COIIMaAbHBIX CeTs X CTaHOBUTCA Bce Hoaee

ITOITY ASIPHBIM, ITOCKOADBKY OH SIBASIETCSI DKOHOMMYHBIM U

BCI)CIDEKTI/IBHBIM MHCTPYMEHTOM A IIPOABVIPKEHIA YCAYT.

Hanpumep, Twitter mcroassyerca aas cOopa Kak
IIOAOXKUTEABHBIX, TaK ¥ OTPUIIATEeABHBIX OT3BIBOB O
TaKMX yCAyTaX, KaK ycTaHOBKa OpekeTos [24].

ITockoabky MHOTTe 10N IIPOBOASAT
3HauMTeABHOE BpeMs B MHTepHeTe, COllMaAbHble Meaua
CTaHOBSATCSI OCHOBHBIM VICTOYHMKOM A4Sl IPO/ABVIKEHVL
ycayr. Facebook cumraercsi raaBHBIM MCTOUYHMKOM AAS
COIIMAaAbHOTO MapKeTHHIa, 3a HMUM caedyeT Twitter.
Koraa morpeOmream  CTaHOBATCA  ITOKAOHHMKaMU
NpOAyKTa MAUM YCAYTM, OHM, KaK IIpasuao, Ooaee
CK/AOHHBI IIPMOOPECTH BTOT HPOAYKT 1AM ycayTy. Taxum
00pa3oM, MapKeTVMHI B COLIMAABHBIX CETSAX CTaHOBUTCS
Hauboaee peAITOYTUTE ABHBIM CITIOCOOOM IPOABIIKEHILT
CTOMAaTO/0TUYECKIX YCAYT.

B noczeaHme roapl cOIMaAbHEIN MapKeTUHT CTal
3HAYNUTEABHO

IoIyAsipHee I10 CpaBHEHUIO C

TPaJAULIVIOHHBIMI ~ MapKeTUMHIOBBIMM  CTpaTeIVsAMM.
MapkxsM 1 ero KoAJerym IoKasaay, 4TO COLMaAbHbIE
CeTU MCIIOAB3YIOTCSI He TOABKO AAs OOILIeHus ¢
ManyeHTaMy, HO U 4451 oOMeHa KAMHIYeCKOi 1 APYToii
npodeccroHaAbHON MHpOpMaLVell MeXAy KOAderaMi-
IpaKkTUKaMM.

HNcnoas3oBaHme COIMMaabHBIX CETE AAas
OLIEHKM PpemyTanuu ¥ IIOBBIIMIEHMsI KadecTBa
CTOMATOAOTUYIECKMX YCAYT

CormaapHple CeTM MOTYT CAYKUTb Ba>KHBIM
OLIEHKI

VHCTPYMEHTOM AN penyranun

CTOMAaTOAOTMYECKO)  KAMHMKM MAUM  KOHKPETHOTO
cnenuaancra. OgHMM M3 KAIOYeBBIX (PAKTOPOB IPU
BBIOOpE OPTOAOHTA SIBASETCSI €T0 XOpOoIlas peryTaliys,
HapsIAy ¢ CTOMMOCTLIO YCAYT U peKOMeHAAIVIAMU APYTUX

MalMeHToB. /A5 OIleHKM IIOCTaBIIMKA YCAYI MOXKHO

JICIIOAb30BaTh OIIPOCHUKI YAOBAETBOPEHHOCTI
IaIIeHTOB, OAHAKO TaKle MHCTPYMEHTHI He BCeTAa MOTYT
yAOBUTh BCe MeJKHe JeTaan. B oramume or Hux,
111aTPpOpPMBI COIIMAABHBIX CeTell IO3BOAAIOT ITOAYINUTD
MHPOPMaLNIO O peaabHOM OIIbITE IAlleHTOB, BLIIBUTD
Ba)XHBIE  JAeTaAM M  IOAYIUTb  OT3BIBBL KAk
IIOAOXKUTEABHBIE, TaK M OTPUIIaTeAbBHBIE.

ConnaabHbie Meana MPeOCTaBASIOT
MeAVIIIMHCKIM pabOTHIUKAM MHOSKECTBO BO3MOXKHOCTEIA.
OHu obaervaror obOmeHme MeXXJy KoaAJderamMu, AaioT
BO3MOXXHOCTh ~ y4acTBOBaTb B MEPONIPUATUAX IO
IIOBBIIIEHNIO KBaAu(pUKaUY, a TakkKe peKAaMIpPOBaTh
cBou 3HaHWA U ycayru. ColnazbHbIe CeTU TaKXKe MOTYT

3aIycKy
1CCAeJ0BaTeAbCKIX IIPOEKTOB U Pa3pabOTOK MeXAY

CIT0COOCTBOBATH COBMECTHBIX
KoaaeraMy, a TakKXKe OpPraHM3O0BbIBaTh BUPTyadbHbIE

OpakTuyeckue 3aHATUA U TpeHmHru [25].  Ilpm
MPaBMABHOM MCIIOAB30BaHUI COIMAABHBIX CeTell OHU
CTAHOBSTCS MOIIHBIM MHCTPYMEHTOM A5l ITOBBIIIEHVLT
KauecTBa CTOMAaTOAOTMYECKMX YCAYT ¥ OOIIEro YPOBH:
34paBOOXpaHEH.
DTUdyecKye BONpPOCHI IIPM MapKeTHHTe
CTOMaTOAOTMYIECKNX YCAYT B COIMAABHBIX CETSIX
[IpeumymiectBa  COLMAABHBIX  MeAMa B
CTOMATOAO0TMYeCKOM MapKeTVHIe O4YeBUAHBL, OJHAaKO
MapKeTMHI B COLMAABHBIX CETAX TakKe COIpPSIKeH C
psdoM 1poOAeM U 3THMYecKuX Borpocos. OgHoil M3
OCHOBHBIX oOecrieveHne

HpO6AeM SIBASETCSL

HEIIPMKOCHOBEHHOCTHU YaCTHOM SKM3HU u
KOH}UAeHIIMaApHOCTY MHPOpMaN O MalyeHTax. DT
BOIIPOCHI CYMTAIOTCA Ba>XHBIMU IIPEILATCTBUAMU  AAsL
OTKa3a OT WCIOAb30BaHUS COLMAaABHBIX Mealua B
MEeAULIMHCKUX IIeASX.

Kpome Toro, conmaapHbiii MapKeTHHI CBs3aH C

HeXBATKOI BpeMeHN 1 PUCKOM HaBpeAUTb pelryTannm

KAMHUKU nAu crienmaAucTa n3-3a
HeIrpodeccroHaAbHOTO IIOBeAEHIS B OH/lalH-
IIPOCTPaHCTBE. Baxkno, YTOOBI MapKeTUHIOBas

AesATeAbHOCTb B COLMAaABHBIX CeTsIX COOTBETCTBOBaJla

DTNYECKM CTaHgapTaM, y4anTbhIBasI BO3MO>KHOCTD

HeraTUBHOIO BO3JEVICTBUS Ha UMUAXK KAUHUKU UAU
CIIenMaAlCTOB  13-3a  HEeAO04YEeTOB B obmrennn,
pacIpocTpaHeHM) HEKOPPEeKTHON MH(pOpMarum MnaAn

UTHOPUPOBaHMY BOIIPOCOB KOH(l)I/I,Zl,eHI_U/Ia/lI)HOCTI/I.
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4. 3akaoueHue

Aast TOTO 4TOOBI craTh YCIIeIITHBIM
MPaKTUKYIOIINM CIIENNAaANCTOM, CTOMAaTOAOIY AOAXKHEI
rAyOOKO ITOHMMAaTh TEOPUIO U IIPAKTUKY MapKeTMHTOBBIX
crpaTermit. B aTom koHTekcTe Bocems 'II" mapxeTmHra
ycAyr MOryT OBbITh 3(QQPEKTUBHO MNCIIOAB30BAHBI A
YCIIEITHOTO IIPOABVIKEHIL CTOMAaTOAOTIYECKOI
HMPaKTUKU. DTV DAE€MEeHTHl MapKeTUHI-MIKCa [IOMOTaloT
CTOMaTOJA0TaM OpraHM30BaTh paboTy, obecrieunBsas
BBICOKMII YpOBEHb VAOBAETBOPEHHOCTM KAMEHTOB U
pasBUTIE UX KAUHUKIL.

MapkeTUHT B COILMAABHBIX CETAX IIPeACTaBAsIET

coDOli  MOIIHBIN MHCTPYMEHT AAs  IPOABVIKEHN:

JAureparypa

CTOMATOAOI'MYEeCKIMX MHTepHeT.

ycayr

H/laTCl)OpMIJI ConMMaabHBIX MeAaVia ITO3BOASIOT OXBATUTDb

gepes

neAaesble TI'PYIIIIBL, 9(1)C1)€KTI/IBHO KOMMYHUIPOBATh C

ImagyeHTaMy, IIOBBIIIATH peIryTanunio KAUHUKN U
IIpVBA€KaTb HOBBIX KAVIEHTOB. B yCAOBMAX COBPEMEHHOIO
LU/ICl)pOBOI"O JCIIOAB30BaHMEe

COITMAaAbBHBIX CETEN MOXKET CyImeCTBEHHO ITOBBICUTD YCIIEX

MUpa IIpaBnAbHOE

CTOMATOAOTMYECKO IIPpaKTUKN u ee

KOHKypeHTOCHOCO6HOCTB Ha pbIHKE.
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CTroMaToa0rmsAAbIK Kbi3MeT MapKeTuHri: 8P MoaeaiH KoaaaHY KoHe Ka3ipri
CTOMaTOAOIMSIABIK OVI3HECTeTi 91eyMeTTiK MeaAViaHbIH peAai
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Bamnbaxktuu Y.VY. 3 Yrenos A.X. ¢
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6 JKak-0eT XupypruscbIMeH CTOMaTOAOTUABIK IIdHAep KadeapachIHbIH accuctenTi, MapaT OcriaHOB aTbIHAAFbI

barric Kasakcran Meanimmna yausepcureti, Axrete, Kazakcran

Tyiingeme

bya >KyYMBICTBIH MaKcaThl CTOMATOJAOIMABIK MapKeTMHIKe JKoHe d/leyMeTTiK Megua MapKeTHHTIH
CTOMAaTOJAOTHAABIK cadaja KOAJaHyFa >KaH-KaKThl IIOAy >Kacay 00AbII TaOblaadbl. 3epTTey CTOMaTOAOTMAABIK,
MapKeTHHIKe, OpeHATI OacKkapyFa, 91€yMeTTiK MeAVaHbl >KbLAXKBITYFa JKoHe TYTHIHYIIbLAapAbl TAPTYyFa KATBICTBI KiAT
ceslepAai maiijadaHbIl a4e0meTTi izgeyai xamTmapl. Maxasaga 8Ps MogeaiHgeri cTOMaTOAOIMAABIK MapKeTVHT
TY>KBIpBIMAaMachIHbIH HeTi3Ti acriekTidepi (eHIM ®AeMeHTTepi, OpHBI MeH yaKbIThl, Oafa >koHe OacKa IIBIFBIHAAP,
SKBLKBITY >KoHe Oiaim Oepy, ¢usmkaablK OpTa, ajamaap, IIpollecc, ©HIMAiaiK >KoHe calla) >KoHe oOAapAbIH
CTOMaTOAOTUAABIK TXKipuOeHiH TaObICTHLABIFBIHA dCepi KapacThIpbldaabl. AKIapaTThl apTTBIPY, TYTBIHYIIbLAAapAbI
TapTy >KoHe ajaAABbIKTBl KaABIITaCTHIPYABIH THiMAI Kypaabl peTiHJe a4eyMeTTiK MeAMaHbIH peai Ae 3epTrededi.
ABTOpaap 3aMaHayM CTOMAaTOAOIMAABIK OM3HeCTe TaOBICTHI >KYMBIC iCTey VIIiH MapKeTMHITIK CTpaTerusaapAblH
TeOpMACHl MeH TaXKipuOeciH TepeH TyCiHy KaKeTTiriH artaml Kepcereai. 8P yaricin maligasaHy >KoHe 94eyMeTTiK
MeAMaHBbI OipiKTipy MapKeTHHITIK HayKaHAapABIH KipiCTiAiri MeH TMiMAiAiriH aliTapAbIKTall apTTLIPYBl MYMKIH.

TyitiH cesaep: cToMaroa0rusa, MapKeTMHI, KbI3MeTTep, 94eyMeTTiK MeAMa, MapKeTMHI cTparermsaapsl, 8P,
SKBLAKBITY, TYTBIHYIIIbIFA OaFbITTaAFaH TaCid, OUPPABIK MapKETVHI.
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Abstract

The purpose of this work is a comprehensive overview of the marketing of dental services and the application
of marketing in social networks in the field of dentistry. In the process of research, a search of scientific literature was
conducted using keywords related to marketing of dental services, brand management, promotion through social media
and interaction with clients. The main aspects of the concept of marketing dental services within the framework of the
8Ps model (product elements, place and time, price and other costs, promotion and education, physical environment,
people, process, productivity and quality) and their influence on the success of dental practice are considered. Also
studied is the role of social media as an effective tool for raising awareness, attracting customers and strengthening
loyalty. The authors emphasize the need for a deep understanding of the theory and practice of marketing strategies
for successful activity in the modern dental business. The use of the 8P model and the integration of social media allow
to significantly increase the profitability and effectiveness of marketing campaigns.

Keywords: dentistry, marketing, services, social media, marketing strategies, 8P, promotion, client-oriented

approach, digital marketing.
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